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Preface

The first chapter, "High-Density Digital Magnetic Recording-A User's
Perspective,"by Richard E. DeFrancesco,Technical Director, Antisubmarine War-
fare Tape Recorder SteeringGroup, Department of the Navy, givesthe reader an ex-
cellenthistory, background, and perspectiveof high-densitydigital recordingfrom a
user's viewpoint. Although the user in that case is an antisubmarine warfare user,
the information is relevant to all users and hence is used in this text as the first
chapter in lieuof a more generalintroduction. Chapters6 to 9 are also useroriented.

Other chaptersin this book givethe latest, off-the-shelf, state of the art in high-
density digital recording (HDDR), including not only the magnetic technologybut
the optical and bit error correction technologiesas well.There are alsochapters on
magnetic recording/reproducing heads and magnetic tapes for space-flightuse.

This text should be of interest and useful to all who have a need to record,
keep/store, transmit, read out, analyze, reuse, and play back data/information of
all types and categories. The advent of the information explosion,the more prolific
use of computers requiring digital information, and the inherent advantages of
digital information have stimulated the development of HDDR techniques, in-
cludingtechniquesfor bit error correction and recovery.This text coversthese topics
thoroughly and is a very useful guide, perhapsan essential reference, for any user or
potential user, including individualsas wellas organizations-students, technicians,
engineers, scientists, educators, libraries, colleges and universities, laboratories,
Government, military, and industry.

This text is a sequel to Magnetic Tape Recording for the Eighties, NASA '
ReferencePublication 1075,April 1982.Both werepreparedas activitiesof the Tape
Head Interface Committee (THIC), a professionalsocietythat cohosts its meetings
with the AmericanNational Standards Institute (ANSI)and the Range Commanders
Council (RCC), formerly the Inter-Range Instrumentation Group (IRIG).

Ford Kalil
NASA Headquarters
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CHAPTER 1

High-Density Digital Magnetic Recording-A User's Perspective

RichardE. DeFrancesco
Department of the Navy

HISTORY

To understand high-density digital recording Air
(HDDR)in the Navy, one needsto appreciatethe nature _ platforms
of naval recording and its history in the past decade.
Fundamentally, thereare many naviesinthe U.S. Navy. . _,_s_ysi_
From a recording point of view,there are distinct com-
munities comprised of members who share common

functions and tape exchange requirements.However, _,
these communitieshavestronger recordinglinks to non- ._=
Navy affiliates than other Navy-onlyusers.The reason ._
is common function or mission. The Navy groupings _-
fall into the securitycommunity, missileand spacecom-
munity, test instrumentationcommunity, and the anti- _ Suasce

submarinewarfare (ASW)community.Each communi- _ indu_ v_sa_,s

ty can be characterized as having a central controlling
influence and a set of standards that govern its recor-
ding. This chapter discusses the ASW community,
which I have been serving for 16years.

As the name suggests, the ASW community has a
dedicated purpose-to protect the United States from Figurel-1.--Navy communities'recordinginterface.
the dangerof a submergedthreat.Not too manyyears

ago the Navy was perceivedas having manyindepend- The principaldifficulties encounteredin the early
ent forces engagedin the same interest;many indeed, seventieswere-
butinterdependent.Everyoneknewthemeritsof having
good communicationsystems,butfew understoodthat (1) Noncompatibilityof recordingequipment
recordedsensordata interchangewas also a powerful (2) Improperuseof existingrecordingtechnologyfor
meansof communication.In 1971a boldstepwastaken ASW applications
by the Chiefof NavalOperationsinthe formationof an (3) Poor specificationand test methods to assure
ASW TapeRecorderSteeringGroup. Its purposeis to good systemperformance
discoverthe root of recordingproblemsplaguingthe (4) Misunderstandingsof the role of the recorder
fleet; find solutions;andrecommendchangesin policy, (5) Lackof concern over selectionand care of the
practices, and planning to avoid future recurrences, tape media
This SteeringGroup, which carriesthe bannerfor the (6) Nonstandardrecordedtape format
ASW recordingcommunity, is intent on eliminating (7) Lack of a mechanism to regulate existing
recordingweaknesses that have hampered the Navy in recordersor bring about changes in a way that would
fulfillingits mission.Figure 1-1givesan overviewof the preserve stability and avoid costly assets in the user's
community network, network
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The manner in which we dealt with these deficiencies conditions, and needless deviations from prevailing in-
has set the style for the future, especially with regard to dustry (Inter-Range Instrumentation Group _ (IRIG))
the introduction and use of HDDR. I will review these practices. I say needless because the recorder designer
seven areas to show the basis for our current posture in strove to meet the specifications, which, unfortunately,
ASW recording, did not accurately define the parameters associated with

By noncompatibility of recording equipment I mean ASW excellence. The specifications were an extension
that no two types of sensor data recorders were even of existing parameters, on!y tougher. We at the Naval
similar, even though they did the same job. Having so Air Development Center found that the whole founda-
many different recorders has created a nightmare in tion for ASW data recording specifications was missing.
logistics, training, publications, and other nonglam- We had a strong suspicion that with some changes to the
orous, expensive, yet important, aspects of ownership, existing equipment the machines could be made more
The recorders received very little attention during the useful. The optimism has endured; however, a bitter
procurement of major systems, especially aircraft lesson was learned. It takes many years to fix a low-
systems. Recorders were viewed as an accessory-much priority piece of equipment. The maxim is, "Do it right
like a radio in an automobile's dashboard. Our systems the first time, there may not be a second chance."
were completely manual in the mid-sixties. We We have endeavored to develop meaningful specifica-
renovated the old systems to the point of upheaval. Now tions and irrefutable, repeatable test procedures. This
our ASW systems are thoroughly computer integrated, brought to the surface many controversies. For exam-
yet until very recently sensor data recording has been ple, we greatly value low spectral flutter sidebands and
virtually ignored by the designers of the systems, low noise floor/artifacts even if we trade for higher time

With the advent of HDDR, the options for data base error, cumulative flutter, and broadband signal-to-
management and systems interface with the computers noise ratio (SNR). The reasons stem from the nature of
are abundant, but so are the challenges to cost-effective the sensor data and the signal processing used to
use. Recall that the purpose of recording does not lie in enhance it.
data management finesse, but in helping to ascertain the Two significant aspects of our recording practices are
location and intent of submarines, crossplay and speedup during replay. Because the re-

All too often we lose sight of the realities of the fleet cording operation consumes many hours or even days,
environment: harsh weather, constant vibration, limited we want a time-compressed reconstruction, or we will
spare parts, varying degrees of personal motivation, in- never get an answer. Crossplay refers to playback on a
adequate experience with high-technology equipment, device different in design and manufacturer than the
minimal funds for essentials (let alone nonessentials), recorder. All of these factors have forced us to take a
and high stress in performing a military role on demand, view of recording hardware different from the bulk of
The result of these experiences has been to strive for true the industry's customers.
hardware standardization in the operating fleet. We had to develop special fast-Fourier-transform-

We own over $100 million in hardware that we cannot based (FFT) measurement techniques to allow for quick
afford to discard. That would be too easy. We had to amplitude and phase response measurements for many
use every innovation to fix what we have and to upgrade channels over many speeds. We developed a technique
and modernize along the way; that means some for measurement of servo bandwidth using a
recorders would survive and others would not. To the pseudorandom noise (PRN) source as opposed to
industry at large we have had to take the position that sweeping with a fixed sinusoid. This is a more accurate
we must use what we have all the way from stimulus fortheservoinpredictingitsperformanceand
intermediate-band FM to high-density digital unless in adjusting its gain. We measure the noise floor with
something new solves a real recording problem and is and without a data tone pair in the passband for corn-
worth the logistics impact, bined SNR/linearity test. We measure the recorder

Most people, when confronted with such a system response, amplitude, and phase with tape mov-
nightmare, would like to start over with a clean slate, ing using a PRN correlation technique followed by an
Unfortunately, we were compelled to work with what FFT. Admittedly, the equipment required is not trivial
was there; we could not bury the mistakes. This has led but neither are the system applications or the value of
to the recurring notion that new, high-technology the data. I will return to equipment attributes in the next
gadgets are the answer. Indeed, they offer promise, but section of this chapter.
the designers never come to grips with the easy record- In the past much of the trouble associated with the
ing devices with their simple systems hookup. In review- recorder has come not from an inadequate technology
ing the merits of our existing recorders, we found that
they were intrinsically more capable than was obvious
due to poor man/machine considerations, operating ,NowRangeCommanders Council.
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but from human ignorance in how to specify, procure, We have aircraft that range from smooth passenger
and use recorders. Even more, the role of the recorder types to shakers like helicopters, but from the stand-
has been misunderstood. It is an on-board historian. It point of temperature and humidity, they are all bad.
containsa journal of eventsin raw form, whichwillpro- Some aircraft have to endure the shock and rigors of
vide reconstruction of a mission. In times of peace its repeated carrier launches and landings. Oddly enough,
role is more vital and should be more obvious. It sup- some aircraft applications are similar to those of a sub-
pliesa measurement of crew proficiencyand tactics ef- marine, while others are like those of a destroyer. The
fectiveness. It allows for collection of information aircraft carrier application is similar to that of a shore
about new events, both natural and manmade. It is the station in allowable size, but not in environment and
source of real data to feed a network of trainers and vibration. Shore station environments are most like
emulators. It provides proof that the weapons system laboratory or industrial sites except for logistics,
could do its job if necessary.All too often, the worth of maintenance, and crewskill.We cannot call for factory-
a device is judged by its esoteric or obscure attributes, authorized field serviceexcept in specialcircumstances.
its cost, and its mystical appearance. I. M. Brown, the All of our work is directed at making improvements
Chairman of our Tape Recorder Steering Group, said within the complex framework of limited dollars and
most eloquently that we have a multimillion dollar air- options as wellas in harmony with the time scaleof the
craft connected to a multimillion dollar support center host systemitself.Figure 1-2 showshowweenvisionthe
by a $100roll of tape. Think of recorders as data links application of MIL-STD-1610.
using tape as their medium of propagation.

Tape used to be bought from the cheapest source of HARDWARE ATTRIBUTES
supply because it had to be paid for out of the basic
operating fund. Over the years the fleet users realized The machines are high-quality, high-unit-costdevices
that they were hurting themselves. They initiated tape intended to work in the harsh environments of the
awareness, handling, and care programs. This has operating fleet. We do not have many systemsthat have
evolved into a large-scale effort that, we hope, will poor parametric peformance.Oddly enough, they might
culminate in central procurement and commodity not "work" or they may be despised,but the reasonsare
management. In this way we will avoid the need for rarely SNR, flutter, skew, or dropouts. In almost every
specialand uncontrolled tapes in standard applications, case the recorders have had to meet tight signal band-
We will also have a mechanism to adopt the "right" width, distortion, and SNR specifications. This
digital tape. It is a matter of record that we believe in translates into equipment with a high intrinsic quality.
standards. The same is true with tape, for which we Somepiecesof equipment, however,have sufferedfrom
have been using the General Service Administration poor tape handling and the necessityof loading them in
(GSA) standards. We will build on these in the future, the dark, unpowered, with only poorly located

The most severe problem was the complete lack of a threading diagrams as a guide.
format standard for tape interchange. Our community Electronically, the equipment is excellent. The

did not make the best use of IRIG 106.We found that packaging is modular, which allows for ease of
even if we had, what we really needed was absolute maintenance and growth. However, growth is very
standardization. We generated MIL-STD-1610, an cumbersome because it affects the highly controlled
outgrowth of IRIG 106, but more restrictive. It has documentation: manuals, provisioning for spare parts,
taken since 1974to see widespread use of this analog drawings, and so on. Mechanically, the packages are
format standard. Our challenge is to augment it for sound and able to endure the tests, but they do show
digitalrecordingwithout fracturing the stabilitythat has signs of leading a rough life at sea. In other words, they
been achieved and also to keep the analog standard work well until they break, then they may not recover
from becoming an anchor to progress, easily. Every platform's ease is different, so generaliza-

We are still strugglingwith item (7)becauserecorders tions beyond these are difficult to form.
are a low priority with weapons system acquisition Hardware attributes are best perceivedfrom how they
managers, yet are funded by them. We are trying to have to perform. The recorders rarely are required to
changethe focusso that the missionsupport centersthat play their own tapes back, yet all are required to havea
really define the specificrecording requirementstake an very capable data recording monitor. This requires a
active role in furnishing the hardware for the aircraft. I full set of replay heads and a few full channels of
will take a few liberties to show that aircraft applica- reproduce. Our most modern sensor data recorders are
tions are different from those in surface vessels,shore truly fine analog devices by any measure. The
stations, and submarines. All are different enough to reproducers are required to replay or crossplay source
warrant separate treatment but with a view toward tapes, to copy tapes at high speed, and to deliver high-
standardization, quality data to high-powered analyzers. We have
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MIL-STD- Digitalf'l i'tl-lrl 1610
(1) Digital J LJ U UL

(a) Acousticarrays I_ __[_ 1_1rA:PYr__Pu_er [) _

Magoet,caooma,ydetector
(c) Computerannotation

(2) Direct _
(el Time code
{b) Voice
(c} Synchronous

(3) FM _ recorder
(a) Acoustics
(b) Electricsupportmeasuresalerts

MIL-STD- 1610

+ HDDR 3

Standard

(1) Code

(2) Format

(3) Method

Figure 1-2.--MIL-STD-1610 usage.

pushedelectromechanicalservosto practicallimits, but FM, and that we hadhigh carrier to noiseratio, hence,
all fall short of requirements at high speeds. We high SNR (30 dB direct) for self-clocking digital
developed an all-digital time base corrector to satisify streams.
this need, but, until recently, technology has not been We have a base of hardwarethat demands to be fixed
available to implementthe high clockrates in miniature and improved, or we will go broke replacing it;
packages. Figure1-3 givesthe concept of the time base however, we are vigilanttoward the emerging require-
corrector. Timebase correction is not flutter compensa- meritthat can only be filled with a truly new technique;
tion by subtraction or discriminator pulse-width corn- e.g., optical or laser-magnetic.Our recorders costabout
pensation; it is time domain variable length delay ap- $100,000(in round numbers) each now. We can buy a
plied to reproduced FM carrier prior to detection and few more at that price but cannot afford to switch to
filtering, one that costshalf asmuchbecausethe total ownership

Whenweimplemented our first serial HDDR system, cost impact, even for that model, would be $10 million
we made use of the fact that, to the recorder, the flux in a typical aircraft or ship.
transitions were similar to those in wideband group II I may have given harsh indictments against some of

Flutter and

i-- Skew dynamicskew [

_t estimator [

Servo tracks 7 and 8

,Output :_ corrected
Equalizer Discriminator filter |

Figure 1-3.--Time base correction.
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our equipment,but in all fairnesstheequipmenthasto carefulin jumpingon the "everythingis going digital,'
operatein trulymiserableenvironments.We all know bandwagon.
that magnetic tape has limited operatingtemperature Thereareapplicationsin whichdigitalsensorrecord-
and humidityranges, yet wehave to operate the equip- ing is a natural; for example, when the signals are
meritfrom0 ° to 1250F in differentlocationsduringthe alreadydigital and conversionback to analog would
year. We can hardlyafford what we have already,so deteriorate quality below acceptable limits, when
tighteningthe specificationswould drivethe tape cost amplitudeand phaserequirementscannot be satisfied
beyondour pricerange, by analogmeans, or when the numberof channelsfar

In dealing with the problems associated with exceedsthe number of tape tracksavailable.
crossplay,we came to understandthatbeyond the ob- Withthe applicationof timebasecorrection,analog
vious physical alignment requirementsthere were FM recordchannelscan be madeverywell, almostthe
definite electronic subtleties that needed to be ad- equal of a digital channel, with the further advantage
dressed.One of the most famous is covered in Avner thattherecorderdoesnot have to be modified. It could
Levy'snote (ref. l-l) on amplitudeandphaseerrorsdue mechanicallydegradeyetstillbeelectronicallycorrected
to record head gap length differenceswhen measured during replay,and it uses no more channelsor tape.
using a referencereproducer.For us this was the tip of As a result, I recommend to system and hardware
the iceberg.We found that in widebandgroup II FM designersa matchof recordingtechniquesto the sensor
systems, bias.recordedFM yielded significantlylower and intendedprocessingconcepts.
second harmonic distortion than nonbias recording; The operationalvalue of the tape recorder is and
amplitudeandphaseequalizersettingsweresignificant- shouldbeindependentof the techniquesused.As a €or-
ly different for each type of recording as well. This ollary, recordingtechniquesthat are barely stablecan
meant that we had to require,in MIL-STD-1610, the only hurt, and our operatorsshould not be burdened
use of bias. (Not unreasonableconsideringthe need for with the subtletiesof recording,just its use.
directchannels for voice and time code recording.)We BeforeI leave this topic, I would like to share a basic
also found that the servo bandwidth had to be wider belief that has helped many of us grapple with the
than the flutterspectrumof thesourcerecorderand that mysteries of recording; that is, all recording is fun-
therecould be no high amplituderatesat any reproduce damentallyanalog.Figure 1-4showsour understanding
servo resonancepoints or the servowould oscillate. In of the mostly analog parametersthat form the HDDR
HDDR we found that when using analog.typephase- model.
locked loops, the bandwidth in the decoderhad to be I hasten to add that we are avid students of Finn
wide enough to correctfor the flutterbandwidth of the Jorgensen, who has contributed immensely to our
source recorder.All analog phase.lockedloops have a understandingof the recorder/reproducerprocessboth
natural12.dB/octavegain characteristic,and, hence, do practicallyand mathematically.His impulse model is
not correctall flutterfrequencieswiththe sameamount, the most enlightening contribution to this subject in
For this reason, we prefer an all-digitalphase-locked years.
loops design.Ourexperiencehasbeenthatan all-digital
time base corrector,implementedwithoutany analog TAPE ISSUES

circuits,is inevitablymorecapable. Tape is like a battery,a rechargeableone. Takecare
of it and it lastsa long time. Manypeople viewtape as

DATA INTERMIX an expendableitem. In a sense, it has been. We have
seen less than two good passesof a roll of tape on cer-

A significantfactorin all ASW recordingsis that all rain recorders.Unfortunately,tape is so expensivefor
forms of recording,direct,FM, andHDDR, areoften the fleet userto replace,he will tryto reusea badroll.
presenton the sametapesimultaneously.If information "Bad" does not meana high dropoutcount, but wrin-
densityis the real issue, then analog alwayswins over kled tape.(See figs. 1-5 and 1-6 for examples.)We in-
digital because analog has full amplitude freedom, sist that tape is a resource,although inevitablycon-
Digitalrecordingconventionallyhas twobinaryvalues, sumable,in the tough navalenvironment.
If fidelityaloneis the issue,one could digitizethe signal We are launching a widespread effort to build
to any desired number of bits as frequently as awarenessof propertape handlingand care. This in-
technologywill allow.Froma recordingpoint of view, eludes all the basicsabout cleanliness,wrapping, seal-
digitizinganalog data results in a requirementof 20 ing, degaussing, shipping, and storage; however,
bits/cycle of bandwidth nominally (8 bits quantization achieving conformance is difficult. We simply do not
x 2.5 sampling factor) or a record speed five times have laboratorytechniciansin today'sNavy. The work

higher than the equivalent wideband group II FM of building systemsis increasedby the need fortheiruse
system,hence, five times moretape.This leadsus to be by relativelyunskilled operators.



6 HIOH-DI_NSITYDIOITAL RECORDING

- medium /'_ -

-$ouroe -- ( -- Output m Souroedata
date _ _ date X FOM

n

H1 ==rate -
Ham oodlng Q 5

 i-i 'ii-ih-liill- iliii[iiiill
llflllllllll II[IIIIIIIII
IIllllllllll llllllllllll

Reoorder Reproduoer

Varleblea:

kl m bin m4 i hend)lng Po m wrap ang)e
h:t = drive m8. ohenneloepeolty Pa " azimuth
k_ - heedgaplength ms ='vleooelaotlolty Pie "=tenalon
k4 ==fraquenoybandwidth m7 "phyaloalperernetera ql = amplitudeequalitarian
I1 mikew me " environment(temperature/humidity) q= = phaseequalization
I= 1=flutter Pl ==gap,_ q3 ==oodlng
I= - alignment p= " headInduotenoe q4 "olook rate
/4 ==freaking p_ mlerVo q8 m deteotor loop I;landwldth
la '=apeedohenge P4 malignment q8 "look range
ml ==oxideooorolvlty ,08 ==freaking q7 mdataformat
m= '=oxideremenenoe Pe "epeedup c/a " erroroorreotor
m= ==oxidemwltohlngfielddlatrlbutlon P7 =' gNR
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There wasa timewhen we had everykindof tape in
the inventory that you couldimagine. Our fleet would
look for "freebies"and obtaintapesunsuitablefor the
intended application. We have sought to limit the
authorizedtape to only GSA E-2 oxide as a meansof
easingthe situation.In general,thathasworkedbecause
the tapesmove fasterandto moreplacesthanbefore. I
should not overlook the fact that we have not, in
general,procuredthe tape froma Centralplace.In fact,
untilrecentlywe have not used evencentralwisdomto
guide the procurementof tape, whichis done by hun.
dreds of independent supply clerks. We have pro-
mulgated the ease of buying tape under the GSA
schedulein an attemptto let human naturetake the ,
simplestwayout,
An intimatepartofthetapeacquisitionprocessisthe

specification.Ingeneral,thespecificationusedbyOSA,
W-T-001553,hasbeena foundationdocumentforall
our tapeactivities,The only areasin whichweperceivea
need foradditionalcontrolshavebeentape slittingaber-
rations, especiallycyclic patternsof widthvariations;
dynamicthickness(cyclic)variations;andbackcoating
"traction."Thewholetopicofdropoutsislarge.We
seekadditionalknowledgeaswell. Figurel-5,--Tapedamageexamples.
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are to get the best yield from HDDR, we absolutely
must have transportsthat handle the tape with finesse,

OPERATIONAL APPLICATIONS/
EXPERIENCE

Hardware

In ourhallof fame wehave manymagnificententries,
Some had horrible reputations and have begun the
journey toward excellence, The first is the RD-420,
figure 1-7, made currently by Precision Echo, It is
descendedfrom a long lineof workhorsetaperecorders
that date back to the PI-214 made by PrecisionIn-
struments,The RD-420 is a recorderthat wasdesigned
to airbornemilitary specificationsbut procuredwith

Figure1-6.--Reelwithdamagedtape. only minimalruggedizationrequirementsin an attempt
to keepthe costlow for what wasperceivedto be an in-
terim system, LAMPS MK-I AN/SQR-17, The Navy
did not actually control the developmentand procure-

With the dramatic changes taking place in GSA's ment of the recorder.A primecontractordecidedwhat
handlingof tapeprocurement,theNavyis examiningits it neededfor a destroyerapplication.Unfortunately,the
needsverycloselyandisproposingtobuythetapecen- LAMPS MK-Isystemshadtoenduremuchlongerthan
trallyand,hopefully,establisha commoditymanager plannedinthemid-seventies;therefore,we had to
who wouldsetupa pipelineforreconditlonlng/refur-modifythem,Withtheadventofthelatestmodlfica.
blshingtapesandrejectingthepoorones,Otherrecord- tionstheyworkmagnificently,In1975aneedaroseto
ingcommunitieshavedoneexcellentworkandwillserve incorporateintotheRD-42035morechannelsofInfer-
asamodelforourventure,We arepreparingtosettle matlonontheremaining7tracks.Severalmultiplexing
on specificationvaluesandinitialprocurementprac- schemeswereconsidered,butthestringentamplitude,
rices, phase, and time coherencerequirementsof the signals
We haveseenthevalueofcleaningtapeoperational-eliminatedallbuta digitalapproach.

ly.New tapehasbecomesocleanthatthereisnotrace The firstfull.scalefleetventureintoHDDR had'
visuallyofdebrisonthetissuerollers.Ourexperience begun.We workedcloselywiththeprimecontractor,
withprecisionpackingandwindinghasbeenevenmore butinallhonestywejustdidnotknowalltheproblems.
fascinating.Empiricallywe havefoundthatwe can
repackascatter.woundreeloftapeandkeepitfrombe-
ing destroyedon severalof ournoncoplanartapedrives.
Thesedriveshavemanypostsandrollersandinevitably
puta twiston thetapeto changelevelsasthetapemoves
from the lower to the upper reels. Many of these
machinesscatterthe tape duringfast windand rewind
modes. In the past, theoperatordid not realizehe was
being had when he rewound the tapeand then triedto
replaya portion, The transportswere well behaved if
you gavethema good wind, Ifyou gavethemeventheir
own scattered wind they would chew the tapes up,
usually by curling or rolling the edges over. For this
reason we discouragerewindingbefore shipment. Let
the lab.typereproducerdo that just prior to replay.We
establishedsome guidelinesfor packing,settling, and
reuse. These arejust guides that werepromulgatedout
of a senseof urgencybecause wewere desperateto im-
provethe "two-pass"life of tape. Therehave been some
positive results. I believe our lower limit is now 12
passes, with 50 a distinctpossibility.We look forward
to the time whenwe can tame the wild transports. If we FigureI-7.--RD-420A.
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Initiallyeverythingworkedverypoorly. We found that 21 Analog (IRIG wldebandgroup II)
the good analog machinehad short noise spikes that LAMPS MK-I acoustics
drovethedigitallogicwild.Theheadswerefine forFM, 23 Directservo
but the 27-kbptdelaymodulation, mark (DM-M), re- 25 Analog (IRIO widebandgroup II)
quired very good high-end response.Only the heads LAMPSMK-I acoustics
from one vendorhad the needed performancebeyond 27 IRIGB time code;TACTASTrack
the analogspecifications.As it turnedout, theRD-420 BeamAudio plusthreechannelsof
did not have a direct record/reproducespecification voice (directtimecode plus four
becausetherewereno widebanddirectchannelsas such. IRIG FM subcarriers:5B, 7B, 9B,
We tried to use the implicitdirectperformance.There and 11B)
was also a 200-kHzartifact in the systemthat fed a The two servo tracks are in accordance with
spurious signal into the bit synchronizing signal MIL-STD-1610,whichallows for flutterand dynamic
centeredat 199.7kbps.In addition,thebitsynchronizer skew correctionof analog signals. Becausethe high.
was primitive,yieldingonly 10-_ bit errorrate (BER). densitydigitalrecordingsare self-clockingandcontain
The "A" suffix in the RD-420A designatesa modifica- blockmarkers,all flutterandskeware removedin thetlon, which in this case refers to the addition of the process of synchronizing and reformatting. This
digitalrecordcapabilityand themultiplexvoicesubcar- recorderformat is unusual in that the seven digital
tiers. The track assignmentsof the RD-420A are as tracksaretakenasan ensemble.Eachtrackis treatedas
follows: an independent serial stream, then after buffering the

words, which are serial along the track, the words are
Tape Track Data Type loaded into registersfor each of the 35 data channels,

1 Digital (time-multiplexedacoustic which are then convertedback to analog for the AN/
dataseriallyencodedin Millercode SQR-18A system to process. There is no error.
(26.6 kbpi/7Vz ips))tacticaltowed detect/correctscheme in this system although there
arraysonar(TACTAS)acoustics could have beeen if we raisedthe overheadand chip

3 Digital (time-multiplexedacoustic count. At the time we startedthis programwe needed a
data seriallyencoded in Miller BER of 10-6 to guarantee that data would not be car.
code (26.6 kbpi/7_A lps))tactical rupted after replay on another type machine, copied,
towed arraysonar (TACTAS) and then replayed on the original type machine. The
acoustics primecontractorwentback to the drawingboard,hired

5 Digital (time-multiplexedacoustic a consultant, and produced a bit synchronizerthat
data seriallyencoded in Millercode yielded10-7 when playingthe same pseudorandomse-
(26.6kbpi/7_Aips)) tacticaltowed quencethatgaveonly 10-_ a yearbefore.
arraysonar (TACTAS)acoustics Thisprogramforcedusto examinemanylittleknown

7 Directservo aspects of recording.We had to exploreusingDM-M
9 Digital (time-multiplexedacoustic in regionswherefew hadconfidenceit wouldworkwell.

dataseriallyencodedin Millercode We have used Miller/DM-M routinely to about 30
(26.6 kbpi/7 tA ips)) tacticaltowed kbpi (userdata) andexperimentallyto 40 kbpi with an
arraysonar (TACTAS)acoustics uncorrectedBER of 2 × 10-6. The key has been the

11 Digital (time-multiplexedacoustic quality of the bit synchronizer.We were fortunateto
dataseriallyencodedin Millercode have experimentalaccess to eight or more different
(26.6 kbpi/7 V2ips)) tacticaltowed designs.
arraysonar(TACTAS)acoustics Another most significant and very contemporary

13 Digital (time-multiplexedacoustic aspect of HDDR that we have explored is that of
data seriallyencodedin Millercode duplicatingtapes-more specifically,"counterfeiting"
(26.6 kbpi/7_ ips)) tacticaltowed or "cloning"the tapesin a mannerso that they can be
arraysonar (TACTAS)acoustics replayedon the source recorderfaithfully. This allows

15 Digital (time-multiplexedacoustic us to make training tapes for the operating fleet. We
data seriallyencoded in Miller code determinedthat to make the copies work, the magnetic
(26.6kbpi/7 ½ ips)) tactical towed imprint on tapeneeded to closelyresemblethat from the
arraysonar (TACTAS)acoustics original recording. We achieved this by reducing by

17 Analog (IRIG widebandgroup II) severaldecibels the bias from the optimum wideband It
LAMPS MK-I acoustics FM setting and raising the record level significantly.

19 Analog (IRIG widebandgroup It) This will markedly change the shape of the recording
LAMPS MK-I acoustics transitionzone to achievethe desired end result.
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Another frequentlyused recorder in our world is the Center. Wehad the pleasureof guidingthe development
AN/AQH-4(V)2, figure 1-8, also made by Precision of this first airborne ASW HDTR application in the
Echo. Its track format is as follows: P-3C aircraft even before we in the U.S. Navy would

Tape track Data type take advantage of the technology.As in the case of the
I Direct (voicerecording from the RD-420A, the experienceswe gained were invaluable

aircraft intercom system) though painful. The lessonlearned by the Navy, whichI
2 FM personally stressany chance I get, is to let the recording
3 FM industry do the job it does best. When a prime contrac-
4 FM tor starts meddling or redesigningparts of a recorder,
5 FM hold on for a rough ride. We have paid the price in a
6 FM dozen cases.
7 High-density digital The recording technique used here is very similar to
8 Direct (servo reference) that used in the RD-420A, Miller/DM-M coding. In-
9 FM dependent but this time asynchronous clocksdrive each

10 FM serialhigh-densitydigital channelto 30kbpi (user data).
11 FM This system is operational and successful using GSA
12 FM E-2 type oxide, whichis currentlyAmpex 795tape, with
13 High-density digital a BER of 10-6. These two systems have formed the
14 FM benchmarks for our serial high-densitydigital standard
15 High-density digital now operating with success.Again in the case of the
16 FM Royal Australian Air Force, the bit synchronizermade
17 High-densitydigital the difference. The replay machine is not principallythe
18 FM AN/AQH-4(V)2 but a Honeywell Model 96 specially
19 High-densitydigital equipped with remote switchable bit rate bit syn-

chronizers. These use analog-based phase-locked loop20 FM
circuits whose lockingbandwidth neededto be widened21 High-density digital

22 FM to acceptthe flutter of the digital stream of the airborne
23 High-density digital recorder.

Our third recorder in this category is the AN/AQH-24 Direct (servo reference)
25 High-density digital 5(V)XD, figure 1-9. We had a legendary, successful

flight test of this 1969style recorder in 1981.Emerson
26 FM Electric augmented the recorder to have 28 tracks of
27 Direct(time code) record and reproduce per MIL-STD-1610. They
28 FM repackagedthe card cagevery neatly and weflew it, the

this case the digital version was made for the Royal one and only model on an SH-3H helicopterat sea in a
Australian Air Force in cooperation with the Data controlled exercise.It performed flawlessly.In this case
Recording Laboratory at the Naval Air Development we had serial HDDR tracks for computer data and

Figure 1-8.--AN/AQH-4(V)2D. Figure 1-9.--AN/AQH-5(V)XD.
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displayvideo.We still have somesoftware knots to take AN/USH-31(V)3, figure 1-10. Its format is as follows:

out, but the recorderworked superbly. The replay was Tape track Data type
on a representative aircraft carrier reproducer suite, 1 Unpopulated (auxiliary)
AN/USH-3 I(V), built by Honeywellas a derivativeof 3 Error correction
its Model 96. 5 Digital data 9

The proposed track assignments for the AN/ 7 Digital data 7
AQH-5(V)XD are as follows: 9 Digital data 5
Tape track Data type 11 Digital data 3

1 Direct (voice recording from the air- 13 Digital data 1
craft intercom system) 15 Digital data 11

2 Digital 17 Digital data 2
3 Digital annotation 19 Digital data 4
4 Not assigned(growth) 21 Digital data 6
5 FM 23 Digital data 8
6 FM 25 Digital data 10
7 Direct (servo) 27 Digital data 12

8 Direct (servo) In the parallel format we were looking for fleet hard-
9 FM ware commonalitywith existingUSH-31(V) systemsas

10 FM wellas a systemthat would have the flexibilityof pack-
11 FM ing densities and a wide range of easily selectable bit
12 FM rates. What wegot was that and more-a BER of 10-1°
13 FM with one correction track using Ampex 799 tape. Our
14 FM fleet need in the specific application was 10-s with
15 FM Ampex 795,E-2 oxide. The hardware hasvery sensitive
16 FM bit synchronizers capable of reading through deep
17 FM dropouts. This device in various configurations has18 FM
19 FM
20 FM
21 FM
22 FM
23 Servo
24 Direct (servo reference)
25 Direct (servo reference)
26 FM
27 Direct (time code)
28 Not assigned(growth)

The coding schemewasagain Miller/DM-M at 27kbpi ....
(user bits). The most novel accomplishment in this
recorder effort was found in the system interface unit
built by Diagnostic Retrieval Systems, Inc. They cap-
tured the display video with an array of analog-to-
digital converters and sorted through the known-to-be
empty displayx-y data positions to reduce the 10-mbps
throughput rate to 200 kbps. On replay, they refor-
matted the singleserial stream into analog drive signals
to exercisean x-y display that gavea flicker-freereplica
of what the operator saw in the air. So powerful a tool
has this systembeen, that it has beenused as instrumen-
tation to back up flight tests of other systems.Again the
total system is a hybrid of analog and digital. In the
parallel recording format, as it is conventionally
understood, we haveused with instant unparalleled suc-
cess a variation of the AN/USH-31(V) known as the Figure 1-10.--AN/USH-31(V)3.
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spread in similar applications throughout the ASW in the conventional areas. We do, on the other hand,
community and has also become a benchmark for our have a great appetite for quality. The same tape gave
future parallel HDDR standard. The track configura- results from 10-4to 10-7BER, dependingon the intrinsic
tion of the USH-31(V)3series,whenit is configured for quality, not size or cost, of the bit synchronizer. We
28tracks, is compatiblewith 14-trackin-lineversionson have also noted that there is a definite relationship be-
28-track spacing. This is an essential requirement of tween FM analog broadband SNR and randomly
ASW Navy recorded data interchange, distributed dropouts. In practice, 35-dB FM SNR is

The last recorder is our newest, the AN/USH-32, roughly equivalent to 10-6 BER. The tape has been
figure 1-11. It is the first fully Navy-owned blamed for what we believe is the below par perform-
MIL-STD-1610 recorder. It is being groomed for a ance of rudimentaryhardware. This alsowilldrive some
broad range of high reliabilityand severeshipboard ap- recorder system designersto use more loops of correc-
plications- both analog and digital. It is currentlymade tion than minimally necessary. We also believe, based
by Bell and Howell, who did a magnificent job; it ex- on observations, that there is very little performance
ceeded its specifications in many very important per- difference (< 20 percent) betweencoding schemes,that
formance areas. Because it is a descendant of all Bell& the real difference in system performance (10-4to 10-7
Howell's fine work in the M-14 and AN/USH-24(V) serial, 10-8to 10-_°parallel) results from the hardware
series, it has the intrinsic ability to record both serial design and its ability to deal with the actual charac-
and parallel high-densitydigitaldata. Our challengewill teristics of tape.
be to arrive at a standard format between this and In the future we will need track densities double and
already existingASW parallel recording schemes, quadruple what we now haveas wellas higher flux den-

sities. Basedon the recent work done by industry, I am
confident that it can be done, with the right encourage-

Tape ment and stimulation by the customer.
I mustnow turnto the tapeanditsperformanceatthe Before I leavethe topic of tape, thereare two other

systemslevel.Earlyin our digitalexplorationswe found areasworthyof comment- dropoutsand certification.
that tape was much better than that for which it was A dropoutis meaningfulonlywhen it hurts the data. In
givencredit.In the last7 years,ourproblemshaverare- FMrecordingsa singledropoutservesto raisethe noise
ly been withtape.The qualitycontrolhas beenexcellent level.In digitalrecordingsthe dropoutcan causean im-

pliedincreasein the noise level if the datarepresenteda
signal, or it couldbe a false commandor an errorin a
paycheckof arbitrarilylargemagnitude.We have not
independentlyembarkedon the pursuitof the size of
dropoute thatwecan ignoreas insignificant.Weexpect
to do so after learningmore from the abundanceof
work takingplace already.We do needto quantifythe
tapeamplitudecharacteristicsto predictinitialperform-
anceandto measurechangeduringthe life of the tape.
Ourinitialdeparturewillbe to devisea method,perhaps
a fixed (dc) fieldto highlightany errors.

With regard to certification, because different
systemshavedifferentsensitivities,screeningthe tapeto
fixed thresholdsis verylimiting.We believethat an in-
dependentprofile of amplitudeversuslength, perhaps
quantizedto manylevelsscreenableby a computersort,
is a better andmoreobjective method.

We have been experimenting confidently with
monitors of data signals after recording without
elaboratedata analysistechniques.Figure1-12 depicts
the block diagramof our first scheme.We areexamin-
ingthe amplitudeof the FMcarrieror the bit streamin
the caseof the high-densitydigitalchannel.This method
has limitations,admittedly,but it is an "in situ" tech-
nique.We recommendedthe use of a preambleandan
interspersedsynchronizationpatternthat can be used

Figure 1-11.hAN/USH-32. for a calculationon the run.
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Figure 1-12.--Data signalmonitoring.

USER'S REQUIREMENTS change. This leads me to give some opinions:

Our fleet wants dependable, easy-to-use common (1) Do it right the first time.
hardware. It wants self-threading and magazine load (2) Know what you want and insist on it.
equipment that does not destroy the tape and digital (3) Trace specifications to real requirements and
recorders that are no more difficult to use than analog sound judgments.
recorders. It expects better diagnostics and fault isola- (4) Use the techniques that make sense.
tion (built-in test equipment) in digital than in analog (5) Value the recorder and the tape for the costly
recorders. The fleet wants performance with readily data, not the hardware glamour.
available tape, preferably the same as that being used (6) Select standard systems that work throughout the
now for MIL-STD-1610 systems, which admittedly ex- community.
ceed E-2 minimum specifications. (7) Give the industry clear requirements_not wishes.

The requirements are not great in number, but they
present a real challenge. REFERENCE

1-1. Levy, Avner: Machine-to-Machine Compatibility in
WidebandRecording. InstrumentationTechnicalInfor-

SUMMARY mationNo. 10, AmpexCorp., 1980.
I have attempted to give insight into our world of

ASW recording. Because there are so many decision- BIBLIOGRAPHY
makers in the loop, we are subject to many constraints Jorgensen,F.: The CompleteHandbook of MagneticRecord-
and complications in finding a path to bring about ing. Tab Books, Inc., Blue RidgeSummit,Pa., 1980.



CHAPTER2

A Method to Detect and CorrectErrors in a Stream
of DigitalData Encoded in Miller Code

L. C. Csengery
Lockheed Electronics Company, Incorporated

The performance goal for any data storage or influenceeveryone'slife to a significantdegree.Allsuch
• transmissionsystem is to produce error-freedata. systems have some characteristicsin common: they
Because of imperfections of the media or the receivedatainputs,they providedataoutputs,andthe
mechanismsused, thisgoal can only be approximated; output datamust correspondto the datareceived.
thedatareceivedfromsucha systemwillcontainerrors. Thevast majorityof thedatastoredor transmittedis
Itispossibleto improvetheperformanceof such generatedbyorforcomputers;andmostcurrentcorn.
systemsby correctingsomeoftheseerrors.A pre- putersaredigital,consequently,almostallsuchdataare
requisitetoerrorcorrectioniserrordetection.Inthe alsodigital.Evensuchtraditionallyanaloginformation
past,errordetectionhasbeenaccomplishedbyadding asmusichasbeenrecordedindigitalformwithexcellent
tothedatainformationthatwouldmakecertaincharac, fidelity.Digitaldataareintheformofaseriesofdigits,
teristicsofthedatapredictable.Thispredictabilitythen thesehavingonlytwopossiblevalues:"0,"or"I."Such
wouldmakean examinationofthedatauseful,and dataareoftencalledbinarydata.Oneelement,ordigit,
deviationsfromthepredictedcharacteristicwillindicate iscalledabit(binarydigit).
errors.Typicalexamplesofinformationaddedtodata One oftheprincipalshortcomingsofa digitaldata
forerrordetectionareparitybitsandcyclicredundancy storageortransmissionsystemisthepresenceoferrors
check(CRC)characters.Allsuchtechniquesreducethe intheoutputdata.No systemexiststhatiscompletely
efficiencyofthesystembecause,inadditiontotheac- freeofthisproblem.Thisproblemmaybeaninsidious
tualdata,theerrordetectioninformationmustalsobe onebecauseasystemthatoperateswell,producingvery
storedortransmitted.Ingeneral,noneofthesetech- fewerrors,isoftenregardedbyitsusersasinfallible.
niqueswilldetectallerrors,butthenumberoferrors Inanyevent,theuserofsuchasystemneedstoknow
detectedwill increasewhen more errordetectinginfor- the expectedreliabilityof thedatathathe receivesfrom
mation (overhead) is added to the data. However, his system.The measureof this datareliabilityis the bit
because all the overhead information must also be errorrate(BER),customarilyexpressedasthe ratio be.
stored or transmitted,system efficiency decreasesas tweenthe numberof errorse and thenumberof bitsN
more overheadis includedin the data. that contain these errors:

Thischapterpresentsa methodthatwilldetecterrors
in a streamof digitaldatathat is encodedin Miller(or BER = e (2-1)
Wood)code.Thismethodwill detecterrorswithoutthe N
need to add errordetecting informationto the data Equation (2-1) is applicable for both expected and
stream, observederrors.

The additionof a paritychannelto a multichannel This chapter primarilyaddressesdata storage sys-
paralleldatastreamwill result in a systemwith error terns, in particular, magnetic tape recorder/
correctingcapabilities, reproducer(MTRR)systems,but someof the concepts

are equally•applicableto other data storageand data
OVERVIEW OF DIGITAL RECORDING transmisssionsystems.
CONCEPTS The outputof a digitalMTRRtypicallyconsistsof a

stream of digital bits that ideally is identical to the
Datatransmissionanddatastoragesystemsareinuse streamof digitalbitsthatwasoriginallypresentedto the

in sucha widevarietyof applicationsthat suchsystems MTRRfor storage.

13
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The principal sources of errors in the data from an Such predictability could then be used to detect errors.
MTRR are the tape and the drive mechanism, Imperfec- For example, one of the earliest ideas was to break up
tions in the tape cause dropouts; i.e., inaccurate signal the data into groups of bits, sometimes referred to as
reproduction resulting from discontinuities of the words, count the number of"l" bits in each word, then
magnetic coating of the tape or insufficient head.to-tape add one more bit to each word such that the number of
contact either during the record or the reproduction "1" bits in each enlarged word be always odd. When a
process. Imperfections of the mechanism cause varia, data stream so augmented would be checked for errors,
tions in the tape speed. These result in time distortions the predictable characteristic would be the odd number
in the signal, prohibiting accurate recovery of the data. of "1" bits in each word, called the odd parity of each
In addition, the imperfections of tape and mechanism word. Obviously, each word that did not have odd pari.
combined cause lateral movements of the tape, resulting ty was in error. This scheme is not perfect, because a
in further degradation of the reproduction signal, word with two bits in error would appear correct; fur.

Obviously, errors can also result from shortcomings thermore, it is not possible to isolate the bit that is in er-
of the electronics that are used to manipulate the data, roe, only the word that contains the bad bit. Data parity
but these errors are generally less frequent than those is, however, a valuable tool, because in many applica-
from the aforementioned causes, tlons it is useful to know whether errors are or are not

Recognizing that it is not possible to manufacture a present. The election of odd parity is arbltrary_ even
consistently error-free MTRR, engineers have spent a parity works the same way, but odd parity has advan-
considerable effort to analyze the characteristics of tages that will be shown later.
these errors. Naturally, if methods could be developed In systems that record and reproduce data in several
thatwouldoperateontheMTRR outputandcorrectthe parallelchannels,thereisthepossibilityof improving
errorsinthedata,suchmethodswould,togetherwith theeffectivenessoferrordetectionusingdataparity,
an imperfect MTRR, result in a perfect storage system. Such data can be augmented two ways. Let us consider

Although a definitive method to correct all errors eight parallel channels of data as an example. In each
cannot be devised, due to the random nature of the channel, n bits can be enlarged with a parity bit to create
data, a plethora of error-correcting techniques have words of n + I bits with known parity; in addition, a
been developed. While none of these is perfect, they are ninth channel can be added; this channel would contain
certainly able to enchance the data reliability of bits generated to maintain odd parity across the chan.
MTRR's. The BER of a system with error correction can nels; i.e., the first bit in each channel would constitute a
be orders of magnitude better than the BER of a system lateral "word," and the first bit in the ninth channel
without that feature, both using an identical MTRR. would be generated by looking at the bits of this lateral

All known error-correcting methods have to include or vertical "word" and assuring that the nine bits have
some way of detecting errors- an error must be iden- odd parity. The second bit in the ninth channel would be
tiffed before it can be corrected. Accordingly, any generated from the second bit of each channel, and so
discussion of errors in a digital data stream will have on.
two topics: error detection and error correction. When data encoded in this manner are decoded, the

Historically, error detection has always been exam. combination of the in-channel parity information, or
ined before error correction. This is not surprising, de- longitudinal parity, with the across-channels parity in-
tectlon being easier and also a necessary prerequisite for formation, or vertical parity, can identify a single bit er-
correction, ror in such a way that it can be corrected and can detect

Binary data streams are by nature a chain of bits in multiple errors that otherwise would escape detection.
which the value of each is either "l" or "0." The se- There are many other schemes to detect errors, but all
quences are essentially random; therefore, the pro- have one characteristic in common: Bits are added to
babiUty of either value is 0.5 for each individual bit. the data to generate a predictable pattern, and the errors
Consequently, observatlon of such a data stream cannot are detected as violations of the pattern that is
and will not offer any clue as to the value of any par- predicted. The added bits are referred to as overhead,
ticular bit. Conversely, if any such bit would be known and, in general, the amount of the overhead will in-
to be in error, the correct value of it would be ira- crease as more complex error detection techniques are
mediately known, employed. To analyze the performance of different

The value of any particular bit cannot be predicted techniques, the overhead is usually expressed in percent
and no particular data pattern can be predicted because of the actual data; e.g., a parity bit added to each eight-
of the inherent randomness of the data. The earliest bit word will result in
error-detecting techniques developed consisted of add-

ing information to the data such that some OH = Added bits (2-2)
characteristic of the data pattern would be predictable. Data bits
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_ 1 stored,Therearetechnologicallimitstothemaximum
8 densitythatit ispracticaltoobtain.

The performanceof a datastoragesystemis
= 12.5percent measuredessentiallyintermsofthreemainparameters:

Increasedoverheadincreasesthebandwidthrequired (I)Datacapacity;i.e.,numberofbitsthatcanbe
to processthe data. stored

To evaluatethe performanceof a data storage (2) Datarate;i.e.,thefrequencyorspeedwithwhich
system,certainconceptsmust be defined:frequency, thedatacan be recordedand/orretrieved
bandwidth,signal.to.noiseratio(SNR),anddensity. (3) Datareliability;i.e., probabilityof retrievingthe

Frequencyis an inherentcharacteristicof any data dataaccurately
stream;it isa measureofhowoftenbitsoccurInthe Datacapacityisexpressedinbits,datarateisexpressed
stream.Theoreticallyitwouldbepossibletotransmitor In bitsper second,and data reliabilityis expressedin
storedatawherethebitsoccuratrandomtimeintervals; predictederrorrate, BER.Seeequation(2-1).
however,this studywillbe limitedto data streamsin The designof tape recordersis also Influencedby
whichthebitsfollowat a constantrate: otherfactorssuchassize,weight,andpower€onsump-

tion,These,however,falloutsidethescopeof thepres-
f = 1 (2-3) ent discussion.t

wheref is the frequencyin hertzand t is the timeIn Reviewof High.DensityCodessecondsbetweeneachsuccessivebit.
Bandwidthis a characteristicof anysystem;it is the Asmentionedearlier,therearetechnologicallimitsof

differencebetweenthe minimumand maximumfre- bitdensityon tape.Thisstatementassumesthatbitsare
quenciesthat the particularsystemcan handle.Band- storedon tape in a particularway.Thereare,however,
widthisalsoa characteristicof thedata streambecause manywaysto storebits of dataon tape.Thestorageof
It Is dependenton the codingschemeand the bit fre- digitaldatabitson a magneticmedium,suchas tape,
quency;for a givencodeandbit frequency,the band- hasbeenthe subjectof extensiveresearchandanalysis,
widthof the data Is a frequencyband fromfz to fa, but, basically,allsuchtechniquesrelyon the abilityof
whereft is the lowestandf: the highestfrequencythat themediumto bemagnetizedandto remainmagnetized
mustbe transmittedorstoredto assurecorrectprocess- forextendedperiodsof time.
ingof thedata. In general,fl andf2 arethelowestand Becausethis study dealswith the storageof binary
highestfrequenciesthat arepresentin the signalthat data, the magnetizationmustbe suchthat twoclearly
representsthe data. detectablestatesare created.Essentially,the require-

SNR is a characteristicof the signalthat represents mentis thatan electricalsignalreceivedbytherecorder
thedatastream.Anysuchsignaliscomposedof theac- be impartedto the mediumsuchthat uponreproduc-
tual data(the idealvoltagewaveformrepresentingthe tion, the originalsignal is recoverable.The electrical
data) and noise, whichis superimposedon the ideal signalmustthenbeencodedtocontainthedata,andthe
waveform.Noiseisdefinedas any electricalsignalthat methodof encodingis also important.
isnot partof theidealwaveform;itcanoriginatefroma The reproductionprocessof a tapeunit consistsof
varietyof sources,but if the amplitudeof theseun- passingthe previouslymagnetizedtape in frontof a
wantedsignalsapproachesthat of the actualdata, the transducercommonlycalledthe reproducehead.This
data willbe no longerdetectable, headwillrespondonlyto changesin magnetizationon

Density,orpackingdensity,isa conceptrelatedonly tape. Becausewe are only interestedin binarydigital
to datastoragesystems.It is a measureof thequantity data, we can expectthat the optimumoutputsignal
of datathat is storedin thestoragemedium.Twotypes from the head is obtainedwhen sharp changes in
of densityfiguresareusedformagnetictape:(1)thesur- magnetizationoccur.The sharperthe changein mag-
facedensity,whichisthenumberof bitsstoredperunit netization,the largerthe amplitudeof,theheadoutput
of surface,expressedin bitspersquareinch,and (2)the signal.As we havealreadyseen, this headsignalwill
trackdensity(forlongitudinalrecording),whichis the containnoisein additiontothedata.If theamplitudeof
number of bits stored in a track per unit length, the noiseapproachesthat of the data, recoveryof the
customarilygivenin bits perinch. data willbe impossible.Accordingly,the highestdata

Thedesignof storagesystemsisorientedtowardmax- amplitudepossibleis desirable.Thismeansthat transl.
imumpossibledensity,becausefor a givenlengthof tions fromone magneticstateto an oppositeone will
tape that maybe containedin a tape unit, the highest givethe bestsignalto interpret.
densityallows the maximumnumberof bits to be The data, then, shouldbe encodedin the formof
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transitionsfrom one distinct level to another;such a only transitions of the signal are detected by the
signal, when used to magnetizethe tape during the reproducehead, not the level of the signal; therefore,
record process, will produce the optimum reproduce one missedtransitionin NRZ-L will inverteverysuc-
signal for data detection, ceeding bit, creating a string of errors, whereas one

We can now returnto the first statementof this sec- missedtransitioninNRZ- M willcreateonly one error,
tion: There are technologicallimits of bit density on the 'T' bitcorrespondingto themissedtransition,What
tape. This statement can be restatedas follows:There all NRZ codeshaveincommon is thattheyneedatmost
aretechnologicallimits of transitiondensityon tape. It one transition per bit, and none of them are self=
is thenup to the coding schemeto minimizethe number clocking.The requirementfor a timingreference,come
of signal transitionsneeded to store a bit. There are monly called a clock, to decode any NRZ signal is a
severalcodingschemesto accomplishthis.The mostIra- definite drawback for all NRZ methods. NRZ,
portantof these methodswill be reviewed, however, is used extensively because encoding and

Digital bit encodingwas beingdone beforemagnetic decoding are very simple. Severalmethods were in.
storage devicesexisted, The first suchcode wassimply ventedto addclockinginformation.All of theseconsist
to generatea signalthathada positivepulseto indicate of addingtransitionsnot otherwiserequiredto transmit
a "1"bit and a negativepulseto indicatea "0" bit. Be- data.All suchaddedtransitionsaregenerallyreferredto
tween these pulses, the value of the signal returnedto as "overhead."In general,NRZ-M hasbeen used ex.
zero, thus the name of this coding scheme:returnto tensively in magnetic tape systems in which several
zero, or RZ. This code has obvious disadvantages: channelsof data arerecordedin severalparalleltracks.

In such systemsonly one additionaltrackis requiredto
(1) It containsthreevoltage levels, addtheclock, so thatfor an eight-tracksystem,the ad.
(2) There are two transitionsfor each bit. (See fig. ditton of a ninth track results in only 12.5 percent

2-1(b).) overhead.
A second type of RZ coding evolvedconsistingof a As mentioned earlier, odd parity is more advan-

signalthathada pulsefor each"1" andnothingforeach tageousthan evenparity.In the strictsense, thisis only
"0" bit. (See fig. 2-1(¢).) This method no longerre- truefor NRZ codes. Whenthe ninthtrackis used as a
quiredthreevoltagelevels,butit stillneededtwo transi- verticalparitytrackwithoddparity,therewillalwaysbe
tions for each 'T' bit. Another differencebetweenthe at leastone 'T' bit in each verticalor lateralword.The
two schemes is that the timing of the first is clear, a clock canthereforebe extractedby connectingtheout-
pulse for eachbit, whereasthe timing of the second is put of each trackto a oneshot to generatea pulse for
undefined.The absenceof pulsesfor "0" bits makesthe each transition.If theoutputsof all these oneshotsare
signal impossible to decode without some timing connectedas inputsto an ORgate, theoutputof theOR
referenceto determinethe numberof "0" bits between gate will be a pulse for each lateralwordon tape; i.e.,
any two "1" bits. Thisdifferenceis commonlyreferred for each bit in each track, providinga clock. In this
to by calling the signal shown in figure 2=l(a) self- way, for 12.5 percentoverheadaddedto eight parallel
clocking and the signal in figure 2-1(b) non-self- tracks, both clock and simple error detection are
clocking.This distinctionwill be made in the discussion generated.
of all other codes. The clockextractingmethod describedloses reliabili-

The advent of magnetic tape recorders as digital ty as the densityincreasesbecauseof missedtransitions
storagedevicesstartedthedevelopmentof newmethods and, more significantly,tape skew. Skew tends to pre-
to encode digital data into an electricalsignal. These vent thepulsesfrom the samelateralwordfrom appear-
new codesevolvedasengineersattemptedto tailorthem ing simultaneouslyatthe input of the OR gate, resulting
to the characteristicsof the magneticrecording/repro- in clockingerrors.
ducing process. The evolution of the computers that used these

It was soon discoveredthat there is no inherent re- magneticstoragedevicesimposedrequirementsfor ever
quirementto havetwo transitionsper bit. This gaverise increasingdata rates. The increasingdataratesrequired
to the nonreturn-to-zero(NRZ) codes. The two most increased packing densities on tape. This led to the
important versions of these are NRZ-L, shown in developmentof thenext familyof codes, the biphase,or
figure 2-1(d), and NRZ-M, shown in figure 2-1(e). Big, codes. These codes are constructedin such a man-
NRZ-L consists of a transition betweenany two bits ner thateachand everybit has at leastone signaltransi-
that aredifferent,thus the signal levelfor 'T' bits is op- tion associatedwith it. The two significantcodes of this
posite of the level for "0" bits. NRZ-M consists of a familyare Bi¢-L (fig. 2-1 (f)), and Bi$-M (fig. 2-I
transitionfor each 'T' and no transitionforany "0" bit. (g)).The latteris also known asHDDRTM. HDDRTM is a
The significant difference between NRZ-L and registeredtrademark of Lockheed Electronics Com-
NRZ-M in magnetic recording/reproducing is that pany, Incorporated.
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Figure 2-1.--High-density codes. (a) Data pattern. (b) RZ, bipolar. (e) RZ. (d) NRZ--L.
(e) NRZ--M. Or)Bi¢--L. (g) Bi¢--M. (h) Miller. (0 HDDRTMII.

All biphase codes are self-clocking, but need up to ty for the same bandwidth. Two significant double den-
two transitions per bit. They are used extensively sity codes are Miller (fig. 2-1(h)) and HDDRTUII (fig.
because they have no clocking overhead. As the density 2-1(0). Miller code is also known as Wood code and
requirements increased, the bandwidth required to proc- delay modulation code.
ess biphase data increased and limited further density All these codes need a maximum of one transition per
increases, bit, and although neither is directly self-clocking in that

New coding schemes were developed to reduce the neither has transitions for every bit like the biphase
bandwidth requirements. These codes are called double codes, their structure does allow extraction of the clock

density codes because they allow doubling the bit densi- signal from the data due to the fact that the spacing of
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transitions can only be 1-, 1½-, or 2-bit cells. A bit cell Two methods are E-NRZpand E-NRZc. In E-NRZpthe
is defined as a time period whose length is exactly the added bit is such that the (n + 1) bit word always has
time betweenany two adjacent bits; e.g., for a 2-Mbps odd parity; in E-NRZcthe added bit is simplya comple-
data stream, one data bit is stored every5/_s;the bit cells ment of the bit that it follows. There are other E-NRZ
are, therefore, 0.5/_s,or 500 ns, long. Becausedouble methods, but the idea is similar. All E-NRZ methods in-
densitycodeshavea variabletransition spacing,for cer- clude overhead bits and, therefore, the bandwidth re-
tain data patterns the reproduce signal can have an in- quired to processall such codes is increased.
creasing de voltagecontent. Figure2-2(a) shows such a R-NRZ consists of adding a pseudorandom word of
pattern, figure 2-2(b) showsits signal encoded in Miller 211- 1 bit length to each 2It - 1 bits of the data. The
code, and figure 2-2(c) shows the resulting reproduce idea is that long strings of "0" bits will be broken up by
signal. To eliminatethis dc content, the Miller squared this process; however, a random data pattern has the
or M2 code wasintroduced by Ampex(ref. 2-1). Figure same probability of containing a string of K zeros
2=2(d)shows the same pattern encoded in the Ms code, before "randomizing" as after; R-NRZ, therefore, is on-
and figure 2-2(e) shows that the resulting signal no ly advantageous if either the data are not entirely ran-
longer has an increasingdc voltage content, dom, in that it tends to have long stringsof "1" and "0"

In addition to the double densitycodes, NRZ is also bits more often than a truly random bit sequence, or if
being used for high-densityrecording. Severalmodifica- there are securityconsiderations.
tions to the basic NRZ code have been devised to GCR consistsof taking groups of n bits and encoding
eliminatethe main shortcoming of NRZ; that is, the in- each in a group of n + m bits, usually using a lookup
ability of decoding long strings of "0" bits reliably, table. The best known application of GCR is the 4/5
Severalmethods havebeen developedand are in use: code of IBM in which n = 4 and m = I. In this code

(1) Enhanced NRZ (E-NRZ) the 16-bit configurations that 4 bits can take are en-
(2) Randomized NRZ (R-NRZ) coded in 16five-bit groups according to a lookup table;

the 5-bit groups are selected such that each has at least
(3) Group coding (GCR) two "1" bits; and no more than two "0" bits are allowed
E-NRZ consists of breaking up the data into groups together. The resulting bit stream is recorded in NRZ

of n bits and inserting one extra bit after each group, form. This code limits the length of a string of "0" bits

1 1 1 0 0 0 1 1 0 1 1 0 1 1 0 1 1 1 1 0 1 1 0 1 1 1 1 0 1 1 0

(a)

(b)

(c)

(d)

(e)

Figure 2-2.--(a) Data pattern with !ncreasing dc voltage content. (b) Coding of (a) in Miller
code. (e) Reproduce signal of(b). (d) Coding of(a) in Miller2 code. (e) Resulting reproduce
signal using (d).
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to two, but it requires 25percent overhead, with its cor- 1°-1
responding increasein required bandwidth.

From all the codes mentioned, only HDDRTMII, lo-2
Miller, M2,E-NRZ, and R-NRZ have been used to any
extent for in-track packing densities above 10000 bpi. lo-3
Considering that Miller is used in all recent IBM disk
drives and, until recently, was used in all Ampex
longitudinal high-density tape systems, it can be safely lo-,
stated that Miller is one of the most popular codes (ref. _-
2-2). 1o-6

PROPERTIES OF DIGITAL lO-_
DATA STREAMS

All digitaldatastreamsexceptthe RZmethodrequir- lO-7
ing threelevels(a theoreticalmethodnot actuallyin use
in any magnetic equipment) consist of a successionof lo-8
transitionsbetweentwo levels.Accordingly,the proper- 0 2 4 6 a 10 12 14
ties of data streams can be definedin termsof those of a SNR,dB
successionof these transitions. Somegeneral properties
include the following: Figure2-3.--P(e) asa functionofSNR.BER= P(e).

(1) For most codes, a random data pattern results in
a random sequenceof transitions.

(2) For the same code, the spacing between transi- to 2-6). The Miller and HDDRrMIIcodeswere assigned
tions decreases when the data frequency increases, the number 1.00.The numbersassociatedwith the other

(3) The detection of transitions becomes more and codes indicate the comparative efficiency of the codes;
more difficult as the spacing between them decreases, e.g., if a certain storage system can store data encoded

(4) Transitions are more difficult to detect when the in HDDRrMIIor Miller at 25 000 bps, then the same
signal contains noise; the difficulty increases as the system usingE-NRZ (adding a "1" bit after each group
noise increases, of sevenbits in an NRZ data stream) could store data at

(5) Increasing difficulty in detecting transitions in-
creases the probability of erroneous detection; i.e., data 0.85 x 25 000 = 21 250 bps

errors, and achievesimilar data reliability. The results of these
Due to the impact of noiseon the abilityto accurately studies are shown in table 2-1.

detect data, it is important to be able to predict the noise Only group coding methods exceedthe performance
that willbe part of the signal. The probability of errors of HDDRrMIIand Miller. The reason for this is that
can be expressed as a function of the signal-to-noise although all group coding schemes have inherent
ratio (SNR). The influenceof the SNR on error rates is overhead, the transitions in them always occur either
illustrated in figure 2-3 (ref. 2-3). In addition to the between bit cells or at bit cell centers, never both. In
common noise sources, such as amplifier noise, power HDDRrMIIand Miller transitions occur both between
supply noise, and radiofrequency interference pickup, bit cells and at bit cell centers, although never for the
the effects of imperfections of the medium and same bit. (See fig. 2-1.)
mechanisms will have unwanted effects on the signal,
such as flutter that will act like noise.

An increased data rate accentuates the influence of
tape and mechanism imperfections; therefore, SNR Table 2-1.- Comparisonof Efficiency of SelectedData
decreases, and the probability of errors increases. It is, Codes
therefore, very desirable to hold the overhead data to a Code Efficiency
minimum;clearly, increasingthe overheadwill allowthe Milleror HDDRTM II ....................... 1.00
data rate for the same data capacity to be increased. GCR ..................................... 1.08
Some codes, however, do inherently require the addi- 3PM ..................................... 1.02
tion of overhead. Miller2 .................................... 95

Several studies have been performed comparing E-NRZ.................................... 85
Miller code to some of the other codes in use (refs. 2-4 R-NRZ.................................... 99
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ERROR DETECTION This is required because all schemes risk the loss of a
complete string of data if synchronization between data

The reliability of any data storage or transmission and clock is lost. Systems using HDDRXMIIand Miller
system can be improved through error correction, and must use synchronization words that contain "four's,"
the principal requirement for error correction is the this assures proper decoding. The decoder must have a
ability to detect the errors, means to detect "four's." One circuit for this could con-

All known error-detecting schemes rely on informa- sist of a four-bit shift register; when the data are clocked
tion added to the data stream to detect errors. The addi- through such a register using a double frequency clock,
tion of a parity bit after each group of bits has been a "four" will cause all four outputs of the register to be
already discussed. Another method is CRC. The CRC in the same state.
method typically adds a 16-bit CRC word to each block There exists another characteristic in both HDDR TM

of 240 bits; the overhead is approximately 7 percent, less II and Miller. The number of "three's" between any two
than a longitudinal parity bit each 8-bit word, which "four's" must be even. This is a predictable charac-
results in 12.5 percent overhead. Generally speaking, teristic of any string of transitions corresponding to a
most simple error-detecting schemes add approximately digital data stream encoded in HDDRXMII or Miller
10 percent overhead to the data. code. Any predictable characteristic of a random data

Using HDDRTMII or Miller code, an error-detecting stream can be used for error detection. Analysis shows
method is available that does not require the addition of that the decoding of any between-transition time er-
any overhead. Observing the transition pattern in roneously will violate this pattern; e.g., a"two" changed
figures 2-1(h) and (0, it becomes apparent that the pat- to a "three" or a "three" into a "two" will add or subtract
tern is composed of periods between transitions that are one "three" from the correct number as will a "three"
either 1, 1½, or 2 times the bit cell period. For decoding read as a "four." Accordingly, if a single bit memory is
such a pattern, it is convenient to derive a clock that has added to the decoder, the parity of "three's" can be

•_WlCethe data frequency. Figure 2-4(a) repeats the pat- counted. The detector must contain some means of
tern Offigure 2-1(h); figure 2-4(b)shows the double fre- detecting "four's" to properly phase the data. This in-
quency clock. Inspection of figure 2-4 shows that the herent characteristic of "three's" parity of the HDDR TM

transitions occur, in terms of the clock signal in figure II and Miller codes presents the system designer with the
2-4(/7), two, three, and four clock periods from each most economical error detection method possible: no
other. A signal in HDDRTMII or Miller can be de- overhead is required for error detection.
scribed, then, as a succession of "two's," "three's," and The same method is applicable to data encoded in M2,
"four's," in terms of the double frequency clock. The because the M2 decoder first converts the M2 data into
common characteristic of both HDDRTMIIand Miller is Miller coded data, which can then be checked for errors
that "two's" and "three's" occur two different ways and just as if M2 had never been used.
can be interpreted in either of two ways. (See fig. 2-5.) Referring to table 2-1 and considering that all simple
However, a "four" has a unique interpretation in each in-channel error detection schemes require approx-
code. (See fig. 2-5.) imately 10 percent overhead, table 2-2 can be con-

Accordingly, to decode a string of transitions en- structed. It is clear that with error correction added,
coded in either HDDRTMII or Miller, a "four" must be HDDRTMIIor Miller are the most efficient codes. In ad-
found. This does not present a major problem, because dition, system reliability is improved because the codes
high-density recording schemes do break the data into requiring overhead for error detecting also require that
portions of 250 to 500 bits, called frames, and insert the corresponding systems include the necessary circuits
some known sequence of transitions, called syn- to generate and insert the error-detecting overhead into
chronization words, between frames, the data stream and to remove this overhead before the

2 3 2 3 2 2 4 4 2 2

I II I II I I III Ill I I
Figure2-4.--(a) Millercode of figure2-1 (h). (b) Doublefrequencyclock of (a).
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HDDRTMII Miller

2 3 3 2 2 3 2 2 3 3 2 2 3 2

(b) 1 1 0 0 1 1 1 0 1 1 1 0 0 1 1 1 '0 0

(c) 1 0 1 0 1 1 0 1 1 0 0 1 0 0 0 0 1 1

3 2 4 3 2 3 2 4 3 2

l__l t I--t__1 1__1i i-L_
(e) , 1 0 1 0 0 0 1 1 0 0 1 1 0 1 0 0 0

Figure 2-5.--(a) Pulse train of only "two's" and"three's." (b) One decoding of (a). (c) Another
decoding of(a). (d) Pulse train containing a "four." (e) A unique decoding of(d).

Table 2-2. - Comparison of Efficiency of Selected Data track, such as the 54LS280. Assuming that such a parity
Codes With and Without Error Correction track has been added to eight tracks of data, as an ex-

ample, and that the HDDRTMII or Miller decoderWithout error With error
Code detection detection develops an error signal for each track, in-channel error

detection can be expanded to detect dropouts that causeMillerand HDDRTMII....... 1.00 1.00
GCR ...................... 1.08 .97 between-transition times that exceed two bit cells (the
3PM ...................... 1.02 .92 typical error caused by tape imperfections or loose par-
E-NRZ= . ................... 85 .85 ticles on tape). As a result, a channel error can be either
R-NRZ ..................... 99 .90 a "three's" parity error or a lack of transitions for more

"E-NRZ can be coded in such a way that the enhancing bit is a parity than two bit cells. Considering a nine-channel parallel
bit, thus it wouldnot requireany further overhead, system, one of the nine tracks being parity, the location

of the error within the channel is not even important.
Typically, such systems record data in 400- to 500-bit
frames per channel and insert synchronization words

reproduced and corrected data are presented to the periodically between such frames. These systems
system output interface, generally contain buffers to eliminate skew and bit-to-

bit jitter. The output of these buffers can be processed
through a network similar to that shown in figure 2-6.

ERROR CORRECTION As shown there, the input consists of the parallel data
and the error signal for each channel A through I (parity

An in-channel error detection method used in a channel included). The output of the network is nine
multichannel tape recorder lends itself to a simple error- channels of data, corrected as necessary, provided that
correcting technique. The addition of a parity track to a no more than one channel was found with error(s).
multitrack recording format is well known in the in- The synchronization word would reset the error signal
dustry. In fact, there are existing integrated circuits that so that in any 400- to 500-bit frame, depending on the
generate the information to be recorded in such a parity system, error(s) would be corrected, provided that in
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Figure2-6.--Error correctionnetwork.
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CHAPTER3

Introduction to Error Detection and Correction Techniques*
Neal Glover

Data Systems Technology

INTRODUCTION TO ERROR Linear Sequential Circuit Fundamentals

CORRECTION Linearsequentialcircuits (LSC)are constructedwith

Parity three buildingblocks:modulo 2 addition(XOR gates),
memory circuits (latches), and constant multipliers

A vector, word, or data streamis said to have odd (figs. 3-4 to 3-6). Any connectionis permissibleas long
parityif thenumberof "1" bitsit containsis odd; other- as a singlearrowis matedto a singlearrowof another
wise, the vector, word, or data streamis said to have
even parity.

Paritymay be determinedwith combinationalor se- d3
quentiallogic.Theparityof two bitsmaybedetermined
withan XORgate(fig. 3-1). Parityacrossa nibble(part d=
of a byte) may be determinedwith a parity tree (fig. Odd

3-2). Parity of a bit streammay be determinedby a
single shift registerstage and an XOR gate (fig. 3-3). dl
The shift registeris assumedto be initializedto zero. do

d_

!_ Odd or

do =
parity d3

d=
or Odd

D

dl
dl

Odd do

D

do . parity
or

Figure 3-1.--Using XOR gate to determine parity of two bits.
d3

*Editor's note: The originalsubmissionto the editors for this Odd
chapter was a copy of Practical Error Correction Design for Engineers dl D
by Neal Glover (ref. 3-1). Mr. Glover did not have time to rewrite the

materialin a chapterformatfor thispublication;however,theeditors do
felt the material was very important for digital recording and agreed
to condense some areas of the original publication for insertion as a

chapterhere. Figure3-2.--Usinga paritytree.

25
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p Figure 3-6.--Constant multipliers:singleinput, singleoutput.

Figure 3-3.--Using shift registerand XOR gate to determine
parity of a bit stream.The highestnumbered bit is always , _ _ .
transmitted and received first. P = d3 • d2_) dl_ do or
P -- d3+ d2+dI + do; the (3 is understoodto mean XOR.

Figure 3-4.--Modulo 2 addition (XOR gates): singleoutput; Figure 3-7.--Examples of two equivalent linear sequential
no restrictionon the number of inputs, circuits whereal = 0, a2= 1, and a3 = 1.

l'he circuits shown in figures 3-8 and 3-9 determine
, , parity across groups of data stream bits. In figure 3-8

each bit is included in only one parity check. The con-
tribution of each data bit to the final shift register state

Figure 3-5.--Memory circuits (latches): single input, single is as follows:
output. Contribution

Data bit P2PIP0

block, keeping the same direction of flow. The output d6 100
of a modulo 2 adder at any time is the modulo 2 sum of d5 010
the inputs at that time. Latches are clocked by a syn- d4 001
chronous clock. The output of a latch at any time is the d3 101
binary value that appeared on its input I time unit d2 111

dl 110
earlier. At this point in this discussion, the constant

do 011
multiplier a will be either 1 or 0. If the constant
multiplier is 1, a connection exists. No connection exists
for a constant multiplier of 0. The form of LSC shown Each data bit affects a unique combination of parity
in figure 3-7 is also called a linear shift register (LSR). checks. The contributions to the final shift register state

d6dsd4 d3d2dl do ==_

• Po=do+d3+d6
=" P1 ----dl +d4

= P2=d2"l'd5

Figure 3-8.--Circuit for determiningparity across groupsof data stream bits.
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dod5d4d3d2dl do

,. Po=d4+d3+dz+do

== pl = ds "l.d2 + dl + do

• = P2=de+d3+d2+dl

Figure 3-9.--Alternative circuit for determining parity across groups of data stream bits.

made by severalstringsof databits are as follows: [do+dr+d2+d3

Contribution " I __ s7

String PzPiPo
d6,d4 101

d3,dz,do 001

d4,do 010 do dl d= o'3 '07

Because the circuitis linear,the contributionto the
finalshiftregisterstatebyeachstringis theXORsumof d, ds d8 d7 P_ Row
contributions from individualbits of the string: cheeks

da d9 dlo dll P5

f(X+ y) =y(X)+Y0') m
d12 d13 dl4 dis P4

The parityfunctionP is linear;therefore,

Circuits of this type arethe basis of manyerrorcor- Colum.checks

rection systems. Figure3-10.--Oneoftheeightcheck/syndromecircuitsrequired

Single-BitErrorCorrection forthe paritycheckcodedefinedintext.

This section introduces single-bit error correction
usinga code that is intuitiveandsimple.

A syndromeis a vectorprovidingsymptomsof an er- $2 = d2 + d6 + die + dj4 + P2
ror or errors. Somecodesuse a singlesyndromewhile $3 = d3 + d? + d_t + dr5 + P3
other codesuse multiplesyndromes.A syndromevector S4 = d_2 + dr3 + d_, + dr5 + P,
is generated by taking the XOR sum of a set of parity S_ = ds + d9 + dl0 + d_ + P5
checks generated on receiveand a set of parity checks Se = d, + ds + de + d? + Pe
generated on transmit. $7 = do + d, + d2 + d3 + P7

Consider the two-dimensional parity check code

defined as follows (fig. 3-10): On write, each row checkbit and each column check
(1) Check-bit generation bit is selected to make the parity of its row or column

Po = do/+ d, + ds + dr= even. The data bits and the parity bits together are
Pl = d_ + d5 + d9 + d_3 calleda code word.
P, = d, + de +dto + d_4 Onread, row syndromebits aregeneratedby check-
P3 = d3 + d? +dl i + dt5 ingparityacrosseachrow, includingthe rowcheckbit.
P, = dr= + dr3 + d_, + dr5 Column syndrome bits are generated in a similar
P_ = ds + d9 + dto + d_t fashion. For this code, syndromebits can be viewedas
Pe = d, + d5 + de + d7 the XOR differences between read checks and write
P? = do + d_ + d= + d3 checks.All syndromebits are "0" whenthere is no error.

(2) Syndrome generation When a single-bit error occurs, one row and one col-
So = do + d, + ds + d_2 + Po umn will have inverted syndrome bits (odd parity).The
St = dl + d_ + d9 + d_3 + Pt bit in error is at the intersection of this row and colum_n.
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The circuit in figure 3-10 shows the logic necessary The three errors X in the figure causethe decoder to
for generating the write check bit and the syndrome bit respond as if there were a single-biterror at location M.
for one row. For parallel decoding,this logicis required Miscorrectiondoes not result for all combinations of
for each row and column. In addition, 16 AND gates three bits in error, only those in which there are errors
are required for detecting the intersections of inverted on three corners of a rectangle.Miscorrectionprobabili-
row and column syndrome bits and 16 XOR gates are ty for three-biterrors is the ratio of three-bit,error tom-
required for inverting data bits. The correction circuit binations that result in miscorrection to all possible
for one particular data bit is shownin figure 3-11. Two three-bit error combinations.
data bits in error will cause either two rows, two col- Misdetection (error condition not detected at all) oe-
umns, or both to have inverted syndromebits (oddpari- curs when four bits are in erroron the cornersof a rec-
ty). This condition can be trapped to give the code tangle (fig. 3-13). This error condition leaves all syn-
detection capability for double-bit errors in data. drome bits "0."

All single check-bit errors are detected, but not all Misdetection does not result for all combinations of
double check-biterrors. One row and onecolumn check four bits in error, only those where there are errors on
bits in error will result in miscorrection (false correc- four cornersof a rectangle. Misdetectionprobabilityfor
tion). If an overall check bit across data is added, the four-bit errors is the ratio of four-bit error combina-
code is capableof detectingall double-bit errors in data tions that result in misdetection to all possible four-bit
and checkbits. This includesthe casein which one data error combinations.
bit and one parity bit are in error. The overall checkbit
can be generatedby formingparity across all row or all AccomplishingMultiplicationWith
column check bits.Withthe overallcheckbitadded,all Shifts, Adds, and Subtracts
double-bit errorsaredetectablebut uncorrectable.

Miscorrectionoccurs when threebits are in erroron Manyeight-bitprocessorsdo not have a multiplyin-
three cornersof arectangle (fig. 3-12). struction. This discussion describes techniques to

minimizethe complexityof multiplyinga variableby a
constant when such processorsare used. These tech-
niques provide another alternativefor accomplishing

RawdatabitO'lo the multiplications required in solving the Chinese re-

)_ C°rrectedd,o mainder problem, based on the Chinese remaindertheorem (ref. 3-2).r-
s2_ On an eight-bitprocessor, any shift that is a multiple

s3_ of eight bits can be accomplishedwith register moves;therefore, multiplyingby a power of 2 that is a multiple
Allowcorrection of 8 canbe accomplishedby registermoves. Any string

of "1" bits in a binary value can be representedby the
Figure3-1 l.--Correctioncircuitforadatabit. power of 2 that is just greater than the highestpowerof

m

X X X X

Row Row
checks checks

X M X X

I I I I I °vera,,I I [ [ I  °v°ra"check bit check bit

Columnchecks Columnchecks,

Figure3-12.--Exampleofmiseorreetion. Figure3-13.--Exampleofmisdeteetion.
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2 in the string minus the lowest power of 2 in the string. Output
These results can be used to minimize the complexity of [ T T
multiplying a variable by a constant using register
moves, shifts, adds, and subtracts.

In all examples, X is less than 256. The results are Input
shown in a form where register moves and shifts are
identifiable. In example 4, only two unique shift opera- Figure3-14.--A shift registerform used frequentlyforerror
tions are required, even though the original constant detectionandcorrection.
contains nine powers of 2. This particular example is
from the Chinese remainder problem when moduli 255
and 127 are used. this form of shift register are discussed in the following

paragraphs.
Example 1

Y = 257 * X Property 1

= (28 + 1) * X If the shift register is receiving data bits, the last m
data bits (in this case three) must match the shift register

= 2s * X + X content for the final shift register state to be zero. This
is because a difference between the data bit and the

Example 2 high-order shift register stage causes the low-order stage

Y = 255 * X to be set to one again.
Assume an all-"0"bit data record. If an error burst is

= (28 - 1) * X to leave the shift register in its zero state, the last m bits

= 28 * X - X of the burst must match the shift register contents.

Example 3 Property 2

Y = 992 * X Assume the shift register is zero. Receiving a burst of
bits of length m bits or less has the same effect as plac-

= (29 + 28 + 27 + 2_ + 25) * X ing the shift register at the state represented by the burst

= (21° - 25)*X of bits.
When reading an all-"0" bit data record, an error

= 2 to * X - 25 * X burst of length m bits or less sets the shift register to a
state on its sequence that is b (burst length) shifts away

Example 4 from the state representing the error burst.
Y = 32131 * X

Selecting Check Bits
= (2 t4 + 2t* + 2t2 + 2tt + 2to + 28 +

27 + 2t + 20) * X The following paragraphs describe intuitively how
check bits must be selected so that on read, the received

= (215 - 29 - 27 + 21 + 2°) * X polynomial R(x) leaves the shift register at zero.
= 2 '5*X- 29*X+ 27*X+ Assume a shift register configuration that

2 t * X + 20 * X premultiplies by X mand divides by g(x). From property
1, it is clear that in order for the check bits to leave the

= 28 * (27 * X) - (27 * X) - shift register at zero, the check bits must match the shift
28*(2 '*X) + (2I-X) + X register contents immediately after the data part of the

received polynomial has been processed. For this to be
DETECTION FUNDAMENTALS true, the contents of the shift register after processing all

/ write data bits must be written for check bits.

Polynomial Shift Registers
Euclidean Division Algorithm

The shift register form in figure 3-14 is used frequent-
ly for error detection and correction. This circuit If g(x) and D(x) are polynomials with coefficients in a
multiplies by X m and divides by g(x), where m is the field F, and g(x) is not 0, there exist polynomials Q(x)
polynomial degree and also the shift register length and and r(x) with coefficients in F such that
g(x) is the generator polynomial of the code. In figure
3-14, m is 3 and g(x) is X 3 + X + 1. Two properties of D(x) = Q(x) * g(x) + r(x) (3-1)
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where For a number of information and check symbols,

D(x) = data polynomial
Q(x) = quotient polynomial k = Number of information symbols
g(x) = generator polynomial m = Number of check symbols
r(x) = remainder polynomial n = Number of information plus check symbols

(record length is the number of data plus the
and either r(x) = 0 or the degree of r(x) is less than the number of check symbols)
degree of g(x). The Euclidean division algorithm pro-

vides a formal method for determining how check bits The efficiency of a code will be given by
should be selected.

Rearranging equation (3-1) gives R - R
r/

D(x)+ r(x) = Q(x)
g(x) where R is called the rate or code rate.

This shows that to make the data polynomial divisible Appending Redundancy
by g(x), r(x) must be XOR'd to D(x), but this would
modify the last m bits of the data polynomial. Modify- The Euclidean division algorithm shows that to cause
ing the data polynomial has disadvantages. A better a data record to be divisible by the generator
method of determining the check bits must be found, polynomial, the remainder after dividing Xm*D(x) by

Instead of dividing the data polynomial D(x) by the g(x) must be appended to the data record. This can be
generator polynomial g(x), first premultiplyD(x)byX m accomplished with the form of internal XOR shift
and divide by g(x). Then, register circuit shown in figure 3-15. This particular ex-

ample premultiplies by X 3 and divides by

xm*D(x) = Q(x) + r(x) X3 + X + 1.
g(x) g(x) At check-bit time the multiplexer switches from write

data to check bits, the gate is disabled, and check bits
and are shifted out of the shift register. The external XOR

shift register circuit in figure 3-16 performs the same
Xm*D(x) + r(x) = Q(x) function. It writes the same check bits for a given data

g(x) record.

This shows that if r(x) is XOR'd with the data
polynomial premultiplied by X m, the resulting

polynomial will be divisible by g(x). This is equivalent to ] _1 _a

appending r(x) to the end of the original data
polynomial. The original data polynomial is not Writedata

modified when check bits are added with this method, i "-

Symbology /check bits

;_JMultiplexerThe following symbology will be employed for fre-
quently used polynomials: Check-bittime

D(x) = data polynomial Figure 3-15.--Internal XOR shil_registercircuit.
C(x) = check polynomial
T(x) = transmit polynomial
E(x) = error polynomial

R(x) = receive polynomial __ Write

These polynomials are related by data/
Write data check

T(X) = Xm*D(x) + C(x) _d! bit,
Multiplexer

and Check-bit time

R(x) = T(x) + E(x) Figure 3-16.--External XOR shiftregistercircuit.
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Single-Burst Detection Span for an Error Theorem3

DetectionCode A code will detectall single- and double-bit errorsif

The single-burstdetectionspan for a detection-only the recordlength (includingcheck bits) is no greater
codeis equalto the shift registerlength.Assumea shift thanthe periodof the generatorpolynomial.
register configuration that premultiplies by Xm and
dividesby g(x), andassumethe shift registerto be in- Theorem4

itializedto zeroandan all "0" bit datarecord.The only A code will detectall single-,double-, and triple-bit
"I" bits will be from an errorburst. The firstbit of the errors if its generator polynomial is of the form
burstsetscertainshift registerbitsto "1," includingthe (Xc + 1)P(x) and the record length (includingcheck
low-orderbit. bits) is no greaterthan the period of the generator

To set the shift registerto zero,the nextm errorburst polynomial.
bits must match the shift registercontents. Therefore,
foran errorburstto setthe shift registerto zero, itmust Theorem5
be longerthan the lengthof the shift register.

To considerthe samedevelopmentusingpolynomial A code generatedby a polynomialof degreem detects
mathematics,it mustbe shown that the lengthof an er- all single-bursterrorsof lengthno greaterthan m. (A
for burstrequiredto leave the shift registerat zero is burst of length b is defined as any error patternfor
greaterthanm bits.Foran errorburstto leavetheshift which thenumberof bitsbetweenandincludingthe first
register at zero, it must be divisibleby the generator andlast bits in erroris b.)
polynomial.It mustbe shown that to be divisibleby the
polynomial, a burst must be greater than m bits in Theorem6

length. A code witha generatorpolynomial(X c + 1)p(x)has
Let b(x) be an errorburstof lengthm or fewerbits a guaranteeddouble-burstdetectioncapabilityprovided

and let the exponent of the first term of b(x) with a the record length (includingcheck bits) is no greater
nonzerocoefficientbe the exponentof XJ. Then, than the period of the generatorpolynomial. It will

detect any combination of double bursts when the
b(x) = X] * bo(X) lengthof the shorterburstis no greaterthanz (degreeof

p(x)) andthe sum of the burst lengthsis no greaterthan
The termsX] andg(x) arerelativelyprime.If g(x) is to c + 1. This theoremallowsselectionof a codeby struc-
divide b(x), it must divide b0(X). This is impossible ture for accomplishingdouble-burstdetection. Codes
becauseg(x)has a greaterdegreethan bo(x).If bo(x)is a that do double-burstdetectioncan also be selectedby a
burstof length m or fewer bits, it is a polynomialof computerevaluationof randompolynomials.
degree(m - 1) at most, and is clearly not divisibleby
g(x), which has degreem. Theorem7

The fractionof errorburstsb greaterthan m that go

Theorems for Error Detection Codes undetected is 1/2m if b > m + 1 or 1/2m-I ifb = m + 1. The fractionof all possible error bursts
that go undetectedis called misdetectionprobability

Theorem1 Prod"Itis givenby
All single-biterrorswill be detectedby any code the

generatorpolynomialof whichhas morethan oneterm. p,,_ _ 1
The simplest example is the code generated by the 2'_

polynomial (x + 1). This assumesall errors possibleand equallyprobable. If
Theorem 2 some particular error bursts are more likely to occur

than others, then misdetection probability becomes
All cases of an odd number of bits in error will be polynomialsensitive.

detected by a code whose generator polynomial has

Xc + 1, (c > 0) as a factor. The checkbit generatedby CORRECTION FUNDAMENTALS
X + 1 is simply an overall parity check. All
polynomials of the form Xc + 1 are divisiblebyX + 1. This section introducessingle-bitand single-burster-
Therefore, any code whose generator polynomial has a ror correction from the viewpoint of shift register se-
factor of the form Xc + 1 includes an overall parity quences. The examplesgiven usevery short records and
check, a small number of check bits; however, the techniques
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apply to longer records and a greater number of check unloaded. The shift register is cleared just prior to the
bits as well. buffer load cycle.

Single-Bit Error Correction How Correction Works

The circuit shown in figure 3-17 can be used to cor- Because g(x) is primitive (polynomial with period
recta single-bit error in a seven-bit record (four data 2m - 1, where m is the degree of the polynomial), it has
bits and three check bits). Data bits are numbered ds two sequences: the zero sequence of length one and a se-
through de. Check bits are numbered P2 through Po. quence of length seven (fig. 3-19). Assume an all."O"

• Data and check bits are transmitted and received in the bits data record and data bit d_in error. The contents of
following order: the decode shift register during buffer load would be as

shown in table 3-1. Notice that after the error is proc-
d, ds d2 d, do P2 PI Po essed, the shift register clocks through its sequence until

the end of the record is reached. The final shift register
Both the encode and decode shift registers premulti- state for this example is 001. This is the syndrome.

ply by X" and divide by g(x), where m is 3 and g(x) is
X3+X+ 1.

For encoding, the shift register is cleared. Data bits
d3, d2, d. and do are processed. As the data bits are
processed, they are also written to the media or channel.
After data bits are processed, the gate is disabled and
the multiplexer is switched from data bits to the high-
order shift registerstage. The shift registercontents are _
then written to the media or channel as check bits.

Decoding (fig. 3-18) takes place in two cycles: the (a) (_)
buffer load cycle and the buffer unload cycle. A syn-
drome is generated by the shift register circuit as the Figure3-19.--The two sequencesofg(x). (a)Zero sequence.
buffer is loaded. Correction takes place as the buffer is (b) Sequenceof lengthseven.

Table 3-1.-Shift Register Contents for Ali."O"-Bit

_ Record and d, in Error

d3d2dldo '_ I I Clock Error Shift register

: xa x number bits contents

IWrite data _'_

• o,,.,...,,,..,.,,..,..,,.,., _ 000

d, .............................. - 000
Multiplexer Write data/check bit.=_ d2 .............................. - 000

• d3d2dldoP2P1PO dl .............................. 1 01l

1 do .............................. - 110
P2 ............................. - 111

Check-bit time PI ............................. - 101
Figure 3-17.--Encoding circuit. Po ............................. - 001

Raw Corrected

date D data

cycle

Figure3-18.--Decoding circuit.(FIFO = firstin, firstout.)
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The syndromeremainsin the shift registeras the bur- and clocking once. Regardless of where the error oc-
fer unload cycle begins. The shift register is clocked as curs, the first nonzero state of the shift register is 011.
data bits are unloaded from the buffer. As each clock Error displacementfrom the end of the record is the
occurs, the shift register clocks through its sequence, number of states between the 100 state and the syn-

Simultaneously, the gate monitors the shift registercon- drome. It is determined by the number of timesthe shift
tents for the I00 state. Correction takes place on the register is clocked betweenthe error occurrenceand the
next clock after the 100state is detected, end of record.

The shift register contents during the buffer unload Consider what happens on the shift register sequence
cycleis shownin table 3-2. during the buffer unload cycle. (See fig. 3-21.) The

During the buffer load cycle,because the data record number of states between the syndrome and 100 state
is all "0"bits, the shift register remains all "0" bits until represents the error displacementfrom the front of the
the error bit dl is clocked. (See fig. 3-20.) The shift record.To determine when to correct, it is sufficient to
registeris then set to the 011 state. As each new clock monitorthe shift registerfor state 100. Correctionoc-
occurs, the shift registeradvancesalong its sequence, curson the nextclockafter this state is detected.
Thereis an advancefor do,P2, P=,andPo.After thePo Considerthe case when the dataare not all "0" bits.
clock, the shift registeris at state001. This is the syn- The check bits wouldhave been selectedon writesuch
drome forthe assumederror, that when the record (data plus check bits) is read

When the errorbit occurs,it has the sameeffect on withouterror,a syndromeof zeroresults.When an er-
the shift registeras loadingthe shift registerwith 100 ror occurs, the operationdiffers from the all-"0" bit

datacase,onlywhilethe syndromeis beinggenerated.A
givenerrorresultsin the samesyndrome,regardlessof

Table 3-2.-Shift Register Contents During Buffer data content because the code is linear. Once a syn-
Unload Cycle drome is computed, the operation is the same as

Clock Shiftregister previouslydescribedfor the all-"0" bit data case. This
number contents code is a single-errorcorrectingHammingcode. It can

001 be implementedwith combinatoriallogic as well as se-
.I.o.l.,...o.,.o..,.....o.o.o.o....o........................................ 010 quential logic.

d2 ...................................... "100
d, ...................................... _011

do...................................... 110 Single-BitErrorCorrectionand Double-Bit
p, ...................................... 111 ErrorDetection
PI ...................................... 101
Po...................................... 001 If an X + 1 factor is combinedwith the polynomial

"The gate enables after this clock because the 100 state is detected, of the previousexample, the resultingpolynomial
JCorrectiontakesplaceon this clock.

g(x)= (x + 1)(_ + x+ 1)
=X,+X3+X_ + 1

Poclock

Final state of the This is the syndrome--
shift register, the initial state of the
the syndrome P1 clock shift registerfor the

bufferunload cycle

The da c[ock advances :t01"_ (_ 01"_

the shift registerto here ,_ "_
,°2 clock The d2 clock advances : r7_,_)

Thed1 clock advanceshe shift register to here;
d1 clock doclock advances The gate is enabled z_
forces shift register shift register to here bythis shift registerstate correctiontakes place on
to this point the d 1 clock
on sequence

Figure 3-21.--Shift registersequenceduringbufferunload
Figure3-20.--Shiftregistersequenceduringbufferloadcycle, cycle.
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can be used to correct single-bit errors and detect If three bit errors occur, the syndrome willbe on se-
double-bit errors on seven-bit records (three data bits quence A. During the buffer unload cycle, the shift
and four check bits). Double-bit errors are detected registerstate 1000is detected, and a data bit is invented.
regardless of the separation between the two error bits. This is miscorrection because the bit inventedis not one

The polynomial g(x) has four sequences: two se- of the bits in error.
quences of length seven and two sequences of length This code corrects a single-biterror. It detects all oc-
one. (Seefig. 3-22.) If a single-biterror occurs, the syn- currences of an even number of bits in error. When
drome will be on sequence A. If a double-bit error oc- more than one bit is in error and the total number of bits
curs, the syndromewillbe on sequenceB. This givesthe in error is odd, miscorrection results.
code the ability to detect double errors. This code is a single-error correcting, double-error

The circuit in figure 3-23 could be used for decoding, detecting Hamming code. It can be implemented with
Encoding would be performed with a shift register cir- combinatorial logic,as wellas with sequential logic.
cuit premultiplying by X" and dividingby g(x).

Gate A detects the 1000state on the clock prior to the Burst Length 2 Correction
clock that corrects the error. Gate B blocks the shift
register feedbackon the clockfollowingdetectionof the The polynomial of the previous example can also be
1000state. This causes the shift registerto be cleared, used for burst length 2 correction. The circuit is iden-

tical except that AND gate A detects 1X00.If a double-bit error occurs, the syndrome is on se-
quence B. The shift register follows sequenceB as it is If a burst of length 1 occurs, the syndrome willbe on
clocked during the buffer unload cycle. Because the sequenceA. Gate A enableson state 1000.If a burst of
1000 state is not on this sequence, gate A will not length 2 occurs, the syndrome will be on sequence B.

Gate A enables on state 1100.When the shift registerisenable, and correction willnot take place. Becausecor-
rection does not occur, the shift register remains clocked from the 1100state, it goes to 1000,due to the
nonzero. If the shift register is nonzero at the end of the action of gate B. Gate A remains enabled. On the next
buffer unload cycle, a double error is assumed, clock, the shift register is cleared due to the action of

gate B. Gate A is enabled for two consecutive clock
times, and, therefore, two adjacent bits are corrected.

€-,
0001 0011 Correctionof LongerBursts0010 0110

0100 1100 The conceptsdiscussedin the precedingsectioncan be
lOOO OlOl extendedto correction of longer bursts as well.To con-1101 1010

0111 1001 struct such a code, select a polynomial, irreducibleor

111 111 (c) 009 (o_ 109 composite, meeting the following requirements:(a)

Figure 3-22.--Sequences of g(x). (a) Sequence A. (b) Se- (1) Each correctable burst must be on a separate se-
quence B. (c) Sequence C. (d) Sequence D. quence.

Raw Corrected

data _ data

=-[ 7-bit FIFO buffer ='( =Gate B

Gate A Buffer

unload

cycle

Figure 3-23.--Decoding circuit.
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(2) The lengths must be equal for sequences contain- able bursts, they must be separated from each correct-
ing correctable bursts, able burst by a number of states equal to or greater than

(3) The sequence length must be equal to or greater the record length in bits.
than the record length for sequences containing a cor- (3) The length must be equal for sequences contain-
recting burst, ing correctable bursts.

(4) Any burst that is to be guaranteed detectable must
not be on a sequence containing a correctable burst. Requirement (3) is not necessary if the correction step

is performed with the reciprocal polynomial (reverse
Requirement (2) is not necessary if the correction step clocking). Any polynomial satisfying either of the two

is to be performed with the reciprocal polynomial previous sets of requirements would satisfy the more
(reverse clocking), general requirements. Many other polynomials would

Assume a polynomial with multiple sequences, meet the general requirements as well.
Assume that the bursts I, II, I01, and III are all on
separate sequences of equal length. There may be other PATTERN SENSITIVITY
sequences as well. (See fig. 3-24.)

The code has at least the following capability. Its cor- When selecting a code for a particular application, it
rection span can be selected to be one, two, or three bits, is important to consider pattern sensitivity. Some error
and its detection span is guaranteed to be at least three, detecting and error correcting codes are more likely to

misdetect or miscorrect on certain classes of error pat-Primitive polynomials can also be used for burst cot-
terns than others. This is called pattern sensitivity. If

rection. In this case the polynomial requirements are as
follows: these classes of errors are also the most likely to occur,

then protection provided by these codes may not be as
(I) The polynomial period must be equal to or good as expected. In this section several examples of

greater than the record length, pattern sensitivity are discussed. The codes named in
(2) Correctable bursts must be separated from each this section are presented in detail in the original

other on the sequence by a number of states equal to or publication (ref. 3-1).
greater than the record length in bits.

(3) Any burst that is to be guaranteed detectable must Error Detection Codes
be separated from correctable bursts by a number of
states equal to or greater than the record length in bits. Some error detection codes have pattern sensitivity.

The polynomial for the circuit in figure 3-25 is
It is also possible to state more general requirements (X a_ + I). Of all possible error bursts, this circuit will

for a burst-correcting code: fail to detect 1 out of 65 536. Any degree 16 polynomial

(1) If more than one correctable burst is on a given would have the same misdetection probability for all
sequence, these bursts must be separated by a number of possible error bursts. However, this circuit has a pattern
states equal to or greater than the record length in bits. sensitivity. It will fail to detect I out of every 16 possible

(2) If one or more bursts that are to be guaranteed error patterns, consisting of 2 bits in error, separated bymore than 16 bits.
detectable are on a sequence with one or more correct-

To understand the pattern sensitivity, consider
reading a data record that is all "0" bits except for 2 bits
in error, 16 bits apart. The shift register will be all "O's"
until the first error bit arrives. After arrival of the first
error bit, the shift register will contain 0... 01. After
receiving the 15 "O's" separating the error bits, the shift

[ register will contain 10... 0. After receiving the sec-

I ond error bit, the shift register will again contain all

l * * • Output
I

,
[ 16-bit shift registerInput

0...01 0...011 0...0101 0...0111

Figure 3-25.--Circuit definingan error detection code with
Figure 3-24.--Example of requirement(2). pattern sensitivity.
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"O's"due to the cancellationof the high-orderbit by the even more important than data recoverability.Never-
seconderrorbit. theless, manydisk subsystemdesignersare unawareof

This circuit is 4000timesmore likelyto fail to detect the factorsdeterminingdataaccuracy.
an errorpattern consistingof 2 bits in error,separated

by more than 16bits, than it is to fall to detecta pattern Polynomial Selection
consistingof manyrandombits in error.

The pattern sensitivity of this circuit is obvious. In disk subsystems,the errorcorrectionpolynomial
Nevertheless,it was implementedby a largecomputer has a significantinfluenceon dataaccuracy.Fire code
manufactureron the 2314 magneticdisk device in the polynomials,for example, have been widely used on
mid 1960's.After the product was in the field, addi- disk controllers, yet they provide less accuracy than
tional checkingwas installed to correct the problem, carefully selected computer-generatedcodes.

Many disk controller manufacturers have employed
ErrorCorrectionCodes one of the followingFire code polynomials:

The Fire code is used for single-burst correction. (X21+ 1)(X al + Xa + 1)ManyFire codeshave a high pattern sensitivityfor short
double bursts. (Seethe sectionentitled "Data Accuracy" or
for a discussionof Fire code pattern sensitivity.)

Many interleavederror correcting codes have a pat- (X 2' + 1)(X" + X9 + 1)
tern sensitivityfor multiple short bursts. The 3370code

is such a code. It usesa single-symbolerror correcting, The natural period of each polynomial is 42 987. Burst
double-symbol error detecting Reed-Solomon code in- correction and detection spans are both 11 bits for
terleaved to depth 3. Symbols are 1 byte wide. Its record lengths, including checkbits, no greater than the
miscorrectionprobabilityis 2.2 x 10''6 for all possible naturalperiod.These codesare frequentlyusedto cor-
errorbursts; however, the miscorrectionprobabilityis rect Il-bit burstson recordlengthsof 512 bytes.
2.6 x 10-_ for all possible errors exceeding code When used for correction of l 1-bit bursts on a
guaranteesand affectinga singleinterleave. 512-byterecord,thesecodesmiscorrect10percentof all

possibledoubleburstsin whicheachburstis a singlebit
Other Forms in error. With the same correction span and record

Manycodesare sensitiveto the errorpatternscaused length, the miscorrectionprobabilityfor all possibleer-
by circuitor powersupplyfailures.For example,if the rorburstsis I in 1000.The shortdoubleburst,with each
linesupplyingdatabits to a magneticdisk errorcorrec- bursta singlebit in error,has a miscorrectionprobabili-
tion circuit fails, the failure may not be detectedby ty two ordersof magnitudegreater.
these circuits.One way to protectagainstthis form of Such codeshave a high miscorrectionprobabilityon
pattern sensitivityis to make sure nonzero check bytes other short doublebursts as well.Doublebursts are not
are guaranteed for an all "0" bit data record, as common as single bursts; however, due to error

A semiconductor memory error correction circuit clustering, they occur frequently enough to be a
may not detect the error when a word of all "0" bits problem.
(data and check bits) is erroneously read from memory, The data accuracyprovidedby theseFire codesfor all
due to a circuit or power supply failure. Again, a solu- possibleerror bursts is comparableto that providedbya
tion is to cause nonzero checkbytes to be generated for 10-bit cyclic redundancy check (CRC) code. The data
an all "0"bit data record, accuracyfor all possibledouble-bit errors is comparable

to the data accuracy provided by a three- or four-bit
DATA ACCURACY _ CRC code.

Fire codes are defined by generatorpolynomialsof
Data accuracyis one of the most importantcon- the form

siderations in error correction system design. The
following discussionon data accuracyis concerned
primarily with magnetic disks; however, the concepts g(x) = c(x)p(x)
are extendableto many other errorcorrectionapplica- = (Xc + 1)p(x)

tions, wherep(x) is anyirreduciblepolynomialof degreez and
Mostusersof disksubsystemsconsiderdataaccuracy period e and e does not divide c. The period of the

generatorpolynomialg(x) is the leastcommonmultiple
tThisdiscussionis excerptedwithpermissionfromtheOctober1982 of c ande. For record lengths(includingcheck bits) not

issueof ComputerDesign. exceedingthe periodof g(x), thesecodesare guaranteed
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to correct single bursts of length b bits and detect single This equation is unique to the Fire code. It is applicable
bursts of length d bits (d _ b) provided z _ b and only when the product of Pmc.dband the number o_possi-
c > d + b - 1. ble double-bit errors is much greater than 1. When this

The composite form of the generator polynomial g(x) is not true, a computer search should be used to deter-
is used for encoding. Decoding can be performed with a mine Pmc,db" "

shift register implementing the composite generator The ratio of Pmc.db to _)mc provides a measure of pat-
polynomial g(x)or by two shift registers implementing tern sensitivity for one particular double burst (each
the factors of the generator polynomial c(x) and p(x). burst being a single bit in error). The Fire code is sen-
Code performance is the same in either case. sitive to other short double bursts as well.

The p(x) factor of the Fire code generator polynomial Properly selected computer-generated codes do not
carries error displacement information. The c(x) factor exhibit the pattern sensitivity of Fire codes. In fact, it is
carries error pattern information. It is this factor that is possible to select computer-generated codes that have a
responsible for the pattern sensitivity of the Fire code. guaranteed double-burst detection span. The miscor-
To understand the pattern sensitivity, it is assumed that recting patterns of these codes are more random than
decoding is performed with shift registers implementing those of Fire codes, and they are selected by testing a
the individual factors of the generator polynomial. For large number of random polynomials of a particular
a particular error burst to result in miscorrection, it degree. Provided the specifications are within certain
must leave in the c(x) shift register a pattern that bounds, some polynomials will satisfy them.
qualifies as a correctable error pattern. A high percent There are equations that predict the number of
of short double bursts do exactly that. For example, two polynomials one must evaluate to meet a particular
bits in error c + 1 bits apart would leave the same pat- specification. In some cases, thousands of computer-
tern in the c(x) shift register as an error burst of length generated polynomials must be evaluated to find a
2. The same would be true of two bits in error separated polynomial with unique characteristics. For a computer-
by any multiple of c + 1 bits. generated code, correction and detection spans are

Ifp(x) has more redundancy than required by the Fire determined by computer evaluation. Overall miscorrec-
code formulas, the excess redundancy reduces the tion probability is given by equation (3-2). To increase
miscorrection probability for short double bursts, as data accuracy, many disk controller manufacturers are
well as the miscorrection probability for all possible er- switching from Fire codes to computer-generated codes.
ror bursts.

The overall miscorrection probability Pinefor a Fire

code (assuming all errors possible and equally probable) Error Recovery Strategyis given by
Error recovery strategies also have a significant in-

Pmo-- n * 2b-_ (3-2) fluence on data accuracy. A strategy that requires data
2" to be reread before attempting correction provides more

accurate data than a strategy requiring the use of correc-
where tion before rereading.

An equation for data inaccuracy is as follows:
n = record length in bits including check bits

b = guaranteed single-burst correction span in bits Pu_ _ Pe * Pc * Prn¢ (3--4)m = total number of check bits

For many Fire codes, the miscorrection probability where
for double bursts where each burst is a single bit in error
(assuming all errors of this type are possible and equally Pu_ = probability of undetected erroneous data:
probable) is given by ratio of undetected erroneous data occurrences

to total bits transferred; a measure of data in-

'_mc.db _ 2 * n * (b - 1) (3-3) accuracy
c2* (2z - 1) Pe = raw burst error rate: ratio of raw burst error

occurrences to total bits transferred

where Pc = catastrophic probability: probability that a
given error occurrence exceeds the guaranteed

c = degree of the c(x) factor of the Fire code poly- capabilities of a code
nomial Pm¢= miscorrection probability: probability that a

z = degree of the p(x) factor of the Fire code poly- given error occurrence, exceeding the guaran-
nomial teed capabilities of a code, will result in mis-
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correction, assuming all errors are possible Error Correction Code Circuit

and equallyprobable. Implementation
It is desirable to keepP_cdas low as possible.Pc, Pc, Cyclic codes provide very poor protection when

or P_€must be reducedto reducePued.(See eq. (3-4).) frame synchronization is lost; that is, when syn-
Pm_can be reducedby decreasingthe record length chronizationoccursearly or late by one or more bits.
and/or the correctionspan,or by increasingthe number Oneprotectionfromthis typeof erroris to initializethe
of checkbits. Pc can be reducedby increasingthe guar- shift registerto a nonzerovalue.The sameinitialization
anteedcapabilitiesof the code, or by reducingthe per- constant must be used on read and write. Another
cent of errorburststhat exceeds the guaranteedcode method is to invertcheck bits on writeandread.Each
capabilities.Pe can be reducedby using reread.Most method gives the errorcorrectioncode (ECC) circuit
disk products exhibit soft burst error rates several anotherimportantfeature-nonzerocheckbitsarewrit-
ordersof magnitudehigherthan hardbursterrorrates, ten for an all "0" bit data record.This allows certain
RereadingbeforeattemptingcorrectionmakesPe(ineq. logic failuresto be detectedbefore inaccuratedataare
(3-4)) the hardbursterrorrate insteadof the soft burst transferred.
errorrate, reducingPuedby severalordersof magnitude. SomeECCcircuitfailuresstillcan resultin transfer-
Rereadingbeforeattemptingcorrectionprovidesaddi- ring inaccuratedata. If the probabilityof ECC logic
tional improvementin P,.,ddueto the differentdistribu- failure contributessignificantlyto the probabilityof
tions of long errorburstsand multipleerrorburstsin transferring inaccurate data, some form of self-
hardandsoft errors, checkingmust be included.

AnotherstrategythatreducesPucdis to rereaduntilan
errordisappears, or until there has been an identical Defect Strategy
syndromefor the last two reads. Correctionshould be
attemptedonly after a consistent syndromehas been All defects should have alternatesectors assigned,
received, eitherby the drivemanufactureror subsystemmanufac-

turer,before the disk subsystemis shippedto the end

Design Parameters user.
There are problems with a philosophy that leaves

Fordataaccuracy,a low miscorrectionprobabilityis defectsto becorrectedby ECC on eachread,insteadof
desirable.Miscorrectionprobabilitycan be reducedby assigningalternatesectors. First, if correctionbefore
decreasingthe recordlength and/or correctionspan,or rereadis used, a higher level of miscorrectionresults.
by increasingthe numberof check bits. This is becausea soft errorin a sector with a defect

FormostWinchestermedia,a five-bitcorrectionspan results in a double burst. Once a double burstoccurs
is adequate.A longer correctionspan is neededif the thatexceedsthe double-burstdetectionspan,miscorrec-
driveuses a read/writemodulationmethod that mapsa tion is possible.In the secondcase,if rereadbeforecot-
single encoded bit in errorinto several decoded bits in rection is used, revolutions will be lost each time a
error, such as group coded recordingand run-length defectivesectoris read.
limitedcodes.

For most cases, 32 check bits are adequatefor sec- Error Rates

toredWinchesterdisks, providedthat the polynomialis Diskdriveerrorrates alsosignificantlyinfluencedata
selectedcarefully, recordlengths are short, correction accuracy.If errorsexceedingthe guaranteed capability
span is low, correction is used only on hard errors, and of the codenever occurred, inaccuratedata wouldnever
the occurrence rate for hard errors exceeding the be transferred. When a data separator is part of the con-
guaranteed capability of the code is low. troller, its design affects error rate and therefore data

Some disk controller developersare using 40-, 48-, accuracy. While most drive manufacturers provide
and 56-bit codes for their new designs. Using more recommendeddataseparatordesigns,therearealso well
checkbitsincreasesdataaccuracyandprovidesflexibili- qualifedconsultantswho specializein this area.ty for correction-spanchanges when the product is
enhanced. More check bits will also allow other
strategiesto be considered,such as on-the-fly correc- Specifying Data Accuracy
tion. Pu,dis a measureof data inaccuracy.Sophisticated

Disk controller developers are also implementing developersof disk subsystemsarenowtargeting10-_ or
redundantsectortechniquesand Reed-Solomoncodes, less for P_d. EvenwhenPe andPcarehigh, one canstill
Redundantsector techniquesallow verylong burststo achieve any arbitrarily low value of Pu,dby carefully
becorrected.Reed-Solomoncodesallowmultiplebursts selectingthecorrectionspan,recordlength,andnumber
to be corrected, of check bits. (See eqs. (3-2) and (3-4).)
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Summary of Data AccuracyConsiderations simulated. The test should be repeated for several
simulated error conditions, correctableand uncorrect-

When designingerror correctionfor a diskcontroller, able.
keep data accuracyhigh by using the following tech- It is oftendesirabletOreserveone or morediagnostic
niques: recordsforthe testingof errorcorrectionfunctions.It is

(1) Use a computer-generatedcode to avoidpattern importantfor anydiagnosticroutinestestingthesefunc-
sensitivity, tions to first verify that the diagnosticrecordis error

(2) Rereadbefore attemptingerror correction, free.
(3) Use the lowest possible correctionspan meeting In some cases, hardwarecomputessyndromesbut is

the requirementsof supporteddrives, not involvedin the correctionalgorithm.Thecorrection
(4) Insure that the ECC circuit provides adequate algorithmis totallycontainedinsoftware.In thiscase,it

protectionfrom synchronizationframingerrors, is easy to get a breakdownbetweenhardwareandsoft-
(5) Designthe ECCcircuit to generatenonzero check ware failures by testing the software first. Syndromes

bits for an all "0" bit data record, for whichproper responseshave beenrecorded are sup-
(6) Include self-checkingif it is required to meet the plied to the software.

specification for Pu,d. Using the second diagnostic approach, the hardware
(7) Use a manufacturer recommended data separator is designed so that, under diagnostic control, data

or get assistance from a consultant who specializesin records can be written with the check bytes forced to
this area. zero. A data record is selected that would normally

(8) Assign alternate sectors for known defects, cause all check bytes to be zero. Simulated error condi-
(9) Establish a target for Pu,d.DetermineP, and Pcby tions are XOR'd into this record. The record is then

the manufacturer specification, measurement, and written to the storage device under diagnostic control,
estimation. Select the number of checkbits to meet the and check bytes are forced to zero. On normal read
target forP_,d. back of this record,an error shouldbe detectedand the

proper responses generated.
In computing Pu,d,derate Pt and Pc to account for er- These techniques apply to error control systems

ror clustering and marginal drives, employingvery complexcodes as wellas those employ-
ing simple codes and to the interleaved Reed-Solomon

TESTING ERROR CONTROL SYSTEMS code as wellas the Fire code.

This section is concerned primarily with diagnostic

capabilityfor storage deviceapplications;however,the Host SoftwareDiagnostiestechniques describedare adaptableto semiconductor
memory,communications,and other applications. Host testingof errorcorrectionfunctionscan be ac-

complishedby implementingat the host softwarelevel
Mlerodiagnosties either of the diagnosticapproaches discussedin the

precedingsection.
There arc several approaches for implementing If the controllercorrectsdatabeforeit is transferred

diagnosticsfor storagedeviceerrorcorrectioncircuits, to the host, the host diagnosticsoftwaremustcheckthat
Two approachesare discussedhere.The first approach the simulatederror conditionis correctedin the test
requiresthe implementationof "readlong" and"write record.The entiretest recordmustbe checkedto verify
long" commandsin the controller, that the erroris correctedandthat correctdataare not

The "readlong" commandis identicalto the normal altered. Alternatively, the controller could have a
read commandexceptthat check bytes are read as if diagnosticstatusor sensecommandthat transferserror
they weredatabytes. The"writelong"commandis iden- pattern(s)anddisplacement(s)to the host forchecking;
tical to the normal write command exceptthat check however, this is not as protectiveas checkingcorrected
bytesto be writtenaresupplied,notgenerated.Theyare data.
suppliedimmediatelybehindthe databytes.

The "readlong" commandis used to read a known

defect-freedatarecordand its checkbytes.A simulated Verifyingan ECC Implementationerror conditionis XOR'dinto the record.Themodified
data record plus check bytes are writtenback to the Errorcorrectionimplementationsshouldbe carefully
storagedeviceusingthe "writelong"command.Onread verifiedto avoid incorrectoperationandthe transferof
back, using the normalreadcommand,an ECC error undetectederroneousdata undersubtlecircumstances.
should be detectedand the correctionroutinesshould This verificationshould be performedat the host soft-
generatethe correctresponse for the errorcondition warelevelusing host level diagnosticcommands.
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Forcing Correctable Error Conditions (3) Isolating devices writing marginal media, which
may require that the physical address of the writing

The "read long" command is used to read a known device be part of each record written
error-free data record and its check bytes. A simulated
error condition that is guaranteed to be correctable is (4) Isolating hardware failure
XOR'd into this record. Data record plus check bytes It may be desirable to reserve space for error logging
are written back to the storage device using the "write on each storage device.
long" command. The recordjust written is read back us-
ing the normal read command. Controller correction of Self-Checking
the simulated error condition should be verified. These
procedures should be repeated using many random Hardware

guaranteed-correctable error conditions. Hardware self-checking can limit the amount of
Some nonrandom error conditions should be forced undetected erroneous data transferred when error cor-

as well. A set of errorconditions that is known to test all rection circuits fail. Self-checking should be added to
paths of the error-correction implementation should be
selected.

Forcing Detectable Error Conditions ___ I I _

The test defined in the preceding section should be . l-
repeated by substituting simulated error conditions that I-
exceed guaranteed correction capability but not

(a) Dataguaranteed detection capability. An uncorrectable error
should be detected for each simulated error condition.

ForcingcapabilityErrorsThatExceedDetection I I--Thetest defined in the section entitled "Forcing Cor-
rectable_Error Conditions" is repeated by substituting (b) Data
simulated error conditions that far exceed both the

guaranteed correction and guaranteed detection /_ i [
capabilities. The number of correctable and uncorrect- _)

able errors reported by the error-correction implementa-
tion are counted. The ratio of counts should be approx- --
imately equal to the miscorrection probability of the
code. This procedure is repeated for error conditions (c) Data
known to have a higher miscorrection probability.

Error Logging _ I ___

For implementations where the data are actually cor- I
rected by the controller, it may be desirable to include = [
an error-logging capability within the controller. A
minimum error-logging capability would count the er- _ Data

rors recovered by reread and the errors recovered by er- Figure 3-26.--Selected shiRregisterconfigurations.(a) Divide
ror correction. Logging requires the controller to have a by g(x); odd number of feedbacks; the parity of the shift
method of signaling the host when the counters registerwillflipeachtimewhenthe databit is "12' (b) Divide
overflow and a command for offloading counts to the by g(x); even number of feedbacks;the parity of the shift
host. registerwill flipwhena "1" is shiftedoutof the shift register

A more sophisticated error log would also store infor- or (exclusive)if the databit is "1." (c) Multiplyby Xm and
mation useful for the following: divideby g(x); odd number of feedbacks;the parity of the

shiftregisterwill flip whenthe databit is "1." (d) Multiply
(I) Reassigning areas of media for repeated errors by Xm and divide by g(x); even numberof feedbacks;the
(2) Retiring media when the number of reassignments parityof the shiftregisterwillflipifa"1" is shiftedoutofthe

exceeds a threshold shiftregister.
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Figure3-27.--Paritypredictcircuit.

the design if the probability of errorcorrectioncircuit Another technique that aids the detection of error
failure contributes significantly to the probability of correction hardware failures is to design the circuits so
transferring undetected erroneous data. One self- that nonzero check bytes result when the data are all
checkingmethod duplicates the error correction circuits "O's".
and, on read, verifiesthat the error latches for both cir-
cuits agree. No circuits from the two sets of error cor-
rection hardware share the same integrated circuit Mleroeodeand/orSoftware
package. This concept can be extended by having Periodic microcode and/or software checking is
separatesourcesand/or paths for clocks, power, and anotherapproachthat can be usedto limitthe amount
ground, of undetectederroneousdata transferredin case of an

Anotherself-checkingmethodis calledparitypredict, errorcorrectioncircuitfailure.Diagnosticmicrocodeor
It is used for the self-checkingof shift registersthat are softwarecouldbe runon a subsystempowerupanddur-
part of an errorcorrectionimplementation.On each ing idle times. Theseroutineswouldforce ECC errors
clock,newparityforeachshift registeris predicted.The andcheck forproperdetectionandcorrection.In some
actual parity of each shift register is continuously cases,this approachis the onlyformof self-checkingin-
monitoredand is comparedto the predictedparity at corporatedin an implementation,eventhough it is not
each clock. If a differenceis found, a hardwarecheck as protectiveas self-checkinghardware.In othercases,
flag is set. Figure3-26 defineswhen parity is predicted this approachis used to supplementself-checkinghard-
to change for four shift registerconfigurations, ware.

An m-bit shift registercircuitusingparity predictfor
self-checkingis shown in figure3-27. An odd number
of feedbacksandpremultiplicationby X" is assumed.It
is also assumedthat the feedbacksare disabledduring REFERENCES
write check-bit time but not during read check-bit time. 3-1. Glover, Neah PracticalError CorrectionDesign for
While writing data bits, reading data bits, and reading Engineers.DataSystemsTechnologyCorp.,Broomfield,
check bits, parity of the shift register is predicted to Colo.,Oct. 1982.
change for each data bit that is "1." Whilewritingcheck 3-2. Niven,I.; and Zuckerman,H. S. An Introductionto
bits, parity is predicted to change for each "1" that is the Theory of Numbers. John Wiley &Sons,Inc., New
shifted out of the shift register. York, 1960.





CHAPTER4

High-Density Magnetic Recording Heads: Optimization Theory

David Ricards and David Christofar
Spin Physics

This chapter outlines the important dimensionsand RECORDING PROCESS

parameters of high-density heads and discusses why In high-density recording, nearly all of the repro-
each is important and howthey are related. Among fac- duce signal comes from the surface of the medium. If
tors discussed are head to media contact; record gap B! is the bit length, 90 percent comes from the top
size; media coercivity and remanence; record 0.74B1 of the surface. At 100 kbpi, BI = 0.25 #m so
demagnetization fields; record and reproduce gap edge 0.74B1 = 0.19/an. Because it is not practical to coat
saturation in ferrite, metal, metal in gap, and thin film conventionalmediain such layers,high-densitydata are
heads; and head wear. Gap edge straightness is dis- recorded on the surface of the media only.
cussed. Magnetoresistiveread heads are described.Ver- If a signal field H is applied and removed, neglecting
tical recording and pole type heads are discussed.Prin- demagnetization fields, the medium is magnetized ac-
cipal sources of head noise are outlined, cording to the curve in figure 4-1, where 47rMr is the

To achieve good high-densityperformance, the heads remanence.
and media must be in intimate contact. The record gap /-/1and H_ define the boundaries of the record field
must be as small as possible, but gap edge saturation range, and the 50 percent field is generally close to the
must be avoided. In thin film heads, yoke saturation media coercivityHc. Standard record head and record
must be avoided. This is made more difficult because field contours are shown in figure 4-2. The cross-
high density media have high coercivity.The reproduce hatched region is where recording takes place and is
gap must be small enough to avoid gap lossbut must be calledthe record zone. The depthof recordingYmis the
large enoughthat adequatesignalis obtainedwitha gap heightof the H = Hccontour.
depth providingadequatehead life. Gap edgesmustbe Thedeepgap fieldHgis relatedto the recordcurrent
as straightandparallelas possible. 'it andthe numberof turnson the recordheadNby the

Verticalrecordingmediagive improvedhigh-density expression
performance because the demagnetization fields aid
rather than opposethe record fields.Verticalpole heads

work well in record but not in reproduce mode because Hg = E 47rgir (4-1)
of a tradeoff in gap lossand efficiency.Ring-typeheads 10g
offer superior reproduce performance with vertical
media.

Magnetoresistivereproduce heads offer much higher whereE is the headefficiencyand Hgis in oersteds, and
signal levels than inductive heads, but the advantage ir in amperes, and g in centimeters. E represents that
becomes smaller as media speed increases, fraction of the magnetomotive force Nit that appears

Primary head noisesourcesare resistancenoise of the across the gap. (It is also the fraction of the tape flux
reproduce head, amplifiercurrent noisethat varies with passing through the coilsduring reproduce.) McKnight
net head impedance and amplifier voltage noise. The (ref. 4-1) gives a good review of detailed efficiency
goal in a properly designedsystemis to makethe sum of calculations for standard heads. Neglecting "air
these noises smaller than the media noise, leakage," E is given approximatelyby

This chapter amplifies the preceding statements and

provides a semiquantitativebasis for making designop- E - Rg (4-2)
timization tradeoffs. Rg + R c

43
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Figure4-1.--Remanence versusrecordfieldIt,(Hc = 750Oe;
4TrMr -- 1600 G).

where Rg is the gap reluctance given by tbl

Rg - g (4-3) Figure 4-2.--(a) Magnetic head. (b) Cross section of recordT!
gap and head fieldcontours. (Hg = deepgap field.)

where T is the trackwidth and I is the gap depth. The
core reluctance Rc is given by length Bl. This expression is a conservative estimate of

the loss caused by a momentary loss of contact (such as
Rc + _ (4-4) that due to a speck of dirt on the medium) because the

/_"4 record current was increased to partially compensate for
where/z is the core permeability, C is the circumference the loss of contact. If Hc is increased, this loss factor
of the core, and A represents the average cross-sectional becomes smaller.
area of the core. Care must be taken to be sure that the The reproduce separation loss is the familiar - 55d/h
fabrication process does not reduce the permeability of dB (ref. 4-3), so the net separation loss is about
the head core material by inducing strain. Reduction of
a factor of 5 is not uncommon, r

At high density, when the bit length approaches half
the record zone length L/2, the high Hc fraction of the
particles in the medium are recorded "positive" and the
low Hc fraction are recorded "negative," as shown in
figure 4-3.

This results in cancellation and, therefore, a low
recorded signal. This is called subsequent cycle erasure. , x

When the head/tape separation d increases, L, at the
surface of the medium, increases, giving more erasure at
high density. Bertram (ref. 4-2) has shown that for x
standard high-density media having 4_rMrs/Hc ratios

3, the record separation loss is given by -44d/_. dB, Figure4-3.--High-densityrecordfieldversusdistancecompared
Where h is the fundamental wavelength or twice the bit witha longrecord zone length(subsequentcycle erasure).
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-99d/X. If dis X/10, the signal loss is 9.9 dB, or about Making the record gap small is not the complete pic-
a factor of 3. If the recording density is 100 kfci, ture, however. In addition to the head fields acting on
h/10 = 0.05/_m or about 250 air moleculeslined up in the medium, there are also the demagnetization fields
a row. The importance of good head to media contact arising from the medium itself. In conventional media
cannot be overemphasized, these fields tend to oppose the head record fields and

The standard approach to achievinga narrow record thus smear out or increasethe length of the record zone,
zone is to usea small record gap. It has been shownthat thus reducing recorded signal.It also leads to nonlinear
for any bit length less than the media thickness, when bit shift in whichthe location of a recorded transition is
the head and media are in good contact, the maximum influenced by the precedingbit or string of bits.
recordable signal increases as the record gap is reduced The demagnetization fields are limited to 4a'Mrs,
and reaches a maximum when saturation occurs at the while the record fields are proportional to Hc. Increas-
gap corner (reL 4-4). Figure 4-4 shows the maximum ing Hc requires a porportional increase in the record
unbiased RMS signal versus frequency at a constant fields; the demagnetization fields then have less effect
tape speed of 19.1 cm/s for three metal-tipped record on the record zone, which allows more signal to be
heads havinggaps of 1.9, 0.86, and 0.25/_m. The heads recorded.
have ferrite cores and "gluedon" Sendustpole tips. The
same reproduceheadhaving a gap of 0.25 _tmwas used GAP CORNER SATURATION
for each curve. The mediawas an acicularCo-doped
3,Fe203tape with 47rMrs---1500G and Hc -_ 860 Oe. Unfortunately,makingrecordgapssmallerandcoer-
The recordcurrentwas optimized at each frequency, civityhigher, in an effort to achievemoresignalat high
The highest frequency of 300 kHz corresponds to density,requireshighergap fields to do the recording.
80-kfcidigitaldensity.The verysmall0.25-/_mgaphead In typicalhigh permeabilityferrites,likeMnZnferrite,
records10dB, or a factorof 3, more80-kfcisignalthan whenthe gap fieldexceedsabout half the saturationflux
does the 1.9-/zmgap head. density4_rMs,the cornersof the gapbecomesaturated.

Smallergap recordheads also give less recordphase This causesthe recordzone to becomelonger,andloss
shift because the record zone has less curvature; of signal results;therefore, gap edge saturationsets a
therefore, the recordingoccurs closer to the gap. For lowerlimiton the recordgaplength.
applicationssuch as disk storagedevices in which no Equation (4-5) relatesthe gap field Hg requiredto
erasuretakesplace,but olddataaresimplyoverwritten, record maximum level signals of wavelengthX on a
Lemke(ref. 4-5) has shown that excellentoverwriteof mediumof coercivityHc usinga headof gapg whereX

and g are in micrometersand the fieldsare in oersteds30 dB can be obtainedusing0.25-/_mrecordgaps at a
densityof 80 kfci. (good head to mediacontactis assumed):

( 0.8X )go.,80_,... H,-= _o:,7, + Hc (4-5)
1 mV RMS

- Thisfieldisverynearlythesameasthebiasfieldin ac

_; bias recording, so the conclusionsapplythere as well as
-lo =o.2s_m in unbiased recording.

This expressionwas derivedusingrecord currents and

-_ ___6t_m other data obtained in generating the curves in figure
-20 4-4 and similarcurvesusing tapes of different Hc.

The apparent maximum in the g = 0.25-#mcurve at
g= 1.9p.m _'_'_ about 70 kHz in figure 4-4 is due to saturation in the

Sendustpoletips of the record head. The saturation flux
-30 density of Sendust is about 9500G, and equation (4-5)

gives Hg -_ 7800 Oe for X = 2.73 ttm, g = 0.25 #m,
and Hc = 860Oe. This gap field is82 percentof satura-
tion and causesgap edge saturation.

--40 I I | ] I [ , I

o loo 200 300 400 Equation 4-5 can be used to determine whether a
head designwill suffer from saturation effects. For fer-

Frequency,kHz rites, if Hgis muchlarger than about 0.5 (4rMs), satura-
Figure4-4.--Recordperformanceatbandedgeofthreedifferent tion is occurringanda largergap or a higher4_rMshead

record gaps. (Tape speed = 19.1 cm/s; traekwidth = 250 pro; material shouldbe used.
reproducegap= 0.25 /am; reproduceturns= 198; He= For systemsin which the recordhead must also serve
860 Oe;andBr= 1500G.) as the reproduce head, the maximum gap is limited to
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no morethan about )`/2.5, becauseof the gap lossterm, frequencies)willbe severelyoverrecorded,whichcauses
peak shift and resultant errors.

sin(1.141r_/X)
1.147rg/)` METAL IN GAP HEAD

Figure4-5 showsa newtype of Sendust-ferritecorn-
(Seeref. 4-6.) Evenfor g = )`/2.5, the band edgesignal positehead in which theSendustis sputterdepositedon
loss is 3 dB. Usingg = ),/2.5 in equation(4-5) yields the gap facesof an otherwiseall ferrite head, thus the

2.3 ),0.22/ name metal in gap (MIG). (See ref. 4--4).BecausetheHg -__-h0.3--------T- + 1.63 IHc (4-6) Sendust film and the ferrite core are magnetically in
series, Hg is limited to the 4rMs of the ferrite, which is

For densitiesof 50to 100kfci, )`is 1 to0.5 #m, and over about 5000G. Becausethe Sendust4rMs = 9500G, the
that range the term in parentheses in equation (4-6) is gap edgesdo not saturate at this gap field, and the max-
nearly constant and equal to 4, hence imum gap field for the MIG is Hg = 5000 Oe. Using

equation (4-3) weseethat an Hc = 1250Oe cab be used
Hs -=4He (4-7) with an MIG record/reproduce head without saturation

being a problem.
If the record/reproduce head is ferrite, then

4wMs THIN FILM RECORD HEADS
Hg < 2 A simpleone-turn thin film head is shown in figure

4-6. Multipleturn heads havealso beenmade (ref. 4-7).
and the result is that a coercivityof more than The poles are typically sputter deposited or elec-

troplated 81 percent nickeland 19percent iron havinga
Hc __ 4_rMs permeability of about 2500and a 4_rMs of 104G. The

8 structure is fabricated photolithographically. Integrated
circuits are made in a similar way. The compositionof

should not be used. The saturation flux density for 81/19 NiFeis important becausetherethemagnetostric-
MnZn ferrite is generally about 5000 G, so the max-
imum media coercivityone can safely use with a ferrite

record/reproducehead is about 5000/8 ---625 Oe. //z/ Sendustfilm A

If the head is Sendust tipped, a gap field up to about _=_/_/'/ /

H8 ---0.8(47rMs)can be used because the metal has a
more rapid approach to saturation than does ferrite. _/"
Because 4rMs _ 9500 G, equation (4-7) gives Dopos_t_on_sk
He < 1900Oe, which is higher than that of any high-
densitymedium yet reported. Ferritehaifbar

SATURATION AND EDDY CURRENTS IN
METAL HEADS {ol

Although smallgap Sendustheads can record on very
high coercivity media, at high frequencies, the flux is /_'" / Ga0

spaceri

confined to the surfaceof the head by eddy currents in '_
the conductive metal. This causes the gap field to be
shifted in phase relativeto the record currentby various
amounts, dependingon frequency(ref. 4-1). In addi- Sendustfilms
tion, becauseof saturation in the "skin" of the head, the
efficiencyin equation (4-I) and, hence, H_,can become
much smaller as the record frequency is increased. For Bondingglass

example, experiments at various tape speeds indicate

that the efficiencyof the 0.25-#mgap-tippedheadsused ,,)_
in generatingfigure4--4decreasesfrom 48 percentat 10 (_) _ _ /
kHz to only about 9 percent at 10 MHz. If a constant
record current is used in these or other metal heads Figure 4-5.--Construction of MIG head. (a) Deposition
while recording digital data, long strings of zeros (low geometry.(b)Finishedhead.
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i_1 Substrate Cover late

/ /_ /p are invariablystrained to some degree. If k _snot very
small, this strain can reducethe effective permeability
of the shoulders by a factor of 5 or 10, and hence

! [..J 1 I---__1[ } I/ drastically reducethe head efficiency.The pole thickness p for high-density recording is

_ ] Po,es -i: _L_ typicallyabout 4 tan. This thickness is about the max-_or-_ imum that can be processed conveniently, by

_ [ _/_/. ........ _ I [A photoresistand ion mill etching,at the 3-/_mline resolu-tion required for high-track density multitrack heads.

_ i__! I_ Track densitiesof up to about 500 tpi on two interleaved

stacks can be made this way. The gap depth I is deter-
mined by the wear rate of the substrate and the expected
life of the head. The gap depth needs to be as small as
possiblebecause the ratio p/l determinesthe maximum
He that can be generated.

At low gap fields (and in reproduce) the efficiencyof
this sort of head is generallyhigh whenp m ! (refs. 4-9

(a) (_) and 4-10). However,when the gap flux (per unit track
Figure4-6.--Single-turnthin filmhead. Bra_- 10000 G. width) He • I approaches the pole layer saturation flux

(a)Topview.(b)Crosssection. 4_rMs" p, the core saturates in the region noted in
figure 4-6(b), and no further gap field increase occurs.
The saturation gap field is as follows:

8

H_,max = 4rMs p (4-8)

= 6 Figure 4-8 shows a sketch of the gap field versus

recordcurrent i, for g = 0.25/zm.Figure4-9 showsa sketch of the 80-kfcisignalrecord-
4 ed by a 0.25-/_mgap single-turnrecordhead having two

gap depths, plotted versus record current in decibels.
'_ Also plotted is the corresponding curve for a Sendust-

2 tipped head, which does not saturate in this currentrange. The curves in figure 4-8 have been shifted

• horizontallyto compensate for differences in low fieldo

o • efficiency. As may be seen, the p = 3 t_m, l = 3 t_m

" -2 15000 /t

1

10000 p/l== 1

-6 I
75 77 79 81 83 85

5000
Weight percent Ni pile=

Figure4-7.--MaguetostrictionversuscompositionforNiFe p//==14

(ref.4-8). I I
0 I O0 200 300

tion constant is zero. Figure 4-7 shows the
magnetostrictionconstantplottedversuscomposition, i,.mA
When films are depositedat an oblique angle, as occurs Figure4-8.--Hs versusir for single-turnrecordheadwith
at the "shoulders"at points A in figure 4-6(b), the films g = 0.25p.mandvariousp/l values.
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erosion

--2 • / ----6 p.m !

--4 3 p.m

Ferrite

--8 _ _ Sendust-tipped

-10
--6 --4 --2 0 2 4 6 8 10

it.da

Figure4-9.--80 kfciork = 0.635-#msignallevelversusrecord
currentfora single-turnrecordhead. (/9=3/an; g = 0.3/Jan;
Hc = 860 Oe;Br -_ 1500 G.) Figure4-10.--MIG headshowingpole tiperosion.

head does succeed in "saturating" the tape while the this case it is assumed that H = Hc at the back of the
! = 6 #m head does not. Zero decibels is 180 mA peak medium as sketched in figure 4-11. The field is written
to peak for the I -- 3 #m curve, in terms of the Karlqvist approximation (ref. 4-11):

If a MnZn ferrite substrate is used, the bottom pole

can be eliminated. If the top deposited pole is down- Hg (A, - A2) (4-9)
stream of the gap, the partial saturation of the ferrite Hx - _r
gap corner is of little concern because it is so far from
the record zone. and

Head Wear Hy = Hg In R2 (4-10)-R--T
Because of the stringent requirement for minimum

head-to-medium spacing, the head-to-medium pressures where the angles and distances are defined in figure
may need to be high, which increases wear rate. As the 4-12. These expressions were used to sketch the field
gap is reduced, gap depth is also reduced to maintain contours in figure 4-2 where H = IHI = _/Hx2 + Hy_.
head efficiency. Head life is, therefore, reduced. Defining Ym to be the height of the H = Hc contour at

Fortunately, thin film and MIG head materials such the back of the medium,
as ferrite and sapphire are much more resistant to wear

than Sendust and permalloy used in conventional heads. Y,n - ( 2 tan 7rHc]- lSapphire and ferrite wear rates are about 5 to 10 times g 2Hgl
lower in comparable conditions.

An important problem with MIG heads running in w_ 1 Hg -0.15 (4-11)
contact is that the softer metal layers tend to erode due 2.95 H c
to differential wear, as shown in figure 4-10. Because so
little metal is exposed, the undercut is only about

0.05 #m, but at a recording density of 100 kfci, even this Mediumthickness H= Hc
tiny amount gives about a 4.5-dB record and 5.5-dB _ /
reproduce separation loss. Efforts to solve this problem ,f

are in progress, rm_ 0.04 to 0.1j_m (
RECORD HEADS FOR THIN FILM k_X I //
MEDIA

Equation (4-5) relating He, X,g, and Hc was obtained Hg
from data generated using thick particulate coated _ g __.,
media. If deposited thin film media in which the media
thickness is comparable to the record gap are being
recorded, equation (4-5) does not hold and ferrite heads
can be used with much higher H cvalues than 625 Oe. In Figure 4-11.--Record contour for thin film media.
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A,_H Ux from the previously recorded bit aid the record field in

_A7. _i__ - recording the next bit, rather than opposing it as in con-

ventional media. This results in a narrower record zone,
R2 hence a larger high-density signal and less nonlinear bit

shift. Conventional ring record heads work well with..... vertical media because at the surface of the media whered
----', most of the high-density signal resides, the record field

I "l Ha'-" is vertical. However, improved record performance is
obtained with vertical pole heads, as shown in figure
4-14, when recording on two-layer vertical media (ref.

F o---_ 4-12).
Toda (ref. 4-13) has compared the record capability

Figure 4-12.--Angle and distance for equations (4-9) and of the head shown in figure 4-14(c) having a pole
(4-10). thickness Tm of 1.2 t_m, to a ferrite ring head having a

gap of 0.16/an. Both were tested on a two-layer CoCr
1.4 medium. The pole head recorded up to 7.6 dB more

signal than the ring head, and the ring head pulses were
1.2 very asymmetric. This indicates that significant horizon-
1.o tal moment as well as vertical was recorded by the ring

head, which complicates reproduction. Pole heads seem

o,a better than ring heads for recording on two-layer ver-Approximation tical media. However, when recording on single-layer
0.6 vertical media, very high current levels are required with
0.4 pole heads because demagnetization fields in the pole tip

Karlqvist are very high. Magnetomotive forces irN of 30 ampere-
o.2 turns are common for the single layer while only 2

I I I I ampere-turns are needed for the two-layer medium,

0 1 2 3 4 5 because of the "keepering" provided by the NiFe layer.
Ho/H̀ Okuwaki (ref. 4-14) has shown that DS0 densities

(where the signal is down 50 percent) of 70 kfci can be
Figure 4-13.--Plot ofy,/g versus Hg/Hc. recorded successfully on single-layer CoCr media with

very little distortion using ring heads.

The exact expression and approximation are plotted

in figure 4-13. The approximation is good for REPRODUCE
Ym/g > 0.4.

Solving equation (4-11) for Hc and saying The outputvoltageofaninductivereproduceheadis
Hg < 4_'IJ2 = 2500 Oe for the ferrite head material given by
gives

S = - 10-*N de (4-13)
847 dt

Hc _< (4-12)
ym/g + 0.15

where S is in volts, Nis the number of turns, and € is the

If ym/g = 0.5, equation (4-12) gives Hc _< 1300 Oe flux in the head in Maxwells (or electromagnetic units or
tor the maximum Hc that can be used with a ferrite head gauss-centimeters squared in the centimeter-gram-
when the layer is very thin. This is much larger than the second system). The head flux € is determined by the
625 Oe upper bound determined previously for thick reciprocity principle (ref. 4-6):
media.

dp = I Mr" _ dv (4-14)
Vertical Recording Heads 1

where Mr is the recorded remanence in the medium and
In vertically oriented media such as sputter-deposited H is the field above the read head generated by a unit

CoCr (ref. 4-12), the demagnetization fields coming "test current" in the reproduce windings. For a ring
head, H is given by equations (4-9) and (4-10)and in
the context is called the "read head sensitivity function."

tSee chapter 5 of this book entitled "Perpendicular Recording," Equation (4-14) can be broken down into horizontal
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Base film
Basefilm

I
Basefilm

NiFe

CoCr Cover

Cover plate plate

_'_ Substrate
Medium travel Deposited

Substrate Main pole yoke
Ferrite

(a) (b) substrate

(c)

Figure 4-14.--Vertical pole beads. (a) Auxiliary vertical pole head. (b) Cross sectionof
single-turnone-sidedverticalpolehead.(c) Crosssectionof one-sidedsingle-polehead.

and vertical components as thicknessloss term and givesa 6-dB per octave increase
at long wavelengthsand shows that 90 percent of the

€ = IMrxHxdV + IMryHydv (4-15) signalcomes fromthetopk/eofthelayer. Hencelittle
is gained by making Ym > )_/e. The remaining term is

If Mrx = Mry, the two terms in equation (4-15) are the gap loss. It is unity at long wavelengths and zero
equal exceptfor a 90° phase shift, henceequal horizon- when k = 1.14g, having subsequent "bumps" as the
tal and vertical magnetizations produce the same read wavelength is further reduced (ref. 4-6). E in equation
signal. (4-18) is the reproduce head efficiencygiven by equa-

We can get a rough idea of the expected signal tion (4-2), or more accurately by equations in reference
amplitude S if we make the crude approximation that 4-1. Nis the number of turns on the reproduce head, T
the mediumis sinusoidallymagnetizedat the 50 percent is the trackwidth in centimeters, v is the media velocity
remanence level; i.e., in centimeters per second, and 47rMrs is the saturation

remanence flux density in gauss; i.e., 100 percent in

Mrs sin 2_-_ x (4-16) figure 4-10.Mrx-
Figure 4-15 shows a response curve obtained using

the 0.25-#mgap record head, 0.25-#mreproduce head,
to a depth Ymand is unmagnetized beyond that. Equa- and tape used to obtain the data shown in figure 4-4.
tion (4-15) can then be easilyintegrated to givethe sim- The recording was unbiased sine wave, with the record
pie expression current held constant and set to maximize the 300 kHz

or _ = 0.635-/zm signal. Using a record gap
S = AflO0 f2(X)./'30,) (4-17) g = 0.25/_m and h = 0.635/_min equation (4-5) gives

HgHc-_ 4.2. Using this in equation (4-11) gives
where y,,/g __ 1.27 or Ym_ 0.32 #m. 4rMrs for the tape used

was 1500 G, the reproduce turns were N = 198, the
A = IO'SENTv4_rMrs (4-18) track w_dthwas T = 0.025 cm, and the tape speedwas

fl(k) = e_C2._s_/_ v = 19.1cm/s. Thereproducegap was also 0.25/an. A
reasonableupper bound on the reproduce head efficien-

f20 _) -----(1 -e=',_,/x) cy was E =_0.65, and a head/tape separation of

f3O,) = sin (l.14_'g/)0 d = 0.1/_m was estimated. Using these values in equa-
l. 14rg/X tions (4-17) and (4-18)givesthe HP-85 computer drawn

curvein figure 4-15. The program is also shown. The fit
The first part of the exponent in fl(_,), - 2rd/_, gives is about 5 dBlow, whichis not bad consideringthe gross
the -55d/X dB reproduce separation loss. The second approximations made. The shape is about right.
part, -5d/h, gives the -44d/)_ dB record separation In digital recording one records "square waves."
loss, both discussed earlier. The f200 term is the Figure 4-16 shows the data from figure 4-15 and a
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o - GAP EDGE STRAIGHTNESS

Gap edgestraightnessis very important at high densi-
ty. If the gap edgesare not straight and parallel, various

-lo parts of the recorded track produce signals that are out
of phase, which then tend to cancel when combined in
the reproduce windings. Mallinson (ref. 4-15) has
shown that if o representsthe "average"gap edgedevia-

-20 tion from straightness, the gap irregularity loss can be
written as

-30 I I [, !,,,[ [ , I Gap irregularityloss = 338 _(--_-)2dB (4-19)
0 20 40 60 100 200 400

Frequency,kHz Hence,if a = 0.1X,thesignallossisabout3.4dB. If
k = 0.5 #m (I00 kfci), o = 0.05#m:250air molecules

10 PLOTTER IS 705 in a row.
20 SCRLE 4,6,-35,0
30 0=.1*10^-4 The loss in equation (4-19) is calculated for a
40 E=._5 negligiblysmall gap. If the signal is investigated in the50 V=I9.1

6o N=19S region of the "first gap null," X = 1.14g,the gap null is70 B=1500
so T=.0Z5 washed out when the gap edgesare not straight. Figure90 Y=.32'10^-4

100 c= 25, lO..-4 4-17 shows a 250-#mtrackwidthpolycrystallineSendust
11o A=lO^-e*E*N*T*V*B pole tip reproduce head compared with a 36-#mlZ0 FOR 0=4 TO 5.7 STEP .1

130 F=10"0 trackwidth single crystal ferrite read head. A single140 L=V/F
150 Z=R*EXP(-(2IPI+5)_tD/L)_t(I~EX 0.3-#m gap record head was used, and the current was

P(-2_PIgY/L))*SIN(1 . 141PI*G:
L)/(I.14tPI_(;/L) set to maximize the 300-kHz or 80-kfci signal for both

16o PLOTO.Ze*LGT(RBS(Z)>+60 curves. The ferrite head curve was shifted verticallyto170 NEXT O
18o END compensate for trackwidth, turns, and core efficiency

differences so as to make the long wavelength signals
Figure 4-15.--Sine wave response curve and computer fit.

(Tape:Hc= 760 Oe;Br = 1600;isomax.) equal.

0 m
A 0 m

-_ - " " Single crystalferrite head
o Scluarewave _- _ -10 --

:_ ,,-_ --20
>

,=,
_. --30 Sendust pole

o -20 I , I I I i,II I I I _ tiphead
10 20 40 60 100 200 400 o --40

Frequency, kHz

F=-5o
Figure 4-16.--Comparison of sine wave and square wave _ gapnull

recording.Recordandreproduceheadsare Sendusttipped.
(Recordhead:T = 250p.m;g = 0.25p.m.Reproducehead: -60 8okfci
T= 250 pan;g = 0.25 /un; N = 198. Tape (isomax): Hc =760 Oe;Br= 1600G; speed= 19.1cm/s.) -70 I !

0 1O0 200 300 400 500 600 700

Frequency, kHz

square-wave response curve done at the same time. At Figure 4-17._Response curve showing gap null behavior.
short wavelengthsthe higher odd harmonics that make (Singlecrystal ferritehead: T = 36 pan; shiftedupward
up the square wave do not come through the record/ 32 dB. Sendust pole tip head: T= 250 p.m; N = 200. Both
reproduce process, so the sine and square wave signals gaps are nominal:0.3 p.m.Tape (isomax): He = 760 Oe;
are the same. Br = 1600G; speed = 19.1cm/s.)
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The gap null of the Sendust head is washed out MAGNETORESISTIVE READ HEADS
becauseof gap edge irregularity,whichcausesthe gap
lengthto changeacross the trackwidth.The 3- to 4-riB Magnetoresistiveheads generally use a 200- to
signal advantageof the ferrite head in the mid band 500-.4,-thicksingledomainlayerof 81/19 permailoy,the
from 100to 300 kHz is due to its lower gap irregularity resistivityof whichchangesin responseto rotationof
loss from equation(4-19). the film magnetizationvectoraccordingto the expres-

From 400 to 500 kHz the output of the Sendust tip sion (ref. 4-16)
head is higher than the single crystal head, but this is
misleadingbecause there is phasedistortion in the Sen- P = 0o + A0 cos"0 (4-20)
dust head overthis range.An examinationof equation
4-17 showsthat there is an abruptphaseshift of 180° at where 0 is the angle between the current and the
the gap null. Becausethe null of the Sendust head is magnetizationof the film. pois the isotropicresistivity
smearedout, its phase shift is also smearedout. Hence, and A0 is the magnetoresistivity.The depositiontakes
although the signal of the Sendusthead is higherfrom place in a magneticfield that gives rise to an internal
400 to 500 kHz, its signal phase is changingin a com- anisotropy field Hk. This field exerts a torque on the
pletelyunpredictableand unusableway overthis range, magnetization,which acts to keep 0 = 0, the so-called

The null smearing shown by the Sendust head is "easyaxis." Hk is about 3 to 10Oe.
typicalof polycrystallineheadmaterials.Apparentlythe Thesensorcarriesa constantsensecurrentis, andthe
slightlydifferent lappingratesof the randomlyoriented field from the recordedmedium rotates the moment,
crystalscausesa veryslight"orangepeel"or roughness changingthe resistance,whichvariesthe voltage across
of the gap surfaces.The singlecrystalferritedoes not the magnetoresistiveelement,producinga signal.
have this problem. Figure 4-19 shows a diagram of a magnetoresistive

element.Figure4-20 is a graph of (p - po)/0oversus
applied field H. The "skirts"of the curve arethe result

VERTICAL POLE HEADS IN

REPRODUCE /4

The verticalheads shown in figure 4-14 work well in ! _/

recording on vertical media, but in reproducethey suf-
fer from "gap nulls"causedby the thicknessof the main
pole Tin. Figure 4-18 shows a typical example where
Tm= 1.1 #m. '_

This head is not usable beyond about 40 kfci. If Tm is _ , H,
reduced, to move the gap nulls out to higher density, the

/record function suffers, apparently because of pole tip l i,

saturation (ref. 4-13). Figure 4-19.--Magnetoresistive_ element.

3

0.5 _-. : _- 8 : :_ I P-Po ,percentpo

P-Po
_o_ 0.1 Po

Perfect film
0.05

Skirts t

--15 --10 --5 0 5- 10 15

0.01 -- _.

2 5 10 20 50 1O0 200 300 Ilk < H# H, Oe

Recording density, kfci )

Figure 4-18.--Vertical pole head--record/reproduce. (Tin =
1.1/an;Wt= 300gin;N= 50;L = 10#H;speed = 2m/s; Figure4-20.--Graph of (p -PO)/Po versusH, magnetizing
0-p = 0 to peak.) strength. (Hs = saturation magnetizing strength.)
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of minor local deviations in the direction and magnitude y M

of the anisotropy field Hk, called "dispersion," and also HIOL/ Ht
the resultof anydemagnetizingfieldsHd thatmay exist.

Magnetoresistive

The dashedcurvein figure4-20 showshow a "perfect" element =. x

film wouldbehave.The elementissubjectedto a cons-
tant bias field Hb to move the signal field to the inflec- z

A/tion point in the curve so as to get maximum signal and / /
minimum second harmonic distortion. This generally /

i /

corresponds to 0 = 45°. Standard signal in/out versus / / // /

time sketches are also shown in figure 4-20. / // //;rackwidth
The resistivity 0oof permalloy is about 20 to 25/_fl cm ,/ /

|depending thickness. A0 is about 0.55/_fl cm, so [on

A0/0o -=-2.5 percent. When the element is deposited on " \
a high thermal conductivity substrate, such as silicon or (a) Recordingmedium
sapphire, current densities of j -- 107 A/cm 2 can be
handled. This corresponds to an internal electric field of Magnetoresistiveelement

E = jo ----200 V/cm. For an element length of 50/tm H
(2 mils), the applied voltage Visa nominal 1V. Because
the peak-to-peak Ao/0o is 2.5 percent, the maximum
signal S--V A0/Oo--_- 25 mV. The nonlinearities
shown in figure 4-20 limit the usable signal to about
half this, or approximately 10 mV for a 50-/_melement
length.

Magnetoresistive heads are typically classified in

terms of how the bias field Hb is applied. Perhaps a t v
dozen different bias techniques have been reported, in- |
cluding external fields, adjacent hard and soft magnetic /layers, shunt current in adjacent and nonmagnetic (_) _ x

layers, asymmetric placement of the sensor element in a Figure 4-21.--Hunt vertical magnetoresistive element. (a)
magnetic gap, rotation of the current by "barber pole" Diagram. (b) Crosssection.
conductor layers placed on the sensor layer, paired sen-
sors each current biasing the other, and "canted easy
axis" (ref. 4-17). Bias has also been accomplished by This has the result of greatly reducing the long
"exchange coupling" between the magnetoresistive ele- wavelength signal and reducing the short wavelength
ment and an adjacent antiferromagnetic layer (ref. 4-8). signal a lesser amount so the peak-to-band-edge ratio is

Discussion of all these techniques is beyond the scope smaller. Putting on the shields also creates a gap null at
of this chapter, but the simplest head due to Hunt (ref. X -=-g, where g is the sensor to shield spacing (ref.
4-18) is instructive. Figure 4-21 is a sketch of the Hunt 4-20).
head. It responds to the vertical field above the media The short wavelength loss of signal caused by the use
averaged over the element height h. The height must be of shields can be a serious problem if the electronic
more than approximately 4 or 5/_m because of wear noise, which stays the same, causes the signal-to-noise
considerations. As a result, it detects approaching ratio to decrease.
digital transitions before they are under the sensor. The Another type of magnetoresistive head is called a
isolated pulse shape is as shown in figure 4-22. The full "yoke" magnetoresistive head (fig. 4-24). Here the flux
width at half maximum PWso -- h for small head- is collected by the yoke structure and conducted to the
medium separation. As a result, the signal spectrum magnetoresistive element, which is some distance
covers a very large range as shown by figure 4-23, where removed from the media.
spectra for several elements are shown. The peak-to- Magnetoresistive heads have more signal than induc-
band-edge signal ratio, even for the h = 9-/Lmhead, is tive heads at low media speeds. This is illustrated in
about 40 dB for a 2-/_m-band-edge wavelength, figure 4-25 where yoke magnetoresistive signal is plot-

This signal is relatively free of amplitude or phase ted versus 1/_.. Also plotted is the output of a 200-turn
nonlinearity, and, hence, in principle, should be inductive head, similar to that used in generating figures
equalizable. However, people have not wanted to 4-15 and 4-16, at various tape speeds. As the tape speed
equalize this much signal range, so they put shields on increases, the signal advantage enjoyed by the
either side of the magnetoresistive element (ref. 4-19). magnetoresistive head decreases.



54 HIGH-DENSITY DIGITAL RECORDING

t Signal Permeability -- _pSensor / /

Signal II I

\' I .o; =T " x' \ I
(a) Ferritesubstrate

t _ 25 p.m

Signal ___._=._=..,_..._

Elementlength
Trackwidth

I

PWso_ h

Figure 4-22.--Hunt head isolated pulse shape.
(b) Permalloytop pole Heavy gold leads

o - Figure 4-24.--Yoke magnetoresistivehead.(a) Crosssection.
(b)Topview.

-10 I

-20 -- the mediumto be optimally biased. This reducesthe

° ,, ,:,_= short wavelengthsignal somewhat but reducesthe long
-3o -- \ - \_ 9#m wavelengthsignal muchmore, hence giving"improved
-40 -- \" \ resolution" and a smaller peak-to-band-edgeratio,

=_ ,.\ " 15#m which is easierto equalize.
" --50 -- 59p.mk\_ Magnetoresistiveread heads have been combined

- withinductivethin filmrecordheads to form a complete

--60 -- 78 pro/ _ _ 31 p.m read/write structure (ref. 4-22).
-70 ..... ' ' ' h,,,,,, , I,,,,,if I I

103 102 10 I HEAD NOISE

Recordedwavelength_,//,m Thereare manysourcesof noise in magneticrecord-
Figure4--23.--Fundamentalfrequencyresponsesofunshielded, ing, includingrecord and reproducecrosstalk, signal

optimallybiasedmagnetoresistiveheadsforfive different modulation noise, overwrite, flutter and wow, and
elementheights.(0 dBistakenasthepeakresponseforeach dropouts.Theminimumtapenoiseis bulkerasednoise,
headheight.) which is easyto measure.The goal of the headdesigner

is to causethe headnoise to be less thanthe bulkerased
noiseso that it doesnot affectthe signal-to-noiseratio.

Another magnetoresistivehead is the "over-biased The primary sources of inductive head noise are
Hunthead" of Uchida(ref.4-21). The demagnetization amplifiervoltage noiseEv, amplifiercurrentnoise Ec,
fieldsaregreatestat the edgesof the sensorelement.A andheadresistancenoiseEr.Ev andEc for a good wide-
bias fieldabout four timeslargerthanrequiredfor op- band40-dBgain amplifieraregivenby
timumsignal is applied,saturatingthe centerof the ele-
meritandcausingthe edgeof theelementincontactwith Ev ----1 × 10-9(B)1/2 (4-21)
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Figure4-25.--Yoke andSendust-tippedinductiveheadscompared.(Trackwidth= 250/an;
both headshaveg ""0.3 p.rn;N = 200 forSendust-tippedheads.)

and Finally, the bulk-erased tape running noise is also plot-
ted in figure 4-26. As may be seen, this head and tape

Ec ----1 x 10-'2(B)'I_Z (4-22) make up a tape-noise limited system, but with only 4 to
5 dB to spare.

Er is given by Figure 4-27 shows the slot, signal-to-noise ratio for
this Sendust-tipped head and Isomax tape at 19.1-cm/s

Er _- (4KTBR) 112= 1.29 x 10"1°(BR) I1_ (4-23) tape speed. The record current was set to maximize the
80-kfci signal.

where B is the frequency bandwidth of concern in hertz, In single crystal ferrite heads magnetostriction noise
Z is the magnitude of the complex head impedance, K is can be a problem. The choice of crystal orientation in
Boltzmann's constant K = 1.38 x 10-2aJ/K, T is the the head is a compromise between permeability, wear
absolute temperature T _- 300 K, and R is the real part rate, and magnetostriction noise. The composition of
of Z. the ferrite is chosen to minimize the magnetostriction

Figure 4-26 shows the tape-stopped electronic noise constant, but a zero value is difficult to achieve at high
spectrum for the Isomax tape and 200-turn head. The saturation flux density.
bandwidth used was B = 3100 Hz. Vector impedance Magnetoresistive heads generate thermal noise. The
measurements were made of the head, giving Z and R temperature coefficient of resistance is about 0.28 per-
versus frequency. Ev, Ec, and Er were computed from cent per degree celsius so a 4°C temperature change
equations (4-21) through (4-23). The inductance was gives a noise spike equal to the maximum signal of 1
about 745/zH, and the dc resistance was 16 ft. These percent. At 10' A/cm 2the sensor may be 10 to 40° C
results were also plotted in figure 4-26. The total ex- hotter than room temperature, and the moving medium
pected electronic noise Ee was computed as follows: serves as a heat sink. Intermittent contact between head

and medium caused by poor medium surface
Ee = (E_ + Ec2 + Er=)112 (4-24) smoothness or dust particles causes thermal noise spikes

as the element temperature goes up momentarily.
Ee is also plotted in figure 4-26 and is seen to agree Magnetostriction can also be a problem with

very well with the tape-stopped noise except at low fre- magnetoresistive heads. For these reasons it is best to
quency where electronic pickup may be occurring. Er in- use a substrate like sapphire, which is very hard and has
creases with frequency primarily because of eddy cur- a high thermal conductivity, to minimize stress and
rent resistance in the conductive Sendust pole tips. temperature increase in the element.
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Figure 4-26.--Inductive head noise spectra. (Tape speed = 19.1 cm/s; BW -- 3100 Hz.)

6s r- _ 4-3. Wallace, R.: Bell Tech. J. 1145, Oct. 1951.
4-4. Jeffers, F.: 1EEE Trans. Magn. 18(6): 1146, Nov. 1982.

60 4-5. Lemke, J.: IEEE Tram. Magn. 15(6): 1561, 1979.
=_ 4-6. Westmijze, W.: Philips Res. Rept. 8: 148, 1953.
z 4-7. Wakabayashi, N.: IEEE Tram. Magn. 18(6): 1140,

s5 Nov. 1982.
4-8. Tsang, C.: Appl. Phys. 52(3): 2471, Mar. 1981.

50 I I I I I I '_ 4-9. Jones, R.: IEEE Trans. Magn. 14: 509, 1978.
o loo 200 300 4-10. Kanai, K.: IEEE Trans. Magn. 15: 1130, 1979.

Frequency.kHz 4-11. Karlqvist, O.: Trans. Res. Inst. Tech. Sweden 86: 3,
Oct. 1954.

Figure4-27.--RMStoRMS, 3.1-kHzslot, signal-to-noiseratio 4-12. Iwasaki, N.: IEEE Trans. Magn. 18(6): 1110, Nov.
for a Sendust-tipped head. (Tape (isomax): Hc = 760 Oe; 1982.
Br = 1600 G; speed = 19.1 cm/s.) 4-13. Toda, J.: IEEE Trans. Magn. 18(6): 1164, Nov. 1982.

4-14. Okuwaki, T.: J. Appl. Phys. 53(3): 2588, Mar. 1982.
4-15. Mallinson, J.: IEEE Trans. Magn., 71, Mar. 1969.
4-16. Thompson, D.: IEEE Trans. Magn. 11(4): 1039, 1975.

Severalothertechniqueshavebeendevelopedto solve 4-17. Jeffers, F.: IEEE Trans. Magn. 15(6): 1625, Nov. 1979.
these problems. See references 4-16 and 4-17. 4-18. Hunt, R.: IEEE Trans. Magn. 7(7), 1971. U.S. Patent

3,493,694.
REFERENCES 4-19. Davies, A.: IEEE Tram. Magn. 11(6): 1689, Nov. 1975.

4-20. Potter, R.: IEEE Tram Magn. 10: 502, 1974.
4-1. McKnight, J.: Audio Eng. Soc. 27(3): 106, Mar. 1979. 4-21. Uchida, H.: IEEE Tram. Magn. 10: 502, 1974.
4-2. Bertram H.: IEEE Tram. Magn. 18(6): 1206, Nov. 4-22. Bajorek C.: Amer. Inst. Phys. Conf. Proc. 24: 548,

1982. 1975.



CHAPTER5

Perpendicular Recording
EdwardR. Wuori

VertimagSystems Corporation

Perpendicular magnetic recording (refs. 5-1 to 5-5)
has recently been recognizedas a promising method of

achievingultrahigh-densityrecording. This promisehas iiln_[

caused a great deal of interest because of the very large
potential market, the present disk drive market being
billions of dollars per year. If perpendicular recording
can achieve reliable systems with 10 times its current
capacity as is promised, it will have a large impact on
the digital recordingmarketplace. -x, 4-- ¢'_

The present status is that perpendicularrecordinghas \ Polyestersubstrate f
beendemonstratedina numberof laboratoriesaround (a)
the worldandsystemsarebeingdesignedfor commer-
cial manufactureandthesedriveswill apparentlybe
availablefor fieldtrialssoonfrommorethanonecom-
pany.Perpendicularrecordingwill certainlyget its
chance at a placein this market; it will be interestingto o
see if it livesup to its promise. It willalso be interesting Probehead
to see how fast the present longitudinal recording ------o
technology can evolve as this forms the basic competi-
tion for any new technology such as perpendicular
recording. The promise of greatly increased capacity --eermetloy
systemsusingperpendicular recording meansthe use of
new recording materials such as cobalt-chromium 1111'1 )1 CoCr "7
(CoCr) perpendicularfilms will be pursued by many "_ Polyestersubstrate _"
peoplearoundthe world. (b)

Perpendicular recording received its biggest input Figure 5-1.--Comparison of longitudinal and perpendicular
from Professor Iwasaki and his laboratory staff at structures.(a) Longitudinalstructure.(b) Perpendicular
Tohoku Universityin Sendal, Japan. Their work in the structure.
early 1970's and their discovery of vertically oriented
CoCr films together with the new head geometriesini-
tiated the high level of interest in perpendicular record- materials and fabrication techniques are being in-
ing. The rate of work was slowat first but by 1979other vestigated,such as orientedparticulates and barium fer-
researchers at such organizations as the University of rite particles, and e-beamand wet chemicalplating pro-
Minnesota and IBM had verified Iwasaki's observa- cesses. Perpendicular recording is moving in many
tions. Now many universitiesand companies,especially directions to make the materials as producibleas possi-
in Japan, have established significant technical pro- ble.
grams in perpendicular recording, including Vertimag Figure 5-1 shows a simplified comparison of the
Systems Corp., IBM, Lanx Corp., Toshiba, Anelva, structures presently used in conventional"longitudinal"
Sony, Hitachi, Fujitsu, Teijin, NEC, andTDK. In addi- recording, which uses a ring head (drawn sche-
tion to work on CoCr metal films by sputtering, other matically), and that used in the perpendicularrecording

57
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technique, which uses a probe head (drawn schematical- In longitudinal recording, for a long time the trends
ly only to illustrate the principle; many styles of perpen- have been to go toward thinner media with higher coer-
dicular heads have been proposed), civities. This allows higher recording densities because

In the longitudinal recording case, the recording proc- both of these parameters tend to overcome the inherent
ess is driven by the fringing fields produced by the gap self-demagnetizing of the recorded patterns that are in-
in the ring head as the recording media moves by the herent in longitudinal recording. The magnetization
head. Every time the write current in the head changes reversal region in longitudinal recording cannot be in-
sign, the magnetization reverses direction. Due to the finitesimally small because the shorter the transition
properties of the recording media, the magnetization is length, the higher the pattern-generated demagnetizing
constrained to be primarily in the plane of the film fields in the media, which prevent transitions shorter
(although at high recording densities there may be than some limit. Increasing the coercivity reduces the
significant vertical components also). Because the field limit but causes recording problems, such as pole tip
emanating from the gap of the head has cylindrical sym- saturation effects in the heads (although improvements
metry and the field drops off as the inverse of the are being made continually). Decreasing recording layer
distance from the gap, the recorded pattern has only thickness allows higher densities while keeping the
finite depth into the media and at high recording den- aspect ratio of the recorded cell the same. In addition, if
sities often does not record through the media. The thinner layers are used, which can be as small as 1 or 2
depth of recording is half the recorded bit length. /tm, wear and defects are much more of a problem and

In the case of perpendicular recording, a thin shim of are the current limiting factors for particulate media.
permeable material is placed in contact with the record- In perpendicular recording, these limitations seem to
ing media. This shim is excited by the write current to be relaxed somewhat. The recorded pattern-induced
produce magnetic flux emanating from the tip that goes demagnetization actually goes to zero as the recording
through the media in primarily the perpendicular direc- density goes to infinity. Higher density is better, in
tion. In the case of CoCr, the crystalline anisotropy is terms of demagnetization. Figure 5-2 shows a com-
large enough to overcome the demagnetizing effects of parison of the magnetization transition for the two
the surface poles and the material can retain permanent cases. For perpendicular media, fields from adjacent
magnetization in this direction. This is distinctly dif- bits actually reinforce each other and have a self-
ferent from longitudinal recording in which the sharpening effect on the transition region. In principle,
demagnetizing fields caused by the surface poles prevent the width could be zero, but, in actuality, it is limited by
effective magnetizing in the perpendicular direction, the grain size of the film. The transition width can be as
That perpendicular recording can be accomplished is small as one grain, and this is what determines the max-
due primarily to the discovery of a material, CoCr, that imum recording density. In the case of CoCr, the grain
has this suitable property (perpendicularly oriented size is a column that goes all the way through the film
crystalline anisotropy large enough to overcome and has a diameter of about 50nm, implying a max-
demagnetizing). The sketch is, of course, oversimplified imum density of about 500 000 fci. Densities of 400 000
and several improvements are immediately evident that fci have been observed in the laboratory under special
should improve the magnetic performance. Several conditions (ref. 5-6). Another benefit of the columnar
things can be done to make the head better, and these grain structure of the CoCr films is that the recording
are discussed in the section on heads. For the media, the layer records all the way through (using a probe style
magnetic reluctance for recording can be reduced con- head) so that thinner layers are not needed from the
siderably by adding a second layer of permeable recording point of view. In addition, pole tipsaturation
material, such as permalloy, under the CoCr recording effects are absent in the probe style head structures used
layer. Although some people are working with single- in perpendicular recording because the actual flux path
layer CoCr recording systems, this chapter concentrates goes straight through the media with no corner satura-
on the double layer scheme of CoCr on a layer of perm- tion effects. This allows the use of higher coercivity
alloy, medias if desired, although increased coercivity does not

seem to be necessary, at least up to 50 000 to 100 000

ADVANTAGES OF PERPENDICULAR fci. Coercivities of 400 or 500 Oe appear to be sufficient
RECORDING in the laboratory.

Some effects in longitudinal recording have roughly
The primary driving force to using perpendicular the same effect in perpendicular recording; for example,

recording is the potential for reliable high-density digital spacing losses. Perpendicular recording suffers about
recording, as mentioned already. There are, however, 55-dB signal loss when the separation/wavelength ratio
several apparent attributes to perpendicular recording is equal to 1, the same as in longitudinal recording.
that appear to be making its realization easier. Perpendicular recording seems to relax the need for
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Figure5-2.--Comparisonof the magnetizationtransitionregionsfor the perpendicularand
longitudinalrecordedcases.(a) Perpendicularrecording.(b) Longitudinalrecording.

thinner films, allowing high-density recording with less 0.50

of a problem with wear and defects because thicker
films can be made with higher quality. Because higher
coercivity can be used in these structures (even though
the need is not apparent from recording data), more _ o.lo
flexibility is available for recording system optimiza- "_
tion. Finally, self-demagnetization effects on transition _ o.os
widths do not appear to be a limiting factor for perpen-
dicular recording. Perpendicular recording appears to

offer some distinct advantages, o.ol

RECORDING PERFORMANCE 2 5 10 20 50 100 200 300
Recording density, kMRPI

Figure 5-3 shows typical recording performance as
reported by Iwasaki (ref. 5-7). These particular data Figure 5-3.--Typical frequency response for perpendicular
show results for a shim dimension of 1.1 #m. The recording (reproduced from work of Iwasaki's laboratory,
response has approximately a sin x/x form and shows ref. 5-7). (Shim dimension Tm= 1.1 #m; film thickness
several peaks. Nulls occur when a flux transition ap- Wt = 300 #m; number of turns N= 50 turns; inductance
proaches the shim just as a previous transition leaves. L = 10/xH; speed= 2 m/s; 0-p = 0 topeak; and kMRPI =
Cancellation occurs when there are exactly two transi- thousandmagnetizationreversals per inch.)
tions under the head. Nulls in head output voltage occur
whenever there is an even number of transitions under

the head, and peak output occurs when there are an odd they were written). This response is different from that
number of transitions. Observing that the signal-to- of longitudinal systems in which the response curve
noise ratio is large even on higher order peaks in the drops off and does not usually show higher order peaks.
response, it is speculated that data could be recovered The frequency response characteristics of perpendicular
there if a way could be found to account for the odd recording show high signal-to-noise ratios and higher
order that the bits are recovered (compared to the way order peaks with usable response to very high densities.
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Figure 5-4 shows the dipulse response characteristic shift for a ring head on oxide media is indicated by the
for a perpendicular head and media. The dipulse is dashed line on the figure. The distance between this
assumed to be two transitions written on adc erased curve and the geometric part of the peak shift is taken to
media. The distance between these two transitions is be write-induced peak shift. Based on this type of data,
varied, and the head output waveform examined. The read- and write-induced peak shift can be identified. It
distance between these two pulses is measured (distance appears that in the case of perpendicular recording,
between peaks), converted to an equivalent distance in peak shift is almost entirely read induced with very little
micrometers, and compared to the known distance of write-induced peak shift.
the written transitions: The transition separation as
measured electrically from the head is compared to the HEAD STRUCTURES
actual transition separation as written. In figure 5-4
when the transitions are far apart, the written and read- A variety of head structures have been proposed for
back separations agree perfectly and so result in the 45° use with perpendicular recording media. These include
slope on the log-log plot. When the written separation auxiliary pole structures (as proposed by Iwasaki),
approaches the shim dimension, the read-back pulse probe style structures, ring heads, and combination
separation approaches a constant value equal to the structures. Figure 5-5 illustrates the general features of
record shim dimension. No matter how closely spaced some of the types of heads that have been proposed.
the written transitions are, the read-back separation re- Each has its own advantages and disadvantages.
mains at the shim dimension. This response is almost Iwasaki has had success with his auxiliary pole con-
entirely a geometric effect and is also a good description cept. In terms of recording performance, it has worked
of peak shift phenomenon in perpendicular recording, extremely well. It presents no head saturation effects in
Because.the ideal response should be a line with 45° recording. In its simplest form, it is very easy to make.

The drawbacks to this head structure are as follows:slope on this figure, deviations from it must be a
measure of peak shift, and because this peak shift ap- (1) Apparatus is required on both sides of the record-
pears to be geometric in origin, it must be read-induced ing media. This puts constraints on the thickness of the
peak shift. This figure indicates that there is very little media substrate as the auxiliary pole is required to be
peak shift for densities up to transition separations within perhaps 100 #m of the recording layer. In a tape
equal to the shim dimension, and beyond this the peak or floppy disk application this is no problem, but there
shift is almost entirely read induced with almost no are difficulties in rigid disk applications.
write-induced peak shifts. For comparison, typical peak (2) In applications requiring tunnel erase capability,

such as floppy disks, the fabrication becomes difficult;
in other applications that require both tunnel erase
capability and two-sided recording, the construction

lo becomes very difficult. In applications that require
recording on both sides but no tunnel erase (for exam-
ple, where track following servo is used), this is a very
reasonable construction. So, although the recording
performance of this head is very good, use of this head

_-. structure depends heavily on the application re-
.c

quirements.
_ Various probe-style heads have been proposed.

i Figure 5-5 illustrates a typical construction. These
Perpendicular heads can be designed to perform well. They make use

.a head of the permalloy underlayer as part of the magnetic•6 /
structure of the head so that no apparatus is required onm induced

/ the opposite side (except for a pressure pad, of course,
/ in some applications such as floppy disk). The construc-

/ tion allows inclusion of tunnel erase and two-sided/
/ recording. It fits in a standard floppy disk button. The

o.1 drawback of this style structure is that the magnetic
o.1 1 lo design is more difficult. Head saturation effects become

Microseconds more important. Probe-style heads can be made to work

Figure 5-4.--Typical dipulse response (two transitions in a well in applications that demand certain features.
field of no transitions, de erased; 0.55-/mashim; 1.0 m/s Ring heads of standard construction have been used
surfacevelocity), on perpendicular media with good results. Ring heads
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Figure5-5.--Generalfeaturesof variousheadconstructions
Headn=ou_ -----, ,_ _ J_ , _.,_r_,_,I _ II \ /I I ,':.o.._=_I forperpendicularmagneticrecording.(a)Iwasakistylehead
output [ Ferrite II _--"_J ] --'-''''- ] with an auxiliarypole (TDK ElectronicsCorporation).(b)

W-shapedpole single-sidedhead as announcedby Sony
(ref. 5-8). (e) A single-sided head construction with tunnel

(b) erase in a standard floppy disk recording format.

can be used on both single-layerCoCrand on double- ring heads can probablybe used in contact recording
layer media. Recordingresultsusing ring heads have schemesup to at least intermediatedensitiesof 50 000
been reported with D50's as high as 70 kfci; using fci, but for applicationsthat are sensitiveto spacing
separateread and write gaps, D50's of over 100 kfci losses(suchas rigiddisk),useof ringheadsandperpen-
havebeenreported.Thedrawbacksto use of ringheads dicularmedia maybe difficult.

in perpendicularrecordingare as follows: Compositehead structureshavebeen proposedalso.
(1) Mediaof higherqualityandbetterorientationare All sortsof combinationsare possibleusingprobestyle

requiredfor good performance, heads, ring heads, and magnetoresistiveheads. Most
(2) Ring heads are reportedto be more sensitiveto work has concentratedon probe write/ringread and

separation losses, especiallyduringthe write process, ringwrite(widegap)/ringread(narrowgap).Theideais
with total writeloss plus readloss of 400 dB at separa- to combine heads that perform individual functions
tion/wavelengthratiosof I. This is much worse than best.For example,probe headswrite on perpendicular
with longitudinalrecording(95 riB) or perpendicular mediathebestwhile ringheadshavehigherflux gather-
recordingwith a shim-stylehead(95 dB). ing efficiency;therefore, a combinationprobe write/

(3) Reports have been heard that the ring headsdo ring readhead mayperformbetterthan eitherheadin-
not recordall thewaythroughtheperpendicularmedia, dividually.The only drawbackto this approachis the
althoughtheproblemsthiswillcausearenotknown.So addedcomplexity.Excellentrecordingresultshavebeen
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reportedin the literatureusing composite heads of clearbut maybe dueto gas-inducedshadowingeffects
varioustypes, as describedby Thornton (ref. 5-9) or self-shadowing

In summary,a wide varietyof head structuresare effects that take placeduringthe sputteringformation
possible. The choice of a particularhead is strongly of the films. Theremay also be someCrsegregationto
dependenton the particularapplication, the columnboundaries.The net effect is that the col.

umnsactas thoughtheyaremagneticallyseparatedwith
a high degreeof perpendicularorientation.

MEDIA Figure 5-7 shows a fracturecrosssectionof a typical
film showingthecolumnarformation.Figure5-8 showsAs mentionedearlier, this chapter assumesperpen-

dicularmedia in the double layerconstruction.Figure a Lorentzmicrographof a sectionof a CoCrfilm (ref.
5-10), whichdisplaysthe singledomaincharacterof the

5-6 shows a diagramof this constructionand typical film.
dimensionsfor the variouslayers.The metallayersare
at presentsputteredonto a polyethyleneterephthalate The following sectionsdiscussanticipatedmanufac.
(PET) substrateusing any of the cathodic sputtering turing techniquesfor the manufactureof the perpen-
techniques such as radio frequency, dc, or dc dicularrecordingmedia.Thesesectionsdrawheavilyon
magnetron. The primary problem is keeping the a talk givenby Johnson (ref. 5-11).
substratecool duringthe depositionprocessto prevent
damagingit. ThePETis platedon both sideswithlayers FLEXIBLE DISK FABRICATED BY
of permalloy andCoCr.Typically,each layeris 0.5/_m
thick. Although not consideredhere, the single layer SPUTTERING
construction used by some people simply omits the Sputteringis a centuryold technology,but itsuse for
permalloylayer, the commercialmanufactureof magneticmediais in its

The importantlayeris, of course,the CoCrlayeras it infancy.In fact, whiletherearea numberof groupsac-
is the one that does the actualrecording.To be a good tively workingon the commercializationof sputtering,
layer for perpendicularrecording,it must have a high
degreeof perpendicularcrystallineanisotropyto over-
come the demagnetizingeffects of the surfacepoles.
Typicalvaluesfor the anisotropyenergyfor CoCrfilms
with about 15percentCrare in the rangeof 1.5 × 106
erg/cc. The physicalcharacterof the film is that of a
columnar microstructurewhere columns are formed
throughthe film thicknesswith a diameterof about50
nm. This is aboutthe size needed(basedon theory)for
single domain particles. Based on X-ray diffraction
studies, the columns are taken to be approximately
singlecrystalsof thehop phasewiththeirc axesoriented
perpendicularto the film plane. The originof the €oer-
civityappearsto be crystallineanisotropy.Thephysical
causeof the columnarmicrostructureis not completely

Permalloy _ 0!5/_'m !yl_!0m! __ t-_=___

Polyestersubstrate 7S/_

Perm.llov " %

CoCr % SOnm
Ftsure5-7.--So=ruingelectronmicroscopephotopaphof

Figure5-6.--Diasramof a typicalperpendicularmediacon- mediat_acturecross section(30 kVanodevoltagein the
struction, electronmicroscope),
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Figure5-8.--Lorentzelectronphotomicrographofa CoCrfilm.Thisphotowasprovidedby
OuchifromProfessorIwasakt'slaboratoryatTohokuUniversity,Sendal,Japan(ref.5-10).

especiallyfor the coating of perpendicularlyoriented
CoCr films, no products are yet available in the
marketplace.Thus, this paper will by necessity limit
itself to the problemsthat areexpectedin the commer-
cializationof sputtering,and plansto overcomethem.

With the exceptionof AnelvaCorporation, sputtered
magnetic media has only been fabricated in the
laboratory on a batch processingbasis. In batch proc-
essing, a typicalsemiconductorsputteringsystem is
modified to handle flexible substrates. This requires
somesortof a carrierto maintainuniformtensionon
the substrate, and generallysome modifications to the
cathode structureof the sputteringmachineto handle
the magnetic target materials.

PET has normally been the substrate of choice,
although polyimides and polyamide/polyimide
copolymershave been used by others. We have limited
ourselvesto PET becauseit can be obtainedwith suffi-
cient surfacesmoothnesson both sides. Becauseof the
relativelylowglasstransitiontemperatureof PET films
(approximately800C),sputteringhasto be carriedout
at lowratesand in a configurationto limitoverheating.
These heat transfer problemsaregreatlydiminished
when sputtering CoCr magnetic films onto rigid _sO.m
aluminumsubstratesthat can be intimatelythermally
coupledto a coolingplaten.ThePET substrateheating Figure5-9.--Scanningelectronphotograph ofapolyesterfilm

thathasa surfacetreatment(SlipCoat;25kVanodevoltageproblemrequiresa solution before the use of sputtered
magneticfilms will be financiallyviable, in theelectronmicroscope).

Foranumberofreasons,PETfilmproducedforthe
magnetic recording industry is unsatisfactory for
magnetlcmediasputtering.Most manufacturerssupply trum of polymer molecular weigi_ts. The lower
PET film with slip agents. A typical slip agent is molecularweights, oligimers,migrateto the surfaceof
ultrafinesilica that is dusted on the film's surface to the film whenthe film is heated,thusdistortingthe sur-
facilitatethewindingandunwindingof the film.Figure face. Figure5-10 showsa typical oligimereruptionon
5-9 showsa typicalPET filmwithsilica. If somesortof the surfaceof a typicalPET film. Oligimermigration
slip agentis not used,thevanderWaal'sforcesbetween cannot be controlledtotally, but the manufacturerof
the ultrasmoothsurfacesof the films cause greatdif- the film canreducethe percentof oligimers.He canalso
ficultyin thewindingof the film by the manufacturer, producewhatis knownas "tight"film,whichhasa high
and its unwindingby the users.Clearly,slip agentsare densitythat inhibitsthe migrationof the lowermolecu-
unacceptablebecausethe sputteredfilms simplyfollow lar weightcomponentsto the surface, In the sputtering
the contour of the film surfaceand reproducethesilica process, the effect of oligimers can be controlled by
as bumps, reducingthemaximum temperatureto whichthe film is

Duringthemanufactureof PETfilms, thereis a spec- exposedand the time of expo_,,_e.
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a low oligimer content, must be "tight," and finally,
must be handledunder clean room conditions from
manufactureto use.

Targets of magnetic materials present a numberof
problems when used for magnetron sputtering.
Magnetronsputteringis only one of a numberof tech-
niques that provide the possibilityof high deposition
rates. Highdepositionratesrequirehighplasmacurrent
resultingin the generationof largeamounts of heat.
Only a tiny fraction (less than 1 percent)of theenergy
thatgoes into the sputteringprocessis actuallyused to
transmitmaterialsfrom the target to the substrate.All
of theremainingenergyis dissipatedin heat,withabout
85percentbeingabsorbedbythe targetitself and15per-
cent being in the form of radiationand in secondary
electrons.Becausethe sputteringrateis:limited by the
heating of the substrate,high rates requirethat the
substratebeprotectedfromthermalradiationandfrom
the secondaryelectrons.To achievethe latter,a magnet
is placedbelowandin theneighborhoodof the target so
that thesecondaryelectronsspiralaroundinthe vicinity
of thetarget andaidtheplasmaratherthan flyingoff in
all directions, impingingon the substrate.Also, sec-
ondary electron shields are used to reduce substrate
heating. Fortunately, the use of magnetic target
materialsseverelyconstrainstheuse of magnetronsput-

Figure 5-10.--Typical oligimer eruptionson a polyester film tering becausethe targets "short circuit"the magneticsurfaceafterheating1 h at 150° C (25kVanodevoltagein
theelectronmicroscope; magnification factor is 100). flux from the magnets.

There have been a numberof suggestionsto help
overcome this, including slotted targets, laminated

PET films are biaxiaUystretchedduringmanufac- targets, and opposed targets, but in all of them the
ture. Duringthis process,a significantamount of elec- magnetic targets themselves significantly alter the
trostatic charge is "built in" the film, sometimes magneticfieldof pattern.In addition,magnetronsput-
mounting to as much as 200 esu/cm_. This is con- teringis a low target utilizationtechnique.Themagnetic
siderablyabovethebreakdownof air, and thusrequires fields constrain the plasma to form a "race track"
PET web handling to be equipped with corona around the surface of the target, and it is from these
dischargeequipment.This volume electrostaticcharge race track areas that the sputteringoccurs. Targetuse
storedin the PET film attractsoppositelychargedions rarely exceeds40 percent. Considerablework is being
as "keeper"ions until the surfacecharge is below the done in the areaof sputteringtarget technologyto im-
breakdownof air, or about 300 esu/cm2. Becausethe provetargetuse;increaseplasmapowerand, therefore,
internal charge is not completely neutralized by sputteringrate;andto reducethethermaltransferto the
"keeper"ions, dust particlesareattractedfrom a wide substrate. The ultimate limiting factor is the power
area. Thus, PET filmsto be usedfor sputteringmustbe dissipationinto the targetitself, and most researchers
manufacturedandhermeticallysealedin a cleanroom agreethatthis cannot exceedabout20 W/cm _ without
environmentby the vendor, and subsequentlyopened the dangerof severetargetdistortionand consequent
by theuserin a cleanroomenvironment.We have seen waterleaks.
a dust particlesuddenlyappear on the surfaceof the Sputteringfor magneticCoCrfilmstakesplaceat an
filmbeingobservedundera microscope.When thisdust argon pressurerange from 1 to 20 roT. The meanfree
particlewas removedwith a pair of tweezers,another pathof argonionsat 1mTis about10cm,andat20mT
one wouldshortlythereafterdeposititselfin exactlythe about 0.5 cm; thus argon pressureis importantto the
samelocation. Fromthis we concludethat the volume process.
electrostaticcharge is highly,localized. Thebackgroundpressureis also important.It is nor-

The conclusionsare that PET films for sputtering reallymonitoredwith a residualgas analyzer.We have
must be of extraordinarysmoothness (less than 1 /_m found the background pressure should not exceed
rms surface variation) on both sides, the film must have 1.0 × 10-_ torr.
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Although no one has put into use a fullyoperational, (4) Vacuum
commercialsputteringsystem,we havedesignedandare
now building sucha system(figure5-11). This produc- Pumpdowntime fromloading, hr......... 8
tion sputteringsystemhas the followingcharacteristics: Pressurein unwind

(1) Mechanical/electrical chamber,T......... 10-3
Backgroundpressurein

Size, m .............. 15by 3 by 4 (high) sputterchamber,T.. 10-s
Weight,tons.......... 35 Sputteringgas........ Argon
Connectedpower, kVA1200
Coolingwater, m3/hr.. 50 The systemsputtercoatsa 48-in.-widewebof PETon

both sideswith a layerof permalloyfollowedby a layer
(2) Substrate of CoCr. Thecapacityof the machineis 2 kmof 50#m

thick PET. When fullyoperationalthis machinewill be
Material............. Polyethylene capableof producingmorethan3 million5¼-in. floppy

terephthalate(PET) disksper year. Themachinewillbe locatedina class100
Surfacesmoothness, clean room to minimizethe effects of airbornecon-

/zin. (rms).......... 1 taminationand will be equipped with numerousin-
Thickness, #m........ 50 to 75 processmeasuringdevices, to check the qualityof all
Web size, m.......... 2000maximumlength four magnetic films as they are made. The machine

by 1.20 width should be operationalapproximately50 percentof the
Web tension, N ....... 1000 time, the other 50 percent being requiredto change
Web speed, m/min.... 0.25 cathodes and targets, load PET film, unload coated

(3) Coating film, andto performgeneralmaintenanceandcleanup.The buildingof such an enormousvacuumchamber
Method.............. dc magnetronsputtering has a numberof pitfalls. First of all, to obtain the
Cathodes............ 4 perside ultimatevacuumrequired,the chamberhas to be made

(2 permalloy,2 CoCO entirelyof stainlesssteel. In addition,the buildermust
Thickness, /_m........ 0.5 per layer eliminate all possible trapped volumes within the
Layers............... 2 each side machine-this meansportingall bolts and ventingall
Sputteringrate,A/rain 6000 holes on the insideof the chamber.

In addition,greatcaremustbe takenin the structure
of the supportforthe web handlingrollersso that there

Sputteringarea no. 2: is no structural displacementoccurring whenthe system
Unwind 2 Permalloy, is under vacuum.A solution to this problem is to sup-
p= lO-4T 2 CoCr port the bearing plates independentlyof the walls of the

vacuum vessel itself.
In general, all web guide rollers should be tendency

driven. This means that the roller axle is supported on
ball bearings and the outside race is driven somewhat
faster than the fastest web speed. Considerable care
must be taken in web handling to avoid slippageof the
PET web because if slippageshould occur, a scoring of

Magnetic the film is almost certainto occur, makingthemediaat
test the point of slippage unacceptable. Media tension
stations(2) through the systemshouldbein the neighborhoodof 50

to 100 N to provide intimate contact between the cool-
ing drums and the substrate itself.

After sputtering, the roils are removed from the
0-8T vacuumchamberand punchedinto 5¼ in. floppydisks.

These blanks are then tested on an automatic testing
Sputteringareano.1: Windup machinewheretheyare sortedinto groupsbyquality
2 Po.,)a))oy, and placedinto special floppy disk envelopes.Only at
2CoCr this timeare they removedfrom thecleanroomenviron-

Figure5-11.--Schematicdiagramof a productionsputtering merit for final testing, packaging, boxing, and ship-
rollcoatingsystem, ment.
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CONCLUSIONS tion, site preparation,and testing, is $2.74 per disk.
Clearly,for a storagemediawith 10 times the capacity

Some of the moreimportantfactorsto be considered of standardfloppydisks,this is a mostreasonablecost.
in a designof productionwebsputteringarethe follow-
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CHAPTER 6

Serial High-Density Digital Recording Using a Wideband
Analog Inter-Range Instrumentation Group*

Recorder/Reproducer
E. L. Law

Pacific Missile Test Center

The purpose of this study was to determine the per- record sections of tape with a variety of packing den-
formance characteristics of several pulse code modnia- sities for each of the settings of that parameter. This was
tion (PCM) codes when used to store telemetry data on done for biphase, level (Bi_b-L);delay modulation (DM;
a Range Commanders Council (RCC)wideband analog also known as Miller code and modified frequency
magnetic tape recorder/reproducer, modulation); non-return-to-zero, level (NRZ-L); and

The storage technique studied is called high-density randomized NRZ-L (R-NRZ-L). The tape was then
digital recording (HDDR). Basically, HDDR is a re- reproduced and the "best" setting of each parameterwas
cording technique by which digital signals are recorded defined to be the setting that yielded the highest packing
directly onto magnetic tape. The information presented density with a bit error rate (BER) of 10-6or less. These
in this chapter is limited to serial recording using ac bias tests were performed at tape speeds of 30 and 120 ips.
and tape track widths of 50 mils.The important proper- All tests were performed using the same reel of tape to
ties of recorder/reproducers, magnetic tape, PCM bit eliminate tape as a parameter. Limited experiments with
synchronizers and PCM codes are presented. A discus- other tapes yielded essentially the same results. The test
sion of the RCC serial HDDR standard and candidate configuration is shown in figure 6-1. Test methods are
RCC test methods is also included, described in appendix 6-A.

This study was conducted under AIRTASK
A6306302-054D-8W06040000, Range Instrumentation Bias Level
Development and Test, Work Unit A6302D-02, Range

The bias was adjusted by recording and reproducingTelemetry Support. The purpose of this AIRTASK was
to provide technical support to the Telemetry Group of an upper-band-edge signal and increasing the bias level
the Range Commanders Council. until the reproduced output decreased by 2 dB from

defined as the 0-dB bias level point. The +2-dB bias
level point was achieved by further increasing the bias

TAPE RECORDER/REPRODUCER until the reproduced output decreased by 2 dB from

PARAMETERS the maximum. Other bias levels were obtained by use of
this same technique. The reproduce section equalizers

All recorder/reproducers used in this study were RCC were readjusted for each bias level to obtain the flattest
wideband analog machines with 50-mil trackwidths and possible frequency response characteristic. The frequen-
ac bias. The effects of bias level, bandwidth (amplitude cy response was always within _+3 dB from 400 Hz to
equalization), reproduce level, record level, crossplay the -3-dB bandwidth frequency (+ 1 dB over most of
between machines, tape speed, signal-to-noise ratio this range).
(SNR), and tape dropouts were studied (ref. 6-1). The The effects of bias level variations on maximum bit
method of determining the effect of each parameter was packing density are illustrated in figures 6-2 and 6-3.

to set all other parameters to their nominal value and Figure 6-2 presents results for a 2.0-MHz bandwidth
(-3 dB) at 120 ips. The maximum bit packing density
for all three codes occurred at a + 2-dB bias level (BiO-L

*Now the RangeCommandersCouncil. has essentially the same performance at 0- and + 2-dB

67
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Figure 6-1.--Test configuration. (CRO -- cathode ray oscilloscope.)
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Figure 6-3.--Effect of bias level and bandwidth variations on
maximum bit packing density at 30 ips.

I I bias levels). Figure 6-3 presents results from various
o 2 4 bandwidthsat 30ips. The maximumpacking densityfor

Bias NRZ-L and DM occurred at a +2-dB bias level;
however, the maximum packing density for Bi_-L oc-

Figure6-2.--Effect of bias levelvariationson maximumbit curred at a 0-dB level (the performance at + 2 dB was
packingdensityat 120ips. almost as good).
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Bandwidth (ReproduceEqualizer) The bestNRZ-Lpackingdensityoccurredwitha + 2-dB
bias level anda 10percentincreasein bandwidth.The

The recorder/reproducerbandwidth was varied by best DM performance occurred with the nominal
adjustingthe reproduceequalizer.The bandwidth( - 3 500-kHzbandwidth.Figure6-4 showsthat bothNRZ-L
dB)wasvariedfrom400 to 650kHz at 30ips andfrom and DM had their highest packing density when the
1500to 2750 kHz at 120 ips. The frequencyresponse bandwidth was at the nominalvalue (2.0 MHz at 120
from400 Hz to the - 3 dB frequencywasalwayswithin ips) for a + 2-dB biaslevel. The Bi_b-Lpackingdensity
:!=3 dB of the responseat 50 kHz (30 ips) or 200 kt!z wasslightlyhigherwhenthe bandwidthwas reduced25
(120 ips). It should be noted that varyingthe -3-dB percentthan it wasat the nominalbandwidth.
signalbandwidthin this mannerhas a largeeffecton the

noise spectrumnear the upperbandedge. Reproduce Level
The effect of varyingthe recorder/reproducerband-

width on maximum bit packing density is shown in The reproducelevelhad no significanteffect on the
figures6-3 and 6-4. It should be emphasizedthat the maximum bit packingdensityfor reproducelevels be-
recorder/reproducersused in this study did not have an tween0.5 and 2.0 V_s. Above 2.0 V_s the reproduce
adjustment for optimizing phase equalization, amplifier went into saturation, and the maximum bit
Therefore, these results include the effects of both packing densitywas reduced.
amplitude and phase equalization changes.

Figure6-3 showsthat with a 0-dBbiaslevelat 30ips, Record Level
both NRZ-LandBi_b-Lhadthe highestbitpackingden-
sit,y when the bandwidthwas increasedby 20 percent. For this test, the recorder/reproduceroutputwas ad-

justed for 1 percentthird harmonic distortionwith a
l-V_s recordlevelat a frequencyequalto 10percentof

so -- the frequencyat the upper band edge. The results for
NRZ-L at 30 ips and + 2-dB bias are shown in figure
6-5. The best packing densities were achievedat record

40 - 40

-- 30 - "" 30 --
o tu

.E

__ • .-
:_ 20 _ • _ 20
E • "

E • 23

E
E

Key "_
10 - • NRZ--L _ 10
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• Bi_--L

I I I I I I , I , I L I
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Figure6-4.--Effectofvaryingthe recorder/reproducerband- Figure6-5.--Effectofrecordlevelonmaximumbitpacking
widthon maximumbit packingdensityat 120 ips.(+2 dB densityforNRZ--Lat 30ipsand +2 dBbias.(Onepercent
bias.) thirdharmonicdistortionat1 VRMSrecordlevel.)
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levelsof 0.7 and 1.0VRMS.Higherrecord levelscauseda so --
decreasein maximumbit packing densitybecauseof ad-
ditional distortion and intersymbol interference. The
sinewave third harmonic distortion was2.5 percent at a
record levelof 1.25Vp.MSand 9 percent at 2.0 VRMS.The
results with DM and Bi¢-L were very similar to the
NRZ-L results. Table 6-1 shows the increasein BER as 40
the record levelis increased. .

Crossplay
re •

The crossplaytests were conductedby recordingdata ,.=

at several bit packing densities on each of two _,- 3o
recorder/reproducers for each code. These data were
then reproducedon each recorder/reproducer, and the 5 • •
bit error rates were measured. The maximum bit pack- -_-r,
ing density that yielded a BER of 10-6or less for each =
combination of recorder/reproducer and code is
presented in figure 6-6. The SNR of recorder/ Y,
reproducer A was 34 dB, and the SNR of recorder/ =a 2o • •
reproducer B was 28 dB. Both recorder/reproducers _¢u

wereset up to nominal conditions, and the only adjust- :_
ment was to optimizeazimuth. RecorderA had a record
gap length of 90pin., whilerecorder B had a record gap
length of 140 pin. The reproduce gap length of both
reproduce systems was 30 pin. The best combination lo Key
was to record and reproduce using machine A. The • NRZ--L
worst combination wasto record usingA and reproduce • DM• gi<;b--L
with B. The standard condition for the bias, bandwidth,
record level, reproduce level,and bit synchronizertests
was to both record and reproduce using machine A.

I L I I
Tape Speed o A/A A/B B/A B/B

The maximum bit packingdensities for a BER of I0"6 Record/reproducemachine

at tape speeds of 30 and 120 ips arepresentedin figure Figure6-6.--Maximumbitpackingdensityyieldinga BERof
6-7. The maximumbit packingdensity for both NRZ-L 10-6 during crossplay between two recorder/reproducers.
and DM was approximately5 percentlower at 120than
at 30 ips. The maximum bit packing density for Bi¢-L
was nearly 12percent lower at 120than at 30 ips. density(refs. 6-2 and 6-3). The bit packing density ,,.,.

sus SNR performance for a BER of 10-6 and a tape

Signal-to-Noise Ratio speed of 30 ips is shown in figure 6-8 for NRZ-L,Miller, and BiC-Lcodes. The test pattern used was a
One of the important performance factors for the 2047 bit pseudorandom sequence. The SNR was

evaluation of PCM codes for HDDR is the SNR re- calibrated using the followingprocedure:

quired to givea specifiedBER at a specifiedbit packing (1) A step attenuator with 1-dB resolution was in-
serted between the PCM test set and tape recorder A.
(See fig. 6-1.)

Table 6-1,-Bit Error Rate (× 10"6) Versus Record (2) The PCM bit rate was set to 100 kbps, and the
Level PCM signal was recorded and reproduced. The true

Kilobtts RecordlevelVsMs RMS signal level at the output of the reproduce
Code per inch 0.5 1.0 1.25 2.0 amplifierwas measured for attenuator settings of 0, 3,

NRZ-L ..... 41 1 1 10 5 000 6, and 9 dB. A check was made to verify that a 3-dB
DM ......... 38 1 1 10 60 changein input levelproduced a 3-dBchangein output
.Bt_-L ...... 23 l 1 I00 l0 000 level.
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so - (3)The PCM signal was removed from the recorder
input. The input to the recorderwas then terminated in
its characteristic impedance, and the true RMS value of

_ the output noisewas measuredwhilesimultaneouslyre-
cording and reproducing. The measurementbandwidth
was 3 to 500 kHz.

40 -- (4)The ratio of the signal levelwith 0 dB of attenua-
• tion to the noise level was defined to be the reference
• SNR.

- For each bit rate and code, the attenuator setting was
_" varieduntil the BERwas approximately10"LThe SNRt.u

_' was calculated by subtracting the attenuator setting
_ 3o -- from the reference SNR value. The reproduce levelwas

maintained within 2 dB of 1VRmby adjusting the gain
of the reproduce amplifier.This was done to eliminate

_, - the effects of widely varying levels into the bit syn-cs
• chronizer. All testswereperformed on sectionsof tape

_=o that had no apparent dropouts.
_ • The NRZ-L data in figure 6-8 show that an SNR ofE 20

18dB is required for a packing density of 30 kbpi, 11.5
:_ dB for20 kbpi, and 10,5dB for I0 kbpi. As the packing

_ density is increasedabove20 kbpi, the slope of thepack-
ing density versus SNR data starts to decrease. This is
causedby the band-limitingof the signal, whichreduces

rey the signal energyinto the bit detector. As the reproduce
10

• NRZ--L bit rate is reduced below400 kbps, the slope of the bit
• oi rate versus the SNR curve changes sign. This occurs
• B_C,--L because the reproduce system acts like a high-pass filter

with a -3-dB frequency of approximately 400 Hz. As
the NRZ-L bit rate is reduced, the maximum time be-

I J J I tweentransitions is increased, and the amount of energy
at frequencies below 400 Hz is also increased. This

0 30 60 90 120 causes an increase in the baselinewander that the dc
Tape speed,Ips restorer in the bit synchronizermust track. Becauseit is

Figure6-7.--Maximurnbit packingdensitiesfor a BER of difficult to track the baselinewander perfectly,especial-
10-6at tapespeedsof30and 120ips. ly at low SNR, the SNR at the bit synchronizer input

must be increased to maintain a constant BER. The ex-
act characteristicsof the curve in the high packingdensi-
ty and low reproduce bit rate regions depend on the

1000 ,._._ _ __..-- 33.3 recorder/reproducer,tape, equalization, and bit syn-

see /f. _ chronizer used. However, the results for other600 20 equivalent systems should be similar to the results

oi
presentedin figure6-8.

400 The Miller and Bi¢-L data in figure 6-8 show band-

i effects similar those of NRZ-L. NRZ-L
limiting to re-

/or quired a lower SNR than Miller above 300 kbps (10
aoo • al¢--L kbpl), but Millerperformedbetter below300 kbps. Bi¢-

• Miller/OM L performed better than Miller below 450 kbps (15
• NRZ--L kbpi), but rapidlydegraded due to band-limitingeffects

t/lOO I I I I above 15kbpi.
0 5 10 15 20 25 30 Tests were also conducted with R-NRZ-L, DM, and

SNR, dB odd-parity NRZ-Lusing 16-bitworst-casepatterns (ref.
6-2) and with NRZ-L, R-NRZ-L, and DM using

Figure6-8.--Bit rateandbitpackingdensityversusSNRper- repeated6-bit ramps (refs. 6-2 and 6-4). These tests
formancefora BERof 10-6andatapespeedof 30lps. wereconducted usinga four-pole Besselbandpass filter
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with a 0.4 to 500-kHz bandwidth and spectraliy condi- put signal is recorded. The duration and depth of the
tioned noise to simulate the tape recorder/reproducer, dropout determine the effect on data quality. Tape

The test results with the 16-bit worst-case patterns dropouts are caused by either defects in the magnetic
and the 6-bit ramps are shown in figures 6-9 and 6-10, material of the tape or an increase in separation between
respectively. R-NRZ-L performed the best at all bit the tape and the magnetic heads. Tape dropouts are the
rates tested. Because the R-NRZ-L bit stream primary cause of bit errors in a properly set up HDDR
characteristics are similar to those of a pseudorandom system. The quantity, duration, and depth of tape
NRZ-L bit stream, the R-NRZ-L data would also dropouts are a function of such factors as the magnetic
demonstrate the effects of baseline wander at low tape used, the trackwidth, the type of recorder/
reproduce bit rates, reproducer used, the tape tension, and the amount of

debris on the tape (refs. 6-5 and 6-6).
Tape Dropouts Dropout tests were conducted on several tapes by

monitoring the clock slips and bit errors versus tape
Tape dropouts are defined as reductions in the output footage. A sample of the test results is presented in table

level of a recorder/reproducer when a constant-level in- •6-2. These tests were conducted on a seven-track
recorder/reproducer set up to the standard conditions

1.6 defined in this chapter. The recorder used a vacuum
chamber tape tension system and had 50-rail-wide
tracks. The bit packing density was 25 kbpi at a tape

1.4 speed of 120 ips. The test pattern used was a 2047-bit
pseudorandom NRZ-L sequence. The tests were con-

1.2 ducted using 8000 ft of Ampex 786 wide-band in-
strumentation magnetic tape; therefore 2.4 x 109 bits
were recorded on each track. The first run on track 1m

-_ 1.o Key Wasperformed with degaussed, virgin tape. The numberen

• R-NRZ--L of clock slips and bit errors on the first run was much
• OddparityNRZ--L larger than on a later run on the same track. This was0.8 • DM

due to the cleaning and polishing of the tape as it passed
over the heads. It should also be noted that the dropouts

o.6 were much less frequent and less severe on the center
In 15 20 25 30 tracks than on the edge tracks. The reduction in

SNR,de dropouts after the first tape pass and the smaller
number of dropouts on the center tracks were observed

Figure6-9.--Bit rate versus SNR for 10-6 BER, repeated with all tapes tested. This supports the "rule-of-thumb"
16-bitworst-casepatterns, that critical data should be recorded on the center tracks

of a recorder and also indicates that virgin tape should
not be used for critical recordings. The bit error rates on

1.6 ]-- the center tracks of "polished" wide-band instrumenta-
l tion tapes were typically 10-7 or better for test condi-

1.4

1.2 Table 6-2.--Bit Errors and Clock Slips for Various
Tracks of a Recorder/Reproducer"

Track Clockslips Errorburstsb Totalerror#
_- 1.0
"' 1= . .......... 7 78 945

Key
• R-NRZ--L 1 ............ 2 17 122

0.a • NRZ--L 2 ............ 2 4 179
• DM 3 ............. 0 2 4

4 ............ 0 I 1
06 I I

•Test conditions: 120 ips; 25 kbpi; f0-mil trackwidth; 2047-bit
10 15 20 25 30 pseudorandom NRZ--L sequence; 8000 ft of Ampex 786 tape;

SNR.dB 2.4 x 10'bits.
vrotal errorsanderrorburstsdonot includeerrors during bursts

Figure6-10.--Bit rateversusSNR for 10"6 BER, repeated withclockslips.
6-bit ramp. "First run.
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tions similar to those listedearlier. Bit error rates willbe 50
higher for systemswith narrower trackwidths or higher
bit packing densities.

Clock slips occurred when the tape dropout was
severe enough to deprive the bit synchronizer of the
transitions required to maintain synchronization for a @ @

time interval long enough for the recoveredclockof the 40 -
bit synchronizer to depart from the actual data rate by • •
one or more bits. The time interval required for this to
occur is a function of the loop bandwidth of the bit syn-
chronizer and the difference in frequency between the = •

Ud

"free-running"bit synchronizerclockrate and the actual =
data rate. _ 30 -

PULSE CODE MODULATION BIT -= - •

SYNCHRONIZER
r, •
o •Tests were conducted to determine the variations in .__ •
E 20 mmaximum bit packing density when four different bit

used to reconstruct the data from ._synchronizers were
the recorder/reproducers. Onlytwo manufacturerswere :_ •
represented and the bit synchronizerswere not all dif-
ferent models. The test results are presented in figure
6-II. Bit synchronizer I had the best performance for
all codes and was used for all other tests. Bit syn- lo -- rev

• NRZ_L
chronizer 3 didnot work for DM, and bit synchronizer4 • OM
performed very poorly for DM. A modification can be • Bi_)--L
made to bit synchronizer4 to improve its performance
to the levelof bit synchronizer1. This modification has
a negative effect on performance in the presence of
baseline wander. If DM is being used in a band-limited I I [ [
channel and verypoor resultsare achieved,it is recom- o 1 2 3 4
mendedthat the bit synchronizermanufacturerbe con- Bit synchronizer
tacted to determine if a modification is needed.

Figure6-11.--Maximumbitpackingdensitiesforfourdifferent
PULSE CODEMODULATIONCODE bit synchronizers.
PROPERTIES

There has been much discussionover the past few
metricchannelwith additivewhiteganssiannoise is op-years about the advantages and disadvantagesof

variouscodesfor HDDR.The relevantpropertiesof the timum.However,the HDDR systemis band limitedat
codes included in this study will be discussedin the both low and high frequencies, has intersymbolin-
following sections. Plots of the spectrumsof NRZ-L, terference,has noisethatis not white, and a BERthat is
R-NRZ-L,Bi¢-L, DM, and Ma for variousinput pat- largelydeterminedby the depthanddurationof the tape
ternsarecontainedin appendix6-B. All codesdiscussed dropouts encountered.The NRZ-L code is not well
in this chapterarebilevelcodes, suitedto HDDR becauseof the lack of dc responsein

the reproductionprocessand the possibilitythat a very

NRZ-L Properties largepercentof the signalenergymay be at de.BecausetheNRZ-Lcodehas desirableSNRand high-
NRZ-Lis a code whereina "1" is representedby one frequency responsecharacteristics,severalvariations

level and a "0" by the other level (ref. 6-7). This is il- have been proposed to minimize the undesirable
lustratedin figure6-12. Becausethe symbolsfor a "1" characteristicof NRZ-L. The markand spaceversions
anda "0" can becharacterizedas beingthe oppositesof of NRZ (NRZ-Mand NRZ-S)providea simple alter-
each other, the NRZ-L symbols are antipodal, nativeto NRZ-L(ref.6-7). Thesecodesare polarityin-
Therefore,the bit errorratein a wide-bandbinarysym- sensitivebecause the informationis contained in the
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Figure6-12.--PCM codewaveforms.

transitions ratherthan the levels. These codes do not Another commonlyused block code is the (7,8) code.
provideany generalimprovementin transitiondensity This code is usuallygeneratedby groupingthe data in
or low-frequency reduction compared with NRZ-L. blocks of 7 bits andaddingan 8th bit such that the en-
Theydo have the disadvantagethat each isolatedbiter- coded8-bitblockcontainsan odd numberof "l's" (odd
rorcausestwo errorsin the decodeddata. NRZ-Mand parity).Thistechniqueis sometimescoupledwiththe in-
NRZ-Sarenot recommendedas generalpurpose HDDR versionof certain of the 7 input bits (ref. 6-9). This
codes, coding techniqueinsures that the maximumtime be-

Another alternative to ordinary NRZ-L is block tweentransitionswill be no greaterthan 14bits. It also
coding(ref. 6-8). A popularexampleis the (6,8) block reducesthe maximumpossibledc contentto 75 percent
code. The inputis groupedinto 6-bitblocks.Each6-bit of the total energy.The (7,8) code does not performas
block is encoded into an 8-bit sequencethat contains wellas the (6,8) code in two areas; however,it requires
four "l's" and four "O's".Because 70 such 8-bit se- only an encoded bit packingdensity of 28.6 kbpi to
quencesexist, all 64 possible6-bit input blocks can be achieve a data packingdensity of 25 kbpi. The odd-
uniquelyencodedanddecoded.The (6,8)block code is parity (7,8) code has the capabilityto detect any odd
dc-freeandhas at leasttwotransitionsevery8 bits. This numberof bit errorsoccurringin the 8-bit block.
code also provides the capabilityfor detectionof all All block codesrequirethe decoderto determinethe
8-bit blocks that containan odd numberof bit errors locationof the block boundariesbeforethe datacan be
and some-8-bitblocks that containan even numberof properlydecoded. This can be accomplishedeitherby
bit errors.The main disadvantageof this code is the insertingsynchronizationwordsinto the datastreamor
high overheadrate. The encoded bit sequencewould by searchinga long stringof bitsfor theblock boundary
haveto be recordedat a bit packingdensityof 33.3kbpi locations.Oncethe block boundariesare located, their
to producea data packing densityof 25 kbpi. Other position will not change unless a clock slip occurs.
disadvantagesof this code includethe relativecomplexi- Therefore,thesecodescan be used to detectclock slips
ty of the encodinganddecodingschemes. (unlessa multipleof eight clocks was slipped), and in
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some cases the proper number of bits may be added or Bit rate clock input

deleted to eliminate the effect of the clock slip. ___
However, clock slipsare usually associatedwith a large _ ' _[ 15-stage ! I' '

I--fq
q, 'burst of bit errors, and the addition or deletion of the R-NRZ--Ldata_ I 2 3 _13114115

correct number of bits does nothing to alleviate the ef- input from ] I II I! Ii

feet of these errors. It can prevent the loss of "good" bit synchronizer [ Reverse Forward ]

data that are misinterpretedbecause the data bits willbe _ _ /'
I

assignedthe wrong value until proper data (frame) syn- playback | playback
chronization is achieved by restoring the bits to their D al c

correct positions within the data frame. [_ _. ]I-. ,.J

R-NRZ-L Properties A, Oeco_ed= data output

Randomized NRZ-L is a coding technique by which (NRZ--L)
the input data are modified to have propertiessimilar to

Boolean expression:randomdata. One methodof accomplishingthis is with input data A into randomizer,
shown in figure 6-13. The input NRZ-L data are errorfreeR-NRZ--Ldata, D=A(_B(_C

modulo-2 summedwith the modulo-2sum of the output
of the 14th and 15th stagesof a shift register,wherethe A'=O_a _C
input to the shift register is the randomized NRZ-L =A(_B(_C(_B(_C

data. The decoder for this randomizing technique is =A(_B(_B(_C(_C

shown in figure6-14. A sampleR-NRZ-L waveformis but
shown in figure 6-12. The shift register contents at the
start of the sequencewere "101100100100000."This se- B_B =o
quencewas chosen by flippinga coin (the first bit in the c (_)c=o
sequenceis in register 15).With a different choiceof in- Therefore,
itial contents of the shift register, the R-NRZ-L bit
stream could have been any combination from 12"O's" A'=A_000 =A
to 12 "I's". In general, the R-NRZ-L encoder converts
any input bit sequenceinto an output bit sequencewith Figure6-14.--RandomizedNRZ--Ldecoderblockdiagram.
properties approximating those of random data.

Figure 6-15 shows the results of randomizing a "l's").pseudorandom bit sequence. The pseudorandom input only 55 The next 1020bits consistedof approx-
sequencewas generatedusing a 15-stagepseudorandom imately 52 percent "O's" and 48 percent "l's". The
generator with the modulo-2 sum of the 14th and 15th longestsequencewithout a transition was 19bits. Figure
stagestied to the input to the first stage. The initial con- 6-15 illustrates that if the input of the randomizer is a
tents of the shift registerwerethe same as shownfor the pseudorandom sequence that is generated using a

register that is in the same configuration as the ran-
shift register of figure 6-12. The initial contents of the domizer register, the randomized data are temporarilyrandomizer shift register were identical to the contents
of the pseudorandom generator shift register. The data nonrandom. However, the overall effect is not a
in figure 6-15 show that the randomizedbit sequenceis catastrophic loss of transitions. The sequence shownin
dominated by "O's"for the first 180bits (125 "O's"and figure6-15 willcreate no problemsif the bit detector in-eludesa "good" de restorer and the reproducebit rate is

200 kbps or higher.
Bitrateclockinput The 15-stageR-NRZ-Lencoder will generatea max-

"T'T"[ imal length pseudorandomsequenceof 2's - 1 (32,767)1
1T_ ;T,,'iT bits if the input data consist only of "O's"and there is atNRz--,-- ,5stage I

_,,=2,,al........... 11_!14_15j least a single"1" in the shift register.A maximal length

input A _ [ I = _ shift register , . , , pseudorandom sequence is also generated when the in-

l Bile put data consist only of "l's" and the shift registercon-tains at least a single"0." However, if the shift register
containsall "O's"at the moment that the input bit stream

Output is all "O's"the R-NRZ-Loutput bit streamwillalso be allo
"O's".The converseis also true; whenthe shift registeris

Booleanexpreas_on:O=A + B + C filled with "l's" and the input bit stream is all "l's" the
Figure6-13.--Randomizerblockdiagram. R-NRZ-L output bit stream will contain only "l's." In
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Figure 6-15.--Randomizedpseudorandom sequence.

these two cases, the contents of the shift register do not registersof length 15, 17, and 20. One disadvantage of
change, and the output data are not randomized, the longer registers is that the length of an error burst
However, the randomizer is not permanently locked up (number of bits between the first and last errors in a
in this state becausea changein the input data willagain burst) in the derandomized data is always greater than
produce a randomized output. In general, if the input the length of the input error burst by a number of bits
bit stream contains runs of X bits without a transition, equal to the shift register length. Thus, long shift
with a probabilityof occurrenceofp(X), the output will registershave the undesirableproperty of spreadingthe
contain runs having a length of up to (X + 15) bits, errors over more data words.Therefore, it appears that
with a probability of 2-'Sp(YOof having a run length of 15 is a good choice for the length of the randomizing
X + 15 bits. Therefore, the output can contain long register.
runs of bits without a transition, but the probability of The R-NRZ-L decoding system has an error multi-
occurrence is low. plication factor of 3 for isolated bit errors (separated

The spectrum resulting from randomizing a repeated from adjacent bit errors by at least 15bits). An isolated
ramp is shown in appendix 6-B. The spectrum of the bit error introduced after randomization will produce
repeated ramp consists of a few discrete spectral lines, three errors in the output data, the original bit in error
while the randomized ramp has a spectrum resembling plus two additional errors 14and 15bits later. In addi-
the NRZ-L spectrums with pseudorandom data. tion, a burst of errors occurringafter the data havebeen

Tests wereconducted to determinethe effectsof vary- randomizedwill produce a burst of errors in the deran-
ing the length of the randomizing register. As the domized output. The number of errors in the output
register length is made shorter, the probability that the depends on the distribution of errors in the burst and
register will be filled with "l's" when a run of "l's" ap- can be greater than, equal to, or lessthan the number of
pears at the input or "O's"whena run of"0's" appears at errors at the input to the derandomizer. Errors in-
the input is increasedby a factor of 2 for each stage that troduced before randomization are unaffected by either
is removed from the register.Tests were conductedwith the randomizer or the derandomizer. The reverse
registers of length 5, 7, 9, 11, 15, 17,and 20 (all feed- decoderhas the same bit error multiplication properties
back tapes were for maximal length sequences), as the forward decoder. An error multiplication of 3 is
Registersof length 5 and 7 performed very poorly with approximately equivalent to an SNR penalty of 0.5 dB
repeated ramps. Registersof length 9 and 11performed at a BER of 10"LThe SNR penalty approaches 0 dB if
somewhat worse than registers of length 15, 17, or 20. most bit errors occur during long bursts.
No differenceswere observed in the performance of the The R-NRZ-L decoder is self-synchronizingand does
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not require overheadbits for serial HDDR. However, :[ Pseudorandom

15 consecutiveerror-freebits must be loaded into the Start I sequence
shiftregisterbefore the output data will be valid. A bit /
slip will cause the decoderto losesynchronization,and
15consecutiveerror-freedatabits mustagainbe loaded Input-- m =, Encoded
into the shift registerbefore the output data are valid. / data
The decodedoutput data, eventhough correct, willcon- I
tainthe bit slip, causinga shift in thedatawithrespect

I

! Synchronizer Ito the framesynchronizationpattern. Therefore,frame
synchronizationmust be reacquiredbeforethe output Figure 6-16.--Pseudorandom noise-modulatedNRZ--L
providesmeaningfuldata. ThebasicR-NRZ-Lcodehas encoder.
no inherentpropertiesfor detectingeitherbit errorsor
bitslips.Paritybitscouldbeaddedto thedatabeforeor
after randomization.It is the author'sopinion that in

most cases it is preferableto add the parity bits at the Pseudorandom detection sequence
data source ratherthan at the recordingsite. If the pari- noise
ty bits are addedat the datasource,the data qualityof modulated

the entirecommunicationslinkcan bemonitoredrather input m,_thanjust thequalityof therecord/reproduceprocess. Decoded
Another techniquefor estimatingthe data quality is to data
monitor the bit errors occurring in the data frame syn- Figure 6-17.--Pseudorandom noise-modulatedNRZ--L
chronizationword.The decisionon whetherto use pad- decoder.
ty should be determined by the data analysis re-
quirementsrather than by the recordingtechniques.
(This assumes serial recordingon 50-railtrackwidths. This techniquedoesnot haveerrormultiplicationand
The dropout characteristicsfor narrowertrackwidths can detect clock slips using the synchronizationdetec-
may modify this recommendation.) tion circuitry(of course, all other systems with syn-

TheR-NRZ-Ldatacanbebit synchronizedandsignal chronizationwordscanalso do this). This techniquehas
conditionedusingexistingbit synchronizerswiththe in- the disadvantage(for serial HDDR) that synchroniza-
put code selectorset to NRZ-L. The bit synchronizer tion wordsmustbe inserted,thus reducingthe databit
shouldcontain a "good" dc restorer(adc restoreris re- packing density. This also requiresthe generationof

quired for acceptable results at reproducebit rates new clock frequencies to insert the synchronization
below 1 Mbps). R-NRZ-L is a reliable code for words without deleting data and to removethe syn-
reproducebit ratesabove200kbps. At lowerreproduce chronization words at the decoder output, A syn-
bit rates, speciallow-frequencyrestorationcircuitryis chronizatondetectoris also required.This techniqueis
requiredfor reliableoperation.The maximumrecom- normallyused only for parallel HDDR because syn-
mendedbit packingdensityforthis code is 25 kbpi(ref. chronizationwords are requiredfor deskewing,and
6-7) for recorder/reproducerswith a bandwidthof 1 thesesamewordscan alsobe usedfordatasynchroniza-
MHzat 60ips. Themaximumrecommendedbitpacking tion. Therefore, no extra overhead is required for
density for recorder/reproducerswith a bandwidthof parallelHDDR. In general, the propertiesof this code
750kHz at60ips is 18.75kbpi.In otherwords,themax- are similar to those of the self-synchronizingR-NRZ-L
imum recommendedbit rateis 1.5 times the recorder/ code. One other differenceis that long runswithouta
reproducerbandwidth, transition are generatedwhenever the input data se-

Anothertechniquefor randomizinga datastream is quence is the same as or the complement of the
illustratedin figure6-16. Thistechniquerequiresthe in- pseudorandomsequence.Therefore,the probabilityof
sertion of a synchronizationword periodicallyto syn- generatingN bits without a transitionis 2-iN-l+.Also,
chronizethepseudorandomsequencein thedecoder(see the desired characteristics of the pseudorandom
figure 6-17) to the sequencein the encoder. The syn- generator are different from those for self-
chronization word is not randomized because the synchronizingR-NRZ-L, and 15 may not be a good
pseudorandom sequence at the input to the EX- register length for this application (shorter register
CLUSIVEOR gate is zero duringthe synchronization lengthsmayworkequallywell).This codeis not recom-
word. This can either be accomplished by proper mended for serial HDDR becauseof the addedcom-
manipulationof a shift registergeneratoror by theuse plexity when compared with the self-synchronizing
of a read-onlymemory.Thistechniquecanalso becorn- R-NRZ-Lcode. However,the pseudorandomNRZ-L
binedwithparity, modulatedcodeis very competitiveforparallelHDDR.
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Bi_-L Properties time between transitions is three bit periods, and syn-
chronization can be achieved by using the transition-

The BiC,-Lcode (ref. 6-7) is illustrated in figure 6o12. free intervals of 2, 2½, or 3 bit periods. Both DM and
This codecan be generatedby modulo-2 addingNRZ-L M2requirea clockat twice the bit rate to detectthe sym-
data and a bit rateclockwith the risingtransition in the bols. DM and M2have beenshown(ref. 6-I I) to require
middle of the bit period. The symbols for a "I" and a approximately3.2-dB higherSNR than NRZ-L or Bi¢_-
"0" are antipodal, and each symbolhas a mean value of L to achieve a 10-6BER with non-band-limited signals
"0"; therefore, the Bi0-L code has no dc content and and additive white gaussian noise. The data in figure
good bit errorrateproperties.The main disadvantageof 6-8 show that DM required a 6-dB higher SNR than
the Bi0-L code is the large amount of high-frequency NRZ-L at 16.7kbpi, a 6.5-dB higher SNR than NRZ-L
energy. (See app. 6-B for spectra.)This limits the max- at 25 kbpi, and a 10-dBhigherSNR than NRZ-L at 30
imum recommended bit packing density to approx- kbpi to achievea BERof 10"LThis additional degrada-
imately 15 kbpi, with recorder/reproducershaving a tion is mainly due to three effects:the fast roUoffof the
1-MHzbandwidthat a 60 ips, or, alternatively,limits recorder/reproducerfrequency response above 500the maximumrecommendedbitrateto 90percentof the
recorder/reproducersystem bandwidth. The data in kHz, the nonconstant group delay of therecorder/reproducer,and the chromatic noise spec-figure6-8 showthat BiC_-LperformsbetterthanNRZ-L trum. All these factorsseemto degradeDM morethan
for reproducebit ratesbelow300kbpsat a tape speedof NRZ-L. However, when the reproduce bit rate was
30 ips. BiC_-Lappearsto be the best code wheneverthe reducedto 200 kbps, DM requireda 4-dB lower SNR
bit rate is less than 60 percent of the recorder/ thanNRZ-L for a 10-6BER. The bestcode at 200 kbps
reproducersystembandwidthandis also highly recom- and 30 ips was Biq_-L,which requireda 3.5-dB lower
mendedwheneverthe bit rate is between60 and90 per- SNR thanDM.Thesevalueswillvary,dependingon the
cent of the systembandwidth, recorder/reproducerand bit synchronizerused; the

alignmentof the recorder/reproducer;and, in some

DM and M2Properties cases, the test patternused. The performanceof M_ is
similarto the performanceof DM if a good dc restorer

Delay modulation (DM) and Miller-squared(M2) is used for M_. Figure6-18 presentseye patternsfor
were both inventedby the Ampex Corp. The DM en- R-NRZ-Lat 25 kbpiandM2at 20 kbpi. The tapespeed
coding ruleis as follows:transitionsoccurin the middle was 7V2ips, and the test pattern was a 6-bit ramp with
of all "l's" and betweenall "O's"(ref. 6-7). This is il- each 6-bit word repeated256 times before the binary
lustratedin figure6-12. The maximumtime between valueof the wordwas increasedby one. Theseeye pat-
transitionsis two bit periods,andthis maximumoccurs ternswerephotographedby applyingthe rawreproduce
onlyfor a 101sequence.The 101sequenceis requiredto bit streamto the verticalinput of an oscilloscopeand
synchronizethe DM decoderproperly. The maximum the recoveredbit rateclock to the externalsynchroniza-
dc contentof DM is I/3 andresultsfrom repeated101 tion input. Even though the R-NRZ-L reproducebit
sequences, rateis only 187.5kbps(200kbpsis the minimumrecom-

The Maencodingrule is as follows (ref. 6-10): mendedreproducebit rate)and the R-NRZ-Lpacking
densityis 25percenthigherthan the M_packingdensity,(1) The bit streamis broken into three types of se- the R-NRZ-Leye openingis higherand widerthan the

quences: M_ eye opening. The R-NRZ-L data qualitywas also
(a) Any numberof consecutive"l's" betterthan the M_data qualityunderthese conditions.
(b) Two "O's"separatedby either no "l's" or an The powerspectraof NRZ-L, DM, andM2areshown

odd numberof ones (00, 010, 01110) in figure6-19 for pseudorandomdata.The total power
(c) One"0" followedby an evennumberof "l's" of all threesignalsis the sameandis equalto 0 dB. The

(terminatedby a "0" not counted as part of spectrumanalyzerbandpassfilterbandwidthwasequal
the sequence)(011,01111) to 1/128 times the bit rate for all three signals. This

figureshows that the power spectrumof M_is greater
(2) Types (a)and (b) sequencesareencodedthe same than thatof DM for frequenciesbetweenapproximately

as DM 4 and 28 percentof the bit rate. M_has less energyat(3) Type (c) sequencesare encoded the same as DM
exceptthe transitioncorrespondingto the final"1" is in- frequenciesbelow approximately4 percent of the bitrateandalso has a lowerspectralpeakat approximately
hibited. 28percentof thebit rate.The spectraldensityof NRZ-L
Each of these sequenceshas no de content after en- is greaterthanthat of M_atfrequencieslessthan 25per-
coding, and, therefore,M_ is a dc-freecode. A typical cent of the bit rate,but is less than M_ for most other
M2 sequenceis shown in figure 6-12. The maximum frequencies(exceptionsexistnear 60 percentof the bit
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I

(a) (_)

Figure6-18.--Eye patterns,(Tape speed:7½ ips; testpattern:6-bit rampwith each 6-bit
wordrepeated256 times),(a) R-NRZ--L at25 kbpi.(b) M2at 20 kpbi.

rate, 140percent of the bit rate, etc.). It is difficult to recorder/reproduceras well as the noise spectraat the
relate thepower spectrumof a codeto performancein a recorder/reproducer output. The bit rate wasI Mbpsat
band-limitedenvironmentbecauseof other factorssuch a tapespeedof 30ips. TheNRZ-L datawereerror-free
asgroupdelay(phaselinearity)sensitivityandcriticality and the DM data had a BER of approximately
of certainfrequencies(ref. 6-11). In fact, certainspec- 5 x 10"t
trallycompactcodes may actuallyrequiremoreband- The DM andM=codesarenot recommendedas stan-
width for acceptableerrorrateperformancethan codes dard codes for serial HDDR using RCC standard
with "wider"powerspectrums(ref.6-12). Figures6-20 recorder/reproducersystems because (1) Bi$-L per.
and 6-21 presentthe power spectraof pseudorandom forms betterthan DM and Ma at bit packingdensities
NRZ-L and DM data at the output of a below approximately15 kbpi, (2)R-NRZ-L performs

--10 NRZ_L M2

-6O

0 1 2

Normalized frequenoy(frequenoy/bit rate)

Figure6-19,--PowerspectraofNRZ--L,DM, andM2forpseudorandomdata,
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Figure6-20.--Power spectraof pseudorandumNRZ--L dataandnoise at the outputof a
recorder/reproducer.(30 ips; I Mbps.)
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o

Noise
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FigtLm6-21.--Powerspectraofpseudora_domDM dataandnoiseattheoutputofarecorded
reproducer.(30 ips;1 Mops.)
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better at bit packing densities above 15 kbpi when the The addition of serial HDDR, 240 ips tape speed, and
reproduce tape speed is 15 ips or faster. DM or M2may the new predetection carrier series (2.4 MHz at 240 ips)
be the best code at playback tape speeds of 7½ ips or increases the maximum serial bit rate capability from
lower and bit packing densities between I5 and 20 kbpi approximately 1 Mbps (ref. 6-17) to 6 Mbps for
unless an excellent dc restorer is available for R-NRZ-L. R-NRZ-L, 3.6 Mbps for Bicb-L, and 2,4 Mbps for
However, the required wideband SNR is greater than 15 predetection NRZ-L.
dB for these cases.

PARALLEL HDDR

Other Codes Parallel HDDR was not included in this study. The
Many other codes have been proposed for use in results contained in this chapter may not apply to

HDDR systems. Some of these codes are the Hedeman parallel HDDR systems because many current parallel
codes (refs. 6-11 and 6-13; H-l, H-2, and H-3), the HDDR systems use nonbias recording and narrow head
3PM code (ref. 6-14) and the Quadra-Phase code (ref. gaps and trackwidths. Parallel HDDR also requires the
6-15). These codes were not included in this study and addition of synchronization words on each track of data
are mentioned only as additional information for the in- to allow the reproduce electronics to compensate for the
terested reader, effects of tape skew.

ERROR DETECTION AND CORRECTION
IRIG SERIAL HDDR STANDARD Error detection and correction were not included in

One of the major objectives of this study was to this study. BER's with 50-rail trackwidths, the max-
develop a serial HDDR standard for inclusion in the imum recommended bit packing densities, and good
Telemetry Standards (RCC Document 106-80 (ref. quality wideband instrumentation tape were typically
6-7)). This serial HDDR standard had to be compatible 10-7 or better. Typical telemetry BER requirements are
with current RCC wideband recorder/reproducers and in the range of 10-5 to 10-+. Therefore, no error detec-
also had to provide reliable high-quality data (BER of tion and/or correction is necessary in the recorder/
10-+ or better) when tapes were exchanged between reproducer system to achieve the required data quality.
organizations. These guidelines led to the serial HDDR Error detection and correction are required if BER's of
standard that is contained in the 1980 edition of the better than 10-7 are specified. Error detection and cor-
Telemetry Standards. The recorder/reproducer is set up rection may be required on systems with higher bit pack-
to normal IRIG parameters (bias, bandwidth, etc.), and ing densities or narrower trackwidths.
the nominal record level is 1 VRMS.The recommended
codes are Bic_-Lfor bit packing densities up to 15 kbpi
and R-NRZ-L for bit packing densities up to 25 kbpi. CONCLUSIONS

These bit packing densities are for recorder/reproducers The conclusions reached after analyzing the informa-
that have a 1-MHz bandwidth at 60 ips. A further tion collected during this study are as follows:
restriction on R-NRZ-L is that the reproduced bit rate
must be at least 200 kbps. The complete standard is con- (1) The standard RCC conditions for analog record-
tained in reference 6-7. The codes were selected based ing with bias are also nearly optimum for serial HDDR
on the results contained in references 6-1 to 6-3 and with bias when a wideband RCC recorder/reproducer is
6-16. It was determined that if good performance was used.
to be achieved in an operational environment without (2) The best codes for serial HDDR when using wide-
excessive "tweaking," the technique selected must pro- band IRIG analog recorder/reproducers are Bi_-L and
vide a BER of 10-+at a wideband SNR of 15 dB or less. R-NRZ-L. The maximum reliable bit packing density
This value was based on test results with various tom- for Bi_-L is 15 kbpi. The maximum reliable bit packing
binations of recorder/reproducers, codes, and tapes, density for R-NRZ-L is 25 kbpi. The minimum reliable
The data presented in figure 6-9 give the following bit reproduce bit rate for R-NRZ-L is 200 kbps. Fifteen ap-
packing densities at 15-dB SNR (10-+ BER): NRZ-L, pears to be a good choice of shift register length for the
26.5 kbpi, Bi_oL 15 kbpi, and DM 15 kbpi. The bit R-NRZ-L randomizer.
packing density for R-NRZ-L is approximately 94 per- (3) BER's of 10-_ or better are easily achieved when
cent of the NRZ-L value (0.5-dB SNR penalty) and is, good quality wide-band instrumentation tape, 50-mil
therefore, approximately 25 kbpi. Because Bi_-L per- trackwidths, and the maximum recommended bit pack-
forms better than DM at all bit packing densities below ing densities are used.
15 kbpi, Bi_-L was selected for the standard instead of (4) Tape dropouts are the main cause of bit errors in
DM. serial HDDR when the standard RCC conditions are
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APPENDIX 6-A: TEST METHODS used instead of R-NRZ-L.) NOTE: The results of this
test are a function of the PCM bit synchronizer and

Magnetic Tape magnetic tape used as well as the recorder/reproducer.
Sine Wave Test

Record and reproduce a sine wave with a specified PCM Bit Synchronizers

wavelength. Detect this sine wave with a full wave rec- With recorder/reproducer-See preceding section en-
tifier. A dropout is counted if the output level falls titled "Analog Tape Recorder/Reproducers."
below the nominal level by a specified amount for a With simulated recorder/reproducer-Simulate a
specified length of time. recorder/reproducer by using a linear phase bandpass

filter plus spectrally conditioned gaussian noise. (See
PCM Test fig. 6-22.) The spectrally conditioned noise can be

Record and reproduce a pseudorandom Bi_-L stream simulated using a white noise source plus a simple
at a bit packing density of 15 kbpi, or a pseudorandom resistance-inductance-capacitance filter network or by
NRZ-L bit stream at a bit packing density of 25 kbpi. using the output of a recorder/reproducer in the
Apply the reproduced bit stream to a PCM bit syn- stopped mode. The step attenuator is varied until the
chronizer and a bit error detector. (See fig. 6-22.) BER is 10-6for each bit rate and code to be tested. The
Measure the total bit errors and clock slips in a specified minimum test rates and codes are as follows: (1) 15
number of bits. kbpi, Bi_b-L, (2) 25 kbpi, R-NRZ-L, (3) 200 kbps,

R-NRZ-L. The wide-band SNR is measured with a low
Analog Tape Recorder/Reproducers pass filter set to the tape recorder upper band edge fre-

Record and reproduce a Bi_-L bit stream at a bit quency and a true RMS voltmeter. The wide-band SNR
packing density of 15 kbpi. Apply the reproduced out- for a 10-6 BER should be less than 15 dB for the three
put to a PCM bit synchronizer and bit error detector, combinations of bit rates and codes.
(See fig. 6-22.) Attentuate the input to the recorder until
the nominal bit error rate is approximately 10.6. Record
the difference (in decibels) between the nominal record APPENDIX 6-B: PLOTS OF POWER
level (1 VRMS)and the input level for 10-6BER. SPECTRA OF PCM CODES

Repeat steps in preceding paragraph for 25 kbpi
R-NRZ-L and 200 kbps R-NRZ-L. (If an R-NRZ-L The spectra in figures 6-23 through 6-40 were
encoder/decoder is not available, a 2047-bit pseudoran- measured using an EMR 1510 spectrum analyzer. This
dom NRZ-L sequence at a BER of 3.3 × 10-7 can be spectrum analyzer performs a 1024-point discrete

Fourier transform on the input data. A rectangular
weighting window was used, and the plots are the result
of averaging 256 spectra. The total power in the PCM

[ bit sequence is equal to 0 dB for all figures. The

_ Istep l[ Tape |l [PCMbit ] equivalent noise power bandwidth of the spectrum

Amplifier

lattenuatorM recorder [_l I I synchr°nizer] analyzer was equal to 1/250 times the maximum fre-
o--16 i _ _ quency listed on each plot.

_ _"t BandpassI _ The spectra of two different bit sequences are

filter ! =._-'I_ l presented. Figures 6-23 through 6-26 and 6-32 through
Tape 1_ Lowpass 6-35 present spectra for 2047-bit pseudorandom se-
recorder filter quences. Figures 6-27 through 6-31 and 6-36 through
(stopped) f 6-40 present spectra for a repeated 6-bit ramp with each
or RMS 6-bit word repeated 64 times before the value of the
simulated voltmeter word is incremented by one. The spectra for R-NRZ-L
tape with the repeated 6-bit ramp (figs. 6-28 and 6-37) arerecorder

noise essentially identical to the NRZ-L spectra with the
pseudorandom sequence (figs. 6-23 and 6-32, respec-

Figure 6-22.--Test configuration, tively.
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Figure 6-23.--NRZ--L, 2047-bit pseudorandomsequence.
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Figure'6-24.--Bi¢--L, 2047-bitpseudorandomsequence.
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Figure 6-25.--Delay modulation, 2047-bit pseudorandom sequence.
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Figure 6-26.--MiUer2, 2047-bit pseudorandom sequence.



86 HIGH-DENSITY DIGITAL RECGRDING

0 m

-lO

-2O

,_ -30 Jl

-80 , I i I I ,I , 1 I I
0 1 2 3 4 5

Normalizedfrequency(frequency/bitrata)

Figure6-27.--NRZ--L, 6-bitrampwith64 repetitionsofeachstep.
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Figure6-28.--R-NRZ--L,6.bitrampwith64 repetitionsofeach_tep.
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Figure6-29.--Bt¢--L, 6-bitrampwith64 repetitionsof eachstep.
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Figure6-30.--Delay modulation,6-bitrampwith64 repetitionsof eachstep.
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Figure 6-31.--MIUer2, 6-bit rampwith 64 repetitionsof each step.
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Figure6732.--NRZ--L, 2047-bitpseudorandomsequence.
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Figure6-33.--Bi¢--L, 2047-bit pseudorandomsequence.
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Figure 6-34.--Delay modulation,2047-bitpseudorandomsequence.
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Figure 6-35.--Miller2, 204?-bit pseudorandom sequence.
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Figure 6-36.--NRZ--L, 6-bit rampwith 64 repetitions of each step.
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Figure 6-3?.--R-NRZ--L, 6-bit ramp with 64 repetitions of each step.
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Figure6-38.--Bi¢--L, 6-bitrampwith64 repetitionsofeachstep.
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Figure 6-39.--Delay modulation, 6-bit ramp with 64 repetitions of each step.
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Figure 6-40.--Miller 2, 6-bit ramp with 64 repetitions of each step.



CHAPTER7

Bit Error Rate Performance of Image Processing Facility
High.Density Tape Recorders

Paul Heffner
NASA Goddard Space Flight Center

The Image Processing Facility (IPF) at the NASA the art at that time. MartinMariettadeveloped(under
GoddardSpaceFlightCenter(GSFC)uses high-density contractawardedafter competitivebidding)the serial-
taperecorders(HDTR's)to transferhigh-volumeimage in/serial-out electronics that were packaged in the
data and ancillary information from one system to Honeywell Model 96 Wideband II longitudinal
another. Forancillaryinformationit is mandatorythat recorders.
very low bit error rates (BEg's) accompany the
transfers.The facilityprocessesapproximately10'1bits SERIALIMAGEPROCESSINGFORMAT
of imagedata perday frommanysensors,involving15 The serial format was chosen to conform to the
independentprocessingsystemsthat requirethe use of NASA pulse code modulationtelemetrystandard.The
HDTR's. formatconsists of majorframes that contain a given

This chapterprovidesthe background,technicalap- numberof minor framesdependingon system-driven
proach,andfinalresultsof BEg modifications.Also in-
cludedaregeneraldiscussionsof the formatof the data design constraints, not on HDTR constraints. In all
recordedby the HDTR, the magnetic tape format, videodata processedin the IPF, oneimagescanline,or
magnetictape dropoutcharacteristicsas experiencedin one row of an imagematrix,correspondsto one major
the Image ProcessingFacility, head life history, and frame. There is a hard requirementthat each minor
reliabilityof the HDTR's. frame containa 32-bit synchronizationcode followed

A simplifiedblock diagramof the IPF is shown in by two bytes of minor frameidentification.The flex-
figure 7-1. The principalelementswithin the facility ibility of the general format allowed for optimized
have digitalinterfacemedia.The frontendelementsare designof the image processingsystems.
preprocessorsthataredesignedanddedicatedto process Thereare seventypes of majorframes:
uniquespacecraftsensordata as they appearon incom- (1) Preamble
ing video tapes. The preprocessedimage data are (2) Tapedirection
transferredby high-density digital tape to an image (3) Header
processorwhereimageframing,radiometriccorrection, (4) Annotation
geometriccorrection,etc., areappliedto the data.Proc- (5) Ancillary
esseddata aretransferredto usersviahigh-densitytape, (6) Image
by conversion from high-density tape to computer (7) Trailer
tapes, and by conversionto film and photoprints.

A key requirementof the 16 HDTR'swas that the Imagemajorframesconstitutethevast majorityof all
HDTR recordand reproducea serialbit streamin the data on high-densitytapes. Preamblemajorframesdo
rangeof 500kbps to 20 Mbps.Couplingimageprocess- not carrydatabut serveinsteadasa pilot tone andas a
lng systemsby a serialtelemetrylikebit streamat any filler to maintainbit streamcontinuity.Only one tape
ratebetweenthese two limitsessentiallyallowedany of directorymajorframewillappearon a tape,whilethere
the image processing systems to be optimized for may beaheaderannotation, ancillary,andtrallermajor
throughputwithout the HDTRbeinga limitingfactor, frameswith each imagearrayon the tape. Mappingin.
Onlyone preprocessorsystemin theIPFwasrequiredto formation,forexample,is carriedin theannotationma-
be sloweddown becauseof the 20 Mbpsupperlimitof jor frame,andgeometriccorrectioncoefficientsarecar.
the HDTR.The BERspecificationwas10"6,the stateof tied in the ancillarymajorframe.
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PHYSICAL TAPE FORMAT a fixed longitudinal frame length of 504 bits, including

The HDTR physicaltape format is independentof the the synchronizationword and parity bits. As illustrated
format of the incoming serial bit stream. The HDTR in the figure, if incoming bit n is being recorded on
does not establish synchronization betweenthe two for- channel 12,an evenhead, then bit n + 1is recorded on
mats. Only bit synchronization is maintained during the odd head stack of channel 11,bit n + 3 on channel10 of the even head, etc. Becauseof the separation ofrecord. During playback, the synchronization objective
is to maintain integrity of the order of the reconstructed the two heads, all evenheadrecorded bitswillbe greatlydisplaced from the simultaneously recorded odd headoutput bits as well as the periodicity of the bit rate.

The physical tape format employs 10 of the 14 bits due to the IRIG standard longitudinal head spacing
available tape channels for data. Each longitudinal of 3.81cm. The two-headconfigurationis an advantageto errorcorrectionimplementationandis discussedlaterchannelincludesoverheadbits forbothsynchronization
and dataparity. In discussionof thephysicaltape for- in this chapter.

mat, data impliesall bits that streaminto the recorder. BIT ERROR RATE PERFORMANCE
During playback, the channel synchronizationwords
allow for deskewing the 10 channels of data and TESTING
reconstruction of the data to serial form. During In testingtheHDTR's,the IPFuses twotypes of test
reconstruction,the parity bitsare also removedso that instruments.One is a standardcommerciallyavailable
the output data streamis an exact replicaof the re- pseudorandom bit generator/receiverusing a 2"
cordedinput data stream,in theabsenceof bit errors, pseudorandom sequence. Pseudorandom code gen-

Data andoverheadbitsare packedat 20 000 bitsper erators providea uniform power spectrumand long
trackinch(25.4ram) in thenonreturnto zerocode. Two framelengths.In manycases, thepseudorandomcodes
Inter-RangeInstrumentationGroup' (IRIG) standard providea good measureof tape/head performance,but
heads are used for record so that each head stack do not measurethe end-to-endperformancewith the
recordssevenchannelsinterleavedwith the otherhead powerspectrumof theactualdata. Theothertestinstru-
stack. Each head has a 3.56-mm lateral separation in ment was speciallydesigned for the IPF by the Bendix
tracks. A simplified representation of the tape format is Aerospace Corp. It outputs a serial format similarto the
givenin figure7-2. (TheECC track wasan unusedtrack serial format used to transfer image data from one
in the deliveredsystem.)The HDTR individual channel system to another and it generates the periodic ran-
synchronizationwords are 24 bits in length. Odd parity jor/minor frame sequencewith the standard IPF frame
is inserted after everysevendata bits. Each channel has synchronizationpattern, frame type code, etc. It out-

puts preamble major frames, then a header major
frame, followedby a seriesof imagemajor framescom-

tNowtheRangeCommandersCouncil. parablein volumeto an image matrixof a typicalscene.

24.bit
synchronization

Track 24-bit synchronizationword Data bits Data bits word
A , .o A . * A

/ .... [
2 ECC P 1 2 23 24 P' P' P' P' P' P' P' P P' P' P' P' P' P 1 2 3

3 '_')ata P 1 2 3 23 24 tO 20 30 40 50 60 70 P 80 90 4200 P 1 2 3

4 Data P 1 24 9 19 29 P 4199 P

8 Data P 1 .. 24 8 18 28 P 4198 P
8 _)ata P 1 24 7 17 27 P 4197 P

7 Data P 1 24 8 16 26 P 4196 PL"

0 Data P 1 24 8 15 25 P p,. 4195 p
p _

9 Data P 1 24 4, 14 24 34 P . , 4194 P .

10 Data P 1 24 3 13 .23 33 P 73 4193 F

11 Data P 1 24 2 12 22 32 , P 72 4192 P

12 Data P 1 2 3 23 24 1 11 21 31 41 51 '61 P 71 81 4191 P 1 2 3

Figure7-2.--Simplifiedrepresentationofrecordedtapeformat.Headdisplacementskewnot
shown;ECC(errorcorrectioncode)trackwasunuseduntillatermodificationof the
HDTRforerrorcorrection.(P -- longitudinalparity;P' ---lateralparity.)
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The six-bit video wordsare programmableso that the 10"_specificationunderall conditions of machine-to-
usercan selectvarioussix-bitcombinationsin orderto machine compatibility with pattern data and with
exercisethe HDTRwithpatterns.As a receiver,theunit pseudorandomdataoverall tapespeedsfrom33/_to 120
synchronizeswith the playbackserialdatastreamand , ips. A plot of theresultanttestsappearsin figure7-3.
beginsa correlationwitheachbit, makinga cumulative Note that the averageBERfor all units wasjust under
countof allerrors.Dataratescanvaryfrom506 kbpsto 1 x 10.7andthat only one test resultedin a BER near
20 Mbps. the specifiedlimit of 10-6.

A staircaseramppatternis most frequentlyuseddur-
ing patterntesting,althoughotherpatternscan be pro-
grammed. This ramp pattern consists of 9360 major
framesand providesa total of 3 x 10a bitsper scene. PSEUDORANDOM MODULATION
Embeddedin thevideo portionsof the majorframeis MODIFICATION
the ramp pattern, which consists of the six-bit data

In 1977, GSFC contractedwith Martin Mariettatowords. Eachword is repeated56 timesper rampstep.
Thewordvaluestartsat 0; on the57thwordthevalueis modify each HDTRwith logicthatwould performa 2_
steppedto 1, next to 2, andso on to theend of themajor pseudorandommodulationof the dataprior to record
framewhere the last 56 wordshavea valueof 63. The and to derandomize the reconstructeddata during

playback.The modificationwas implementedto mini-next majorframerepeatsthissequence.Afterthe scene
mizethe effects of patterndatain recordandplayback.of 9360 major frames, there are 200 majorframes of
The BERrate for a given patterntendedto dependonpreamble,followedby anotherscene,andso on. Unless

otherwisenoted, this test patternwas used in all tests the particularHDTR calibrationprocedureused. By
discussedin this chapter, randomizingthe data, there were no tradeoff calibra-

The speciallydesignedpatterngeneratorhasbeen an tion proceduresrequired.Figure 7-4 shows how ran-
important asset to the IPF because it exercises the domizing the serialbits was accomplished. Improve.
HDTR'swith a controlledserialformat that so closely ment in BERwas mildlysuccessful, as shown in figure
resemblesactualdatatransfers. 7-5. The BER of the test population of the HDTR

before and after the modification changedby an ap
INITIAL ACCEPTANCE TEST RESULTS proximatefactorof 2. This, coupledwith thebetterper-

formance of Ampex 79A tapes over Ampex "/87,al.
Acceptance testing of the HDTR's occurred after lowed the IPF to specify HDTR BER performanceat

deliveryin early 1977. The BER performancemet the 2 x 10°_.

1 XlO-S --

6 X lO-e -- Specified BER

1 X10-6 .....

6X10-7 - AverageBERn=,O,9XlO_ 7 •

/ . .o, ,,,o "",t • °= I X10-7 -'go 00 •

m •
o• • •

5 X lO-e --o go •
• • • • o•

• • • • •
• e• • oOO • • • • •I XlO-a --

< 1X lO-a I
o_Oo o• • o_o • • °

(Notto,0.1e) I°'• I I • °1oo I ,• I I I" •1 I I I l I • I I
1 2 3 4 5 8 7 8 9 10 11 12 13 14 15 16

HDTR unit

Figure 7-3.--Acceptance test results from original procurement of HDTR's. (Test pattern:
ramp; tape: Ampex 787; end of test period: Oct. 1977.)
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PseudorandomJ tapes in the operationalenvironment; and the certified

sequence 1... 1101000001 tape was not specifiedas a perfect tape.generator "' A sequenceof tests was run to ascertain the error pro-

) fileof repeated playbacksof prerecorded data on GSA-
Randomized supplied tape. One typical error profile is plotted in
data figure 7-6. The fact that most of the clustered errors

... 11o1oo1oo1... repeated in the same place on tape gave support to the
Serial... OOOOO01OOO... growing belief that bit errors were now primarily tape
data dependent. It was also learned that the vast majority ofstream

(per all errors were single track errors by observation of in-
tape dividual track parity indicators on the front panel dur-
channel) ing playback.

Figure 7-4.--Randomizing the serialdata. Further cluster error data were gathered during the
testing of recorded test tapes that were used for com-
patibility testing with the Department of the Interior, a
user of IPF imagedata. Table 7-1 shows the error data

5 X 10-7 -- •
of thattesting.The resultwasthat 94 percentof all
errors consisted of error clusters greater than 25 bits.

2x _o-7 - Further characteristics of HDTR and tape perform-
ance were sought. There was concern over how many

rsnd HDTR was not adjusted during that time. Figure 7-7

Without timesa recorded tape could be usefully reproduced. The
1x lO-7 - first test was conducted using Ampex 787 tape with a

recorded ramp pattern. The tape data was reproduced5 X 10-a --
once every day for 38 days on the same HDTR. The

" 2xlo-8 - shows the repeated performance of this test. In late
1978, fiveAmpex 79A tapes were similarlysubjected to

i XlO-a - 20 repeated runs. Repeatability was similar to that

Withrandomizer shown in figure 7-7. One tape was repeated 50 times

5x lO-9 - with no sign of degradation, proving that if the tape is
handled correctly and the HDTR heads are cleaned
properly, then tape wear out is not an operational prob-

2x lO-9 -- lem. It wasalso noted during testingand operational use
that rarely, if ever,did the HDTR's losebit synchroniza-

lXlO-S I I I J I I I I I [ tion.
0 10 20 30 40 50 60 70 80 90 100 The HDTR and tape performance were well under-
Cumulative percenttotals exceedingthe indicated BER stood. The HDTR's were stable and predictable in per-

formance. Although the tapes met specification, the
Figure7-5.--CumulativeBER withandwithoutHDTRran- physicalmagnetic tape was now known to be the prin-

domizermodification.(Test pattern: pseudorandomand cipal limitation in BER performance.
ramp;tape:Ampex79A;endoftestperiod:Feb. 1978.)

ERROR CORRECTION MODIFICATION

ANALYSES OF BIT ERRORS Even though the BER over an entire tape may have
been within the 2 x 10-7BER specification,singletrack

Of particular concern were the magnetic tapes being burst errors at timescausedthe receivingimageprocess-
used. The original specification for the HDTR's called ing system to lose identity with key ancillary informa-
for the use of conventional 1-in.instrumentation tapeas tion. At such occurrencesthe receivingsystemmay have
suppliedby the GeneralServicesAdministration (GSA). aborted or may have taken a wrong path with the data.
All acceptance tests were run with the standard at that Complex system-to-system interface problems were
time, which was Ampex 787 tape. By 1978,GSA was tougher to isolate and characterize when data transfer
supplyingAmpex79Atape. Both the 787and 79Atapes from the HDTR was questionable.
wereuncertified tapes,subjected only to sampledtesting There wasconstant effort to improve performance at
prior to delivery. The cost for certified tapes that were the interfaces. In 1978, Martin Marietta began ex-

•100percent testedwasprohibitivefor voluminoususeof perimenting with various techniques of applying error
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220 --

200 -- ? 202u

I
180 -- I o May 12, 1977

I -1I- May 13, 1977
160 -- "71-159 A May 16, 1977

I
• 140 -- IP.

I
o 120 -- A 117
"- -I- 112
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t) i. 8680 --
'_ _) 74
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Major frames

Figure 7-6.--HDTR errordistributionon Ampex 787 tape at 15 ips (2.5 Mbps). (Test pattern:
horizontal gray scale; 9360 majorframes = 3 × 108 bits.)

Table 7-1.-Bit Errors in Clusters=

Total Totalerror
bits Total bitsin Totalclusterbits

bits clusters Totalerrorbits,
Tapeno. inrun, inerror greaterthan percent

X10_° 25bits
1 .................................... 1.10 934 866 33
2 .................................... 1.56 2798 2640 94
3 .................................... 1.04 2 0 0
4 .................................... 1.04 4 0 0
5 .................................... 1.04 851 829 97
6 .................................... !.03 514 480 93

Total .......................... 6.81 5103 4810 94

¢I'est pattern: pseudorandom; tape: Ampex 79A; end of test period: Nov. 1978.

correction to high-density tape recording. In 1979, For the reproduce function, the data are deskewed,
GSFC established a contract with Martin Marietta to realignedin matrix form, and temporarily stored prior
modify the IPF HDTR's with a single-looperror correc- to removing the data in serial form. This matrix can be
tion capability, representedby figure 7-2, with the inclusionof the error

The single-loop system herein is defined as the error correction code (ECC) track. Logic is readily designed
correction method that employs one extra track of the to monitor the individual longitudinal track parity bits
longitudinal tape. Logichardware is added so that this during this process. The logic also monitors the extra
extra track carries a lateral (across track) odd parity, lateral parity channel. Any channel determined to have
The parity bit is determined prior to recording each 10 bit errors is examinedalong a given region surrounding
bits of lateral data on the 10 tracks of tape. its parity errors. For that region, the lateral paritybits in
Longitudinal parity had already been included in the the outside channel are also examined. Data bit errors
record process as discussed earlier, are then located by the intersection of the error produc-
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0

1 5 10 15 20 25 30 35 40

Days

Figure 7-7.--Repeatability of HDTR unit and tape over 38 days without readjustmentof
HDTR. (Greater than 1.2 X 109bits per test run; test pattern: ramp; tape: Ampex 787;
end of test period:May 1977.)

ing longitudinal track and the error producing sets of 10 loop system. Dropouts larger than 3.56 mm (three
lateral bits as determined from lateral parity errors, tracks or over) were expected to be extremely rare.
Each bit in error is changed to complete the correction Acceptance of each modified HDTR was made after
process. (See fig. 7-8.) exercising the HDTR at all tape speeds with 10 random-

The reason the single-loop system was preferred over ly picked Ampex 79A tapes. After making all runs, the
multiple-loop systems was to conserve on track usage, error correction logic was disabled and the HDTR was
cost, complexity, and risk of modification. In addition, retested in its old configuration. Figure 7-9 provides the
the causes of bit errors by past history in the IPF were results of this testing. With the error correction logic in
well characterized. As shown previously, the majority place, 67 percent of all tape runs gave a perfect
of errors were in clusters and by observation were reproduction of the input data; i.e., no errors. Note that
known to be almost entirely single track oriented at any the average BER of all runs was a very low 3.6 x 10-1°.
one time. A review of existing documentation also sup- This average BER was 389 times better than the average
ported the generally accepted view that tape dropouts of of all runs with the error correction logic disabled. Over
state-of-the-art commercially available instrumentation 300 km of tape were recorded and played back to verify
tape were usually less than 0.76 ram. The two head con- the performance. The advantage of the error correction
figuration provides an equivalent track spacing of 3.56 is clearly seen. The last HDTR unit was modified and
mm for simultaneous errors on a single head. A dropout put back on line in May 1980.
on tape that covers two of its adjacent tracks does not

reach the next record head until approximately 105bits OPERATIONAL PERFORMANCE
later. Therefore, simultaneous two track errors for a
single head system become two time-separated single The IPF performs routine operational level testing. In
track errors; such a dropout is recoverable by a single- this testing each HDTR interface pair (the output

-_Ba d column
LPchannel ... P P P P P P P P P P P P P P P P P P P P P P P P P P P P P P P P P ..
Channel 1 ... o o o o o o o B o o o o o o o B o o o o o o o B o o o o o o o B o ..
Channel 2 ... o o o o o o o B o o o o o o o B o o o o o o o B o o o o o o o B o ..
Channel 3 ... o o o o o o o B o o o o o o o B o o o o o o o B o o o o o o o B o ..
Channel 4 ... o o o o o o o B o o o o o o o B o o o o o o o B o o o o o o o B o ..

Channel 5 ... o o o o o o o B o o o o o o o B o o o o o o o B o o o o o o o B o ..
Channel 6 ... o o o o o o o B o o o o o o o B o o o o o o o B o o o o o o o B o ..
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Channel 9 ... o o o o o o o B o o o o o o o B o o o o o o o B o o o o o o o B o ..
ChannellO ... o o o o o o o B o o o o o o o B o o o o o o o B o o o o o o o B o ..

o-----_Data bit

P-----_teral parity Badrow Figure7-8.--E_r de_on during
B"'-"_Lo ngit ud inaI parity (channel) reproduce.
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Average BERwithout error
correction= 1.4 X 10-7
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0 With error correction • Without errorcorrection

Figure7-9.--Error correctionmodificationtest results.(Test pattern:ramp;tape: Ampex 79A;
end of test ped_h May 1980.)

HDTR on one system to the input HDTR on the receiv- for the most heavily used HDTR's is given in figure
ing system) is exercised. The bit pattern generator is 7-10. Each plot is a least-square fit to monthly HDTR
used to record on the first HDTR at the exact same data data. Note that one set of heads lasted beyond 5000 hr,
rate used by that unit. The recorded test tape is then and none have failed below 2000 hr. Three other units
played back on the receiving system at the exact are beyond the projected 3000-hr lifetime of the ferrite
reproduce rate of that HDTR, and the BER is heads.
tabulated. This is performed for every operational pair

combination in the IPF. Twenty-one pair combinations CONCLUSIONS
are tested every 2 weeks.

In addition to BER performance, the IPF monitors GSFC successfully improved the performance of its
emergency and fractional failures of all equipment, a HDTR's in the IPF. The first improvement was the ad-
fractional failure being a failure that does not put the dition of pseudorandomization of the data just prior to
system down. From October 1976 to January 1981, the actual recording to reduce the adverse effect of pattern
average of all HDTR mean time between failures data. This was mildly successful and afforded a BER
for emergency failures was 2699.2 hr. The worst-case improvement of about two to one. This coupled with
HDTR had an emergency mean time between failures of the use of newer and better uncertified tape, Ampex
555.2 hr. During the same time period the average mean 79A, allowed GSFC to improve the BER specification
time to fractional failure was 1780.2 hr, and the worst- to 2 x 10"7.
case HDTR had a fractional failure at 416.4 hr. Investigative work at GSFC included characterization

Also of interest is the headlife of the HDTR's. The of the types and causes of bit errors, in addition to
HDTR's employ solid ferrite heads. Tape tension is set research being done in the field, and led to the final
at 8 oz. During operation the heads are lightly cleaned modification of HDTR's. The modification of the
during each change of tapes. A plot of the head run time recorders for error correction was highly successful.
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Figure7-10.--Head runtime forHDTR's. (Least-squarefit to datafromFeb. 1979to Sept,
1980.)

After extensive testing of all recorders, the average BER ment is extended to Constantin Rauta of the Computer
was shown to improve by a factor of 389. Science Technicolor Associates for independent deter-

The new performance of the recorders allowed the ruination of mean times between failure and head life
BER specification to be changed to 2 x l0 "9,an im- statistics.
provement of 500 to 1 over the original state-of-the-art
specification for HDTR's. This improvement coupled BIBLIOGRAPHY
with the statistically proven operational reliability of the Heffner,Paul; Connell,Edward;and McCaleb,Fred:"High
HDTR's has enabled IPF to accurately transfer data Data Volume and Transfer Rate Techniques Used at
from one system to another during image processing. NASA'sImageProcessingFacility."MarshallSpaceFlight

Center/Universityof Alabama(Huntsville)Data Manage-
ment Symp., 1977.
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CHAPTER8

The Density Upgrade:Mark III A (A Future Improvement of
the Mark III VeryLow Baseband Interferometry System)

H. F. Hinteregger
Haystack Observatory

At present, the Mark III acquisitionsystemrecords Table 8-1.- Cost Comparison of Mark Ill and Mark
up to 28 channels,each with up to 4-MHz(normally2 III A Acquisition Systems"
MHz) bandwidthfrom two separateintermediatefre-
quencybands,onto28trackson 1-in.-widetape,usinga Item MarkIII, MarkIIIA, b103dollars 103dollars
longitudinalrecorderwith 2 fixed headsper track.One Tapeshipping.............. 100 8
head writesand a correspondinghead readseach for- Tapestock................. 100 10
mattedchannel. The bit (transition)densityis 1.3//_m Headreplacement.......... 15 7
(33333/in.), andtracksare640/an (0.025 in.) wide. Total ............... 215 25

A long-sought order-of-magnitudedensity increase, "30-percentdutycycle;56-MHzbandwidth;per year.Mark IIIA
called MarkIII A, has been plannedfor the recording wouldincreasedensitybya factorof l2, reducetrackwidthbya factor
system.We expectto reducetrackwidthto 40_m initial- of 16 from 640 to 40 v.m, and move the headstackat a rateof 60
ly so that 336trackscan be recordedin 12passesof the _redpassfor 12passes.
tape. Thus, one 9200-ft tape will last for 3 hr while 'Thecost to modifyan M96taperecorderfora MarkIIIA applica-

tion is $20,000.recording 56-MHz bandwidth,or a total of about one
terabit(10t"bits).

Developmentefforts at HaystackObservatoryduring
1980-82 have been funded by NASA in support of transport,headslandtapes)couldsupporta majorden-
geodeticapplicationsunderthe crustaldynamicsproj- sityincreaseandto selectthosewhich appearedto max-
ect. Thedensityupgradeis probablyevenmoreusefulto imize "upgradeability."
astronomythan geodesy,however. Certainlymostfortunatein this regardwasthechoice

In the near future both conventionalgeodetic and of the Honeywell96 (longitudinal)tape transport.To
astronomicalverylow basebandinterferometrysystems the best of our knowledge,the :t=0.25-/antrackingcon-
(the former with more widespreaduse of small trans- sistencyof the Model 96, measuredindependentlyby
portableantennas and the latter with dedicated net- optical(edgedetection)andmagnetic(offset playback)
worksof largefixedstations)willbe pressedto conduct testsandmaintainedundermachineinterchange,is un-
observationswith high dutycycleas wellas wideband- matchedby even the best of narrowtrackvideocassette
width. However,with the originaldensityof MarkIII recorders(VCRs).This is an upperbound on tracking
recording,supportingobservationsat 56- or 112-MHz inconsistency that excludes characterizable (hence
recordedbandwidthfor morethana few percentof real removable)machineanddirection-dependentfixedoff-
time is not practical.(See table 8-1.) Clearlyan order- sets and the slightbut systematicdifferencesbetween
of.magnitudeincreasein densityis neededto makehigh the forwardandreversetracking"signature"of a given
duty cycle use of such a widebandsystemsufficiently pieceof tape. The Model 96 will contributenegligibly
economicandmanageable. (lessthan 0.1 dB) to head/trackmisregistrationlosses

Theneedfora majordensityupgradewasanticipated when trackwidthis reducedto 40/_m. Itcouldevensup-
early in the design of the Mark III system. But port tracksas narrowas 2.5 micrometers.
technologywasnot sufficientlyadvancedin 1975to per. Our presentgoal, an order-of-magnitudeincreasein
mit a first implementationwith muchhigherrecording density,can be met by takingadvantageof the second,
density.Nevertheless,we attemptedfrom the outsetto now fully mature, generation of tape. The second-
judge the degree to which critical components (tape generation tapes are variously termed "professional

103
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video" (PV), "digital audio," "advanced instrumenta- improvementsshouldalone eventuallyyielda three-fold
tion", or "video home system(VHS) equivalent," These increase in volume density. The planned density
high-coercivity(650-Oe)tapes representat least a 12-dB upgradewould automaticallyaccept suchimprovements
improvement upon first-generation instrumentation but is not dependent on them.
tape in the present system. This 12-dB signal-to-noise Order-of-magnitude increases in volume density,
ratio (SNR) improvement can be traded exactly, in however, can come only from the third approach,
theory, for a 16-fold reduction of trackwidth, drastic reduction of trackwidth and spacing. This is

An additional 12-dBimprovementprovidedby third- because the SNR of a tape-noise-limitedmagnetic re-
generation tape in the future will encourage another cording varies only as the square root of the trackwidth.
trackwidth reduction to 2.5 inn, with no net reduction Thus, every 3 dB of excessSNR above that required in
of SNR or increase in error rate. One such third- practice to maintain an acceptablysmallerror rate is ex-
generation tape has been developed;its generic name is pended most efficiently by halving trackwidth, hence
"vacuum video" (VV)tape. A hand-held camera/VCR doubling density.
using VVtape is expectedto be on the consumermarket Numerous tests havebeen performed to estabish that
within a year. certain modern tapes such as Fuji H621, Sony VI6,

Thus, 3-t_mtrack spacingor 8000-tpirecording begins 3M5198, and Ampex 721 can guarantee an SNR more
to seem feasible,givenmature third-generationtape and than 12 dB higher than that which can only now be
the +0.25-t_mtracking of the Model 96. A +0.25-t_m maintained as an acceptable worst casewith instrumen-
accurate headstack, and environmental control of tation tape. The new tapes are replacing conventional
tapewidth and headstack length would also be needed, instrumentation tape like Ampex 795 and 3M892in the
In addition to a 20-fold further reduction in track spat- Mark III system.
ing, we can anticipate, with third-generation tape, a We plan, therefore, to exchangethis 12 dB of excess
halving of tape thickness and a 2- to 3-fold increase in SNR for a 16-foldreduction in trackwidth. Becauseour
transition density. We project that a full and natural present (fixed)heads are 640/_mwide,the trackwidth of
evolution of the upgrade will, by 1990,make possible new heads will be 40/_m.
recording 80 to 120 terabits on a single 14-in.-diameter We plan to use headstacks organized like the present
reel of inch-widetape. A total recorded bandwidth of (fixed) ones. A stack is an array of heads uniformly
about 1 GHz can be obtained by quadrupling the nor- spaced along a single (gap) line so as to span (slightly
mal (2-MHz) channel bandwidth and quadrupling the less than) the full 1 in. width of tape. The simplest
number of channels (all within the framework of the system results if all 28 channels are carried in a single
present parallel Mark III system architecture). By 1990 stack. We prefer in addition to have at each end of a
it should, therefore, be practical to record 2 Gbps of stack an extra head used to monitor head-to-track
data continuouslybecause it willtake about 12hr to fill registration near both edges of the tape; the case is
the 100-terrabitbucket, thereby anticipated in which normal guard bands be-

tween adjacent tracks on tape are allowedto shrink to a
THE CHOICE OF MEANS small fraction of trackwidth. Thus a single stack of at

Volumedensity of magnetictape recordingcan be im- least 30 or a pair of 16-head stacks is desirable.
proved in three ways:Bitscan be made (1)shorter by in- Specifically, because it fits these needs nicely,we now
creasing transition density, (2) thinner by reducing tape advocate adopting the IRIG PCM-format head pitch of
thickness, and (3)narrower by reducingtrackwidth (and 762/_m(0.030 in.) as a standard for Mark III A, which
guard band), should be maintained by any future replacementstacks

Significant but inherently sharply limited density im- featuring further reduced trackwidth and greater ac-
provements can be anticipated from the first two ap- curacy of head placementwithin the stack.
proaches: Specifically, the higher resolution channel We plan to provide an electrical headstack interface,
resulting from the combination of VHS-equivalent similar to our present separate read and write head in-
(0.33-t_mgap) heads and VHS-equivalent tape en- terfaces, which under electronic control will permit

•courages a 50-percentincreasein transition densityfrom reading or writing with the same stack. One 30-head
1.3 to 2.0 per micrometer (33.3 to 50 kilofiux changes single-stack assembly interfaced in this way will then
per inch (kfci)),with only a 6- to 7-dBresponse rolloff, support the entire Mark III system. A pair of identical,
Also, considerthat currentlyavailable inch-widetape is independent assemblieswould provide not only highly
26 t_mthick, while VHScassette tape is now supplied in desirable redundancy for thit, critical subsystem, but
13-as wellas 17-/_mthicknesses.As much as a doubling also (probably) a bidirectional read-while-writing
of volume density therefore depends only on manufac- capability, and certainly the option to double the
turer's willingness to supply the thinner tape ap- number of channels simultaneouslyavailable (doubling
propriatelyslitand packaged.Taken together, thesetwo the maximum systembandwidth).
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We expect to be able to replace any of the present Honeywell 96 system would remain much more natural-
four fixed headstacks by a new assembly or ly open to at least another order-of-magnitudeimprove-
"headblock." This headblock will house not only the merit in both bandwidth and density in the not-too-
narrow-track headstack, but also position actuator, distant future.
position sensor, temperature sensor, ballast resistor, As has already been discussed, our efforts to date
and intimate head interface electronics, leave no doubt that the third judgment (above) was cor-

The required positioner must be capable of rect.
translating the block at least one head spacing, The first judgment, too, has been confirmed. From
specifically 762/tm (0.030 in.), in the cross-tape direc- among several devices that could in principle satisfy'
tion so that the wide space between narrow heads can be reasonable specifications for a positioner, we have
accessed in trackwidth-plus-guardband increments and selected the piezoelectric "inchworm" as actuator and a
the tape fully recorded in multiple passes. The posi- linear variable differential transformer as sensor.
tioner is admittedly a complication of the recorder. Its The second judgment, that VCR head and tape
complications, however, are small in comparison to technology could easily be transferred to the
those introduced by other conceivable means of achiev- longitudinal machine, was optimistic, however. Every
ing the same required combination of bandwidth and critical aspect of feasibility has now been demonstrated,
density in a longitudinal machine. Assuming an initial but a full prototype is still incomplete. This is because
12-pass format, an equivalent fixed head-per-track though one prime requirement (VHS-equivalent per-
system would, for example, require 336 heads to be sup- formance) was met by our contractor's early prototype
ported. Sufficiently dense packaging of heads for such a headstacks, and the other one (+ 3-/_mhead placement
system is, among other things, beyond current state of accuracy) was met by later prototypes, no headstack has
the art. yet been received that meets both.

An equivalent to the upgraded 28-channel,

longitudinal recorder would be a "black box" consisting PROGRESS AND PERFORMANCE
of a bank of 28 VCRs, each supporting one channel. BUDGET
Only with 28 VCRs is the comparison fair, because,
with equivalent tape and heads, channel bandwidth Aspects of feasibility that have now been
limitations are the same for both kinds of machine. The demonstrated include the following:
bank of VCRs would be no more expensive than a single
properly outfitted longitudinalmachine, and to makeit (1) +0.25-ktm tracking consistency with the
operational for VLBI would probably require the least Honeywell 96
engineering effort (none in the critical and specialized (2) "Inchworm" plus linear variable differential
area of the head/tape interface). The drawbacks of this transformer positioner with submicrometer accuracy
approach are perhaps largely a matter of taste, especial- (3) Several sources of suitably high-output, consis-
ly if only short-term benefits are considered. A bank of tent, low-abrasivity tape capable of maintaining and/or
28 VCRs is awkwardly large. Any straightforward restoring head performance
parallel growth of the system for increased bandwidth (4) Method of contouring heads to maintain high-
results necessarily in a proportional increase in hard- speed performance
ware and hence in physical size. Not so for the (5) Prototype headstacks with all head edges ac-
longitudinal machine that would not grow even if it curately located within ± 3-ttm
were outfitted with four blocks of 28 channels. The (6) 60-dB bandedge SNR (2 MHz at 120 ips, 3-KHz
number of cassettes to be handled, too, would be at slot) from 50-/_m-wide heads and Fuji H621 tape, about

3-dB higher than can be maintained on 640-/zm-wide fer-
least an order of magnitude larger in a multi-VCR
system than the number of reels in the multichannel rite heads and average instrumentation tape
recorder system (because the tape area of the standard The expectation of at least 59-dB average bandedge
9200 ft x 1-in. reel is 22 times that of a VHS T-120 SNR (see table 8-2) is obtained by derating that ob-
cassette), tained with 50-/,m wide heads 1 dB. The bandedge SNR

The decision in 1980 to stay with the longitudinal is intended to be a measure of intrinsic head perfor-
multichannel approach was based on the following mance and is, therefore, obtained by using the same
judgments: (1) providing a sufficiently accurate posi- head to write and read a reference tape. The 73- to
tioner (actuator and sensor) was considered a 75-dB SNR often obtained for all 640-/_m-wideheads in
straightforward task, especially because no active track- a Honeywell ferrite headstack suggests that 40-/_m-wide
ing servo was required; (2) critical aspects of VCR head heads could average 61 to 63 dB, perhaps 3 dB better
as well as tape technology could simply be transferred to than our minimum expectation.
the multichannel recorder; and (3) the longitudinal We budget for ± 1-dB variations in the intrinsic
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Table 8-2.-Expected Head/Tape Performance* To maintain initialoptimum performancefor the life
of a head, it is necessary to optimize and stabilize theParameter Value
tape-to-head pressure, thus geometry as wellas the sur-MinimumAverageBandedgeSNR(2MHzat
face condition of the head/tape interface is important.120 ips, 3-kHz slot), dB .................... 59

Tape variations (Fuji H621 reference), dB ...... + 1 We have developed a "stepped"head contour that does
Headvariations, dB ......................... + 1 this successfully. A pair of shallow steps cut 150 /_m
Temporarydegradation,dB .................. < 1 equidistant from and parallel to the gap line limits the
Permanentdegradation,dB .................. 0 areas of head/tape contact and discouragesan air bear-

Intrinsicworst-caseSNR,dB ........... 56 ing from forming. The radius of the sharply defined
Interchangeloss: contact area quicklystabilizes.As a result, we can now

Headedgelocationtoleranced+3 t_m guarantee that initial performance at high (120 to 360
(implies6 tzmor 15percentmaximum ips) speedswill be maintained, even with the smoothest
loss), dB ............................. - 1.5 tapes like 3M 5198.

Environmentaltapewidthchange: The stepped-headcontour has a major sidebenefit. It
AT = 6 C (implies2 tanor cleans even the best of the new tapes. This is evidenced

5 percentmaximumloss),dB ..... -0.5 by a typical 10-foldreduction in error and bit-slipratesAH = 30percentrelativehumidity
(implies4 panor 10percent hfter a singlepass. The steppedhead contour has been
maximumloss),dB ............. -1.0 fielded in the present system as a modification of ex-

Maximumtotal interchangelosses,dB ... -3 istingHoneywellheads. Only with this modification has
it been possible to limit the degradation caused by in-Total worst-case SNR, dB .............. 53

Theoreticalguaranteedhiterrorrate ..... < 10-' strumentation tape so as to maintain a -4- to -6 dB-
degraded "operating point" and, in spite of that, error

•40-/antrackwidth, rates of about 10-'.
The figure for intrinsicworst case SNR takes into ac-

count all factors except losses due to head/track
1.5-/_mwavelength response of suitable new tape. Fuji misregistration. Assuming past experience with wider
H621 became our standard of reference whenwe found tracks and instrumentation tape yieldingthe same 56-dB
it had tape-to-tape variations of only :!:0.5 dB. The im- bandedge SNR is relevant, error rates of 10-6to 10-7are
plicit reference to the Fuji "centerline" in our perform- expected. Error rates of about 10-6have, in fact, been
ance budget makes it a little optimisticbecause, for ex- obtained with 50-/zmwide heads and Fuji tape usingthe
ample, 3 M 5198average responseis about 1 dB lower, present head interface electronics with quickly made
The consistency of tape response required is far higher (probably not optimum) gain and equalizer modifica-
than that obtained with conventional instrumentation tions.
tape, for which a + 3- to -8-dB spread, about a 9-dB Head/track misregistrationlossesmust also be taken
inferior centerline, is not uncommon. Such variations into account. Narrow 40-ttm-widetracks and the re-
were not expectedwhen Mark III first became opera- quirement on machine interchange to read simul-
tional; wehave nowdecommissionedmore than 35% of taneously all simultaneously written tracks lead to the
our instrumentation tapes for failure to meet our new and stringent head edge location tolerance of
original - 2 dB worst-caseexpectation. + 3 t_mfor all heads in a stack. This tolerance permitsa

In addition, new tapes like Fuji H621 and Sony V16 1.5-dB loss of signal corresponding to minimum
cause no measurable degradation, unlike instrumenta- head/track overlap of 34 tzm.
tion tapes, whichhave beenfound to rapidly and severe- Not to be overlooked is the fact that tape width
ly degrade (ferrite) head performance. In our ex- depends on temperature and humidity. The respective
perience, if 10instrumentation tapes are run once each expansion coefficients are such that a change of 6 C
over fresh heads, a 6-dB degradation of initial (op- moves the edge of an inch-widetape 2/zm with respect
timum) bandedge response typicallyresults, to its center, and that a 30-percentchange in relative

We have found that Sony V16is too abrasive for full- humidity moves it 4 t_m. A worst-case combination
time use in our system,but that it acts to restore degrad- results in an additional 1.5-dB loss for edge tracks. No
ed performance. If used on a 10-percentbasis, it limits extraordinary environmental controls are needed to
the slight and very gradual degradation caused by 3M keep room temperature between 20 and 26 C and
5198to 1 dB. relative humidity between25 and 55 percent.

On the other hand, we can project an extremelylong Note, we must also take care to keep stable the
12 000-hrhead life with Fuji H621tape under extremely temperature of each headstack so that its thermal ex-
(greater than 70 percent)high humidity conditions. The pansion does not also contribute to misregistrationloss.
abrasivity of 3M 5198appears to be at least equallylow. When, in the future, it becomes possible to obtain
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headstacks with substantially improved head edge loca- into a "tip-plate" that when bonded to a base containing
tion tolerance, narrower heads and smaller guard bands an appropriately matched array of wound "back cores"
(continued evolutionary density improvement) will be (fluxors) becomes the completed stack.
desirable. It should not be difficult to support further Unfortunately, the January 1982 as well as the June
improvement and compensate for environmental in- 1981 prototypes exhibit very poor performance. One
stability by controlling head temperature and/or tape difference between the early prototypes with acceptable
tension (vacuum). The effective gain of the latter can be performance and the later prototypes stands out: Only
increased by placing grooves between heads, the early prototypes used production VHS head tips.

In July 1980 we let a contract to develop the narrow- The later ones appear to be an unsuccessful attempt to
track headstack to "production readiness" in, we were "reinvent" the earlier technology.
led to expect, 2 months. Partial prototype stacks that Our contractor concluded in May 1982 that the per-
just met performance expectations were delivered in formance problem was due to the use of improperly
January 1981. oriented single crystal ferrite in the later prototypes. A

The improperly contoured "samples" sent in October voluntary continuation of our contractor's effort (not
1980 were then modified and also found to perform under contract) has led to a fifth generation of pro-
comparably well. The partials of January 1981 and the totypes, and a sixth is expected shortly. The fifth pro-
samples of October 1980 failed, however, to meet the totypes, obtained in July 1982, were once again made
basic head placement accuracy specification by an order from hot pressed ferrite like the early ones, but worked
of magnitude, no better than the third or fourth generations, thereby

A third generation of partial prototype stacks, proving that single crystal orientation is not the (main)
delivered in June 1981, met that requirement, but only problem. The solution to the problem, it seems, lies in
at the expense of adequate azimuth accuracy. Perform- direct use of the VHS gapped bar or in an exactly copied
ance was 14 dB or more below expectation, process. Alternatively, by making use of the highly

In January 1982 four full 32-head stacks were evolved grinding techniques used to pattern gap bars,
delivered that, except for systematic pitch errors later we may now be able to accurately trim even used
brought under control, met the head placement ac- Honeywell headstacks to our new requirements.
curacy specification. These last prototypes under our
original contract also represented a switch from CONCLUSION
superaccurate discrete head-tip assembly methods to an The groundwork for Mark III A has been carefully
easy-to-manufacture "comb" headstack construction, laid. All known aspects of feasibility have been

We had expressed a preference for the latter approach demonstrated. Solutions have been found to the subtle
from the outset. From our point of view, the headstack but extremely important problems of consistency and
required could most easily be obtained with the least maintenance of head/tape channel performance. These
technological risk by using (1) a mass-produced VHS solutions have been applied to the present system, and
"gapped bar" to obtain both the intrinsic consistent per- hence verified by operational use as well as by extensive
formance of the VHS head and the sufficiently accurate laboratory tests. The delay caused by the inability, for
head pattern that specialized production grinding more than 1 year, to reproduce the excellent perform-
machines can put into such a bar and (2) a simple ance of early prototypes is a real concern, but the re-
"comb" construction similar to that employed by maining question about Mark IIIA is "When?" not
Honeywell to adapt such a "patterned" bar by making it "Whether?"





CHAPTER9

Modular High-Density Recording System Using an Alternating
Disparity Block Coding Scheme

MartinDavidson
The Johns Hopkins UniversityApplied Physics Laboratory

The high-densitydigital array tape recording and Thedataarerecordedat bitpackingdensitiesthat de-
reproducingsystem(DATARRS)wasdevelopedfor use pendon thedatabit ratesandthetapespeed.Figure9-2
in The Johns Hopkins University Applied Physics indicatesthe operatingpoints for the specifiedupper
Laboratory's(APL's)oceanographicmeasurementpro- limitof 33 kbpipertrack,andfor a "typical"densityof
grams.The electronicinterfaceequipmentenablesany 21.5 kbpipertrack.Thepointsareindicatedfor opera-
standard 14-track wideband analog tape recorder/ tion with and without the errorcorrectionequipment.
reproducerto be used as a digitalrecorderwith a high
throughputrate.Datawith throughputratesof up to 45 REPRODUCINGOPERATION
Mbps are recordedon magnetictape atbitpackingden- During tape playback, the DATARRS playback
sitiesof up to 33 kbpipertrack.Therecordeddatacan digital interface controls the tape recorderplayback
be reproducedat or below the recordedrate with an speed;synchronizes,channeldecodes,deskews,andde-
averagebit errorrateof 1 in 107. jittersthe data;andchecksthe datafor channelcoding

The digital interfaceis packaged for field use with errors.As a resultof the last operation, the playback
APL.ownedportabletape recorders/reproducers;how- digital interface generatesinformation on data quality
ever, the interfacecan be used with the laboratoryor on a line-for-linebasis with channeldecodeddata. The
portablestandardinstrumentationrecordersof any playbackdigitalinterfacedataanddata-qualityinfor-
manufacturer.DATARRSalsocanbe usedwitherror mationarefedtotheerrorcorrectionequipmentforcor-
correctionequipmentat a throughputrateof 38Mbps rectionand transferto a processor.DATARRScan
to providea reducedbit errorrate of 1 in 10z0.The in- functionwith the tape recorder/reproduceras a stand-
terface provides a high-density digital recording aloneunitor in conjunctionwithAPL errorcorrection
capabilityfor manydataacquisitionandprocessingap- equipment.
plicationswherelow errorrates are required.

RECORDING OPERATION CHANNEL ENCODING
The tape recorders/reproducersfor DATARRSare

Figure9-1 is a simplifiedblockdiagramof the system longitudinal14-trackinstrumentsthat use a nonsatura-
in which DATARRSis designedto operate. Control tion direct-recordmethodwithbiasto recordthedigital
lines and clocks are omitted for simplicity. Fourteen dataon tape. Eachtrackis essentiallya basebandchan-
datachannelscanbe accommodated.If errorcorrection nel that usuallyrequiresthe sourcebinary information
is desired,either2 or 6 of the 14channelswill be pre- to be encoded in a format more suitablefor transmis-
emptedfor paritybits and 12 or 8 of the channelsfor sion. The selectedcodingschemeisa lowdisparityblock
databits. code (N,c;D), whereThe recorddigital interfaceacceptsup to 14parallel
lines of clockedNRZ-Ldata or parity bits. It converts N= numberof NRZ-L binary"data"bits that con-
the NRZ-Lbitsto a recordingcodethat is moresuitable stitutea sourcecode block
for the channel bandwidth of the tape recorder/ c=number of binarybits in the recordingchannel
reproducerand controlsthe recorderspeed. The en- code word or character
codingdataare recordedon magnetictapeusingstand- D= disparityof a recordedcode wordor character;
ard analogtechniques, i.e., the excessnumberof + l's over -l's
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Recording operation Reproducing operation
I
| Error-corrected

Clocked | Channel-decoded clocked digital

'Analog Clocked digital words Clocked data/ channel-encoded | deskewed, clocked raw data words

input (8, 12. or 14 channels parity words record words | Reproduce signals data/parity words (8, 12, or 14 channels

data NRZ--I.) (14 channels NRZ--I.) (14 channels [5,6] encoded)| (14 tracks [5,6] coded) (14 channels NRZ--L) NRZ--L) ,_

cond_ioner, correction digital tape recorder/J correction To
d_gitizer, encoder reproducer I digital decoder Data qualit_ processor
and forma_er ( ECE-'} interface (ECD) _>

1(14) r"

| Data quality (14) Error, syndrome, and
• I / 0

!- other signals (14)
DATARRS equipment __

Figure 9-1 .--Simplified block diagram of errorcorrecting high-density digital tape recording/
reprintingsystem.
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In particular, the code is a combination of the (5,6;0) Cattermole (ref. 9-6, ch. 4) discusseslow disparity
and (5,6;+ 2) block codes; it contains a set of zero- block codes in a general pulse code modulation (PCM)
disparity words and a set of word pairs with corn- context. Franklin and Pierce (ref. 9-22) discuss zero-
plementary disparitiesof + 2. Seetable 9-1. Word selec- disparity codes in particular. The familiar Manchester
tion from the complementarysubcodes is performed in code is the simplest of zero-disparityblock codes. (See
alternation. Thus the encoded bit stream exhibits a table 9-3). Halpern (ref. 9-23) has proposedthe (4,6;0)
tightly bounded digital sum variation that, word by code for high-densitywidebandmagneticrecording. His
word, can alternate only between -t-2. approach also involvesthe use of a linear receiver and

The code words, with zero-disparity or alternating maximum-likelihoodsymbol detection. Morizono et al.
+2 bit disparity, are grouped with a unique tape syn- (ref. 9-8) report the use of the (8,10;0) code.
chronization word and are outputted as continuous bit Enhanced-NRZ (ref. 9-9), on the other hand, is a
streams that match the channel bandwidth better than disparity reduction schemerather than a low disparity
the source data, while maintaining a reasonable overall scheme.
efficiency.The data throughput whenoverhead bits are If we assumethat NRZ-L data of a given bit rate is
used is shown in figure 9-2 for the channel encoding, presentedto the encoder, the "code rate" (table9-2) of a
with and without error correction, block code is taken to be N/c, the ratio of source data

bits to code word bits recorded on tape.
BLOCK CODING CONSIDERATIONS Therelative bandwidthis the bandwidth required for

Low disparity block codes could be more useful in the synchronous detection of a singlecode bit, relative
high-density recording applicatio,s than some other to that required for an NRZ-L data bit. We assume
coding schemes now being used. In particular, zero equal energy difference signals and correlation (op-
disparity and alternating disparity block codes, having timum) detection in Oaussian noise. Under these
no spectral content at de, do not exhibit the baseline assumptionsall codes will have the same bit error rate,
shift that NRZ-L data can dramaticallyexhibit when providing the relative channel base bandwidth of each
recorded on tape, and which delay-modulationcodtng code Is equal to c/N, reciprocal of the code rate. Thus
and enhancedNRZ coding also exhtbit, both the Manchester and delay modulation code (DM)

Properties of somecodes that are used in high-density require twice the bandwidth of NRZ- L to achieve as
and computer peripheraldigital recording, and of some low a BER as NRZ-L.
low disparity block codesthat maybe usefulInthose ap- In a tape recorder, allbinary codebits are constrained
pllcatlonsare listedIn table 9-2. All the codeslisted are In amplitudebetween fixed levels,say :t:1V, hencedlf-
either linear block codes or, for our purposes, can be ferencesignalenergiesper code bit will differ. Each is
considered to be variants of linear block codes. For a proportional to the code rate N/c, Thus the delay
definition of ltnear block codes see textbooks on error modulation and three position modulation (3PM)codes
correction or reference 9-21, arc poorer than NRZ-L by a factor of 2. That Is, they
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Table 9-1.-Alphabet of the (5,6)Alternating Disparity Tests of Two Zero-DisparityCodes
Code* Tests were run to compare the BER performanceof

Code (5,6;0) Alternatingsubcodes the (4,6;0) and (6,8;0) codes with that of the delay
character subcodeo (5,6;-2) (5,6;+2) modulation code. (See ref. 9-8.) The (6,8;0) zero-

No.b subcode subcode disparity code, as an example, has an unrestricted
1 ........... 000011 111100 source alphabet consisting of 2_ data blocks of 6 bits
2 ........... 000101 111010 each in NRZ- L format. Theseblocks are encoded into
3 ........... 000110 111001
4 ........... 000111 a recording channel alphabet of 8-bit code words or
5 ........... 001001 110110 characters, consisting only of various combinations of
6 ........... 001010 110101 four +l's and four -l's. This recording channel
7 ........... 001011 alphabet has 70characters available (ref. 9-6), sixmore
8 ........... 001100 110011 than the number required to match the sourcealphabet.
9 ........... 001101 It was of interest to determine what maximum bit-

10........... 001110 packingdensitiescould be achievedat a BER of 1 in 107.
11........... 010001 101110 Measurements of BER of serially recorded codes were
12 ........... 010010 I01101 performed with the setup of figure 9-3. The code word
13........... 010011 waveforms are essentially NRZ; hence commercially
14 ........... 010100 101011 availableNRZ bit synchronizerscan be used to recover
15 ........... 010101 both waveforms and clock.
16 ........... 010110
17........... 011000 100111 In measurements involving delay modulation (DM)
18........... 011001 code, a bit synchronizer incorporating a DM-to-
19........... 011010 NRZ-L decoder was used. The synchronization or
20........... 011100 framing word detector and the code word boundary
21 ........... 100001 011110 counter were not needed.
22 ........... I00010 011101 The results of the tests with a 4095-length PR se-
23 ........... 100011 quence are shownin fig. 9-4. It is seenthat in the region
24 ........... 100100 011011 of a BER of 1 in 107,the (4,6;0) code attains a higher
25 ........... 10o101 equivalent bit-packing density than the DM code. In
26 ........... 10Ol10 terms of its coderate, the (6,8;0)code is 8 percentmore27 ........... 101000 010111
28 ........... I01001 efficient than the (4,6;0)code and, predictably, achieves
29 ........... I01010 an increasein equivalentbit-packing density,
30 ........... 101100 The remarkable thing about the equivalent bit-
31 ........... 110000 001111 packing densities achieved by these two zero-disparity
32 ........... 110001 codes is that they actually represent recorded-on-tape
33 ........... 110010 bit-packing densities of close to 40 000 bpi. The re-
34........... 110100 corded densities of these two codes where their inter-
35 ........... 111000 polated performance curvescross the 1 in 107bit error

•More formally, the (5,6; -2,0, +2) code; "O's"represent"- l's". ordinate are indicated in figure 9-4.
_Only2_code characters are neededto representdata.

'This subcode is essentiallythe (4,6;0)code. Test of the (5,6) Alternating Disparity
Code for Baseline Shift

each suffera signal-to-noiseenergyloss of 3 dB relative To check the absence of baseline shift, a long
to NRZ-L, with consequentdeleteriouseffect on their (220- 1) maximallengthPR sequencewas (5,6) encod-
BER performancein Gaussiannoise, edand recordedon tape.Thereproducedoutputwasex-

Considerthe bits of a code to consistof + 1 and - 1 amined,andno baselineshift wasobserved.Figure9-5
amplitudes.The runningsum of a set of such bits is shows a typicalportionof the waveformcomprisingap-
called the digitalsum variation(DSV). (See ref. 9-24.) proximately22 of the six-bitcode words. (See also ref.
The DSV of a zero-disparitycode word is zero. If a 9-7).
NRZ-L source emits all + l's, its DSV, being un- In a second,morestringent test, runsof + l's andof
bounded, tendsto positiveinfinity. All the codes listed - l's wereinsertedin the PR encodingsequence.Both
as "unbounded"can exhibitde baselineshift problems this modified PR encodingsequence, in NRZ-L for-
in the reproducemode. Those codes with "bounded" mat,and the concomitant(5,6)encoded waveformwere
DSV'sare suchthat no arrangementof sourcedata can parallelrecorded on two separatetracks.A portionof
be found that will cause dc shift problems in the the reproducedencoding waveform that has undergone
reproduced code bit stream, severebaselineshift is shownin figure 9-6(a). It consists



Table 9-2.--Properties of Recording Channel Codes

Relative Other

Block Code difference Bounded designations
Code designation Common Code Relative signal digital or Comments References

sum similar O
Type (N,c;D) terminology rate bandwidth energy, variation

dB codes _,p

Basic code (1,1) NRZ--L 1 1 0 No Bit packing density at Nyquist rate 9-1, 9-2, 9-3 _
of 2 bits/Hz of bandwidth

Scrambled (1,1) Pseudorandom- 1 1 0 No 9--4, 9-5 '_ot_

basic noise-code sequence ,_
modulated '_

NRZ-- L
o

Linear block codes: -_

0-disparity (1,2;0) Manchester .5 2 -3 Yes Phase encoding; 9-1, 9-2, 9-3
or code; bi-phase, mark;
low- biphase bi-phase, space;
disparity level split phase; FM
codes encoding

(4,6;0) .666 1.5 - 1.8 Yes H-code 20 0-disparity characters 9-6, 9-7
(5,6; 2,0, + 2) .833 1.2 -.8 Yes 3 subcodes: 20 0-disparity characters 9-6, 9-7 ¢_

plus 15 alternating disparity Z
character pairs >t"

(6,8;0) .75 1.333 - 1.2 Yes 70 0-disparity characters 9-6, 9-7
(8,10; - 2,0, + 2) .8 1.25 - 1 Yes 3 subcodes: 252 0-disparity characters 9-6, 9-8

plus 210 alternating disparity
character pairs ._

Systematic (7,8) Enhanced .875 1.143 -.6 No Bit stuffing code Also implemented as a nonsystematic 9-9, 9-10 ¢_
code NRZ code by reversing selected data bits

(1,2) Delay .5 2 -3 No Miller code; Wood State sequential encoding 9-3, 9-11, 9-12
modulation code; HDDR II;

modified FM
(MFM) (_n

Adaptive m
block (1,2) Modified .5 2 -3 No M2FM State sequential encoding 9-13

O
codes delay

modulation o

(1,2) Miller
squared .5 2 -3 Yes M2 State sequential encoding; digital 9-14

sum variation constrained following
even runs of data "1" bits r_



Table 9-2.-Properties of Recording Channel Codes-Concluded

Relative Other 4x

Block Code designations
Code designation Common Code Relative difference Bounded
Type (N,c;D) terminology rate bandwidth signal digitalsum or Comments Referencesenergy, similar

dB variation codes

Run-length-
limited codes:

Adaptive (1,2) Zero .5 2 -3 Yes Patel code Runs of"0" bits _>1and _<3between 9-15
block modulation any 2 'T' bits; state sequential
codes encoding

(2,3) .666 1.5 - 1.8 No A. Gabor code Runs of "0" bits limited to not more 9-16
than 1 between any 2 "1" bits; state
sequential encoding

(3,6) 3-position .5 2 -3 No Runs of "0" bits _>2and _<9between 9-17, 9-18
modulation any 2 "1" bits

Linear (4,5) Group-coded .8 1.25 - 1 No Runs of "0" bits limited to not more 9-19, 9-20
m

block recording than 2 between any 2 "1" bits z
code

t"'

o

o
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Table 9-3.-Biphase and Delay Modulatio'n (DM) lo-4 --
Codes asBlock Codes 5x lO-_ -

Code Dataword Codeword(s)
Biphase .............. 0 01

I i0 10-S m (4,6;0) cod¢Delay modulation ..... 0 00 or I I

1 01or 10 _ 5XLO-6 --
Modified DM ......... 0 O0or 11 t,

o.

1 O1 or 10 .D
Miller squared ........ 0 O0or 11 _ 10-s -- _' (6,8;O)code/

I 00, OI, I0, or II _. /,/)z-
of a stringof - l's and a long stringof + l's, separated _,
by some alternating bits. Unseen predecessorbits ac-

tually cause the shift at this point. The corresponding lO.7 _nn h.i" 36100 bpiportion of the reproduced (5,6) encoded waveform, 5x_o-s -- 38700bpi
shown in figure 9-6(b), exhibitsno base line shift.

The bit packing density of the (5,6) code bits on tape
was 25.9 kbpi, by no means the upper limit. 10-8 I I I I ] I

The rate of the (5,6) code is only 4 percent less than 24 25 26 27 28 29 30

the rate of the (7,8)enhancedNRZ code, whichis highly Source code equivalent; bit-packingdensity,kbpi
pattern sensitive.Overall, then, (5,6)coding may prove
to be a more useful scheme than enhanced NRZ. (See Figure 9-4.--BER versus equivalent bit packing density.
ref. 9-25.)

Excess Code Words
+

Each of the low disparity codes discussedhas more _ o
E -characters available than are needed to match the <

number of code blocks of the NRZ-L source code.
These excess characters can be used for frame syn- Time
chronization, especially when deskewing is required,
and for data or event "tagging"purposes. Unlikefram- Figure9-5.--Reproducewaveformof(5,6) codeat 3.1Mbps
ing word Barkersequences,usedin random NRZ-L bit corresponding to PR data. (0 de horizontalaxis touched
streams, these excesscharacters will not occur in the upforemphasis.)
codeword bit stream, assumingthat the recoveredclock
accurately denotes character boundaries, not even a bit-by-bit correlation of the entire bit stream

Furthermore, the (4,6;0) and (6,8;0) codes contain could yield a false framing word. For the (6,8;0) code,
pairs of characters that are trulyunique in the sensethat the character pair is "truly unique" in the above sense.

Fral e _ Code word ]

NRZ--L I w°lw°llt boundary

data block Zero-disparity code words ] det ctor ] I
counter

source

J_ Enc°derand €._ Magnetic tape _._ NRZ--L 1 I Frameword"

PR sequence frame word recorder/ bit :_ remover and
generator inserter reproducer synchronizer decoder

[ _ered

NRZ--L

J PR sequenceBER checker

Figure 9-3 .--BER measurementof recorded(4,6;0) and(6,8;0) codes.(PR = pseudorandom;
PR code length = 212 - 1 bits.)
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rects error bursts. Thus the recordingmedium need not
+ be rewound or backed up and reread to correct an error.
o The error correction power of this method may be

E - augmented by the use of data quality information ob-<

tained from other, associatedequipment. Suchinforma-
(a) T_me tion, generated on playback, indicates tracks havinga

high probabilityof containingerroneousdata.
APL has implementedthis methodin hardwareas an

ECE and an ECD, which weredesignedfor use with a
+ 14-track,33-kbpiper track, tape recorder/reproducer

'-- O

havingan inherent BER of 1in 10LIn that environmentE -
< the ECE andECD wouldreducethe overallBERto 3 in
(b) Time 10_ if all errors wereindependent.This errorcorrection

method is not inherently limited to any particular
Figure 9-6.--Reproduce waveformsofNRZ dataandcorres- numberof datachannels,but canbeusedwithequalad-

ponding (5,6) code. (0 dc horizontal axis touched up for ern- vantage in systemsemployingfar more than 14 chan-
phasis.) (a) NRZ data at 2.5 Mbps. (b) (5,6) code at 3.1 nels.
Mbps. Although this error correction method admits of

manydifferentcodingschemes,theAPL-builtECEand
ECD implementonly two, (14,12)and (14,8), for han-

Advantages of Low Disparity Block Codes dling 12-bit and 8-bitdata words, respectively.Figure
Zero-disparitycodes are useful in high-density 9-7 shows the formatsof dataon tape andthe typesof

recordingbecauseof the following: errorsthat can be corrected.In the (14,12) mode, the
ECEaddseight:paritybits (four on eachedge track)to

(1) Each code has _mlka_._ectralnull at dc, which everyblockof four sequential12-bitwords,thus form.eliminatesproblemsasstl_d with dcbaselinefluctua- ing a 4-by-14code word. On playbackof the (14,12)
tions. The codes are pa_llrn insensitive;i.e., neither data, the ECD can correct a burst of errorsof any
recurrentnor randompatternsof binarysourcedataof lengthoccurringin anyone channel.
anysort can inducebaselineshifting.

(2) High code ratesareattainablewith relativelysim-
ple codes; e.g., the (6,8;0) code and (5,6) alterna°dng Oirect_on of tape motion .

disparity code. = _ = € € € = € e € t. ,€" Parity track
(3) The zero-disparity property makes parity check- =-"-"= == =; =; ; ;

ing a simple procedure. In the case of the (5,6) alter- _-=-_:"--"-"= =: : ;-._--=:==: "-= : ; •
nating disparity code, an even-parity check can be x-x-x-x : = :--= = ; •
made. Such parity error checks provide an indirect -" _ e e € : =-= e = -- • Data tracks

means of on-linemonitoring of BER. • - - e : = - ; _--= : •

APL ERROR CORRECTIONTECHNIQUE =--'----"-"-"" ='---="-'---:=-": "--"==•
The APL technique for detecting and correctingerror = -"@ _ • e e = e e e _ parity track

bursts of indefinite length that occur in parallel data (a)
streams producedin the recording (as on magnetictape) _-=-_= -_ _ _-. e
and reproduction of high-densitydigital data has ase- • e : = x @ e = Parity tracks
quence of operations as follows: • = == x e • e

(1) Generation of coded parity information from the x-x-x-x • • -" --X-X-X'X -'2 : e :
input data x-x-x-x_x : = Data tracks

(2) Transmission of the information on lines parallel • : -:_: ,z_ = : :
to but distinct from the data lines :. : : -_ : _ _-

(3) Recording the information on separate tracks -__-, = : e -" = Parity tracks
(4) Decodingthe parity information on playback = : : : -" : ":- -"
(5) Determiningthe error syndrome (b) 3 2 2
(6) From the syndrome, correcting the errors

Figure9-7.--Formats of data on tape andcorrectableerror
This method continuously encodes and decodes the types.(a) (14,12)code;singlechannelerrorsofanylength.
parity information and, therefore, continuously cor- (b) (14,8)code;simultaneouserrorsonparallelchannels.
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In the (14,8)mode, the ECEadds sixparitybits (three Analog input data enter the signal conditioner and
on each set of edge tracks) to every eight-bit word, thus digitizer, which produces either 8- or 12-bit digital
forming a 1-by-14code word. On playbackof the (14,8) words, depending on the mode selected. If the (14,8)
data, the ECD can correct errors occurring simul- mode has been selected, modulo-2adder circuits in the
taneously in as many as three adjacent channels. ECE generate the six parity bits for every eight-bit

In addition to this error correction mode of opera- word. These parity bits are aligned and synchronized
tion, an "error erasure" mode is available. In error with the 8 data bits makingeach 14-bitcodeword an in-
erasure, data quality information from other equipment dependent entity as far as error correction is concerned.
is used to resolvea limited number of uncertainties aris- If the (14,12) mode has been selected, modulo-2 adder
ing from ambiguous error indications, thereby further circuits operate on blocks of four contiguous words,
increasingthe types of errors that can be corrected. The generating eight parity bits that are packed two in each
error correction and error erasure capabilities for the word. In this case, each 4-by-14 code word is an in-
two coding modes are summarized as follows: dependent entity. Outputs from the ECE are applied to

a conventional record digital interface, which prepares
Mode and Type ofdataerrorscorrected the signals for recording by a magnetic tape
technique recorder/reproducer.

(14,8) 3 adjacent track errors On playback, the playback digital interface syn-
error 2 adjacent track errors chronizes and deskewsthe data and checks for signal
correction 2 track errors separated by one good dropouts. This interface incorporates circuitry for

track checking data quality; thus any signal below the
Singletrack errors threshold level causes a "bad data" indication on the
Double errors, parity tracks 0 and 13 corresponding data quality line. The ECD decodes the

(no error indication) parity bits and calculates the corresponding syndrome.
(14,8) Single track error, where the track These syndrome bits address a read-only memory,

erasure number matches the data-quality whose output is used to correct certain kinds of errors.
correction line indicating "bad-data" or If an uncorrectable error is detected, an error signal is

matches 1 of 2 data-quality lines in- generated and transmitted synchronouslywith the data
dicating "bad data" on another line.

Any 2 track errors where the track Circuitry in the ECD uses the data quality informa-
numbers matchthe data-quality lines tion received from the playbackdigital interface in an
indicating "bad data" error erasure mode. When that mode is operative, in-

(14,12) Byte errors on any single data track dications of bad data are used along with the parity in-
error (abyte error can be 1 of the 15non- formation to compute syndromes that enhance the
correction zero combinations of the 4 bits) errorcorrectioncapabilities of the system. (The ECD

(14,12) Single byte errors on any single data switchesautomatically from the error correction mode
error track, where the track number to the error erasure mode on the occurrence of a bad
correction matches the data-quality line in- data indication.)

dlcating "bad data" or the track Data, data quality, error, and syndromeinformation
number matches either 1 of 2 data- are transmitted synchronouslyto an external processor
quality lines indicating "bad data" along with clock pulses and bookkeepinginformation.

2 byte errors on any 2 tracks wherethe
track numbers match the data- APPENDIX 9-A: THE DIFFERENCE
quality ltnes indicating "bad data" SIGNAL CONCEPT AND ITS

Tests of the system are described in reference 9-26. APPLICATION TO SOME
The DATARRS equipment had not been built at that CODES USED IN HIGH-DENSITY
time. With (14,12) error correction, 3.5 x 10t° effec- DIGITAL RECORDING
tire data bits were recorded on 9200-ft lengths of tape
and reproduced routinely with no bit errors. In evaluating binary codes for use in high-density

The design basis of the system is coveredin detail in dtgital recording, the importance of the spectral energy
reference 9-27. The simplifiedblock diagram of figure of the difference signalis usually overlooked. The spec-
9-1 shows the ECE and ECD in a typical operating en- trum of the difference signal can have a different shape
vironment. The ECE and ECD operate as "pipeline" and be wider than the spectrum of the codewaveform.
devices;each passes data through its internal stagesat a If the transmission channel bandwidth is shaped to
constant rate and without buffering. Both can operate match only the codewaveform, a significant amount of
at any rate from 1 bps to 107bps per channel, the higher frequency energythat is necessaryfor cross-
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correlating with the difference signal might be excluded, associated with such a signal will be simple. Some
thereby resulting in a detection loss. systems in practice do approach this ideal. In other

Much has been written about the difference signal cases, the performance of the ideal systems may be used
concept: as standards against which nonideal systems are com-

To communicate information.., different transmitted code pared• The material assumes that the noise is additive,
words must be distinguishableat the receiver,and this requires white, and Gaussian.
that the channel be sufficiently wide to allow the difference Consider a binary communication model in which
waveform to propagate. [Seeref. 9-28.] one of two signals so(t) or sl(t) is received in the time in-

terval (0,7). At the receiver, white Gaussian noise n(t)The ability to distinguishbetween symbolsis proportional to
the energydifference betweenthe signals. [Seeref. 9-29.] with zero mean and spectral density No/2 is unavoidably

added to the signal. The observable signal is thenBoth spectral matching and the enhancement"of difference

signals are needed to use the channel to its full [So(t) /

capacity... The datashouldbe handledin a mannerto op-
timizetheenergydifferenceinthe transmittedsignals. [Seeref. r(t) = or + n(t) (9-1)
9-30.1 s,(t)

When,aswe areassuminghere,thephasesof the twocoherent
The objective is to design a receiver that operates onsignalsso(0 ands_(t), as wellas theircomplexenvelopes,are

known,a signalequal to so(t) can be subtractedfrom the in- r(t) and chooses one of the following hypotheses:
put, and the receiverneeds only to decide whetherthe re-
maindercontains the differencesignals_(t) = sl(t) - s0(t)or Ho: r(t) = so(t) + n(t)
no signalat all. We can, therefore,withoutloss of generality
assume that one signal, say s0(t), is zero, and we do so
henceforth. [Seeref. 9-31.1 or

The receivercan just as well makeits decisionsafterpassing Ht: r(t) = st(t) + n(t)the inputthroughafiltermatchedto thedifferencesignal.[See
ref. 9-32.]

The optimum decision rule is to compare the likelihood
The optimum detectorfor distinguishingbetweentwo signals ratio )_(r)to some threshold _o. The likelihood receiver is
in the presence of noise is a matched filter whose impulse
responseis matchedto the differencebetweenthe signalsto be illustrated in figure 9-8.
distinguished. [Seeref. 9-29.] The decision rule can be stated as follows: choose HI

if
•.. the probability of error, which determines the optimum
noise immunity,dependson two factors.... The first factor
dependsexclusivelyon the transmittedmessages.The second [rr(t)s,(t) dt - _rr(t)So(t) dt _ Vr (9-2)
factordependson the ratioof the specificenergyof the signal dO do

difference to... the squareof the noise intensity. [Seeref. where the threshold is
9-33.1

Equation 4.76b [in ref. 9-34] is the minimum error pro- Vr = 1 I I:babilityfor any pairof equallylikelysignalvectorsseparated -_- No In _o - _ [so2(t)- s[(t)] dt (9-3)
by a distanced, regardlessof their actual locationin signal
space. Otherwise, choose Ho. The decision rule may be ira-

... if the channel is power limited, but bandwidth is plemented as shown in figure 9-9, a diagram of the cor-
available,one shoulduse signalshavinggood 'distance'prop- relation receiver, in which the input r(t) is cross-
erties[Seeref. 9-35.] correlated with the signal So(0 and st(t).

The per-symboltransmissionquality, measuredby errorrate, To determine the performance of the correlation
is (conceptually)entirelya function of the averagereceived receiver as applied to communications, assume that the
signalpower,the noiselevel, the 'distance'betweenalternative probabilities of Hoand Ht are each V2and that the cost
signals,and the symbolintegratingtime. [Seeref. 9-35.] of each kind of error is equal. This will result in a

Optimum Receiver for Binary Signals

i-o,oo,o,o,,)The materialin this section is taken partlyfrom ,olt) ,Bshola
Whalen[ref.9-36]in a condensedformand is not in- s,ct) H_:choosa#l(t)
tendedto be a derivation.

In this brief outline we are concerned with the detec- [
tion of signals of known form to which noise is added.

1

.ltl
If a signal is present, its amplitude, frequency, time of
arrival, etc., are completely known. A hypothesis Figureg-8.--Optimumreceiver.
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_+ The left-hand site of equation (9--4)can be written as--_ = I ?0[s,(0 - So(O]dt
sdO

d0 _• _'L'----'_t whichmakes explicit the fact that the test statistic is ob-= o tained by multiplying the noisy received signal r(O by
-- thresholdvr the difference signal, which we define asF"'q

___ _-Ifo_ V zX= s,(0 - So(0 (9-8)L._J The receiverblock diagram of figure9-9 can be redrawn
so(0 to emphasizethe role of A in the correlation detection

Figure9-9.--Correlationreceiverforbinarysignals, process.(Seefigure9-10.) Correlation detectionthus re-quires that both signal waveforms so(0 and St(t) be
available at the receiver or that _ alone be available.

In the quotation from Helstrom (ref. 9-31), it is
minimum error probability. With these assumptions, pointed out that a system in which the receiver is re-
X. = 1, so the decision rule may be expressed as quired to distinguishbetweentwo nonzero signalsst(0
follows: choose Ht if and so(t)is equivalent to a system in which

_Jorr(t)st(t)dt - ___I_r(t)so(t)dt > l I_[sl(t) - So2(t)]dt st(t) = A

(9-4) and

Otherwisechoose Ho.Define So(t)= 0

are the transmitted signals.That is, either A is transmit-

1 I _[s](t)+ sl(t)] at (9-5) tedor nothingis transmitted.Thereceivedsignalis thenE=T

and rU) -- + n(t)

19= "E'II ors°(t)st(t)at (9-6) The correlation receiver for r(t) is shown in figure
9-11. This providesanother rationale for the statement

The error probability can be written that "the channel should be sufficiently wide to allow

*" 1 e-Z',, dz (9-7) the differencesignalto propagate"(ref. 9-28).
Po = j (27r),_a Alternatively, a matched filter receiver, which does,,,-p_E/NoV" not requirethe explicit presenceof any of the signals,

This result gives a measure of the performance of the can be used to performthe computation representedby
correlation receiver for detecting completely known
signals in additive white Gaussian noise. The error per- t"---"l
formance dependson only three parameters:

/_1) f _ Comp.r. to

(1) The average signal energy E = _K_) =- threzhold Vr
(2) Thelevelof thenoisespectraldensityNo
(3) Thetimecrosscorrelationbetweensignalsp s,(t) - to(t)

The performance is otherwise independent of the par-
ticular signal waveformsused.

As (1-p)E/Noincreases, the error probability €( __.]
decreases. For fixed E/No, the optimum system is that
for which the correlation coefficient p = -1. This is
realizableonly with "antipodal" signals, where sl(tl ,ottl

Figure 9-10.--Alternate version of correlation receiver for bi-
So(t) = - st(t) narysignals.
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terms of the differencesignalenergyas follows:

r(t)== +n(t) , to threshold P, = (21=_=_.)e"==_=dz (9-11)
Vr ( 2No],,,

Consequently, an alternatestatement concerningerror
performanceis that Podependson only two parameters:

A (1) The difference signalenergyD
Figure 9-11.--Equivalentcorrelationreceiverfor binary (2) The level of the noise spectral densityNo

signals. In using a correlationreceiverto distinguishbetween
two binarysignals,to obtainminimumPo,the signal-to-

the left-hand side of equation (9-4). In this case the noise ratio one should try to maximizeis the difference
signalpropertiesareimplicitintheimpulseresponsesof signal-to-noiseratioandnotnecessarilythetransmitted
the receiverfilters. Matched filter detection can be signal-to-noiseratio.
shown to be mathematicallyequivalent to correlation
detectionandwillnotbefurtherdiscussed. DifferenceSignalWaveformsof

SomeBinaryCodes
P, asaFunctionof theDifferenceSignal Thecodeslistedin table9-4 andthespectraof their

The differencesignal energyis given by waveformsare givenin Deffebach and Frost (ref. 9-1).
The table showsthe waveformsofSo(0,s,(0,and m.The

I_[ timeintervalbetweentheheavydotsis thebitintervalD = s,(t) - So(t)]=dt (9-9) (0,_. Thesedots also representthe zerodc level of the

By substitutingequations(9-5) and(9-6) into the lower waveform.
limitof the integralof equation(9-7), it is not difficult For each of thesethreecodes,
to show(ref. 9-35) that

A = 2s,(t) (9-12)
(1 - o)E = D (9-10)

2 Thus the difference signals do not impose any re.
quirementson the bandwidthsof theirchannelsbeyond

The integralin equation (9-7) can thus be rewrittenin that which the transmissionof the signals themselves

Table 9-4. - Some Binary Signals and TheirD_fferences

Difference Difference Difference
Code Codesignals signal signal signal

st(t) So(O A = s,(t) - So(t) energy baseband
width=

21 'NRZ-L ...... 1 ?. 4T 1

.... el '"I oT T oT 1 7" T

RZ .......... ..... 1r-'-I 2T 1.
o t L_.... oT r--_ o 2T

-1 g...,.....J

Btphaselevel 0 _ 0 0
(Manchester) ..... - 1 - 1 4 T 1

-2 2T

"Frequencyatthefirstnull.
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imposes. In addition, the energies of the difference We characterize the noisy receivedsignals as follows:
signals are proportional to the energiesof the signals,
because, very simply r(t) = [ sl(t) + n(t) + n(+_cT/2)[ So(t)+ n(t) + n( +__ET/2) (9-16)

(A)2= 4[S1(1)]2
As before, n(t) represents additive Gaussian noise. We

= 4[So(t)]2 (9-13) treat the small duration modulation component on the
RZ signal as an additional noise component, represent-

Code With a Wide Difference ing it by n(+_T/2). Using this artifice, the RZ dif-
Signal Spectrum ference signal is again

We shallnow contrive an exampleof a code in which _ 2 for 0 <_t <_T/2
the difference signal spectrum width differs greatly A = s,(t)- so(t)= ! 0otherwise (9-17)
from that of the signalsthemselves.Assumethat the RZ
code is being usedto representone classof data and that
it is decidedto use a small amount of binary pulsedura- as shown in table 9-4.
tion modulation on the trailing edge of the RZ pulse to To detect the PDM component of the signal, we use
representsomeother set of data. If the amount of PDM the receiver shown in figure 9-13, where a second cor-
is represented by + _T/2, where_ is a constant, wenow relation receiveris precededby an absolute valuecircuit.
have four signals to distinguish, as shown in figure Only two signals (plus noise) that need to be distin-
9-12. guished can appear at the output of the absolute value

If eis of the order of 0.01, wecan use two correlation circuit. They are
receivers,of whichone processesonly the RZ content of

the received signals and the other processes only the s'_(t) = _1 for 0 ___t _<(1 + €)T/2
PDM content of the same signals. To optimally detect (0 otherwise (9-18)
the RZ code, the correlation receiver of figure 9-10 is
used. We let and

1 for0 <_t <_7"/2 [1 for0_< t_< (1- e)T/2
s_(t) = (0 otherwise (9-14) S'o(t)= (0 otherwise (9-19)

and The signals are both positiveand their difference signal
is

I'-I for0 <_t <_7"/2
so(t) 0otherwise (9-15) f 1 for (1 - e)T _<t < (1 + e)T

A'= _ 2 2
( 0 otherwise (9-20)

•.-_-+er/2 [ This is a pulseof width eT, whichoccurs in the center of21 the bit interval (0,7). (See fig. 9-14). The spectrum of
] this pulse is ½_ timesas wide as the spectrumof the RZ
I
I waveform. If the PDM is 1percent, the differencesignal

I tI

i 1T A'
I I
I I

1 1
. I

I
0 T/2 T s} (t) sb(t)

Figure 9-12.--Set of four distinguishable PDM signals. Figure 9-13.--Correlation receiver for binary PDM signals.
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s,l(t) trailing
edges

I !
I I I

I I

I I
I I

S'o(r) I _ ._

Difference
signals

(a) (b)

s,tlt) _ S,o(t} Slope= --llneT

Signals:
trailing edges

T/2 [
I

Figure 9-14.--Width of PDM difference signal. _ _ eT
/

spectral width will exceed the RZ waveform spectral Difference 1/n

width by a factor of 50. signal

Waveforms cannot be propagated over infinite band- _- ___
widths. Restriction of the baseband width of the systemwill put finite slope on the trailing edge of waveforms (c)

s_(t) and s'_(t).The three difference signalscorrespond- Figure9-15.--Differencesignalshapeas a functionof band-
ingto casesof infinite bandwidth, moderate bandwidth, width.(a) Infinitebandwidth.(b) Moderatebandwidth.(c)
and excessivelynarrow bandwidth are shown in figure Narrowbandwidth.
9-15, where linear slopes are used to approximate finite
fall times.

From graphicalconsiderations, it is apparent that the The consequenceof adding a small amount of PDM
difference signal for moderate bandwidth has less modulation to the RZ waveformis seen to be the widen-
energythan that for infinite bandwidth and that for nar- ing of the channel bandwidth wellbeyond that required
row bandwidth has less energy than that for moderate by the RZ coding alone. Even though the difference
bandwidth. With a trailing edge slope of - 1/neT, the signal is not actually transmitted, the bandwidth of the
energy of the difference signal for narrow bandwidth transmission channel nevertheless should be wide
will be enough to accommodate the maximum-energy dif-

ference signal waveform, if it is desired to achieve
DN--- D.______ minimum P,.

n An example of a binary code whose difference signal
spectrum is only half as wide as the signalspectrum is as

_ _T (9-21) follows: Over the interval (0,73, let/1

l1 for0 <_t <_7"/2s,(t) = 0 otherwisefor large n.
The various values of D are computed by means of and

equation (9-9). Thus, if S'o(t)and s'_(t)are finite slope

waveforms, then, for sufficientlylarge n, the energyin [ - I for T/2 < t _<Tthe difference signal willbe reduced by a factor of 1/n. so(t) = 0 otherwise
This will cause an increase in the error probability Pe
given by equation (9-11). Then, A = 1 over the entire interval (0,73. Thus A,
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being twice as wide as either sl(t) or so(t), has a spectrum tion density].., remainsunity as in NRZ; the bandwidth re-
half as wide. quirementsof Millercodeare, consequently,little greaterthan

in NRZ [Seeref. 9-39.]

Delay Modulation and the Difference Signal As we have seen, if we are interested in achievingminimum Pc, then we must make certain that the chan-
Concept nel bandwidth can accommodate the spectrum of the

DM is often compared to NRZ and biphase in the difference signal waveform, not only that of the code
following manner: signal waveform.

In dealing with the DM code, we no longer are con-
(l) It is a bandwidth compaction code (ref. 9-28, p. cerned with distinguishing between only two signals. If

833) whose average spectrum peaks at a frequency equal the detections are made over a single data bit interval
to about 0.4 of the bandwidth required by NRZ. (0,7), then it is necessary to distinguish between the four

(2) It does not require much more bandwidth than DM code signals listed in table 9-5. If one wants to take
NRZ, whereas biphase requires twice the NRZ band- advantage of the redundancy in the DM code, then it is
width, necessary to be able to distinguish between the eight

(3) It has relatively little power spectral density at dc, code signals that can occur over an interval of (0,2 7) or
in contrast to NRZ, which is severely pattern sensitive, two bit periods. (See Fig. 9-17.)

(4) It is a desirable compromise choice over NRZ or The receiver that can distinguish between more than
biphase, two signals in an optimum manner is known as the

A graph of the DM spectrum that supports this maximum-likelihood receiver(ref. 9-32, p. 193, and ref.
reasoning is widely published (refs. 9-2 and 9-37). This 9-40). In effect it is a means of separately correlating
graph is reproduced in figure 9-16. The Miller code is r(t) with all possible signals, and choosing as the most
effectively a DM code. The statements presented below plausible hypothesis H, the signal sk(t), which cor-
(in slightly paraphrased form) concerning Miller coding responds to the correlator with the maximum peak out-put. It can also be shown that this is equivalent to proc-
are typical, essing r(t) with a bank of matched filters.

[Miller coding] . .. at once offers the virtue of very little We shall not concern ourselves with this more general
power spectral densityat dc, whilemaintaining the minimum approach, nor shall we consider the problem of detect-
interval between transitionsat one bit cell; the maximumrun ing the four-bit DM waveform over two data bit inter-
length betweentransitions cannot be longer than two bit cells, vals (0,27). (See fig. 9-17 and ref. 9-29.) The remainder
Thus, the number of transitionsper unit is neither sohighas to of this section discusses DM detection over only a single
require widebandwidth,nor so lowas to demanddc response data bit interval (0, 7).
[See ref. 9-38.] Although four different signals are involved, the

The great virtue of Millercode is that, sinceisolated zeroes nature of the rules for DM coding allows us to construct
are ignored, the... [ratio of data densityto highest transi- a correlation receiver in which binary waveform dif-

ference signal concepts still apply in a straightforward
manner. The DM signals used to represent single data

2.6 bits are listed in table 9-5. The coding rules are such that
2.4

2.2 the immediately preceding DM signal or code word in-
2.o fluences the encoding of the latest data bit. Table 9-6
1.8 shows what the choices are as a function of the

1.6 preceding DM code word. For example, if the im-
p_ 1.4 DM(Miller) mediately preceding DM code word is - 1,1, then, de-

1.2 pending on whether the new data bit is a I or a- 1, the1.0
new DM code word will be either 1,1 or 1, - 1.The pairs

o.8 of code word possibilities are listed in the center col-0.6
0.4 _ -- -- "_ Siphase umn. Each pair of possible DM code words is distinctive
0.2

0
0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8

Table 9-5. - Codesfor DMfT

NRZ- L DM code*
Figure 9-16.--Spectral density of NRZ, biphase, and DM

coding. S(f)/E = power spectral density normalized with 1 ............................ -1,1 or 1,- 1
respect to signalenergy per bit;f= frequency; and T = bit - 1 ............................ - 1_- 1or 1_1
period. "Rulesrequirethatrunsof "l's" or "- l's" be limitedto 2, 3, or 4.
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Signals Correlator

1 0 0 0 0 1

,o, o,o '-i-' -t22/

C hypotheses-_

1 1 1 0 0 O ___<..J Switch I

D O=__. _ 2,-'-_ | c°ntr°l

Differences _ '

Differencesignal

AB _ _ generators

:Figure9-18.--Difference signalprocessingofDM code.

multiplier for use during the next bit interval (7, 27),

AD_.J'_ H_ etc.With this scheme of correlation detection, the DM
difference signals are equivalent to either RZ or

[7 "delayed" RZ. Their bandwidth is twice that of NRZ
Bc q_-o.--_ and their energy is half that of NRZ.

If the fact that knowledge of the preceding DM coder'-'---1 r-1 r-I

BD _.-Je_ o--_L_._ word was used in making the decision is ignored, then
the P, of the DM code will be no better than that of the
RZ code. Furthermore, to achieve the P, of the RZ

1"] ["] code, the transmission channel bandwidth for DMCD _. : : _.d I--_ I..o should be as wide as that for RZ, which, of course, is
twice as wide as that for NRZ.

Figure 9-17.--DM signals and their differencesover the in- It is notable that the RZ-shaped spectra of the DM
terval(0,2/3 (ref. 9-29). difference signals exhibit no midfrequency peaking and

no dropoff near de. This is an indication that the DM
code is essentially pattern sensitive and could suffer fur-

Table 9-6.--DM Code Expectanoes ther detection losses in ac-coupled transmission systems

If preceding NewDMbits Applicable such as direct-record magnetic tape recorder/
DM bits" will be difference reproducers.

were sisnal It should now be clear that figure 9-16 must be used
-1,-1 .............. 1,1or -1,1 2,0 with caution. It is a signal waveform average spectrum
- 1,1 ................ 1,1or 1,- 1 0,2 corresponding to a bit-by-bit random data NRZ source
1,-1 ................ -1,-Ior-l,1 0,-2
Ip1 .................. -lr-lorl_-I -2,0 code. Conclusions concerning "instantaneous" and

worst-case pattern sensitivities of DM based on the in-
"2DM bits occupy the data bit interval (0,7). terpretation of figure 9-16 can be misleading.

and has a distinctive difference signal, as shown in the Conclusion
last column.

Having knowledge of the preceding DM code word This paper is a discussion of the difference signal con-
allows us to apply the appropriate difference signal to cept as it applies to some of the codes used to record
the correlator multiplier in the manner shown in figure digitally on magnetic tape at high bit-packing densities.
9-18. When a hypothesis is chosen at the end of data bit Generally it has been assumed that unlimited bandwidth
interval (0,7), the appropriate one of the four difference is available and that bit synchronization is flawless; that
signal generator outputs is immediately switched to the is, the time of arrival is completely known. The conse-
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Miller Squared Coding
JamesKelly

Ampex Corporation

DIGITAL RECORDING ON in digitalform, theycan be storedfor any lengthof
LONGITUDINAL RECORDERS time, transmittedover any distance,retransmitted,

detected,orreadoutasmanytimesasnecessarywithout
History of PCM lossof accuracy.Analogsignalsbecomedistortedand

PCMwasusedas earlyas 1932by BellTelephone loseaccuracywitheachprocess.Digitalsignalsare in-
Laboratoriesforthe transmissionandstorageof audio herentlyless sensitiveto noise, suchas straypickup,

drift, environmentaleffects,attenuation,etc. This isinformation.BecauseFM/FM had been developed
earlierandwasalreadyquitereliable,theseearlyPCM becausea digitalsystemis concernedonly with the
systemswereusedprimarilyfordigitizingtheoutputof presenceor absenceof a signal,anddoesnotprovidea
the FM/FMsystemsto providecompatibleinputsto precisemeasurementof the signalconditions.

computationdevices.Withthe adventof thetransistor, Coding Schemeshowever,thecomplexcircuitryofthePCMsystemswas
reducedin size to that comparablewith the FM/FM NRZCode
systems,and thus it graduallydevelopedinto more
widespreadusein thetelemetryfield. The most commonlyusedformatfor digitaldata

recordingis the NRZ data code. The NRZ code is
Advantages of PCM characterizedasatwo.levelsignalwiththedataeitherat

one voltagelevelor the other.The typeof codeused
PCM is a form of datatransmissionandrecording definesthemeaningof theselevelsandthe positionof

that dependson thecodingof informationin the form thetransitionbetweenthem.Becausethe datamayoc-
of discretepulses.Thecodesusedmaybe identicalto cupyoneof thetwogivenvoltagestatesfora significant
those used for digitalcomputeruse, or, morelikely, periodof time, the recorderlow.frequencyresponse
they may be different.Over the years,a numberof mustextendverycloseto dcto preventdistortionof the
codingschemesweredevelopeddependingon the re- signalwaveshapein the formof baselinegalloping.
quirementsof the user'ssystem. Sucha conditionis not necessarilya resultof lowdata

PCM data transmissionand recordingweredev¢l- rate, but may be causedby a successionof missing
opedbecauseof the needforhigheraccuracies.While valuesin agivenPCMframewitha resultinglongstring
pulse amplitude modulation and pulse duration of"0's,"
modulationare capableof handlingdata with ac- ThereproducedNRZsignalmustusuallybereshaped
curaciesupto about1to 2 percentof fullscale(though beforefurtherprocessingcanoccur,whichcompounds
normallycloserto 5 percent),thereis a needfor much the designproblems.The circuitdesignis also corn-
higheraccuraciesinsomecases.PCMaffordsa means promisedandbecomesmoresusceptibleto noise and
for transmittinginformationwithaccuraciesin excess lossof leveldueto tulledropouts.
of 1/2 percentof fullscale. AnotherincompatibilitybetweenNRZcodesandthe

When comparingPCM with FM/FM, one should directrecordersystemis thepulse.to-pulseJitterortim-
comparethe requiredbandwldthsandpowerforac- ingerror,Aclockcanbeextractedfromthedataaslong
curacyobtainable.PCMcanbe10to 20timesmorenc- as the timingerrordoesnot exceedplusor minusone
curatethan FM/FM, given the same bandwidthand half a bit cell.NRZdatacanhavelongstringsof "l's"
powerlimitations, and"O's,"duringwhichtimenochangesinthesignaloc-

Therearealsootheradvantagesto PCM,particularly cur.If thetimingerrorsexceedthehalfbitcell,thenthe
whendatafrequenciesareveryhigh.Oncethe dataare bit cell mustbe increased,whichreducesthe packing

127
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density. One other limitation is the system SNR. Noise, applications has been limited to approximately 6
like jitter, reduces the ability to extract a clock from the kbpi/channel with bit error reliability of 1 in 106.
data. The high-frequency response requiredfor an NRZ
code is approximately a sine wave response of one.half Self.Clocking Codes
the digital bit rate. This means that a data channel with It is sometimes desirable to simplify the data detec-
a sine wave frequency response of 2 MHz could handle tion process by the use of a digital recording code that
4-Mbps NRZ data. carries both the data and clock information in a single

There are two general types of NRZ codes in use. The signal format. Such a recording code normally requires
first is NRZ- L. In this code the data remain at one more bandwidth than data recorded in the NRZ manner
voltage level during the total time a digital "I" is present but does offer some peripheral benefits. The Bi¢-L
in the data and return to the other voltage level for a and Bi¢-M (Manchester codes) shown in figure I0-I
digital "0." In NRZ-M, a digital "I" is indicated by a are typical examples of this type of recording. In the
transition between the two voltage levels and a digital Bi¢-L code, the polarity of the transition in the middle
"0" is indicated by the absence of a transition. Due to of the bit period determines the polarity of the data
the lack of transitions in the NRZ-L code during a recorded. In the case shown, a positive signal represents
continuous string of data 'Ts," there is no data correc- a data "I" and a negative signal represents a data "0."
tion signal before a following "I"/"0" transition in case The necessary manipulations to Provide transitions at
of a missed bit. This means that a number of bits may be the clock times are provided by the data encoding elec-
incorrectly sensed if a single transition is missed in tronics. In the Bi_-M code, the existence of a digital
NRZ-L. With NRZ-M data, this type of error is con- "I" is shown by the presence of a data transition in the
fined to a single bit transition, thus giving NRZ-M a center of the bit period. A digital "0" is shown by an
distinct advantage in data reliability. Both have the absence of a transition.
same bandwidth requirements. The actual comparison when this method of data encoding is used, the fre-
of these signal waveforms for a given set of digital data quency spectrum of the recorded signal is limited to a
is indicated in figure I0-1. range of two octaves. The low-frequency response of

The NRZ codes have two major limitations, the re- the channel required is one-half the clock frequency
quirement for dc response and the susceptibility to time rather than the dc frequency response required for ac-
base errors. The packing density for NRZ codes in most curate reproduction of NRZ codes. The high-frequency

Data 0 0 0 1 1 " 1 0 1 1 0 1 0 1

Figure 10-1.--Binary codes. Miller2 .--I ,
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limit corresponds to that of the clock frequency that nel, this code might find special use; however, in most
would be produced in the Bi_- M codeby a continuous cases an RZ coding scheme is technicallyobsolete.
string of data "l's"; bit rate and upper frequency

response are the same. In practice, the signal is usually

filtered on reproduction to eliminate noise occurring PRINCIPLE OF WIDEBAND
outsidethis range,andthus the SNR and bit reliability
are improved• ANALOG/DIGITAL/ANALOG SYSTEMS

In summary, recorder systemsemploying the Man- The basic signal systemof an analog/digital/analog
chestercodeshaveavoidedsome of the disadvantagesof (A/D/A) recorder/reproducerbased on the multitrack
the NRZ codes• The major advantages are that dc longitudinalconcept is shown in figure 10-2.
response is not required and the pulse-to-pulsejitter The samplingtheoremcan be stated as follows:Any
becomes negligible becausebiphase data containdata twofm independentsamplesper second willcompletely
transitions everyclockperiod regardlessof the data con- characterize a signal band limited at frequencyfra (ref.
tent. These advantages are outweighed for the most I0-I).
part, however, by the additional bandwidth required. There are practicaldifficulties in designinga low-pass
The packing densities for Manchester codes have ap- filter with sharp cutoff characteristics(to achieve true
preached 12 kbpi/channel with bit error reliabilityof I band limiting at f,,). In addition a gradual rolloff is
in 106. needed to avoid undesirable phase shifts. A higher

samplingrate, therefore, is used. For instance, wecould
RZ/RB Codes electto sampleat a rateof threefm samplespersecond.

Two of the simplestpulse waveforms, conceptually, If wechoose a multilevelcode of basen, andeachsam-
are the return-to-zero(RZ) and return-to-bias(RB) pie is representedby m such code groups,the signalis
codes. In the RZ code, a "1" is representedby a positive digitizedinto nmquantizationlevels.
pulse, anda "0" by a negativepulse. The RB code is a The digit ratebecomes,therefore,
simplerform of this code in which a singlepulse(either
polarity)is generatedfor each data"1," andthe absence (m digits/sample) x (3fm samples/s) = 3 mf,, digits/s
of a pulse signifiesa data"0." The codes are not self-
clockingand requirea bandwidthequal to or greater For a recorderwith N paralleltracks, the required
thanNRZ data,dueto the narrowpulsewidthsnormally digitrateis
used.TheRBcode is a two-levelnonsymmetricaisignal,
so the low-frequencybandwidth approximatingdc is 3mfm/Ndigits/s/track
againrequiredto preventbaselinegallopinganditscor-
respondingloss of data. The high-frequencyresponse If we decideon 128quantizationlevelsin the binary
requiredfor these codes is greaterthan eitherthe NRZ code (i.e., 2m = 128, m = 7), use a 42-trackmachine
or self-clockingphaseshift codes. (N = 42), andwish to recordfro = I0 MHz, the rateof

The RZ multilevelcode insertsanotherset of pulses binarypulsesbecomes5.0 Mb/s/track.
of a differentamplitudefor data"O's."In addition,a If, on the other hand, we choose a quaternarycode
third level is sometimesused that provides word-by- (n = 4) for 128quantizationlevels, the samemachine
word separation. Here wehave the same low-frequency could record 20 MHz, at a rate of 5 x 106 quaternary
response requirements as the basic RZ code but with digits/s/track, although with a higher error rate.
two or three times the high-frequencyresponse needed. We now must examine the system of figure 10-2 in
In addition, we also increase the required SNR for the more detail to show that the proposed A/D/A
same data reliability due to the multiple amplitude record/reproduce system is, in fact, feasible. (Refer to
coding used. If the SNR is availableon the data chan- fig. 10-3.)

_ Analog
Analog Serial- _ Multitrack _ Parallel- output

input A/D _ to- _ magnetic _ to- D/A
converter parallel recorder/ serial converter

converter " reproducer : congener

Figure 10-2.--Simplified blockdiagramof anA/D/A record/reproducesystem.



Oa,a,nu,Set,a,-Itto- Synchronization- Record/ Track Synchronization- 3-parallel- . Data

3-parallel word reproduce alignment word to- =,
Clock input conversion distributor system logic separator serial =

conversion Clock

Synchronization-/
word h

separator /

I' I'13I'151°I' IsI'I'°1''I"1'31"1'61'al"l'al'°l'°l"12I"12'['51'61z'I"M_°I"13'M"I3°H3'M3'I_I"I"H"1'61'°1"1'61"1_16'M"1"1661°°16'1"H_16'1°'1031_10616610'10"1001'ol
®

Z
1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70

2 5 8 11 14 17 20 23 26 29 32 35 38 41 44 47 50 53 56 59 62 65 68 71

3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60 63 66 69 72

$1 $2 $3 $4 $1 $2 $3 $4 $1 $2 $3 $4 $1 $2 $3 $4 $1 $2 $3 $4 $1 $2 $3 $4

®
o

1 4 7 10 $1 $2 $3 $4 25 28 31 34 37 40 43 46 49 52 55 58 $1 '.$2 $3 $4 Q Equals Q plusdelay
2 5 8 11 13 16 19 22 $1 $2 $3 $4 38 41 44 47 50 53 56 59 61 64 67 70 _ _ C)

Equalsfirst three_3J lines of _J plus delay3 6 9 12 14 17 20 23 26 29 32 35 $1 $2 $3 $4 51 54 57 60 62 65 68 71

$1 $2 $3 $4 15 18 21 24 27 30 33 36 39 42 45 48 $1 $2 $3 $4 63 66 69 72 Q Equals Q plus delay

©

Figure 10-3.--Complete datahandlingandtimingdiagram.



MILLER SQUARED CODING 131

A/D Converter Recording/Reproducing and Bit
At Ampex, substantial work is being done in digital Synchronization

television recording. Typically, the signal is digitized to
256 levels, i.e., 8 bits/sample. With Motorola MECL III Uncontrollable dynamic skew motion of the tape in
logic (or equivalent), and to a resolution adequate for the recorder, track-to-track variations in record-gap-to-
our purpose (e.g., 128levels), signals of 16MHz, for ex- reproduce-gap distance, and other effects bring about
ample, could be readily digitized, dynamic changes in the relative bit positions during

playback as suggested in line D of the timing diagram

Serial-to-Parallel Converter for point D of figure 10-3. The sources and magnitudes
of such bit displacement errors are as follows:

This device is a logic system performing a "fan out"
function on the high bit rate data stream. Work at

Ampex has resulted in logic circuits, using MECL III Source of error Distance on tape
components, operating at over 175 Mbps; even faster peak topeak, izin.
logic components are becoming commercially available. Within the same head stack:
We already have substantial experience in the design of Static
serial-to-parallel converters. Gap azimuth (1 arcmin, 1 in.

Several Multitrack Recorder/Reproducer systems ex- head); combined effect of
ist as flight-qualified hardware and are capable of ac- recorder/reproducer (ref. 10-2,
commodating up to 42 tpi on 1-in.-wide tape. A signifi- sec. 5.6.2.2.2(g)) 600
cant task will consist of distributing the data stream Gap scatter (100-/zin. band);
over the available tracks in such a way that reassembly combined effect of recorder/

into a single bit stream becomes feasible upon playback, reproducer (ref. 10-2, sec.
To this end, the simple block diagram of figure 10-2 5.6.2.2.2(0) 200
must be replaced by that of figure 10-3. The timing

diagrams indicate the data distribution for a 4-track Total static error (worst case) 800
system, although in a more realistic situation 40 data
tracks or even more may be required. However, the Dynamic
principles illustrated in this example are equally up- Track-to-track: 0.15-/_s zero topeak at 120 ips (ref. 10-3) 36
plicable to a larger number of parallel tracks. The input Dynamic skew over one head stack
data stream at point A consists of serial digital data as
shown in line A of the timing diagram. 6 × 36 216

The serial-to-parallel converter fans out the data Total skew within a head stack '016
stream into three parallel tracks, each operating at a bit
rate compatible with reliable recorder operation. Between head stacks:
However, in anticipation of timing problems introduced Static (ref. 10-2, sec. 5.6.2.2.2(b)) 4000
in recording and reproducing, a synchronization word is Dynamic
now added to the data to later aid in the process of bit From experience 500
synchronization. In the example, line B shows that the
fourth track at point B carries the 4-bit synchronization Total worst-case skew error
word, $1, $2, S._,$4. The bit rate per track is clearly 1/3 at 120 ips 5516
of the system input bit rate. In general, therefore, we Time base error at 120 ips
require n + 1 tracks if the input bit rate is to be n times as ± 0.30/_s (ref. 10-3) 72
high as the recorded track rate.

Total worst-case timing

Synchronization Word Insertion variation at 120 ips 5588

The synchronization word distributor serves to
replace, in one track after the other, four data bits with The timing of the synchronization is used as a means to
a synchronization word. The displaced data bits are resynchronize the data bits; the track alignment logic
meanwhile transferred to the original synchronization delays the data in suitable shift registers that are in turn
word track. In this manner no data are lost, each track timed by a clock signal extracted from the reproduced
carries a 4-bit synchronization word after every 12 data data. (One track is arbitrarily appointed "master" chan-
bits, and the track bit rate is ¼ of the serial input data nel for this purpose). The result of the track alignment
rate. Line C of the timing diagram illustrates the condi- at point E is a reproduction of timing diagram line C.
tions at point C. The conditions of point C are, therefore, established.
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Synchronization Word Separation channel. Another considerationis the signal-to-noise
ratio (SNR) at the high-frequencyend of the signal

It merelyremainsnow to "strip"the synchronization bandpass.It mustbe sufficientto allowaccuratesignal
words in the synchronizationword separatorand to reproduction.Otherwise,the high dataratewillbe oh-
discardthem. At point F the three data tracks carry tainedonly at greatexpensein datareliability.
properlysynchronizeddatawordsjust as at point B.

Parallel-to-Serial Conversion Signal Amplitude Stability
An analogous problem and one dependentupon the

Finally,a parallel-to-serialconverterreassemblesthe upper frequency limit of the recorderis the signal
data from the three paralleltracks into a singleoutput amplitude stability. The amplitude stability of the
datastreamexceptfor suchoccasionalbit errorsasmay reproducedsignal on all recordsis degradedmore and
result from dropoutsduringthe record/reproducese- more as the upper bandwidth of the signal is ap-
quence.Typically,sucherrorscan be heldas low asone proached because of the shorter wavelengthsbeing
errorin 107bits.Errorcorrectingcodescanreducesuch recorded. If direct recordingmethods are used, the
errorseven further, envelopeof an upperband edge signal is not entirely

constant.Thesevariationsinsignalamplitudecausedby
BASIC LIMITATIONS OF head-to-tapeperturbationsor dropoutsmay rangefrom
RECORDER/REPRODUCERSYSTEMS 4 to 10 dB in amplitude.The only knownmethod for

minimizingthis problem involves the use of a tape
In recording high-density digital data on a transportwith closely controlledhead-to-tapecontact.

longitudinalinstrumentationrecorderseveralrecorder
parameters play a significant part in determiningthe Low-FrequencyResponse
BER of the data storagesystem: Whendirectrecordingis used withdigitaldatacodes,

(I) High-frequencyresponse the low-frequencyresponseof the recorder/reproducer
(2) Signalamplitudestability can becomecritical.Underworst-caseconditionssome
(3) Low-frequencyresponse methods of digital signal encoding produce nonsym-
(4) Phase response metricalwaveformswith long periodsseparatingsignal
(5) Systemnoise transitions.The limitedlow-frequencyresponseof the
(6) Tapespeederrors0itter, timebase error,etc.) directchannel(400Hz) causesa phenomenonknownas
(7) Magnetictape performance "baselineshifting,"a changeinthe dcbaselinecausedby

therandomcombinationsinherentin digitaldata. The
Becauseperformancerelatingto theseparametersvaries onlywayto minimizethis effect in directrecordingwith
widely accordingto machine type, the following sec- NRZ-type data format is to control the total time al-
tionsareincludedto identifythe type of informationre- lowed betweendatatransitionsunderworst-casecondi-
quired before an estimate of the capabilitiesof any tions. In this mannerat least one digitalbit is inserted
systemcan be madeand to highlight the advantageof per word, thus limitingthe time allowed for one un-
Millercode in circumventingthese limitations, changingdata level.

The instrumentationrecordersusedatthe majorityof Baselineinstability can also be eliminatedthrough
_ _ the datagatheringinstallationsarenormallyconfigured FM recordingof the NRZ digitalsignals. Becauseofto handleanalogsignalsandareoptimizedfor this type

of_vaveform.Theuse of theserecordersin conjunction limitations in the FM detection process, the signal
withtheMiller codeto handleserialdigitalinformation amplitudestabilityof the detectedFM signal is much

betterthanin a directsystem,thus eliminatingtheeffect
requiresconsiderationof the following nonoptimized of minordropouts.Due to the dc responseof the FM
parametersof the recorderto assure accuratedigital method, the baselineinstabilityis also eliminated.Un-
signalreproduction, fortunately, the limited signal bandwidth of an FM

system also limits its suitabilityfor use in storage of
High-Frequency Response largevolumesof digitaldata. For low bit packingden-

The basiclimitationto the upperdigitalpackingden- sities, however, the NRZ code in conjunctionwith an
sity limit obtainableon any recorderis the maximum FM recordsystemwillprovideequalor betterperform-
frequencythat can be recordedand reproducedon the ante than the Miller code system.
data track. For an NRZ or Miller type code the max-
imum digital recording density that can be assumed is Phase Response
1.5bits/sine wavecycleof channel bandwidth.This cor- Nonlinearities in the phase frequency response
responds to a data rate of 3 Mbpswith a 2-MHz signal characteristic of the record/reproduce process have
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beenfoundtoseriouslyaffectbitreliability.Theexact havebeenattheexactquantizlnglevelattheinstantof
relationshipsbetween phaseshift and errorrate arenot samplln8, even if the samplewas taken at preciselythe
established, correctinstant.Thermsvalueoftheresultingdigitizing

error, or "quantlzatlonnoise," is given by
System Noise

rms error - - (Ore + lO,B) decibels
The SNR of the basicdata channel, includingthe

recorder/reproducerlink, isvitallyimportantfordigital wherem Is the numberofbits persample.(Fromthis
applications.A significantamountofliteraturehas equationwederivedthevaluesintableI0-I.)Iftheef-
beenpublislledon thissubject;therefore,noattempt feetofgaussiannoisecanbemadesmallcomparedto
willbemadetocoveritindctallInthischapter.Suffice the quantizatlonnoise,we mightselecta 7-blt
ittosay,therecorder/reproducermustofferanSNR (128-1evcl)systemyieldingaquantizationnoiseofabout
exceedingthetheoreticalvaluerequiredtoachlevcthe -53 dB.Theeffectivepeak-to-peaksignal/ringnoise
desiredbiterrorrate. willactuallybedegradedifwhitenoiseisartificiallyin-

traduced.
TapeSpeedErrors

Anotherproblemthathas historicallyplaguedthere- SignalDynamicRange
cordingandreproductionofa digitalwaveformisthe Signaldynamicrange(SDR)andSNR areoftencon-
timeinstabilityintroducedbythetapetransport.Inthe sldrredsynonymous.Inoursystem,however,we arc
pasttheallowablelow.frequencyjitter,ortimebaseor- freetotradeSDR forsystemcomplexity.Forexample,
ror,wasdrasticallylimitedbytheabilityofthesyn- a4.MHzsignalcouldberecordedwithanSDR ashigh
chronlzer to tracka signalof varyingbit rateandmain. as 58 dBor evenhigheron a machineof suitabledesign.
rain lock, High.frequency Jitter _tppearsto the syn- In otherwords, an unprecedentedSDR becomespossl-
chronizerasa reducedSNR,eitherdegradingbiterror bleprovidedeffectivechannelbandwidthisincreasedby
performanceorrequiringabetterchannelSNR forthe theadditionofrecordertracks.
sameBER.

Time Base Error
Summaryof Limitations

Timebaseerrorscanbeintroducedfromseveral
TheprimaryfunctionoftheMillercodeistoprovide sourcessuchasInaccuraciesinsamplingintervals,flue-

an improved method of encoding digital information rusting duration of sampling pulses, toleranceson the
forstorageoflargevolumesofdataonthemagnetic quantlzlnglevels,and correspondingerrorsin the
taperecorder.Thesedatacanthenbeplayedbackat reconversionprocesstoreconstitutetheanalogoutput
normalorreducedspeed(timebaseexpansion).The signal.Ithasbernfound,however,thata 256-1evel
codepossessesseveraluniquefeaturesthatmake it (8.bit)codewillprovidebetterthan40phaseresolution
ideallysuitedtocircumventtheproblemsnormally ata 5.0-MHzsignalbandwidth.Thisperformance
associatedwiththerecordingofdigitaldataon the wouldbedegraded,however,bysuchfactorsasfewer
longitudinaltaperecorder,thusallowinghigherbit levels,widerbandwidth,and D/A converterinac-
packingdensitiesto beachievedatstringentBER's. curacies.Analogousto thecaseof rotaryhead

transversemagneticrecorders,a pilotsignalexists,in
SYSTEM PERFORMANCE theformofclockpulsesextractedfromthereproduced

Digitizationofa signalofferssignificantadvantages signal,andissubsequentlycomparedwithastableclock
in situtatlonsof noise contamination,limiteddynamic to controltape speed (to removea majorerrorsource)
range,or perturbationsof the timebase. Suchproblems aswell as to act as a digitalbuffer of suitablelengthto
aretypicallyencounteredin some formsof data furtherdecreasethetimebaseerrorintheoutput data.
transmission and even more so in magnetic tape data Table 10-1.-RMS Valuesof Quantlzation Noise for
recording and reproducing. In this section we estimate SelectedNumbers of Bits Per Sample
the effect of A/D/A operation on the performance
specificationsof a practicalmagneticrecorder/ BitspersampleVoltagelevelsper RMS valueofsample quantizatlonnoise,dB
reproducer. 3 ............. 8 -28.8

SNR and Basle RecorderDesign 4 ............. 16 -34.85 ............. 32 -40.8

If a signalvoltageis sampledanddigitized,an erroris 6 ............. 64 -46.8
necessarilyincurredbecause the signalwillprobably not 7 ............. 128 -52.8
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SpuriousSignals Calculationof the RMSValueof Quantization
Noise I

Spurious signals can be introduced in the quantiza-
tion process as a result of coherent quantization errors. An increase in effective recorder channel bandwidth
This nonlinear effect will cause harmonic and inter, may be achieved through an increase in the number of
modulation products but can be essentially removed tracks (i,e,, space multiplexing of the digitized input
through the introduction of white noise of a magnitud_ signal).
of two to three quantization levels,

The largest contribution of spurious signals will pro. Improvement of Wldeband SNR
bably be at the sampling frequency; i.e., at three times
the highest signal frequency. Because this is well beyond If the available channel bandwidth can be made wider
the system passband, significant disturbances to the out- than needed to accommodate the maximum signal fre-
put signal from this source can only arise as a result of quencyf,., then bandwidth can be traded off for an im-
intermodulation in the final D/A conversion process, provement in the recorder SNR. It can be shown that in
The signal in digital form typically is comparatively ira- the case of coded systems, such as PCM, in which the
mune to nonlinear distortion. It is conceivable that for signals are digitized prior to data recording, the im-

"pathological" data sequences this immunity may be provement is exponential with bandwidth:
somewhat compromised. On the whole, therefore, pro.
vided adequate care was taken with the design of the (SNR)€odcd= (SNR) B/!md_
D/A converter, spurious signals from any source (in-
cluding nonlinear products) should be less than - 30 dB where
in the A/D/A record/reproduce system. B =total of effective bandwidth of the

multitrack recorder/reproducer, Hz
f= = maximum signal frequency, Hz

Bandwidth Reduction (SNR)dlr =recorder/reproducer SNR for direct re-
Because the bandwidth of the recorder/reproducer is corded signals, dB

severely limited by head response and head-to-tape in- whereas, in uncoded systems, analog systems such as
terface problems, it is clearly essential to reduce the re- AM, FM, PAM, and PPM, the improvement is linear:
quired recording bandwidth and to match the spectral

response requirements of the code to those of the (SNR)uncoded -- K _B (SNR)dlr
recorder. This can be accomplished by several means, fm

Code Selection where K = constant of proportionality (e.g., K=4"J

Certain codes have lower spectral content than for FM and K = I/_/'2 for PPM). Because Bff,, in
others. For example, the Ampex Miller code has about AM and PAM, there is no improvement. Because there
half the spectral content of other commonly used codes, is rapid improvement in system SNR results as B/f,, in-

creases beyond unity, full and efficient use should be

Data Compression made of the potentially available system bandwidth
together with a coded modulation system. For a given

Data compression through redundance removal has system bandwidth, this is accomplished by designing the
been used for many years in an attempt to reduce the code for the minimum number of levels compatible with
bandwidth required for television image transmission, the desired SNR.
For example, if the signal does not change over a signifi-
cant number of sampling intervals, it may be more
economical to record the value and the start and finish Signal Quantlzatlon and Quantization Noise

times of the unchanging data sequence than to record When a continuous signal is to be coded, it must first
each sample. In addition, one might apply similar be quantized. At each sampling instant the instan-
reasoning to the first derivative of the analog input taneous signal value is replaced by the nearest "allowed"
signal, level. Intermediate signal values are "forbidden." This

Data compressionratios of 5:1 have been achieved in procedure results in a random sequence of instan-
image transmission with tolerable degradation. Unques- taneous "errors" the magnitudes of which range from
tionably, the requirements of instrumentation recording
are more severe, but even a 2:1 compression ratio may
be worthwhile, provided equipment complexity and cost _This section is based on _,presentation by Mischa S_hwa_tz (Tel,
are not prohibitive. I0-I).
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zero to half a quantizinglevel. This randomerrorse- RMSValueof QuantlzationNoise
quence replaces the fluctuation noise modulatingthe
signalin anuncodedsystemandistermed"quantization To obtainan unambiguousmeasureof the quantiza.
noise." tion noiseweassumethatthedccomponenthasbeenre-

moved fromthe signal.The remainingsignalcan nowThegaussianfluctuationnoiseinherentin anyrecord.
be quantizedas follows (see fig. 10-5):ing processis not entirelyabsent, of course.However,

aside froman occasionalsignalerror(resultingin an in- p
correctanalogsample),itwillhaveno effecton theout- a--
put signal in an ideal coded system. In an uncoded s
signalsystemfluctuationnoisehasa continuouseffect, where

In a typicaltape recorder,fluctuation noisewillhave
a more seriouseffect on a practicalcoded systemthan P = peak.to.peaksignal voltage
on the ideal codedsystem.The timeavailablefora deci. s = numberof quantizinglevels
sion as to whethera digital"1" or a "0" wasrecordedis a = quantumstep
reducedby variouscausesincludingsamplingpulsesof
finite durationandrisetime, clock jitter,amplitudein-
stabilitiesand dropouts due to changinghead-to-tape
interfaceconditions,phaseshift,androlloffat highand
low ends of the systemfrequencyresponse.This is il-
lustratedin the so.called "eye pattern"of figure 10-4
which results from a superpositionof the pulsesof a
randomsequence.The squarewaveshapeis lost by the
limitedhigh-frequencyresponse;fluctuationnoiseadds
to the signalandbroadensthepulsesin they direction;
timingjitterbroadensthe pulsesin thex direction;and
high.frequencyrolloff causesa smallerreproductionof
short pulses than longer ones. The interval uncon-
taminatedby these deleteriouseffects andavailablefor Ira)
determinationof therecordedbit is, therefore,substan-
tially shorter than a bit period, and bit errorsare in- /"

troducedin the readoutprocess. Errorsof one in 10_ //"[_ ''-'_\I\1

have been achieved, however, even without error€or- /
rectingcodes. Thus, althougha basicanalysisof quan- / ,,
tizationnoisecanbemadeandisreviewedsubsequent.
ly, an experimentalevaluationwillneedto be performed

to confirmthe superiorityof theA/D/A caseswherebit i \ ipackingdensity,signalsystembit rate, or head.to.tape
velocityareneartheirupperlimitsof thestateof theart. \ /"

\ /'

f T t I t T
$_ $2 S3 8'4 s6 $e (c)

Samplingtime= FigurelO-5.-Quantlzlngof a dgnalhavingzeroaverage
value.(a)Odidnalsignal.(b) Quantizedsignal.(¢)Quantl.

Figure10-4.--Millereyepatterns, zatlonerror.
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Thisprocessintroducesan irreversibleerrorbecausethe DEVELOPMENT OF MILLER SQUARED
instantaneous signal value after quantizationwill, in CODING
general,differ fromthe truevalue beforequantization.
The resultant error will, therefore, range from 0 to In channelcoding the data streamsare modifiedfor
:f:a/2. Moreover,If the signalis unpredictablewemust best possibleperformance withinthe limitationsof the
assume that all error values are equally probable, The transfer function of magnetic recording, The impor-
"mean squared"value of this erroris tance of each of manycharacteristicsof a channelcode

variesfromone applicationto another.Moreover,these

1 I "/_ E3dE different areas of performance are often in conflict._T _ __. -,la Millerzcoding, developedbyAmpexCorp. foruse in its
,_ aa high-density digital recorders, provides an optimum

overall compromise among these various areasof per-
12 formanc¢,

Millercode,theforerunnerofMiller_code,firstap-
The rmsvalue of quantizingnoise is then peeredin the 1960's,This code is also knownas delay

modulation (DM) and modified frequencymodulation,

•4_ ,, a MFM (a misnomer).This coding systemsaw extensive
2VT use in early high.density digital recording (HDDR)

systemsand in computerdisk memory.
Miller2 code, devised by J. W. Miller of Ampex

Thevoltage,peak.to-peaksignal-to-erosnoise ratioSNR Corp., debuted in the mid 1970's,This extensionof the
now becomes Miller code technique has no de offset (digital sum

variation).Consequently,itresolvesthe criticalproblem
SNR,_2_4_" of patternsensitivity,whichplagues HDDR.

To visualize Miller2 coding, first consider NRZ-M

or (fig. 10-1). In this coding technique"l's" arcmarkedbya transitionin the middle of the bit cell, "O's"are not
marked. This techniquehas potentialfor verylow fre-

SNR_ 10.8+ 20 log $ decibels quencycontentdownto dc and, consequently,is not at
all compatiblewith magneticrecording.

It can be seen from this relationthatSNR basedon rms BIC_-M resolves this problem by simply having a
noise is 10.8dB higher than SNRbasedon thepeak-to- transitionat the beginningof everybit cell, and, as
peak errordue to quantization.The numberof quan- before,a transitionin the middle of the bit cell to mark
tlzation levels$ is relatedto the numberof bits m in the a "1." Theweaknessof this systemis thatthe digital"1"
chosenbinarycode now has two transitionswithinthe same bitcell: one at

thebeginning,thesecondat themiddleto markthe"1,"
Within a recording channel of fixed upper frequency

s=2" limit, we now can have only 1/2 the throughputof
NRZ-M.

The voltage SNR in decibelsis then Aaron Miller(Millercode)addressedthis problembyaddingtwo coding rulesto Bi¢-M. The first is that in
the case of a digital"1" there willbe no transitionat the

SNR= 2".t 4'J" beginningof the bitcell, onlyat themiddle.The second
is thatin the caseof a "1" followedby a "0"therewould
be no transitionat the beginningof the bit cellcontain-

or ing the "0." This is Millercode.
The most objectionablefacet of this coding is a se.

SNIp5 = 10.8+ 6m qucnce of "I," "0," "1," which encodes a pulse two bitcellslong. A lengthysequenceof thesetwo bitcellpulses
results in adc offset. This can be compensatedwith

8 is proportionalto the bit rate, and the SNR can, restorationas is done in most other highdensitycodes;
therefore, be seen to increase exponentially with the however,eliminationof this dc offset condition would
number of bits per sample. If the system bandwidth be farmore desirablethan tryingto compensatefor it.
allows, the SNR can be arbitrarilyincreaseduntil the Miller' coding resolves this dc offset problem by
availablesystembandwidth has been fullyused. employingtheMiller codetechniqueplusone additional
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rule. This additional rule states that the coding will be In the sequences_0.f non-zero DSV, Miller2 encodes all
the same as in Miller code except whenever there is an the "l's" except the last. The final "l" is ignored. For ex-
even number of "l's", the final "l" will not be marked, ample, in figure 10-1 the DSV returns to "0" after the

final data "l" and, consequently, the final data "0" is to
ALGORITHM FOR MILLER AND be counted again for the next sequence. All other se-
MILLER 2 CODING quences are coded as in Miller code. Miller2coding pro-

duces characteristic transition-free runs of 2_A and 3 in-

Digital Sum Variations tervals, which do not occur in Miller code-this insures
unique decoding. The bandwidth requirements of this

Digital sum variation (DSV)is the running integral de-free code are little greater than NRZ. Negligible
of the area beneath the coded sequence. In computing baseline wander or eye pattern closure occur. The effec-
DSV, the binary levels are assumed to be + I. If the tive worst pattern signal to noise ratio (SNR) expected in
DSV of the code can grow indefinitely, the code has adc Miller2 coding is 3 to 5 dB better than in Miller coding.
content. If the DSV is bounded, the code is dc free.

MILLER2 CODE PERFORMANCE
Density Ratio

Typical Miller2 code performance without the addi-
Density ratio (DR) is given by tion of error correcting code (ECC) is as follows:

Track density, kbpi Up to 33.3
DR = data density Areal density, bit/in" Up to 106

highest transition density Bit rate expansion/
reduction 32: I

_ x (d + l) Maximum throughput
Y rate (28-track

system), Mbps Up to 130
where Bit error rate 10-6

x= nonreturn-to-zero bits Input/output formats Bit serial or bit parallel
y = channel code bits Bit parallel words,
d= shortest run of "O's"between "l's" words/s To 6 x 106

Bit serial streams, Mbps To 96

The density ratio of M2 code is unity. Generally high- Typical Miller2 code performance with ECC is as
frequency response of the channel must extend follows:

somewhat above the Nyquist frequency corresponding Track density with
to the maximum transition density. This frequency is (2
DR x 7) -1, where Tis the time interval between data standard tape, kbpi Up to 43
bits in seconds. The larger the DR, the lower the band- Areal density, bit/in: Up to 1.3 x l0 s

Bit rate expansion/re-
width of the code. duction 64:1

Miller Coding Rules Maximum throughputrate, Mbps 120
Data "l's" are coded as in NRZ-M, with the addition Bit error rate l0 -8 to l0 -9

of transitions in the middle of the bit cell. Isolated data Input/output formats Bit serial or bit parallel
"O's" are ignored (or delayed). Transitions are inserted Bit parallel words,
at the beginning of the bit cell between pairs of data words/s To 6 x 106
"O's." Because isolated "O's" are ignored, the DR re- Bit serial streams, Mbps To 150
mains unity as in NRZ, and, consequently, bandwidth

requirements are little greater than NRZ. MILLER 2 CODE CHARACTERISTICS

Miller2 Algorithm There are numerous characteristics of a channel code

In Miller: coding the basic Miller code is modified that must be evaluated in judging its performance in a
such that it becomes de free. This is achieved by modify- given application. The characteristics of Miller: coding
ing the sequences that have non-zero digital sum varia- in the following performance areas are evaluated:
tion. To limit the memory requirements, however, the (1) Packing density
changes are introduced only at the end of the sequences. (2) Code overhead
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(3) Transition density reestablish the clockusing the transitions in the channel
(4) Pattern sensitivity code as its reference. Codes having fewer transitions
(5) de response/de restoration make this far more difficult. This, in turn, requires a
(6) Amplitude and phase requirements versus fre- narrow finely tuned tracking loop. More important, it

quency tends to make the system considerably more unreliable
(7) Bit slip in situations of time base expansion. The Miller2
(8) Effect of SNR algorithm assures a transition at least once every three
(9) Polarity sensitivity bit cells.The transition densityis never lessthan 3.33. In

situations involving time base expansion on playback
Packing Density this is an important consideration whencompared with

other channelcodes that may guaranteea transitionnoMiller2 coding requiresno more than one transition more frequentlythanonce everyeight bit cells.perbitcelljustas inNRZcoding.A typicaltaperecord-
ingunitusingthis channelcodewouldhave a capability
of passinga 2-MHzsinewaveat a tapespeedof 120ips. Pattern Sensitivity
With these numbers the Nyquist frequency tells us the Perhaps the most important single characteristic of
system will pass 4 Mbps. Consequently, the packing Millers coding is its freedom from pattern sensitivity.
density per linear inch is 33.3 kilobits. Miller2 coding There is a tendency to fall into the trap of considering
will indeed perform admirably with these numbers; only packing density when addressing a channel code.
however, the Nyquist frequencyis a theoretical number To do this is perhaps a fallacy. Packing density is
assuming z brick wall filter. Practical considerations critical only in situations in which the recording system
must be examined to determine whether this channel is being pressed to the limit for throughput. On the
code can perform at rates above 33.3 kbpi. The bit syn- other hand, pattern sensitivityhas causedgreat difficul-
chronizer/decoder must accurately detect axiscrossings ty in many HDDR applications.
of the signal; therefore, the point must be determined at Pattern sensitivity goes by a number of names: the
which these axis crossings become obscure by inade- "pathological data sequence"and, more euphemistical-
quate rise time, phase distortion, system noise, and [y, the "dirty word." When modified into a giventhan-
noise caused by the beating of the various frequencies nel code this "dirty word" can create a power spectral
created in a givenchannel code. "Obscure" is commonly density far from optimum. The marginal system per-
defined as the point at whichthe raw error rate reaches 1 formance that results from this is pattern sensitivity.
in 10s bits. Bit error rate is measuredby counting errors Pattern sensitivityis the villain that is not identifiable
in a pseudorandom word. In many applications, in the specifications of a channel code. Only when the
however, this technique could be deceptive. The real system goes on line is it sometimes found very difficult
world data in these applicationscould be quite different to maintain the prescribed error rate. In addition,
from a pseudorandom word. The most meaningfulway machine to machine compatibility of tapes may be dif-
to evaluatea channel code in a specificapplication is to ficult, and the system may require frequent fine tuning
try to determine the worst-case word pattern and by the operators. The cause is as follows.The real world
evaluate the packing density under these conditions, data can contain certain patterns of "l's" and "O's"that
Judged in this manner, Millers coding is unusually whenmodified to the channelcode result in a waveform
strong because of its freedom from pattern sensitivity, on tape that is far from optimum. This is a very asym-

metrical waveform. As this pattern of "l's" and "O's"
Code Overhead repeats frequently, frequent cyclesof this asymmetrical

Miller2codingrequires no insertion of extraneousbits waveresult in a de offset, digital sum variation. It is this
in the recordingchannel. This fact is pertinent becausea dc offset that will cause the bit synchronizerto miss ac-
number of channel codesdo require that additional bits cess crossings. The approach in many channel codes is
be added to the user data. This overhead data, typically not to eliminate this problem, but instead to try and
12percent, must be deducted from the packing density compensate for it by using de restoration and attempt-
and throughput specifications for those channel codes, ing to predict the bit patterns in the missing data and

modifying the channel code so that its particular "dirty

TransitionDensity word" is not likely to occur frequently. Perhaps the
most significant advantage of Miller2 coding is its

Transitiondensityis a channelcode parameterthat freedomfrom patternsensitivity.Unlike other channel
describesthe worst-casenumberof bit cells without a codes that attemptto compensatefor the pattern sen-
transition.It is essentialto keepthe numberof bit cells sitivityproblemafter the dataare put on tape, Miller2
withouta transitionas short aspossible. Channelcodes coding recognizesthe potential worst-casepattern on
are self-clocking codes. The bit synchronizermust the recordsideandmodifiesthatdatasuch that this pat-
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outlines how this comes about. Figure 10-6 illustrates /_

how the DSV does not accumulate in Miller2coding as V V V V DecisionIcontrasted to the older Miller code.
(a) (b)

dc Response/dc Restoration Figure 10-7.--(a) Acceptable eye pattern. (b) Eye pattern
with lost axis crossings.Millers coding intrinsically has no DSV and, conse-

quently, has no need for de restoration. Millercode, the
predecessorto Miller2coding, isvulnerable to DSV(fig.
10-6) and, therefore, pattern sensitivity. It is less in phase compensation will shift the timing of the axis
vulnerable than many other channel codes, but, never- crossing at some of the frequencies. This is critical in
theless, the problem is present. The older Miller code Miller2 coding, just as with Manchester code. In both
systemsdo contain de restoration circuitry, systems it is necessary to differentiate between the

beginning and middle of a bit cell. This makes the
Amplitude and Phase Requirements system more critical to phase equalization. In Millers
Versus Frequency coding this problemis relievedsomewhat becausethe

powerspectraldensityof Millerzcodinghas the benefit
In all channelcodes thegoal is to presentthe bit syn- of being limitedto a narrowbandof frequencies.Con-

chronizer/decoderwith a waveformeye pattern(fig. sequently,phaselinearityneedbe maintainedonly over
10-4) that is optimumso that the bit synchronizerhas a narrow band. In Millers coding systems phase
the best possibleopportunityto detectthe axiscrossing equalization for each tape speed is provided to a
of the signal, tolerance of + 1/10 bit cellor better.

Amplitude versusfrequencyequalization is important

because inadequacy here will cause the eye pattern to Bit Slip
close downat some frequencies,makingthe axiscross-
ing less identifiable (fig. 10-7). Equally important is Intrinsicin allchannelcodesis theproblemof bit slip.
phase versusfrequencycompensation.Lackof linearity To properlydecode the data on playbackthe bit syn-

1 1 0 1 0 0 1 0 1 1 0 1 1 0 0 0 1 1 0 0
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chronizermust reestablish the data clock in each track, required or where severelydegraded recordings can be
In Manchester and Millers coding format this clock anticipated.
must be more precise to firmly identify the beginning
and the center of the bit cells. Typically, the clock is Polarity Sensitivity
held in proper relation with the signal by means of a
phase-locked loop. A prolonged dropout on tape and In a number of channelcodes includingNRZ-L, the
the loss of signal transitions in the phase-locked loop polarity of transition is essential in identifying a "1" or a
could allow the clockto lose its phase relationship with "0." When cross-playing tapes between machines, the
the signal.The effect of this is bit errors continuinguntil operator must be concerned about the possibility of a
the bit synchronizer can correct itself. This is bit slip. polarity reversal (i.e., one more stage of amplification

with its ensuing 180° phase shift). Miller2code is insen-Virtually all channel codes incorporate periodic syn-
chronization wordsin each track to bring the clock back sitive to polarity because it is dependent only on the tim-
into phase. In addition to this technique, Miller2 and ing of the transition and not its polarity.
Miller coding resynchronize the clock whenever a
suitable bit combination appears at random in the data. Summary
The technique is this: In MiUer2 format, "1," "1," "0," Numerous different programs and applications for
"1" encodesas a unique pulse, three bit cellsin duration, collectingdata in high-densitydigital format have been
Consequently, the bit synchronizer identifiesthe trailing satisfied with high-density digital tape recorders
edge of a pulse three bit ceilslong as a "1" and the trail- (HDTR's). Each application has had its own unique
ing edge of the pulse is immediately identified as the needs and priorities; consequently, all performance
middle of the bit cell.From this the phase of the clock areas must be equated against the needs in a given ap-
can be established. In the case of Miller code, "1," "0", plication.
"1" uniquely encodes as a pulse two bit cellslong; from
this the phase of the clock can be established.
Therefore, in the event of bit slip, the proper phase of
the clock can be reestablished as soon as the "1," "I," OTHER FACTORS CLOSELY RELATED
"0", "1" combination occurs at random in the data. In TO THE CHANNEL CODE
the rare instance this were not to happen randomly in
the data, the "1," "1," "0", "1" combination is an intrin- Deskewingschemesand error correcting codesare not
sic part of the deskew synchronization word that is in- an intrinsic part of the channel code. These operations
serted every 512 bits. are generallyperformed in the NRZ format before the

NRZ is translated to a channel code. Nevertheless, the
manufacturer of Miller2 coding hardware (Ampex

Effect of SNR Corp.) incorporates deskewingand error correction in

In previous discussionsit was seen that preciseiden- the tape recording systems using the Miller2 channel
tification of axis crossings by the signal is essential to code.
the performance of a high-density channel code. It

follows then that excessive noise in the signal will Deskewing
obscure this axis crossing and degrade the system per-
formance. The trend has been to address a raw bit error A tape transport used in HDDR will have a skew
of 1in 106as the norm for a channelcode (ref. 10-1). It specification typically0.6/zs at a tape speed of 120ips.
has been shown that an SNR of 14 dB theoretically The angular skewingof the tape as it crosses the head
should yield a bit error rate (BER)of 1 in 10+.In actual can create a timingdifference betweenthe tracks on op-
practice, SNR values of 24 to 28 dB are more typically posite sides of the tape varying from 0 to 0.6 #s. If,
related to a BER of 1in 10+.This requirement for addi- hypothetically, the systemis being usedto record at a bit
tional dynamic range is brought about by tape surface rate of 4 megabitsin each track, the duration of eachbit
imperfections. Millers code, like Manchester code, is cell is 0.25 #s. Obviously, the skewingof the tape will
perhaps 3 dB more sensitiveto noise than NRZ format, cause an intolerable error if the system is to correlate
This 3 dB added to the typical 24- to 28-dBrequirement betweenbits in each track (parallel words). All HDDR
still is well within the range of magnetic recording systemsin which there is to be cross correlation inject
systems, periodic deskew words in each of the tracks.

An error correcting code adjunct to Millers code There are a number of ways of dealing with this
hardwareis availablefrom the manufacturer. Error cor- overhead information. In the system employed in
recting code would be employed in instances where bit HDDR recorders produced by Ampex Corp., 32-bit
error performance considerably better than 1 in l0 s is deskewwords are injected every 512 bits in each of the
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tracks,The bit rate in each track remainsunchanged, ErrorCorrection
The overhead is handledby the use of an additional
track(2overheadtracksina 28-tracksystem),The The errorcorrectingsystememployedby Ampex
32-bltdcskewwordsarcnotInjcctcdintoallthetracks Corp.initsHDDR systemsinvolvestheuseofasimple
simultaneouslybutarestaggered,Thetechnlqucofthe transverseparitytrack(2paritytracksInthecaseofthe
overheadtrackistouseittoalternatelystoretheraw 28-tracksystem)andacyclicredundancycheck(CRC)
datafromeachoftheothertracksduringtheIntervalswordinsertedineachofthelongitudinaltracks,The
of time when the deskew word is being lnjcctcd into CRCword is a 16-bitword injectedonce in each512-bit
eachdatatrack(fig,10-8), block,Thisformatallowsthedetectionandcorrection

To evaluatethis techniqueitmustbecomparedtoan ofanyerrorsoccurringinasingletrack,Errorsareprin.
alternateapproachthatwouldnotusean overhead clpallytheresultofdropoutscausedbyanomaliesinthe
track,Instead,thealternateapproachwouldincrease tapesurface,Thesedropoutsgenerallyoccuringroups
thedataratepertrackl_reaterthantherawdatarateto andarcisolatedtoonetrack.AswithallECC'softhis
accommodatetheoverhead,The disadvantageofthe type,iferrorsoccursimultaneouslyintwotracks,slm-
Ampex approachis the needfor an additionaloverhead pie transverseparitywill fail to identify the tracks.In
track on tape. The disadvantagesof the alternate, bit this instance an uncorrected error Is flagged by the
stuffing,approacharetwofold,First,thepackingdensity system,Theprobabilityofthiseventoccurringhasbeen
anddatarateinthetracksarcmadegreaterthantheraw statisticallydeterminedtobeapproximatelyIin10L
data rate, Increasesin data rate and packing density This then Is the error performance that can be an-
make performanceof the system more marginal. Se- ticipatedwith this system. Improvementsin tapequality
cond, and perhaps more Important, the bit stuffing wIU,therefore, enhancethe performanceof thesystem.
technique takes away the flexibility of the record
system.With bit stuffing thereis rate-sensitivecircuitry Overhead
in the recordsideof the system.In contrast,the Ampex
techniquecan followchangesin recorddatarate TheonlyoverheadburdentheECC systemwilladdls
withoutaltering the system, that of the transverse parity track. The CRC words do

Synchronization word bit numbarmand aourcoof data In too=tar:hannol

Channol 97- 129- 101- 102- 226- 257- 209- 321- 353- 305- 417- 449-1-32 33-04 05-90
120 100 192 224 250 200 320 352 304 410 440 512

Data1 6 O - _ O

Data 2 O S O = _ D

_-DData3 O O S O --

Data4 D - -- O S D -- D

Data5 O - = O S O _ O

Data5 O = = D S O _ D
_poclal

Mattor 1 2 3 4 5 0 $ 7 8 " 9 10 11 12 13 words

Data7 D v D S D _ D

Data5 D :_ D S D _ D

Data9 D - D S D _ D

Data10 D _ O S O _ D

Data11 D _ D S D _ D

Data12 D "_ D S D D

Data13 D t, D S D

FigurelO-8.--Typicalsynchronizationworddistribution.(512bitsbetweensynchronizations;
13datachannelsplusmasterchannel;D ==data;S'=synchronizationword,Ifanychannels
areunused,orcontainunsynchronizeddata,no synchronizationwordisrecordedonthe
tape.Nonsignificantsignalsarerecordedonthemastertrackduflngtheperiodsthatwould
normallybeusedfordatatransferfromthesechannels.)
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not impact on the overhead of the system. These 16.bit will be compatible with the older Miller format. Similar.
words are inserted in the middle of the dcskew words, ly, the ECC format used with these systems will be corn-
Consequently, the bit rate in each track remains the pletely compatible for playback of earlier tapes made
sameas the rawdata rate. withoutECC.Theywillnot evenrequireoperatorin-

tervention.The systemwith ECC capabilitywill im-
Flexibility mediatelyrecognizea taperecorderwithoutECCand

This system enjoys the flexibility of not being hard- implement the necessary circuit changes.
wired for a specific number of tracks. By means of
switches, the operator when recording dictates the SUMMARY
number of tracks to be incorporated into the error cor-
recting scheme..This not only sets up the appropriate The Miller_coding technique is the best possible tom-
logic for error correction but also tells the reproduce promise of the many characteristics of a high-density
system the format being recorded by recording an iden- channel code affording maximum flexibility to fit
tifying word in the overhead deskew track. On various applications.
playback, even on another machine, the error correcting
system will set itself up properly without operator in- REFERENCES
tervention. When ECC is not employed, the reproduce
systemrecognizesthis also. The availablespace for lO-1 Schwartz,Mischa:InformationTransmission,Modu-lationand Noise. McGraw-HillBook Co., Inc.,
recordingthewordthat definestheerrorcorrectingfor- 1959.
mat is availablein this way:The masterdeskewtrack 10-2 TelemetryGroup: TelemetryStandards. IRIG
stores the user data while deskew words are being in- 106-69, Inter-RangeInstrumentationGroup, Range
serted in the data tracks. This is done in a 512-bit block. CommandersCouncil, revised 1969.
The user data is in the form of 32-bit segments that are 10-3 "FR2000 Tape Recorder." Specification data
displaced while the deskew words are inserted in the sheet, Ampex Corp.
data tracks. There can be as many as 13 of these 32-bit

segments during a 512-bit block. These thirteen 32-bit BIBLIOGRAPHY
segments will occupy 416 bits. Consequently, 96 bits re-
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CHAPTER 11,

Parallel Mode High-Density Digital Recording:
Technical Fundamentals

TechnicalStaff
Datatape,Incorporated*

Thischapteris anintroductionto parallelmodehigh- 107 bits. Evenmore advancedrecordershave been
densitydigitalrecording(HDDR)techniquesusingthe developedwith data ratecapabilitiesas high as 600
enhanced-NRZ(E-NRZ)encodingscheme. Mbps,andthedevelopmentof a 109bpsrecorderseems

Everyattempthasbeenmadeto assembleallthebasic wellwithinthe practicallimitsof currenttechnology.
informationnecessaryto understandthe fundamental HDDR is usuallyconsideredto be anydigitalroe-
principlesof parallelmode high-densitydigitaltape ordingat per-trackdensitiesof20000hpiorgreater,us-
recorders(HDTR's). inglongitudinalrecordingtechniques.Whenindividual

It is assumed that the reader has a technical bit streams are recorded one bit stream per track, the
backgroundand is familiar with the principlesof associatedsystemis termeda "serial"HDDRsystem.If
magnetictaperecording,but has had no previousex- thebit streamis,instead,convertedto parallelbytesof
periencewithHDDRtechniques. N bits and recordedacross N trackson tape, the

associatedsystemis termeda "parallel"HDDRsystem.
Thischapterconcentrateson the discussionof parallel

INTRODUCTION modeHDDRsystemsonly.
Whensomethingsuchas HDDRis developed,there

HDDRis a relativelynewmethodof recordinginfer, areboundto be manyquestions,suchas willHDDR
mation on magnetictape that offersseveralsignificant totallyreplaceconventionalanalogrecordingmethods?
advantages over conventional analog recording To answerthis questionso soonafterthe introduction
methods.First,thedata arerecordedin a formatthatis of this new recordingmethodwouldamount to little
directly compatiblewith electronicdata processing morethanspeculation;however,sucha possibilityiswell
equipment,withouttheneed for additionalanalog.to, within reason. HDDRhas alreadygained rapidand
digital(A/D)ordigital.to.analog(D/A)conversion.Se- widespreadacceptancein suchareasas satellitecom-
cond, the data are reproducedwith a much higher munications,radarsignalanalysis,digitalimageryand
degreeof accuracybecauseof the relativeinsensitivity X-ray,interferometry,andas massstoragesystemsfor
of digitaldatato the effectsof flutterandtimebaseer- digitalcomputers.Near futureapplicationswillprob-
ror,whichtendto degradeanalogsignals, ablyincludedigitizedtelevisionandadvanceddigitalin-

Perhaps the most significant advantage of all, strumentation. Beyond that the list is virtually
however,lies in the extremelyhigh packingdensity endless-limitedonlybythe imaginationandcreativity
madepossibleby this new recordingmethod-up to of the systemsengineer.
45 000bpi/track.Suchhighpackingdensityresultsin
practicaldata transferratesas highas 50, 100,or even
450Mbps, withbit errorratesof lessthanoneerrorper ADVANTAGES OF ENHANCED

NONRETURN TO ZERO ENCODING

Mostof today'sdigitaldataaresuppliedaspulsecode
*AKodakcompany;formerlyDatatape Divisionof Bell&Howell modulated(PCM) signals using a nonreturn-to-zeroCompany.
Editor's Note: DATATAPE,MARS,and M-14 areregistered (NRZ)codeformat-a codeformatboth richin decon-

trademarks of Datatape, Incorporated. Enhanced-NRZ, E-NRZ, tent, and one requiringa high degree of time base
EDAC, and HI-D are trademarks of Datatape, Incorporated. stabilityto maintainbit synchronizationwitha separate
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coincidentclock signal. In apparent conflictwith these Encoding Scheme Clnss|flcnflons
code characteristics,magnetic tape recorders suffer
from two majorshortcomingsthat limit theirsuitability Later in this chapterwe shall explorethe advantages
for recordingand reproducingstraight NRZ signals: and disadvantagesof various encoding schemes on a
time base instability and an absolute inability to point-by-pointbasis, Before engaging in such detailed
reproduce dc signal components, What then is being analysis,though, let us reviewsomeof the manywaysin
done to eliminate,or at leastminimize,these shortcom, which PCM data can be encoded and establisha fun.
ingsto makerecorderscompatiblewithdigitalrecording damental baseline for their classification.
requirements?TheanswerUcsin the developmentof an Virtuallyall encoding schemes, whether suitable for
encoding scheme whereby tile NRZ data are somehow HDDR or not, can be classified as belongingto one of
modified (clianged) to eliminate or minimize the dc four basic family groups, The four groups are: return.
componentand providethenecessarytimebase stability to.zero (RZ) codes; nonrcturn.to.zero (NRZ) codes;
to preventloss of bitsynchronization,Severalsuch en. biphase codes (Bl¢); and delay modulation (DM or
coding tchemes havebeen developedand have proven Miller)codes, The four classificationsare identified in
quiteeffectivein overcoming these recordershortcom- figure 11-1 along withthe waveforms for severalof the
lags, Includedamong these encoding schemesare such separatecodes belonging to each group,
contenders as delay modulation (DM; also known as
Miller codes), randomized NRZ (R-NRZ), and ca- RZ Codes
hunted NRZ (E-NRZ) encoding, Of the severalen-
coding schemes currentlyavailable, Datatape, Incor- RZ codes are far too inefficient for use in HDDR,
porated'sE-NRZencodingschemeis rapidlyprovingto but,becauseof their simplestructure,they are included
be the most acceptablefor HDDR. The reasonfor this in this discussion to serveas a convenientstartingpoint
higherlevelof acceptanceis thesubjectof thediscussion toward an understanding of more sophisticated en.
that follows, codingschemes,
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RZ (Return-to-Zero) data, on a separate line. As bit density increasesabove
1000bpi, however,the degreeof time base stabilitypro-

The simplest encoding schemeconceptually is the RZ vided by the recorder becomes inadequate to maintain
code. A "1" is representedby a positlve-goingpulse, and bit synchronizationby this means, and a more effective
a "0" by a negative-going pulse. This particular code meansmust be used. One of the most effectivemeans of
may find applications in elementary equipment, but its
inefficient use of bandwidth restricts its use from achieving the necessarytime base stability is to extractthe timing clock signal directly from the transitions in
HDDR applications. It is a redundant coding scheme the data stream. This assumes, however, that a suffi-
because two flux transitions are required for each bit. cient number of transitions exist in the data to insure

"lock-on" by an internal timingoscillator. Unfortunate-
RB (Return.to-Bias) ly, with straight NRZ, there are no safeguards to pre-

A slightlymore efficient encoding schemeis one that vent long uninterrupted strings of "l's" or "O's";
remainsat either the positive or the negative maximum therefore, there is no assurance that a sufficient number
excursion possible in the absence of a signal. A "1" in of transitions will be present to insure lock-on by the
this encoding schemeis representedby an isolated pulse timing oscillator.
from one extreme signal to the other, or in the case of In reviewingthe two major limitations imposed by
tape, from saturation in one direction to saturation in straight NRZ codes (i.e., the presence of a de compo-
the other direction. At the end of the pulse the original nent and the requirement for an extremelystable time
value is resumed and a total of two flux transitions are base) a definite commonalitybetweenthem becomesap-
required for each "1." A "0" is represented by the parent. That is, both limitations can be minimized by
absence of a pulse, simply providing a safeguard that will guarantee the

necessary minimum number of transitions in the data
stream. This, in essence, is exactly what is done in the

NRZCodes case of the "modified" NRZ codes (i.e., E-NRZ and
R-NRZ) to make straight NRZ encodeddata acceptable

Of the four code classifications,NRZ codes provide to the recorder. Increasing the transition density does
the most efficient use of available bandwidth and are not of itself provide the most acceptable encoding
the easiest to engineerand maintain. They are the most scheme,however, as there are still many other factors
widelyused codesfor electronicdata processing(EDP), that must be taken into consideration, as will be ex-
and are generally suitable for high, medium, and low
density EDP applications. The two outstanding plained later.
characteristics that make the NRZ codes so widely ac- NRZ (Nonreturn.to-Zero)
cepted by the EDP industry, bandwidth efficiencyand
simplicity, make them equally attractive for HDDR. In comparing NRZ encoding with RZ encoding,
There are, however, two limitations that must be over- redundancy is sharply reduced by assigning,at most, a
come to make NRZ codes compatible with magnetic single transition to each separate bit. The information
recorders, derived by the recorder from this encoding scheme is

The first of these limitations is the presence of a whether the flux changedor not. There are severalways
substantial de component in the straight (unencoded) in whichthese two piecesof information can be used to
variations of the NRZ code, which is unacceptable to give a binary coding scheme. In straight NRZ, a flux
the recorder. This de componentresultsbecausestraight change indicatesthat the bit followinga givenbit is dif-
NRZ codes are not "run-length-limited"-meaning that ferent from the first bit. Thus, a changefrom "1" to "0"
there are no built-in safeguards to prevent the data is indicated by a flux change. When a series of "l's"
stream from containing long uninterrupted strings of followeach other, no fluxchange is indicated,but when
"l's" or "O's."To preserve such long strings of "l's" or the last "1" is followed by a "0," there is another flux
"O's"without distortion, it becomes necessary for the change.
response of the recorder to extend very close to de,
which is not possible. NRZ--L (Nonreturn-to-Zero, Level)

The second limitation imposedby straight NRZ codes NRZ--L is a straight NRZ code that is not acceptable
is the requirement for an extremely stable time base to for HDDR. A "1" is representedby onelevel, and "0" is
prevent loss of bit synchronization as data is clocked represented by the other level.
through the recorder. At very low bit densities(up to ap-

proximately 800 bpi), the degree of time base stability NRZ-M/NRZ-I (Nonreturn-to-Zero, Mark)
provided by the recorder is normally sufficient to main-
tain bit synchronization through the use of an external NRZ-M/NRZ-I is a straight NRZ code that is not
synchronous clock signal supplied along with the NRZ acceptablefor HDDR. A "1" is representedby a change
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,o,,, l, ,,o,,1,in level, and "0" is represented by no change in level. '1 I o I 1 II 1 I o Io,I I 0
The NRZ- M encoding scheme indicates a "1" by a fluy c---4 _ I , I.--a---4 _.4

change and a "0" by no flux change. The main advert- Naz--L _l_--'= I ! , II I

tage of NRZ- M over NRZ is that there is a one-to-one j i I i _ _ I = I i
relationship between the signal and the bit. If there is an = , / ] ! ,4 I I _ ]

I I I I / /I i t t
error, only the bit for which the error is made is lost. In t i t _ _ _ I i i I

' ' / / 1' / I _ / i'straight NRZ, on the other hand, if a flux transition is f
missing all successive bits will be exactly opposite of E-NRZ _nt'7-" * _---_ _'7-f_ " F"t * J-7"/----[ ff I ----J L.-J i Lg.-J L---J I L-.a
what they should be, until bit synchronization is u , J , , , ._ , , i , ,
somehow regained. NRZ- M/NRZ- I encoding is used !
in 800 bpi IBM-compatible tape drives. Paritybit

Figure l l-3.--Datatape, Incorporated's,E-NRZ encoding.
NRZ- S (Nonreturn-to-Zero, Space) (*= invertedbit.)

NRZ-S is a straight NRZ code that is not acceptable

for HDDR. A "I" is represented by no change in level, ty (enhancement) bit to each of the words. This parity
and "0" is represented by a change in level, bit is added at the end of each word to make the total

R-NRZ (Randomized-NRZ) number of "l's" in the eight-bit word an odd count.
Enhancement offers several advantages over straight

R-NRZ is a modified NRZ code acceptable for NRZ and over R-NRZ. First, it assures a minimum tran-
HDDR at packing densities up to 30 000 bpi/track sition rate sufficient to minimize dc components and to
(typical for a 28-track recorder with a 2.0-MHz pass- maintain phase lock in the playback timing oscillator.
band), with a bit error probability (BEP) of 1 BEP in Second, E-NRZ is run-length-limited-providing, even
106 bits. As the name suggests, straight NRZ data are under worst-case conditions, a minimum of 1 transition
processed through a randomizer before being recorded for every 14 bits. Third, by means of parity checks dur-
on tape to increase the number of level transitions, ing playback, E-NRZ provides a good indication of the
which reduces the dc component and makes the data error rate with which the data were recorded and
more acceptable to the recorder. The code is not run- reproduced. Several other advantages are also realized
length-limited, however, so there exists a definite, with E-NRZ encoding, and will be discussed later in this
though remote, possibility that under certain conditions chapter.
a given NRZ bit pattern could exactly nullify the ran-
domizing process to produce unacceptable long strings Blphase Codes

of "1's" or "O's". A typical bit randomizer, such as used Biphase codes have appeared in several variations and
in R-NRZ encoding, is shown schematically in figure are known by as many different names. Included in the
11-2. variations are Manchester encoding, biphase encoding,

double-frequency encoding, phase encoding, and
E-NRZ (Enhanced-NRZ) frequency-shift encoding. All are characterized by hav-

Datatape, Incorporated's, E-NRZ is a modified NRZ ing a minimum of one level transition per bit. The
code that is acceptable for HDDR at packing densities coding rules for biphase codes are the same as those for
up to 33 000 bpi/track, with a BEP of 1 in 106 bits. As NRZ-M/NRZ-I, with the addition of one extra tran-
shown in figure 1I-3, E-NRZ encoding entails sition at the beginning of every bit cell. This results in a
separating the NRZ--L data stream into seven.bit high transition density, which makes the code totally dc-
words; inverting bits 2, 3, 6, and 7; and adding one pari- free and run length limited-which is highly compatible

with magnetic recorders. Unfortunately, this same high
transition density requires twice as much bandwidth as

XOR NRZ codes to provide the same packing density. This

C(] '[ inefficient use of bandwidth limits maximim packingdensity to approximately 12 000 bpi, which is well below

XOR [ the minimum requirements for HDDR. Biphase en-
NRZ--L _ [ [ [ [ ] coding is used in 1600-bpi IBM-compatible tape drives.

data L__.,,_ I " Shift register • R-NRZ Bi¢-L (Biphase, Level)

data Biphase, level, is also known as split-phase encoding.
Figure 11-Z--Typical bit randomizer. Level change occurs at the center of every bit period. A
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"1" is represented by a "1" level with a transition to the these advantages and disadvantages are discussed in the
"0" level, and "0" is represented by a "0" level with a paragraphs that follow.
transition to the "1" level.

Maximum Theoretical Per-Track Bit Rate

BiO-M (Biphase, Mark) The maximum theoretical per-track bit rate is the
Level change occurs at the beginning of every bit maximum number of bits, per track per second, that

period. A "1" is represented by a midbit level change, successfully can be recorded and reproduced with any
and "0" is represented by no midbit level change, given recorder passband. This bit rate, known as the

Nyquist rate (for NRZ codes), is equal to twice the up-
Bi_-S (Biphase, Space) per band edge (UBE) frequency limit of the recorder

Level change occurs at the beginning of every bit passband.
period. A "1" is represented by no midbit level change,
and "0" is represented by a midbit level change. Nyquist rate = bpsm_= 2 UBE

Delay Modulation (Miller) Codes For example, calculate the Nyquist rate for a recorder
with a 2.0 MHz passband:

Miller and Miller squared (M2) are perhaps the most

familiar members of a code group known as delay Nyquist rate = 2 (UBE)
modulation (DM) codes. These codes are characterized
by having a minimum of one transition for every other = 2 (2 x l0 s)

bit cell. This transition density is sufficient to minimize = 4 Mbps/track
any dc component and provides run length limiting.

Miller codes are acceptable for HDDR at packing den- Maximum Theoretical Per-Track
sities up to 22 000 bpi/track, with a BEP of I in l0 s bits. Bit Packing Density

Miller Code The maximum theoretical per-track bit packing densi-

A "1" is represented by a midbit level change. A "0" ty is the maximum number of bits, per unit length of
has no level change-unless it is followed by another tape per track, that successfully can be recorded and
"0," in which case there is a level change at the end of reproduced with any given recorded passband. This
the first "0" bit period, packing density-which, for lack of a better term, we

shall call the Nyquist packing density-is equal to the

Miller Squared (M _) Nyquist rate divided by the tape speed:

The rules for M_ encoding are the same as for Miller, 2 UBE
except when an isolated "0" is followed by an even Nyquist packing density =
number of "l's', the midbit level change corresponding tape speed

to the final "1" is inhibited. For example, calculate the Nyquist packing density

Three Acceptable Encoding Schemes for a recorder with a 2.0 MHz passband operated at 120
ips.

In summarizing our review of the various encoding

schemes, we discovered that most were unsuitable for Nyquist packing density = 2 UBE
HDDR. Both RZ and biphase codes suffer from ineffi- tape speed
cient bandwidth use. Straight NRZ codes, on the other
hand, are handicapped by too few level transitions, = 2(2 x l0 s)
which results in the presence of adc component unac- 120
ceptable to the recorder. This narrows the field to only 4 × l0 s
three encoding schemes that have received official
recognition as being suitable for HDDR: E-NRZ, 120
R-NRZ, and M2. Unfortunately, these codes are not = 33 333 bpi/track
compatible, nor directly interchangeable. The prospec-
tive buyer of HDDR equipment is, therefore, urged to Both the Nyquist rate and the Nyquist packing densi-
give careful and thoughtful consideration to all the ad- ty are important for more than purely academic reasons
vantages and disadvantages of the encoding scheme to because they govern the maximum performance at-
which his data will ultimately be dedicated. Many of tainable under ideal conditions with a perfect recorder
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and a perfectencodingscheme. In otherwords, they set 16- x 100
the goal toward whichthe designengineermust work to 496
achieve maximum overall equipment performance.
With parallel mode HDDR, however, there are two = 0.0323 x 100
main limitations that prevent this goal from being fully
attained: the ratio of actual user bits to the total number = 3.23 percent
of bits recorded (i.e., overhead)and the maximumprac-
tical bit rate attainable for a given bit error probability. Millerand M2

Code Overhead Both Miller and M2 codes require one additional
master channel for every 12data channels; i.e., one ex-

In parallel mode HDDR, not all bits recorded on tape tra record/reproduce track. With Miller and M' codes,
are actual user bits. Others include the parity and syn- a 32-bit synchronizingword is inserted into each of the
chronization word bits added to the data during the en- 12 data streams once for every 512 data bits. To ac-
coding process. These added bits are called "overhead" complish this, 32 data bits are extracted from the nor-
because they occupyspace on tape that would otherwise mal data stream and placed on the 13th master channel.
be occupiedby actual user bits. Depending on the par- The 32-bit synchronization words are then insertedinto
ticular encoding scheme used, the amount of space re- the data stream to occupy the same space from which
quired for this overheadvaries betweenapproximately3 the data bits were extracted. To arrive at a meaningful
and 22 percent of the total space available, overhead figure for these codes, we have to consider the

Low overhead does not always mean best perfor- number of tracks used rather than the number of added
mance. Low overhead is one characteristic of an en- bits:
coding schemethat is, in many cases, the most oversold
characteristic of all. The lower the overhead, the better Percent
the encoding scheme, or so the argument would have overhead = (12 tracks + 1 track) - 12 tracks
you believe. Why then, you might ask, does E-NRZ, 12 tracks
with the highest overhead of all (21.43percent),provide x 100
the second highest throughput rate? Code overhead
calculations for the three major encoding schemesare 13 - 12- x 100
discussedin the paragraphsthat follow. 12

StraightNRZ _ 1 x 10012
Straight NRZ has no overheadat all becauseall bits

present are actual user bits. Unfortunately, this com- = 0.0833 x 100
plete lack of overhead is what makes NRZ unsuitable
for HDDR; that is, the code is not run limited and con- = 8.33 percent
tains no synchronization to insure proper bit syn-
chronization at the recorder output. Nevertheless,this
lack of overhead makes straight NRZ the standard by E-NRZ
which other code overheads are compared. In the case of E-NRZ encoding, 80parity bits and 40

synchronizing bits are added to every 560-bit data
Randomized-NRZ frame. The 120overheadbits added to the 560 data bits

result in an E-NRZ data frame containing 680 bits.Randomized-NRZhas a code overheadof 3.2 per-
cent, the lowest of the three major encodingschemes E-NRZ overheadis calculatedas follows:

used for HDDR. With R-NRZ, a 16-bit deskew syn- (560 + 80 + 40) - 560 × 100chronizingwordis insertedintothe datastreamonce for Percentoverhead=
every496 data bits. These 16synchronizationbitsadded 560
to every 496 data bits result in a code overhead 680- 560- x 100
calculated as follows: 560

Percent overhead (496 + 16)- 496 × 100 _ 120 x 100
496 560

512 - 496 = 0.2143 x 100- x 100
496 = 21.43 percent
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Code Efficiency 2.62.4

Code efficiencyprovides a more meaningful insight 2.2
into code performancethan does code overhead. Effi- 2.01,8
ciencyisthe ratio of usableper-trackbit rate to the max- 1.6
imum theoretical per-track bit rate (i.e., Nyquist rate) __ 1.4 DM(Miller)
for the recorder passband, assuming equal bit error _" 1.2
probability: 1.o

0.8

Code efficiency - usable per-track bit rate × I00 0.6
Nyquist per-track bit rate 0,4 _'_ -- _ _ _ Biphase

0.2

Shown in table II-I are the comparative code effi- o
ciencyratings for the majorencodingschemesused for 0 0.2 04 0.6 08 1.0 1.2 1.4 1.6 1.a
HDDR. The efficiency figures specified assume a rr

28-track recorder with a 2.0 MHz passband, and a bit Figure ll-4.--Spectral density of NRZ, biphase, and DM
error probability of I in 106 bits. coding. (S(/')/E = power spectral density normalized with

respect to signal energy per bit;f = frequency; T = bit period.)
Spectral Density Comparison for
NRZ, Bi¢, and DM

tion in spectralenergyinthe vicinityoff = 0. Note that
Becausethe ultimateobjectiveof an HDDRsystemis the emphasishereis on the wordapparent.WithMiller

to maximize the amount of informationthat can be coding,the majorityof the signalingenergyappearsto
storedon a reelof tape, it followsthatthe slowestpossi- lie in frequenciesless thanone half the bit rate.The ap-
ble tapespeedis desired.Consequently,digitalencoding pearanceis somewhatmisleading,however,becausein
schemes are requiredthat make efficient use of the actualpracticeMillerrequiresa widerpassband(upto
recorderpassband-thereby maximizingthe bitpacking 33 percentwider)thanNRZcodingto achievethe same
density(i.e., bits recordedperlinearinch of tape), packingdensity.

Determination of passband requirementsfor the The Miller spectrumappearsto be small at f = 0.
variousencodingschemesis oftenmadeby examination Once again, this appearsto be an advantagebecause
of the signalpowerspectrum.Somearbitraryportionof recorderresponseat low frequenciesis quitepoorwhen
the total poweris then assumedto be requiredfor ade- using the directmethodof recording,as in the case of
quaterecoveryof the data, and the recordingsystemis high density.Inactualpractice,however,thedccompo-
designedaccordingly.The power spectrumdoes not, nentof theMillerspectrumcan reachas muchas33per-
however, provide sufficient insight as to how the cent of the peak-to-peakvaluewhen worst-casebit pat-
mechanismof restrictingthe passbandaffectsthe signal ternsare encountered.
wave shape. Thus looking only at the spectralpower As a directresultof the two factorsjust discussed,it
density does not of itself providethe systemdesigner beginsto becomeapparentthat higher packingdensity
ample indication of what happens when the digital can only be achievedwith NRZ-derivedcodes such as
signal is processedthrough a channelhaving finite at- Datatape,Incorporated'sE-NRZ.
tenuation rates in the stop band and imperfectphase
linearity,as in the case of magnetictape recorders.

Plotted in figure11-4 arethe power spectraldensities BEP Versus SNR
of NRZ, Bi¢, and Millercoding.At firstglanceit may Plotted in figure 11-5 are the theoreticalbit error
appearthat the spectraldensityof the Millerschemeis probability(BEP) versus signal-to-noiseratio (SNR)
the more suitable for HDDR becauseof the apparent curvesfor NRZ, Bi¢, and Millercoding. As shown, anarrowpassbandrequirementsandthe apparentreduc- BEP of 1in l0 s wouldrequirea recorderSNRof 17dB

or betterusingthe Miller encodingscheme butonly 14
dBwhen usingNRZ orBi_ encoding.A recorderhaving

Table11-1.- Comparison of Code Efficiencies a 12 dBSNRwould(theoretically)providea BEP of on-
Nyquist Usable ly 1 in 102.susingMillerencodingwhilethe same12dB

Code bit rate, bit rate, Efficiency, SNR would providea BEP of 1 in 104.susing NRZ en-
Mbps/track Mbps/track percent coding-an improvement equal to two orders of

R-NRZ .......... 4 3.600 90.00 magnitude.
E-NRZ .......... 4 3.294 82.35 The inherent BEP versus SNR performance of NRZ
M_ .............. 4 2.640 66.00 codes applies directly to E-NRZ.A number of authors
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loo (3) Increasedpacking density can be achievedwith a
superior BEP versus SNR code like E-NRZ if the

_o-1 criterionof packing density is establishedby increasing
density until a given error rate results. (This is King's

OM(Millet) method of code evaluation and he, in fact, found that
IO-= co_4no NRZcan be packed at higherdensities than Miller, see

.-ff ref. 11--4.)

_, lo-_ Minimum Transition Density

Minimum transitiondensity is the averagenumber of
"_ transitions in the bit stream.10-4

• Transitionsarenecessaryto maintainbit synchroniza.
tion. EMR (ref. 11-5) describes the capability of its

lo-5 Model 720 Bit Synchronizer as follows: "Minimum
transition density: Sync is maintained with transition
densitiesas low as onetransition in 64bits(1.56percent),

lo-e with an SNR of 10 dB."
o 4 a 12 is 2o The minimum transition density for any given en-

sNa,da coding schemeis important because it governsthe low.
frequencyrequirementof the recorderpassband.That

Figure11-5.--TheoreticalBEPversusSNRcurvesforNRZ, is, the fewerthe numberof transitions the lowerthe fre.
blphase,andDM(Miller)coding, quencyrequirement.In the extremecasewherethereare

no (or veryfew)transitions,the low.frequencyrequire-
ment would have to extend down to de-below the

have publishedboth theoretical curvesas well as ex- capability of wideband direct record/reproduce
perimentalcurves on this important NRZrelationship, systems.
(See refs. 11-1 to 11-3.) This well-establishedrelation. Millercodingboastsa transitiondensityof 50percent
ship for NRZ and E-NRZ is not sharedby other en. regardlessof bit pattern.This apparentadvantageof
coding schemes. W. N. Waggener from EMR. Miller is obtained at the expense of compressingthe
Schlumbergerstates(ref. 11-2): spectrum, which has been previously shown to be

detrimental(refs. 11-2 and 1I-3). The Millertransition
Theperformanceof delaymodulation(DM)hasbeenwldely density of 50 percent seems beyond the point of

misunderstood.Thesmalllowfrequencycontentandasharply diminishingreturnsand is an overreactlonwhen viewed
peakedspectrumatabout0.4bitratehasledpotentialusersto from the performancebaseline of a well-designedbitconcludethatDMisanefficientcodingtechnique.Suchacon-
clusionIsunwarrantedand,in fact,theperformanceofDMis synchronizer.The transitiondensityof M_encoding(33
3.5dB poorerthan NRZusingan optimumdetectionband. percent) is only a slight improvementover Millerand,
wldthof twicethatofNRZ.IfthebandwldthofDMisllmlted here again, seems beyond the point of diminishing
to thespectralregionlessthanthe bit rate,a considerable returns.
penaltyInbiterrorperformanceispaid. No claimis madeby J. H. Stein (ref. 11-6) for the

minimum transition density of randomized.NRZ.Experimentsat Datatape, Incorporated,withMiller
and E-NRZ show the detection superiorityof E-NRZ However, it is not difficultto envision a string of "O's"
overMillerby the marginof openingin the eye pattern. 20to 40bitslong, resultingin a randomizedoutput with
(See fig, 11-6.) no transitions. It wouldbe difficult, if not impossible,

to specifythe minimumtransitiondensityof random.
Long.time proponentsof Miller now recognizethe ized.NRZ.

3,5-dBpenaltycitedby Waggener(ref. 11-3)but tendto The worst-case transition density with E-NRZ en.discount its importance although this importance is
quiteobvious: coding is 1 transitionin 14 bits (7.15 percent). This

minimum transition density is a major improvement
(1) An SNR marginof 3.5 dB providesa safeguard overR-NRZ,which has no guaranteeof transitionden.

against operationalproblems of head varnish, head sity.The minimumtransitiondensityof E-NRZ (1tran.
azimuthand electronicmisalignment,andcrossplay, sition in 14 bits) bringsthe low-frequencyrequirement

(2) Tape dropoutsof a magnitudeat or near detec, necessaryto process the code wellwithin the passband
tion and hit synchronization threshold will be suc. of standard widebanddirect record/reproducesystems,
cessfullyaccommodatedusingNRZor E-NRZwhlleer. with well-defined performance parameters for dc
rors will resultwith Miller. restoration.
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Figure11-6,--Comparisonof Millerand
E-NP.Z eye patternsfor differentbit
packing densities, (a) Miller code;
16,70kbpt,(b) E-NP.Zcode;16,70
kbpi,(¢) Mllle_code;24,75 kbpi,(d)
E-NP..Zcode; 24,75 kbpi, (e) Miller
code;33,0kbpi._ E-NRZ code;33.0
kbpi, (g) Millercode;45,00 kbpi,(h)

(g) (h) E-NP.Zcode;45,00kbpi,

Bit Pattern Sensitivity Implementationof dc restorationreducesbit pattern
sensitivity.The percent of baseline shift experienced

Bitpatternsensitivityis the susceptibilityof a codeto with differentencodingschemescan be reduced,even
certainbit patternsthat will resultin an increasein bit totally eliminated, through the use of effective dc
errorrate over and above the bit errorrate for more restorationcircuits in the recorder. In weighing the
benignbit patterns, variousmeritsof one HDTRversusanother,considera-

Codes with low transitiondensity suffer most. In tlon should be given to both the presenceand effec.
practice, bit patternsensitivityis usuallythe resultof tivenessof dc restorationcircuitry.
low transitiondensitycoupledwithhighlyasymmetrical Datatape, Incorporated,recommendsthe use of dc
bit streamslthat is, Ions stringsof "l's" or "O's".This restorationin all HDTR's, regardlessof the encoding
type of bit patternis most responsiblefor baselineshift schemeused, Both thenominalcost and complexityof
due to the recorder'sinabilityto pass dc or very.low, includingthis featureare low comparedwithits effec-
frequencycomponents, tiveness in reducing baseline shift, Datatape, Incor-

B-NRZ is unaffected by bit patterns. E-NRZ en- porated, further recommends that all multispeed
codinglimitsdc baselineshift so thatit can neverreach recordersincorporatescaleddc restorationcircuitryto
zero, or I00 percent, of the pulse train amplitude; changethe time constantsof the dc restorationcircuits
specifically,the baselineis boundedbetween 12.5 per- automaticallyandproportionatelywithtape speed.The
cent and 87.5 percent of the peak.to.peak pulse effectivenessof a properlydesigneddc restorationcir.
amplitude, cur in reducingbaselineshift is shownin figure 11-7.
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(a) (b) Ic)

Figure 11-7.--Effectiveness of dc restoration. (a) Twenty-four consecutive "1" bits without
transitions. (b) Twenty-four consecutive "0" bits without transitions. (c) Fifty-five con-
secutive "1" bits without transitions.

The photographs clearly show the effectiveness of also more sensitiveto bias changesthan biphase, but
Datatape, Incorporated'sdc restoration circuitryin less sensitivethandelaymodulation.NRZshowedonly
reducing baseline shift. Tests were performed using a 3 percentloss in bit packing[density]at 0 dB for [a
straight NRZ-L encoding at a packing density of tape of] 30 ips." Althoughnot explainedby King,it is
33 000 bpi. Tape speed was 60 ips, and a standard likelythatthebandedgeself-erasurefromthebiaslevel
28-trackrecorder with 1-in.-widetape was used. changescreated phase response changes,which reduce

Claims of "superior dc-free codes" are often the phase margin (intersymbol interference) for proper
misleading.The reader is cautioned against reports of decoding of Miller and similar codes.
the comparative superiority of dc-free codes over Datatape, Incorporated, recommends recording
E-NRZ when tested at various record levels and bit E-NRZ, or any other bilevelsignal, without bias. Tests
packing densities(ref. 11-7). Such tests have been per- conducted at Datatape, Incorporated, laboratorieshave
formed with no (or marginal)dc restoration. In effect, shownconsistentlybetter recorded levels, and lowerbit
these tests were merely measurementsof dc restoration error rates, with non-biased recording. The net ira.
inferiority, rather than proof of code superiority, provementin the recorded levelalone can be asgreat at

3dB,whichimprovestheoff-tapeSNR.Thechoiceof
Bandwidth Sensitivity E-NRZ encoding does not, however, require the

eliminationof high-frequencybias, if theuserwishesto
E-NRZ, like straight NRZ, enjoys an additional retainan Inter-RangeInstrumentationGroup_compati-

bandwidth related advantage over non-NRZ ble direct record configuration.R. O. Leighou (ref.
codes-low sensitivity to changes in bandwidth that I1-8) reports successfuloperation at 32kbpi/track with
may occur betweenreelsof tape, or within a singlereel high-frequencybias, using"odd parity in everyeight-bit
of tape. D. A. King (ref. 11-4)reports: "NRZ bit pack- byte". Although not stated by Leighou, he appears to be
ing was more sensitive to tape recorder bandwidth
changes than blphase, but less sensitive than delay describingan NRZ code exactlyequivalentto E-NRZ.

modulation."This is explainedby King:"It is the corn- Sensitivity to Crossplaypactingof delaymodulationspectralenergythatmakes
its bit packing density more sensitive to bandwidth D.A. King (ref. 11-4) reportson the sensitivityof
changes." various encoding schemes to crossplay between two

Instead of being compressed into a narrowband of recorders. Part of his experiment using two different
spectralenergy, as in the case of delay modulation, 2 MHz widebandrecorderspossessingdifferentSNR's
E.NRZ makesbetteruse of the full recorderpassband, is summarizedin table 11-2.
Hence, E.NRZ is less sensitiveto UBEphenomenasuch Theresultsof thisexperimentarenotsurprising,con-
as headvarnish,azimuthmisadjustment,and imperfect sideringthecompactingof theMillerspectrum,coupled
equalization.This relativeinsensitivityto UBE makes withthe 2 × clockrequirementof that encodingscheme.
E-NRZ signal electronicseasierto align and calibrate Both of these shortcomingsare apparentwhen cross.
than DM electronics, playing tapes between two different recorders. Here

again, the wider frequency distribution of E-NRZ over
Bias Level Sensitivity Millerprovidesgreaterimmunityto crossplayproblems

A secondshortcomingof DM overNRZwasreported
byKing-biaslevelsensitivity(ref.11-4):"NRZ was tNowRangeCommandersCouncil.
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Table 11-2.- Reduction in Packing Density Caused by either bit slip or burst errors occur, the Miller decoder
Crossplay must be purged by the 1-0-1pattern to produce correct

bit patterns at the output. The M2codeis likewisedisad-Reduction in packing

Tapespeed,ips density_percent vantaged.The E-NRZ code is an example of a zero errorNRZ Miller
multiplication code. It contains no inherent mechanism

30 ....................... 23 30 for the multiplicationof errors, over and above the flaw
120 ....................... 11 33

rate of the tape beingrecorded and reproduced. Neither
NRZ nor E-NRZ require purging of the decoder to
reestablish error-free output. A single bit in error off

(ref. 11-4). The results of King's experimentsare even tape will result in only a single bit error at the decoder
more dramatic when it is realized that the NRZ data output.
were recorded at a higher packingdensity, at the start of

the experiment,than the Miller data. Bit Slip

Error Multiplication Bit slip is the increaseor decreasein clock frequency
by one ormorebittimeswithrespectto the inputsignal.

Errormultiplicationis the propertyof an encoding One of theuniquecharacteristicsof E-NRZ encoding
schemethat resultsin an increasein decoderoutput er- is its recoverypotentialfrombitslip. The incorporation
rors overand above the outputerrorsthat wouldhave of paritybits in everyeighth bitpositionof the E-NRZ
beenpresentusinga codewith zeroerrormultiplication, encoding scheme provides, in effect, an electronic

Errormultiplicationis one codepropertythathas not sprocketthat can be used duringplaybackdecodingto
yet receivedadequateexposureby past authorsin the combatbitslip. If bit slip occurs,the paritybit position
field of digital encoding schemes. R-NRZ, tested by will move ahead or backwardin timeby one or more
King anddescribedby Stein(ref. 11-6), is one example bits. By inspectingfor odd parityovera groupof 8-bit
of an errormultiplicationcode. Specifically,the deran- words (five 8-bit words are usuallyadequate, with a
domizingprocessinherentlycontainstwo typesof error 40-bit register),it becomes possibleto detect the slip
multiplication:from circulationthrough the feedback that has occurred and determinethe direction and
loops and frombit slip. magnitude of the slip. Once the slip direction and

magnitudehave beendetermined,correctionis greatly
CirculationErrorMultiplication simplified. Encoding schemes that do not have the

Some typical errorsencounteredwhen using analog sprocket property of E-NRZ do not enable bit slip
tape for HDDR are as follows: recoveryuntila uniquebit patternarrives(such as the

1-0-1patternrequiredby Miller),or untila suitabletime
(1) A singlebit in error,presentat the inputto the de- period has elapsed (such as the 23 bits requiredfor

randomizer,will resultin threeerrorsat the output, R-NRZ).
usingany shift registersize. In a parallel-modedigitalrecorder,if bit slip is not

(2) A stringof 23bitsin errorat the inputto the deran- correctedwith deskew buffers, the trackexperiencing
domizerwill resultin 46 bits in errorat the output bitslipwillnot be properlydeskeweduntilthe arrivalof
when usingthe 23-bit shift register, the next deskew frame synchronizingword, typically

(3) A stringof 46 bits in errorat the input to the de- 500to 600bits later.E-NRZtrackscan becorrectedfor
randomizerwill resultin 69 bits in error, 1.5 times bit slipimmediatelywithoutwaitingfor the nextdeskew
the off-tape error rate, using the 23-bit shift framesynchronizingword.
register.

Confidence Monitoring

Bit Slip ErrorMultiplication The structureof E-NRZ encoding makes real-time
A single bit slip occurringbefore the derandomizer confidencemonitoringrelativelyeasy.As soon asan er-

buffer will interruptthe synchronismof the buffer's rorburstbegins,oddparitywillno longerbesatisfied,a
derandomizingprocess. Twenty-threeerror-free, un- conditioneasilydetectedwithconventionalparitycheck
slippedbitsmustpurgethederandomizingbufferbefore circuitry.Errormonitoringis accomplishedby simply
an error-freeoutputresults, addinga parityerrorbus andindicatorforeach trackto

Millerencodingis characterizedby errormultiplica- indicateerroractivity.
tion. Miller encoding possesses a trait similar to A singleparityerrorcan meanthat an errorburstof
R-NRZ-specifically, the Millerdecoder must receivea from one to seven bits in duration has occurred.
1-0-1pattern to be synchronizedfor proper decoding. If Becauseof the fixedrelationship betweenword bits and
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parity bits (one parity bit for everysevenword bits), the
occurrence rate of parity (word) errors is a highly
reliable indicator of recorded data quality.

Other codes may possessstructuring suitable for con-
fidence monitoring, but implementationis usuallymore
costly. Examples are block codes, as described by
Davidson (ref. 11-9) who states: "In the caseof the (5,
6) alternating disparity code, an even parity check can
be made. Such parity error checks can provide an in-
direct means of on-line monitoring BER [bit error
rate]." Davidson concludeswith the followingcomment
on block code complexity:"Some drawbacks of these Figure 1l-8.--Typical eyepattern.
low disparity codes compared to biphase and delay
modulation are as follows: electronics can be seen by comparing waveforms in

(1) Slightlymore complexdigitalmethods of generation figures 11-9(a)and (b).If the filtered output of the reproduce amplifier
are required. (waveform (b)) is applied to the vertical input of an(2) Moderately more complex (but nevertheless prac-
tical) digital methods of decodingare required. Not oscilloscope, and if the oscilloscope is triggered exter-
only must bit boundaries be determined, but nally from the clock signal that accompanies the wave-form (fig. 11-9 (c)), the various segments of the data
character boundaries as well." stream willbe superimposedon oneanother to form the

characteristiceyepattern. This formation of the eyepat-
Eye Patterns tern by superimposingone segmenton another is shown

in progressivesteps in figures 11-9 (d) to 11-9 (g).
Indicator of System Performance To see the effects of bit packing density on the eye

patterns for different encoding schemes, see figure
The overallperformance characteristicsof HDTR can 11-6.

be quickly determined by observing the analog output

waveform from the reproduceamplifier. (Seefig. 11-8). Complexityand Cost
This waveform is often calledthe "eyepattern" because
of its shape, whichis similar to that of a human eye.The E-NRZ is an uncomplicated code that is readily
opening in the pattern (that is, the open area between understood, simple to engineer, and easy to maintain.
the top and bottom) is calledthe "decisionarea" and it is E-NRZ requires no complicated algorithms, no truth
within this decisionarea that the determination between tables or look up tables, and no complexcircuitry. As a
a logic 1 and logic0 is made. A widedecisionarea that is result of this relativesimplicity, total cost to the user is
relativelyfree of unwanted transitions results in fewer less than morecomplicatedencodingschemes.Reliabili-
bit errors in the reproduced data. Both the width of the ty is better. Mean time between failures and mean time
decision area and the number of unwanted transitions to repair are likewise better than more complicated
are directly related to bit packing densityand to the en- codes. E-NRZ alignment procedures are less corn-
coding schemeused. plicated because of wider adjustment margins, and the

time interval between recorder recalibration and align-
Formation ment is also greater.

Through mathematical analysis it can be shown that Determination of Best Encoding Scheme
any step function waveform, such as the digital data, is
actuallycomposedof a fundamental sinewavefrequen- The list of superior properties of E-NRZ is important
cy and an infinitenumber of harmonic components. To to any organization studying HDDR. Competing code
pass such a signal without distortion, a devicemust have schemes may match E-NRZ in one or more properties
sufficient bandwidth to pass not only the fundamental but no one code can match E-NRZ on a one-to-one
frequency but a certain number of the harmonic com- basis, using the list of properties in table 11-3.
ponents as well. If, as in the case of the analog
reproduce electronics, the passband is only sufficient to PRINCIPLES OF PARALLEL
passthe fundamental,theharmonicswill befilteredout E-NRZ RECORDING
and only the fundamental sine wave will appear at the
output. This, in essence, is the basis for the formation This section describes the operating principles of
of the eye pattern. The filtering effect of the reproduce parallel E-NRZ HDTR's and the basic components that
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i First segment I Second segment I Third segment I Fourthsegrnent I

(a},
I I I I I
I I I I I
I i I I I

I Firstscope I I ! II I Secondscope I Third scope i Fourthscope I
I sweep I sweep I sweep I sweep I
I I I I I

(c)

(d) Wsveform (c)

J Vertical input duce electronics.(c) Clock signal.

(d) First segment alone. (e) FirstWaveform (b) and second segments superimposed.
(t) (h) (D First,second,andthirdsegments

superimposed.(g) First, second,
third, and fourthsegmentssuper-

imposed to form eye pattern.(h)Connectionof oscilloscopeto ob-
_g} serveeyepattern.

Table I 1-3. - Code Comparison for Parallel Mode HDDR

Code
Characteristics Miller M= R-NRZ E-NRZ

Theoreticalmaximumpertrack packingdensity,"kbpi ............ 33.33 33.33 33.33 33.33
Maximum user data per track packing density_for BEP

of 1in 106,kbpi ........................................... 22.00 22.00 30.00 27.45
Code efficiency,percent ...................................... 66.00 66.00 90.00 82.35
Code overhead, percent...................................... 8.33' 8.33" 3.22_ 21.43°
SNR requiredfor 1in 10_BEP,dB ............................. 17.00 17.00 14.00 I4.00
Stabilityof baselineevenwhen transitiondensity is low ........... Yes Yes/ No Yes
Immunity to error multiplicationproblems ...................... No No No Yes
Abilityto recoverfrombit sliperrors ........................... Fair Fair Fair Excellent
Immunity to bandwidth changesdue to changesin record

current and/or differencesin tape ........................... Fair Fair Good Good
Error correction capability ................................... No No No Yes
Synchronous clockrequirement............................... 2× bit rate 2× bit rate 1× bit rate 1× bit rate

•Maximum packing densities specified assume passband of 2.0 MHz at 120 ips.
bPackingdensitiesarefor28-trackrecorderswith2.0-MHzpassbands.
"Oneextrasynchronizationtrackrequiredforevery12datatracks.
_16synchronization bitsaddedto every496databits.
°80parity and 40 synchronization bitsaddedto every560databits.
1Certainbitpatternswillresultinconsiderablede(ornearde)spectralcomponentsthatwillproducebaselineshiftor"gallop."
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make them work. To assist the reader in comprehending The eighth bit in every eight-bit word of the E-NRZ
the function and interrelationship of these components, data is a parity bit, denoted in the illustration by the let-
figure 11-10 contains a complete block diagram of a ter P. This bit is inserted to make the total number of
typical seven-track HDTR. "l's" contained in each eight-bit word an odd count. In

other words, with the insertion of the parity bit, every
Comparison of NRZ-L and eight-bit word of the E-NRZ data stream will have odd
E-NRZ Data Streams parity.

The deskew synchronizing word is inserted at the
The principles of E-NRZ recording are easier to center of each E-NRZ data frame and, like all E-NRZ

master if both the differences and the similarities be- data segments, contains 40 bits. This segment consists
tween the NRZ-L and E-NRZ data streams are kept of 20 alternating "l's" and "O's" followed by 20 alter-
clearly in mind. As shown in figure 11-11, both data hating "O's" and "l's". If the synchronizing word seg-
streams are divided into a series of sections called ment were divided into five eight-bit words, as in the
frames. These frames, in turn, are further divided into case of the data segments, it would be discovered that
segments; and the segments, in turn, to a specific each eight-bit word has even parity: Each eight-bit word
number of data bits. Note that the use of the term of the synchronizing segment would contain an even
"divided" here is somewhat misleading because there is number of "l's" as opposed to the data words, which
no actual physical separation between the various divi- contain an odd number of "l's". This provides the
sions; instead, the data are processed as continuous, means for the decoder/deskew assembly of the recorder
uninterrupted, bit streams while the terms frame and to differentiate between data segments and the syn-
segment merely serve as a convenient means of identify- chronizing word segment during data reproduction.
ing the particular portion of the data stream being Notice the structure of the deskew synchronizing
discussed, word in figure 11-11, 10 "1.0" pairs followed by ten

It is important from the very onset of this discussion "0-1" pairs. The structure is unique in that the bit pat-
to recognize that the period of time occupied by a frame tern reads the same in either the forward or the reverse
is the same for both the NRZ-L and the E-NRZ data direction. This permits the E-NRZ data to be read in
streams. The only difference between the two data forward or reverse direction during reproduction
streams lies in the number and type of data bits con- without loss of data synchronization. The unique struc-
tained in the frames, ture of the synchronizing word also insures positive

The frames of the NRZ--L data stream each contain identification by the decoder/deskew assembly, and
560 bits. Note that all 560 bits are signal bits; there are eliminates any possibility of the synchronizing word
no parity or synchronizing word bits present in the being misinterpreted as data bits.
NRZ--L data stream. These 560 bits are grouped into Earlier in our discussion, we stated that the period of
10 segments of 56 bits each. Each segment, in turn, con- time occupied by each data frame remained the same for
tains eight seven-bit words, both the NRZ-L and the E-NRZ data streams despite

The frames of the E-NRZ data stream contain 680 the fact that there are 120 more bits in the E-NRZ

bits, 120 more than the frames of the NRZ-L data frame. How is this possible without making the E-NRZ
stream. The 120 additional bits consist of 80 parity bits frames longer than the corresponding NRZ-L frames?
and 40 synchronizing word bits, which are added to The answer lies in the use of two separate clock
each 560-bit data frame of the NRZ--L data stream signals-one at the normal bit rate of the NRZ-L data
during the encoding process. The 680 bits of each and the other at the bit rate of the E-NRZ data, which is
E-NRZ frame are grouped into 17 segments of 40 bits 1.21 times faster than the NRZ--L bit rate. During the
each. Sixteen of the 17 segments are data segments, encoding process, the NRZ-L data, having fewer bits
while the 17th segment consists of a 40-bit deskew syn- per frame, is clocked into the encoder at the normal

chronizing word used to realign (deskew) the NRZ-L NRZ--L bit rate then, later, clocked out at the slightly
data before final output from the recorder, faster bit rate of the E-NRZ data, to provide the extra

Each segment of the E-NRZ data stream, with the ex- space required for the parity bits and the synchronizing
ception of the synchronizing word segment, contains five word segment. During the decoding process, the E-NRZ
eight-bit words. The first seven bits of each eight-bit data, having more bits per frame, is clocked into the
word are identical to the seven bits that make up the cot- decoder/deskew buffer at the faster rate. The parity bits
responding word of the NRZ-L data, except that bits and the deskew synchronizing word segment are
2, 3, 6, and 7 of the E-NRZ word have been inverted, stripped away during the decoding process, leaving"only
This is a normal part of the E-NRZ encoding process the original NRZ-L data bits, which are clocked out of
and is done to increase the number of transitions in the the decoder at the normal (i.e., original) bit rate.
data stream whenever long strings of "l's" or "O's" are The block diagram in figure 11-10 illustrates the basic
present in the NRZ- L data. components of a typical seven-track high HDTR and in-
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dicates the major paths of signal flow. The eight basic After every 16 data segments (640 bits), the encoder
components considered in this discussion are as follows: inserts a 40-bit deskew synchronizing word into the

(1) Encoder assembly E-NRZ data stream. This synchronizing word consists
(2) Input timing clock of ten "1-0" pairs followed by ten "0-1" pairs and is used
(3) Magnetic head assembly by the decoder/deskew assembly during data reproduc-
(4) Tape transport tion to align all parallel data tracks before final output
(5) Preamplifier assembly from the recorder. Detection of the synchronizing word
(6) Digital reproduce assembly by the decoder/deskew assembly also initiates the four
(7) Decoder/deskew assembly SWDT signals (SWDT 1, SWDT 3, SWDT 5, and
(8) Output timing clock. SWDT 7) used by the output timing clock to create out-

put timing signals. The addition of the deskew syn-
The principles of operation discussed in the chronizing word separates the E-NRZ data steam into

paragraphs that follow apply to all Datatape, Incor- frames, each consisting of 680 bits: The forty eight-bit
porated, parallel mode HDTR's regardless of the words preceding the synchronizing word (320 bits), the
number of tracks provided, synchronizing word (40 bits), and the forty eight-bit

words following the synchronizing word (320 bits) con-
Eneoder Assembly stitute an E-NRZ data frame.

The encoder assembly accepts up to seven lines of bit Exact timing of the encoding sequence is essential for
parallel NRZ-L input data, converts the NRZ-L data proper encoder operation, because there are several
to E-NRZ data, and supplies the necessary signal cur- more signal bits in the output data stream than were
rent to drive the magnetic record heads. A separate en- present in the input data stream. To preserve the same
coder circuit card is provided for each NRZ-L data in- time base at the output of the encoder that is present at
put line. the input, yet provide the extra space needed to accom-

Typically a minimum of four input lines are required modate the added bits, the bits must be clocked out of
for normal recorder operation: tracks 1, 3, 5, and 7. the encoder at a faster rate than they were clocked in.
This insures the availability of the four synchronizing This is accomplished by using two separate clock
word detect time signals (SWDT 1, SWDT 3, SWDT 5, signals, supplied by the input timing clock. The slower
and SWDT 7) at the output of the decoder/deskew of the two clock signals (ENCDR INPCLK) operates at
assembly, used by the output timing clock to generate the same rate as the synchronous clock signal that ac-
output timing signals. When less than four input lines companies the NRZ-L data at the recorder input, and
are used, two or more of the SWDT inputs to the output serves to clock data bits into the encoder storage
timing clock must be connected in parallel for proper registers. The faster clock (ENCDR OUTCLK) operates
recorder operation, at a slightly faster rate than the ENCDR INPCLK

During the NRZ--L to E-NRZ conversion process, (680/560 = 17/14 = 1.21 times), and serves to clock
the NRZ- L data stream is separated into seven-bit data bits out of the encoder storage registers. Thus, the
words, each of which is temporarily stored in one of actual time period occupied by the E-NRZ encoded
eight storage registers contained by the encoder. Later, data, including the deskew synchronizing words, re-
as data are clocked out of the storage registers, bits 2, 3, mains exactly the same as the time period occupied by
6, and 7 of each seven-bit word are inverted to help in- the original NRZ--L data present at the recorder input.
crease the number of transitions in the data stream. This
insures that the data stream will have sufficient transi-

Encoder Input Timing Chart
tion density to support the regeneration of an output
timing clock signal, even when the NRZ-L input con- The NRZ-L input data are clocked into eight en-
sists of long uninterrupted strings of"l's" or "O's". coder storage registers by the input clock signal

In addition to inverting bits 2, 3, 6, and 7 the encoder (ENCDR INPCLK) from the input timing clock (fig.
performs a parity check on each seven-bit word as it is 11-12). The first seven input bits are clocked into the
clocked out of the storage registers to determine the first storage register, the next seven bits into the second
number of "l's" present. From this check, an eighth register, etc. This separates the NRZ--L data into
parity bit is generated and inserted into the data stream seven-bit words to permit the insertion of appropriate
directly after the seven-bit word to which it applies. If parity bits. An input synchronizing pulse (ENCDR
the number of "l's" is an odd count, the parity bit is a INPSYNC) is provided by the input timing clock at the
"0." If the number of "l's" is an even count, the parity beginning of the load sequence to insure the words are
bit is a"l" to make the count odd. Thus, with the addi- loaded into the proper storage registers. This syn-
tion of this parity bit each of the seven-bit words chronizing pulse occurs once for every four input data
becomes an eight-bit word, and the E-NRZ encoding frames (560 × 4 = 2240 bits) to maintain input syn-
process is complete, chronization. When four of the eight storage registers
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Figure 11-1 t.--Comparison of NRZ--L and E-NRZ data streams.

areloaded, each witha seven-bitword, an outputsync registers by the output clock signal (ENCDR
pulse (ENCDR OUTSYNC)is providedto begin the OUTCLK),which operatesat a slightlyfasterrate(1.21
unloading sequence. This synchronizingpulse occurs times) thanthe encoderinputclock to permitthe inser-
once for every four output data frames tion of paritybitsandthe deskewsynchronizingwords.
(680 × 4 = 2720bits)to maintainoutputsynchroniza- Duringthe outputsequence,bits 2, 3, 6, and7 of each
tion. seven-bitword areinvertedto help increasedatatransi-

tion density.Then, followinga paritycheck, an eighth
EncoderOutputTimingChart bit is addedto each seven-bitword to make the total

numberof "l's" containedin the eight-bitwordan oddUnloading of the stored NRZ-L data from the en- count.
coder storageregistersbeginswith the arrival of the out-

put sync Pulse (ENCDR OUTSYNC) from the input EncoderOutput Data Streamtimingclock, which insuresthat the seven-bitwordsare
unloaded in the same sequencein which they were TheoutputfromeachE-NRZencoderis a serialdata
loaded(fig. 11-13). Data are clockedout of the storage streamconsistingof 40-bit segments, each containing
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_---- Word 1 _Jl_ Word2 _j--J_ Word3 --Jj_ Word 4 ----.,_

NRZ_L data 1

ENCDR INPCLK

ENCDR INPSYNC

ENCDROUTSYNC 17

Figure 11-12.--Encoder input timing chart.

_---Wordl --_ I_Word2 "_ _Word3"_ I_Word4"- _

StoredNRZ--L data _ _ _

Bits 2, 3, 6, and 7 inverted ---___ ]._J"_ ._[_--_

Paritybitsadded

ENCDR OUTCLK

ENCDROUTSYNC _J_

Figure11-13.--Encoderoutputtimingchart.

five eight-bit words, and the 40-bit deskewsynchroniz- pliesthe four timing signalsnecessaryto clock datainto
ing word (fig. 11-14). The synchronizingword segment, and out of the encoderassembly.The four outputs from
plus the eight data segmentsprecedingthe synchroniz- the input timing clock are the encoder input clock
ing word, and the eight segments following the syn- (ENCDR INPCLK), encoder input synchronization
chronizing word,constitute a data frame of 680 bits. (ENCDR INPSYNC), encoderoutput clock (ENCDR

OUTCLK), and encoder output synchronization
Input Timing Clock (ENCDROUTSYNC).

The input timing clockacceptsthe synchronous clock As shown in the timing chart (fig. I1-15), the pulse
signal supplied with the NRZ-L input data. and sup- rate of the ENCDR INPCLK signal is exactly the same

Data segment--

five8-bit words I
= (40 bits) -'-I

Data frame

l: (680 bits) -_I

E-NRZ
data

Synchronization
word

14 Synchronizationworduten 1-O pairs+ ten 0-1 pairs
(40bits) Figure 11-14.--Encoder output data stream.
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times to permit loading of first four seven-bit words
of NRZ--L data into encoder storage registers

before register unloading begins

Figure11-15.--Inputclocktimingchart.

as tile synchroii0us clock input supplied with the Tape Transport
NRZ-L input data. This signalis used to clock data
into the encoders. The pulse rate of the ENCDR The function of the tape transport is to move the
OUTCLK is slightly more than 1.21 (17/14) times the magnetic tape past the magnetic head assembly at a

fixed rate of speed, determined by the position of thepulse rate of the ENCDR INPCLK signaland is used to
clock data out of the encoders. This slight increase in "speed select" switch.
clock rate is necessary to permit the insertion of parity During the record mode of operation, capstan motor
(enchancement) bits and the deskew synchronizing speed (and hence tape speed) is controlled by an inter-
words into the data stream without changing the time nally generated crystal reference frequency supplied by
base of the original NRZ-L data. the tape transport. This fixed frequency reference is

routed to the capstan servothrough the INT contacts ofThe ENCDR INPSYNC pulse occurs once for every
2240ENCDR INPCLK pulsesand is used to insurethat the "outclock select" switch(located on the output tim-
data are loaded into the proper encoder storage ingclock). Here, in thecapstan servo, the reference fre-
registers. The ENCDR OUTSYNC pulse occurs once quencyis compared with the output signal from an op-
for every 2720ENCDR OUTCLK pulses to insure that tical tachometer driven directly by the capstan motor.
data are unloaded from the encoder storage registersin Any change in motor speed results in a corresponding
the proper sequence.The two synchronizingpulses oc- change in tachometer frequency, which the servo ira-
cur at exactly the same rate, but the ENCDR mediately acts to correct.
OUTSYNC pulse lags the ENCDR INPSYNC pulse by During the reproduce mode of operation, tape speed
a period equal to 28 input bit times(i.e., a period equal may be controlled either internally or externally, de-
to four seven-bitwords), to delay the unloading of the pending on the method used to clock data out of the
eight encoder storage registers until loading of the first recorder. The choice of internal or external control is
four has been completed, made possible by the outclock select switch(located on

the output timing clock). When this switch is placed in

Magnetic Head Assembly the INT position, tape speed is controlled by the inter-nally generated crystal reference frequency supplied by
The Magnetic Head Assembly performs two impor- the tape transport, in exactly the same manner useddur-

rant functions. First, during the record process, the ing the record mode of operation.
head assembly converts the signal current transitions When the switch is placed in the EXT position,
from the encoder assemblyto equivalent magnetic flux capstan motor speed (and hence tape speed) is con-
transitions to magnetize the tape. Then, during the trolled by the 400-kHz servo reference signal from the
reproduce process, the head assembly reconverts the output timing clock. In this case, an external clock
recorded flux transitions on tape to equivalentelectrical signal (supplied by the user) is applied to the syn-
signal currents to drive the preamplifier assembly, chronous clock (input) connector of the recorder and
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routed through the EXT contacts of the outclock select data track and serves to clockE-NRZ data bits into the
switch to the deeoder/deskew assembly,whereit serves decoder/deskewbuffers.
as the DCDR OUTCLK signal. The clock rate of the A test point provided at the output of the analog see-
user supplied clock signal determines the rate at which tion of each reproduce amplifierpermits monitoring the
data bits are clockedout of the decoder/deskewbuffers, reproduce "eye pattern" to determine data quality.
and also the rate at which SWDTpulsesare clockedinto When monitoring these eye patterns, the oscilloscope
the output timing clock. The rate of the SWDT pulses, sweepcircuit should be synchronizedto the data bit rate
in turn, controls the 400-kHzservoreferencefrequency, of the track being monitored. This may be accomplished
This method of motor speedcontrol servesas a "coarse by triggering the oscilloscope sweep from the DCDR
data rate control" to prevent overflow of the storage INPCLK signal supplied by the reproduce amplifier, as
registers in the decoder/deskew assembly. If, for any shown in figure 11-10.
reason, the rate of data transfer into the storage
registers becomes too great, and the possibility of an
overflowcondition exists, the frequencyof the 400-kHz Decoder/Deskew Assembly
servo reference is decreased, causing the capstan motor The decoder/deskew assembly converts the seven
to slow down and reduce the data transfer rate. As soon lines of bit parallel E-NRZ data from the digital
as the threat of register overflowhas passed, the servo reproduce assembly to NRZ-L data that exactly
reference is again increased to 400 kHz to return the duplicates the original NRZ-L data supplied to the in-
capstan motor to normal operating speed,and to restore put of the recorder. A separate decoder/deskewbuffer
the normal data transfer rate. circuit card is provided for each data track.

The E-NRZ data stream is clocked into the

Preamplifier Assembly decoder/deskew buffer in 40-bit segments; i.e., five
eight-bitwordsat a time. Inputtiming is controlledby

The function of the preamplifierassembly is to the DCDR INPCLK signal from the corresponding
amplify the low-level E-NRZ data signals from the reproduceamplifier.Each of the five eight-bitwordsis
reproduce heads to a level sufficient to drive the loaded into a separatestorageregisterandcheckedfor
reproduceamplifiersin the digitalreproduceassembly, parity. Odd parity in all five registers signifies the
It is significant,atthis point, to mentionthatthe output presenceof a datasegment,whereaseven parityin all
signal from the preamplifiers is an analog signal that five registerssignifies the presence of the deskewsyn-
does not contain the sharp rise and fall times of the ¢hronizing word segments. The data segments are
digital signalthat wasrecorded. This phenomenonisthe clockedout of the storage registersand into the deskew
result of the inherent nonlinear response characteristics buffer for further processing.The synchronizingword
of the reproduce head and must be compensated for by segment, on the other hand, is clocked out of the
the reproduce amplifiers that follow, A separate pre- storage registers and discarded.
amplifier is provided for each reproduce'data track. The presence of the deskewsynchronizingword seg-

ment in the input storage registers causes the SWDT

Digital ReproduceAssembly output of the decoder/deskewbuffer to switch from alogic 1to a logic0 level(fig. 11-16).Theoutputremains
The digital reproduceassemblyacceptsunequalized at the logic 0 level for the next 40 bit times, while the

analogsignalsfromthe preamplifierassemblyandsup- synchronizingword is beingclockedout of the storage
plies digital E-NRZdata, and an inputclock signal,to registers,then returnsto the logic 1 level. The SWDT
the decoder/deskew assembly. A separatereproduce pulsethusgeneratedis routedto the outputtimingclock
amplifieris providedfor eachdata track, whereit is used to createthe DCDR OUTCLKsignal.

Each reproduceamplifier containstwo sections: an Bits 2, 3, 6, and 7 of each eight-bit word are
analogsectionanda digitalsection.The functionof the reinvertedastheE-NRZdataareclockedfromthe input
analog section is to amplify and equalize the analog storageregistersto the deskewingbuffer (fig. 11-17).
signal from the preamplifier to restore normal This compensatesfor the inversionof thesebits that oc-
amplitudeandphase relationships.Then, the equalized curred in the encoder assembly and restores proper
data signal is routed to the digitalsection where it is word contentto the datastream.
reconvertedto digitalformatfor further processingby In the deskewbuffer, the E-NRZ datais alignedbit-
the decoder/deskewassembly.The digitalsectionalso for-bitwiththe correspondingdatastreamsfor all other
reconstructsa clock signal proportional to the E-NRZ data tracks (fig. 11-18).This corrects any "slip" in syn-
data rate for use by the decoder/deskew buffers in the chronization that may have occurred between the data
decoder/deskew assembly. A separate decoder input tracks as a result of the record/reproduce process.Once
clock signal (DCDR INPCLK) is generated for each all tracks are properly aligned, a DCDR OUTSYNC
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decoder output synchronization(DCDR OUTSYNC)
SWDr1 _ U U signals.The output timing clock also suppliesthe syn-

I chronous clock (output) signal that accompanies the!

SWDT 3 _J II U NRZ-L data at the recorder output.
,' When the outclockselectswitch is placedin the EXT

SWOT5 _ U LI position, the DCDR OUTCLKsignalnormallysupplied
--_ I_-Skew by the output timing clock is replaced by an external

SWDT7 "_ I1 U clocksignal(suppliedby the user) from the synchronous
clock (input) connector. In the EXT mode, the output

Figure l l-18.--Exarnple ofskew. timing clock supples a 400-kHz servo reference signal
used to control capstan motor speed when data are
reproduced.

pulse from the output timing clock initiates the
simultaneousunloadingof the deskewbuffers by the ERROR DETECTION AND CORRECTION
DCDR OUTCLKsignal. The paritybits are stripped
from the E-NRZ data streamsduringthe output se- Errors in digital recordingare always a problem
quence, which restoresthe datastreamto the original becausethey degradethe integrityof the digitaldata.
NRZ-L format. The seriousnessof this problemdepends,to a largeex-
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tent,on the natureof thedatato beprocessedandthe E-NRZdata 1 0 0 0 0 1 X 0 • 1

ultimateaccuracyrequired.Formost scientificdata,a E-NRZdata2 0 0 0 1 0 '0 O 0
certain number of errors can usuallybe tolerated E.NRZdata30 0 0 1 0 1 0E.NRZdata4 0 0 0 1 1 0 0 1
withoutseriousharmbeingdone.On the otherhand,
businessdata almostalwaysrequireextremelyhighde- Figure11-19.--Datablockwithisolatedbiterror.(Xdenotes
curacywhereevena stngleerrorcan resultin a costly positionofbiterror.)
mistake.Errorscan and do occurwhenevermagnetic
tapeisusedasthemediumforrecordingandreproduc- SimultaneousBitErrors
ins digitaldata,especiallywhenbit packingdensityis
extremelyhigh,as in thecaseof HDDR.It isimportant, A simultaneousbit erroris theoccurrenceof two (or
therefore,that an efficientand effectivemethodof more)isolatedbiterrorsin thesamebitcolumn,within
detectingandcorrectingsucherrorsbeincludedasa thesamedatablock(fig.11-20).
standard,or optional,featurefor any HDTRwhere
dataintegrityisto bemaintained.Thissectionexplores EvenParityWordError
the subjectof data errorsanddescribesthe basicprin- An evenparityworderroris the occurrenceof any
ciplesof errordetectionandcorrection(EDAC)thatap- evennumberof bit errorsin a singledata word(fig.
ply to parallelmodeHDTR'susingE-NRZencoding. 11-21).

BurstErrorsTheMainCauseof DataErrors
Bursterrorsoccurin stringsrangingin lengthfrom

Errorscan occurone at a time, as in the case of twoto as manyas severalthousandbits,andcanextend
isolatedbit errors,or in stringsrangingfromtwoto as across the width of more than one data track (fig.
manyas severalthousand.Suchstringsarecalledburst 11-22). Experiments at Datatape, Incorporated,
errors.Mostbit and burst errorsaredirectlyrelatedto laboratorieshave shownthat the averageburst error
themediumon whichthedigitaldataare recorded;i.e., lengthis approximately300to 350bits In duration,at
the magnetictape itself.This is becauseany slightira- packingdensitiesof 30000 to 33333 bpl using a
perfectionsin the oxidecoatingof the tapewillcause 28.trackrecorderand magnetictaperecommendedfor
"dropouts,"areaswhereno informationis recorded,or HDDR use. These experimentsare In no way con-
Is recordedat suchlowlevelsasto be undetectabledur- elusive,however,becauseburst errorsas short as 190
ing thereproduceprocess.Dust, lint,and other foretgn bitsand as longas 8356bits werealsoencountereddur-
materialon the surfaceof the tape can also result tn lag theseexperiments.
dropouts.Tapethat hasbecomeexcessivelywornisyet
anothercause of bit and/or burst errors.There are
otherreasonsfor theoccurrenceof errors,of course, E.NRZdat=_0 0 0 0 0 0 _ 0
but nonethat contributeas significantlyto theproblem E.NRZdata 2 0 0 0 0 0 I 1 I
as the magnetictape itself. E.NRZdata3 0 0 0 0 1 0 X 1

E.NRZ data 4 O 0 0 O 1 1 X 0

Types of BitErrors Figure11-20.--Datablockwithsimultaneousbit errors.(Xdenotespositionofbiterror.)
Therearethreetypesof biterrorsthat canoccuras a

resultof imperfectionsinthemagnetictape:isolatedbit E.NRZ data 1 0 0 0 O 0 1 1 1

errors,simultaneousbit errors,andevenparityworder- E-NRZdata 2 0 0 O 0 1 0 1 1
rors. To simplifythe discussion,we shallassumethat E-NRZdata3 0 0 0 0 1 X X 0
thedataarearrangedinblocks.Thewidthofeachblock E-NRZdata4 0 0 0 1 0 0 1 1
shallbe eightbits, correspondingto the eightbits that (,)
makeupan E-NRZdataword.Theheightofeachblock
shallcorrespondto the numberof paralleltapetracks E.NRZdata 1 0 0 0 O 0 1 1 1

used to record and reproduce the E-NRZ data, in this E-NRZ data 2 0 O X X X X 1 1

case,four. E-NRZ data 3 0 0 0 0 1 1 1 0E-NRZ data 4 0 0 0 1 0 0 1 1

(b)
IsolatedBit Error

Figure l l-21.--Data blocks with even parity word errors.
An isolatedbit error is the occurrenceof a singlebit (X denotesposition of biterror.) (a) Example 1. (b) Ex-

error in anygivendatablock(fig. 11=19). ample 2.
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E-NRZdata1 X X X X X X X X parityboth longitudinallyandlaterallyto determinethe
E-NRZ data 2 0 o o o I o I _ exact coordinatesof data errors.
E-NRZdata3 O 0 0 I 0 I O I EDAC is available in one, two, or three loop con-E-NRZ data 4 0 0 0 1 1 0 0 1

figurations,dependingon the degreeof error correction
(a) desired. Each loop consists of an EDAC encoder and

decoder combination and requires one additional track
E-NRZdata1 X X X X X X X X on tape. A one-loopEDAC, for example,is the simplest
E-NRZdata2 X X X X X X X X configuration and is designedto detect and correct onlyE-NRZ data 3 0 0 0 1 0 1 0 1
E-NRZ data 4 0 0 0 1 1 0 0 1 isolatedbit errors.This configurationrequiresoneaddi-

tional trackon tape.A two-loopEDAC, on theother
Ib) hand, willdetect and correct both isolated bit errors and

Figure l l-22.--Data blockswith burst errors.(X denotes simultaneous bit errors and requires two additional
positionofbit error.)(a)Singletrackbursterror.(b)Multiple tracks on tape. The most sophisticated EDAC is the
trackbursterror, three-loop EDAC, which will detect and correct all

known types of bit errors (isolated bit errors,
simultaneous bit errors, even parity word errors, and

Methodsof Error Reduction burst errors). The three-loop EDACrequires three addi-
Certified Tape tional tracks on tape and has been shownto be so effec-

tive in correcting data errors that one complete
Bit errors occurring as a result of the reproduce track may be totally disabled with no

record/reproduce process are almost always directly measurable increasein BER.
related to the type and condition of the magnetic tape To illustrate the effectivenessof EDAC, if a two-loop
used. Consequently, considerable care should be exer- EDAC is used in conjunctionwith a 14-trackrecorder, a
cised in the selection of all tape used to record high- correction of two to three orders of magnitude can be
densitydigital data. Some manufacturers of instrumen- expected. Likewise, a three-loop EDAC used with a
tation quality magnetic tape offer a complete line of 28-track recorder would alsoexhibit two to three orders
tapes that are especiallycertified for digital use. As a of magnitude of correction. For example, using a two-
rule, these tapes are no different than the loop EDAC with a 14-trackrecorder having a BERof 1
manufacturer's line of noncertifiedtapes, except for the in 106could improve BER to better than 1 in 109.In a
additional steps taken to prescreenand test the tapes for similar fashion, a three-loop EDAC used with a
bit error rate (BER)before shipment from the factory. 28-track recorderhavinga BER of 1in 106would permit
The steps taken to prescreen and test the tapes for cer- operation to 1 in 10_°or better.
tification are relatively uncomplicated, but they do re-
quirea certain amount of time and efforton the partof Principles of Error Detection
the manufacturer, which accounts for the much higher
cost of the certified tapes. For those who wish to DetectingIsolatedBit Errors

prescreen and test their own tapes, the useof Datatape, To pinpoint the exact location of isolated bit errors inIncorporated's tape cleaner/certifier is recommended.It
should be made clear, however,that the exclusiveuse of the digital data, both the longitudinal and lateral coor-dinates of the bit error must be defined. In the ease ofcertified tape does not, of itself, guarantee error-free

E-NRZ encoding, the parity bits added to each word
data because the protection offered is strictly of a provide the means of defining the longitudinal coor-
preventiverather than a correctivenature, dinate. By simply adding column parity to the digital

ElectronicEDAC data it becomespossibleto define the lateral coordinates
as well. This column parity is added to the NRZ-L

EDAC is Datatape, Incorporated's best solution to data at the input of the recorder, then encoded in the
the problem of data errors (ref. 11-10),and is available same manner as the other data streams and recorded on
as an optional feature on all Datatape, Incorporated a separate track in bit-for-bit synchronization with the
parallel mode HDTR's. Better, more efficient, and less digital data. During reproduction, the presence of a bit
costly than the use of certified tapes, EDAC provides error will result in the detection of even parity in both
the capability to isolate and eliminate virtually all bit the word and the column in which the error occurs.
and bursterrorsfrom the digital data. Becausethere is only one location within the data block

The EDAC feature provides a significant improve- that willsatisfy any givenset of longitudinal and lateral
ment in the BER specification of any parallel E-NRZ coordinates, the exact position of the isolated bit error
recorder. It is based on a track interleaving and parity becomes known. The added parity track, known as a
check technique in whichthe data tracks are checkedfor correction track, is shown in figure 11-23.
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E-NRZ data 1 C O 0 , _, C : E Detecting Even Parity Word Errors

E-NRZ data 2 O O 0 1 O I 0 0 --

E-NRZ data 3 O O O I O O I -- An even parity word error is the simultaneous occur-
E-NRZdata4 O 0 0 I I 0 I -- renceof an evennumber of bit errors (e.g., 2, 4, or 6) in
Correction track 1 1 1 1 O 1 1 1 -- the same data word. When such an error occurs, the

E -- P parity for that word is still odd, just as if no errorsex-
isted. This complicatesthe matterof errordetection. In

Key figure11-26, however, it is the longitudinalrather than
X Denotes position of bit error the lateralcoordinate that is missing.
--Denotes word or column having odd parity To effectivelydetect even parity word errors,at least
E Denotes word or column having even parity
P Denotes column containing word parity bits tWO separatecolumnparitychecksarerequired,andthe

results of the checks must be compared to identify the
FigureI1-23.--Detectionofisolatedbit errors, data word in error. The steps involved in the processof

detecting even parity word errorsareas follows:

(1) The parity pattern resulting from the first column

DetectingSimultaneousBit Errors paritycheck is temporarilystored in a memory register
that servesas one input to a pattern comparator circuit.

When an evennumber of bit errors occurs in the same (2) Next, the data tracks are deinterleavedto restore
bit column, the parity for that column is the same as in the original time coincident structure to the data. The
the case in which no bit errors occurred. This cam- correction track from which the first parity pattern was
plicates the matter of error detection considerably obtained is discarded during this deinterleaving.
becausethe lateralcoordinatesrequiredto pinpointthe (3) Then, beginningwith the first data block, the
exact location of the errors are not available (fig. storedparitypatternis sequentiallycomparedto eachof
11-24). the columnparitypatternsresultingfrom the second

To effectivelydetectsimultaneousbit errors,the data columnparity check. If a patternmatch occursin the
words containingthe errorsmust be separatedfrom firstdatablock, track1 containsthe wordin error.If a
eachotherandthe errorsthendetectedindividuallyas in matchoccursin the seconddatablock,track2 contains
the case for isolated bit errors. This requires the the error,etc. In this manner,the exact locationof the
availabilityof a second correctiontrack, becauseany word containingthe even parity errorcan be located.
displacementof the datawordswill changethe original Figure11-27illustratesthe comparisonof columnpari-
columnparity. To achieve the necessaryseparation,a ty patternsto identifyeven parity worderrors.
specialcircuitknownasan interleaverisusedto displace
eachof the datawordsinto a differentdatablockbefore EDAC Encoder
the data are encoded. During reproduction,the data
wordsmust be deinterleavedto reestablishword coin- Figure11-28 is a simplifiedblockdiagramof a three-
cidence before final output from the recorder.The loop EDAC encoderthat, when used in conjunction
detectionof simultaneousbit errorsthrough the use of with a compatibleEDAC decoder, constitutesa com-
interleaversanddeinterleaversis shownin figure11-25. plete three-loopEDAC system. The function of the

EDACencoderis to encodetheparallelNRZ-L digital
data with columnparityandto interleavethe separate
data tracks to dispersetheir originaltime coincident

E-NRZdata 1 O o o o o o 1 o -- structure. Three encoder stages and two interleaver
E-NRZ data 2 O 0 O 0 O 1 1 1 --
E-NRZdata3 C 0 C e : e × : E stagesare used in the three-loopEDAC system shown.
E-NRZdata4 C e e 0 I : × e E The block diagram includes shaded bit maps that
Correctiontrack1 1 1 1 I 1 1 1 O -- show the dispersionof data words before, during, and

after processingby the EDAC decoder.
? P

ray EDAC Encoder1
XDenotespositionof bit error The first EDAC encoder scans each lateraldata cal-
mDenotes word or column having odd parity
E Denotes word or column havingevenparity umn to determine whether there is an odd or an even
? Denotes word or column in error but not detectable due to the number of "l's" in the column. If the number is even,

presenceof anevennumberof bit errors the encodergeneratesa "1" to make the total numberof
P Denotescolumncontainingwordparitybits "l's" an odd count. If the numberis alreadyodd, theen-

Figure11-24.--Detectionofsimultaneousbit errorsmaynot coder outputs a "0." The resulting encoder output is a
be successfulwithonlyonecorrectiontrack, column-by-column parity record of the incoming
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A B C D E

NRZ--L data 1 llIlII][ITI]i 0001000 0000111 0000110 0000101

NRZ--L data2 ilItToallIini 0001000 0000111 0000110 0000101

NRZ--L data 3 io:lInBzni 0001000 0000111 0000110 0000101

NRZ--L data 4 _ 0001000 0000111 0000110 0000101

(e) I

A B C D E

NRZ--L data 1 loIoIoin:e]i 0001000 0000111 0000110 0000101

NRZ--L data 2 IEIIO]IIIITI|i 0001000 0000111 0000110 0000101

NRZ--L data 3 __ 0001000 0000111 0000110 0000101

NRZ--L data 4 _._;_o_i 0001000 0000111 0000110 0000101

track1 _._Ji0]'_,";.:_:. ._ . 1111111 1! 1111! 1111111 1111111Correction

(b)

A B C 0 E

NRZ--L data1 IllTlTnnTnn 0001000 0000111 0000110 0000101

NRZ--L data 2 0001010 _I_I_I]ItTI]i 0001000 0000111 0000110

NRZ--Ldata 3 0001011 0001010 iotatJanrni 0001000 0000111

NRZ--L data 4 0001 !00 0001011 0001010 J-a_eTuumli 0001000

Correction track 1 1111111 1111111 1111111 1111111

(c)

A B C D E

NRZ--L data 1 _ 0001000 0000111 0000110 0000101
NRZ--Ldata2 0001010 _ 0001000 0000111 0000110
NRZ--Ldat=3 0001011 0001010 I_iTi_[_[IB 0001000 0000111
NRZ--L data 4 0001100 0001011 0001010 I_alJHo_J]_ 0001000

Correctiontrack1 1111111 1111111 1111111 1111111 HanDling

Correctiontrack2 0000100 0000000 0001100 0000000 0001100

Figure I 1-25,--Detecting simultaneous bit errors. (a) Unencoded NRZ--L data, (b) Unen-
coded NRZ--L data plus first correction track. (c) Interleaved NRZ--L data and first
correction track. (d) Interleaved NP,Z--L data plus first and second correction tracks.

NRZ-L data and becomes the first correction track NRZ-L data 2 is delayed by a period equal to one
added to the digital data. seven-bit word; NRZ-L data 3 by a period equal to two

seven-bit words; and NRZ-L data 4 by a period equal
to three seven-bit words. Correction track I is delayed

Interleaver I by a period equal to four seven-bit words.
The fpnction of the first interleaver is to disperse the

parallel NRZ-L data, including the first correction EDAC Eneoder 2
track, such that it no longer contains its original time-
coincident structure. This is accomplished by delaying The function of the second EDAC encoder is to
each bit row (track) with respect to its adjacent bit rows. generate a second correction track; see bit map 4 in
By comparing bit map I with bit map 3 in figure I 1-28 it figure I 1-28. The operation of this circuit is identical to
can be seen that NRZ-L data I is not delayed; the operation of the first FDAC encoder.
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A B C D E

E-NRZ data 1 IEoIoIoHele|iu_q00010000 00001110 00001101 00001011

E-NRZ data 2 00010101 _ 00010000 00001110 00001101

E-NRZdata3 00010110 00010101 _ 00010000 00001110

E-NRZ data 4 00011001 00010110 00010101 _ 00001000

Correction track 1 11111110 11111110 11111110 11111110 iililiill]m

Correction track 2 00001000 00000001 00011001 00000001 00011001

(e)

A B C D E

E-NRZ data 1 IEoIeIO]iloleill_ 00010000 00001110 00001101 00001011

E-NRZ data 2 00010101 _ 00010000 00001110 00001x01
E-NRZ data 3 00010110 00010101 _ 00010000 00001x10

I
E-NRZdata4 00011001 00010110 00010101 ml[oIoIoil[tIeill 00001000

Correction track 1 11111110" 11111110 11111110 11111110 iililiiiilll

Correction track 2 00001000 00000001 00011001 00000001 00011001

(f)

A B C D E

E-NRZ data 1 _ 00010000 0000111 0 00001101 00001011
E-NRZ data 2 00010000 00001110 00001 x01 00001011e[_oIoi[oIo]lhl

E-NRZ data 3 00010000 00001x01 00001101 00001011

E-NRZ data 4 00010000 00001110 00001101 00001011[oIoIo]_[eIe_il

Correction track 1 11111110 11111110 11111110 11111110

(g)

A B C D E

_oloI_]_Ie_NRZ--L data 1 0001000 0000111 0000110 0000101

NRZ--Ldata2 0001000 0000111 0000110 0000101

NRZ--Ldata 3 _ 0001000 0000111 0000110 0000101
NRZ--Ldata4 _ 0001000 0000111 0000110 0000101

(h}
Key

Denotes data words belonging to block A

I bold I' Denotes data words containing bit errors

'1 italic [ Denotes position of corrected error

Figure 11-25 (continued).--Detecting simultaneousbit errors. (e) Encoded E-NRZ data as
recorded on tape. (./) Reproduced E-NRZ data with simultaneous bit errors in block E.
(g) Deinterleaved E-NRZ data showing displacement of simultaneous bit errors. (h) De-
coded NRZ--L data showing corrected data in blocks C and D.

Key E-NRZ data 1 0 0 0 0 0 1
X Denotes position of bit error E-NRZ data 2 0 0 0 0 1 1
-- Denotes word or column having odd parity E-NRZ data 3 0 0 0 0 1 0 ?
E Denotes word or column having even parity E-NRZ data 4 0 0 0 1 0 1
? Denotes word or column in error but not detectable due to the Correctiontrack 1 1 1 1 0 1 0

presence of an even number of bit errors
P Denotes column containing word parity bits E E P

Figure 11-26.--Illustration of difficulty in detecting even parity word errors.
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A B C D E

E-NRZ data 1 BEIIOIO|EOIO]Iii00010000 00001110 00001101 00001011

E-NRZ data 2 O0010011 00010000 00001110 00001101 00001011

E-NRZ data 3 00010011 00010000 O0001xx0 00001101 00001011

E-NRZ data 4 O0010011 00010000 00001110 00001101 00001011

Correctiontrack 1 11111110 11111110 11111110 11111110 11111110

Column [ [ I --- EE[ I I
parity pattern _ Match? No

Stored 11 "'- EEl(a) paritypattern

A B C D E

E-NRZ data 1 00010011 00010000 000011 10 00001101 00001011

E-NRZ data 2 00010011 EoIOIe|1010101010000111 0 00001101 00001011

E-NRZ data 3 00010011 00010000 O0001xxO 00001101 00001011

EoNRZdata 4 00010011 00010000 00001110 00001101 00001011

Correctiontrack 1 11111110 11111110 11111110 11111110 11111110

Co,umn L..... { I ---EE[ { ..... Iparity pattern

I Match? No

Stored I --- EE I(b) parity pattern

A B C D E

E-NRZ data 1 00010011 0001 O000 00001110 000011 O1 00001011

Figure 11-27.--Comparisonof column E-_RZ data 2 O001OO11 00010000 00001110 000011 O1 00001011

parity patterns to isolate evenparity E-NRZ data 3 00010011 00010000 I[=t_ioI_ir_"(0m 00001101 00001011

worderrors.In (a), thestoredparity E-NRZ data 4 00010011 00010000 00001110 00001101 00001011
pattern is fLrStcompared with the Correctiontrackl 11111110 11111110 11111110 11111110 11111110

columnparitypatternfor blockA.
The patternsdo not match, indicatinB
thefirst datatrack(E-NRZ data 1)
does not contain the error. In (b), the
stored paritypatternis comparedwith Column I I I "-" EE I I J

thecolumnparitypatternforblockB, parity pattern
but the patternsdonotmatch,indicat- • Match? Yes
ing the seconddata track (E-NRZ Stored [ --- EE ]
data2) doesnotcontaintheerror.In (c) parity pattern

(¢), the storedparity pattern is com-
paredwith thecolumn paritypattern Key
for block C. This time the patterns Signifiesrelationshipbetween paritycomparisonsand track

match,indicatingthe thirddatatrack oontainingevenparityerror

(E-NRZ data 3) containsthe even I bold I Indicates location of error(in block C)
parity word error.



I EDAC encoder I

Bit map 2 Bit map 3 Sit map4 Bit map 5 Bit map S

lat7 + +
..Z--tda,.,._ ..Z--Ld.,.,.J-----_\ T ..Z--ld.,.,• E..Zd.,*,N_z-.a,., T ._z-,0.t.,I \ t .0Z-Lda,., ._Z--ld.,.2 E._Zdat.2

NRZ--lda,.2 _/ \ " -- "NRZ--1 data3 J i NRZ--L data3 ii_ _ T NRZ--L data3 _I \ 1 1 NRZ--L dataa s.........k E-NRZ data3

v Interlea Correction track 3 Correction track 3

. To EOAC
decoder

encoder I encoder 2 encoder 3

817 _>synchronous

Synchronous Synchronous clock Synchronous crock crook,

o

(a) r_

A B A B C D E F
Z

NRZ--Ldata 1 0001000 / NRZ--Ldata 1 leI0[e]il[lI_i_ 0001000 0000111 0000110 0000101 0000100 1

NRZ--L data 2 0001000 NRZ--L data 2 _i_!ii IBl, IeIel[QZeZm 0001000 0000111 0000110 0000101

NRZ--Ldata3 0001000 NRZ--Ldata3 ii_i_i_iii;ii0001010 llIIIoll[IIllll0001000 0000111 0000110 C}_

NRZ--Ldata4 0001000 NnZ--Ldata4 iiii:_i_iii 0001011 0001010 _H'I'Jl, il'l 0001000 0000111

Correction track, iiiii_i_:iii_ii_iiiii 1111111 1111111 1111111 m'='=,"'=,. 1111111
t_J

¢3

Cl

A B A B

NRZ--L data 1 0001000 NRZ_L data 1 0001000 Key

NRZ--L data 2 0001000 NRZ_L data 2 _ Denotes data words belonging to block A

NRZ--L data 3 0001000 NRZ--L data 3 |i:ii_:i_!i!i_ii::_!i_!i:i::iii_ii!i_i!iiii!i!iil_l_:_::_:_z__:_:_:__,Denotes data words moved into block A
NRZ--L data 4 0001000 NRZ_L data 4 after first interleaver
Correctiontrack 1 1111111 Correction track 1

Correctiontrack 2

(c) (e)

Figure 11-28.--EDAC encoder.(a) Simplifiedblock diagram.(b) Bit map 1. (c) Bit map 2.
(d) Bitmap 3. (e) Bit map 4.
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A B C D E F G H I

NRZ--Ldata 1 i'e[eTe|[eIe|i 0001000 0000111 0000110 0000101 0000100 0000011 0OO0010 0OO0001

_/_ =e_eIeJ[oIe,i 0001000 0000111 0000110 0000101 0000100 0000011NRZ--L data 2 0001011

NRZ--L data 3 0001101 0001100 !i_i_d_ 0001010 IlIIIoIIoIU i 0001000 0000111 0000110 0000101
.;;.,,, ..,T,. ... ,., . ,

NRZ--,dato,0001,1,0001,100001,01iiiiii :ii  :!iii00010110001010 00010OO000011,
Co.ectlon track 1 | 1 | 1 | 11 111 | 11 1 1111 | 1 1 111 1 1 11 iiiii_ _i_Si_:i_i iii 1 11 1 111 1111 111 1111 1 11 illlllli:; ;; :;::.;;; .:.:;.;;;:.:.:;.;;

Correction track 2 0011000 0000000 0000000 0000000 00000OO :__i 0000000 00011 O0 0000000

if)

,=
t3

A B C D E F G H I Z

NRZ_L data 1 EoIoIoll0101i 0001000 0000111 0000110 0000101 0000100 0000011 0000010 0000001
/ 2

•NRZ--L data 2 0001011 iii_iii_i_lOQ1[Q_i_:::::::::::::::::::::::::::::::::::::::llIII.|[l[lll 0001000 0000111 0000110 0000101 0000100 0000011

NRZ--Ldata3 0001101 0001100 ::---..._:::-:.i.iiiii_1._i_iiiiiiii0001010 ieIl]o|lllOli 0001000 0000111 0000110 0000101 --I

NRZ--L data 4 0001111 0001110 0001101 :iiiiii_!i_ _ii!i!::! 0001011 0001010 llIIIl|[IIl| I 0001000 0000111
Correction track 1 1111111 1111111 1111111 1111111 iiiiiii_:i]!_t_ __ii_!iii 1111111 1111111 1111111 lilliill t-z1

.......... .::..;;; ...._._. ('J
o

Correction track 2 0011000 0_0 _ 00001_ _ iiiiii_iiii _0_ 0001100 0_
,..,... H.....,,. ..... .,

%/
Correction track 3 0011000 0000000 0001000 0001100 0OO0000 0000100 0001000 0000100 0000000

O

Key

Denotes data words to blockAbelonging

Denotes data words moved into block A' after first interleaver

I_ I Denotes data words moved into block A
| I after second interleaver

Figure 11-28 (continued).--EDAe encoder. 0_ Bit map 5. (g) Bit map 6.
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Interleaver2 bit errors.The detectionandcorrectionof thesebit er-

The function of the second interleaveris similar to rorsis discussedin detailin the followingparagraphs.
that of the first interleaver;that is, to disperse the
parallel NRZ-L data, including the first and second ErrorDetector1
correction tracks, so that it no longer contains its The firsterrordetectorworksin conjunctionwiththe
previous time-coincidentstructure.In actual practice, firsterrorcorrectorto detectandcorrectisolatedbiter-
thebit-rowdelaysprovidedbythe secondinterleaverare rors. The function of this detector is to perform a
muchgreaterthanthose of the first interleaver(upto 65 column.by.columnparitycheckof the twice.interleaved
times as great),but for purposesof this discussion,the E-NRZ data and supply an outputthat identifiesany
delaysareassumedto be equal, seebit map 5 in figure column witheven parity-that is, anycolumn contain-
11-28. ing an isolated bit error. This output defines the

longitudinalcoordinateof thebiterrorand, when€om-
EDAC Encoder3 binedwiththe lateralcoordinate,will definethe precise

locationof the error.Following the completionof this
The third EDAC encoder operatesexactly like the paritycheck, correctiontrack 3 is discardedfrom the

first and second encoders, and serves to generate the digital data.
third correction track. After processing through the
thirdencoder,the NRZ-L data, along with the three ErrorCorrector1
correctiontracks,areroutedto the recorderto be con-
vertedto E-NRZ data and subsequentlyrecordedon The first error correctorperforms a serial parity
tape, see bit map 6 in figure 11-28. checkon each word of the digitaldata to identifyany

word with evenparity-that is, any word containinga
EDACDecoder single bit error. This informationdefines the lateral

coordinateof thebiterrorand, whencorrelatedwiththe
Figure11-29 is a simplifiedblockdiagramof a three- longitudinalcoordinateinformationfromthe firsterror

loop EDAC decoderthat is compatiblewith the EDAC detector, defines the preciselocation of the isolatedbit
encodershown in figure 11-28. Its functionis fourfold: error.Thisbit erroris thencorrected(inverted),andthe
(1) to detect and correct bit errors in E-NRZ digital digitaldata routed to deinterleaver1 for furtherproc-
data, (2) to restorethe twice.interleaveddigitaldatato easing.(See bit map 2 in figure11-29.)
its original time-coincidentstructure,(3) to reconvert
the encodedE-NRZ data back to its originalNRZ-L
format, and (4) to reconstructthe synchronousclock Deinterleaver1
signal required to maintain time-coincidentstructure The function of deinterleaver1 is to partiallyrestore
once the paralleldigitaldata leaves the recorder. The the rime-coincidentstructureof the E-NRZ databy an
three-loopdecodersystemshown consistsof threeerror exact amount, equal and opposite to the dispersion
detector/corrector stages, two deinterleaver stages, a createdby the secondinterleaverin theEDAC encoder.
paritystripper,and a clock converterstage. As a resultof this deinterleaving,any simultaneousbit

Inputsto the EDAC decoderof figure 11-29consist errorsinthe dataareseparatedfor subsequentdetection
of fourE-NRZdata tracks,threecorrectiontracks,and and correctionas isolatedbit errors.This separationof
the 8/7 synchronousclock signal from the recorder.It simultaneousbit errorscan be seen by comparing bit
shouldbenoted that the 40-bitsynchronizingwordsthat maps 1 and 3 in figure I1-29. Note that the
wereaddedto theE-NRZdataduringtheencodingpro- simultaneouserrorsin block I of bit map 1 havebeen
tess havealreadybeenstrippedfromthe databeforethe shiftedto blocks F and G of bit map 3 as a resultof
datareachestheEDAC decoder.The absenceof these deinterleaverI.
synchronizingwordsaccountsfortheuse of the8/7 syn-
chronousclocksignalratherthanthe 17/14clock signal ErrorDetector2
(ENCDR OUTCLK and DCDR INPCLK) discussed The functionof the seconderrordetectoris twofold:
previously. (1) to work in conjunction with the second error correc-

ShadedBit Maps tor to detectandcorrectsimultaneousbiterrors(whichnow appearas isolatedbit errorsdue to the action of
The block diagram of figure 11-29 includes shaded deinterleaverI and (2) to detect the presenceof even

bit maps that showthe dispersionof data wordsbefore, parity word errors, which activates the pattern corn-
during, and after processingby the EDAC decoder. In parator in loop 3.
bit map I, block D contains an isolated bit error;block The first function performed by the second error
G an even parity word error; and block I simultaneous detector is identical to that of the first errordetector;
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Isolated bit error Even parity word error Simultaneous bit errors

/ o/oo'/A B C D E F G H I

E°NRZdata 1 I[010[01[eIQm-- 00010000 00001110 00001x01' 00001011 00001000 00000111 00100 00000010

E-NRZdata2 00010110 iiiii_liO_i.iii.;_l[0[0[e]i[e[llii 00010000 00001110 00001101 00001011 : 00001000 00000111

E-NRZ data 3 00011010 00011001 iiiii_i_i_iiii 00010101 lelezlll[e_l]llE 00010000 O0001xxO / 00001101 000010xl

E NRZdata4 00011111 00011100 00011010 iiiiiii_iii_iiiiiiiii 00010110 00010101 l[,llI, ll,]lll. 00010000 000011x0
Correctiontrack l 11111110 11111110 11111110 11111110 i_i_ii_i_i::_i::_:,_i11111110 11111110 11111110 iiiiiii!*!

;.;; + :.

Correct ontrack2 0011001 00000001 00000001 00001000 00000001 ii_i_i_i 00000001 00011001 00000001
Correctiontrack 3 00110001 00000001 00010000 00011001 00000001 00001000 00010000 00001000 00000001

(b)
_o

t-'

t-'
A B C D E Key:

Denotes data words belonging to block A

E-NRZ data 1 leleIell*lumm 00010000 00001110 00001101 00001011 i l Denotes data words'moved into block A after _

E-NRZdata2 00010110iiii_::_ii:: mz,z,H,z,m=OOOlOOOOooo011lO.. I I firstinterleaver
E NRZdata3 00011010 00011001 ii!?i_iii 00010101 II,],Pl]il*]*]llill ,=

I;1111";'; ' 'II111 ......................... ' .......................................... Denotes data words moved into block A after 131
E-NRZ data 4 00011111 000111 O0 00011010 [iiiiii_ii]i_iiiiii 00010110 second interleaver Zt_
Correction track 1 11111110 11111110 11111110 11111110 ::::i___:.i_::i_::___ !! =

Correction track 2 00110001 00000001 00000001 00001000 00000001 I bold I Denotes data words containing bit errors

( [ italic I Denotes position of corrected errors

(-1
Even parity word error Isolated bit errors 0

Z

A B C D E G H I

E-NRZdata 1 II0[0ze]il[01eini 00010000 00001110 00001101 00001011 /00001000 00000100 00000010/
E-NRZdata2 !i!_iiiiiiiill,]eI.]ll[,I, llli 00010000 00001110 00001101 '00001011 00001000_ 00000111 00000100

E-NRZdata3 i':_;_i_;_i';i"'"' '-- 00010101 IleIlzinlZ.ill. 00010000 O0001=xO'--" 00001101 :000010x11/] 00001000 00000111
•.-:::.:::......::: ........ ,..

E-NRZdata4 ;;iii_iii._i:!.!i.i 00010110 00010101 1111[1]1[*I11111100010000 000011X0 / 00001101 00001011 00001000

Correctiontrack l _!-_i_:i_J:_! 11111110 11111110 ,11111110 Iliiiii!11 11111110 11111110 11111110 11111110•;+::::::::::::::::::::::::,:-

Correctiontrack 2 i!i_iii: 00000001 00011001 00000001 00011001 00000001 00001000 00000001 00001000,.,....................... ....,

(d)

Figure 11-29.--EDAC decoder. (a) Simplified block diagram. (b) Bit map 1. (c) Bit map 2.
(d) Bit map 3.



p.A
Even parity word error

A B C D E F G H I

E-NRZdata 1 I[_Uml[e_ 00010000 00001110 00001101 00001011 1000 00000111 00000100 00000010

E-NRZ data 2 ii:_! 0i _ ii!i IlIOIleZoIIi 000100OO 00001110 00001101 1011 00001000 00000111 00000100

E-HRZdata3 ::0/_0i_:_::! 00010101 il]I]IHI]Oli 00010000 00001xx0 / 00001101 00001011 00001000 00000111

E-NRZdata4 :i:_:lO0_iii i 00010110 00010101 ie]oZoMeZ0|ll 00010000 00001110 00001101 00001011 00001000
Correction_rackl 11111110 11111110 11111110 imlimm,un]E 11111110 11111110 11111110 11111110

le)

Even parityword error

/A B C D E F G H I ._

t_

E-NRZ data 1 00010000 /I 1110010 Z
"(XXX)1101 00001011 00001000 0(0)0111 (XX)(XX)z0

00001101

00001110 00001011 O(XX)IO00 0(30(X)111 00000100 00000010
E-NRZ data 2 00010000 00001110 00000100

E-NRZ data 3 00010000 O0001zozOj 00001011 00001000 00000111 00000100 00000010
E-NRZ data 4 _ 0001000(3 00001110 (XXX31101 00001011 00001000 00000111 00000100 O0(X)O010

L"

0

Q

KP'

A B C D

E-NRZ data 1 _ 00010000 0(X_1110 (XXX)1101

E-NRZ data 2 00010000 0(3001110 00001101

E-NRZ data 3 0001 (XX)O 00001110 00001101

E-NRZ data 4 00010000 00001110 00001101

(_



A B C D E F G H I

NRZ--L data 1 _'OllIOllloIOl_ 0001000 0000111 0000110 000010t 00001 O0 0000011 0000010 0000001

NRZ--L data 2 10IeI0]il010|B 0001000 0000111 0000110 0000101 0000100 O0000t t 0000010 0000001

NRZ--L data 3 _oIOIOllloIn_ 0001000 0000111 0000110 0000101 0000100 0000011 0000010 0000001

NRZ--L data 4 _oIoIolul[oTo_ 0001000 0000111 0000110 0000101 0000100 0000011 0000010 0000001

(h)

Key: ,_

Denotes data words belonging to block A
r"

_ Denotes data words moved into block A after
first interleaver

0

tiiiiiiiiii!iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii!i!i_ Denotes data words moved into block A after _
second interleaver

I bold J Denotes data words containing bit errors

I italic I Denotes position of corrected errors

Figure 11-29 (continued).--EDAC decoder. (e) Bit map 4. GOBit map 5. (g) Bit map 6.,
(h) Bit map 7. E

0
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i.e., to define the longitudinal coordinate of the bit er- Error Corrector3

ror(s) so that whencombined with the lateral coordinate The function of the third error corrector is twofold:
supplied by the second error corrector the preciseloca-
tion of the bit error(s) will be known. (1)to correct anyremaining isolated bit errorspresent inthe digital data and (2) to correct even parity word er-

The parity pattern generated by the second error rors based on the error location information provided
detector is also routed to the pattern comparator in loop by the pattern comparator. The action of the third error
3 whereit is stored for comparison with subsequentcol- corrector in correcting even parity word errors can beumn parity patterns to detect even parity word errors. seen by comparing bit maps 5 and 6 in figure 11-29.

ErrorCorrector2
ParityStripper

The operation of the second error corrector is iden-
tical to that of the first error corrector, i.e., to define the The parity stripper removes (strips) the parity bits
lateral coordinate of the bit error(s) and combinethis in- from the E-NRZ data to restore the original NRZ- L
formation with the longitudinal coordinate information format. Duringthis process, the E-NRZ data, consisting
supplied by the second error detector to define the of eight-bit words, is clocked into the parity stripperby
precise location of the bit error(s). The bit error(s) the 8/7 synchronous clock signal. After removal of the
is/are then corrected (inverted), and the digital data parity bits, the NRZ-L data, consisting of seven-bit
routed to deinterleaver 2 for further processing, words, are clockedout of the parity stripper by the syn-

chronous clock signal from the clock converter, which
restores the originaltime base to the NRZ-L data. The

Deinterleaver2 removalof the eighth parity bit from each of the data
The function of deinterleaver 2 is to completely words can be seen by comparing bit maps 6 and 7 in

restore the original time-coincident structure of the figure 11-29.
E-NRZ data. The delaysprovidedby this circuit are ex-
actly equal and oppositeto the dispersioncreatedby the Clock Converter
first interleaverin the EDAC encoder.

The functionof the clock converteris to convertthe

ErrorDetector3 8/7 synchronousclock signal, compatiblewith the bit
rate of the E-NRZ data, to a synchronousclock signal

The functionof the thirderrordetectoris identicalto compatiblewith the bit rateof the NRZ-L data.
that of the second errordetector:(1) to work in con-
junction with the third errorcorrector to detectand cor- OtherEDACVariations
rectany remainingisolatedbit errorsand (2) to detect
and confirm the presenceof even parityword errors, The three-loop EDAC system described offers the
which activatesthe patterncomparatorin loop 3. highest attainabledegreeof data integrityand lowest

possible BER. Thus, for the most demandingdatare-

PatternComparator quirements,there is no substitute for the three-loopEDAC configuration.Thereis, however,one limitation
The patterncomparatoraccepts two inputs: (1) the associatedwith two-loop or three-loopEDAC about

column paritypattern generatedby the second error which the user should beawarebefore decidingon this
detectorand(2)the columnparitypatterngeneratedby approachto insuremaximumdataintegrity.Becauseof
the thirderrordetector.The functionof this circuitis to the trackinterleavingrequiredwith the two- andthree-
identify the exactlocationof even parityworderrorsin loop EDAC system, tapes cannot be crossplayedbe-
the digital data. (See block C in bit map 5 in figure tweenEDAC configuredrecorders andnon-EDACcon-
11-29.) figured recorders. Both the recorderand the reproducer

The parity pattern from the second error detector is must be compatible.
stored by the pattern comparator until the digital data is There are, however, other instances when the ex-
processed through deinterleaver 2. Then the pattern tremely high order of data integrity provided by two- or
comparator begins a count sequence during which the three-loop EDAC is secondary to maintaining a high
stored pattern is sequentiallycompared block-by-block degreeof recorderflexibility.One exampleof suchflex-
with the parity pattern from the third error detector, ibility would be the ability to reproduceprerecorded
When the paritypatternsmatch, the trackcontaining tapesmadeon recordersnot configuredwith theEDAC
the even parityword erroris identified, and the corn- feature, yet retainthe ability to reproducetapes that
paratorenablesthe third errorcorrectorto correctthe were recordedwith supplementalEDAC tracks. This
error, can be accomplishedby usingonly one EDAC loop.



PARALLEL MODE HIGH-DENSITY DIGITAL RECORDING 179

Only one correction track is required with single-loop relatively high data rate. The first application of a data
EDAC, so track interleaving is not used. This insures formatter is especially useful when the per-line data rate
complete crossplay compatibility between E-NRZ to be recorded exceeds the maximum throughput
recorders with and without the EDAC feature. When capability for a given record/reproduce track. In this

tapes recorded on a single-loop EDAC recorder are case, each of the data input lines is demultiplexed and
played on a non-EDAC reproducer, the added correc- distributed to several record/reproduce tracks at a much
tion track is simply ignored, lower per-line data rate. The second application is

Figure 11-30 is a simplified block diagram showing useful when the number of parallel data lines is large,
one application of a single-loop EDAC. The 24 parallel and the per-line data rate is relatively low because
lines to be recorded are divided into 4 groups, each con- several data lines can be multiplexed together and
taining 6 parallel lines. One additional EDAC coffee- recorded on a single track at a much higher data rate,
tion track is provided for each of the four groups. An thereby reducing the total number of record/reproduce
even simpler configuration would be to provide one tracks required.
EDAC track for every 12 data tracks. As a general rule,
however, the fewer the number of data tracks assigned Selecting a Data Formatter
to each EDAC track, the lower the bit error rate.

Data formatters are not normally supplied as "off the
shelf" items. They are custom designed and manufac-

DATA FORMATTERS tured to meet specific user requirements. It is important,

In the interest of overall system efficiency, some degree therefore, to know and understand the basic factors that
of data restructuring (formatting)is often needed to in- determine the manner in which the formatter will be
terface an HDTR with a specific recording situation, configured. The factors to be considered are as follows:
Data formatters (available on special order for all (I) Number of parallel data lines to be recorded
Datatape, Incorporated, HDTR's) serve this need by (2) Maximum throughput rate required
providing the user with a convenient means of customiz- (3) Record time required
ing the recorder for optimum performance efficiency
and best tape utilization. Parallel Data Lines

The number of parallel data lines to be recorded will
Using a Data Formatter be determined by the electronic data processing equip-
Data formatters can be used in one of two ways. First, merit supplying inputs to the recorder. The minimum
to demultiplex a single data line with a relatively high number of lines that can be accommodated is typically
data rate and distribute the demultiplexed output to two four, but as few as two can be accommodated if
or more data lines at a lower per-line data rate, or sec- jumpers are installed to parallel the SWDT outputs of
ond, to multiplex two or more data lines with a relative- the decoder/deskew buffers in the recorder. (See fig.
ly low per-line data rate onto a single data line at a 11-10.) The maximum number of lines is essentially

I:DAC 6 lines I%, 28-track 6 lines _ EDAC
encoder ,/ HDTR =/ decoder

7_
Correction Correction
track track

6 Jines _ 6 lines

Correction Correction

track track

I,_ 6 lines _.6 lines
v/ /

Correction Correction
track track

_N 6 lines6 lines
Four t_ =f Four
single-loop _ single-loop
encoders Correction Correction decoders

track track Figure 11-30.--Quad single-loopEDAC.
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unlimited, but practicalconsiderationswill usuallydic- throughputcapabilityof the basic recorderselectedto
tate that the total number will not exceed 32. Line do the recording. In this case, the function of the data
counts of 4, 6, 8, 16, 24, and 32 are most frequently formatter is one of reducing the per-linedata rate to a
used. rate that is acceptableto the recorder.

MaximumThroughputRate Selectinga Formatter

Throughputrateis the total numberof actual signal The steps involvedin reducingper-linedata rateare
bits per second to be recordedon tape. It does not take listed as follows and are illustrated in figure I1-31.
into account any parity bits or synchronizing words

Known factors Sample values
(overhead)that are added to the data duringthe en- (a) Number of parallel NRZ-L 8
codingprocess. Throughputratemay be calculatedby lines to be recorded
multiplyingthe per-linebitrate (also knownas the byte (b) Maximumthroughputrate re- 76.8
rate) by the numberof data lines used. For example, quired, Mbpscalculatethe throughputratefor a 16-linesystemwitha
per-linebit rate of 1.6 Mbps: (c) Per-lineNRZ-L datarate(b)/ 9.6

(a), Mbps

Throughputrate = per-linebit rate × no. of lines (d) Recordtimerequired,min 15
Step Procedure

= 1.6 x 106 x 16 (1) Underno. of tracks,circlenumbercorrespond-
= 25.6 x 106 ingto (a), then circlenumberscorrespondingto

multiplesof (a), throughoutremainderof col-
= 25.6 Mbps umn.

(2) At the bottom of figure 11-31, locate approx-
RecordTime imate recordtime columnequal to, or greater

than, (d) above.
The amount of recordtime requiredis a significant (3) Beginningat the top of figure 11-31, place a

factor because it governs the selection of tape speed, straightedgeundereach of the numberscircled
Normally,HDTR'saredesignedto operateatthe stand- in step (I), and readacrossthe straightedgeto
ardtapespeedmost frequentlyusedfor instrumentation the numberin the columnidentifiedin step(2).
recorders;that is, 120, 60, 30, 15, 7.5, 3.75, and 1.87 This number should be equal to, or greater
ips. The lengthof magnetictapeusedto recordthe data than, (b). If not, move downto the nextcircled
is also a significantfactor governingavailablerecord number.Stop whenthe fieldnumberis equalto
time. Here,as in the case of tapespeed, a considerable or greaterthan(b). Numberof fanouttracksre-
degree of standardizationexists and should be taken quiredis the same as the circlednumberin the
into account. Tapes used for recordinghigh-density no. of tracks column directly above
digital data axe usuallysuppliedin 9200-it lengths, on straightedge.Answer=24 tracks.
14-in.-diametertapereels.Usingthese tapesin conjunc-
tion with the standardtape speedsmentionedprovides Discussion
recordingtimes from 15 rain. to 16 h:

The use of a data formatterto reduceper-linedata
Tape speed, ips Record time, hr rate is shown in figure 11-32. Any attemptto record

120 ¼ eight lines of parallel data having a combined total
60 ½ throughput rate of 76.8 Mbps is clearly impossible
30 1 becausethe maximumthroughputratethat can be ac-
15 2 commodated by eight tracks is only 52.704Mbps. The

7.5 4 use of a suitable data formatter in this case is not only
3.75 8 desirablebut actuallynecessaryto reduceper-linedata
1.87 16 rate to a rate that can be accommodated by the

Tapelengthsof 4600, 7200and 10800 ft arealso corn- recorder.
monly used for recordinghigh-densitydata. Theblockdiagramin figure11-32showshow the per-

line datarateis reducedthrough the use of a datafor-
Reducing Per-Line Data Rate matter. In this case, eachof the eight data inputlinesis

demultiplexedto threeseparateparallel lines to reduce
In manyinstancestheper-linedataraterequiredfor a the per-linedataratefrom 9.6 to 3.2 Mbps, a rate ac-

particularrecorderapplicationexceeds the maximum ceptableto the recorderat a tape speed of 120 ips. To
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Typical NRZ--Lthroughput ratesfor 2-MHz IRIG heads, Mbpa
No. of tracks

150 ips 120 ips 60 ips 30 ips 15 ips 7.5 ips 3.75 ips 1.87 ips

1 4.117 3.294 1.647 0.823 0.412 0.206 0.103 0.051

2 8.235 6.588 3.294 1.647 0.823 0.412 0.205 0.103

3 12.352 9.882 4.941 2.470 1.235 0.618 0.309 0.154

7 4 16.470 13.176 6.588 3.294 1.647 0.823 0.412 0.206

5 20.059 16.470 8.235 4.117 2.059 1.030 0.515 0.257

6 24.705 19.764 9.882 4.941 2.470 1.235 0.618 0.309

7 28.823 23.058 11.529 5.764 2.882 1.441 0.720 0.360

--_ 32.940 26.352 13.176 6.588 3.294 1.647 0.823 0.412
9 37.058 29.646 14.823 7.411 3.706 1.853 0.926 0.463

10 41.175 32.940 16.470 8.235 4.117 2.059 1.030 0.515

14 11 45.293 36.234 18.117 9.058 4.529 2.265 1.132 0.566

12 49.410 39.528 19.764 9.882 4.941 2.470 1.235 0.618

13 53.528 42.882 21.411 10.705 5.353 2.676 1.338 0.669

14 57.645 46.116 23.058 11.529 5.764 2.882 1.441 0.720

15 61.763 49.410 24.705 12.352 6.176 3.088 1.544 0.772

"-_ 65.880 52,704 26.352 13.176 6.588 3.294 1.647 0.823
17 69.998 55.998 27.999 13,999 7.000 3.500 1.750 0.875

18 74.115 59.292 29.646 14,823 7.411 3.706 1.853 0.926

19 78.233 62,586 31.293 15,646 7,823 3.911 1.956 0.978

20 82.350 65.880 32,940 16,470 8.235 4.117 2.059 1.030

28 21 86.468 69.174 34.587 17,293 8.647 4.323 2.162 1.081

22 90.585 72.468 36.234 18,117 9.058 4.529 2,264 1.132

23 94.703 75.762 37.881 18.940 9.470 4.735 2.367 1.184

102.940!_ 82.350 41,175 20.587 10.293 5,147 2,573 1.28725
\

26 107.060 _ 85.644 42.822 21.411 10.705 5.353 2.676 1.338

27 111.170 88.938 44.469 22.234 11.117 5.559 2.779 1.390

28 115.290 _ 92.232 46.116 23.058 11.529 5.764 2.882 1.441

29 119.410 \ 95.526 47.763 23.881 11.941 5.970 2.985 1.492
\

30 123.530 \98.820 49,410 24,750 12,352 6.176 3.088 1,544
\

._ 127.640 "_02.114 51.057 25.528 12.764 6,382 3.191 1.595131.760 1_5,408 52.704 26,352 13.176 6.588 3.294 1.647
\

33 135.880 10_.702 54.351 27.175 13.588 6.794 3.397 1.698
\

34 140.000 111_996 55.998 27.999 13.999 7,000 3.500 1.750
\

42 35 144.110 115_90 57.645 28.822 14.411 7,206 3.603 1.801\
36 148.230 118.5"_4 59.292 29.646 14.823 7.411 3.706 1.853$

\
37 152.350 121.87_ 60.939 30.469 15.235 7.617 3.809 1.904

\
38 156.470 125.173_ 62.586 31.293 15.646 7.823 3.912 1.956

\
39 160.580 128466 \ 64.233 32.116 16.058 8.029 4,014 2.007

--_ 164,700 131.760 65.880 32,940 16.470 8.235 4.117 2.059

\
\

41 168.820 135.054 67.527 33.763 16.882 8.441 4.220 2.110

42 172.940 138.348 _ 69.174 34.587 17.293 8.647 4.323 2.162

12.3 min 15 rain _ 30 rain 1 hr 2 hr 4 hr 8 hr 16 hr

(_ Approximate record time for 9200 ft of tape

Figure 11-31.--Selecting a formatter to reduce per-line data rate.
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76.8-Mbps throughput I
9.6 Mbps/line

J 8 lines > X 8-track
HDTR

a X
Synchronous clock

(a)

7°.0.M o,t,rou ,ou,I [70.0-Mb,t,rou0,0u*J17°.8-M°0st,rou0,ou,I 708-Mb0,t,rou0,0o,I/line J 3.2 Mbps/line 3.2 Mbps/line 9.6 Mbps/line.

--8- to 24-line 28 track 24- to 8-line
. | I_ demultiplexer HDTR I_

I 8 lines _ multiplexer
• 8 lines

Clock Tape speed: 120 ips I
down- Recordtime: 15 rain ClockIup-

converter -'- : converter
Synchronousclock Synchronous Synchronous Synchronousclock

clock clock

Data
(b) formatter

FigureI t-32.--Exampleofdataformatterusedtoreduceper-linedatarate.Recordercannot
throughputdata rates as highas 76.8 Mbpson only eightlineswithoutuseof a data
formatter.(a)Withoutdataformatter.(b)Withdataformatter.

accommodateall 8 input lines, it is necessaryto use a Selectinga Formatter
total of 24 separate lines, each of which requiresa
separaterecordtrack.Note thatthe conversionof each Thestepsinvolvedin increasingrecordtimearelisted
input line to 3 separatelines requiresa corresponding as follows andare illustratedin figure 11-33.
conversionof thesynchronousclock signalby the same Known factors Sample values
3:1 ratio to maintain proper timing through the (a) Number of parallel NRZ-L 4
recorder, lines to be recorded

Increasing RecordTime (b) Maximumthroughput rate 9.36required,Mbps
(c) Per-line NRZ-L data rate 2.34When used to increaserecordtime, the functionof a (b)/(a), Mbps

dataformatteris the sameas when used to reduceper- (d) Existingrecordtime, min 15line data rate; that is, to distributethe data over a
greaternumberof recordtracks.In this case, however, (e) Recordtimerequired,hr 1.25
the purposeof the data formatterbecomesone of ex- Step Procedure
tendingrecordtime ratherthan reducingdatarateto a (1) Under no. of tracks in figure 11-33, circle
rateacceptableto the recorder, number corresponding to (a), then circle
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Typical NRZmL throughput rates for 2-MHz IRIG heads, Mbpa
No. of tracks

150 ipe 120 ipa 60 ips 30 ipe 15 ips 7.5 ips 3.75 ips 1.87 ips

1 4.117 3.294 1,647 0.923 0,412 0,206 0.103 0.051

2 8.235 6.588 3.294 1.647 0.923 0.412 0.206 0.103

3 12.352 9.882 4.941 2.470 1.235 0.618 0.309 0.154

7 i-_4_ 16.470 13.176 6.588 3.294 1.647 0.823 0.412 0.208

5 20.059 16.470 8.235 4.117 2.059 1.030 0.515 0.257

24.705 19.764 9.882 4.941 2.470 1.235 0.618 0.309

28.823 23.058 11.529 5.764 2.882 1.441 0.720 0.350

-_ 32.940 26.352 13.176 6.588 3.294 1.647 0.823 0.412
9 37.058 29.648 14.823 7.411 3.706 1.853 0.926 0.463

10 41.176 32.940 16.470 8.235 4.117 2.059 1.030 0.516

14 11 45.293 36.234 18.117 9.058 4.529 2.265 1.132 0.566

' 49.410 39.528 19.764 9.882 4.941 2.470 1.235 0.618
13 53.528 42.882 21.411 10.705 5.353 2.676 1.338 0.669

14 57.645 46.116 23.058 11.529 5.764 2.882 1.441 0.720

15 61.783 49.410 24.705 12.352 6.176 3.088 1.544 0.772

-_ 65.880 52.704 26.352 13.176 6.588 3.294 1.647 0.823
17 69.998 55.998 27.999 13.999 7.000 3.500 1.750 0.875

18 74.116 69.292 29.646 14.823 7.411 3.706 1.853 0.926

19 78.233 62.586 31.293 15.646 7.823 3.911 1.956 0.978

-_ 82.350 65.880 32.940 16.470 8.235 4.117 2.059 1.030
28 21 86.468 69.174 34.587 17.293 8.647 4.323 2.162 1.081

22 90.585 72.468 36.234 18.117 9.058 4.529 2.264 1.132

• 23 94.703 75.762 37.881 18.940 9.470 4.735 2.367 1.184

25 102.940 82.350 41.175 20.58 10.293 5.147 2.573 1.287

26 107.060 85.644 42.822 21.411\ 10.705 5.353 2.676 1.338

27 111.170 88.938 44.469 22.234 \ 11.117 5.559 2.779 1.390
-_ 115.290 92.232 46.116 23.058 \11.529 5.764 2.882 1.441

't

29 119.410 95.526 47.763 23.881 \11.941 6.970 2.965 1.482

30 123.530 98.820 49.410 24°750 _2.352 6.178 3.088 1.544
\

31 127.640 102.114 51.057 25.528 12_764 6.382 3.191 1.595

131780105.40852.70426.352131,6 6.688 3.284 1.647
\

33 135.880 108.702 54.351 27.175 13.58_ 6.794 3.397 1.698\
34 140.000 111.996 55.998 27.999 13.999\ 7.000 3.500 1.750

\

42 35 144.110 115.290 57.645 28.822 14.411 \ 7.205 3.603 1.801

._ 148.230 118.584 59.292 29.646 14.823 ' 7.411 3.706 1.853

\

152.350 121.878 60.939 30.469 15.235 \ 7.617 3.809 1.90437
\

38 156.470 125.172 62.586 31.293 15.646 \7.823 3.912 1.956

39 160.590 128.468 64,233 32.116 18.058 _.029 4.014 2.007

--_0_ 164.700 131.760 65.980 32.940 16.470 8_235 4.117 2.059
\

v \

41 168.820 135.054 87.627 33.763 18.882 8.,_41 4.220 2.110
\

42 172.940 138.348 69.174 34.587 17.293 8.6.64_ 4.323 2.162

12.3 min 15 min 30 min l hr 2hr 84hr_ 8hr 16 hr

Approximate record time for 9200 ft Of tape _.,

6
Figure 11-33.--Selecting aformatterto increaserecord time.



184 HIGH-DENSITY DIGITAL RECORDING

numbers corresponding to multiples of (a) Discussion
throughout remainder of column.

(2) At bottom of figure 11-33, locate approximate The use of a data formatter to increase record time is
record time column equal to, or greater than, shown in figure 11-34. Part (a) depicts a basic digital
(e) above, recorder without a data formatter configured to accept

(3) Beginning at the top of figure 11-33, place a four parallel lines of NRZ-L input data at a per-line
straightedge under each of the numbers circled data rate of 2.34 Mbps and a synchronous clock signal.
in step (l), and read across the straightedge to The combined throughput rate for this configuration is
the number in the column identified in step (2). relatively high considering there are only four lines of
This number should be equal to or greater than data (i.e., 2.34 Mbps/line × 4 = 9.36 Mbps). To accom-
(b). If not, move down to the next circled modate this relatively high throughput rate, the seven-
number. Stop when the field numberis equal to track recordermust be operated at a relatively high tape
or greaterthan (b). Number of fanout tracks re- speed of 120ips, providing only 15rainof usable record
quired is the same as the circled number in no. time.
of tracks column directly above straightedge. Figure 11-34(b) shows how the record time for the
Answer=24 tracks, basic recorder was extended from 15 min to 2 hr by us-

9.36-Mbps throughput I ] 9.36-Mbps throughput
2.34 Mbps/line 2.34 Mbps/line

[_ Seven-track 4 lines >[ 4 lines "V/ HDTR

Tape speed: 120 ips
Record time: 15 rain

IL B

Synchronousclock Synchronousclock

(a)

[930Ob .throu0h otI 030M °*hrou0h0utI 1030 b0sthrou0h0ut1030M 0sthrou0h0utI2.34 Mbps/line 390 kbps/line 390 kbps/line 2.34 Mbps/line

28-trock /
_ 4- to 24-line HDTR 24- to 4-line J

4 lines 4 lines

demultiplexer multiplexer
Tape speed: 15 ips
Recordtime: 2 hr

Synchronous clock Synchronous Synchronous Synchronous clock

clock

L.. °'°°L L_..._.I
Data

(b) formatter

Figurell-34.--Example of dataformatterusedto increaserecordtimefor a four-line,
9.36-Mbpsrecorder.(a) Withoutdataformatter.(b)Withdataformatter.
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ing a suitable data formatter. In this case, each of the basic digital recorder without a data formatter con-
four data input lines is demultiplexed and distributed to figured to accept 32 parallel lines of NRZ-L input data
six separate parallel lines at a reduced data rate of 390 at a per-line data rate of 100 kbps and a synchronous
kbps/line. To accommodate all four input lines, it is clock signal. The combined throughput rate for this
necessaryto usea totalof 24separatelines,eachrequir- configurationis relativelylowconsideringthereare 32
ing a separate record track. It should be noted that the lines of data (i.e., 100 kbps/line x 32 lines = 3.2
conversion of each input line to six separate lines re- Mbps). To accommodate this many lines, a 42-track
quires a corresponding conversion of the synchronous recorder is used, operating at 3.75 ips and providing up
clock signal by the same 1:6 ratio to maintain proper to 8 hr of record time.
timing through the recorder. Figure 11-36(b) shows how the number of lines (and

hence the number of record/reproduce tracks) is re-

Reducing Number of Record Tracks duced from 32 lines to only 4 lines by using a suitable
data formatter. In this case, each group of eight input

In the previous two sections, the use of a data format- lines is multiplexed to a single line at an increased data
ter resulted in an increase in the number of record tracks rate of 800 kbps. To accommodate all 32 input lines, it
required. There are instances, however, when the use of is necessaryto use only 4 separateparallel lines. The total
a data formatter can actually reduce rather than in- number of lines (and tracks) to be recorded has thus
crease the number of record tracks requiredand thereby been reduced by a factor of 8, through the use of the
provide the user with a significant reduction in overall data formatter. It should be noted that the conversion
recorder cost. of each group of eight input lines to a single line requires

a corresponding conversion of the synchronization
Selecting a Formatter clock signal by the same 8:1 ratio to maintain proper

The steps involved in reducing the number of record timing through the recorder.
tracks are listed as follows and are illustrated in figure
11-35. ACKNOWLEDGMENTS

Known factors Sample values Grateful acknowledgment is extended to the members
(a) Number of parallel NRZ-L 32 of the Datatape, Incorporated, technical staff who, in

lines to be recorded one way or another, have contributed to the preparation

(b) Maximum throughput rate 3.2 of this chapter. These include the members of the
required, Mbps Marketing Department, Engineering Department,

(c) Per-line NRZ-L data rate 100 Technical Publications Department, and Customer Ser-
(b)/(a), kbps vices Department, whose untiring efforts have made the

(d) Available record time, hr 8 preparation of this chapter much easier.
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11-7. Spitzer, C. F.; Jensen, T. A.'; Utschig, J. M.: "High
The use of a data formatter to reduce the number of Bit Rate, High Density Magnetic Tape Recording."

record tracks is shown in figure 11-36. Part (a) depicts a Proc. Video and Data Recording Conf., Inst. Elec-
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No. of tracks Typical NRZuL throughput rates for 2-MHz IRIG heads, Mbps
150 ips 120 ips 60 ips 30 ips 15 ips 7.5 ips 3.75 ips 1.87 ips

1 4.117 3.294 1.647 0.823 O.412 0.206 O.103 O.051

2 8.235 6.588 3.294 1.647 0.823 O.412 0.206 O.103

3 12.352 9.882 4.941 2.470 1.235 0.618 0.309 O.154

. 4) 1., 04, o oo,°4,00=\ ,,,, ,o o oo,o o=
6 24.705 19.764 9.882\ 4.941 2.470 1.235 0.618 0.309
7 28.823 23.058 11 529 ' 5.764 2.882 1.441 0.720 0.360

"_ 32.940 26.352 13.176 _ 6.588 3.294 1.647 0.823 0.412

9 37.058 29.646 14.823\7.411 3.706 1.853 0.926 0.463

10 41.175 32.940 16.470 \8.235 4.117 2.059 1,030 0.515

14 11 45.293 36.234 18.117 _.058 4.529 2.265 1.132 0.566

12 49.410 39.528 19.764 9_882 4.941 2.470 1.235 0.618

13 53.528 42.882 21.411 10._05 5.353 2.676 1.338 0.669
14 57.645 46.116 23.058 . _911.5', 9 5.764 2.892 1.441 0.720

15 61.763 49.410 24.705 12.35_ 6.176 3.088 1.544 0.772

O 65.880 52,704 26.352 13.176\ 6.588 3.294 1.647 0.823

17 69.999 55.998 27.999 13.999\ 7,000 3.500 1.750 0.875

18 74.115 59.292 29.646 14.823 \ 7.411 3,706 1.853 0.926

19 78.233 62.586 31.293 15.646 \ 7.823 3.911 1,956 0.978

20 82.350 65.880 32.940 16.470 \ 8.235 4.117 2.059 1.030

28 21 86.468 69.174 34.587 17.293 \ 8.647 4.323 2.162 1.081

22 90.585 72.468 36.234 18.117 \ 9.058 4.529 2.264 1.132

23 94.703 75.762 37.881 18.940 _.470 4.735 2.367 1.184

24 99.820 79.056 39.528 19.764 9_882 4.941 2.470 1.235

25 102.940 82.350 41.175 20.587 10._93 5,147 2.573 1.287

26 107.060 85.644 42.822 21.411 10.7_5 5.353 2.676 1.338

27 111,170 88.938 44.469 22.234 11,11 _ 5.559 2.779 1.390

26 115.290 92.232 46.116 23.058 11.529\ 6.764 2.882 1,441

29 119.410 95.526 47.763 23.881 11.941 \ 5.970 2.985 1.492
30 123.530 98.820 49.410 24.750 12.352 _ 6.176 3.088 1.544

31 127.640 102.114 51.057 25.528 12.764,6.382 3.191 1.595

Q 131,760 105.408 52,704 26.352 13.176 _ 6.588 3.294 1.647

33 135.860 108.702 54.351 27.175 13,588 \6.794 3.397 1.698

34 140,000 111.996 55.998 27,999 13.999 \7.000 3.500 1.750

42 35 144.110 115.290 57.645 28,822 14.411 _.206 3,603 1.801

36 146.230 118.584 59.292 29.646 14.823 7_11 3.706 1.853

37 152.350 121.878 60.939 30.469 15.235 7._ 7 3.809 1.904

38 156.470 125.172 62.586 31.293 15.646 7.8 4 3.912 1.956

39 160.580 128.466 64.233 32.116 16.058 8.O2_ 4.O14 2.007

40 164,700 131.760 65.880 32.940 16.470 8.235 \ 4.117 2.059

41 168.820 135.054 67.527 33.763 16.882 8.441 \ 4.220 2.110
42 172.940 138.348 69.174 34.587 17.293 8.647 \ 4.323 2.162

12.3 min 15 min 30 min 1 hr 2 hr 4 hr 8 hr 16 hr

Approximate record ti-mefor 9200 ft of tape _ i

Figure I 1-35,--Selecting a formatter to reduce number of record tracks.
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3.2-Mbps throughput I I 3.2-Mbps throughput I
1OOkbps/line 100 kbps/line

42-track

32 lines HDTR 32 lines

Tape speed:3.75 ips =

Synchronousclock Recordtime: 8 hr Synchronousclock

(a)

t 3.2"Mbps throughput I [ 3.2"Mbps throughput I 3.2"Mbps throughput I I 3'2"Mbps thr°ughput ]
100 kbps/line 800 kbps/line 800 kbps/line 100 kbps/line

_ 32- to 4-line / Seven-track 4- to 32-line _

32 lines multiplexer 4 lines HDTR 4 lines demultiplexer 32 lines

== _-- Tape speed:30 ips _=
Synchronous clock 8X Record time: 1 hr 8X Synchronous clock

L synchronous synchronous _jclock clock

m'_ _ _,ml_,,,=e,m_ =,===,=,.=='=_""

Data

(b) formatter

Figure 11-36.--Example of data formatter used to reduce number of record tracks for a
32-line, 3.2-Mbps recorder. (a) Without data formatter. (b) With data formatter.

tron. Radio Eng. Birmingham, United Kingdom, July Wallman, L. H.: "High Density Magnetic Recording
1976. Using Digital Block Codes of Low Disparity." IEEE

11-8. Leighou, R. O., "High Density Data Recording/ Trans. Magn., Sept. 1976.
Reproducing System." Int. Telemetering Conf. Proc., 11-10. Herff, A. P.: Error Detection and Correction Tech-
Los Angeles, 1976. niques for Longitudinal HI-D Digital Magnetic Tape

11-9. Davidson, M.; Hasse, S. F.; Machamer, J.L.; Recording. Bell & Howell publication, June 1976.

APPENDIX--AN ULTRAHIGH DATA RATE MASS STORAGE SYSTEM

M. A. Zoeller
Datatape, Incorporated

This appendix describes the mechanical, electronic, tional and encompasses many of the features of corn-
and signal processing capabilities of a special purpose puter storage systems, including vacuum column tape
instrumentation mass storage system developed by handling and fast start/stop capability. Throughput
Datatape, Incorporated. The system is presently opera- rates of up to 450 Mbps and total user storage capacity
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of 2.9 x 10_1bits are operational specifications of the handling treatment of the System 600 is an unusual
system. Bit errorrates of 1 x 10-9 are achievable using feature for this class of equipment. The tape handling
error detection and correction techniques that comple- design arises from a key operational requirement to
ment the E-NRZ source encoding scheme. Search speeds record data which is received by the system in "bursts"
of up to 1140 cm/s (450 ips) provide worst-case access of very high rate. The fast start/stop transport allows
times of approximately 4 rain to any portion of the data. this data to be recorded with minimum interrecord gap
Very high data rates and storage densities characteristic and to be accessed for reproduction at very high search
of instrumentation recorders are now coupled with the speeds. The following sections of this paper briefly
high-speed transport capabilities of computer data outline the mechanical, electrical and signal handling
storage; the result is a hybrid system of exceptional design features of the System 600 MTU and point out
capability, the formidable mass data storage aspects of the system.

System Capabilities MTU Mechanical Configuration

As a special purpose instrumentation recorder, the The System 600 transport (fig. 11-37) is a fast
system described in this appendix, designated the start/stop transport designed to operate with 5.1-cm
System 600 Magnetic Tape Unit (MTU), exhibits a (2-in.) wide tape and reels up to 40.6 cm (16 in.) in
number of operational features that are similar to ex- diameter. Because of the large reel diameter and tape
isting computer tape drives. However, because of the width, the resultant reel inertia must be isolated from
nature of specific instrumentation requirements, the high tape acceleration at the capstan by vacuum col-
data transfer rate, storage capacity, and storage density umns of sufficient length to accommodate the effective
are significantly higher than its computer counterparts, inertia and motor torque. In this regard, the MTU is
The important system capabilities of the System 600 similar to a high-performance computer peripheral tape
MTU are as follows: drive with the additional design extensions required to

Data transfer rate 16 selectable rates; 50 to 450 handle the quadrupling of tape width and the increase
Mpbs (by a factor of at least 5) of both the tape length and the

packing density. Figure 11-37 illustrates the MTU con-Storage capacity 4.1 x l01_ total, 2.9 × 10Izuser
bits on a 35.6-cm (14-in.) figuration and exhibits the three principal visible parts
diameter reel of the transport: the upper reel drives, the center tape

Bit error rate with 1 x 10-9 guiding group, and the lower vacuum columns.
EDAC

Number of tracks 84; 72 data, 11 EDAC, 1search Reel Drive Assembly
Storage density 2.9 x l0 _bits/cm 2 (1.9 x l0 s The reel drive requirements are defined by the length

(per reel) bits/in 2) of the vacuum column and the size of the tape reel. The
Storage density 17.7 bits/cm (45 kbpi) active storage capability in the vacuum columns is 152

(per track) cm (60 in.) of tape, and the reels requiring the fast
Tape width 5.08 cm (2.0 in.) start/stop capability vary up to 35.6 cm (14 in.) in
Tape diameter 35.6 cm (14.0 in.) diameter. Under conditions of instant capstan reversal
Tape length 2804 m (9200 ft) at 380 cm/s (150 ips), the reel must stop and reverse to
Tape speed 16 selectable speeds: 49.5 cm/s speed in 400 ms. Start or stop can be accomplished in

(19.5 ips) to 428.6 cm/s 068.75 either direction from the center of the vacuum column
ips): with half of the tape storage available.
Search: 1143 cm/s (450 ips) To optimize the fast rewind speeds for the various reel
Wind/Rewind: > 1397 cm/s (550 sizes, two drive ratios from the motor to the reel hub
ips) have been implemented. For the 35.6 cm (14-in.) reel or

Start/stop time Start: 5.0ms valid data at450 larger, the speed reduction is 2.5:1. For a 26.7-cm
(tape) Mbps (10V2-in.) reel or smaller, the reduction is 1.25:1.

Stop: 2.0 ms at 381 cm/s(150ips) The motors and reel jackshifts are coupled with
Access time Worst case: 245 s cogged timing belts and pulleys to prevent slippage and

Typical (center of reel): 122 s are mounted on adjustable frames so that the belt can be
Features Auto Thread loosened to shift it from one set of pulleys to the other

Remote Digital Calibration for the drive ratio change. The jackshaft assembly is
constructed to allow quick belt changes in the field and

Those knowledgeable in the design of instrumenta- to assure interchangeability without affecting tape
tion recorders will note that the vacuum/pressure tape stacking on the reels.
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Recordhead

File reel

(takeup) __ /

vacuumhub _ .-.

Reproduce ustable .,

head / air bearing

Capstan guide

- Pucker

plateglass ,[_ _ --_ _ _._ pocketSp.nelControl panel
[::::3 I:_ _ r':n Regulated

power
- _ _ supply

Recordcurrent Vacuum
control and _ r'-t _ r"-t dumns

searchcode D .=v---------- "'"

repro I'--t r'-t r'-t r--'l 170-V
power

Capstan supply
aervo

I"-I r'--I t--'l r--I Blower

Blower_

_-_ c_ Figure11-37.--MTUconfiguration.

ROL.A-LIFTopening

Becauseof thehightorquetransmittedto thereelhub Recordhead assembly Adjustable
from the motor(asmuchas5.93N-m (840oz-in.)dur- Rewindairbearing airbeadngReproduce
ins reversal),a specialreelhubwasdevelopedto prevent Capstan head assembly ' Tracking
looseningor slippage.A mechanicalbrakeis mounted button
to the rearshaft of the motorto lock the reelsin no- Tracking

powermodesandto assistin brakingduringpowerloss. button

During power loss, the maximumbrakingeffect is ac-
complishedby shorting the motor windingsthrough Outerair
resistors,thus slowing the reels adequatelyto prevent Outerair beadngbearing
tapebreakingor stretchingandto avoidan excessiveac-
cumulationin the columns. Tracking

strips

AirBearing
Inner air bearing Puckerpocket Innerair

As shownin figure 11-38, therearesixairbearingson bearing
the transportto providevirtually frictioniess support Figure11-38.--Tapeguidanceconfiguration.
andnegligiblechangeintapetensionacrossthebearing.
This is achievedby forcingair suppliedby thevacuum-
pressuresystem throughthe bearingand into an air
layerbetweenthe bearingstructureandthe tape. This results in an effective orifice area that is

To providean air bearingthat acts independentlyof significantlyless dependenton the tape air gapand also
the airgapbetweenthetape andbearingshell,thebear- providesa lowervelocityair cushionto minimize tape
ing is made as shown in figure 11-39. The outer distortionduringperiods whenthe tape is atrest on a
diameterD, 0.079 cm(0.031 in.), is largerandacts asa bearing.
plenumor reservoirwhile the restrictiveorifice is pro- Thesmalldiameterholesare providedby a chemically
videdby the smallerdiameterd, 0.020 cm (0.008 in.). etchedscreen,which fits insidethe air hearing shell as
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Alignmentpins The referencesurfaceagainst which the tape registers
is definedby the adjustableairbearingtrackingbutton,
the trackingstrips,and the capstanperpendicularity.

• The adjustableairbearing(fig. 11-38)has a slight ad-

--___ justabletaper on the outer edge, whichprovidesa small

tape guiding force moving it toward the tracking but-
ton. To protect the tape, the adjustable air bearing is
visuallyadjusted so that the tape just contacts the but-
ton. This air bearingis particularlyuseful in the forward
direction because it directly precedes the recording
head.

Ptenum The groovesof the pucker pocket also aid in guiding
Tape in the tape. Air flows past both edges of the tape into

the vacuum pockets where the grooves are so designed
h that an equal amount of air flows past both edgeswith

the tape biased against the reference surface. Because
there are grooves in both pockets, they are usefulAir bearing

Airbearing screen guidingelementsin either forward or reversedirections.
sleeve Flow

control orifice Auto Thread

Figurel l-39.--Airbearingconfiguration. The autothread features of the transport use no
specialleader or groomingof the tape end. Threeair jets

shown in the figure. The hole pattern of the screen is blow the tape through the head area and up to the
common to all sixbearings, and alignmentis maintained dedicated vacuum reel that captures the tape.
by swaged precision alignment pins in the shell.-

Capstan/Motor/StripperAssembly

PuckerPockets Thecapstan/motor/stripper assemblyis a completely
As indicatedin figure11-38, the puckerpockets are interchangeablesubsystemconsisting of drive motor,

locatedimmediatelyadjacentto the capstanandthe ad- tachometer,capstan,and stripperassembly.
justableair bearingguide. These pocketsare necessary The capstanitself (fig. 11-.40)is of four-piececon-
to isolatethe inertiaof the tapeandair mass withinthe struction consisting of a grooved magnesiumouter
vacuumcolumnsfrom the high accelerationof tape at cylindercappedby slightlyconicalenddisks, which at-
the capstan, tach to a cylindricalhub mountedon the motor shaft.

Pucker pocket dynamicswere simulatedin a com- The disksare dishedto afford moreaxial stiffness,and
puter study in which tape tension and velocity the outer shell is groovedto providea more effective
characteristicswere determinedfor particularcapstan vacuumarea on the tape surface and a minimumof
motions andtime periods.The analysisconsideredthe vacuumat the engagementanddisengagementtangent
geometry of the pocket includingthe angle and the pointsof the tape andcapstan.The fingersof the tape
orificesize, the flow intoandout of the pocketfromthe stripperextendunderthe tape andbeyondthe tangent
orificeandthe edge gap (assumingair is an ideal gas), point within the grooves of the capstan.Before3-axis
the positionof the tapein thepocket,andthe amountof adjustmenton the transport,the capstanis assembled
tape in the vacuumcolumn, on the motorshaft andthen groundin place achieving

Theback surfacesof the puckerpocketsaregrooved runoutsof less than 5 #m (0.0002in.).
to aid in guidingthe tapeagainstthe backreferencesur-
face. As in the vacuum columns, the walls of the Tape ServoSystems

pocketsarecoatedwith"Scotchlite,"a low-frictionglass The capstanservoimplementedin the System600 is
bead material,and the air bearings are overhunginto designedto accelerateto 380 cm/s (150 ips) in 2.0 ms,
the pocketsto minimizefriction, allowing a completereversalfrom 380 cm/s (150 ips)

TapeGuidance forwardto 380 cm/s (150ips) reversein 4 ms.
To accomplishtherequiredacceleration,a lowinertia

For optimumrecordingperformanceand maximum motor capableof the systemtorque requirementswas
tapelife, carefulguidanceof the tapeis essential.Onthe selected. The motor, when coupledwith a low inertia
System600 transport,the tape is single-edgeguidedto capstanand high resolutionopticalencoder,exhibits a
avoidproblemsdueto variationsin tape width, calculatedtorsional shaft resonanceof 2.6 kHz. This
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Tachometer leads Magnetic Heads

In virtually all high-densityinstrumentationsystems,
the magnetic record/reproduce head assembly
representsthe singlemost criticalelementdetermining

'Capstan the performanceof the system. The unusual84-track,
"N 5.1 cm (2-in.) configuration coupled with extremely

high storage density requirements represents a for-
midable design task in itself. The record and reproduce

._,_.[ heads for the System600 are an 84-track longitudinaldesign interleavedon two stacks. The tracks are 0.045
.,_'__ cm (0.018 in.) wide with 0.013-cm (0.005-in.) guard
/ bands and are designedfor 17.7 kilobit/cm (45-kbpi)Stripper

track storagedensityata maximumspeedof 406cm/s
Figure11-40.--Capstatffmotor/stripperassembly. (160ips).

The headsare positionedwith a 3° angleof wrapon
eachside of the head, which is necessaryfor good head-

resonancelimits the designof the capstanservoband- to-tapecontactat the higher speeds.The tapecontacts
width to 350 Hz. A controlledspeedof 380 cm/s (150 theheadsatall timesexceptduringthe fastwind/rewind
ips) in 2 ms with a servobandwidthof only 350 Hz is modewhenthe tapeis pulleddowninto the vacuumre-
achieved through the use of an open-loop start/stop wind pocketto reducewear.
pulse generatorto quicklyacceleratethe capstanwith a
linearvelocityprofile. Electronicand SignalProcessingDesign

The reelingservos for the systemare positionservos
operatingto keeptapewithinthe vacuumcolumnat all A block diagramof the System600 signalprocessing
times. The vacuumcolumnsareof adequatesizeto ab- designis shown in figure 11--41.The majorprocessing
sorb any instantaneousvelocitydifferencebetweenthe functions of the design include source encoding,
capstan and the reels normally encounteredin the reproduceamplification,and bit synchronizationand
legitimate start/stop/reversal maneuvers of this deskew. A brief description of these functions is
transport, presentedin this section.

Tapeis storedduringthesemaneuversin vacuumcol-
umnsthat have a storagecapacityto accommodatea EDAC Encoder

maximumreelacclerationtimeof 200ms anda reversal Each of the two inputformattersof the systemcon-
time of 400 ms. verts18channelsof 12.5-Mbitinputdatato 36tracksof

To achievethe requiredtorque, the motors are sup- 6.25 Mbit each and directsthese datato the EDACen-
plied with a maximumof 40 A at a voltage of 170V. coder.
This high voltage is necessaryto overcomethe backemf The System 600 EDAC scheme can generally be
produced by the motors at high speeds, describedas a three-loop process composedof multiple

first, second, and third loops. The first and second
loops correct parity detectable errors using serial parity

VacuumColumns informationinherent to the E-NRZ data formatalong
The vacuumcolumns,as shown in figure11-37, are with pre-encodeddata recordedon correctiontracks.

functionallylocated betweenthe reelsand the pucker The thirdloops detectandcorrectnonparity-detectable
pocket/capstan/headarea, isolatingthe inertiaof the errors(evennumbersof bits in error)usinginformation
reels fromthe capstanand allowingthe capstanto ac- recordedon correctiontracks.
celerateat much higherrates than the reels.Each col- In the EDAC encode section,paralleltracksof data
umn has an activelengthof 76 cm (30 in.), or a total of areblockedand checkedforlateralparity.Theadjacent
152 cm (60 in.) of tape complianceper column. This parallel data tracks are then separatedor staggered
complianceis necessaryto interfacethe capstan4 ms longitudinallyin positionby the use of delaynetworks
reversaltimewith the 400-msreversaltimeof the reels. (interleavers), the lateral parity information being

Eachcolumnconsistsof threewalls anda frontglass recorded on a separate dedicated track (correction
door that can be hinged open for maintenanceand track). This lateralparitycheckingof the data is per-
cleaning.A good sealbetweenthe doorandthe column formed a total of 11timesduringthe EDAC encoding
wallsis achievedby grindingthe columnwalls. Thetwo processto generate11 correctiontracks- one for each
side wallsagainstwhich the Mylarsideof the taperuns of sevenfirst loops, one for each of two secondloops,
are coated with "Scotchlite." and one for each of two third loops.
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Searchcode (biphase)

Input 36

18 formatter, I_
A channel Recorder

EDAC 83 _r_ E-NRZ _ andhead
encoder ,J encoder

Input 36 _ driver
18 formatter, 2• Bchannel

Tape

Reproduce Reproduce
head _ _ amplifier, _._ -_ EDAC
and _ / bit synchronizer, _, / decoder
preamplifier deskew/decode

buffer

Figure 11-41.--System 600 signal processing design.

In the EDAC decode section, reproduceddata and read/writecalibrationsignals and to performdigitally
data parity informationare correlatedwith correction controlled equalization. A- read/write calibration
trackinformationfor identificationand correctionof (RWC) controllerprovides equalization data to the
bit errors.Followingeach loop correctionprocess,the recordandreproduceelectronicsfor eachtrackandfor
dataare restoredto the originallateralrelationshipus- each speed. In the onlinecontrolmode, these dataare
ingdelayelements(deinterleavers)so thatthe datamay providedto theMTUbasedon a storedsetof equaliza-
be processedin nextloop withthecorrespondingcorrec- tion parameterscharacteristicof the unit. The dataare
tion track. Data leaving the final loop of correction sufficientto provide informationfor midband, phase,
have the same lateralrelationshipas the inputdata. bandedge,range(speed),frequency,and recordcurrent

correctionin responseto commands from the system
E-NRZEncoder controller.

The RWC controller is capable of controllingthe
The encoder provides the buffering of input write calibrationof severaltapetransportsby generatingand

data, the insertionof a serialodd paritybiteveryseven storingthe parameterdatasetsof each MTU and per-
data bits, the inversionof selecteddatabits, and the in- formingthecalibrationcontrolon theunits individual.
sertionof a 40-bitsynchronizationwordevery560data ly.
bits (fig. 11--42). Whileprogrammingof the calibrationdatasetsis ac-

Inputdataare loadedintoa 128-bitdeepfirstin, first complishedmanually,theprocessis aidedby theuse of
out (FIFO) memorythat compensatesfor small varia- springreturn-to-centerswitchesand light-emittingdiode
tions betweentheuserandtransportclockratesand ac- displaysfor each calibrationvariable and an integral
cumulatesdatawhenthe synchronizationwordis being scopedisplayfor eye patternexamination.Thiscalibra-
written.A serialparity flip-flopgeneratesan oddparity tion approachprovidesa significantreductionin labor
for every byte of data. The databitsand theparity bit comparedwithconventionaldesignsrequiringindividual
are combinedto form an 8-bit enhanced word. The potentiometeradjustmentson record and reproduce
modified dataand the associatedparity bit, along with electronicboards. Fully automaticcalibrationof the
the 40-bit synchronizationword, are sent to therecord MTUis anticipatedin futuredesigns.
head driver to complete the record process of the

system. ReproduceAmplifier

DigitalCalibration The reproduceamplifieris locatedon a singleboard
withthebitsynchronizeranddeskewbuffer.The board

An importantfeatureof the System600 MTU is the is digitallyprogrammedto performa numberof calibra-
capability to accept microcomputer-controlled tion functionsandinterfacesto thecontrolbussesviaan
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I q 3 dataframes. _ I

iii 1 synchronizingframe _ ISynchronization Synchronization

j word A [ j word B j 680 bits | Synchronization| word C j [

F
I Synchronizationwords i

5 bytes i • 560 user bits D

,_ 70 bytes

85 bytes

10 10 10 10 10 10 10 10 10 10 01 01 01 01 01 01 01 01 01 01

A I I I I I I I I I I I I I I I I I I I I 11121314151slTIPI

10 01 01 01 01 01 01 01 01 01 10 10 10 10 10 10 10 10 10 10 I 1byte
/

B I I i i I I i i I I I I I I I I I I" I I I'_ eb_ts
Bits2,3,5,and 6 areinverted.

10 10 IO 10 10 IO 10 10 10 O1_ 70 O1 O1 O1 O1 O1 O1 O1 Ol O1 Bitslto7 areuserdsta.

c I I I I I I I I I I I I I I I I I I 1 I Bit"P" is odd parity forthe byte.

Figure 11-42.--Data format.

interface card mounted in each drawer of 16reproduce oscillator (VCO). The VCO also has digital inputs to
amplifiers, program its center frequency for the data rate of opera-

Preamplifier signals are fed differentially into the tion. The output of the VCOis appropriatelyscaledand
reproduce amplifier and proceed through a band-edge returned to the phasecomparator to closethe loop. Ac-
peaking circuit. Both the peaking frequency and the quisition range of the bit synchronizeris + 3 percent.
magnitude of the peaking are digitally controlled with Trackingrange is + 10percent for frequenciesnormally
analog multiplexersthat select 1 of 16peaking frequen- encountered in flutter.
ties and I of 8 magnitudes.

This conditioned signal is then integrated to givethe Decode/DeskewBuffer
properlow-frequencyresponseandfed to themidband The dataclock receivedfromthe bit synchronization
amplifier.The gainof theamplifier,whichis controlled is first sent to the synchronizingworddetectionlogic.
by two four-bitdigitalwordsin a manneranalogousto The dataarestrippedof synchronizationandconverted
the band-edgeamplifier, adjusts the amplitude of the to 8-bitwordsalignedso thatthewordconsistsof 7 data
midband signals. In additionto performingmidband bits andthe associatedparity bit.
amplification, this circuit simultaneously performs Whena completenew word is present, it is clocked
phaseequalizationadjustedby a digital control word. into a FIFO memory, which internally stacks con-
Following equalization,the signal is de restored and secutivewordsbehindoneanother,readyfortheoutput
bufferedbeforebeing fed to thebit synchronizer, timingcontrolsignalsto unloadthem.Thedataaresent

throughan exclusiveOR gatewheretheencodedbit in-
Bit Synchronizer versionsare removed.The 8-bit wordsarecheckedfor

Thebit synchronizeris locatedon the sameboards as parity errors,and the 7 data bits are reconvertedto a
the reproduceamplifierand deskewbuffer. The func- serialstreamandsent,alongwiththeparitystatusinfor-
tion of the bit synchronizeris to synchronizea clockto mation, to the EDAC circuit.
E-NRZ data taken from the reproduceamplifier.The
circuitconsistsof a zero crossingdetectorthat acts on EDAC Decoder
the equalizeddata to determinedatatransitions,which The EDACdecoderperformstwo primaryfunctions.
arefedto a high-speedphasecomparatorandcompared First,it sensesandcorrectserrorson both dataand cor-
with the synchronizedclock. The error is then fed rectiontracks;and, second,it restoresdatato the same
through a charge pump and compensationamplifier, time-coincidingrelationshipas existed at the input to
and finally as an error signal to a voltage-controlled the EDACencoder.
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During decoding data are parity checked laterally capacity,datatransferrate, and tapehandling capabili-
("columnwise")by each loop to detect the presenceof ty. Becauseof thedemandingrequirementsunderwhich
errors.This information,used in conjunctionwith the the systemwas developed,the system designexhibits
serialparitycheckinformationfromeach track, is used manyof the featuresof existingcomputermassmemory
to locate both the trackand the bits that are in error, systems.This "hybrid"characterof the systemmakesit
andthus enablecorrectionof the data. unique in the instrumentationworld and provides a

baselinefor possible futuredevelopmentof extremely
Summary high-density,rapidaccess mass memorysystems.

Thisappendixdescribesa specialpurposeinstrumen-
tation tape recordingsystemwith exceptionalstorage



CHAPTER 12

The Application of 3-Position Modulation Coding to
Longitudinal Instrumentation Tape Recording

John M. Howard
Thorn EMI Technology Incorporated

The state of the art for high-density digital recording [ [ [ [ [ [ [ [ [ [
(HDDR) bit packing density for conventional systems I UUI IU Iusing standard wideband headstacks and general pur-
pose tape has been static for several years in the region Figure 12-1.--Voltage at magnetictape record head.
of 28 to 33 kbpi. The only generally accepted method of
exceeding this packing density has up to now been to use waveform, is what the series of transitions is meant to
so called "half-wavelength" recording techniques involv- represent, even if we assume that it is serial binary data.
ing very narrow gap heads, high.energy tape, etc. Additional information is required regarding the coding

This paper discusses how a coding scheme, designated scheme being used and the relationship of the transi-
3-position modulation (3PM), has been adapted from tions to the associated data clock. Figure 12-2 shows
its original fixed-speed computer disk application to the three possible "interpretations" of the transition pat-
special needs of multispeed, bidirectional instrumenta- tern; there could, of course, be many more. Note that
tion tape recording. Using a development of this code, it this sample transition pattern carries about 10 bits of in-
has been possible to extend packing density, using formation if delay modulation, mark (DM-M), or
standard wideband heads and tapes, up to about 45 kbpi nonreturn-to-zero (NRZ) codes are used but only about
and to lower the minimum data rate to 5 kbps. 6 bits for biphase.

The increase of about 50 percent in packing density Because so many codes in general use today involve
over that possible with the use of conventional systems one transition (or the absence of one transition) to
is of immediate benefit to the user in significant tape describe one data bit, it is sometimes mistakenly felt
economy and increased data throughput at a given tape that it has to be that way. Users are prepared to accept
speed or a combination of both. The extended low data the fact that biphase data contains additional "reset"
rate capability permits two or more asynchronous bit transitions, which tend to limit the possible data pack-
streams of widely different rates to be recorded ing density, but they cannot always readily accept the
simultaneously using the same coding scheme, possibility of describing bits with less than one transi-

3PM coding is simple to implement and will prove an tion per clock period. We are not talking about transi-
attractive alternative wherever tape economy, tionless periods inthe basic NRZ--L data, because such
recorder/recorder interchange (crossplay), adjustment a system is quite prepared to accommodate transitions
free operation over extended periods, high data at the clock rate and the rules of NRZ coding state that
throughput, and bidirectional operation at regular and the absence of a transition carries just as much data as
nonstandard tape speeds are primary requirements, the presence of one. It will be shown later that codes

Before discussing the 3PM coding process in detail, it such as 3PM never have transitions occurring at the data
is important to draw a clear distinction between "bits" clock rate regardless of the data sequence.
and "transitions." Consider the waveform shown in The recording/reproducing process is, of course,
figure 12-1, which we can take to represent the current more concerned with the problems of faithfully record-
flowing in a magnetic tape record head. We know that if ing and reproducing the series of transitions than with
certain conditions are satisfied, then flux transitions any information that might be contained by those tran-
corresponding to the currenttransitions will be recorded sitions, their relationship in time to one another, etc.
on the tape as it moves past the recording gap. The limitations of such a system will be well known to

What we cannot say, simply by inspection of the anyone working in the field.

195
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At the low end we are faced with the problem that the
direct reproduction process has a low-frequency rolloff
in the region of 400 Hz for a typical wideband recorder.
This means that if the tape speed is kept constant while
the transition rate is gradually reduced, there will come

L ££ a time when a significant amount of the spectrum isbelow the passband of the recorder with consequent
results. A similar effect can be created by reproducing a
recorded data stream at a sufficiently low replay speed
so that the spectrum is once more outside the passband.
It is for this reason, incidentally, that it is not normally

(a) o 1 o 1 _ o possible to state a lower limit for transition packing den-
sity, because the constraints are related to frequency
rather than recorded wavelength. Note that the actual
lower data rate at which the system becomes unreliable
is related to the longest transition-free interval that can
occur in the data. For example, a code in which the
maximum transition-free interval is 3 clock periods is
likely to be capable of lower reproduced data rates than
one where 16 period intervals are possible.

An associated problem is concerned with clock-
....... recovery because virtually all HDDR schemes require

"self-clocking" properties of their codes. Even if the
transitions are being reproduced they must occur fre-
quently enough for a bit synchronizer to remain locked

o o 1 o I I o 1 o 1 o o to them.

(b) All the problems have been discussed in terms of tran-
sitions- not what those transitions might mean. A given
digital code simply sets out to insure that these con-
straints are accommodated, while at the same time
packing as much data onto a given length of tape as
possible.

It is assumed that the reader is familiar with the more
- common coding schemes in use in HDDR recorders to-

day. Further information is given in reference 12-1 andI

_ _ _ t - _ appendix D to this publication.
All that needs to be said here is that NRZ in all its

forms and delay modulation (DM-M, Miller, Miller
squared, etc.) are all examples of codes in which transi-

(¢) o _ 1 t _ o tions can occur at the data clock rate, meaning that the
maximum transition density is equal to the maximum
data density. Biphase is an example of a code in which

Figure 12-2.mThree possible interpretations of transition the maximum bit density can be one-half of the max-
patternof figure12-1. (a) Biphase.(b) Nom'etumto zero, imum transition density.
level. (c) Delay modulation,mark. 3PM is a code in which data density actually exceeds

transition density by 50 percent, giving the code its in-
At one end of the scale we are limited in how closely teresting and important properties.

we can pack our transitions (fig. 12-3). The output from

the reproduce head falls sharply as the recorded 3PM CODING
wavelength approaches the length of the reproducegap.
Under certain circumstances, bit crowding can take Consider the serial bit stream shown in figure 12-4.
place. This is the situation in which a transition placed This is first divided into three-bit bytes, and each byte is
close to another may appear to "migrate" into the larger divided into six half-periods. The boundaries between
space available between it and the transition on its other half periods are called "positions" and designated Pt to
side. P6 as shown. Each three-bit byte is receded according to
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Reproduce
gap

w .._ 0

ue _ / Equalizeddirect| | _ _o _ --3 reproduceoutputMaximumoutput -B I I I I I
I I 102 103 104 105 100 ,._ 107 "i I ,

Zero output _ Frequency. Hz.

I I
(a) I I (b)

Figure 12-3.--(a) Relationshipbetweenwavelengthandreproducegap.(b) Frequencyre-
sponseat 120 ips.

Byte1 I Byte2 ] Byte3 [ Byte4 . [ Table 12-1.--Basic 3PM Coding Scheme
1 o 1 1 o Data Transition positions

byte P, P, P, P, P, P,

(8) 000 .................. 0 0 0 0 1 0
001 .................. 0 0 0 1 0 0
010..................0 I 0 0 0 0
Oil..................0 I 0 0 I 0
100 .................. 0 0 1 0 0 0
101 .................. 1 0 0 0 0 0
110 .................. 1 0 0 0 1 0

Data 1 1 0 | ] | .................. ] 0 0 ] 0 0

I

NRZ--L ! I I
I Data 1 1 1

I I byte

Data I I I I Icrock I I I
i i I NRZ--L I I II I I

1 ' I ' ' '
: e I . Date

I I ; clock I
I I I I I I

Pe Pt P2 P3 P4 PS Pa I • I " I
3PM | I I

(b) i I I

Figure 12-4.--(a) Data stream.(b) Typical3PM waveform. I I I
Pa " P1 P2 P3 P4 Ps ,06

Figure12-$.--Typical 1_-periodinterval3PMwaveform.
table 12-1 with transitions being assigned to one or
more "positions" within the byte. Notice that there can
be either one or two transitions in a recoded group but
there must always be at least two transition-free posi- (1½-clock period) interval between them. One such ex-
tions between transitions, corresponding to an interval ample might be
of 1½ data clock periods. Figure 12-5 illustrates this.

There is one further.rule: No transition is ever as- 011 101
signed automatically to position Pa in the basic code
groups. Looking at table 12-1, it can be seen that there where transitions would occur at byte 1, Ps, and byte 2,
are certain data bytes that if arranged serially, can cause P_, leaving only byte 1, P6, as a transition-free position.
transitions to occur without the desired two-position Such a condition would produce transitions at the data
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clock rate and defeat the object of the exercise. In this 30 kbpi, because maximum transition density and max-
case, the offending transitions are merged to form a imum bit packing density are the same in the case of
single transition at byte 1, P6, by which means the R-NRZ.
minimum transition interval of 1½ data dock periods is With 3PM coding, the maximum transition density
guaranteed. (See fig. 12-6.) has been shown to be only two-thirds the data density,

If the reader cares to experiment with various byte so a transition density of 30 ktpi will be equivalent to a
combinations (observing the merging rules where ap- bit packing density 50 percent higher, namely 45 kbpi.
propriate), it will be found that a finite number of inter- (See table 12-2.)
vals between transitions are possible: 1½,2, 2½, 3, 3½, So, by changing nothing but the rules by which the
4, 4½, 5, 5½, and 6. For example, the longest interval transition pattern is decoded (and the associated elec-
(six periods) is given by the data combination 101000 tronics, of course), we have significantly increased the
preceded by 000, 011, or 110 and followed by 101, 110, amount of data that a given length of tape can accom-
or 111. (See fig. 12-7). modate.

Anyone familiar with the 1-, 1½-, 2-, 2½-, and
3-period intervals that characterize the Miller squared SYNCHRONIZING WORD
system may see 3PM as a logical extension of the
technique except that the critical 1-period interval has The selection of a synchronizing word in any HDDR
now been eliminated, format is generally a compromise between several con-

Some figures may help to emphasize what we have flicting requirements. It is important that it should not
achieved at this point. For example, take a be possible to confuse the synchronizing word with nor-
recorder/reproducer that is capable of resolving 30 000 mal data. So with many NRZ-based codes it is
flux transitions per inch: If the code being used is ran- customary to write a fairly long sequence (maybe 16bits
domized NRZ, then the bit packing density will also be or more) that cannot occur naturally. On the other

hand, code efficiency requirements suggest that we
should not waste more tape than necessary on overhead

,I Byte 1 = _ Byte2 - bits.Similarly, it should be remembered that if syn-
Date 0 1 I 1 1

chronization is lost, following an error burst, for exam-

I I I I I pie, then correct lock often cannot be reestablished until
3PM I I I I I the next synchronizing word is detected. With this in
before_ I [ [ I mind, we would like to repeat synchronizing words fre-
merging I l • ! I

I i ! '. I quently, but not so frequently that efficiency suffers un-
3PM [ [ , = I duly.after _ I

merging ] ] Like DM, 3PM has a finite number of possible inter-
I I vals between transitions (1½ to 6), and we can take ad-
I I vantage of this fact by writing a unique interval byI I
I I means of a code violation. A 7-period interval is chosenI I
I I and placed symmetrically in a 10-period window as
t I shown in figure 12-8. If we had chosen a window

Po P1 P2 P3 P4 PC P6 P, P2 P3 P4 P5 Pe smaller than 10 periods, it would be possible for a first
Figure 12-6.--Merging. data transition occurring after the synchronizing word

to be closer to the trailing edge of the synchronizing
word than the required 1½ clock periods. The proper-

-._---Byte 1_ ._---Byte 2 _ _ Byte 3 _ _ Byte 4--_ ties of a synchronizing word are as follows:

Date o 1 11o o o 1 el 1 (1) Itcannotbeconfusedwithdatabecauseitisa

•i ]

I I I I I I I violation of the code

[ [ [ ! [ [ [ (2) It can be read in both directions, i ,,,
• ,' [I [I I t' '

I I Table 12-2.-Comparison of Required Bit PackingI
[ I Densities
I I
I I Flux transition Data density, kbpi
I I densityr ktpi Biphase NRZ and DM 3PM

PsP1P2PaP4P_PoP1PaP3P4PsPsPtP2P3P4PsPeP1P2P3P4PSP° 30 ................ 15 30 45

Figure 12-7.--Example of six-periodinterval. 20 ................ 10 20 30
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1 Synchronization word 0
(10 data clock periods)

I

/'2/'3P4 /'5Pa /'2oP_ P2 /'3P4
< (Seven-periodinterval)

Figure 12-8.--Unique synchronizationword.

(3) It occupiesonly 10clock periods simultaneously; traditionally this has posed special
(4) It providesboth clock frequencyandphasingin- problems.

formation For example,one recent specificationinvolvedthe
(5) It also has all the properties necessaryfor a needto be ableto recorda 50-Mbpsserialbit streamat

paralleldeskewingmarker the same timeas a parallel100-kbpsserialstream.For
operational reasons, the 50-Mbps stream was to be

While it is temptingto onlyplacethese synchronizing fanned out over 22 trackswhile the 100-kbpsstream
words infrequentlyin the data, practicalexperiencehas wouldbe fannedout over2 tracks.Needlessto say, the
shown that the optimum block length between syn- high rate data (see fig. 12-9) took precedencewhen
chronizingwords is 260 data bits. Space for the syn- choosing a tape speed:chronizingword ina continuousdatastreamis achieved

by conventional"stuffing" techniques. 50 Mbps + 22 tracks = 2.272 Mbps pertrack

At a packingdensityof 30 kbpi, tape speedis givenby
SLOW DATA RATES

So farwehaveconsideredonlyhow it has beenpossi- Tapespeed(ips) = Bit rate(bps)
ble to extendthe upperlimit of packingdensityusing Packingdensity (bpi)

the 3PM code; for many applications, this is the = 2.272 Mbps
primaryrequirement.However,therearealso manyre- 30 000 bpi
quirementsto recordlow datarates.Evenworse,it can
be necessary to record high rates and low rates = 75 ips

Fanout 30 kbpi

asynchronousParallet High-rate data "_ I 2.272 Mbps _r
r

data
streams

50 kbps :_
j,

100 kbps I Fanout 666 bps

I

I
I {2tracks) | at75ips Figure 12-9.--Recording at high andlow

Low-rate data dataratessimultaneously.
50 kbps
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Keeping these numbers constant, the packing density, mathematics at this stage, it happens that the minimum
per track, for the low data rate channel became data rateat which 3PM (as discussed so far) can be safe-

ly reproduced is 40 kbps. Therefore, when slow-rate
100 kbps . 2 + 75 ips = 666 bpi data are to be recorded, and it is known that it will be

impossible to reproduce the data in real time or at any
It must be remembered that, with six-period intervals other speed where the rate will be lower than 50 kbps,
occurring naturally in the encoded waveform, together we use a simple variation of the original 3PM code. The
with seven-period synchronizing words, a significant 3PM waveform and the write clock are combined in an
frequency component of around 3.5 kHz would be pres- exclusive OR gate as shown in figure 12-10. It can be
ent in the recorded waveform. This cannot be reliably seen that data integrity is maintained: the original tran-

reproduced. This problem is compounded when it is sitions have now become nontransitions while places
noted that an additional requirement was to reproduce where no transition would have occurred are now pro-
the high-rate data at 1/32 of recording speed. This vided with transitions. The decoding system now has to
would necessitate playing back the slow data at look for spaces rather than marks, but the recording

now has between four and five transitions per three-bit
50 kbps + 32 = 1.5625 kbps byte to work with rather than one or two, thus reducing

the minimum data rate from SOto 5 kbps.

with components in the region of 120 Hz. For this par- The synchronizing word is treated similarly and
ticular application, it was desirable for various reasons becomes a unique 13-transition group at double the
not to use more than one basic coding method, so this clock rate instead of a 7-bit interval. Therefore, the
posed a serious problem for the HDDR formatting elec- reproduce electronics has a convenient method of de-
tronics, tecting which form of the code was used in the recording

The IRIG document 106-80 (ref. 12-2) acknowledges process. The low rate version is called Y_.
this difficulty by recommending different codes for Thus 3PM coding combines both the low-frequency
high and low rate applications. Biphase, level properties of biphase (5 kbps minimum data rate) with
(BiC)-L), is used up to a packing density of 15 kbpi, the important ability to pack data at densities con-
and R-NRZ-L is used in the region of 15 to 25 kbpi. siderably in excess of those recommended by the Inter-
The minimum recommended reproduce bit rates are 5 Range Instrumentation Group t for R-NRZ (45 kbpi
kbps for Bi_-L and 200 kbps for R-NRZ-L. rather than 25 kbpi).

The 3PM code has been extended to provide a very
convenient solution. Without going too deeply into the ,Now the Range Commanders Council.
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SAFETY MARGINS is knownthatall codessufferto someextentfroma loss

Beforeleavingthe theoreticalaspectsof 3PM coding, of usablepackingdensitywhenuniversalcrossplayis re-
it is appropriateto discussbrieflysome of the less ob- quired.Therefore,a safety marginof approximately5
vious reasonsfor wishingto extendthemaximumpack- percentshouldbe allowed,even if all recordersare of
ingdensitybeyondthe traditionallimits.Majorusersof the same type andvintage.
tape will alreadyhave calculatedfor themselveswhat a (5) Toleranceto setting inaccuraciesand changes in
30 percent savingin tape usage wouldmean to them, operating conditions.-If severalrecordersare to be
but thereare other benefitsalso. Someof these, if not used in a networkunderoperational conditions by a
all, will be relevantto most users, numberof differenttechnicians,it is consideredunac-

ceptablethat the performanceshould be specifiedin
(1) Recording and reproducing at different tape such a waythat it can be maintainedonly by frequent

speeds.-It is generallyfound that with anycode if the "knife-edge"adjustmentsso safety marginsand fun-
packingdensityis maximizedat one particularspeedby damental immunityto these problemsmust be pro-
adjustmentof recordcurrentand bias (if used), data vided.It is wellknownthat themajorityof problemsoc-cannotnecessarilybe reproducedover the entirespeed cur at the high-frequency,short-wavelengthendof the
rangeof the recorder.Evenif only standardtapespeeds scale (changes in bandedgeoutput with time, dropout
(suitablyequalized)are usedin the forwarddirection,it susceptibility,phase equalization,etc.). It follows that
is oftennecessaryto makeanallowanceof 1to 2 kbpito the more the absoluteperformancecan be derated,the
accommodatethis problem, morestableandtroublefreeshouldbe systemoperation.

(2) Recording and reproducing at nonstandard
speeds.-The problemmentionedin (1) is compounded For example, if a 3PM recordingsystemcouldpack
at nonstandard(intermediate)speeds where equaliza- data at, say, 45 kbpi underideal conditions, then we
tion may be less than ideal. If only the "nearest" couldderatethat figureby 30 percentto accommodate
equalizer may be used and no adjustmentsare per- some or all of the five points mentionedand still be
mitred, then typically the maximum packing density recordingat around 30 kbpi.
drops by about 15 percentfor a 35 percentchangein Onthe otherhand, a recordingcode ratedat 30 kbpi
tape speedfrom that at which the equalizationwasop- might haveto be downgradedto, say, 20 to 25 kbpi to
timized, solve the sameproblems.In practice,the userof sucha

(3) Reverse reproduce.-Assuming reverse phase systemis probablyacceptingthe need for frequentad-
equalizationis providedand that the coding formatis justmentto forceup the packingdensity.He wouldcer-
designedto be read in both directions(includingerror talnly find operational(andcost) benefitsfromusinga
detection),it is still desirableto makea reductionin code such as 3PM.
packingdensityof about 10percent. Typicaleye patternsare shown in figure 12-11, and

(4) Recorder-recordercompatibility (crossplay).-It powerdensityspectralcurvesaregivenin figure12-12.

• Tape speed 15 ips (b) Tape speed 15 ips
Data density 29 kbpi Data density 45 kbpi
Data rate 435 kbps Data rate 675 kbps
Data Pseu_dorandomnoise Data Paeudorandomnoise
Bit synchronization 2 X bit frequency Bit synchronization 2 X bit frequency

shown clock shown clock

Sweep speed 1 /.ts/cm Sweep speed 0.5/_/cm
Recordmode Saturation Recordmode Saturation

(a) (c)

Figure12-1i .--Typicaleyepatternsfor3PM.(a)Forwardreproduce.(b)Reversereproduce
of(a). (c) Forward reproducewith different parameters.
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Table 12-3. - Typical Uncorrected BER's With Ampex
797 Tapes"

No. of Packin[[density
tracks 30kbpi 40 kbpi

14 ........................ 1 × 10-T 3 × 10-T
28 ........................ 3 x 10-7 5 x 10-'

•Improvement of 3 orders of magnitude or greater is possible with
errorcorrection.

sity capability with 3PM to provide error detection and
correction. Using a 6 percent longitudinal overhead (16
CRC bits per 260 data bits), it is possible to achieve BER

0 250 500 750 improvement factors on the order of 103or greater.
Frequency, kHz

(a)
TYPICAL 3PM FORMAT

The complete parallel recording format used in a
typical 3PM system is shown in figure 12-13. Data are
blocked into 260 bit blocks and compressed to accom-
modate the unique 10-bit block marker (synchronizing
word) and a 16-bit CRC character. The 260 data bits
plus 16 CRC bits are encoded in 3PM (276 + 3 = 92
bytes). Lateral parity tracks are treated exactly like data
for the purpose of recording.

A TYPICAL 3PM SYSTEM

o s lo is Figure 12-14 shows a typical high data rate serial
Frequency,MHz HDDR formatting/recording system. Figure 12-15

(b) shows its basic operation in more detail. The input and
output interfaces will often be custom-designed to ac-

Figure 12-12.--Typical spectral distribution curves. (260 commodate specific user requirements in terms of serial
pseudorandorn data bits, 16-bit cyclic redundancy check data rate and number of tracks over which the data are
(CRC) plus 10-bit synchronization word, repeated in 286-bit to be fanned out to accommodate minimum recording
block length.) (a) Data clock = 125kbps. (b) Data clock= duration, maximize tape economy, etc. A lateral parity
2.5 Mbps. bit stream is developed at the same time as serial-to-

parallel conversion takes place, and this parity channel
is subsequently treated exactly as any other data channel

BIT ERRORRATE throughoutthesystem.
The parallel data and parity channels are blocked into

If we assume that the bit error rate (BER) per- 260-bit blocks plus 16-bit CRC character and 10-bit
formance of a well-engineered system is related block marker (synchronizing word) in the stuffing and
predominantly to momentary discontinuities at the
tape/head interface (dropouts, etc.), we can draw some
rough comparisons for BER with 3PM compared with

other codes. _ N data

If a 3PM system is writing data at 30 kbpi, then the tracks
transition density is 20 000 transitions/in., which means
that its dropout performance will be roughly equal to an t t Par!ty
NRZ system working at 20 kbpi. _ 260databits

Similarly, working at over 40 kbpi, the 3PM recorder
16-bit 16-bit

will have a BER equivalent to an NRZ system working 10-bit 10-bitCRC CRC
at around 27 kbpi. synchronization synchronization

Typical "uncorrected" BER's are given in table 12-3. word word
We can use a few percent of our increased packing den- Figure12-13.--3PM recordingformat.
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Frequencysynthesizer Transport control panel Theparalleldatachannelsaredeskewedandchecked
Time codereplayunit Tape transport for longitudinal parity errors before beingrouted to the

destuffing and error correction circuits. Once error cor-
rection has taken place, the parallelbit streams are once
more combined to form a high-rate serial bit stream.

The tape speed control system is of particular interest
because the system is capable of calculating
automatically the tape speed given the proposed input
rate and desiredlinear packing density. If the input data
rate should be slowlyvarying, constant packing density
can be maintained by derivinga capstan tape speedcon-
trol signal from the input data clock.

There are a total of three possiblesourcesfor the con-
trolling (reference)input:

(1) The tape transport's built-in crystal reference
oscillator.

(2) A similar, but externally supplied, reference fre-
quency. This can be varied to produce any tape speed

28data within the range of the tape transport.
Input/output reproduce
panel System control modules in (3) A reference frequency derived from the input

panel two frames data bit stream as processed by the variable frequency
Decode, deskew, and (hinges down for translator.
errorcorrection accessto printed
circuits circuit boards) The systemblock diagram also shows the self-check

and calibration facilityprovided. This comprisesa built-
Figure12-14.--Typicalhighdataratesystemconfiguration, in pseudorandom word generator the input of whichis

docked out at any frequency selected by means of the
frequency synthesizer. This bit sequence is applied to

encoding modules. (The CRC is encoded into 3PM the stuffing module input and passed through the entire
along with the data bits.) signal chain, either via tape record/reproduce or

The encoded waveform is recorded by conventional bypassing the actual record/reproduce process by
direct recording modules, using standard IRIG wide- means of the electronics-electronics(E-E) facility. The
band II record headstacks. The number of tracks chosen resulting output is compared with the general sequence
(up to 42) will generally depend upon such factors as on a bit-to-bit basis and any bit errors are counted, the
user preference and the number of tracks over which count being displayed on the built-in digital indicator.
data must be fanned out. Three sampling periods are switch selectable: 5 x 106

Direct reproduce modules amplify and equalize the clock periods, 5 x 108 clock periods, or infinity.
reproduced data before decoding can take place. System control is by means of two sloping control
Reproduce modules can either be of the conventional panels shown in figure 12-14.
type with unidirectional equalization in octave steps or The right-hand unit (fig. 12-16)is basicallya convert-
of a new type capable of bidirectional operation tional tape transport control unit except that tape speed
together with equalizers controlled by the frequency and serve parameters may be governed at the system
translator at nonstandard tape speeds. This latter control panel. The control enable switch is provided to
feature insures that high packing densitiescan be main- selecteither local control or remote control via the TTL
rained evenat intermediate speeds, or IEEE-488interfaces.

Following equalization, data are synchronized in the A convenientvisual indication of the operation of the
3PM/CRC decoder and bit synchronization module. HDDR electronicsis givenby the array of light emitting
Two versions are available. One has conventional diodes (one per channel) that indicate CRC errorsdur-
manual adjustment of the phase lock loop synchroniza- ing reproduce. Because these displays are operational
tion circuits, the other incorporates a microprocessor- regardless of whether the error correction system is
based automatic adjustment system involving no enabled, it is possibleto tell veryeasilywhether a certain
manual adjustments if the bit rate should suddenly channel is behaving erratically.
change. This feature is particularly useful for applica- The left-hand panelcontains the controls necessaryto
tions in which bit rate changes are a frequent occur- operate the HDDR electronics(fig. 12-17).The extreme
rence, left block willgenerallybe specificallydesignedwith the
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Figure 12-15.--System block diagram.
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Select/indicate frequency Transport servolock select/indicate
translatorreference

Select/indicate remote manual
tape speed control Manual tape

28-element indication of transportcontrols

Shuttle unit for use in individualdata channel __F

conjunctionwith transport error
footage counter

l_mRsE=REVERSE)( D
Ipa

Figure 12-16.--Transport control panel.

INPUT MODE FAN-OUT MODE SERVO REFERENCE BIT SYNC RANGE

MANUAL EQUAUZER

I1 PORT A 4" PORT S | SERIAL SYNTHESIZER t 1.28-2.56 MHz SELECT
2 PORT C 4" LOW RATE #t 2 11 4" 11 TRACK RECORD CLOCK CH t 2 ,64-1.28 MHz

i3 PORTc 4" Low RATE#2 3 22 TRACK - 3 RECORDCLOCKCH 2 3 .32-.64 MHz iSPEEDJps; RANGE

4 EXT TEST I/p TO PORTS A 4" a 4 24 CH PARALLEL EXTERNAL 4 .16-.32 MHz 120 1

IS EXTTEST I/P TO PORT C S ,08-.16 MHz ao 2

S F.XT TEST I/P TO LOW RATS #1 SERVO VARIABLE B 40-80 KHz 30 3

7 EXT TEST I/p TO LOW RATE #2 ! CONTROLTRACK ? 20-40 KHz 15 4

REPLAy CLOCK 0H 1 E 10-20 KHz 7_ S

REPLAY CLOCK CH 2 3_, 6

SECONDARY DATA DENSITY/ | r FRAME1 | MANUAL SELECTrAN'OUT 2 TRANSLATOR MASTER SELF*TEST FACILITY EQUALIZER
DENSITY TAPE/SPEED A R A.B TRACK SELECTMODE 1 3 INPUT SELECTORS TAPE DENSITY -A+B SO CT TIME

,-,+ ,,++[ r+ I
G4 "_JRANGEI_ PRIMARY-| • \\ I IINII'III I _ IILLIIPJINiNI_II

.... OLow '='2;+ONOARY@_ I1=1=11 SLAVEllml----l=l----F=ll

i.+,.+..+, ++,° i i

"+®:+°'+  .sl++°I+++s++I°+I5--_ De _ GENERATOROFF-TAPE

I ERRORa.I,OERRORI¥ '11 _1 CUMULATIVE DATA REPLAYED
MODE 7 CH1 CH2

Figure]2-17.--Systemcontrolpane].

user'sinputsin mind. It couldbe as simpleas a HI/LO cedurefor selectingtape speed is slightlydifferent. If
datarateswitch(as illustratedin fig. 12-18)ora method the two bit ratesare considerablydifferent,it could be
of selecting groups of asynchronousdata streams possibleto selecta packingdensity/tapespeedcombina-
presented to the recorder in more than one input code. tion for one channel that produces a tape speed unac-

The large block in the upper center contains selectors ceptable to the other (outside its packing density/tape
for automatically calculating tape speed, based on a speedrange).To avoid this, the two clocks(or simulated
desired packing density and known input rate. If only clocks)are applied to the inputs and one is taken to be
one data stream is to be recorded, this simply involves the "primary" channel.A packingdensity is selectedand
applyingeither the actual data to the system input, or a indicated asbefore. Additional indicatorsshow whether
simulated data clock derived from the synthesizer the resultant packing density for the other channel is
(switch selectable). The desired bit packing density is within its operating range. If it is too high or too low,
selected by the up/down pushbutton switches, and a the conflict is overcome by changing another packing
microprocessor determines and displays the resultant density/tape speed for the primary channel until the se-
tape speed, cond situation is accommodated.

If two asynchronous bit streams are to be recorded in The middle/lower block is generallysystem oriented
parallel on seParate groups of tracks, then the pro- depending upon operational requirements. In the il-
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BIT SYNC RANGE

1 12.8-256 EQUALIZER SELECT

2 8,4-12,8 1 85-120 8 7,5-10.6

3 3.2-6,4 2 60-55 9 5,3-7.5

4 1.6-3.2 3 42.4-60 10 3.75-5,3

6 0.8-1.8 4 30-42.4 AUTO 3.75-120

6 0,4-0,8 5 21,2-30

7 0,2-0,4 8 15-21,2

8 0,1-0,2 7 10.6-15

REFERENCE TAPE SPEED DENSITY ERRORS EDAC |
FREQUENCY

,NPUT6ELE6TLOO* SYNT.J ,-I ,7nnI-j OEE¢I
O(256),N* JL -=--ipJ kbpi COUNTLNG ERROR

RE_Oou. E_ROR6_

EOUAUZER460"76 © EO TRA" E E T
6ELECT 9 SAMPLE L

A 6 R,T R_8ET34__'2 10 10'0_ 0
AU3' _ 10a L

Figure 12-18.--Alternate system control panel.

lustration, the automatic equalization facilityis shown number of error correction
along with a method of overriding the automatic bit tracks; typically 9 percent
synchronizing feature, for 28-track system

The self-test facility has already been discussed. Maximumbit packing Up to 45 kbpi with standard
The extreme rightblock is associatedwith error detec- density (gross) wideband heads and tape,

tion and correction (EDAC). A correction disable depending upon mode of
switch is provided together with an indication of when operation
uncorrected errors are occurring. The visual relation- Data rate 50 Mbps at 78 ips using 22
ship between the individual channel CRC error in- track fanout; other tape
dicators and the uncorrected error indicator shows very speed/fanout combinations
clearly the health of the system as it processesdata and proportional
how well the error correction system is coping with any Minimum data rate 40 kbps per track with 3 PM
raw errors. For example, it would be possibleto tell im- (reproduce) 5 kbps per track with Y6
mediately that one channel was not functioning at all Bit error rates Better than 1 in 106 (un-
and the error correction systemwas working full time to corrected) Better than 1 in

correct the data on that track, l0s (corrected)
A brief technical specification of the SE9000system Input/outputs Transistor-to-transister logic

HDDR is as follows: (TTL) or emitter-to-col-
lector logic (ECL)

Tape speeds 120 to 3¾ ips (17A and Error correction Standard: 16-bit CRC plus
15/16 ips optional) one or two lateral correction

Recording formats 7 track (I/2 in.) channels
14 track (1 in.) Analog channel FM or direct recording chan-
28 track (1 in.) nels can be used in parallel
42 track (I in.) with HDDR data channels

Coding format 3 PM/Y¢
Block length 260 bits
Synchronizingword Unique 10-bit word A LOOK AHEAD
Longitudinalparity 16-bitpolynominalCRC
Lateral parity One or two parallel tracks 3PM codingas availablefor longitudinalinstrumen-

dependinguponsystemcon- tation recordingrepresentsan importantbreakthrough
figuration in termsof increasedlinearpackingdensityusingstand-

Serial overhead 10 percent ard headsandtape. Using40tracksfor dataplus2 pari-
Parallel overhead Dependent upon number of ty tracks,it is possibleto packsafelyinexcessof 40 kbpi

paralleldatatracksusedand pertrack,givinga total throughputat 120ips of almost
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200 Mbps. (Note that 40 kbpi in 3PM is equivalent to a both worlds": 50 ktpi represents 50 + 50 percent, or 75
transition density of only 26.6 kbpi-safely inside cur- kbpi using 3PM. When that is multiplied by 40 tracks
rent wideband recording limits.) and 240 ips, we have 720 Mbps. The uncorrected error

There are manufacturers who have elected to achieve rate for such a system might be no better than 1 in 104or
additional packing density by means of half-wave length l0s, but because error correction is becoming a standard
recording. Assuming that 50 kbpi can be recorded using component of an HDDR system, we would probably be
such a system, then further development of the 3PM talking in terms of a "corrected" BER in the region of 1
system could, in fact, result in achieving the "best of in 108.

APPENDIX- 3-POSITION MODULATION FORMAT- AN ENGINEERING VIEWPOINT

Geoffrey C. Nottley
Thorn EMI Technology Incorporated

This appendix discusses the 3PM format from the (9) Adjustment-free operation regardless of changes
engineering point of view, giving the rationale behind in operating conditions
the selection of the basic coding scheme and its im- (10) Crossplay
plementation in HDDR applications. Key parameters (11) Suitability for use with standard analog (IRIG)
such as bandwidth sensitivity, adjustment margins, data channels and headstacks.

SNR dependence, tolerance to phase nonlinearity, and No doubt the list is incomplete,but it provideda good
error correction strategies are discussedin detail, starting point. The order in which the various

The selectionof our new HDDR format began with a parameters are listed is arbitrary because the weighting
detailed analysisof systemrequirements basedpartly on appliedto each varies with the application.
Thorn EMI's 10years of experiencein the field, but also
on a critical study of trends in the industry. Our studies CHOICE OF 3PM
included future user requirements, developments in
hardware and tape technology, and a rigorous return to It was evidentthat despite considerabledebate during
basics, placing ourselves in the user's position and at- the last 5 years or so, no traditional coding schemehad
tempting to establish the most desirable features of a emergedas being clearly.superiorto allothers for a wide
general purpose, easy to use system, rangeof applications. Undoubtedlyeachhas its intrinsic

BecauseHDDR is being adopted for an increasingly good and bad points, but these have sometimes been
varied range of applications, the basic rules of masked by practical implementation in terms of system
economics dictate that our proposed system should be hardware. (When reading the literature it is often rill-
suitable for the widestnumber of users. This meant that ficult to determine whether we are learning about the
wehad to incorporate considerableflexibilitywithinthe fundamental properties of a particular code or the ex-
system without imposing price penalties that would cellenceor shortcomings of its associated electronics.)
render the system noncompetitive. For example, what is the point of belaboring the fact

that a certain code is de free if a certain amount of de
content can be tolerated and allowedby standard design

SYSTEM REQUIREMENTS techniques.Similarly,why drawattention to the point

The outcomeof our studieswasthe followinglist of that a certain code needs a more sophisticatedclock
featuresconsideredessentialor desirable: recoverycircuitif sucha circuitis availableand simple

andcheap to implement.
(1) Suitabilityfor both paralleland serialoperation Clearly we had to get backto basics, sift and
(2) Bidirectional(time-inverse)capacity disregardthe traditionaldogma, anddevelopa newra-
(3) Low overheadsynchronizingword tionalebased on our objectiveto recordas manyof the
(4) LowoverheadEDACsuitableforboth individual users'databits as possiblein the smallestpossiblespace

bit errors and error bursts and with the minimum of user involvement.It was ira-
(5) Wide range, continuously variable time transla- portant also that the system should have the highest

tion possible data integrity.
(6) Low-rate operation without the need to recon- It wastraditional but incorrect to assumethat the best

figure data packing density that could be achieved was 1 flux
(7) High data packing with large adjustment margins transition per recorded bit. (NRZ-L, NRZ-M,
(8) Tolerance to variation in off-tape conditions E-NRZ, R-NRZ, DM-M and Miller squared (M2) are
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all examples of this.) We often read that the Nyquist found desirable to use the unique block marker tech-
data packing density is twice the upper bandedge fre- nique. By this means, regular recheckingof phase and
quency. By this thought process, the only way that data polarity is assured. This is an important change in
densitycould be increased would be to increase the up- philosophy compared with earlier designs where "code
per bandedge frequencyfor a giventape speedby reduc- efficiency"was considered to be sacrosanct.
ing the gap length in the headstack and implementing
the associated changes to electronic components. ERROR DETECTION
Because the vast majority of problems in a magnetic
tape recorder involvethe difficulty of recording, resolv- The longitudinal format is completedby the addition

of a 16-bit CRC character immediatelyfollowing eaching, reproducing, and equalizing the shortest wave-
260 data bits before encoding. The mathematics behindlengths, this is without question an undesirable ap-

proach, the choiceof this type of check character is outside the
A better approach is to adopt oneof the codesthat, in scope of this paper, but its ability to detect both in-

effect, uses less than 1 flux transition per recorded bit dividual and burst errors within its associated data
(figure 12-19). The code we selectedis known as 3PM block without giving false alarms is extraordinarily
and was first discussedin a paper by George Jacoby of good.
Sperry Univac in 1976(ref. 12-3). During the recording process, data are broken into

The important feature of 3PM code is that, as with blocksof 260 data bits. The 260-bitblock is treated as a
DM codes, a finite number of intervals are possible binary number that is then dividedby a "generator" hav-
(1½, 2, 2½, 3, 3½, 4, 4½, 5, 5½, and 6 write clock ing the expression x _6 + x _5 + 5x + x + 1 (see
periods), but because the shortest interval is 1½ chapter 3).At the endof the divisionprocess, thel6-digit
periods, it can be seen that the maximum transition den- remainder is recorded immediately following the data
sityis only 66¼ percent of the data density, unlike most block. During reproduction, each 260-bitblock is divid-
conventional codesin whichtransition density and data ed by the same generator and the resultant remainder is
density are numerically the same. Theoretically this compared with that which was recorded. If the two re-
means that the 3PM code should be capable of record- mainders agree, the probability that the data block was
ing and reproducing at data densities far beyond the recorded and reproduced without error is extremely
"Nyquist maximum," but as we shall see later, the code high. Conversely, if the remainders differ, the pro-
has more subtle advantages than low transition density bability that one or more errors occurred is extremely
alone, high. This system is good for detecting error bursts as

wellas individualerrors. When used in conjunction with
a lateral parity track (fig. 12-20),this system giveserror

SYNCHRONIZATION rate improvements of several orders of magnitude.
Longitudinal polynomial error checking is used for

Unlike some serial recordingsystemsthat rely on ran- detecting errors only. Lateral parity tracks are used to
dom synchronizationoncertainbitpatterns, whichmay correct errors that have been detected by the
or may not occur naturally at sufficient frequency, it is longitudinal CRC. If an error is detected in a track, the

whole track is recalculated from other data tracks and
Data the parity track, because all columns must contain an

Databits odd number of "l's."
at maximum

rate

Track1 1 1 0 0 1 0 1 0
Frequency A _'_ /_"_ Track 2 0 1 0 1 0 1 1 0

of upper r___ Track3 , 0 0 0 1 0 1 0 1
band edge (a) Odd parity 0 1 1 1 0 1 1 0

|

Reduced | | Track1 1 0 1 0 1 1 0 1 1

transition t 1 Track 2 (with error) X X X X X X X X Xdensity Track3 0 0 1 O 0 1 0 0 1
Odd parity I 0 0 1 0 0 1 0 1

Longer

recorded (b) Track 2 (recalculated) 1 1 1 0 O 1 O 0 1

wavelength Figure 12-20.--Lateral parity correction. (a) Three data
tracksplusparitytrack.(b)Recalculationofdata in a track

Figure 12-19.--Reducing transition density, witherror.
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It is now no longer cost effective to use premium- Because the longitudinalformat is fixed for all ap-
priced certified tapes for the majority of applications plications, the only parameter that must be agreed upon
where corrected error rates in the region of 1 in 108 or by interchange parties is the value of N. The recording
109are required, although wewould obviouslynot ques- facilitycan fan out the data over any suitablenumber of
tion their effect on the "raw" error rate ifproperly main- tracks, dependingupon the application;the reproducing
tained, facility only needsto have that many channels available

and a compatible fandn capability to reproduce the
COMPLETE FORMAT tapes.

Figure 12-13 shows the complete3PM format. The BANDWIDTH
number of paralleldata channels can vary depending
upon the application. The lateral parity channel, Figures 12-21 to 12-23showtheeyepatternsforDM,
althoughdesirable,is optional. R-NRZ,and3PM at various packingdensities.For the

(a) (a) (a)

(b) (b)" (b)

(c) (c) (c)

(d) (d) (d)

Figure 12-21.--DM, 15 ips. (CF = cap- Figure 12-22.--R-NRZ, 15 ips. (a) 30 Figure 12-23.--3PM, 15 ips.(a) 30 kbpi;
ability factor.) (a) 30 kbpi;CF, 1:3. (b) kbpi;CF, 1:6. (b) 35 kbpi; CF, 1:4. (c) CF, l:6.1. (b) 35 kbpi;CF, 1:6.(c) 40
35 kbpi; CF, 1:2(c) 40 kbpi;CF, unre- 40 kbpi;CF, 1:3.(d) 45 kbpi;CF, 1:2.4. kbpi;CF, 1:4.3. (d) 45 kbpi; CF, 1:3.8.
solvable.(d) 45 kbpi;CF, unresolvable.

"
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purpose of this experiment, we used a standard IRIG The fact that the new code can have transitions at
wideband II direct record/reproduce channel set up to both the bit cell ends and in the center of the bit cell im-
IRIG 106-80 standards (ref. 12-2) using Ampex 797 mediately equates 3PM to DM and M2 in some minds.
tape. It is acknowledged that some optimization might As a result, a clock two times bit frequency has to be
be possible in each case by readjusting the channel, but provided from the bit synchronizer rather than the bit
this was not done in the interests of direct comparison, frequency for NRZ-based codes. However, this is where
As a means of comparison a capability factor CF (the the similarity ends. As can be seen very clearly from
ratio of trace thickness a to the total width of the eye b figure 12-26, although the clock period is halved corn-
at the center of the waveform) was measured from the pared to NRZ (that is, a decision window of + 25 per-
photographs, which were taken using a storage cent is necessary) the pulse crowding and other noise-
oscilloscope having the same sample time in each case and linearity-related effects are considerably reduced.
(fig. 12-24). These ratios are summarized in figure This effect is noticeable even at densities as low as 30
12-25. The comparison is crude, but the message is kbpi and becomes of even greater significance as pack-
clear: 3PM lives up to its promise of more bits per linear ing density is increased.
inch of tape than the previously used codes when com- Figure 12-27 shows a typical wideband II reproduce
pared under the same conditions, head output frequency response. Shown on this curve is

an approximation of the spread of fundamental fre-
quencies present in various codes operating near their
typical maximum data rates. Starting with E-NRZ, the
spread of fundamental frequencies is from Upper
bandedge (UBE) to about 0.15 UBE: around 140 kHz.

Decisionlevel In a typical headstack, the output at UBE will be 15+ 2

b

Figure 12-24.--Capabilityfactorb/a. (a = uncertainty;b = bit
or halfbitperiod.)

(a)
7 --

5

_4= (b),,,,,

R-NRZ

2

1 1 I I
30 35 40 45

Packing density,kbpi (c)

Figure 12-25.--Capability factor versus packingdensity for Figure 12-26.--Selected codes. (a) DM--M; CF, 1:3.
selectedcodes. (b) R-NRZ; CF, 1:6. (c) 3PM; CF, 1:6.1.
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10 90 UBE
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--10 3PM 6dS

-2o

"_- t DM--M27 kbpi /
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--40 ,_ E-NRZ I -,

'- 33Y3kbpiJ - '
I I l 11-50

1 10 100 200 500 1000 Figure 12-27.--Wideband II headoutput at 60 ips.

Frequency, kHz

dB "down" on the peak output level, which occurs at 30
Equalizer Output

about 0.15 UBE. Obviously, the amount of gain re- 24 characteristic after
equalization

quired at UBE to give a "fiat" amplitude response is
amplifies the high-frequency content of the noise, but
the + 50 percent decision window that is possible with = 12"1o

the code permits a total bit packing density in excess of _ 6
30 kbpi to be used reliably. (Note the word total-not _ o
all the recorded bits are actual data.) __

It will be noticed that the spread of fundamentals for 3 -6
DM-M and Ms is compressed considerably compared _ -12
with E-NRZ. The ratio of minimum/maximum is 1:2
for DM-M and 1:3 for Ms. The upper bit packing den- -18
sity is considerably limited because the effect of a given --24 heedoutput
noise level will be greater on a system with a + 25 per- -30 I I I

cent window than one with a +50 percent window, 10 102 103 104 10s lOS 107
given that transitionscan occurat the clock rate. This Frequency,Hz
effect was clearly illustrated in figure 12-21.

The case of 3PM is somewhat different because tran- Figure 12-28.--Output versus frequency characteristic of a
wideband reproduce head, electronic equalization, and re-

sition density and bit packing density are not the same. sultant equalizeroutput.
The top frequency present in the 3PM waveform is only
66 percent of that which would be found in the other

codes for a given data rate. This improves the situation known spacing loss of 55d/k dB is improved in the
in several ways: direct ratio of 2:3.

(1) The head output at this frequency is 6 dB higher All these factors contribute to the clean appearance of
than at UBE, giving an improvement in signal-to-noise the 3PM waveform. As packing density is increased, the
ratio of 6 dB. spectra move down the ever-steepening and unequalized

(2) The frequencies involved are further away from characteristic. The waveforms become more indeter-
the peak of the equalizer curve. For good pulse minate. It can be seen that the NRZ waveform
reproduction a linear phase characteristic (fig. 12-28) is deteriorates faster than 3PM, with DM-M having
required, and care is usually taken to provide a phase degenerated at a much earlier point.
equalization adjustment in the reproduce chain. This is At the time the photographs shown in figures 12-21
usually only effective at the middle bandwidths. At the to 12-23 were taken, BER measurements using standard
peak in the equalization curve (which is generally a 2 MHz analog record and reproduce headstacks were
tuned circuit), the phase characteristic departs violently made and are summarized in tables 12-4 and 12-5 and
from any sort of linearity, in figures 12-29 and 12-30.

(3) The effect on spacing loss is reduced. The well- First, BER's were taken using a standard direct re-
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Table 12--4.- Test 1: Direct Channel Setup According sooo -
to IRIG 106-80Standards

Packing density, UncorrectedBER x 10-6

/kbpi 3PM NRZ DM-M 4o0o --
30 ............... 0 0 0
35 ............... 0.2 0.02 2.1
37 ............... 1.5 8.0 2 500
40 ............... 25.3 4 400 30 000 R-NRZ
42 ............... 101 13000 (a) 3O0O --
45 ............... 2300 33 000 (a)

•Synchronizationlost. x
a_
_a DM--M

Table 12-5.-Test 2: Direct Channel Optimized for 2000
Minimum BER 3PM

Packingdensity, UncorrectedBER x 10-6

kbpi 3PM NRZ DM-M looo A

/30 ............... 0 0 0

35 ............... 0 0 0.2
37 ............... 0.1 0.01 4.0
40 ............... 2.3 15.8 2 100 0 I I
42 ............... 2.5 45.3 11 000 34 36 38 40 42 44 46

45 ............... 27.6 7000 (a) Packingdensity,kbpi

47 ............... 44.3 (a) (a) Figure 12-29.--Test 1: Direct channel setup according to
•Synchronizationlost. IRIG 106-80 standards.

cording channel setup to IRIG 106-80(ref. 12-2). Total If 3PM is to be used at conventional data densities
errors were counted over 100 meters of tape, and these (e.g., 30 kbpi), wecan take advantage of the fact that its
errors were divided by the total number of recorded spectrum is lowerand optimize the channel by reducing
bits. The tape used was Ampex 797, and the tape speed the amount of high-frequency equalization, which
was 15ips. (See fig. 12-29and table 12-4.) reduces the signal-to-noise ratio still further and also

A secondexperimentwas then conducted in whichthe has the important effect of improving phase response.
settings of the direct channel were optimized for Figure 12-31compares thephaseresponseofaconven-
minimum BER, confirming that all three coding tional IRIG channel with one optimized for 30-kbpi
methods respond significantly to this procedure, but 3PM.
particularly 3PM, whose error rate dropped to 44.3 in The advantages shown for 3PM can be utilized in
l0s at 47 kbpi. (See fig. 12-30and table 12-5.) three ways:

Last, BER's were taken using our speciallydesigned
record and reproduce modules, showingthat it isimpor- (I) 3PM may be used at equivalent densities to NRZ
tant to design equalization circuits specifically for with less critical operator settings.
HDDR: (2) 3PM may be used at much higher densities than

NRZ with somewhat reducedtolerance to setting errors.
Packing Uncorrected (3) Some compromise between options (I) and (2)
density, BER, may be used-the exact compromise will depend upon

kbpi × 10-6 the application.
30 0
35 0.15

37 0.4 LOW FREQUENCIES
40 0.95
42 1.2 It is possiblethat more hasbeen written about dc con-
45 2.9 tent than any other single aspect of HDDR. There are
47 24.8 those who feel that a code must be totally dc-free, while
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11000 -- Conventional Channel optimized
270 r IRIG for 30-kbpi 3PM

f _ channel / /
270o - _!p..

10 000 -- ._

550
_9

9000- 830 I ! I I _'F I I I I I
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1

Frequency, MHz

8000 - Figure 12-31.--Group delay versus frequency. (Reference
frequency: 100 kHz at 60 ips.)

7000 - sion to the point where dc content is eliminated com-
pletely.

IRIG's recommendations for recording serial data
streams were duly noted, but for our parallel recorder6000 -

- wewereanxious not to have two entirelydifferent signalx
_e processingchains for high and low data rates. We have
iii

" been associatedwith a number of projects where high
5 000 --

and low rates must be handled simultaneously and we
felt that it was undesirable to have to reconfigure the
system as bit rates changed. Our solution was to pro-

4ooo - duce a variation of the basic 3PM code, called Y_.
BecauseY_ behavesvery much like biphase, wecannot
claim any originalityfor the waveform itself. But what

3ooo - makes this approach of interest is that both high and
low data rates can be handled by a common signal for-

DM--M matting chain without the need to reconfigure.
2000 -- R-NRZ

SERIAL DATA

The 3PM/Y_bcoding technique is also ideal for serial
looo - recording for those applications where the "random"

synchronization problems associated with some zero
3PM overhead codes areunacceptable. We would not recom-

o mend a systemthat relieson a certainbit sequenceto oc-
34 36 38 40 42 44 46 48 cur in the data stream for synchronization to be possi-

Packingdenaity,kbpi ble. It is therefore better to use a few of the extra bits
availablewith 3PM on a positivesynchronizationword.

Figure12-30.--Test2: Directchanneloptimizedforminimum The 16-bit CRC is also recommended for serial ap-
BER. pUcationas a positive indicationof data integrity(not to

be confused with the rather arbitary "confidence
others point to the fact that there are systemsoperating monitoring" associated with simple parity systems).
successfully with considerable de content in their For serialapplicationswheretwo recordingtracks are
recorded waveform, availableper data channel, werecord on two tracks and

Our feeling is that a typical HDDR waveform lends use the CRC'sto choose which data block to clock out.
itself to standard de restoration techniques provided Becauseprobability of simultaneous errors is low, the
that a minimum transition density can be guaranteed, remaining error count is extremelylow.

Looking again at figure 12-26and rememberingthat
we chose a 7-bit interval for our block marker, the CONCLUSION

lowest fundamental frequency is around 0.15 UBE. Returning to our list of system requirements, we see
We use a standard half double-peak de restoration its close match to the 3PM format:

technique, which has proved entirely satisfactory under
operational conditions down to bit rates as low as 40 (1) All features necessaryfor both parallel and serial
kbps. We see no reason to employ bandwidth compres- operation.
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(2) Bidirectionalblock marker and CRCcalculation (11) Suitablefor usewith standard (IRIG) data chan-
in both directions, nels and headstacks. Data packing densities and rate

(3) Low overhead synchronizingword: 3.85 percent, considerably in excess of those achieved with other
(4) Low overhead error detection: 6.15 percent; low HDDR recorders are possible.Naturally, if 3PM is used

overhead error correction: typically 9 percent, with optimized record and reproduce electronics, then
(5) Wide-range, continuously variable time transla- evengreater performance is possible.

tion. In summary, our original objective of producing a
(6) Low rate operation without need to reconfigure user-orientedHDDR systemhas been achieved,and the

with Y_b. system is in use. This was accomplished by applying
(7) High data packing with largeadjustment margins original thinking to the increasingvolume of experience

with considerably less susceptibility to short- with complementary systems to point the way for the
wavelengtheffects and maladjustments of record and future.
reproduce settings.

(8) Toleranceto variations in off-tape conditions (the REFERENCES
longer minimum recorded wavelengths significantly
reduce this problem). 12-1.InternationalStandardsOrganization:ISOTC/97/SC

12 N222. Geneva, Nov. 1980.
(9) Adjustment-free operation with no recalibration 12-2. Inter-Range Instrumentation Group: Telemetry Stand-

or other manual intervention when recording or ards.IRIG 106-80, Range Commanders Council, White
reproducing parameters change. Sands Missile Range, N. Mex., revised May 1980.

(10) Universalcrossplay insured by longer minimum 12-3. Jacoby, George: "A New LookaheadCode for In-
recorded wavelengths, creased Density." IEEE Trans. Magn. 13(5), Sept. 1977.



CHAPTER 13

The Honeywell HD-96 High-Density Digital Tape
Record/Reproduce System

Leighton Meeks
Honeywell, Inc.

In its Model HD-96 high density digital tape To further improve high-density digital recording
record/reproduce systems, Honeywell uses its (HDDR) performance, Honeywell has developed the
multitrack (fixed head) instrument transports and in- following:
stalls specially designed digital electronics to provide
serial-in/serial-out or parallel-in/parallel-out operation. (1) Improved SNR and phase linearity

A modular design permits the number of active tracks to (a) Record/reproduce electronics have been op-
be adjusted to match the aggregate total bit rate timized for ditigal service.
capability needed for the particular application. (b) A microgap record head is used, which

One advantage of this basic concept is that when the reduces pulse-to-pulse crowding and increases
number of digital tracks required is less than the number signal flux margin on tape.
of tracks available, the extra tracks can be used in-
dependently for recording time codes, voice, low-data- (2) Fully automatic operation (no recalibration over
rate pulse code modulation (PCM) or similar a 128:1 speed range and elimination of the tradi-
editing/processing aids. The standard design provides tional binary speed steps)
for up to four such tracks, which are interchangeably
connected either for high-density digital or for analog (a) A digital reproduce amplifier and digital bit
auxiliary track service, synchronizer have replaced the traditional

binary equalizer and the traditional phase-
locked loop bit synchronizer.

BIT ERROR RATE PERFORMANCE (b) A control panel and an associated clock fre-

Standard bit error rate performance is 10-6 without quency synthesizer that permits thumbwheel
error correction using 28-track heads and high-quality selection of bit rate and packing density.
gamma ferric oxide magnetic tapes at packing densities Built-in electronics automatically computes
of 33 to 34 kbpi. This BER is maintained under the and sets tape speed and reproduce equaliza-
following conditions: tion. The synthesizer will phase lock to either

an external bit rate source or a built-in crystal
(1) Tapes are recorded and reproduced on the same reference.

machine. (c) Development of bit slip protection during
(2) Tapes are recorded on one machine and repro- tape dropouts by circuits that use the digital

duced on another machine of like design, bit synchronizer to maintain each channel bit
(3) Tapes are recorded at a given speed and repro- rate clock and to control reproduce tape speed

duced at the same or a different speed, without requiring a separate recorded tape
(4) Tapes are recorded with the conditions (1), (2), servo track.

and (3) occurring singly or in combination.

Honeywell's Model 96 has superior tape path design, (3) An error correction technique
which provides high signal-to-noise ratio (SNR) due to (a) Tape signal dropouts are used for error detec-
head/tape contact and solid ferrite head construction, tion.
and low pulse-to-pulse jitter because of stable speed per- (b) The number of components required to incor-
formance, porate error correction is minimized.

215
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(c) When error correction is not required, parity dividualstreams arereassembled(multiplexed)into the
tracks can be convertedto regular data tracks, original serial data stream.

(4) A deskewingformat with on-tape coding Plug-in demultiplex and plug-in multiplex modules
are available in the following basic variations, which

(a) Minimum demands are placed on a limited handle the number of channels divided by 4 to the
bandwidth record/reproduce channel, number of channels divided by 56:

(b) Decoding accuracyis not dependent on input
data patterns (i.e., provides freedom from (1) Serial to 4 minimum to serial to 14 maximum
pattern sensitivity), parallel channels; maximum serial in/out rate of 80

Mbps.(c) Synchronization frequency is high enough to
track dynamic skew and permit rapid initial (2) Serial in/out to 4 minimum to 28 maximum
acquisition and reliablemaintenance of frame parallel channels; maximumin/out rate of 160Mbps.
lock. The demultiplex also contains a built-in pseudo-

(d) Synchronization frequency is low enough to random noise (PRN) test signal generator and the
avoid aliasing and mis-framing of data from multiplexcontains a companiondecoder. This capabili-
worst-caseskew, tape stretch, etc. ty is useful and convenient for a quick, complete,

(e) A synchronization pattern in which both the throughput digital diagnostic test.
length and the bit pattern are "unique" is used
(i.e., cannot appearin the input data stream) PARALLEL DATA TRACK ENCODER

and are chosen to providereliableand rapid Deskewing With Multltrack Recordingsynchronizationdetection.

(5) Special hardware techniques compensatingfor Withfixed-headmultitrackrecordingathigh packing
any remainingweaknessin coding and format density (20000 or greater bpi), it is essential to
(becausetheperfectcode hasnot beenfoundand reestablish precise intertrack timing during the
may not exist, the perfect format has not been reproductionprocess before final output in parallel
found and may not exist, and the magnetictape formor conversionfromparallelback into serialform.
commerciallyavailableis not perfect) To facilitatedeskewing,each inputparallelNRZ-L

data recordingchannel (track) is organizedinto syn-
MODULAR CONSTRUCTION chronousframesof 504 bits. A 24-bit synchronization

pattern (00Ill1000011110000111100)is injected to
Figure 13-I illustratesthe building block concept mark the beginningof each frame.The remaining480

used. A singlediagramservesfor all systemlevels.The bitsconsistof 420 bits of inputdataplus 60 paritybits.
basic differences between systemsrelate primarilyto The 480 bits are dividedinto 60 data words in which
the maximumnumberof digitalchannels(providedby each word consistsof 7 databits plus 1 injected (odd-
selectionof 14-and 28-trackInter-rangeInstrumenta- parity)bit. The420 databitsarerandomized.Parity bits
tion Groupt heads)that use 1-in.-widetape. To meet a andsynchronizationbitsarenotrandomized,andparity
givenrequirement,one of theseheadswitha sufficient is formed on each randomizeddata word. The ran-
numberof tracksis selected.Becauseof commonfunc- domizationconsists of adding (modulo2) the sum of
tion, many of the functionalelementsare of modular databits anda pseudorandomsequence.The sequence
"building block" construction. This method permits is itself modifiedby inhibitingcertaindataclockpulses
coveringa wide rangeof systemconfigurationswith a to the sequencegenerator.The sequencegeneratoris
minimumneed for costly and time-consumingspecial reset each new frame at the end of the 24-bit syn-
designs, chronizationpattern.For conveniencein interfacing,a

datasenseinversionis provided.Whenactivated,every
MULTIPLEXER/DEMULTIPLEXER input data bit is inverted(complemented)on a per-

channel basis. Capability for reverse (time-inverse)
Thebasicpurposeof this digitallogicmoduleis to ac- reproduceis also included.

cept a high rate PCM data stream and divide Duringreproductionthe dataare restoredto bilevel
(demultiplex) this stream into individual parallel form and deskewed.Synchronizationbits, paritybits,
streamsrunning at a sufficientlyslowratesuchthat they andrandomizedbitsaddedduringtherecordingprocess
can be recordedon multiple, but limited bandwidth areremovedandthe data streamsarerestoredto their
record/reproducetracks.Duringreproduction,thesein- originalNRZ- L form withoutleavingtimegaps.

The function of the parallel data encoders is to
generatethedata frameset describedandillustratedin

tNowRangeCommandersCouncil. figure 13-2. The paralleldata inputs are"thecommon
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I_ I_ 504-bit data frame _|l_._ 480 bitsSynchronization.-_ _ Synchronization--_

I _" _ "_°_'. it Time

i "\ "._, _"_ I _'"-_
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I

\" *%* %°%" Data'\ -, --. l*----- ----d I
i , _ "%° / 7-bit data byte / A I
= \ ,, _,,,, T

I • _. _-_. I, \ _. " _ /

! \ _'_ °_*_o ' Odd parity
I _ ' *_._

I°l°['r'I'[1[°1°1°[°1'I'[11 I'111'I'I°1°1
Figure13-2.--Frameset.Overhead= 20percent.(Overhead-- (no.of bitsperframe/no,of

databitsperframe- 1)× 100.)

clocked outputs from the demultiplexeror from the ex- in each frame. Note that only the data portion of the
ternal paraIlal data inputs. The data frame set (figure frame is PRN modulated. The synchronization is
13-2) is the same for all digital tracks (includingcheck recorded in the "clear," and the odd parity is formed
tracks if error correction is used). The outputs of the after PRN modulation of the data.
parallel data encoders are inputs to the record head
drivers.The data frameset resultsin insuringthe addi- Packaging
tional overheadbits needed to facilitatedata recovery
duringthe reproduceprocess. The common input timing format control is con-

As shown in figure 13-3, the paralleldataencoders structedas a dualchannelplug-inmodule. The parallel
are implementedbased on the use of FIFO memories, data encoderson a singleplug-inmoduleare grouped
The logicis partitionedintotwo mainsections:a typical twochannelsto a boardalongwitha correspondingtwo
channel section that is repeated for each digital re- channelsof deskewlogic on the sameboard.An input
cordingchannel(track)andan inputtimingandformat timingformatmoduleis usedoncepersystem.Fourteen
controlsectionthat is usedonce per system.Each data of the dualchannelencoder/decodermodulesareused
input(serialformat)is common-clocked,modulatedby for a 28-channelsystem.
a PRN sequence, and collectedinto eight-bit groups
(words)of seven bits data plus one odd paritybit by RECORD HEAD DRIVERS

meansof a temporaryholdingregisterfor writing(stor- The recordhead driverinputsare the outputs from
ing) into a FIFO memory.The FIFO memoryis fast the paralleldataencodersand producedrivesignalcur-
enough to permitoperationat a variableinputstorage rent to the record magneticheads. The recordhead
rateandoutput at a constant,but higherrate. driversare installedbehind the record heads on the

Synchronizationof all channelsis accomplishedby transportdeckplate. These are modularplug-inunits.enteringa channelmarkerpulse(from the commonin-

putframecounter)intothe FIFOmemoryof eachchan- Digital Recording
nel and then programmingFIFOmemorydump (i.e.,
clear)pulsesuntil all channelsreadout channelmarker Non-bias recordingtechniquesare usedto recordthe
pulses simultaneously. The PRN modulating sequence digital outputs from the parallel data encoders via a
generatoris resetat the beginningof the firstdataword head driverinterfaceboardthat permitsquickandeasy
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f
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Frame addresses J

6.5 X clock in

Figure 13-3.--Parallel dataencoderlogic,

accommodationof differentmagnetichead trackfor- TAPE/HEAD CONFIGURATION AND
mats (e.g., 14 and28 tracks).The digitaldrivercircuit ALIGNMENT PRECISION
containsa clampingmeans to immunizethe head cur-
rentsfromtransistor-to-transistorlogic (TTL)leveland The tape transportis suppliedconfiguredfor 1-in.
power supplyvariation.This circuitcontainsonly one tapeandappropriatenumberof tracksusinginterleaved
singlehead currentleveladjustmentper channelto op- (two-stack)headsas requiredfor theapplication.Heads
timizerecordcurrentfor the tape type beingused. The are of long-wearing solid ferrite construction.
head driverelectronicsare automaticallyequalizedfor Honeywelldoes not believeit is necessaryto lift heads
recordinglosses at all speedsso that the singleadjust- from thetape duringwind or rewindas do some sup-
mentfor tapetypeis all thatis required.Constructionis pliers. New head pole face depth is 1.5 mils on the
sevenchannels(heptad)per plug-inmodule. Foursuch reproduce stacks and 3 mils on the record stacks.
modulesarerequiredfor a 28-tracksystem. Azimuth adjustmentrangeis plus or minus 12 rainof

arc for not only the reproducehead stacksbut for the

Analog Recording and Analog Patch recordstacksas well. The abilityto azimuthalign both
the record side and the reproduceside is of special

Biasrecordingtechniquesare usedto satisfytheaux- significance to high-densityrecordingbecause it pro-
iliary analog signal recordingrequirements.A four- rides a means to maximize machine-to-machine
channel (quad)plug-inmoduleis installedif required crossplaymargin.Thisis becausethisfeatureprovidesa
for this purpose. The capability to convert between meansto alignall transportsfor peakedsignalresponse
analogbias recordingand digitalrecordingis provided usinga commonrecordedreferencetape. Oncealigned
by meansof a patchcapabilityon thehead driverhous- in this manner,interchangeabilityof tapesrecordedon
ing. Conversion is accomplishedby simple jumper a multiplicity of different recording transports is
changefor each of thechannelsindividually, assuredwithoutthe time-consumingeffort of adjusting
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the reproduce azimuth each time a tape is reproduced Reproduce Amplifiers
from a different transport.

Because of unique construction and optical methods When data arerecorded and subsequently reproduced
used in the factory, Honeywell solid ferrite heads are an at a given tape speed, the amplitude-versus-frequency
advance on IRIG tolerances. To insure maintenance of transfer function at the output of the reproduce head
tolerances in the field, Honeywell prerecorded align- appears as in figure 13-4 (plotted from an actual
ment tapes are available, circuit). Because such a large amplitude variation is not

suitable for most applications, including HDDR,
equalization circuits are required to linearize the head

REPRODUCE HEAD PREAMPLIFIERS output by performing the inverse amplitude versus fre-
quency characteristic shown in figure 13-5. There is a

Reproduce heads are equipped (integral to the head unique reproduce head output curve for each speed
assemblies) with an active gain first stage to minimize (binarily related or not) within the transport operating
phase shift (i.e., group delay distortion) and maximize range as illustrated in figure 13-6. These transfer func-
SNR. Additional gain is provided by main stage tions at a given speed are the same for all recordertracks
preamplifiers mounted in a housing on the transport and, furthermore, are not all related to the individual
deck plate immediately behind the reproduce heads. The
main stage preamplifiers arearranged as seven channels

per module (heptad) plug-in units. Four such modules 0.25
are requiredfor a 28-tracksystem.The combinationof bend Bandedge

head-mounted first stage and main preamplifier pro- o -- edge [ [

vides approximately 40 dB of fixed gain. = /__-_-__

-o --10 -- 7 dB

-20 -
REPRODUCE DATA SYNCHRONIZERS E

--30 -- f Risingslope
> / (Theop/:_6=dB/octave;

After reproducepreamplificationand prior to digital -_ -40 -- / actuai:5.8to 5.9da/octave)
processing, the reproduce head outputs must be =
"equalized." In addition, the binary message and -so I [ [ I J
associated bit rate clock must be extracted from an lo2 lo3 lo4 los lo0 lo7
analog signal that is highly variable in amplitude, Frequency,Hz

sometimes noisy (during flaws), and jittery. These func- Figure13-4.--28-track ferritewidebandreproduceheadout-
tions are performed by the data synchronizer, putversuslogarithmof frequency.(tape speed:60 ips.)For HDDR application, a very significant operational
advantage results from a data synchronization method
that provides: 1B

Band

edge
(1) Automatic and optimum speed equalization over 12 Headoutput

a continoustapespeedrangefrom 1_ to 240ipsaswell
as the traditional (binary related) discrete step operating ,,
speeds. _ B

(2) Automatic bit synchronization over the 178 to _= l dB

240-ips speed range without the necessity to take time to _ o _.J_
recalibrate each time a new operating requirement calls _ -- _[--V
for reproducing at a bit rate different from the old _ -6
preset value. # Reproduceamplifier

(3) Completefreedomfrom theoperatingconstraints -12
imposed by the binary speed selection of traditionally
designed instrument transports.

--18
(4) Elimination of special bit synchronizer calibra-

tion equipment. I I I I
All these desirable operating features are achieved by 103 104 105 lOe 107

the reproduce data synchronizer module. This module Frequency.Hz

containsboth a 64-speedstep equalizersectionand a Figure13-5.--Equalizationfor60-ipstapespeedusing60-ips
digital bit synchronizeron one printed circuit package, equalizer.
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10 - 60.00,pa is presentedto all amplifiers simultaneouslyvia the
12o.ooipe amplifier/bit synchronizerhousing.

0 _ ipe

_ -_o - | DigitalBit Synchronizers_'o 14.06 ipe

._ -2o - -*_ _" Figure13-9 showsthedigitalbitsynchronizersection1 octave
E -30 -- of the reproduce/bit synchronizerplug-in module.
•_ -_-" Several featuressignificantto minimumbit errorsare
_; --40 -- 3.75 1/8 octave

incorporated. Digital techniquesare used for precision
-5o - bitrateclock synchronizationandfreedomfromtuning

• adjustments.The digitalmethodsemployedcompletely
-eo f I I I I I eliminate the restrictions imposed by conventional

102 103 104 105 106 107 phase-lockedloops on systemoperationsuchas narrow
Frequency, Hz margins of bit raterange for acquisitionand tracking.o

Figure13-6.--28-trackferritewidebandreproduceheadoutput The synchronizerwill easily operate over the entire
venuslogarithmoffrequencyatmultipletapespeeds, specifiedbit raterangesandtape speedrangeswithno

expensiveauxiliarytuningand calibrationequipmentre-
channelbit rates.Consequently,an equalizerselection quiredduringoperation.Becausethereis no calibration
based on any reason other than matching playback setuptime required,thereis no systemoperatingtime
speed servesno useful purpose andunnecessarilycom- lost for recalibration.
plicates use of the recordingsystemin an operational To facilitate initial system debugging and labor
environment, troubleshooting,an inputfield effect transistorswitch

The reproduceamplifiersdescribedfully addressthe (remotely controllable) is provided. The bit syn-
requirementto reproducedata at the standardIRIG chronizer section can be operated either from the
tape speeds as well as at "variable" speeds in between, reproduceoutput(on the samemodule)or from an ex-
Furthermore,thereis no needto retunetheequalization ternalsource.Forexample,whentheencoderoutputis
networks. The method also permitsreadingthe data connected, the HDDR system can be operated in a
'whilerecordingso that dataqualitymaybe assessedin "transportbypass" mode, which permitsrapiddigital
real time. An indication of malfunctionin an active system checkout initially and enhances system
recordercould be used to bring a standby recorder troubleshootinglater.
systemon line quicklyto reduceloss of valuableinfor- Baseline correctionis incorporatedto restore the
mation.Fully equalizedreversetape motionreproduce signaldc levelfor maximumSNRandaccuratedatabit
is also provided, decisions.Theamountof correctionis basedon integra-

The equalizationamplifiershownin figure13-7 pro- tion of theaveragedc levelof the signalwaveform.The
vides64-equalizationspeedstepsto coverthetapespeed baselinecorrectionis automaticallyscaled to eliminate
rangefrom 1fi to 240 ips. The amplifierwillprovide8 sensitivityto tape-to-tapeandchannel-to-channelvaria-
intermediatesteps withineach octave rangefor a total tions, but the signal level is not gain controlled
of 64 speed steps being used. Figure 13-8 shows the automatically.This is to maximizeSNR, especiallydur-
worst-casemismatchthatwouldresultin amplitudever- ing tape flaws. To preventovercorrectionduringtape
sus frequencyresponse from using a single equalizer flaws, a dual (two-level)hysteresisschemeis employed
networkto equalizetwo speedsseparatedby 6¼ percent to accuratelydeterminethe presenceof signal dropouts
(1/8 speed octave). This designprovidesa very good and preventinappropriatebaselinecorrectionaction.
margin dictated by experiencewhich has shown that This flaw detectorsignal is made availableas a data
varyingthe tapespeedmorethan about10percentfrom "dropout"signalto thestatusmonitorpanelandto the
a givenequalizerset point causesbit errorsto increase errorcorrectionlogic in the decoder.
noticeably. The datacomparatorconvertsthe baselinecorrected

" Only6 adjustmentsare requiredto fullyequalizeeach butvariableamplitudereproducesignalto bilevelform.
amplifier(as comparedto 27 forsomeotherdesignsfor The datacomparatoroperatesas a 0-levelaxis-crossing
theninespeedranges)duringinitialcalibration,andthis detector with minimum hysteresis. The digital syn-
calibrationneed be done only at a single tape speed, chronizinglogic uses the transitionedgesof the bilevel
Equalizationat allother"fixed"and"variable"speedsis signal to recoverthe bit rate clock. The bit rateclock
done automatically.Thetape speedequalizerset infor- phaseis continuouslyadjustedto selectthenearesttran-

mation is communicatedfromthe frequencysynthesizer sition match with the 22× referenceclock (plus or
to the amplifiervia 12 binarycoded lines (11 lines for minusone cycleof thereference).If no datatransitions
speedand 1 line for forward/reverse).Thisbinary code occur,thenthe digitalsynchronizerlogicautomatically
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"_ With channel lock established,the time-skeweddata"(3

._ 10 r- 2to2½dB words (seven bits) are stored into the channel FIFO

_ lSOO_ps memory,whichalso storesa paritycheckbit and the bit-

o synchronizer-furnishedtwo drop-outsignals(if they are
>e 14.06ips present)as one bit perdata word._ I I I

-lO Frame synchronizationbits added during the en-
0: 102 ' 103 104 10s 100 code/recording process are removed by blocking

Frequency,Hz
storage into the FIFO. Instead, a synchronizermarker

Figure13-8.--Worst-caseequalizationoutputdegradation bit is added in parallelwith the first databyte of each
using 15.00-ips equalizer at 14.06 ips tape speed. (A speed data frame.
---1/8octave.) Data readoutoccurs simultaneouslyfor all channel

FIFO'susing a common clock runningat a rate cor-

retainsthe last transitionsettingand outputs a 1× data respondingto the channel data rate less the addedoverhead.
rateclock accordingly.Thus thebit rateclockcan "fly- The readout is set to lag the first-in time arriving
wheel" indefinitely,limitedonly by the stabilityof the channelby a constantnumberof bits (set large com-
22x referenceclock, pared to the worst-caseskew plus a marginto insure

To restore maximum timing margin (data versus
clock) for the following deskewlogic, the bilevel data adequate FIFO storage) by controlling the commonreadoutframereset.
signal is reclockedvia a D-typeflip flop priorto output. Channel deskew is continuouslymonitored by corn-
Although not shown in figure 13-9, all outputsignals paringthe channelsynchronizationmarkerreadoutfor
(dropout, data, and bit rate clock) are transmittedvia simultaneouscomparisonto the common frame syn-
differentialvoltagemode linedriversto providea max- chronizationmarker.Shouldthis notoccur,the FIFOis
imum noise immunityinterface, clearedautomatically.Becauseclearingactioncausesa

burstof errors,the designhas includedmeasuresto pre-PARALLEL DATA DECODERS vent bit slip. These includethe use of a digitalbit syn-
The function of the decodersis to accept outputs chronizer, tape speed servo loop, and a specialclock

from the data synchronizer and to perform data synthesizer.
recovery and realignment (deskew) of the original Pseudorandomnoise modulationadded duringthe
parallel recordeddata. The design is based on FIFO encode/recordprocessis removedduringsimultaneous
memoriesand contains provision for errorcorrection readoutof thedeskewdataby modulo2 additionof the
basedon associationof reproducedbiterrorswithdata same pseudorandomnoise sequence.Synchronization
dropouts, noise for this modulationremoval is assuredby using

As shownin figure13-10, the decoderis partitioned thecommonsynchronizationmarkerto synchronizethe
into two sections:a typical channel section, which is pseudorandomnoise generatorthat is shared by all
repeated one per recordedchannel (includingcheck channels.
tracksif errorcorrectionis used),andan outputtiming
and format control section sharedby all channelsec- CONTROLS AND INDICATORS

tions. The basic operation is as describedin the re- TransportControlsand Indicatorsmainderof this section.
Time-skeweddata after conversionto bilevel form The transportis equippedwiththefollowingstandard

from the data bit synchronizeris first shifted into an pushbuttoncontrolsandlightedindicatorson the front
8-stage serial input/parallel output data register and panelof the transporttape deck:
simultaneouslyinto a 24-stageserialinput/parallelout- (1) Reverse
putsynchronizationpatterndetectionregister.The shift (2) Fast
rateis controlledby the datarateclock, whichalso ad- (3) Forward
vancesthe channelframecounter,which is resetcon- (4) Stop
trolledby synchronizationpatterndetectionpulses. (5) Record

The individualchannel frame synchronizationlogic (6) Tapespeedsynchronization(indicator)
containsa scoringregisterschemethatinitiallyrequires (7) Low tape
two successive frame synchronizations to establish (8) Footagereset
channellock. Thereafter,the scoringregistermaintains (9) Tape footage (indicator)counter
lock during missed(due to datadropouts)synchroniza- (10) Shuttleset reverse(optional)
tions or reestablisheschannel lock without requiring (11) Shuttleset forward(optional)
master (all channels)lock to be reacquired. (12) Select track record(optional)
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Traditional tape speed select pushbuttons are not (kbpi) expressedas a percent where I00 percentcor-
used on HoneywellHDDR systems.This function is ac- responds to 33.33 kbpi. The packing density thumb-
complished via the digital control and display panei wheelsare calibrated to take into account the 20-percent
discussedin the next section, overhead used. The channel bit rate thumbwheels are

calibrated for the customer'schannel bit rate.
Clock status and controls are provided with lighted

Digital System Controls and Indicators switchselectionof internalbit rateclocksourceorexter-
nal (customer-supplied)bitrateclock source.If thumb-

Figure13-11showsthedigitallocal controlandstatus wheel selectionand/or clock ratesareinadvertentlyset
panel for a 28-channel(track)system.This panelpro- outside system design capabilities, an "out-of-range"
vides three light-emittingdiode (LED) indicatorsfor lightflashesred.Whennormal(in-range)conditionsare
each active tape channel for reproduce signal loss, met, then a "lock" light shows steady green color. A
framesynchronizationsearch(loss),andparityerror.In convenient"push-to-test"lamp test switch is provided
addition,a master(system)synchronizationlock (LED for quick operator verificationof active lamps and
indicator)is provided. LED'sduringoperation.

Lightedmessagedisplaysareprovidedfortheon-tape To accommodatea lesseror greaternumberof chan-
code used; the functional conditions of forward nels (tracks), the number of active LED status in-
reproduce,reversereproduceoperation(i.e., time-inverse dicators for reproducedata loss, synchronizationloss,
reproduce), tape transport bypass operation (a test and parityerrorare adjustedas required.
mode);total (i.e., serial)aggregatebit rate;anda three- A lightedremote/localcontrolselectorswitchis pro-
decimaldigit tape speed(ips)display. vided. All digital controls and transportcontrols are

One set of thumbwheelsselectsthe desiredoperating capable of remote control. Critical status signals are
channel(track)bit rate(tothenearest0.1 percent)from also available.Remotecontrol (TTL) via IEEE488 is
31.25 kbps to 6.667 Mbps. A second set of thumb interfacedvia a connectoron the back input/output
wheels selects the desired operatingpacking density panel.

MASTER LOCK

® ro-o%
Loo_ J ®

At --20 dB,

STATUS AND CONTROL LEDon for
one bit period

I CHANNEL I for 100 ms

15 16 17 18 19 20 21 22 23 24 25 26 27 28 .J
DATA LOSS O O O O O O O O O O O O O O DATA LOSS_¢ LEDon when
SYNC LOSS O O O O O O O O O O O O O O SYNC LOSS_ -- . synchronization
ERROR O O O O O O O O O O O O O O ERROR word fails

1 2 3 4 5 6 7 8 9 10 11 12 13 14
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LAMP PACKING DENSITY, %

r--'---"CLOCK "--1 TEST CHANNEL RATE,bps (100%----33.33kbpi)

\ \
Green Red out-of-range light
light

Figure 13-1 l.--28-channel control/display panel.
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FREQUENCY SYNTHESIZERS reference,causesthe tape speed referenceto varyso as
to reducethe differencebetweendemandedbitrateand

A common clock frequency synthesizer functional the instantaneousrate. In this manner,the reproduced
moduleis shown in figure 13-12. Thismoduleuses the data rate is forced to match (on the average) the
thumbwheelsettingsand control switch settingsof the demandedrate.
digitalcontrolpanel to deriveallclockingsignalsneeded During record, the phase-locked loop bit syn-
to operate the HDDR system data logic and automati- chronization clock input is switched to a feedback
tally selects speed control lines for the transport and divider output; this procedure is used because it is not
reproduce amplifier equalizer networks. The clock syn- possible to serve off tape feedback while recording,
thesizer output clocks are phase locked to either an in- because the data rate at the reproduce heads is the same
ternal crystal referenceor to an external source. Packing as the record input independent of tape speed;
density range is from 48 to 200 percent(where 100per- therefore, during record, tape speed serve is via the
cent corresponds to 33.33 kbpi), capstan tachometer phase locked to a fixed (via the

common clock synthesizer)tape speed reference. For-

TRANSPORT SPEED CONTROL LOOP tunately, the needto serve with off-tape feedbackis notrequired during simultaneous reproduce while record-
The method of serve-controlling tape speed is il- ing. This is because, as previously stated, the repro-

lustrated in figure 13-13. The basic purpose of the loop duced rate is the same as the input record rate inde-
is to provide a means for regulating instantaneous tape pendent of tape speed. The loop closing control logic
speed (especially during reproduce) to force the permitsthe loop to be closedonly during reproduce and
reproduced data rate to match, on the average, the bit after the transport has reached stable speed (i.e.,
rate demanded either from an external source or the in- capstan tachometer synchronization).
ternal source and to accomplishthis without need for a To protect the loop security during reproduce opera-
special tape-recorded serve track. Without such a tion from tapedropouts, two bit synchronizersare used:
scheme, slight variations from machine to machine in bit synchronizer "A" is the primary off-tape clock
capstan diameter and tape-to-tape stretch/contraction sourceand bit synchronizer"B" is its "helper." During a
could cause a slowly varying average rate offset. The tape dropout on bit synchronizer"A", a 4 x clock from
speed control loop useslhe reconstructed bit rate clock the bit synchronizer"B" is used by "A" to avoid bit slip-
(from a bit synchronizer) off-tape as a measure of in- ping during the noisy flaw period. This method provides
stantaneous tape speed and, via a phase-locked loop very secureoperation becauseexperiencehasshownthat
comparison with the common clock generated tape rate simultaneous dropouts on two tracks on the same head

Channel rate clock (1X) Bit rate

(from externalsource) _ clock

I External I _Taperatel(65X)

(1X) Clock clock

--C -'- generator

I Internal Bit synchronization
reference
clock

Bit rate Programmable number tape speed
synthesizer divider conversion display

t t
| _ Reproduce

I _ equalization

I I / speed (1 of 64)
I I

Bit rate set I I Packingdensity I / Speed / Transport

J (thumbwheels) j J set J "_1 reference V speed reference
J J J (thumbwheels) conversion frequency
L ..... _ L ..... .a

Figure13-12.'Common clocksynthesizer.
Transport
binary
speed
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Figure13-13.--Tape speedcontrolloop.

stack where tracks are spaced apart by at least 70 mils The following types of input data and clock can be
are very rare. selected for optional serial inputs and outputs:

INPUT/OUTPUT DATA PANEL (1) TTL single ended (up to 20 Mb): Bayonet nut

All input and output signals entering or leaving the coupling (BNC)
high-density digital tape recorder are connected via (2) TTL differential (up to 15 Mb): keyed twinax
swingout input/output panels located on the rear of the (3) Emitter-coupled logic (ECL) single ended (up to
cabinet as shown in figure 13-14. For a 14-channel 160 Mb): type CUG568/U
system, only the upper section is required. For 28 chan- (4) ECL differential (up to 110 Mb): dual coax,
nels and up, the lower section is also supplied. Standard type C

system capability is as follows: The HDDR system can be patched for operation
(1) Input parallel-- TTL level parallel input NRZ-L either in the serial or parallel mode, but not both at the

dataconsisting of a minimum of four data channels plus same time.
a 0° clock are terminated to 100 11with a differential
receiver. The inputs can be single ended or differential. SIGNAL MONITORING

The differential connection is preferred for maximum Where frequencies permit, critical signal test points
noise immunity. Connection is via groups of 40-pin con- are provided for monitoring on a suitable oscilloscope
hectors that accommodate flat "Twist-N-Flat" cables, while the system is operating and such monitoring does
This arrangement allows each channel to be a twisted not interfere with normal operation. As a minimum,
pair. waveform and level monitoring is possible for the

(2) Output parallel-TTL level parallel output following:
NRZ--L data consisting of a minimum of four data
channels plus a 0° clock are outputted via differential (1) If supplied, high-speed serial-to-parallel
drivers. In all other ways parallel output interfaces are demultiplexer inputs (data and clock) and high-speed
like the inputs, paralld-to-serial multiplexer outputs (data and clock)
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Figure 13-14.--Basic28-charmelHDDRpanel configuration. (a) Frontview.(b) Rearview.

(2) Each input channelto the parallelencoders tronics. The conceptis basedupon productcode error
(3) Each output channelto the record head driver location where cross-track parity corresponds to

amplifiers "checkson rows"anddatachanneldropoutsignalscor-
(4) Each reproduceoutput channel from the repro- respondto "checkson columns."Cross-trackparityis

duce headamplifiers formedfor groupsof 14paralleltrackswhereup to 13
(5) Each output (data, clock, and dropout) signal of thesecan be assignedto dataandI of thesetracksis

fromthedatabit synchronizersandeachreproduceout- the oddparityfor thegroupof 14. Thus, for a 28-track
put afterbase line compensation system, 26 can be data and 2 are check tracks. In a

(6) Tapespeedservoreference 14-tracksystem,theparitytrackis track8;in a 28-track
(7) Criticaltiming and control waveformsrequired system,the paritytracksare numbers15and 22.

for monitoringduringsignal electronicalignmentand The parity tracksare formed prior to encodingand
systemtest debugging, synchronizationinsertionon therecordside.Correction

is performedafterdatais deskewedand realignedon the
To facilitate signal monitoring,a deluxe maintenance reproduce side. Cross-track parity is reformed and
kit is suppliedwith eacl_system.The kit contains"ex- checked against the reproduceparity for each cor-
tenderboards" for all plug-inmodules.Whenmounted respondingcross-trackgroup. If theseparitychecksdo
on theseextenderboards,full frontaccessto both sides not agree, then at least one trackhas an errorat this
of the plug-inmoduleis provided, precisebit time.Thechanneldropoutsignalsare usedto

locatewhichtrack.As longas onlyone channeldrOpoUt

ERROR CORRECTION exists, the error can be corrected by simple inversion
(adding a "I" to the correspondingchannelmodulo 2

TheHD-96 employsa dropout-basederrorcorrection andgate).As shown,thissystemis capableof correcting
method as depictedby figure 13-15. The large block all single-trackbursterrorsand isolatedsingle-tracker-
labeled"HD-96 28-trackhead"representsa 28-channel rorsplus half of thedouble-trackerrors.Becauseof the
systemcompletewith parallelencode anddeskewelec- tape flaw distributionsencountered in practice, this
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Figure 13-15.--Dropout-basederrorcorrectionconcept.(DO = dataout.)

system is very effective and improves"raw"errorper- CABINET LAYOUT AND PHYSICAL
formanceby factorsof 50 to 500. CHARACTERISTICS

AUXILIARY ELECTRONICS The HDDR systemis designedfor housing within
standard Honeywell transport racks for ground-based

When not all tracksare requiredfor digital service, systems, or alternatively in standard Electronic In-
the extra tracks are available for auxiliarydata record- dustriesAssociation racks havinga panelwidth opening
ing of such items as time code, voice, and PCM. The for 19-in. wide panels and an equipment depth of a
standard HDDR design provides for up to four such minimum of 25Vzin. Controls and other extensions do
channels. This capability is providedby using standard not protrude more than 3aA in. in front of the panel
FM, direct, servo-reference analog accessories of the frame. A typical panel arrangement is illustrated in
basic model 96 transport, figure 13-14.



CHAPTER14

The Development of a High-Performance High-Density
Digital Recording Error Correction System

James H. Stein and W. D. Kessler
Fairchild Weston Systems, Incorporated

This chapter describes HDDR (high-densitydigital because parallel data bytes could be recorded. This
recording) systems developed by Fairchild Weston madepossiblethe recordingof higherinput datarates
Systems, Inc. (commonly referred to as Fairchild becausethe datacouldbe demultiplexed,or spreadover
Weston)andincludessystemsboth withoutandwither- severalparallelrecorderchannels.Bitratesto 100Mbps
ror detection/correction.It is organized sequentially couldbe accommodatedon a 32-track,120-ipsrecorder.
(muchas the systemsweredeveloped,historically),pro- Theseserialand parallelrecordingsystemshavebecome
ceeding from the simplest hardware to more standard and arein wideuse today-using the same for-
sophisticated error correcting systems that provide mats originallyadopted and making interplaybetween
essentiallyerror-free recordingand reproducing, recorders possible. The standard systemswill continue

to be usedfor yearsto come. In fact, this serial format is
HISTORY now a Range Commanders Council (RCC; formerly

Inter-RangeInstrumentationGroup)RecordingStand-
WithinFairchildWeston,thereis a group,previously ard.

Sangamo, that has been developing and producing Still later, as errordetectionandcorrectionbeganto
magnetic tape recorders since the early 1960's and be implemented(often by the"user"completelyexternal
HDDR systemsfor these recorderssince the inception to the recorder),moreredundantparitybitswereadded.
of these techniquesin the early 1970's(refs. 14-I and Again,althoughthe overalleffectwaspositive,useref-
14-2). Another group within FairchildWeston, EMR ficiencywas furtherdecreased.
Telemetry,has beenworkingan equallylong timewith This set the stagefor a freshlook at the overallprob-
recorderencodinganddecodingtechniquesanddevices lemwithinFairchildWestonand,withthe aidof itscon-
as well as with bit errortest sets(ref. 14-3). These two sultantCNR, Inc., the presenterrordetecting/correc-
groups pooled their talents in 1978and now residein ring system,which providesessentiallyerror-freerecor-
Sarasota,Fla. As a resultof this combination,mature dingandreproducing,was developed.
systemsworthy of descriptionhave beendeveloped.

HDDR was first implementedon a "per track"basis
asserialsystems.Theonlyprocessinginvolvedencoding HDDR ENCODING
of data to make its frequencyspectrummore compati-
ble with the frequencyresponsecharacteristicof the HDDR is digitalrecordingthat makesuse of the full
magnetictape. ParallelHDDR systemswerenot prac- analog bandwidthof the tape recorder.The name im-
tical because economicdynamic skew correctionhad plies that theremust also be a "low density"technique.
not beendeveloped. Such a name is not in commonuse in the instrumenta-

As large-scaleintegrationbecameavailable,dynamic tion field; however,recordingat lowerdensitiesis ap-
skew correctionwas institutedso paralleldatastreams plied whereextremereliabilityand accuracyare para-
could be recordedand reproducedwith proper time mount, such as with computers.
coherence.This deskewingrequiredportioningthe data Digitalrecordingis usedininstrumentationbecauseit
into frames and the addition of frame synchronizing allowsprecisereproductionof data, although atthe ex-
words. Naturally, these additionaloverhead bits re- pense of bandwidth.Recorder-inducedflaws, such as
ducedthe recorderefficiencyas less userdatacouldbe noise and distortion, can be reducedto almost any
recorded.However,the overalleffectwas verypositive desiredlevel by sacrificingsufficientbandwidth.When

231
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this is important, HDDR may be usedinsteadof direct Themost popularmethodsof signalconditioningfor
or FM recording. HDDR recordingare describedin detail in the ANSI

The HDDR encoding processmust solve two basic documenton standardizationof HDDRrecordedtapes
problems.One is to allow the recordingof any legal (ref. 14-4), in draft form at this writing,andin other
streamof data. Theotheris to recorddataandclockon chaptersof this book. All have certainadvantagesand
a singletrack.Suitableconditioningor encodingof the disadvantages. Long ago, Fairchild Weston selected
dataso as to introducea plentifulsupplyof transitions randomizingas its method of signalconditioning,for
between"0" and"1" valueswill solve both these prob- reasons to be set forth.
lems.

When the data rate is sufficientlylow, the use of a Randomizing
biphasecodewill servethepurpose.Any of thebiphase
codeswillguaranteeat leastone transitionforeverybit. Randomizing is a form of polynomial division,
Reproductionof thedatathenbecomesa simplematter modulo2, of the datastreamby a specialnumberde-
because there are no long regions without a signal, finedby the shift registercircuit.It producesan output
Reconstruction>ofa clock from thereproduceddata is resembling,to a degree, a randomsequence.This se-
easy for the samereason;thereare manytransitionsof quence,however,is an encodedformof theoriginalse-
data upon which to synchronize a clock oscillator, quence and can be decoded by the corresponding
Thus, biphase is one method of encodingHDDR for polynomialmultiplication.Figure14-1 showsthestand-
recording, ard 15-cell randomizerand derandomizer.The reader

Biphase,however,entailsa penaltyin thatitrequires may readilytest, on paper, how theseworkby applying
twice the bandwidththat nonreturnto zero (NRZ) re- a data stream containingall "0" values except for a
quires for the same data rate. Therefore, the coding single"1."
problemin HDDR becomesone of supplyingenough

transitionsin the recordedsignal without appreciably History of Randomizing
decreasingthe bit ratefrom the NRZ bitrate.

All HDDR systemsmanufacturersuse some method J.E. Savage(ref. 14-5), in 1967,gavea thoroughand
to achieve this modulation or "signal conditioning" understandablepresentationof this subject. Savage
priorto recording, listed 13 referencesgoingback to 1941. His use of the

"1 S-bit" randomizer

I I I1 I ) I I I IData

Input clockin A

R,_ndomized
•-- ,,-. data

Tape interface

"15.bit derandomizer"

--I ,1111111111 I,,I,1

Output clock ____

Figure 14- I,--15-bit randomizerand derandomizer. A •
Derandomized

C data
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term scrambler indicates that it need not be considered have theirown clock accompanyingthe data, andeach
slang; therefore, it is used here interchangeablywith serialchannelcan have a differentbit rate.
randomizing,

At the timethe FairchildWestonHDDR systemwas Parallel HDDR
developed, the company(then SangamoElectric)was
building modems with scramblers. It is from that ParallelHDDR requiresthat the reproduceddatabe
technologythat scramblersbecamea part of Fairchild deskewedso that bits recordedtogether as a parallel
HDDR. Also, priorto theacquisitionof SangamoElec- bytemaybereproducedtogetherto regeneratethe same
tricby Schlumberger,the latterwasusingscramblingin byte.
its HDDR, havingmadethe decisionto do so quite in- To accomplishdeskewing,parallalHDDR requires
dependentlyof SangamoElectric. the use of occasionalmarkersinsertedin serieswith the

Sangamo(now Fairchild)was the first manufacturer data, at intervalsexceedingthe maximumskew. These
to use randomizingas a routinemethodfor condition- markersarecalled"synchronizingwords."Theymustbe
ing data in HDDR. recognizedin the reproducecircuitsandusedto realign

In the intervening years, scrambling has been the data in deskewbuffers.
vigorouslyattackedby competitorswhodid notoffer it, To "make room" for the synchronizingwords, the
and has been feared or avoided by users who dataratemustbe increasedpriorto recording.The ratio
misunderstoodit. But, in 1980,RCCadoptedscrambl- of addedbits to originalbits is knownas "overhead."
ingas the standardmethodforsignalconditioningserial High overheadis undesirablebecause it restrictsthe
HDDR (ref. 14-6). Withthisrecognition,scramblingin dataratethat can be handled.
HDDR was no longerthe "uglyduckling"it once was,
but has been marketed (although in a noncompatible THE FAIRCHILDWESTON
form) by other manufacturers. HDDR SYSTEM

Advantages of Randomizing Formatis defined,here,as the patternof dataon the
tape, other than the datamessage.The verybasicfor-

Comparedwith other methodsof signalconditioning mat itemsof tracknumberanddimensionsare covered
for HDDR, randomizinghas the followingadvantages: by RCCandANSI standardsandwill not be discussed

(1) It does not addany overheadbits. here. SerialHDDR has no actual format;it has only a
(2) It is practicallydc free. "code." The code usedby FairchildWestonis random-
(3) It has an extremely low probability of being izedNRZ-L, as mentionedearlier.ParailelHDDRhas

defeated by a chance data pattern (low pattern sensitivi- a format that consists of the details of frame and syn-
ty). chronizingwords recorded on tape. The format used by

(4) It doesnot require a change in clock rate. FairchildWeston is shownin figure 14-2. In this figure,
(5) It does not require a special sequence for line 1 shows the original data as applied to the system.

decoding. The data are blocked into 496-bitblocks, and the data
(6) Decoding does not involve a double-frequency rate is increasedin the ratio of 31 to 32, leaving 16bits,

clock, as shown on line 2. Line 3 shows the synchronizing
(7) The encoded data remains in NRZ form; i.e., word, 16bits long, generated once for each frame. Line

transitions occur only on bit boundaries. 4 showsthe data and synchronizingword, with the syn-
(8) It does not involve phase modulation with resul- chronizingword inserted into the gaps in the data, mak-

tant reducedphase margin, ing the full 512-bitblock.
(9) It doesnot"multiply"errors(it addstwoerrorsto Line5 shows a detailof the synchronizingword. It is

the end of an errorburst), seen that the 16th bit is not actuallypart of the syn-
chronizing word, but is a single odd parity bit taken

The overall resultis betterperformancewith fewerer- overthe interveningregionof 511 bits. It is used solely
rots. for visual monitoring, flashing an indicator on the

deskewcardpanel should a synchronizingwordnot be
HDDR SYSTEMS detected when expected.
Serial HDDR In some models, the first bit of the synchronizing

word is a "don't care" bit. This allows reverse play
Serial HDDR is the recordingof serialdigital infor- without synchronizingerrorsbecauseof the paritybit

mation on a singletape trackwithoutthe needto retain that becomesbit one, in reverse.Forreverseoperation,
any exact time relationshipto other tracks. In other the usermay selecteithera symmetricalsynchronizing
words, tape skew is ignored.Serialchannelsordinarily word, ormayreversethereproducesynchronizingword
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as compared with the record synchronizing word. Each a direct result of building on the Zero overhead of the
bit of the synchronizing word is programmable for both serial system and using a low ratio of synchronizing
record and reproduce, word length to synchronizing word spacing. This ratio is

This block of 496 bits of data plus 16 overhead bits re- l/3 l, giving an overhead of 3.23 percent. This overhead
mains unchanged through scrambling, code conver- figure is so low as to be practically negligible.
sions, and recording. It is the recorded format.

It is important to note that this format has remained Cross-Play Capability

unchanged in Fairchild Weston HDDR tape transports All Fairchild systems without error correction are
since the first system, and continues through the pres- compatible in serial codes and parallel format. The
ent. This assures users of compatibility with past or basic serial code is randomizing, from the earliest to the
future systems. Similarly, the synchronizing words and latest. Most serial cards offer three scrambler codes.
the scrambling options are compatible. The parallel frame has remained at 496 data plus 16

overhead bits since the first system, and there appearsto

Advantages of the Fairchild Weston be no reason to change it. The synchronizing word is
HDDR Format programmable bit by bit; however, an identical stand-

ard synchronizing word has been recommended to all
Low Overhead users.

The use of randomizing as an encoding method in
Skew Correction Ability

serial HDDR has the advantage of introducing no
overhead. The resulting signal spectrum, consisting of The Fairchild Weston parallel HDDR has a deskew
ac signals only, can be handled efficiently by the tape capability of about 490 bits, peak to peak, at the tape
transport without the need for further encoding or rate. This is more than enough for the extreme skew that
modulation. The low overhead of the parallel system is might be encountered when allowing for interleaved
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heads, mechanical head tolerances, and cross-play be- Thesecards restore the parallel data to its original form
tween machines, with maximum tension, temperature, by removingskew, changingthe data rate, and deleting
and humidity effects on the tape. With double-density the synchronizingwords.
data, this deskew capability is reduced to one-half the Deskewing is accomplished using random access
distance on tape, or 245 normal densitybits. This is still memories (RAM's). Track clocks generate "load" ad-
adequate for any expecteddemands; however, the point dresses for the RAM's and load 512-bitblocks into the
should be madethat any systemthat does not havecorn- RAM's under control of the individual synchronizing
parable deskew capability may be expected to show words. Data are read out of the RAM's in 496-bitblocks
problems at double-density rates, when used in condi- by the master clock, thereby accomplishing both
tions of extreme skew. deskewing and removal of the synchronizingword.

False synchronizing word detection is never a prob-
Implementation lem because synchronizingwords lying outside the ex-

pected zone are gated out. Only after two successive
Figure14-3 is a blockdiagramof a typicalFairchild missedwords is the gate removed.Similarly,after two

WestonHDDR system.Fourparalleltracksareshown, successivesynchronizingwordsare detected,the gateis
although this numbercould be any from 2 to 32 (or reinstalledaroundthe synchronizingregion.Oncesyn-
more), chronizationis achieved on any track, further syn-

chronizingindicationsare only precautionaryand are
SerialHDDR not neededunlessbit slip occurs.

In figure 14-3, the shortest brace, labeled "Serial," Experienceshows thatbitsliprarelyoccursevenfrom
showsthe elementsof a serialsystem.Theseare, typical- large, deepdropouts,unlessthere is tapedamage.For
ly, the encoders(E)and the decoders(D). The encoder this samereason,the singlemastertrackhas provento
accepts data and a clock; performsstandardscram- be adequate.
bling, biphaseencoding,othercode conversion,orcom-
plete bypass;then sendsthe encodeddatastreamon to SerialData DemultiplexingandMultiplexingOption
be recorded.The encodingfunctionsarenormallyon a
singlecardthat is interchangeablewith the director FM When the incomingdatarateis too high to be record-
recordcards, ed directlyonto tape(as mayhappenwhen it is a high-

Onthe reproducesideof the tape, the signalfromthe rateserialchannel),it can be demultiplexedonto twoor
tape goes to a decoderwhere it is amplified,equalized, moretracks,as necessary,to reducethe datarateto one
convertedto NRZ-L code, if desired,anddescrambled, which is within the limits of the tape transport.After
Also, a clock is generatedby the bit sychronizerportion reproduce,the severaltracksof paralleldatacanthenbe
of the decoder.The dataandclock thenleave the card. multiplexedbackto the originalrate,or a scaledversion
The decoders are interchangeablewith direct and FM of it at a differenttape speed.
reproducecards.These two typesof cards,encoderand Referring once more to figure 14-3, we see a
decoder, form a serialchannelmeetingthe RCCstand- demultiplexfunctionprecedingtheparallelsystemanda
ardsas statedin reference14-6. multiplex function following it. This shows how the

parallel systemcan be used with demultiplexingand

ParallelHDDR multiplexingoperations.
Fairchild Weston offers two sets of demultiplex-

Again, in figure14-3, the nextlongerbraceshowsthe ing/multiplexingcards.Oneis implementedin Schottky
elementsof a parallel systemwithout demultiplexing logic for use up to about 30 Mbps, and the other is
andmultiplexing.Note that the parallelsystemis corn- emitter-coupledlogic (ECL)for higherdata rates.
posedof four serialsystemsplus the extrafunctionsin The demultiplexingcardshave 4 inputs and 16 out-
blocks S, C1, B, and C2. The parallelsystemcan be puts to allow numerousoptions to be programmed.
composedof anynumberof tracksfromtwo up to the Similarly,the multiplexingcardshave 16 inputsand 4
limit of the tape transport, outputs. Both are cascadable for ratios higher than

Block S representsthe synchronizingword insertion 16:1.
operation in which the data rate is increasedand the

synchronizingsequenceis inserted every496 bits. Block Configurations
S is, typically,a four-channelcard.Itusestimingsignals
generatedby blockCI, the synchronizingclock card. ParallelHDDR is availablewith any of the Fairchild

On the reproduceside of the tape transport, the Weston tape transport models. The first generation
parallelsystemis formedby addingdeskewbuffers (B) cardsareusedinModels3, 4, 5, and80. Models9 and 10
and a deskew clock card (C2) to the serialdecoders, have improvementsbearingon user convenience,but
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the tape format remainscompatiblewith formats of (9) Optionalsynchronizingword composition
earliermodels.The laboratoryModel 10, for example, (10) Optionalscramblerlength(11, 15,or 17bits), or
has bit synchronizationwith two clock rates, to allow completebypass
rapidchangeof datarate,andallowsforreverseopera- (11) Optionalcode formats:NRZ mark,NRZspace,
tion of the descrambler.Model9 programmingis con- NRZ level, biphase mark, biphase space, and biphase
trolledthrougha touchmembraneand microprocessor, level
It also has reversiblelogic,but the primaryadvantageis (12) No patternsensitivity
that the trackbit synchronizationsmay beprogrammed (13) PerformancemonitoringLED's
together, singly or simultaneously,in groups of the (14) Decodingwithoutkey words
user'schoice, to accept any bit rate from band edge (15) 1024-bitRAM buffer for 490-bit peak-to-peak
downto 15 kbps, and at any speed, deskewing

The rangeof operationis securedby first changing (16) Reversiblecode operationin Models9 and 10
the frequencyof the oscillatorin 2 percentincrements (17) Programmablebit synchronizingclock rates
for a total 2-to-1 variation.Greaterrequirementsthen
act to combinethis with one or more dividerstagesto Nearly all of these featuresthat apply to parallel
givethe requestedbit rate.This is done, automatically, systemsarealso availablein the error correction/detec-
with the touch of a finger, tion system(ECDS).

In all FairchildWestonmodels, tracksnot required
for parallel HDDR may be used for directrecording, Performance
frequency modulation, or serial HDDR. The serial The error rates experienced with non-correcting
HDDR option retains the scramblingand bit syn- HDDR dependmore upon the tape and its cleanliness
chronizing features that are present in the parallel than upon the electronics.The experienceof Fairchild
systemfor that tape recordermodel. Weston and of users of our machines leads to the

PerformanceMonitoring followingguidelines:
(1) New tape causesmore errorsthan tape that has

FairchildWeston parallelsystems areequippedwith experienced10 to 20 passesoverthe heads.
light-emittingdiodes (LED's)that providea visual in- (2) New or dirty tape can be greatlyimprovedby
dicationof dataquality.Each trackhas, on the deskew processingthrougha cleaner/burnisher.
cardpanel, two LED's.One will flash when the serial (3) Solid ("glass")reels should be used in the most
parity doesnot check;the other will flash when a syn- criticalapplications,as they help keep the tape clean.
chronizingwordis not detectedin any frame.Repeated (4) Thewidertracks of the 14-trackformat give10 to
flashing of eitherof these lightsindicatesa problemin 100timesreductionin errorcountover28-and32-track
that track, suchas wronghead current,poor equaliza- formats.
tion, or a dirty head. A constant"ON" conditionmay (5) Adverse tape/head contact can cause errors,
indicatea setup problem such as wrongpolarity, etc. especiallyat the 120-ipsspeed.Thepresenceof "brown
The signalsto these LED'sare "stretched"to givegood stain" on the heads in dry environmentscan be
visibility; however, "unstretched" signals are also troublesome.
availableshould the userwish to use them. (6) Userswith criticalapplicationsareadvisedto ob-

tain a copyof Magnetic TapeRecordingfor the Eighties
Features and to heed the precautionsin appendixB (ref. 14-7).

The moreimportantfeaturesandoptionsof the Fair- Measuredperformanceof HDDR depends,primarily,
child HDDR recorders(HDTR)are the following: on the conditionof thetape usedandis so variableas to

(1) IRIG heads have little meaning relevant to the system. Typical
(2) Readoutby externalclock figuresare shown in table 14-1.

When serial channels are demultiplexed and(3) Abilityto use the sameelectronics(Lab Model4
and portableModels3 and 5) multiplexed,the errorrateof the entiretapesystemcan

(4) 32 tracksand front accessboards in 28-in. panel be measuredeasilyusing a bit errortest set of suitable
height (Models3, 4, and5) speed,such as one of the Tau-Tron models.When demultiplexingandmultiplexingcardsare not(5) 28tracksand frontaccessplusversatilemultiplex-
ing/demultiplexingsystemin 28-in. panelheight used, therearetwo alternatives:

(6) Minimizedcircuitsfor reliabilityandlowercost (1) Measuresingle tracks.
(7) 64-to-I speedchange,up or down (2) Use fanoutlogicto driveall tracksandusean "er-
(8) Line driversand receivers rot funnel"to providethe "OR" of all channelerrors.
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Table 14-1.- TypicalTapePerformance Under Various Figure 14-4 is a simplified block diagram of the
Conditions* system. It showsthat two main functionsare performed

Trackwidth, Speed, on the record side; outer encoding and inner encoding.
Tapecondition mils ips Errorrate Similarly, on the reproduce side are the inverse opera-

New .............. 25 60 2/106 tions: inner decoding and outer decoding. These func-
50 120 1/106 tions generate and check orthogonal parities on the

Wiped ............ 25 60 2/10' tape, thereby allowing the exact bits in error to be
Used.............. 50 120 1/10s located and corrected.

"Ampex799 tape;density:33 000 bpi. The parameters of the codes (i.e., the numbers in-
volved)are not arbitrary, but are chosen as a set that fits

Measurement of single tracks, method (1), is conve- together well. It would be difficult to change them
nient for "go/no-go" testing, but does not prove per- without reducing the effectivenessof the system.
formance because there is no check of deskewing.

Method (2) is strongly recommended. The fanout Outer Eneoder
logic requires no explanation. Note, however, that a The reader'sattention is directed to the upper left cor-simple "OR" circuit will detect errors of only one net of figure 14-4. The outer encoder generates cross-polarity-that which passes through the OR gate. For tape parity from the data tracks. In one mode, itrigorous testing, the outputs of an OR gate and of an generates a simpleparity from a maximum of 15tracks;AND gate should be added to give total errors. in the full double correction mode it uses a (16, 14)Simultaneous errors on two or more tracks will be

modified Reed-Solomon (R-S) code (refs. 14-11 and
counted only once, as though from only a singletrack. 14-12) and generates two tracks of parity. The two
This occurrence is infrequent enough that it may be ig- transverse paritiesmust, of course, be derivedaccording
nored, to different rules; the use of the base 16number system

THE NEED FOR ERROR CORRECTION and 4-bit characters makes this possible. The two parity
tracks are then processed in the inner decoder in the

In chapter 4 of the NASAReferencePublication 1075 same manner as the data tracks.
(ref. 14-8), A1 Buschman lists 12 sources of tape
anomalies causing dropout errors. When one realizes Inner Encoder

that all tape, dirty or clean, old or new, causes errors, The purpose of the inner encoder is to generate a
the question arises, what can be done about it? The ob- longitudinal (serial) parity for each individual track,
viousanswer is to use an HDDR system with the ability data and parity, alike. This longitudinal parity is used
to correct most tape errors, duringreproduce for synchronization, skew correction,

Over the years, manufacturers of HDDR systems and error correction. To provide room for this
have produced add-on error correcting systems, but longitudinal parity, the data rate is "speeded up" by a
such systemswere lesseffectivethan if they had beenan factor of 10/9, leavinga hole at the end of the frameof
integral part of the system.

The time wasripe, in 1980,for the introduction of the data into which the longitudinal parity is inserted. A
best practical error correction system for HDDR. Fair- coset is also added modulo 2 at this point. In fact, threeframesuseone coset and the fourth frame usesa secondchildWeston first announced its double-track error cot-

different coset. This providesa unique synchronizationretting system at the International TelemeteringCon- pattern each fourth frame (or 960 bits) that is used forference Meeting in October 1981(ref. 14-9)and also at
the September 1981meetingof the Tape Head Interface deskewingduring the reproduce process.The pseudorandom characteristics of this coset help
Committee (ref. 14-10). to spectrallycondition the data for recording. The data

are then further spectrallyconditioned by randomizing
THE FAIRCHILD WESTON ERROR if the packing density is above 15kbpi or by converting
CORRECTING HDDR SYSTEM to biphaseif lower packingdensitiesare to be used. It is

important to note that although biphase and ran-
As statedearlier,the FairchildWestonerrordetection domizationare the two standardformsof conditioning

and correction system (EDCS) is the result of a usedby FairchildWeston,this systemisnot restrictedto
cooperative effort by Fairchild and CNR, Inc. Its them-any other appropriateform could be used. The
parametershave been chosenwith the goal of designing spectrallyconditioneddata andparity are output from
the best possible error correction system for HDDR the inner encoders and are saturate recorded on the
without any great increase in hardware complexity magnetic tape. Again, saturate recording is not a
beyond that commonly used in less powerful systems, necessity; bias recording could be used, but the addi-
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tional signal-to-noise advantage obtained by saturate using 4-bit symbols (shown as Q) across the frame.
recordingis desirable. These symbolsare formedby groupingfour sequential

bits from the same track; Galois field arithmeticover
GF(16)(refs. 14-10and 14-11) is used in the computa-

Tape Format tion. Thus, the R-Sparity is, in itself, a 4-bit symbol.
Figure 14-5 illustrateshow a frame of data is re- However,all outputsremainserialwith the R-S parity

cordedon tape,excludingfora momenttheeffectof the beingshiftedout seriallyalongwiththedataandsimple
normally specified 1.5-in. spacing of the interleaved paritytracks. The overheadpertrack, usingN = 240
heads.A "block"hasa lengthof 216 bitsof dataplus24 bits andK = 216 bits, is
bits of longitudinalblock control header (BCH)(refs.

14-11 and 14-12) parity for a total length of 240 bits. (N-1) x 100--(2402._ -1) X 100= llpercentThe block width is K (maximumof 14)data tracks and
N-K (normally 2) cross-parity tracks for a total of N
(maximum 16)tracks. As indicated previously,the outer For the FairchildWeston system,this track overhead re-
code is a simpleparity for onetrack and a modified R-S mains the same in every case.
code for the second track. Note in figure 14-5 that the The systemoverhead, assuming2 tracks of parityand
inner BCH parity is generated for the two tracks of 14tracks of data, and includingthe track overhead, is

cross-parityas well as for the data tracks. Thesimple /10N_I) X 100= (160 _ 1)X i00parity iscalculated on a bit-by-bit basisacross the frame !,-'9-K"
and includes the track of R-S parity whenever two
tracks of parity are used. The R-S parity is computed = 27 percent
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This is an unusually low system overhead for the power- The reader is reminded that, as shown in figure 14-6,
ful results obtained. Note that no frame synchronizing the data on every other track is displaced 1.5 in. due to
words, in the conventional sense, are included within the normal interleaved head construction as specified by
the frame of data. As will later be seen, the longitudinal RCC (ref. 14-6). This provides a protection against tape
parity is, in effect, used as a synchronizing word, which imperfections large enough to encompass up to four ad-
allows all the bits within the frame to be used as either ]acent tracks because it places the resulting error burst
data or parity, of each pair of tracks in a different frame and the
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system is capable of correcting for errors occurring deskew FIFO's, a completely deskewed parallel word is
within the same frame on two tracks, simultaneously, clocked out of the deskew buffers. A frame synchroniz-
This is illustrated by the tape imperfections encompass- ing pulse is also generated at the boundary side of the
ing frame 2 on tracks 2 and 4 of figure 14-6. This error frame.
burst would be corrected by the system. The tape im- Once synchronization is achieved and the frame
perfection shown on the right-hand side of figure 14-6 boundary is defined, the system calculates the location
encompasses more than four tracks, so error bursts of the next frame synchronizing pulse and compares this
would occur in three tracks of the frame, simultaneous- with the actual occurrence. Normally the expected pulse
ly, and the system would not correct for these, occurs at the proper location because the error rate is so
However, it would flag the fact that error bursts oc- low. If it does not, the system "knows" that an error has
curred and would output data as decoded, occurred or that the system has lost synchronization. It

is first assumed that errors in that block have occurred

Reproduce Data Conditioning and corrects them. If the parity fails to check for severalcontiguous frames, the system assumes that synchroni-
Referring back to the lower half of figure 14-4, as zation has been lost, and the process starts over for the

data is reproduced from each track, it is amplified, track involved.
equalized, and bit-synchronized to produce serial data As stated previously, the inner decoders calculate the
streams plus clock. Also, at this point, the spectral con- parity for each frame on a track-by-track basis and
ditioning (either randomizing or biphase encoding) that compare this calculated parity with the recorded parity.
was applied to the bit stream just before recording is If they do not agree, an error flag is sent to the outer
removed. Following this, the data and parity (now in decoder indicating that an error has occurred in that
reconstructed digital form) proceed to the inner track for that particular frame. If two tracks have er-
decoders, rors, two flags are sent to the outer decoder. Indeed,

each track, including the cross-parity tracks, has a flag
that is set for that frame when an error occurs on that

Inner Decoders track. At the end of each frame, all error flags are reset.
The primary function of the inner decoders is to These flags, together with the transverse parities, allow

detect errors as they occur and to send error flags to the the outer decoder to correct for errors. As seen in figure
outer decoder, indicating the tracks in which these er- 14-4, the data stream and the error flags are output to
rots occurred so that the outer decoder can use the the outer decoder.

cross-parity tracks to correct them. But, before this can
be done, skew created by the magnetic tape recorder Outer Decoder
must be corrected.

A unique feature of this system is that deskewing is The outer decoder performs a number of functions,
accomplished without a conventional frame synchroniz- in addition to correcting errors detected by the inner
ing word. For each track, each time the data stream ad- decoder. These additional functions are described first,
vances one bit into the decoder, it is stored in a deskew assuming that no errors have occurred on any tracks for
buffer. Also, each time the data advances one bit, the frame under consideration. On a track-by-track
longitudinal parity is calculated and compared with the basis, the coset added modulo 2 to the data in the inner
recorded parity and coset (which was added modulo 2 in decoder is removed. Further, the longitudinal BCH
the inner encoder). Eventually, the calculated and parity, also added to the data in the inner encoder, is
recorded parities will compare, allowing the coset to be removed from the frame and the data slowed down by
recognized; this coset then acts as a frame synchronizing 9/10 to fill in the hole left by removing the 24-bit parity
word to be used to align the frame boundary for word. Following this, the fully restored data, identical
deskewing. During this process of parity verification to the input data, are clocked out and returned to the
and coset recognition, the effects of the bits preceding user, along with a clock.
the block under consideration are removed by logic cir- Assume now that errors have occurred in the
cults that simulate clearing the parity generators prior to reproduced data for this particular frame. If two tracks
parity calculation. As the frame boundary is determined of cross-parity have been recorded, and this is normally
for that particular track, the data of that frame are the case, then errors can occur in two tracks (either data
clocked to the output side of the first-in, first-out or cross parity) simultaneously and be corrected because
(FIFO) deskew buffer. This process is repeated for each the serial parity flags the tracks with errors. This re-
track, and when frame boundaries for all tracks have quires the solution of two equations to determine two
been determined and all data corresponding to these unknowns. Modulo 16 arithmetic is used.
frame boundaries are poised on the output side of the It is important to note that in this system any two of
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the K tracks can have errors and be corrected. Some
systems with two tracks of redundancy split the data
tracks into groups, such as odd and even, and use one
parity track for each group. That method has the disad-
vantage that, if errors occur in two tracks withinthe one
group, simultaneously,correction cannot occur, evenif
no errors occur in the other group. The Fairchildsystem
allowsany two tracks to haveerrors and to be corrected.

If errors occur on three tracks, simultaneously, cor-
rection is mathematically impossibleand cannot occur.
In thiscase, the data are output as theyare decoded,but a
"correction for this framenot possible" flagoccurs. The
channel error flagsalso are made availableso data dele-
tion or weighting can be accomplished by the user, if
desirable; however, the occurrence of errors on three
tracks, simultaneously, occurs only very rarely, less
than once per 14in. reel of tape. Normally, the errors
are confined to one or two tracks and are completely
detected and corrected, as we shall see in the later sec-
tions on performance.

System Condition Monitor
By its very nature, a system such as this accom-

modates degradation and even some types of failures
within itself. One track of recorder electronicscan fail, Figure 14-7.--32-trackEDCS.
and the normal user may not evenrecognizethe failure.
The error rate is somewhat increased, but that may not
be noticeable. In a sense, this is very good. However,to parity tracks. From the top down, figure 14-7 showsthe
obtain the maximum use of the equipment, it must be first card rack, the monitor chassis, the second card
self-diagnosingwhen internal problems occur. To ac- rack, and the power supply.
complish this, an error monitor panel continuously A 16-tracksystemrequires only a singlecard rack and
displays either raw track error rate, composite error replacement of the 32-track power supply with one for
rate, or error count, as selected by the user. 16tracks. Both power suppliesuse the same rack space.

For "raw error rate," the error monitor panel actually The hardware shown includes all signal electronics
counts error corrections made on the track being functions, except head drivers and preamplifiers. Two
monitored. The track selectionmay be made manually equalizers per track are included. For installation of all
or through a computer interface (IEEE 488 or RS 232). eight equalizers, direct reproduce cards may be used

"Composite error rate" is actually a sampling of the ahead of the reproduce part of the EDCS.
track-by-track "raw error rate" measurementand then a Figure 14-8 shows a Model 5 transport with 28tracks
manipulation of the data to account for the sampling and EDCS, 14in each card module. Figure 14-9 depicts
process. It provides a measure of the overall effec- a Model 10transport with 27 tracks; 16tracks of cards
tiveness of the system. Normally, it is used until prob- are in the upper module and 11are in the lower.
lems are suspected, then track-by-track monitoring
serves to localize problems. THEORETICAL PERFORMANCE

It is clearthat if a trackfails, this failureis indicated PREDICTION
even though the systemnormallycontinuesto correct There are a numberof phenomenaassociatedwithfor most of the errorsgenerated.Thus, systemrepairs
can be implementedat user conveniencewithout full magnetictape recordingand the magnetictape itself
failureoccurring, that maketheoreticalperformancepredictionless than

exact. The most predominantof these is probablythe
Hardware variablenatureof the errorburststhemselves:Theycan

be random,single-biterrors,or bursts.Mostauthorities
Figure 14-7 is a photograph of a 32-trackEDCS, wouldagreethat the majorityof these errorsoccurnot

which includes record, reproduce, monitoring, and as randomsingle-biterrors,but as multibitbursts of
powerfor 2 modules,each of 14tracksof data, plus2 variablelengthcreatedby foreignparticleson or in the
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Figure 14-8,--Model 5 transport with
28 tracks and EDCS.

surface of the tape, and much work has been done to
classify the length and width of these bursts (ref. 14-8).

Recognizingthe variability of these conditions, Dr.
Chase, in a paper presented to the Tape Head Interface
Committee in September 1981 (ref. 14-10), provided
equationsand curvesdescribingthe theoreticalperform-
ance of this error correction systemas a function of the
error burst characteristics.

His plots of the decoded error rate as a function of
the raw error rate for different burst lengths are pre-
sented in figures 14-10 to 14-12. These provide an in-
sight into the performance capabilities of the system.
They also showthe widerange of answers onecan getby
using different burst characteristics.

For all plots, the abscissais the raw error rate (the bit
error rate (BER)without or before correction); the or-
dinate is the decodederror rate, or the BER after correc-
tion; and the inner code is the (240,216) BCH code.

Figure 14-10compares performance of double-track
correction for burst errors of different lengths. Curves
are shown for values of B, the length of the error burst,
from 1 bit to the other limiting case of infinitely long
bursts.

Figure 14-11 provides similar curves for single-track
correction. From these two plots, one can grasp an idea
of the error performance, based on one's concept of the
nature of the errors. In today's world, and the writer
continuesto stressthe changingnature of dropouts with
new tape and tape-handling procedures, one tends to
consider that most errors are of the burst variety in
lengths of 100 to 300 bits. Using these burst lengths as
the primaryeffect, oneconcludesthat the performances

Figure 14-9.--Model 10 transport with 27 tracks and EDCS. indicated in figure 14-12 can be expected. This curve
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10-6 10_ 6 --

/
B = 100

B=I
10-7 10 .7 --

/
B = 500

10-11 10-11 [ I
10-3 10.4 10 .5 10 .6 10 .3 10-4 10-5 10 -6

Raw error rate Raw error rate

Figure 14-10.--Performance comparison for bursts of different Figure 14-11.--Performance comparison for bursts of different
lengths with two-track correction; (16, 14) system. (B = length lengths with single-track correction; (16, 15) system.
of error burst in bits.)

shows that an improvementin bit error rate of about six Five reelsof newAmpex 797tape wereobtained from
orders of magnitude can be expected from the two- stock. They were removed from their original cartons
channel (16, 14) correction system and about three and, without any cleaning or preconditioning, were
orders of magnitude for the single-channel(16, 15)cor- recorded at 25 kbpi of user data (27.7 kbpi including
rection system, overhead) on a double-channel correcting system.

Record trackwidth was 25 mils, which provided the
MEASURED PERFORMANCE signal-to-noiseratio of a 28-track recorder. Both record

and reproduce occurred at 60 ips, and a Tau-Tron pro-
Measuring the performance of a double-channel (16, vided a 22°-bitpseudorandom test word.

14)correcting system such as this is, at best, very time The resultsare givenin figure 14-13. Figure 14-13(a)
consumingbecauseso few errors occur in the output. As provides the error rate before correction while figure
seen from the theoretical curvesof the previous section, 14-13(b)shows the actual errors in the output after cor-
the expected BER is about 1 error in 10tt bits, if rection. Note that four of the five reels of data
reasonably good tape is used. Because there are about reproduced without any errors while the fifth had a
10_ bits on a 14-in. reel of tape (28 tracks at 33 kbpi) burst of 12uncorrected errors. The composite corrected
and becauseerrors usuallyoccur in bursts, severalreels error rate for the five reels is 5.4 errors in 10tl bits.
of tape must be measured before an uncorrected error

burst in the output is to be expected. Such is normally SUMMARY
the case, and the followingexperimentdemonstrates the
double-channel (16, 14) correcting system when used This chapter has described the two parallel HDDR
with new but relatively dirty tape. systemsoffered by Fairchild Weston, one being a non-
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10-e -- error-correcting HDDR system and the other, the

EDCS. Randomizing is used in both systemsas a means

of signal conditioning because it has no detectable pat-
tern sensitivity and it adds no overhead. In the non-
error-correcting system, the 16-bit synchronizing word

lo-7 every 496 bits offers reliable deskewingwith only 3.23
percent overhead. The EDCS uses 24 serial parity bits

SinQle. for strong error detection and two parity tracks for two-
track track correcting ability. The values of the parameters

,on are selectedas the best compromise found betweenper-

formance and overhead.
= l o-e The error rate of the non-correcting system largely

depends on tape condition. The error rate of the EDCS
is essentiallyzero through a reel of tape.

•,_ Doub_e- \ The non-error-correcting system uses an unchanging
6 track, _ format that is compatible with all Fairchild Weston
'_ lo-9 - HDDR systemsdeliveredin the past, and this format is

expected to continue. The EDCS, by necessity,uses a
separateformat as dictated by the features of the power-
ful correcting capabilities.

With these two systems, the user has a choice as to
lo-_o _ which best suits his requirements: (1) a minimum

overhead systemwithout error correction with perform-
ance limited by the tape; or (2) the powerful error cor-
rection ability of EDCS, givingperformance essentially
independent of tape dirt and defects.

lo-- I I The reader should bear in mind that the BER's
lo-3 lo-* lo-5 lo-e (especiallywithout error correction) and the packing

Rawerrorrate densities of today are primarilylimited by the magnetic
tape and heads in use.

Figure14-12.--Bursterrorperformance(bursterrorlength= The recorder/reproducers and encoding/decoding
'300 bits)for both double-track(16, 14)and single-track techniques and electronics are designed to handle
(16, 15)correctionsystems, magnetictape capable of muchhigher packingdensities.

Already, 66 kbpi with high-energytape and double den-
sity heads is becoming commonplace. The reader

,, lo-6 r- _ should, in future years, update his thinking in light of

[ _ -
the magnetic tapes that become available with time.
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CHAPTER15

Error Correction for High-Density Digital Tape Recorders
John Montgomery

Martin Marietta Corporation

High-density digital recording (HDDR) is rapidly
becoming a valuable and reliable data storage tech- 42-trackHDDR's; :_____
nique. For the last several years HDDR systems, built Ampex 799tape;24kbpi

on a productionbasis, have beensatisfyingmany of the 28-track HDDR's; ._
needsof modern technologywith a largestoragecapaci- Ampex 797tape;28kbpi -
ty and high data rate capability.

Systemdesignersusing high-density digital recorders 14-trackHDDR's;

(HDDR's)are nowfocusingtheir attention on accuracy, Ampex 797tape;20kbpi [ J

with the result that bit error rate (BER) is becomingan lo-6 lO-7 lo-8
increasingly important specification. An HDDR is BER without error correction

usually one component of a larger data system.
Minimizing the data errors created by the HDDR is Figure 15-1.--Performanceranges for Martin Marietta
often the key to improving or to simplifyingthe data HDDR'sbasedon Honeywell Model96.
system.

Example. --In a data retrieval and processingsystem, HDDR's based on the HoneywellModel96. The results
the information rate is often too high to fullyprocessin were compiled using data from many HDDR's with
real time. Therefore, the computer must receiveslower scores of tapes over a period of approximately2 years.
playback data from an HDDR. However, the software The subject of this paper is a simpletechnique for
must be designedto accommodateperhaps1 error in 106 error correction that can improve typicalresults to 10-9,
bits from the HDDR. If errors occur in critical syn- plus or minusan order of magnitude. The technique is a
chronization data, for instance, the information maybe digital correction method that does not affect the
lost or the software must enter a time-consuming transparency of the HDDR system and, with the excep-
analysis routine. A 1 in 109BER on the other hand tion of requiring one or more overheadtracks, doesnot
might save processing time or allow the software to be affect the head/tape interface or associated record/
simplified or both. reproduce circuitry. This error correction approach for

Example.-A data system may use hundreds or HDDR's is easily implemented. Its trade name is EC2
thousands of expensivehigh quality HDDR tapes each (error correction code). EC2has been incorporated and
year. If the BER of the hardware is improved, money tested in numerous MartinMarietta HDDR's; therefore,
may be saved by allowinglowerquality tapes to be used the discussionbeginswith an overviewof these systems.
without sacrificing overall performance.

The bit error performance of an HDDR is a function THE BASIC HDDR SYSTEM
of the tape and of the HDDR design. Typicalperform- (without error correction)ance is in the rangeof 10-6 plus or minusan order of
magnitude.Exceptionsto typicalperformanceexist at An HDDR requiredto recordand reproducea high-
both ends of the range, of course. One manufacturer's speed serial data stream is, in general, describedby
HDDR may perform better than another's;also, the figure 15-2.
qualityof thetape, the numberof tracks,the codingap- The term "high speed" in this case refers to a rate
proach, and the bit packing density are among the greater thanan individualtape channelcan carry(i.e.,
variablesthat affect results.The performancerangesin greater than 4 to 8 Mbps for a typical longitudinal
figure 15-1 were obtained using Martin Marietta machine). This type of system is called "parallel

247
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Digital encode Bias or non-bias Digital decode
subsystem tape recorder subsystem

I I
Serial- Overhead Deakew

Tape Parallel.
Serial ._ to- insertion Record _ Reproduce and to- _ Serial
data parallel (for electronics electronics overhead serial data

converter deskewing) _...._" removal converter

Figure 15-2.--Basic high-speedHDDR system.

HDDR," which refers to the necessary parallel format A data frame, therefore, consists of the following:
and the corresponding need for deskewing.

The EC= method is applicable to parallel HDDR (1) 420 PRN-modified data bits
systems and affects the block diagram by modifying the (2) 60 byte parity bits
overhead insertion/removal logic and by adding one or (3) 24 deskew synchronization bits

more channels to be recorded. Therefore, there are 504 total bits per frame for an
overhead of 20 percent.

CHANNEL DATA FORMAT

The HDDR systems in which EC 2 has been incor- HDDR WITH ERROR CORRECTION
porated have all used the same channel format. Briefly, Conceptually, the process of errorcorrection involves
each parallel channel is modified by the following four two steps:
steps:

(1) Error detection-In general, redundancy must
(1) A counter is used to subdivide the incoming data exist in the data so that invalid data may be distin-

into 420 bit groups called "frames" (fig. 15-3). guished from valid data. If redundancy does not exist, it
(2) Each frame of data is mixed with a 420-bit must be added in the form of overhead, which may be

pseudorandom noise (PRN) sequence (fig. 15-4). called "detection overhead." The efficiency of detection
This "randomization" is performed to increase the prob- (or probability of detection) is measured as the percent
ability of bit transitions on the tape, which in turn of possible error combinations which will be detected.
assists the reproduce and bit synchronization processes. (2) Error correction-Additional redundancy must
Randomization improves the behavior of data with long exist or be added to the data so that in the presence of
strings of"l's" or "O's". error combinations, it becomes possible to choose

among alternate combinations with the correct alternate
(3) Next, each frame of data is subdivided into 60 being the most probable. This redundancy may be called

seven-bit bytes. Odd parity is computed for each byte, "correction overhead."
and the result is 60 eight-bit bytes per frame (fig. 15-5).

(4) Finally, a 24-bit deskew synchronization word is It is not within the scope of this chapter to present the
inserted at the beginning of each 60-byte frame. The full range of tradeoff arguments applicable to the selec-
result is the recorded format shown in figure 15-6. tion of an errorcorrection approach. The practicality of

the approach must be given very serious consideration.
The EC_ approach is quite compatible with the basic

] Frsm,N [ FrsmeN+I [ HDDR format. A block code was chosen over a con-
-_ , , i volutional code because the necessary data framing is420 bits 420 bits

already performed in the system. The fact that
Figure 15-3.--Data dividedby counterintoframes, simultaneous errors across the tape tracks within the

space of a frame are quite rare suggested a matrix code
Channeldata in which simple parity bits were formed from each col-

umn of data bits across the tape. The effectiveness of

PRN sequence /,,_ )I_='-_ [ Framen I' the errorcorrectionwasdeterminedto bea strongfunc-tion of detection efficiency. The best detection code
420PRN.modifiedbits consistent with reasonable overhead was the ideal. A

Figure15-4.--Data mixedwitha PRN sequence, product code was chosen.
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I
Eight-bit [ 420 PRN-modified bits
bytes (r = _ •

-_1_ Frame N+ 1Seven-bit bytes

Parity insertion

Figure 15-5.--Data divided into bytes.

J_ FrameN = [

"11 (IJ (( (i"l I( (( (1 synchronization 7 1 7 1 7 1 7 1 7 1 synchronization

Byte1 Byte 2 Byte3 Byte59 Byte 60

Figure 15-6.--Addition of 24-bit deskew synchronizationword at beginningof 60-byte frame.

EC2Format by a 12-bit cyclic redundancy check (CRC) word. This is

Figure 15-7 presents the EC2 format. Two changes the detection overhead referred to previously. The role
have been made in the basic HDDR format; however, of the existing byte parity bits is discussed later.
the 60 data/parity bytes per frame remains unaltered. (2) An N + 1 channel is added. Its bits are the result
The two changes are as follows: of vertical paritychecks of the bits in each data channel.

The N + 1 channel (or "EC2 track") is the correction
(1) 12 bits of the synchronization word are replaced overhead.

I< One frame . I
II

Channel1 _ II Sync I II II III II ByncI II
Chsnn°,2- II SynoI II II III II SyncI II

,°, C_enno,N i(( SyooI I( (( Ill (I _Y°°I ((

t One frame mI

Chanoo,,_II_Rclsyn01II II III IIcRclsy°clII
4 CRC Sync CRC SyncChsnne,2 • I( ( ( (( (1 ( I( (I ( •( ((

Ch°nne,__ll I I II II " I 11II I I IICRC Sync CRC Sync

_,aooo,_+,'11 I I II II I II II I I IICRC Sync CRC Sync

{The column _"
(b) paritychannel)

Figure 15-7.--Addition of EC2. (Sync = synchronization word.) (a) A group of N datachan-
nels without EC2. (b) A groupof Ndata channels with EC2. (Each frame contains504 bits
and still contains 60 bytes; the 24-bit synchronization word becomes 12 bits CRC + 12
bits synchronization; an N -{-1st channel (the data bits of which are the result of vertical
parity checks of the bits in each data channel) is added.)
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CRC Error Detection Although CRC is a highly effective approach, even
greater detection efficiency is obtained through the use

The cyclic redundancy check (CRC) has been of the byte parity bits that already exist in the frame.
shown by both theory (ref. 15-1) and experiment to be a
powerful error detecting code. The CRC is perhaps best
known in its various forms as the generator polynomial ErrorCorrection
in cyclic error correction codes such as the block check

The matrix code error correction approach, ideal forheader. Constructing and decoding a CRC for errorcor-
rection is usually quite complicated; however, the proc- parallel HDDR, is the process of horizontal (or
ess for error detection is quite simple, longitudinal) detection of channels followed by vertical

The CRC bits are generated during the HDDR record correction.
process by serially shifting each frame of 60 data/parity When a frame is found to be in errorby the CRC, the
bytes into a CRC generator. The generator is an in- overhead EC"track may be used to correct it. The proc-
tegrated circuit consisting of a feedback shift register ess consists simply of recomputing vertical column pari-
with modulo 2 adders between certain stages, ty bits across all channels through the entire frame, in-

Figure 15-8 is a block diagramof the 12-bit CRC con- verting those bits in the erroneous frame for which the
figuration used in the HDDR systems, parity check fails. A block diagram is shown in figure

Serially shifting a frame's worth of data into the CRC 15-9.
is equivalent to dividing the frame by the polynomial Two conditions must be satisfied, however, for this
X 12 + X 1_ + X a + X 2 + X + 1. At the end of the CRC form of matrix correction to work with a single
division, the generator contains a 12-bit remainder that EC _track:

is appended to the data frame as the CRC word. (I) The erroneous track must be known (i.e.,
On the decode side, during reproduce, each received detected)

frame is shifted into a CRC detector. The detector, (2) Only one track can be in error within any given
which is identical to the generator, divides the received frame time
flame and the remainder by the same polynomial,
X'2 + X,, + X 3 + X 2 + X + 1. If the result of this The overall effectiveness of matrix correction
division is a zero remainder, then either there were no depends on how well these two conditions are met in ac-
errors in the frame or else the error pattern was an tual practice. In statistical language, the probability of
undetectable permutation of the frame. If a non-zero re- uncorrected errors, P(uce), is a function of the prob-
mainder is detected, then at least one error must have ability of not detecting the errors P(miss) and the prob-
occurred in the frame (ref. 15-2). ability of two or more tracks simultaneously in error

The error detection efficiency of this CRC cyclic code P(se).
is 100 percent of all error bursts of 12 bits or less and Because the two conditions are independent
(1 - 2-'2) = 99.98 percent of all bursts greater than 12
bits (ref. 15-1). P(uce) = P(miss) + P(se) - P(miss)P(se)

Data input

01

• Error

Figure 15-8.--CRC generator/checker(Fairchild 9401). Division polynomial= X 12--}-Xl1
+X3 +X2 +X+ 1.
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If P(miss) and P(se) are reasonably small numbers, P(se) can be expressed from the point of view of a
then the last term may be neglected. The result is a sim- particular track within an EC 2group of N + l tracks.
ple expression that can be used to quantify the perform- (N data tracks plus one overhead track.) The particular
ance of the EC2 system: track must be in error and at least one of the other N

tracks must also be in error.
P(uce) __ /)(miss) + P(se) (15-1)

Condition 1, Detection P(se) = P(fe) [1 - [1 - P(fe)]N] (15-4)

"LDetection may be considered the key to effective error The total expression for uncorrected flame errors for
correction. Poor detection could cause P(miss) to be far a p'articular track in an EC 2group is
higher than P(se).

Let P(fe) be the probability of one or more errors P(uce) _<P(fe)(2 -1_) + P(fe)[1 - [1 - P(fe)]N]
within an HDDR data frame. Because errors in the (15-5)
12-bit deskew synchronization word do not affect BER

performance (within limits), the size of the frames here Also P(fe) can he related to the raw bit error rate Br as
is 504 - 12 = 492 bits.

P(fe) can be related to the raw BER by the expression P(fe) = 1 - (1 - Br) 492 (15-6)

P(fe) = 1 - (1 - BER)492 (15-2) P(uce) can be related to the corrected bit error rate Beeas

The detection ability of a 12-bit CRC is 1 - 2"12.
Therefore, the probability of missing a frame error is P(uce) = 1 + (1 - Be)492 (15-7)

P(miss) = P(fe) (2-'2) (15-3) Solving for Bc gives

Condition 2, Simultaneous Errors B, = 1 - exp _o log [1 - P(uce)] (15-8)492
In the derivation of P(se), a basic assumption is made

that the distribution of single-frame errors is random, where P(uce) is in terms of Nand raw BER. Figure 15-10
This assumption breaks down in the presence of a tape presents the results of this equation for several values
flaw large enough to encompass two tracks. The of N.
likelihood of this occurrence is difficult to assess, but
experience has shown that the vast majority of in-
strumentation tape flaws are 20 mils or less. The Use of Byte Parity

The following system configurations of EC2 have Equation (15-1) statesbeen used:

(1) 14-trackHDDR's.-Trackwidths are 50 mils. The P(uce) _</)(miss) + P(se)
likelihood of flaws large enough to seriously affect two
adjacent tracks is considered "acceptably" small. Test The efficiency of the CRC detector is so close to 100
results have shown one ECa track to be more than ade- percent that the probability of an undetected error is
quate, much smaller than the probability of simultaneous

(2) 28.track HDDR's. -Trackwidths are 25 mils. The errors. (Only if Nand raw BER are verylow will P(miss)
standard EC_ configuration here is to separate the and P(se) be approximately the same.) The conclusion is
tracks into two interleaved groups and provide an EC: that simultaneous errors are the source of most of the
track for each. A flaw must now span three tracks to errors in an EC2system with CRC detection.
create a problem. P(se) could be reduced if the frame length (504 bits)

(3) 42-track HDDR's. -With trackwidths of 17 mils, were smaller; however, there is a more convenient alter-
three or four EC_ groups are advantageous. Standard native: The existing byte parity bits may be used as
systems using four groups have produced excellent backup to the CRC. Whenever CRC detects simultane-
results, ous frame errors, the individual byte parity checks on

the erroneous frames may be used as a higher resolution
The occurrence of large flaws appears to be perhaps detection mechanism. For example: CRC detects tracks

one or two per tape for tapes of Ampex 797 quality and 2 and 8 to be in error. Byte parity detection discovers er-
considerably less for tapes of Ampex 799 quality. The rors only in the first I00 bits of the track 2 frame and
rate of occurrence does not seriously affect the deriva- only in the second 100 bits of the track 8 frame. Error
tion of P(se). correction is enabled and both tracks are corrected.
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X1000 Table 15-1.-Results of42-Track HDDR Tests

x soo Bit

packing
o N= I density, Tape RawBER CRC CRC + BPg X 200

kbpi
o° XlOO 24 ........ 79A 3.2 x 10-6 2.2 x 10-s 2.8 x 10-9

']=-- x5o 799 4.5 x 10-' 9.0 x 10-'° Zeroerrors
_. 33 ........ 79A 5.1 x 10-_ 3.0 x 10"s 3.6 x 10-9

• _ 799 4.3 × 10-' 2.4 x 10-9 Zeroerrors
x 20 BP = byte parity.

E N=50

XlO
" with N = 10. General results of tests with a 42-track
.E x 5
.. HDDR system are as follows:
uJ
e_

× 2 (I) The CRC improvement factor for Ampex 79A is

x 1 ] I about 150. Theory predicts about 50.
(2) The CRC improvement factor for Ampex 799 is

10-7 10-e 10-5 10.4
200 to 500. Theory predicts400.

BER(uncorrected) (3) Byte parity produces roughly an order of
Figure 15-10.--BER improvementwith EC2 (CRC only), magnitude improvement in the CRC.

(One EC2 group-- N data tracksplus one paritytrack;em-
pificnl results indicate that byte parity adds approximately Tests conducted on a 28-track Landsat D system with
one orderof magnitudeto the improvementfactor, two EC2groups of 12 data tracks each show BER's that

are too low to measure accurately. Ampex 79A tapes
were used, with bit packing density of 33_ kbpi.

A tradeoff is involved here. The "window" of byte General results are as follows:

parity correction must be small to achieve resolution; (1) Many runs produced zero errors through the en-
yet on the other hand byte parity detection efficiency is tire tape.
not very high (50 percent per byte). We know that tape (2) Other runs produced one or more burst errors.
errors tend to be produced in bursts (from dropouts or (Printer results for a tape were displayed in 65 samples
bit slips). The CRC will detect all bursts 12bits or less in of 109bits each. The vast majority of samples produced
length. Therefore, the byte window should be zero errors. Occasionally a tape produced one or two
somewhere between 2 bytes and half a frame. In 28- and samples with burst readings to several bits.)
42-track systems, the choice has been a 7-byte window. (3) The average of results was a BER < 10"L

The implementation is as follows: When a byte parity
error is sensed, it is assumed that a burst error is occur- 14-track systems have thus far used an EC= system
ring. Correction begins with the fourth byte prior to the based solely on byte parity detection (with a 15-byte
detection and continues for three additional bytes. In window). With Ampex 79A tapes and 20 kbpi, approx-
this way, detection efficiency is improved from 50 per- imately 90 percent of tapes produce zero errors. The
cent to at least BER over I0 tapes typically is less than 10-1°.

1- (0.5)(0.5)(0.5)(0.5) = 93.75 percent REFERENCES
15-1. Stites,Randy;and Leighou,RobertO.: Error Correc-

Table 15-1 provides test results on a 42-track HDDR. tion for High Density TapeRecording.R77-48610-003,
The tapes used were Ampex 799 and a series of Ampex MartinMariettaCorp.,Dec. 1977.
79A tapes (similar to 797). Bit packing densities of 24 15-2. Spurt,Robert:High Density TapeRecordedError Cor-
and 33 kbpi were used in conjuction with an EC=group rection Hardware.MartinMariettaCorp., 1979.





APPENDIXA

Pulse-Code-Modulated Tapes for
High-Density Digital Recording Requirements

Walter Shaffer
Ampex Corporation

This chapter describes how pulse-code-modulated loss of output.Thehigherthecoercivityof the tape,the
(PCM) tapes differ from other tapes, why they are so less will be the tendencyto switch. To combat these
important,and the use andimportanceof each type of losses, particularlywhen packingdensitiesare greater
PCM tape. than33.3kbpi(60-#in.wavelength),a high-energyPCM

tapeis required.

REQUIREMENTS High-Energy PCM Tape

Thereis no industryspecificationor agreementas to
Higher Data Rates what constitutes a high-energy PCM tape. Tape

Today we are asked to recordhigher data rates or specifications normally have a magnetic coating
storemoredataon a givenpieceof tape. Manyof these characteristicindicatorthat definesa coatingin termsof
requirementscan still be met with Inter-RangeIn- its short-wavelengthrecordingcapabilities. Standard
strumentationGroupi (IRIG) complianthigh-density energy (gamma ferric particle)has an "E" indicator
digitaltaperecorders(14-, 28-, or 42-trackformatwith (high resolution), denoting tape intended for use on
2-MHz heads and electronics)using standard-energy wideband recorder/reproducershaving a recorded
high-bit-rate PCM tape. Some of the newer re- wavelengthdownto 60#in. (1.5 #m). Thesetape_' -:.a
quirementsgo beyond this and necessitateincreasingthe coercivityof 325 to 350 Oe.
bit packing density (higher bandwidth), increasing the For a high-energytape, oxide or particles can be ob-
trade density (narrower tracks), or both to meet their tained in many coercivities. For example, chromium
mission: the need for higher areal packing density, dioxide can be obtained from 450 to 650 Oe. Cobalt-

In eithercase,the impacton the tapeis thesame:The doped gamma ferricis availablefrom 400 to 2000 Oe.
relativeoutput fromthe tapeis reduced.Weknow that Othermetaloxidesandisotropicparticlesareavailable.
as track densities are increased, the trackwidth is Theproblemnowis for the tapemanufacturerto define
decreasedwith a calculated loss in output. We also andsupplya producthe feelswillmeet thesenewhigh-
know that as we increasethe bit packingdensity, the densitydigitalrecording(HDDR) PCM requirements.
output dropsbecausethe shorterrecordedwavelength Ourhigh-energyPCMtape is definedashavinga coer-
on tape is approachingthe reproducegap width (gap civityof 650 Oe andis for use on recorder/reproducers
null effect). (See ref. A-1.) If we make the head gap havinga recordwavelengthas small30 #in. (0.75#m).
shorterto move out of the gap null, the overalloutput
from the tape will decrease. If we increase track and Uniformity

packingdensities,we have a combinedloss in output. Whetherhigh-energyor standard-energytapeis to be
In addition, as the wavelength on tape becomes used, one factor is equally important:uniformityof

shorter, the magneticdomainson the tape form very outputwithina tapeandbetweentapes.Whenmaximiz-
short, widemagnets.Someof thedomainswillswitchto ing the performance of an HDDR, the signal-to-noise
conserveenergy(self-demagnetization),with a resulting margin may becomemuch less. A 6- to 8-dBdifference

in band-edgeoutput, permittedon someanalog tapes, is
not acceptable.Variationsof 4 dB or less, offered by the

tNowRangeCommandersCouncil. HDDR/PCM familyof tapes, are required.
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Low Raw Error Rates cleaning configurations and return to its original condi-
tion with no sacrifice in tape life. (See ref. A-1.) OfBit error requirements are becoming more stringent.

Where one error in 106bits was once acceptable, today's course, if the tape has been damaged (e.g., edge curl or
users are asking for one error in 107bits or better. The stretching), full recovery is normally not possible.

surface integrity of the tape is a key factor. PCM TESTED TAPES
We are all aware that for some requirements we can

certify a tape. This is very specific in nature and very ex- As can be seen, the needs of modern HDDR place
pensive. There is no standard code or format. Data great demands on the tape. PCM tapes must provide the
rates, packing densities, and tape speeds differ. Each re- maximum output for a given coercivity and must have
quirement would have to be tested on the particular outstanding uniformity, durability, and surface integri-
equipment used. From a tape supplier's point of view, ty. To meet these requirements, better base films had to
the expense incurred would be prohibitive; the certifica- be developed. Oxides had to be improved. Variations in
tion will have to be done or contracted for by the user. raw materials were reduced. It was only through atten-

A more economical alternative is the 100-percent- tion to detail that the PCM tape became a reality-a
tested PCM tape in which the dropout is defined in tape that was designed for, and tested to, PCM re-
terms that insure the required surface integrity. Instead quirements.

of a 6 dB (50 percent) loss of signal for 10/_s, which is There is no general purpose tape, no tape that can
used for analog tape, the PCM dropout is redefined as record everything. Each tape is designed, formulated,
12 dB (75 percent) loss of signal for 1 its and then allows and manufactured for a specific usage. Tradeoffs must
an average of only 2 per 100 ft, in comparison with the be made and will be weighted toward the end purpose of
10dropouts per 100 ft allowed for analog tapes. The full the product. The key parameters for a PCM tape are
length of the tape, excluding the first and last 200 ft, is output and surface integrity. These are weighted the
tested on tracks randomly spaced across the tape. This heaviest, with other parameters such as abrasivity and
form of testing (testing for surface integrity) ac- durability rated slightly behind.
complishes the following: (1) insures that the raw bit A helical videotape, for example, is designed for a
error rate is low and (2) insures that the probability for different application and will have different key
two simultaneous burst errors (of the type that can over- parameters. Given the choice of output versus still fram-
ride error detection and correction schemes) is ing durability, the durability is the more important.
minuscule. Abrasivity is normally higher on a video tape to keep the

ferrite head clean.

Durability In summary, those that have an IRIG-compliant
recorder in their HDDR system can use a standard-As with any magnetic tape, an HDDR/PCM tape

must be able to be used again and again and again and energy high-bit-rate PCM tape. For a better record
still meet its state-of-the-art performance criteria, margin, a high-energy PCM tape would be used. For
Durability and the ability to recover from adverse con- packing densities greater than 33.3 kbpi, or when
ditions and environment and improper handling are im- trackwidths are less than 25 mils, a high-energy PCM
portant. A good example of this was the qualification of tape should be used. In any case, PCM-tested tape has

been proven to meet the requirements of the HDDRa standard-energy PCM tape for a special program:
25 000 passes were asked; 35 000 were achieved, with no community.
measurable change in performance.

Then there are cases where the tape gets handled a lot,
or peoplesmokeor eataroundtherecorderand thetape REFERENCE
gets dirty. A PCM tape must be able to stand many A-1. Kalil, Ford, ed.: Magnetic Tape Recording for the
passes on a cleaner/winder with many different types of Eighties. NASA RP-1075,Apr. 1982.



APPENDIX B

Testing Magnetic Tape for
High-Density Digital Recording Systems

R. A. Schultz

Illinois Institute of Technology Research Institute

Illinois Institute of Technology Research Institute, binder strength, and lubricant content need to be in-
under contract to NASA Goddard Space Flight Center, vestigated. Oxide surfaces can be characterized by scan-
evaluated five types of magnetic tape for satellite re- ning electron microscopy, coefficient of friction
cording systems: measurements, relative head material ahrasivity tests,

and elemental analysis.
(1) Ampex 466
(2) Ampex 721 Tape Thickness
(3) Ampex 797
(4) Fuji H621 Although slight thickness differences between tape

types are not expected to have a large effect on their
(5) 3M 5198 relative performance, thickness variation within a given

These tapes are considered adequate for 150 Mbps data tape type may be an indication of poor manufacturing
transfer rates for satellite applications. Reference B-1 is process controls.
a summary report describing test methods and results. Ten or more layers of tape are measured with a

Only the test procedures from reference B-1 are micrometer and the results divided by the number of
presented here to allow others to test tapes for a variety layers measured. The measurements are made on the
of applications. Tape testing for analog systems is total thickness of the tape, on the tape with the back
covered in reference B-2. As specified in reference B-2, coating removed, and on the Mylar base alone with both
the tape should be tested according to its end use. Not the back coating and the magnetic oxide coating re-
all testing presented here is required of all tape, and moved. The back coating and oxide thickness are deter-
overtesting is wasteful. It is the responsibility of the mined by subtracting the sequential measurements.

The possible effects of solvents on the tape Mylarsystem designer to know the requirements of the user
and be able to specify critical parameters for tape were examined during this tape thickness measurement
testing. For use in space, the given tape to be used might procedure. Mylar samples were exposed to solvents for
be tested 100 percent; however, normally only some of 1-hr periods after the initial thickness measurement.
the tests presented here are performed and even then The long exposure did not change the measured Mylar
they are usually performed on a sample basis, perhaps thickness, indicating that short exposures do not cause
three reels per lot of 100. errors as a result of Mylar dissolving, swelling, or

softening.
The micrometer must be accurately zeroed and must

PHYSICAL PROPERTIES have a slip mechanism that provides a low and repeat-
This section describes the physical characteristics that able measurement pressure. The micrometer may have a

may affect the long-term durability and reliability of the 0.1-mil vernier scale, or 0.2-mil resolution can be
tape as well as the integrity of the head/tape interface, observed between 1.0-mil divisions if a vernier scale is
Physical dimensions and dimensional variability should not available. Several measurements of a single 16-layer
be determined for each tape type. Relative flexibility sample should not vary by more than +0.2 mil, and the
and dynamic tracking and guidance measurements, median value of those measurements is recorded. The
which are dependent mainly on the base film properties test method produces average measurements for tape
of the tapes, should be investigated. Bulk properties of sections less than 3 ft long. The precision of the average
the oxide binder systems including abrasion resistance, measurement technique approaches 20/zin. (0.02 mil).
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Flexibility Lubricant Content

Measurement of tape flexibility is a simple test that This test measures the weight of lubricants and other
may indicate the tendency of a tape to produce oxide low molecular weight compounds that are extractable
binder debris. The relative flexibilities of the magnetic by a solvent as a percent of oxide binder system weight.
tapes are measured. The test fixture includes a horizon- Lubricant is added to the oxide binder system to reduce
tal clamping surface, a coordinate grid to indicate the friction, but excessive lubricant may weaken the integri-
position of the free end of the tape, and a swingaway ty of the binder polymer. Benzene is the usual extraction
support that maintains the tape sample horizontally solvent for this test, but the possible use of fluorocar-
during mounting and allows the sample to bend freely bon lubricants suggested the use of Freon TF as the ex-
for the measurement. The angle of curvature(deflection traction solvent.
from the horizontal) is measured for the line extending Virgin samples of each tape are determined. The
between the clamping point and the free end of the tape samples must not be contaminated with body oils, lint,
sample. All tapes should be maintained in the same en- or dirt. Tweezers, petri dishes, and work surfaces
vironment prior to and during the testing, an environ- covered with clean polyester sheets are required to
ment that approximates the environmental conditions facilitate sample handling and preparation.
specified for the test, 70° + 3° F and 30 _+3 percent All samples should be 18 in 2 _+ I070.Two tape strips
relative humidity. 0.248 + 0.002 in. wide and 36 ± 0.03 in. long provide

this area tolerance.

Abrasion Resistance Each tape sample is labeled and weighed prior to
treatments. An analytical balance with 10-/zgresolutionThis test provides a relative measure of the resistance
is suitable. The preweighed samples are divided into

to abrasion of magnetic tape oxide binder systems. The
groups for oxide binder system removal and lubricant

raw data that is presented allows ranking of tapes ac- extractions.
cording to their abrasion resistance, but the correlation

The oxide binder system is removed with MEK and
between the test results and the useful life of tape oxide

cotton swabs or lint-free wipes. Contact of MEK andduring normal or abusive conditions has not been deter-
the back coating is unavoidable; however, if the tape ismined. Nonlinear effects of the test method are under

study, placed with the oxide side up on a polyester sheet and
Grade 25 chrome steel balls 0.125 in. in diameter are stroked lightly with an MEK-saturated wipe, the back

coating will adhere firmly to the polyester sheet before it
employed. The balls have a Rockwell C scale hardness is loosened significantly. The adhesion will preventspecification of 62-66 and a roundness tolerance of 25
/_in. mechanized disruption of the MEK-wetted back coatingand will minimize addition of dissolved oxide binder to

Prior to use, shipping lubricant and contaminants are
the back coating. A subjective indication of the oxideremoved from the balls with benzene. Skin contact is
binder system strength is given by the ease of oxide

prevented during mounting of the balls in the test fix- removal with MEK.

ture and during tape preparation and mounting. A new The lubricant is extracted from the other groups of
ball is employed for each test. samples by soaking for at least 12hr in selected solvents.

Prior to mounting the virgin tape samples, a small The tape is placed in petri dishes on edge during benzene
part of the back coating is removed with methyl ethyl

treatment to facilitate complete wetting. Freon-treated
ketone (MEK) and cotton swabs. Contact between MEK samples may be soaked in loosely capped polypropylene
and the oxide coating is to be avoided. Abrasion during bottles. The oxide binder system and back coatingcoating removal is minimized by preparation without
motion on a clean polyester sheet, should remain intact during extraction and subsequent

sample drying.
A 0.227-N (23. l-g) normal force is applied to the tape The samples are dried thoroughly and reweighed. Thethrough the steel ball as it is dragged back and forth

mean weight losses following treatment are calculated
across the tape along a 2.67-in. path. The ball passes are for each group. The lubricant weight as a percent of the
counted until a tungsten lamp behind the sample is visi- oxide binder system weight is calculated as follows:
ble through the clear polyester base material of the sam-
ple. Multiple samples of each tape type are tested and
the mean value and standard deviation of the number of Lubricant weisht × 100 = Percent lubricant content
passes until failure are calculated. For highly abrasion Binder weight
resistant tape types (more than 500 passes), the wear is
monitored periodically, and the number of passes be- Elemental Surface Analysis
tween the last unworn observation and the first worn Detection and measurement of elements present near
observation is averaged, the oxide coating surface of magnetic tapes provide in-
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dications of the types and relative amounts of metal ox- 100-/zm beam diameter. These conditions are intended
ides, binders, and lubricants on the tape surfaces. Two to sputter away the oxide binder system surface to a
methods, electron microprobe analysis (EMA) and ion 2-_in. depth. Secondary ions generated by the sputtering
microprobe analysis (IMA), have been employed for are analyzed in a mass spectrometer. Mass spectra of
elemental analysis. Both methods direct beams of high- positive and negative ions are obtained for each sample.
energy charged particles onto the surface of the tapes, Chlorine and cyanide intensities are measured from the
which induce the emission of small ions or X-rays from negative ion spectra. Iron and cobalt intensities are
materials on the oxide surface. During these probes, the measured from the positive ion spectra.
sample size and depth can be controlled by the focus,
energy, and intensity of the particle beams.

The ions released from the tape surface by IMA Coefficient of Friction
beams are directed to a mass spectrometer, which This test measures the coefficient of friction between
separates, detects, and counts the individual atoms or, the tape oxide binder system and the tape head. The
in some cases, small polyatomic ions released from the symbol #s represents the coefficient for the static case
tape surface. The X-rays emitted by the electron probe when there is no relative motion between the tape and
are characteristic of the elements in the sample, the head, while #a represents the dynamic case when the

Of the two methods, EMA is considered more tape moves across the head. The coefficients are dimen-
repeatable and quantitative than IMA, but IMA is con- sionless ratios that increase as the friction between the

sidered more sensitive and can detect all elements while tape and the head increases. Low values of /z are
EMA is restricted to measurement of elements with desirable for overall performance, and critical stick-slip
atomic weights between 5 and 20 at trace levels by speed generally increases as the difference between #s
wavelength analysis. EMA can identify heavier elements and/za decreases.
only as major constituents (> 10 percent). The standard equation for "belt friction" is

Electron microprobe wavelength dispersion analysis

intensity measurements are based on several standards I In TI
such as SiP2 for silicon, Teflon for fluorine, sodium tt = _- 7"2
chloride for chlorine, metallic iron for iron, and

metallic cobalt for cobalt. Because the matrices of the where # is the coefficient of friction, 13is the total wrap
tape samples and the standards are very different, the angle in radians, /'1 is the takeup tension, and 7"2is the
precision of the EMA measurements is not better than supply tension. For small total wrap angles and equilib-
30 percent relative, rium conditions, the dynamic friction force Fd of the

Although IMA counts individual atoms or ions, tape across the head is approximately the difference be-
matrix effects are even more pronounced on the genera- tween the takeup and supply tensions:
tion of ions during IMA. Quantitative results from IMA

obtained by computer analysis of the data employed Fd= TI- 7/'2
relative sensitivity factors that give even poorer preci-
sion than EMA, not better than + 50 percent under the or
best of conditions. It is felt that higher precision for a

surface analysis is virtually impossible. T2--1"1-F d (B-l)
Virgin tape samples are placed in polyethylene bags to

prevent chemical contamination and are submitted for therefore,
analysis of the outer 2-#in. (500-/_) surface layer of the

oxide binder coating. Each tape type is mounted on an ___ 7"1 (B-2)aluminum substrate with conductive aluminum paint /_= In Tt-Fd
for analysis.

Electron-excited X-ray analysis is conducted with an When the tape changes direction, there is no relative
electron microprobe employing a 6-kV accelerating motion or acceleration between the tape and the head
voltage, a 15-nA sample current, and a 3.2-mil (80-#m) for a brief instant, and a peak static friction force Fspc-
beam diameter. These conditions are intended to pro- curs just before the tape begins to slip across the head.
duce a 2-/zin. penetration depth and essentially no Once forward tape motion across the head begins, the
damage to the sample surface. Intensities of silicon, dynamic friction force Fa occurs between the tape and
fluorine, oxygen, and carbon are measured during this the head. Although the tape accelerates with respect to
analysis, the head after slippage begins, very little force is re-

IMA is conducted with an oxygen ion beam ac- quired to accelerate the low mass of the tape, and the
celerated to 20 kV with a 1-nA beam current and a test conditions may be assumed to have a nominal effect
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on the force tension relation of equation (B-l), which manyvariablesof the heads, the transport, the tape sur-
assumesequilibriumconditions, face, and the environment. Some abrasion is desirable

A Video Research Corp. Model 9209 Tape Tester to preventbuildup of varnish on the surfaceof the head,
with a recorder head mounted on a strain gage and a but excessive head wear would be disastrous to a
Minnetech Laboratories Model MTM 106 Tension satelliterecorder. Considerablecontroversyexistsin the
Meter are employed.The head positionis adjusted for a field of abrasivity testing. Although several test
15° total wrap angle, and the tape tester tension control methods have been developed, little has been done to
is adjusted for a tape tension close to 8 oz. The tape correlate results of various methods with actual rates of
tester speed control is set as low as possibleto allow ac- head wear or varnish buildup.
ceptable and repeatable operation of the tester while The alfesil bar test was selected for tape abrasivity
minimizing tape acceleration with respect to the head. measurements because the method is simple, is in
The speedand tension controls are not readjusted dur- widespreaduse, and offers a relatively high degree of
ing the test series, precision. The test is also under consideration by the

The strain gage measuresthe frictional drag force Fa American National Standards Institute as a standard
associated with the tape movement across the head, and is the subjectof active research. Current studies by
while the tension meter measuresthe takeup tension 7"1 several laboratories to assessrepeatability and correla-
in thetapefollowingreverse-to-forwardchangesoftape tion between results and actual head wear will be
motion. The transducersare calibrated under static con- monitored and reviewedprior to further testing.
ditions by orienting the tester so that weights can be The most obvious factor that would affect the test
hung from the free end of a tape securedacross the face results is the force of the tape against the alfesil bar,
of the head and threaded through the tension sensor, which in turn is related to the tape tension at the bar.
The drag force strain gage amplifiergain is adjusted for Tape tension is usuallymeasuredat the takeup reel, but
a 10-g/divisiondeflection on a Tektronix Model7623A the friction of the tape (usually the back coating) or
Storage Oscilloscopewith a Model 7A18 Dual Trace transport bearings as the tape passes over guides,
Amplifier set at 50 mV/division; a 4-g/division scaleis rollers, and capstans along with the force of a vacuum
obtained by changing the calibrated sensitivitycontrol column against the tape can changethe tape tensionbe-
20mV/division. The second oscilloscopechannel is con- tween the takeup reel and the location of the abrasivity
netted to the tension meter output, and the oscilloscope test bar. Bearingfriction and vacuumcolumn force may
sensitivityis adjusted for a 50g/division deflection.The produce relatively constant tension changes for dif-
channels are rezeroed after reorienting the tape tester in ferent tape types, but preliminarymeasurementsof ten-
its normal operating position, and the zero levels are sion at the abrasivity test fixture with three different
checkedfrequently to reduceerrors in the absolutevalue ½-in. tape types and 7.5-oz takeup tension resulted in
of force and tension that would result from zero level tension at the test bar from 5.5 to 6.5 oz, whichsuggests
drift, that tape friction and transport configuration are im-

Samplesof virgin ½-in. tapemaintained at 70 °F and portant variables in this test.
30 percent relative humidity prior to and during testing On the alfesiltest bar, the width of the worn surface is
are placed on the tester, the frictional forces are approximatelytwice the depth of the worn surface, so
monitored while reversingthe tester direction, and five the contact area between the tape and the test bar in-
oscilloscope traces of each tape type with reverse-to- creases with the wear depth, in contrast to an actual
forward direction changes are stored and photo- head where the contact surface would not change as

•graphed. A new section of tape is positioned near the much as the wear depth increases. Assuming the
head for each photograph to maintain the virgin condi- pressureof the tape against the worn surface of the test
tion of the tape. The tape head is cleaned with ethanol bar decreases in inverse proportion to the area of the
and cotton swabsbetweeneach change of tape type. worn surface, the rate of wear probably decreasesas the

Static and dynamic friction forces along with wear depth and the area of the worn surface increase. If
simultaneous takeup tensions are calculated from the wear rate is directly proportional to the area of the
measurements of the photographs, and the coefficients worn surface, the amount of wear will be proportional
of friction are calculated from equation (B-2). Mean to the square of the wear width that is measured in this
values and standard deviations are obtained for each test. This relationship could be tested with different
coefficient and each tape type from the photographic lengths of a singletape type.
data of each tape type. If tape tension and width are varied in direct propor-

tion, the pressure (force per unit area) of the tape
Abrasivity against the alfesil test bar should be constant at any

Oxide surface abrasivity or the rates of head wear given wear width. If the wear rate is assumed propor-
produced by different tape types can be affected by tional to the wear width and the pressure for a given
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tape, this relationship and the constant tension per unit
tape width specified in the procedure permits com-
parison of test results with different tape widths. -1
However, a test series with a constant width for all tape
types is recommended if results of current research in- -3/4
dicate that the test results are a valid indicator of head Tape -1/2
wear. width

For this test, virgin tape, 1700ft in length, is wound -I14
onto a supply reel. A clean alfesil test bar is mounted -o
with an unworn edge on the test fixture, and the test fix-
ture is installed on the tape transport. The test fixture
provides a 16° total wrap angle with 8° of wrap on each
side of the bar. The transport tape is set at 3¾ ips, and
the tape tension is set at 16oz/in, of tape width. The test
tape is run end to end for one pass only. The reference
end of the wear pattern is the end toward lower track
numbers of a tape recorder head. For recorders with
supply reels that turn counterclockwise for the forward
tape direction, the reference end of the wear pattern is
the end closest to the tape recorder. The test bar is
removed and mounted on a microscope with a
calibrated scale and 400 x optics.

The width of the wear is measured at three points by

sharply focusing the edges of the wear pattern, observ-
ing the width against the microscope scale, and
multiplying the divisions by the microscope scale FigureB-1.--Alfesil barfollowingabrasivitytest illustrating
calibration factor. The measurement points are one- three locations for measuringwear width. (See horizontal
fourth, one-half, and three-fourths of the distance from arrows.) Amount of wear has been greatlyexaggeratedfor
the reference end to the opposite end of the wear pat- clarity.
tern. During microscopic observation, unusual wear
patterns such as scalloping of the work surface or flak-

ing of the worn bar edge should be noted and recorded, the tape, and the short dimension of the micrographs
Figure B-1 illustrates a typical wear pattern and the corresponds to the long axis of the tape. Each view is
points of wear width measurements, selected to represent a typical portion of tape surface.

This procedure does not include a search for defects or

Scanning Electron Microscopy surface variations over large areas or between tape lots.

The appearance of a magnetic tape oxide surface on a Oxide Surface Cleanliness
scanning electron micrograph (SEM) may provide
evidence regarding oxide particle size, distribution and Debris on a tape oxide surface can lift the tape away
orientation, surface roughness, and the presence of dirt from the head and may constitute a major source of
or debris. The appearance can then be correlated with dropouts. The following test can be used to compare
other surface properties such as abrasivity and coeffi- two tape types. Virgin tape samples are mounted on the
cient of friction. The surface appearance may also in- transport of a Kybe Corp. Model CT-100 Tape Tester.
dicate features responsible for bulk performance prop- The tester can be modified by replacing conventional
erties including abrasion resistance, orientation ratio of tape guides with crowned guide rollers, eliminating the
the particles, and surface dc noise. Production varia- oxide surface scraper blade, and stopping the cleaning
tions that affect tape performance may be analyzed by tissue drive mechanism so that the entire length of the
comparing SEM's from different tape lots. test tape will contact the same spot on the cleaning tissue

SEM's of oxide surfaces are made from virgin during a given test run. After each forward end-to-end
samples of each tape to be tested. Each sample is pass of the tape samples, the tissue cartridges are re-
micrographed at approximately 2400 x and 12 000 x at moved, the tissues are advanced a few inches and
viewing angles perpendicularto the tape surface and 45° marked to indicate the run number, the tapes are re-
from the long axis of the tape. The long dimension of wound, and the tissue cartridges are reinstalled for the
each SEM corresponds to the transverse direction across next run. The amount of debris on the tissues is ob-
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served subjectively, and tissues from different tape Equation (B-5) is valid for a magnetic field in a vacuum
types are compared, and is a close approximation when weak magnetic

materials such as air, glass, Mylar, or wood are present.
When a ferromagnetic material is present, an external

MAGNETIC PROPERTIES field aligns magnetic domains in the material, and the

Reference B-1 presents the results from three series of resultant flux density can be described by
M-H measurements on the subject tape types and
parameters derived from the measurements. The first B = t_oH + J (B-6)
test series includes measurements of longitudinal prop-
erties at 20° C and 20 percent relative humidity, in- where/_o is the permeability of free space and is equal to
eluding measurements of four or more samples of three 1 G/Oe in the centimeter-gram-second (cgs) system of
of the tape types. The second test series shows the rela- units, H is the applied magnetizing field, and J is the
tionship between temperature and the coercivity and magetization induced in the ferromagnetic material by
residual induction of single longitudinal tape samples, the applied field H. Equation (B-6) is often written
Finally, the magnetic properties of single transverse
samples and orientation ratios of the tapes are reported. B = /_o(H + M)

An accurate calibration method or standard has not
yet been obtained for the remanence M-axis of the M-H where M = J/fro. Because the magnitude of/zo is unity
curve plotter. Comparison of results presented in in the cgs system, we can ignore dimensions and write
reference B-1 with various manufacturer's specifica-
tions suggests that the reported results are only 0.7 times B = H + M
other manufacturer's specifications. Saturation indue-

The flux density in the sample produced directly by Htion and residual induction are directly dependent on
the maximum applied field, and this effect is under in- cannot be measured directly; only the induced
vestigation as the source of the M-axis calibration inac- magnetization M (or 3) is measured.
curacy. Discrepancies in the M-axis calibration will only Figure B-2 is a simplified schematic of the IITRI
affect the values of saturation induction Msand residual M-H curve plotter. The 120-V, 60-Hz input power is
induction Mr, which can easily be corrected in future coupled through isolation transformer TI and circuit
reports when a more accurate calibration is obtained, breaker CB1 to the H field control variable
The squareness and orientation ratios, and the switching autotransformer T2 and the H field range auto-

transformer T3 to produce a drive voltage across thefield distributions (SFD) can be calculated with ar-
bitrary M-axis scales and do not depend on the absolute excitation solenoid L, which produces a uniform
accuracy of the calibration, magnetic field at the Hand Mpickup coils. The Hrange

switch S1 selects one of two taps on T3 and one of two

Theory of B-H Measurements resistors R1 or R2 in series with the H meter that areconnected across the excitation solenoid to indicate the
According to classical electromagnetic theory, a fraction of the selected H range produced by the

changing magnetic flux $B induces an electromotive solenoid. The value of a bank of capacitors CI places
force: the excitation circuit near resonance to reduce the input

current required by the curve plotter.
= _ d$.___& (B-3) The voltage across the excitation solenoid is also ap-

dt plied to calibration network including R15, R16, and
the sample size precision voltage divider. When $3 is in

If the flux density B is constant over a given area A, the calibrate position, known in-phase sinusoidal
then the flux equals the flux density multiplied by the voltages developed by the networks are applied to the
area: inputs of the H and M amplifiers to allow adjustment of

the oscilloscope input sensitivities. The sample size
_B = BA (B--4) voltage divider provides an M calibration voltage that is

proportional to the sample cross-sectional area so that
Substitution of equation (B-4) into (B-3) and in- the vertical sensitivity of the oscilloscope can be ad-
tegrating shows that the flux density is equal to the in- justed in inverse proportion to the sample area as re-
tegral of the induced electromotive force divided by the quired by the I/,4 term of equation (B-5).
area: The Hcal and B cal variable resistors R15 and R16,

1 respectively, are internal controls that set the output
B = - _ I _ dt (B-5) voltages of the calibration networks equal to the output
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Figure B-2.--Simplified schemadc of IITRI M-/-/"curve plotter. (CB = circuit breaker.)

voltagesof the Hand Mintegrators. A standardsample amplitude of the balance voltage while Rll sets the
is required for the adjustment of RI6. The peak phase of the balance voltage equal to the voltage in-
magnetizing field Hm can be calculated from the duced in Mby the field.Together, these controls are ad-
solenoid geometry and current or measured by a justed with the sample holder empty to cancel the
calibrated magnetometer with an axial probe inserted voltage induced in M by the field, and the voltage in-
into the sample holder of the curve plotter. RI5 is ad- duced by the sample magnetization is applied through
justed for equal horizontal trace sizein the measureand switch$2 to the M amplifier. With switch $2 in the M
calibrate modes, position, this voltage is integrated by R5, R6, C6, C7,

Two pickup coilsH and M are located in the uniform and C8 before application to the amplifier. With $2 in
magnetic fieldregionwithin the solenoid.The Mpickup the dMposition, the voltageis attenuated by R7 and R8
coil encirclesthe sampletube so that the voltageinduced and is appliedto the amplifier without integration.
in M is caused by both the applied field over the cross- The H pickupcoil is wound around the M pickup coil
sectional area of M and the induced magnetization of so that its area is so large with respectto a samplearea
the sample over the cross-sectionalarea of the sample, that the voltage induced in H by the sample magnetiza-
Becausethe ?.(coil area is much greater than the sample tion is insignificantwith respect to the voltage induced
area, it is necessaryto apply a voltage in serieswith the by the field. The voltage can be integrated by R3, R4,
M coil to cancelthe voltage inducedby the appliedfield. C3, C4, and C5 before applicationto the H amplifier.
To accomplish this, a sinusoidal voltage is induced in The M and H outputs of the M-H curve plotter are
the balance pickup coil B located at one end of the connected to the vertical and horizontal inputs respec-
solenoid.This voltage is applied across bridge R9, R10, tively of an oscilloscope. The horizontal H-axis sen-
Rll, and C2, and the bridge output is connected in sitivity of the oscilloscopecan be adjusted for a conve-
serieswith the M pickupcoil. R10 controls the in-phase nient H-axis scale factor. In the calibrate mode, the
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signal applied to the verticalaxis of theoscilloscopeis divided by the saturation induction, or square-
equal to 0.5 G/Oe of the appliedfield setting, which ness= MJM,. When the magnetic particles are
permitstheadjustmentof theverticalM-axissensitivity orientedduringthe tape manufacturingprocesses,the
for a convenientscalefactor. Oscilloscopecalibrationis valuesof Ms, M, andHc dependon the orientationof
discussed in the section entitled "M-H curve plotter the tape withrespectto theH field appliedby theM-H
operationandcurvemeasurements." curve plotter. Theorientationratio(O.R.) is definedas

Three parameterscan be measureddirectly from the longitudinal remanencedivided by the transverse
oscilloscopephotographsof magnetichysteresisloops, remanenceof a giventape:O.R. = MrL/MrT.Square-
The values are calculatedby multiplyingphotograph ness and orientation are dimensionless ratios that
measurementsby scale factors. The saturationindue- generallyhavehighervaluesfor tapewith greaterparti-
tion Ms is representedby the distancebetweenthe value cle orientation (transversesamplesof tape with greater
of M atH = HmandtheH-axis. Theresidualinduction orientationhave lowersquarenessvalues).Squarenessis
Mr or remanenceis the value of M at H = 0, which is alwaysless than 1, while orientationratio is equalto 1
the inductionin the samplewithno appliedfieldfollow- for unoriented particles and greater than 1 for
ing saturationof the sample.Mr is representedby the longitudinalorientedparticles.
distancebetween the M-axis interceptand the origin. The parametersymbolizedby S* in figureB-3 can be
ThecoercivityHc or coerciveforce is the valueof H at measuredfroma magnetichysteresisloop by construct-
M = 0, which is the appliedfieldrequiredto reducethe ing a line tangent to the curve at H = Hc (M = 0),
remanenceto zero following saturationof the sample, measuringthe horizontaldistanceA between the ver-
Hc is representedby the distancebetweenthe H-axis in- tical axis and that line at the level of Mr, and dividing
terceptand the origin.Theseparametersareillustrated the resultantvalue by He.
in figureB-3. SFDis definedasthe widthof the dM/dH-H curvein

Oerstedsat the half amplitudelevel of the curve (fig.
Definition and Calculation of Derived B-A).The dM/dH curvecan be producedelectronically
Parameters by defeating the integration of the voltage induced in

the M pickupcoil by the sample, or it can be plotted
The saturationinductionMs, residualinductionor from slope measurementsof the M-H curve.The half

remanenceMr, and coercivityHcare measureddirectly amplitude level of the dM/dH-H curve is measured
fromM-H curvesproducedby the M-H curveplotter, fromthe horizonalaxisandis half the distancebetween
The squarenessratiois definedas the residualinduction the horizontal axis and the maximum positive or

negativevalueon the curve.
The parametersSFD/Hc and S* are associatedwith

.M the slope of the M-H loop at or around M = 0 andare

less than 1 for longitudinalsamples.They arerelatedto
the numberof magneticparticlesthat will switch their

.,----- Hm------, orientation for a change in the applied field aroundthe

].H_._ valueofHc. Ingeneral, lowervaluesofSFD/Hcand
highervaluesof S* areassociatedwithshortertransition

. zones and higher digital output for magneticmedia.
A However,coercivityandresidualinductioncan have a

much greatereffect on high-densitydigitalrecording
Tangent
at M-- 0 output than switching parameters.
(H ==He)

SamplePreparation
"]'hethicknessof theoxidecoatingof thetapeto be

tested is determinedby measuringwith a micrometerthe
thickness of 16layers of tape adjacent to the tape sam-
ple for M-H measurements.This measurement is divid-
ed by 16to obtain the total thicknessof one tape layer.
The oxidecoating is then removed from the Mylar base.
The thicknesstape sample is placed with oxide side up
on a clean smooth surface. The oxide is rubbedoff with

FigureB-3.--TypicalM-HhysteresisloopillustratingHm,He, cotton swabs or Kim Wipes saturated with a solvent
34,,Mr,andS* =A/H#. suchas MEK. The thicknessof the 16 base layerswith
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H, 500 Oo/division curve.The half amplitude levelof dM/dH-H

curveis 1.4divisionsaboveor belowthe hori-
Key zontalaxis, andthewidthofthedM/dtI-H curve

------ M-H atthatlevelis 0.55 division× 500 Oe/division
dM/dH-H -----275 Oe.

the oxide coating removed is measured and dividedby 0.2 mils, 10layers willfit within the recommendedglass
16. The Mylar thickness is subtracted from the total tube sample holders.
thickness to determine the oxide coating thickness.The The sampleholder of the IITRI M-Hcurve plotter ac-
micrometer must be accurately zeroed and must not ap- cepts sampletubes up to 5/16 in. in diameter. Standard
ply so much pressurethat the tape sampledeforms and 7-mm glass tubing may be cut to 16-in. lengths. Fire
causes measurement errors. Micrometers with slip polishingof the cut endsshould be minimizedto prevent
mechanisms produce low and repeatable measurement narrowing of the ends, which mayinterfere with sample
pressure. The micrometermeasurementsshould be read insertion into the tubing.
to the nearest 0.1 mil, and a median value of several A sample at least 6 in. in length is inserted into the
measurementsthat do not vary by more than + 0.2 mil sampleholder. This minimumsizeallowsfor excesstape
can be employed for the thickness calculations, and positioningvariability within the sampleholder of

The sample width is determined next. For the M-Hcurveplotter.
longitudinal M-H measurements, tape widths of 250, For longitudinal measurements, the tapes employed
500, and 1000mils may be assumedfor l/4-in., l/2-in, in the total area calculation should be cut to lengths
and l-in.-wide samples, respectively. For transverse greater than 6 in. and aligned. End alignment can be
measurements, tape samples should be cut to suitable achieved by trimming. Then the aligned tapes can be
lengths with an accuracy of + 1 percent, folded longitudinally and inserted into a sample tube.

The cross-sectionalarea of the tape samples is then The final fold should be made while inserting the sam-
calculated in square mils. For longitudinal measure- pie.A sharp creaseis not required for the final fold. The
ments, samplemust not be twistedor kinked within the sample

tube. If a twist or kink develops, it can often be re-
Total area = width x thickness x number of layers movedby slightlywithdrawingthe sample.After at least

6 in. of samplehave been inserted, any tape extending
For transverse measurements, from the end of the sample tube can be trimmed. The

ends of the sample tube should remain unrestricted.
Total area = length x thickness For transverse measurements, the tape should be cut

to the length employedin the total area calculation. A
For either type of measurement, the samplesizemust minimum of 6, 12, or 24 accuratelycut lengths are re-

be large enough to provide an adequate signal-to-noise quired for 1-in., Y2-in.,and ¼-in. tapes,respectively,to
ratio, but it must be smallenough to fit withinand allow insure adequate samplelength. Each cut length must be
ventilation of a sample tube, and to prevent saturation rolled and/or folded transversely and inserted sequen-
of the M-H curve plotter amplifiers by large induced tially into the sample tube. The first cut and rolled tape
voltages. Total areas between 400 and 2000 mil2 are sectionshould be pushed 6 in. into the sample tube with
suitable for electronic considerations, but areas toward a rigid insirument, and each subsequent section should
the low end of that range are suggested for sample be pushed into the sampletube so that it just touches the
holder considerations. For oxide dimensionsof 250 by preceding section. If the recommended lengths have
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been used, the total sample length should be within I loop appearance of the trace. These controls can be ad-
percent of 6 in. A longer sample length indicates gaps justed more accurately by increasing the vertical sen-
between tape sections while a shorter sample length in- sitivity of the oscilloscope. The controls do not affect
dicates deformation of the tape edges produced by the trace when the plotter is in the calibrate mode, but
pushing the sections too hard against each other, their setting should be checked whenever operation of

Sample code and cross-sectional area should be the field solenoid is likely to change the temperature of
marked on pressure sensitive paper applied to the empty the pickup coils. The blower directs air over the pickup
end of the sample tube. coils to minimize these temperature changes.

The calibration voltage divider is set to 0.0001/miP of

M-H CurvePlotter Operationand the sample cross-sectional area. With the field control
Curve Measurements counterclockwise (H = 0) and the M-H curve plotter in

the calibrate mode, the trace should be centered on the

An oscilloscope with X-Y display capabilities, con- oscilloscope with the vertical and horizontal position
tinuously variable sensitivity controls, dc coupled in- controls. The field control is adjusted for full-scale
puts, and a camera are required. A horizontal sensitivity deflection on the H meter. At this point, a diagonal
between 0.2 and 0.5 V/cm is required. A 500 mil2sam- trace will appear on the oscilloscope. The signal
ple size requires a vertical sensitivity of about 20 amplitude applied to the horizontal H input of the
mV/cm. A wide bandwidth is not required due to the oscilloscope represents twice the applied peak field, and
low excitation frequency. The 500-kHz bandwidth and the signal amplitude applied to the vertical B input of
control features of a Tektronix Type 503 oscilloscope the oscilloscope represents 0.5 G/Oe of applied field.
are suitable. For example, if H mis 2000 Oe (4000 Oe peak to peak),

The M output of the curve plotter is connected to the the M signal represents 1000 G (2000 G peak to peak).
vertical or Y input of the oscilloscope. Connect the H The vertical and horizontal sensitivity controls of the
output of the curve plotter to the horizontal input of the oscilloscope are adjusted for convenient trace width and
oscilloscope, height. To calculate the scale factors, the peak-to-peak

The field Hm control should be checked to see that it H and M values are divided by the width and height,
is fully counterclockwise, and the field range must be respectively, of the diagonal trace. For example, if the
selected before applying power to the curveplotter. The oscilloscope sensitivities are adjusted for a diagonal six
2000-Oe range is suitable for high-coercivity samples divisions high by eight divisions wide and H m = 2000
such as cobalt-doped -g-FeaO_tape. ( Warning: the field Oe, the scale factors will be 4000 Oe + 8 divisions =500
solenoid is not designed for continuous operation at Oe/division and 2000 G + 6 divisions =333 G/divi-
high field strengths. Do not operate the solenoid at 2000 sion. The oscilloscope calibration must be repeated each
Oe for more than 1 min. at a time or at a duty cycle time the sample cross-sectional area is changed.
greater than 10 percent.) The phase and quadrature ad- With the field control fully counterclockwise and the
justments must be repeated as the solenoid heats the sample holder empty, the M-H curve plotter is set to the
pickup coils, measure position. The oscilloscope trace is centered,

The blower, the amplifiers, the field circuit breaker, and the field control is adjusted for full-scale deflection
and the oscilloscope are turned on and allowed at least of the H meter. The phase and quadrature adjustment
10 min to warm up. The field control should be left fully must then be checked. The sample tube is then inserted
counterclockwise except during short periods when the in the sample holder. Adequate sample length and
field is required for calibration or measurements. The uniformity are insured by observing the hysteresis loop
field range selector and the field circuit breaker should on the oscilloscope while positioning the sample. The
be switched only when the field control is turned fully trace should remain stable for a variation of at least 1

counterclockwise to prevent the induction of high- in. in sample position, and the sample should be placed
voltage transients due to sudden interruption of the field near the center of the position range that produces a
current, stable trace. The M-H hysteresis loop is photographed.

The M-dM switch is set on the M position, and the H If SFD measurements are required, the M-dM switch is
gain switch is set on the H x 1 position. Any sample set to the dM position, the vertical gain and position
present in the sample holder is removed, the mode controls of the oscilloscope are adjusted for a conve-
switch is set to the "measure" position, and the field nient dM/dH-H curve amplitude, and the curve is
control is adjusted for full-scale deflection of the H photographed.
meter. The in-phase balance and quadrature balance When measuring Hc and Mr on the photographs, the
controls are adjusted for a horizontal trace on the intercept-to-intercept distances are measured, multi-
oscilloscope. The in-phase control affects the tilt of the plied by the scale factor, and divided by 2 to reduce
trace, and the quadrature control prevents the elliptical parallax error. Ms can also be measured peak to peak
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and divided by 2. When measuring SFD from the justment of the balance phase and quadrature controls.
dM/dH-H curve, the width of the curve at the half The positive and negative pulse waveforms in the first
amplitude level is measured and multiplied by the and third quadrants are the dM/dH-H curve with an ar-
horizontal scale factor. This result is not to be divided bitrary verticalscalethat can be calibrated by graphical-
by 2. ly measuring the maximum slopes of the M-H curve.

Figure B-5 is a calibration record of the M-H curve Figure B-5 also indicates that the camera has slight
plotter. The "standard" Ampex 721 sample with a parallax errors that are apparent from the asymmetric
publishedMrvalue of 1000G _+10percent wasinserted horizontal centering and an apparent M-intercept to
into the plotter, and the oscilJoscopesensitivitycontrols M-intercept distance of 5.95 divisions rather than the
were adjusted for Mr = +-3 divisions and Hm = + 4 6.00-division distance intended for the calibration pro-
divisions, whichproduce scalefactors of 333G/division cedure.
along the vertical axis and 500 Oe/division along the
horizontal axis. Then the calibrationvoltage dividerwas Sample Selectionand Test Methods
set for the sample size, the plotter was switchedto the All prepared samples should be conditioned at
calibrate mode, and the internal calibration controls H 70° _ 5° F and 20 + 10 percent relative humidity for
cal and B cal were adjusted without changing the at least 16hr prior to anytesting. The smallsamplesand
oscilloscope sensitivity controls to produce the eight- their glasssampletubes are maintained for at least 16hr
division-wideby six-division-highdiagonal calibration at test temperaturesbelow 20° C and for at least 3 hr at
trace. The apparatus is now ready to be recalibrated for temperatures above 20° C. Sample temperature was
different sample sizesand scalefactors. This is done by maintained in the sample holder by blowingair through
resetting the calibration voltage divider to the sample the sample tubes and by limitingthe time betweeninser-
sizeand readjusting the oscilloscopesensitivitycontrols tion of the sample and photographing the M-H curves
for the desired diagonal calibration trace size without to less than 1 min. One end of the sample tubes was
changing the internal calibration controls, always occluded during transfer of the sample tubes to

A horizontal trace on figure B-5 just below the the sample holder, requiring exposure of the sample
horizontal axis is the no-samplesignal with proper ad- tubes to ambient room conditions for approximately 10

s. No condensation was observed in the sample tubes

.... _ followingtheir transfers.

/" r\" ....." ELECTRICAL PROPERTIES
! \/ "" This section describes the electrical properties of

_g j ' tapes. The tests comparetape performance with respect
.I 1. "i __ to recordcurrents required to achievemaximumoutputs
E _ i \_ at different wavelengths, the magnitude of these max-

_ _ -- imumoutputs, and the output magnitude in response to'_ \ ..' , a constant record current, the resistivities of the tape
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selected wavelengths required to achieve the maximum

Figure B-5.--M-axis calibration record with Ampex 721 tape attainable reproduce signal level. A square wave current
and.manufacturer'sspecification of Mr---- 1000G as the sourceis applied to the record head, and the current is
"standard."Verticalscalefor dM/dH-Hcurve (pulsewave- increased and measured while the reproduce level is
forms in first and third quadrants) is arbitrary because only
the width at the half-amplitude level is required to determine monitored to detect its maximum level. A frequency
the SFD. Horizontal trace just below horizontal axis indicates range is selected that allows application of adequately
correct adjustment of balance controls with no sample in the square current waveforms to the record head by the
curve plotter, available test equipment, and then the tape transport
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speedis selectedso that the record frequencyrange car- The current through the recordhead is monitoredand
responds to the range of wavelengthsunder considera- measured with a Tektronix Type P6019 Current Probe
tion for a specific application, connected to channel 2 of a Tektroni_ Type 454

As shownin figure B-6, a squarewaveoutput voltage Oscilloscopeand to a Hewlett-Packard Model 3403C
from a Krohn-Hite Model 5300Function Generator is True Root-Mean-Square Voltmeter operating in the
applied to inputs of an Instruments for Industry Model auto ranging ac mode.
5100 Wideband Amplifier and a Heathkit Model The record head and a Honeywell 42-track, l-in.
1B-I100 Frequency Counter. The output level of the (17-mil)ReproduceHead are mounted on a Honeywell
function generator is set just below the specifiedmax- Model 96HD Tape Recorder. Signals recorded on the
imum input level of the wideband amplifier, test tapes can be reproduced through track 39 of the

The output of the widebandamplifier is connected to reproduce head and preamplifier and the 4-MHzdirect
the Honeywell 1-in. record head in series with a 3-0 reproduce amplifier supplied with the tape recorder.
resistor and a 2-A fuse. That resistor and the 50-flout- The reproduced signal is measured and monitored at
put impedanceof the amplifier make the amplifier out- test points 1 and 2 of the direct reproduce amplifier,
put appear as a current source to the very low im- which are located before the equalizer circuits of the
pedance record head. The phase response of the direct reproduce amplifier. The reproduced output is
amplifier produces nominal distortion of the applied monitored on channel 1of the oscilloscope,and the out-
square wave over the range of 100kHz to 1.0MHz, and put level is measured with a Hewlett-Packard Model
to achieve record wavelengthsin the range of 30to 300 3400ATrue Root-Mean-Square Voltmeter.
/_in. a tape transport speed of 30 ips is selected. In- For each test tape and record wavelength,the output
termediate wavelengths of 150 and 60 /_in. may be level control of the record amplifier is increased until
selected for record current measurements, the maximum output level is observed, and the record

Instruments for I -- "_

Krohn-Hite
IndustryModel 5100Model 5300 '=!

function _" wideband I ,_ 180 1"1

generator amplifier [ '_ 2 W
t-_5

Heathkit ]

1B-1100

frequency
counter

2A
Honeywell 96HD

tape recorderTrack 39 of _ __

reproducehead and ......... /
preamplifier

! --1
Honeywell Tektronix
direct reproduce P6019

amplifier test points current probe
1 and 2

Tektronix454

oscilloscope _ :
(channels1 and 2)

FigureB-6.--Test equipmentfor
record current and wavelength Hewlett-Packard 340OA Hewlatt-Packard 3403C
responsetests, true root-mean-square true root-mean-square

voltmeter voltmeter



TESTING MAGNETIC TAPE FOR HIGH-DENSITY DIGITAL RECORDING SYSTEMS 269

current that produced the observed maximum output is binder system. In other studies, carbon has been ob-
measured. Recording continues at the maximum output servedas a constituent of excessive debris accumulation.
level for at least 20 s after noting the footage Counter The coating resistivity of the magnetic oxides and the
reading at which maximum output is achieved. Then the back coatings of the tape samples are measured with a
record current is turned off, the tape is rewound to the Hewlett-Packard Model 4329A High Resistance Meter.
noted footage counter reading, and the maximum out- The test fixture permits five measurements on each sam-
put level is measured while reproducing the recorded pie. The reported oxide results are for 500 Vdc test
signal with no record current. This procedure eliminates potentials. The coating resistivity test procedure
"feed through" from the record head to the reproduce generally follows methods specified in volume III, ap-
head during the output level measurement. Although pendix B, paragraph 3-61(b) of IRIG 106-80 and the
feed through increases as the record current increases Electronic Industries Association (EIA) Recommended
and some feed through is present during the maximum Test Method-Magnetic Tape Electrical Resistance
output level observation, the output level always Coating, RS-342 (ANSI C83.36-1968), which differ
decreases for shorter wavelengths CA<- 150 gin.) and mainly in the applied test potential: 500 Vdcrequired in
record currents slightly above the level that produces the the IRIG standard and 100 Vd_preferred in the EIA
maximum output before the feed through interferes standard. The relationship between resistance and test
with the maximum output level observation. For voltage is probably nonlinear, with lower resistance oc-
300-/tin. wavelengths, the output level approaches a curring as the test potential is increased. Because low
plateau as the record current is increased, and the record coating resistivity is desirable to prevent the buildup of
current that produces the maximum output level is dif- static electricity, a phenomenon associated with high
ficult to measure accurately, voltage, the higher test potential appears to be the most

A broadband noise measurement may also be con- rational choice for future tests. However, the higher
ducted on each tape with no record current and no power dissipation in the tape samples, which results
recorded signal. Most of this noise is generated or from a high test potential, may increase two technical
picked up within the reproduce electronics and is not a problems in an objective, unbiased evaluation of
function of the test tapes, coating resistivity. First, the test electrodes are secured

at each end, and the contact resistance between the tape

Wavelength Response samples and the electrodes may be less at the tape edges
than at the center. Melting of the Mylar base at the sam-

This test measures the reproduce level from the direct ple tape edge is evident following some tests. On the
reproduce amplifier for each tape at selected other hand, the contact force between the electrodes and
wavelengths with a constant record current. The record the samples does not have a large effect on the measured
current that produces the maximum output level with a resistivities. Therefore, this first problem can be re-
30-/zin. wavelength for a given tape type is employed for duced by applying nominal torque to the screws that
that tape type. secure the electrodes. We found that "finger tight"

The test equipment, tape speed, and wavelengths are screws were adequate. The standards do not specify
identical to those employed for the record current test electrode forces.
described in the preceding section. For each wavelength, The second problem that may be associated with
the record currentis adjusted by varying the output level power dissipation in tape samples is the tendency for the
control of the wideband amplifier until the indicated resistance to increase during the application of the test
record current is obtained. Then the reproduce voltage potential, especially with high-resistance tape samples.
in decibels is measured. For each tape, the reproduce The measurements can be completed within a 2-rain
voltages are normalized to a reference level of 0.0 dB limit, and the resistance values appear to stabilize within
corresponding to the output level at the 300-/zin. that time period. The resistance change is very rapid
wavelength, upon initial application of the test potential, and the ini-

tial resistance cannot be resolved with slowly responding

Coating Resistivity test equipment. Increasing resistance may result frommoisture loss while power is dissipated by the test
The surface resistance on the coatings of the tape is samples.

related to the amount of carbon or graphite added to the One final procedure problem that is not answered in
overall binder composition. Carbon is generally added the standards is the possibility of contact between the
to the binder to increase conductivity, thereby reducing tape backing and the electrodes if the back-to-back
possible buildup of static charges when operated in a strips arenot perfectly aligned on the electrodes. A wide
dry atmosphere. However, the addition of excessive car- uncoated Mylar strip can be inserted between the two
bon may have a weakening effect on the integrity of the sample strips to perform the tests.
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Dropouts With 18-Mil Trackwidth dropout detector signal occasionallyfails to trigger the
dropout counter or triggers it twicefor what appears to

Square wave currents from a 500-kHz sourceare ap- be a singledropout. These two sourcesof error tend to
plied to a single track record head. The record current canceleach other, but their overalleffect on the data are
and reproduce head azimuth are adjusted to produce not quantified. Digital filtering of the detected
maximum reproduce output levels. A 500-kHz record reproduce signal of the tape and the addition of a one-
frequency is selected to achieve the best record current shot pulse generator to the comparator output should
waveform, and the tapes are recorded at 30 ips to eliminate all sources of count errors.
achieve 60-/_in. wavelengths (one wavelength is The errors per 10' wavelengthsparameter should be
equivalent to two flux reversals), equivalent to bit error rate for randomized nonreturn-

Data are obtained with a dropout detector, a 500-kHz to-zero recordings with an equal number of "l's" and
oscillator, and two electronic counters. One counter is "O's."
used to registertotal dropouts and one to registertotal
duration of dropouts in units of wavelength.Counts are
recorded after every 100ft of tape, and the sequential Dropouts With 7.3-Mii Traekwidth
readingsare subtracted to determinedropouts per 100ft This narrow track video head was designed for high
and errors per 10_wavelengths(100ft x 12in./ft × 1 frequencies, and it is necessary to increase the tape
wavelength/60 x 10-6in. = 2x 10' wavelengths).The speed to 60 ips to maintain a signal-to-noise ratio
average number of errors per dropout is calculated for greater than 20 dB. Tapes must also be recorded at 60
each 100-ft tape segment. Average values of each ips with a 1.0-MHzrecord signalto maintain the 60-/zin.
parameter are also calculated over the entire 1600-ft wavelength.The record current at this higher frequency
sample lengths, is slightly less square than the 500-kHz square wave

The dropout detector receives the signal from one record current of the 18-railtrackwidth measurements.
preamplifier of the Honeywell Model 96HD Recorder, Dropouts are measured on 13tracks near the center
amplifies the signal and provides automatic gain con- of each 1-in.-widetape sample during sequentialpasses.
trol with a very long time constant in comparison to the The distancebetweentrack centersis 20.8mils. The first
longest detected dropouts, rectifies and filters the gain is 315 ± 5 mils from the edgesof the tape samples,and
controlled output, and compares the filteredoutput to a the last track is 565 ± 5 mils from the edges of the
selectable reference voltage corresponding to the samples. Dropout locations along the length of the
specified threshold level below the normal gain- samples are calculated to within ± 10ft.
controlled output level. In the preliminary trials, the The total errors registered on the error counter are
comparator output is filtered to remove"glitches"at the printed once every 2 s, or every 10ft of tape, and each
leading edge of dropouts just belowthe threshold level, change of error registrations between adjacent 10-ft
andthe filteredcomparator output is appliedto the elec- tape segments is considered a single dropout.
tronic counter that registersdropouts. The filteredcom- Oscilloscope monitoring of the comparator input
parator output is also employed to enable the 500-kHz demonstrates that this dropout counting method is ac-
oscillator signal to the second electronic counter that curate for low dropout rates (lessthan 1dropout per 100
registered errors. Thus an error is defined as one ft), and that very few of the error registration changes
wavelength(two fluxreversals) that produces an output on higher dropout rate samplesare causedby more than
signal below the threshold level, and a dropout is de- one dropout per 10-ft tape segment. This dropout
fined as a seriesof consecutiveerrors, counting method is more accurate than the counter

The threshold levels are calibrated by applying a method employed with the 18-mil trackwidth
square wave modulated sinusoidal waveform to the measurements. Other details of the dropout measure-

dropout detector input and varying the degree of ment procedure are the same as for the 18-mil
modulation while observing the input signal and the trackwidth.
comparator output on an oscilloscope.The accuracyof
the calibration method approaches _+I dB for the 6- and
12-dBthresholds, but somedistortion of the modulated REFERENCES
input signal may reduce the accuracy to around + 2 dB

B-1. Schultz, R. A.: Technical and Investigative Support forduring the 20-dB threshold calibration. During the
High Density Digital Satellite Recording Systems. IITRI

calibration, the dropout detection signal did not enable Progress Report 8-11, IITRI Project No. K06003, July
the error signal until after the first wavelength of a 1982.
dropout had passed. This source of error does not ap- B-2. Buschman, AI: "Magnetic Tape Certification."Ch. 4 of
pear to be significant with respect to the typical length Magnetic Tape Recording for the Eighties, NASA
of dropouts detected on the sample tapes. The filtered RP-1075,Apr. 1982.



APPENDIX C

Increasing Head Life*

SECTION 1-EXTENDED-LIFE INSTRUMENTATION HEADS

David Cristofar
Spin Physics

In September 1982, at the International Telemetry Head Wear
Conference in San Diego, Spin Physics formally an-
nounced the development of two new products. One of In analyzing the problem over the years, Spin Physics
these was the instrumentation head with integral wide- has tested and documented head wear with most in-
band preamplifier. The other was a 3000-hr, extended- strumentation tapes. We have learned that this is quite a
life instrumentation head. This new, extended-life head complex phenomenon: head wear is affected by tapecharacteristics and tape chemistry reacting with
represents an improvement in life of 3:1 over previous materials in contact with the tape. These effects are ac-
offerings. Like many technical solutions we run across
today, Spin Physics' approach appears simple and celerated by temperature and humidity combinations,
straightforward in retrospect, but it took a great deal of and are directly affected by tape pressure and speed.There are a number of effective materials, including
time and effort to develop, glass, ceramics, and anodized metals, that offer a

significant improvement in wear over aluminum when
The Need for Long-life Heads used in the faceplate area. At the same time, though,

The extended-life instrumentation head represents not all of these materials produce the best results under
further development of technology at Spin Physics in all conditions. Debris buildup, as well as the hardnessof
the production of long-life and high-performance the faceplate material, must be considered in an effort
heads. It was developed in response to a marketneed for to reduce maintenance and achieve reliability.
high-speed tape operation, high data reliability over ex-
tended periods, and life and maintenance cycles consist- Typical Head
ent with the electronics and other transport elements. Figure C-1 depicts a typical head: a 14-track, in-

Several years ago, Spin Physics introduced the terleaved head with a 0.050-in. trackwidth and a
SpinalloyTM-tippedhead. This head provided improved 0.140-in. pitch. This head is characterized by a very thin
wear performance of two to four times that of conven-
tional metal heads. The warranty offered on this head Narrowor thin
was 1000 hr. The Spinalloy TM head has had an excellent crosstalkshields
record since introduction, often lasting several times the (copperand mu-metal laminated)
warranted life. The new generation of extended-life
heads uses new fabrication techniques developed at Spin
Physics and is capable of over 3000 hr of life; the new
design combines optimum performance with long life.

*Editor's note: This appendix consists of three sections. Each sec-
tion was written by a different head manufacturer expressing its
technical point of view. It is not the intent of this presentation to im-
ply that only three sources for heads exist or that only these manufac- Figure C-1.--Typical head: 14 tracks,interleaved,0.050-in.
turers have 3000-hr heads, trackwidth, and 0.140-in. pitch.

271
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shield and a large island between the shield and track The selection of the material used in the faceplate is
representing the soft aluminum of the faceplate. The critical. Material with a lower wear than the pole tips
Spinalloy TM on the pole tips wears very well. It is the can actually result in the loss of tape/head contact, and
area between the tracks, the intertrack shield and will encourage debris buildup. This phenomenon is
aluminum faceplate, in which wear occurs. Both the referred to as "negative wear." Ideally, the tip plate
aluminum faceplate and the mu-metal/copper shield are should wear at the same, or a slightly higher rate than
relatively soft, mechanically, the pole tips. Also, material must be selected that does

Figure C-2 shows the effect of "scalloping," or wear not promote debris buildup with any tapes or en-
occurring in the intertrack area. Although a certain vironments encountered.
degree of scalloping is desirable, to improve tape-to-
head contact in the gap area, on the typical head it
reachesexcessiveamounts.Theeventualresultis wear- Goals and Compromises
through at the track edge.

Figure C-3 shows that the faceplate occupies a large In trying to achieve the desired head life, several corn-
area between tracks. Head life can be increased if the promises are involved. First is the effort to maximize

typical aluminum material used here is replaced with a tape contact area with hard material to achieve low
harder material, increasing the area of hard material in wear. This could be done by putting hard material be-
tape contact. To effectively maximize this area, it is also tween the tracks. At the same time, it is desirable to
necessary to minimize the thickness of the mechanically maximize the thickness of the shields to reduce elec-
soft shield, thereby maximizing the width of the hard trostatic coupling so cross-talk is minimized, particular-
material now in contact with the tape. ly between tracks of an interleaved head. Also, to im-

prove the wear factors, a hard pole tip and other inter-
track materials could be used in contact with the tape;
however, at the same time negative wear should be

Intertrack area(facep)ate avoided: The intertrack material should wear at the

andshield)scalloping same rate, or slightly faster than the pole tip material. In
Narrowshield addition, the number of material types in contact with

the tape should be minimized. This is to avoid the
buildup of oxide, brown stain, and other debris, and to
minimize the unknown factors of materials and environ-

ment acting in combination.

  iiiiiiijiil
!_::'.......FacepTate Solution

(aluminum) The Spin Physics solution for achieving an extended
Figure C-Z--Scalloping. (Dark area showstape contact and head life lies in the unique characteristics of its "hybrid

wear.) shield." This patented, laminated shield is typically the
same width as the track. It produces an improvement in
cross-talk of 3 to 6 dB. In addition, a Spinalloy TM tip

Intertrack has been placed in the shield so that Spinalloy TM is on
shield

Shield both the pole tip and the shield. This creates a hard,width

nonabrasive surface for low wear over a maximum area
Typicalgap without sacrificing shielding capabilities. Even wear is
depth achieved because a very limited number of materials are
0.0020to used in tape contact. Furthermore, the materials that0.0030 in.

are used do not encourage debris buildup. These
materials are as follows:

[_o.o'5oir_ 4o0_n. (1) SpinalloyTM, which has demonstrated wear im-
provement

Figure C-3.--Cross sectionof figureC-2. To increasehead (2) Aluminum
lifethe faceplateshouldbe madeas wideas possibleand of (3) Thinepoxylinesbetweenlaminations
a hardmaterial.The shieldshouldbe as wideas possibleto
reduceelectrostaticandelectromagneticcouplingandprevent Each of these materials is well known and well
crosstalk.The selectionoftip platematerialis alsocritical--it characterized. The resultis an expectedlife in excess of
shouldwear slightlyfasterthan the pole tips. 3000hr at 120ips.
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Spin Physics'extended-lifehead is depictedin figure Spinalloy"insert in
C-4. Its much wider cross-talk shield has a SpinalloyTM intertrack
insert at the crown area only. shield same

width as trackFigure C-5 shows an enlarged view with the
SpinalloyTM insert visibleat the crown. The SpinalloyTM !; _. 0.140in. -=

material is identical to the material used on the poletip. I \This is what produces an even, long wear becauseboth
areas are made of hard material. The darker area in the --,J I,--

center of the illustration represents the area of actual -1 / leoto2pectin.tape contact where wear occurs. The basic shieldis still
mu-metal and copper. III I III '

The cross section in figure C-6 puts the relative [*o.o5oin_ \
amount of contact area with hard material in perspec- very small area of

tive. The shield with SpinalloyTM insert is essentiallythe softmaterial(aluminum}

same width as the track. There is only a small area of FigureC-6.--Cross sectionoffigureC-5.
soft aluminum, the faceplate, between the hard shield
and the track.

An actual head test is shown in the profilometer 0.050-in. shields.Ampex 797 tape wasused, with a tape
graph in figure C-7. This was a test conducted at Spin speed of 60 ips and a tape tension of 12 oz. The total
Physics under laboratory conditions, though presently number of hours shown on this test is 860. The test
there are a number of ongoing field tests. Tests were results are as follows:
conducted on a Honeywell 7600 transport with a
14-track, l-in. head with a 0.050-in. trackwidth and (1) Even wear on pole tips and shields(2) Wear rate: 0.2/dn./hr at track edges (200 #in.

total)
(3) No debris buildup (laboratory or field tests)

Wide or thick erosstalkshields

withSpinalloy"insertatcrown (4) Initial wear step established in a few hours
(5) With a 2-to 3-milgap depth there is amplemargin

at 3000hr

The scale on the graph is extremely compressed to
depict the number of tracks. The verticalscaleis 50/fin.
per division; the horizontal scaleis 11milsper division.
This representsa compressionratio of 220:1.Becauseof
this, there appears to be a sharp gradient between
tracks. Actually, the gradient is quite fiat.

Looking very carefully at the graph, the pole tips can

FigureC-4.--Extended-lifehead. be distinguished by the very slight lines where the
laminations occur. Three tracks are shown. The raised
area between the pole tips is the shield. The upper trace

Identical material was run at I0 hr to developa reference point; the lower
for evenwear trace was run at 860 hr.

Spinalloy"insertinshield As theorized, the first thing noticed is that the pole
Spinalloy"poletip tips and shields wear evenly because the material is the

same. Second, the wear rate is very low. Looking at the
Areaof actual track edge, total wear is approximately200 #in.
tape contact

This corresponds to a little less than 0.2 #in./hr at the
edge of the track. In addition, there is no debris
buildup, an occurrence consistent with results received
from field tests to date. The initialwear in the faceplate

_".Laminatedmu-metal area is established in just a few hours, as shown in the
andcopper first trace. This is desirable because it helps the tape
crosstalk shield maintain contact with the pole tips.
(wideshieldfor The graph illustrates that with a 0.002- to 0.003-in.
electricalperformance) gap depth there is ample design margin at 3000 hr.

FigureC-5.--EnlargedviewofsegmentoffigureC-4. Because this test was run at 60 ips, we can project wear
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860 hr

FigureC-7.--Head test. (Verticalscale:100/xin./division;horizontal:10mils/division(220:1).)

at 120 ips by assuming an increased wear rate of 50 per- Physics to achieve a hard, nonabrasive surface that
cent, or 0.3/_in. per hour. At 3000 hr, wear would still wears slowly and uniformly. It also increases shielding,
be only 0.9 mil. which provides superior cross-talk performance with an

improvement of 3 to 6 dB. Spin Physics is manufactur-
Conclusion ing the long-life head, which is offered with a 3000-hr

The use of Spinalloy TM on the pole tips and on the warranty, for most recorders. Spin Physics has a patent
shields, and use of a full-width shield, has enabled Spin pending for this design concept.

SECTION 2-WEAR CHARACTERISTICS OF ULTRASIL TM VERSUS ALFESIL

INSTRUMENTATION HEADS

Roger Mersing
Ampex Corporation

Instrumentation recorder heads capable of wideband abrasivity may be reduced that tends to increase head
performance are very expensive (several thousand life while having positive effects on head performance.
dollars) and wear out because of the abrasive effect of As a matter of fact, tape manufacturers have made con-
magnetic tape passing across the head gaps. The heads, siderable progress in recent years in maintaining the cor-
therefore, can be considered a consumable product and, rect level of abrasivity, which has been defined loosely
depending on operating conditions, can have a signifi- as the minimum required to keep the head gaps and con-
cant impact on operating expense, tact surfaces well polished and stain free.

Various techniques have been developed (refs. C-1 to The other important factor allowing improved per-
C--4) to study tape abrasivity and associated parameters formance with improvements in head life is the hardness
contributing to head wear resulting in a better of the materials used in the head contact areas.
understanding of the effects of various wear factors. Although a direct mathematical relationship between
Figure C-8 illustrates in a broad sense the more impor- material hardness and abrasive wear has not been shown
tant factors that have been found to influence recorder to exist, harder materials generally wear longer than soft
head life. These factors also have an effect on electrical materials. As a result, soft mu-metal pole pieces are
performance, as illustrated in figure C-9. For example, seldom used in wideband heads in preference for the
as gap depth increases head life increases but perform- much harder alfesil or sendust pole pieces, which exhibit
ance decreases (because head efficiency is inversely significantly longer head life as well as improved per-
related to gap depth), formance due to better gap definition and reduced gap

Comparing figures C-8 and C-9, it is readily seen that smearing. Therefore, lacking some definitive physical
in all but two cases if the factors are adjusted toward an laws regarding abrasive wear, one must resort to experi-
improvement in head life, performance is adversely af- ment to arrive at useful conclusions. Such was the case
fected. However, there is a range over which tape in developing UltrasiV Mheads.



INCREASING HEAD LIFE 2"/5
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.FigureC-8.--Factorsinfluencingheadlife. FigureC-9.--Life factorsversusperformance.

Materials Selection much experimentation, a polycrystalline glass ceramic
was chosen for the separator (tip plate) material because

The tape contact surface of a conventional hard- of three reasons: (1) it is hard, stable, and 100 percent
tipped head consists of alfesil or sendust pole tips, dense; (2) it is easily machineable so that core and shield
aluminum separators, mu-metal/copper shields, and slots can be easily and accurately made; and (3) it wears
thin adhesive bond lines (figure C-10). The alfesil head, faster than alfesil so that the alfesil pole tips will pro-
a hard-tipped ferrite head design, is composed essential- trude slightly from the surrounding glass ceramic for in-
ly of aluminum, iron and silicon. The pole tips have ex- timate head/tape contact.
treme hardness, excellent gap definition, low distortion, A wear evaluation stack was prepared (figure C-11)
and high saturation magnetization. The alfesil head pro- by machining a block of glass ceramic and adding in-
vides more than 10 times the life of mu-metal heads and serts of hard materials commonly used in recording
has superb wideband performance characteristics heads. The evaluation stack was contoured on a hard
without the need for frequent circuit readjustments, lapping plate to provide a uniform tape contact surface

Alfesil has a Vickers hardness of about 525 and is a and then mounted onto an Ampex FR-3030 for wear
great deal harder (and wears much slower) than testing. The test conditions and results are shown in
aluminum or mu-metal, but alfesil represents only 35 figure C-12. The results clearly indicate the relative
percent of the total contact surface. Therefore, if the wear rates of alfesil and low-wear alfesil are less than
softer aluminum and mu-metal materials, representing that of glass ceramic. This is of profound importance in
61 percent of the surface, are replaced by harder insuring intimate head-to-tape contact for the varied
materials, a reduction in head wear should result. After operational conditions that might be encountered.



276 HIGH-DENSITY DIGITAL RECORDING

The materials for the intertrack head shields must
have good electromagnetic shielding properties and

, i wear as fast or faster than the pole tip material.A sand-
r- ---I wich structure consisting of laminations of alfesil and

I I _ _ Mu-metal/copper shield

half-hard beryllium copper was chosen because it metE _._ Alfesil (or Sendust)pole tip
t J both the shielding and wear rate requirements. The

E-3 thickness of the beryllium copper laminations was
t --Aluminumtipplate minimizedto reduce the "copper carryover" effect.

E ""1 The pole tip material selected is the recently
' _ developedlow-wearalfesil,which differs from alfesil in

r" -1 that it has a greater hardness (550-575Vickers);smallerI I

E "-I grain size; and reduced low-frequency permeability
_ resulting in longer life, better gap definition, and a flat-

E "7 ter permeability spectrum than regular alfesil. Figure
I w C-13 illustrates the details of the UltrasilTM head glass

construction.

I Wear Tests
Wear tests were conducted at tape speeds of 15and

120 ips on an Ampex FR-3030 tape transport using
0.125-in. radius _ 3-milgapdepth Ampex 797 tape. Two 1-in. 7-track UltrasilTM and two

l alfesilstackshavingthe same contour were prepared for

__"_ I the wear tests' In b°th tests' °ne UltrasilrMstack wasmounted in the odd record position and one alfesilstack
in the evenreproduce position with stainless steel dum-

O my stacks in the even record and odd reproduce posi-
tions. Relativehumiditywas maintained at 50to 55per-
cent, and the tape waschanged every 16hr.

o
15-ipsTests

Theruntime to achieve250/_in.of wearon the alfesil
FigureC-10.--Conventionalhard-tippedheadstack, head pole tip of track number 5 was 176 hr. The run

timeto achieve250#in. of wearon the UltrasilTM track5
was369 hr, or morethan twiceas long as forthe alfesil
head.

120.ipsTests

Theruntime to achieve500/zin.of wearon the alfesil
-- AIfesil head track 5 was 154 hr. The run time to achieve 500

Metglas /fin. of wear on the UltrasilTM track 5 was 438 hr, or
-- Forsterite about three times as long as for the alfesil head. The

4----- s sa16 wear test was continued to 500 hr, and profilometer
recordingswere made of the tape contact area along the-- Low-wearalfesil gap linesof both stacks.

-- BeCuhalfhard The UltrasilTM stack exhibited much less scalloping
-- S.S.303 than the alfesilstack (fig. C-14).
-- MnZnferrite Readingswere made after 500 hr of use. The alfesil
-- Single crystal ferrite head exhibits 1000/tin. of wear and the normal 300 to

400/tin. of scalloping.The UltrasiFMhead exhibitsonlyI "<---"--_ Alumina
570 #in. of wear and about 50#in. of scalloping.

-- Polycrystallineglass
I ceramic Wideband Performance

I Frequency response of the UltrasilTM head is out-
standing across the entire bandwidth from 800 Hz to 4

FigureC-11.--Wear evaluationstack. MHz. Measured in voltage output, peak performanceof
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Alfesil ]

Metglas

Forsterite

S.S. 316

Low-wear alfesil ]

Be Cu half hard I

S.S. 303

Mn Zn ferrite _]

Single crystalferrite

Alumina Figure C-12,--Wear re-
suits,(Transport:Ampex

Polycrystalline J FR-3030;tape:l-in. Am-
glass ceramic paX797; speed:120 ips;

.... I , , , , I .... I , , , , I , , , , I tension:11oz;humidiW:
55 percent;radius:0.118

0 s00 1000 1500 2000 2600 in.;wrap:7°;andruntime:
Total wear, p.ln. 113hr.

y_ [_ _ Low-wear etfesil tips

Alfssil shields Glassceramicseparators

__ _ m mmmmmm-
mm_mmmm_

FigureC-13.--UltrasiI /glass_onstruction.
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Figure C-14.--Ultrasil" versusalfesil wearcomparison.(Transport:Ampex FR-3030; tape:
Ampex797;speed:120ips;humidity:50 to 55percent;andruntime:500hr.)

the UltrasilTM head occursat just under 1 MHz and ex-

hibits very shallow rolloff to 4 MHz. (See fig. C-15.) _.
OperatingCosts _

1_. o

The Ultrasil head is a very cost-effectivetechnology _
improvement.It is comparablein priceto analfesilhead _
yet has far greater intervals between replacement, the
result of longer life cycle. (See fig. C-16.)

Ultrasil" Hard-tipped

Conclusions head head

The harder materials used in UltrasilTM glass heads Figure C-16.--Comparison of operating costsforhard-tipped
havebeen shownto provide a wear reduction of 2 to 1 at andUltrasil" heads.

--10 -- _ 15ips and 3 to 1at 120ips compared with conventional

-20 -- _ \ hard-tipped alfesiI heads. The reason for the ratio dif-

"_ ferential between15and 120ipswasnot determined and"a -30 --

is a possible subject for further investigation.
-40 -- In both analog and high-bit-rate digital applications,

electrical and mechanical performance of the heads is
-so -- equivalentand usuallysuperior to that of conventional
-6o I I [ I I alfesilheads. Head surface undulations (scalloping)are

1 10 102 lm lc_ markedly reduced, assuring intimate head-to-tape con-
tact. Galvanic effects in the head-to-tape contact areaFrequency, kHz
are eliminated. Stiction is reduced. "Copper.carryover"

FigureC-15.--Frequencyresponseat 240ips. effect is greatly reduced, minimizingstaining problems.

SECTION 3-LONG-LIFE INSTRUMENTATION HEAD

Anthony Bucher
Odetics, Incorporated

For many years magnetic head technology concen- prime consideration so mechanical and metallurgical
trated largely on the improvementof the three dynamic factors that werevital to the tape-to-head interface were
factors that are desiredin head performance: frequency, largely ignored. Typical head life in those years was
amplitude, and phase response. Head life was not of anywhere from 50 to 250 hr.
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The next generation was what we now refer to as the
hard-tipped heads. These had an order of magnitude
improvement over previous technologies in signal

qualities and head wear. Thus, the 1000-hr head warran- Intertrack
ty era was ushered in by the head manufacturers, shield

During this same time a marked improvement in fer-
rite head technology was attained that could have
directed the industry into opportunities heretofore
unexplored. However, it largely remained the domain of Tipplate
only a few companies due to reasons that are beyond the
scope of this discussion. _;

Anodized

Increased life requirements necessitated further im- Core tip surface
provements on head wear from head suppliers, and the
next increment on warranties became 3000 hr.

Head Wear

Traditionally, failures due to headwear start to take _:_
place in between active tracks of a head assembly. The
softer material simply wears at a faster rate and causes a
"washboard" effect on the radius of the head. As this
wear progresses, it will start affecting the track edges
and from these ultimate failure will occur due to signal Core

losses. The visual effect is a flaring of the gap at the assembly Half
outer edges of the track, commonly called an "open" bracket
gap.

Remedy

On October 1, 1979, Omutec introduced a new
technology that allowed a conventional hard-tipped FigureC-17.--Componentsofhalfofamagnetiehead.
head to wear 3000 hr. Conventional here means that

nothing was done that interfered with any standards
that were set up by the industry, nor were any other matched with the half bracket and bonded together. The
parameters altered that are normally connected with two head halves with the tip plates in place are further
head design, such as trackwidth, radius, and shielding, submitted for flat lapping of the gap surface, and, in

Omutec's heads provide a hard wearing surface be- turn, carefully mated.
tween the track material and the intertrack shielding The intertrack shields are lowered into the slots pro-
material, thus preventing accelerated wear of that area. vided in the tip plates and the brackets, and the
The wear rate is still such that a minimum amount of assembly is back-filled with epoxy, cured, and submit-
scalloping takes place so that the tape "seats" properly ted for further processing, which includes removal of
on the track material and allows the air boundary layer the top layer of aluminum to expose the alfesil core tips.
of the tape to bleed off at higher tape speeds (120 and All this is done on lapping machines so no work harden-
240 ips), thus minimizing the flying effect of the record- ing of the magnetic materials used on the face of the
ing tape. head will occur.

As previously described, the problem of head life is
one in which the softer material of the tip plate and in-

Method terchannel shields is worn at a faster rate than the hard

Magnetic heads are manufactured in two opposing alfesil material in the core tips.
halves. Each carries a holding plate for the alfesil tips It is evident that a continuous surface of a greater and
commonly referred to as the tip plate. (See fig. C-17.) more consistent hardness at the tape contact area would
This tip plate is made of the same material as the half- lessen the "washboard" effect and slow head wear. Our
brackets, a high-grade aluminum. Through a series of solution to this problem was to develop a process
lapping procedures the top surface of the half brackets whereby any application of a special hard anodize to the
and the bottom surface of the tip plate are carefully bottom of each tip plate half would present a con-
brought to a finite degree of flatness. They a_e then tinuous hard wear surface. Anodization is applied by an
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electrolytic oxidation process in which the slotted REFERENCES
aluminum tip plate becomes the anode in an electrolyte
solution. C-I. Carroll,J. F.; and Gotham,R. C.: "The Measurement

of Abrasivenessof MagneticTape,"IEEE TransMagn.,
Head manufacture then proceeds in a more Or less pp. 6-13, Mar. 1966.

normal operational sequence. During the contour C-2. Ragle, H. U.; and Danid, E. D.: Considerations of
polishing operations the excess aluminum of the tip Head Wear in Magnetic Recording, Memorex
plate is removed, exposing both the hard alfesil core tips Monograph2, MemorexCorp., 1963.
and the hard anodized surface surrounding the gap sue- C-3. Cash, J.; and Pagd, R.: "Wear in RecorderHeads by
faces. Thus, when the head stack is placed in operation, MagneticTapes." Prec. VideoData Recording Cottf.,
the areas adjacent to the core tips are essentially the Inst. Electron. Radio Eng. (Birmingham, United
same hardness as the core tips, substantially reducing Kingdom),July 1976.
the "washboard" effect due to the abrasive nature of C--4. Buchanan, J. D.; and Tuttle, J..D.: "A Sensitive

recording media. This reduction, or slowing down of RadiotracerTechnique for Measuring Abrasivity of
head wear, has been accomplished without any head MagneticRecordingTapes." Int. J. of Appl. Radiat.
performance losses. The result has been to increase the Isotop. 19: 101-121,1968.
functional life of hard-tipped heads from approximately
I000 hr up to 3000 hr.



APPENDIX D

High-Density Digital Recording (HDDR) Users
Subcommittee Evaluation of Parallel HDDR Systems

R. S. Reynolds
SubcommitteeChairman

The HDDR Users Subcommittee was established by both high and low frequencies. On the low-frequency
the Tape Head Interface Committee (THIC) in end, NRZ systemsthat made good use of the upper fre-
November 1980to investigatethe feasibilityof selecting quency response ran into low-frequency components
a singleparallel HDDR codingschemeacceptableto the approaching de when long strings of "l's" or "O's"were
user community and to recommend to standards com- encountered in the data. Biphasesystems, on the other
mittees the adoption of the system as a standard. At its hand, nicely sidesteppedthe low-frequency limitations
charter meeting (November 1980) the subcommittee by having at least one transition per bit, but the same
adopted two main objectives: characteristic requires a bandwidth equal to the bit rate

to accommodate repeated "l's" in the data. To avoid
(1) To draft a letter to executivesof HDDR system these problems, the input data were modified or en-

suppliersvoicingthe concern of users regardingthe pro- coded in various ways. Among those who chose to use
liferation of HDDR coding schemes NRZ recording, Bell and Howell inserted a parity bit

(2) To implement action to define, if possible, a after each sevendata bits and employeda fixed pattern
single parallel HDDR standard and to recommendsuch of bit inversionto minimizethe possibilityof long inter-
a standard to ANSI X3B6 and to the Range Corn- vals without a transition. Sangamo (now Fairchild
manders Council (RCC) Telemetry Group (formerly Weston) employed a feedback shift register to "ran-
Inter-Range Instrumentation Group TelemetryGroup). domize" the input data to minimize long intervals

Over a 2-year period the subcommittee reviewed without a transition. The data could be recoveredupon
previousAmerican National Standards Institute (ANSI) playback through an identical feedback shift register.
X3B6efforts, revisedandredefinedparameters, reviewed Other manufacturers chose to work on the charac-
procedures with manufacturers, and queried users on teristics of phase modulation to reduce the upper band-
relativeimportanceof systemparameters. Basedon input width requirements. An early development was the
from manufacturers in early 1983, the subcommittee delay modulation (or Miller) code chosen by Ampex.
evaluatedthe sixHDDR systemsunderconsiderationand This scheme suppressed transitions after various com-
is preparing the final recommendation for THIC binations of input data bits, thus reducing the upper
consideration, bandwidth to about 75 percent of the input bit rate. The

delay modulation code still resulted in some long
BACKGROUND periods without transitionsandwas modifiedto "Miller

HDDR systems were developedin responseto the Squared"by Ampex, resultingin a "dc-free"code.
needof varioususersto recordhigh bit-ratepulse-code- By 1975enough HDDRsystemswerebeingprocured
modulatedtelemetrydata or digitizedinstrumentation that the questionof standardsin this areawas raised.
datathat couldnot readilybe bufferedandrecordedon The RecordersandReproducersCommitteeof the RCC
computer-typedigitalrecorders.The adventof 2-MHz Telemetry Group was approached by some of the
bandwidthanalogrecordersin the 1970'sgave impetus manufacturerswith the suggestionthat standardsbe
to HDDR schemes with bit rates well above 4 developed.At that timetherewas little or no usage of
Mbps/track. HDDRsystemsamongRCCmembers,andthe commit-

Earlyin the developmentof HDDRsystemsthebasic tee declinedto undertakethe task. About a year later
limitationsof magneticrecorderswere encounteredat the ANSI X3B6 Committee recognizedthat enough

281
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HDDR systems were in use or contemplated that stand- standard if carried through. Under ANSI rules, a veto
ards were desirable. Accordingly, X3B6 proposed to the by a committee member stops the progress of a standard
Standards Planning and Requirements Committee of until the problem that created the veto is resolved. In
ANSI that X3B6 undertake the preparation of HDDR this case, there was no prospect of resolving the issues,
standards. The project was approved and was started in so the standardization effort was shelved.
1977. The RCC Telemetry Group began to show some in-

The X3B6 Committee quickly found that the modula- terest in HDDR systems during 1977. Several of its
tion format or encoding of HDDR systems would be the members and associates participated in the X3B6 Users
most difficult area for standardization and, therefore, Group efforts. In 1978, Telemetry Standards
undertook to develop a three-part standard: (IRIG-106-77) was being reviewed for possible up-

dating, and it was felt that the next issue, due to be
(1) Unrecorded tape standards published in 1980, should contain a section on HDDR.
(2) Recorded tape standards The RCC representatives were mostly interested in con-
(3) HDDR codes verting one or several channels on a wideband analog
The first two parts were based on existing wideband recorder to serial HDDR service. Little need was seen

instrumentation recording standards and were not con- for full-blown parallel HDDR systems in the test range
troversial. However, each manufacturer advocated applications. A joint meeting between the RCC
standardization of his own code, and each discussed the Telemetry Group Recorders and Reproducers Commit-
merits of the particular scheme in technical presenta- tee and ANSI X3B6 was held in January 1979. At that
tions to the committee. As a result, X3B6 undertook to meeting it was decided that the RCC committee would
evaluate the merits of each coding scheme to try to ar- proceed to develop serial HDDR standards. The X3B6
rive at a best code for standardization. A users group Committee agreed to proceed to try to establish stand-
was established within X3B6 to establish the criteria for ards for parallel HDDR systems and to avoid the issue
evaluating the codes, of code selection by making the coding scheme optional

Several users who had been involved with large from among the contending systems. (By that time, a
system procurement proposal evaluation suggested a fourth code, PC 2,had been submitted for the considera-
formalized approach for the X3B6 exercise. This ap- tion of X3B6 by Martin Marietta Aerospace.) Based on
proach required establishing a list of system parameters results of the X3B6 studies, the systems favored by the
important to the use of the system, then defining a RCC Telemetry Group were biphase recording for up to
means of comparatively evaluating how well a proposed 15 kbpi and randomized NRZ for up to 25 kbpi. The
system approached the performance of an ideal system. IRIG Standard 106-80 was published in September 1980
The parameter values for all systems would then be pro- with the two codes included.
cessed to give an overall system evaluation. The method At the time of the November 1980THIC meeting, the
adopted by the X3B6 users was a multiplicative scheme following situation prevailed: RCC had published the
wherein each parameter was given a rating between 0 conservative serial HDDR standards in IRIG 106-80,
and 1. The numbers were multiplied to give an overall and ANSI X3B6 was proceeding to generate a standard
system evaluation number. Addendum A is an excerpt containing four optional codes that were not directly in-
of an X3B6 document explaining this method, terchangeable, although some manufacturers could ac-

After several surveys and many meetings of the Users commodate some other formats by switch selection.
Group, a list of 14 parameters was adopted. The per- At its November 1980 meeting the THIC Steering
formance "valuation function" of each parameter was Committee voted to try to give some impetus to HDDR
defined, and the importance of the parameter to the standardization by establishing a subcommittee of users
users was included as an exponential weighting factor only. The subcommittee was to be tasked to select a
for the parameter. The product of the 14 weighted coding system and to propose its adoption to ANSI
valuation factors then became the utility score for a X3B6 and to the RCC Telemetry Group. The THIC
system. Because the product of 14 numbers less than 1 membership approved the recommendation, and the
becomes a small fraction, the utility scores were nor- subcommittee was formed.
malized by taking the 14th root of the overall product,
resulting in a number nearer to 1 and esthetically more

pleasing. HDDR USERS SUBCOMMITTEE
By mid 1978 the X3B6 Users Group had evaluated the ACTIONS

three systems then in contention for standardization and
had made a preliminary suggestion to X3B6. However, During the subcommittee's charter meeting it was
the choice was not acceptable to all of the committee, decided that the ANSI evaluation scheme would be
and some members stated that they would veto the revived and that manufacturers or suppliers of HDDR
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systems would be invitedto participate in the evalua- margin parameter. Manufacturers were requested to
tion. A letterexplainingthe subcommittee'sobjectives conductfurthertestswith a subcommitteememberpres-
and approachwas preparedfor the THIC Chairman's ent. Conclusionof thesetestswillpermita final evalua-
signatureandsentto manufacturerswho wereknownto tion to be made.
be active in HDDR systemsin December 1980. (See
specimenletter,addendumB.)

In January1981HDDR subcommitteemembersmet CONCLUSIONS
with representativesof manufacturerswho had ex- The importance of careful definition of system
pressedinterest in participatingin the evaluation. In- parametersand correspondingtest procedureswhen
dividualmeetingswere held with people from five dif- evaluatingcomplexsystemshas been highlightedmany
ferent manufacturersto exploreopinions on how the times during this evaluation. The utility function
evaluationshould be conducted.A sixth manufacturer methodof rankingcontendingsystemsis verysensitive
askedto be consideredat the MarchTHICmeeting.As to small differencesin parametersconsideredmost im-
a resultof thesesessions,the parameterdefinitionsused portantto the evaluators.It also servesto immediately
by X3B6wererevisedto reflectthe limitationto parallel reject systems that do not comply with any of the
HDDR systems and to reflect significantdifferences parameters.It falls upon the evaluatorsto carefully
between1977and1981systems.Afterseveraliterations, define the weightsappliedto the valuation factorsso
11parameterswereretained.The list of parameterswas that a singleparameterdoes not completelydominate
submittedto subcommitteemembersand other users the evaluation.Evolutionof systemtechnologyoverthe
with a requestthat the parametersberankedin orderof spanof time takenby this exercisehas madeit difficult
their importanceto each user. Rankingswere from 1 to hold to originalobjectives.Errorcorrectionsystems,
(most important)to 11(leastimportant).Twoclassesof for example,have becomeuniversallyavailableandof
use were identified(rankingswererequestedfor either greaterimportancethan when the task wasstarted.
or both classes):

(1) A largenumberof datachannelswith mediumto HDDR USERS SUBCOMMITTEE
high datarates,modestbiterrorraterequirements,and
full reel recordingtime, The Subcommitteememberswere users or potential

(2) One or many high data rate channels requiring usersof HDDRsystems,andall werefromgovernment
somemixof high samplingrate,high amplituderesolu- facilitiesincludingthe NationalAeronauticsandSpace
tion, andfew (or no) bit errors. Administration, the Department of Defense, the

FederalAviationAdministration,and the Department
Recordingtimecouldbe from a few secondsto a full of Energy.

reel. Bill Poland, Chairmanof the ANSI X3B6 Commit-
Resultsof the usersurveywereused by the subcom- tee, was most helpful in providingbackgroundand

mittee to establish weighting factors for the 11 guidancefor applicationof the valuefunctionmethod.
parameters.Foreachsystemthe rankingswereaveraged Othersubcommitteememberswho enduredmanyhours
overthe numbersof responses,andthe averageranking of discussions and read through many iterations of
wasused to establisha weightingfactorwith a possible documents were Alan Montgomery, Ed Mack, AI
rangefrom 0.45 to 5.00 by the followingformula: Buschman,GeorgeRosset, PaulAsh, MarkSmith, Jim

Keeler, Don Tinari, EugeneLaw, Don Hust, and AI
Zupan. Their participation and contributions are

1"]" gratefullyacknowledged.

where W is the weighting factor obtained from the MANUFACTURER PARTICIPANTS

averaged ranking R. Parameter definitions and sug- The following manufacturers participated in the
gested test proceduresare shown in addendumC. HDDR evaluation:

In December1982the refinedparameterdefinitions
weresent to the six participatingmanufacturerswith a AmpexData Systems
requestthat valuationfactorsbasedon the correspond- Bell and Howell DatatapeDivision
ing test proceduresbe returnedto the subcommittee. FairchildWestonDivision, Schlumberge
Responses receivedwere satisfactory for all but two HoneywellTest InstrumentsDivision
parameters. The subcommittee felt that further tests Martin Marietta Aerospace
were required for the interchange signal-to-noise-ratio Thorn EMI Technology, Incorporated
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ADDENDUM A-DISCUSSION OF might be made dependent somewhat; V'----0.9is suggested. For
UTILITY FUNCTION AS AN Yes/No parameter:

EVALUATION TECHNIQUE_ v (Yes)= 1, v (No) = (arbitrary)

In cases where a selection between contenders is to be based 3. Define a weight W_for each value function. This weight
on evaluation of performance factors or parameters all of reflects the relative importance of the correspondingwhich must be maintained at a satisfactory level, it is useful to

parameter. The weight may be any positive number; for conve-
measure each contender's performance by means of a "Utility nience, unity weight may be chosen as the point of departure.
Function" derived from weighted parameter ratings. This A weight greater than 1 has the effect of diminishing values of
technique can have the property that, irrespective of the the value function which are substantially less than 1, while
number of parameters entering into the evaluation, one having little effect on values close to 1. A weight less than 1
substandard rating for any one parameter will eliminate a con- brings all values of the value function closer to 1 but has a
tender, no matter how high his ratings in the other parameters, small effect on those values near 0. In this way, weights greater
The technique also provides a means for applying weights to than 1 tend to eliminate contenders with low value functionsthe various parameters to reflect their relative importance in
the evaluation, more rapidly than lower weights, and conversely. Guidelines

for assigning weights are to be found in appendix A [not in-
The basic approach is: select parameters, define a normai- eluded in this publication].

ized value function for each parameter, and determine a 4. For each parameter, compute each contender's value
weight for each value function. Then for a given contender a rating ru; i.e., compute the weighted value for the jth con-weighted value rating is obtained for each parameter. In the
approach discussed herein, these value ratings are multiplied tender's performance with respect to each ith parameter:

together to produce the contender's final "utility" score. The R_ = [ V,(Pu)] w,contender having the highest score is selected. Both value func-

tions and utility scores are so defined that they fail between 0 5. To determine the utility score Uyfor the jth contender,
and 1, and the weights are in the form of exponents ratherthan multiply together all the entries i = 1 through i = n injth col-multipliers.

umn of R's (see also comment (c) in the Properties section
The approach outlined is not totally "objective"; in fact, it is below and the section on normalization):doubtful that such an approach could be defined. Judgmental

factors enter into the procedure at three points: in choosing

parameters, in defining value functions for the parameters, Uj = _" R_i = _ [V,(Pu)] w,and in establishing weights for the value functions. All other i = i i- 1

parts of the procedure are arithmetic. The judgmental factors,
once chosen, are applied equally to all contenders (however, 6. These utility scores for the contenders lie between 0 and
care must be taken that they are not chosen so as to arbitrarily 1. The contender having the score closest to 1 is selected.
favor some contenders).

A principal characteristic of the approach is that it permits Properties
exposure of the major steps of the selection process to quan- In contrast to a multiplicative system such as that described
titative examinations by all interested parties, above, an evaluation technique which adds weighted factors

The procedure for obtaining utility scores consists of the suffers from the difficulty that only one or at most a few fac-
steps listed below; guidelines for precision in carrying out the tots can have a decisive individual influence on the final score
computations are to be found in appendix B [not included in no matter what weighting factors are used. An example was
this publication], provided by an actual magnetic recorder/reproducer procure-

1. Define parameter categories Pi for all relevant aspects of ment based on a specification containing about 90 quantitative
the evaluation (for easy interpretation of the results, a mutual- requirements. It was found during the evaluation of proposals
ly exclusive set is desirable). The parameters may have any that a contender whose system failed to reproduce any signal
range of values, including negative values. The parameter whatsoever could quite possibly win the competition if he
value in the ith category for the jth contender is Po'. scored well in other areas, in spite of heavy weighting for

2. Define a value function V_(P) for each parameter. The signal reproduction, and it was found necessary to depart from
value functions all range in value between zero and one: the pre-established scoring technique. The greater the number

of factors, the smaller the effect of most individual factors in0_ Vl< 1 (see section on Value Functions below). If there is a
threshold value for a parameter beyond which the system per- an additive approach, no matter how important they may be.
formance is rendered unacceptable, the value function for that The utility function technique has the following properties
parameter should be set to zero beyond threshold. It is worth noting:

desirable to normalize the value function so that average or a) The final utility score for a contender cannot exceed his
reasonably acceptable behavior fails at a chosen level "-Vfor lowest weighted-value rating.
each parameter (see Value Functions section below). This level b) When a parameter value is in the highly satisfactory

range, the corresponding value function approaches 1, and the
_Excerptfrom "Discussionof Utility FunctionsAs an Evaluation parameter does not materially affect the utility score; i.e., the
Technique,"ANSI X3B6/299R1978-10-11. utility function technique effectively sets aside parameters
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whicharehighlysatisfactoryanddirectsattentionto thosethat usuallypreferableinevaluatingsystemsto chooseparameters
are marginalorunsatisfactory.A factorwhichfar exceedsthe representingexternalperformancecharacteristicsratherthan
acceptableleveldoesnot compensateforone whichis sub- internalor fabricationcharacteristics.
standard. An inactiveparametermaybeomittedoritsvaluefunction

c) If theweightingfactorsW_areallmultipliedbyapositive maybesetto unitywithoutaffectingthe finalresults.
constantgreaterthan1,theeffectisto altertheseparationbe- Thenumberof parametersinvolvedin an evaluationmay
tweenutilityscoreswithoutchangingtheranking.Thiseffect affecttheutilityscorebutdoesnotofitselfhaveanyeffecton
is reversedfor a multiplierbetween0 and 1;i.e., scoresare ranking;i.e., introductionof a newparameterforwhichall
compressedbut rankispreserved.However,if it is desiredto contendershavethesamevalueratingmaychangetheutility
bringthe finalscoresbackinto the samenumericalrangeas scoreexceptas indicatedin (c) abovebut doesnot change
thevaluefunctions,irrespectiveof thenumberof parameters rankingamongcontenders.
used,itmaybe desirableto divideWabyn (referto thesection
on normalizationbelow). ValueFunetions

d) Ifdesired,the logof the valuefunctionscanbeusedin-
steadof thefunctionitselfinarrivingattheutilityscore.If this Thefiguresprovidea fewexamplesof valuefunctionswhich
is done, all valueson the verticalaxis [fig. D-I] become maybe useful.Sincea high degreeof precisionin shaping
negative,zerobecomes- oo, andweightsbecomemultipliers valuefunctionsordinarilyis not needed,thetwoconstants,Do
of basicfactorratinglogarithms.Theseweightedlogsarethen and Pxand theshapefactorN usuallyprovidesufficientflex-
addedto obtainthe logof the utilityfunction.Useof the log ibilityto fit thesefunctionsto a givenapplication.Whatever
scalein placeof directrepresentationis merelystenographic functionisusedas thevaluefunctionmustbe confinedto the
anddoesnotaffectranking, range0 __V__ 1withintheentirerangeofthecorresponding

e) Thresholdcriteriashouldbe appliedto givenparameters parameterP_.(Seefigs.D-2 toD-6, forexample.)
atthevaluefunctionlevelratherthanto thescoreasawholeat
the utilityfunctionlevelof the evaluationif the threshold WeightingFactor
criterionisto be keptinsensitiveto varyingchoiceofweighting TheweightingfactorWtprovidesemphasisforrelativeim-
functionsandnormalizations, portanceamongnormalizedvaluefunctionssoasto represent

the effectof thevariousparametersin accordancewiththeir
ParameterValues relativeimportance.AppendixA [notincludedin thispublica-

The choiceof parametersgenerallyshouldavoidoverlap tion]givessomeguidelinesforchoosingweights.
with respectto performancecriteria;i.e., the parameters
shouldbe a mutuallyexclusive,but not necessarilyan ex- Thresholds and Decisions
haustiveset. Ifthisisnotdone,theredundantfactorsmayin- Thresholdcriteriaforindividualparametersmaybeapplied
advertentlybe givenan undueemphasisin the finalscoring, by, in effect,multiplyingthe valuefunctionby a unit step
and thisemphasismaybehardto detect.Forthisreason,it is function.Approximatelythe sameresultmay sometimesbe
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increasingwithP. N > O;PT undefined.V ;V= {1-t-(I/9)[(P - Figure D-6.--Weighted decreasing asymptoticvalue functions.
Po)/(Px - Po)]-_ -w. Vw = {1 + [(P - Po)/(Px - Po)]_ -w.

1 .__._ obtained by suitable choice of normalization; e.g. [in figures
___ _/w= 1 D-3 and D-4], choosing a large N effectively sets a soft

g 0.9 ._-..,,,_=,r_"__N< thresholdatP-Px."_ 1 The level of the value function at P - Px is unaffected by
/V=l \ \\ tN >1. "_. the magnitude of N but the shape of the function is strongly

-== _i _,_ _ affected. On the other hand, the basic shape of the function is

_ _N----1 _ not changed by the weighting constant W, but the level of the
0.3 -- _ weighted value function at all points on the value axis, in-

w? cluding the weighted value for P - Px, is controlled by IV.o L_I

po p, Normalization

Parameter P The application of large weighting factors can produce in-
Figure D-4.--Weighted sigmoid value functions monotonically dividual ratings Ro which are very small numbers. Also, Uj

decreasing with P. N > 0;PTundef'med. VW= {1 + (1/9)[(P - depends on the number of factors n that it contains. If these
Po)/(Px- P0)]N}-W. conditions are considered undesirable, they can be improved

by a minor redefinition of the utility and rating functions:

R,_= [V,_P0.)]w,'"
1

,LR.= [v,(,o,,)]..,,.i-l

_. This change has the effect of bringing Uj to a value closer to
ru N= 1, W=1 1. There is no change in relative ranking resulting from this
-_ redefinition.

0.5

o< N< 1 ADDENDUM B
.7:
.-_ 12 December 1980

Mr. J. Jones, President
> 1 HDDR Manufacturing Co.

United States
o

Po P, Dear Mr. Jones:

ParameterP The Tape Head Interface Committee (THIC) is an informal
association which provides a continuing forum for interchange

Figure D-5.--Weighted increasing asymptotic value functions, of information between users and manufacturers of in-
l/w= (1 - 1/{1 + [(P- PO)/(Px- P0)]_) W. strumentation magnetic tape recording systems and magnetic
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tape concerning problems arising at the tape/head interface, Results of the evaluation will be used as a point of departure
and techniques, including advances in the state-of-the-art, in the preparation of a users recommendation to standards
available to solve such problems. Your support of THIC and committees (ANSI and IRIG) for generation of an HDDR
participation by your people in THIC activities is very much recorded tape interchange standard with as few format options
appreciated, as are found to be feasible.

At its November 18 meeting in Maryland, THIC formed a You are invited to submit the 14 required parameter values
Subcommittee of HDDR system users. Each member of the in the requested format, based on your most current HDDR
Subcommittee represents a single government agency which is system data, to the THIC/HDDR Users Subcommittee Chair-
now using high-density digital recording systems or expects to man at the address below prior to January 5, 1981. As an alter-
be procuring systems to meet defined requirements, native, you may choose to meet with the Subcommittee

The Subcommittee has two major objectives: (1) to convey (without other suppliers present) in Pasadena during the week
to the HDDR system development and manufacturing in- of January 12 at a time not conflicting with scheduled ISO or
dustry the deep and urgent concern of the users over the pro- THIC functions. If you choose the latter course, a time must
liferation of HDDR coding techniques; and (2) to attempt to be prearranged with the Subcommittee. If you choose not to
find an approach which will eventually result in a single reply, the Subcommittee will assume your system should not
American National Standards Institute (ANSI) standard-ac- be considered in the evaluation.
ceptable to users and manufacturers- for the interchange of If you need further information or have: questions on this
HDDR tapes without intermediate code conversion, matter, please contact:

As you are aware, the ANSI X3B6 Committee has been and R.S. Reynolds
is currently in the process of developing a standard which in- Chairman, THIC/HDDR Users Subcommittee
eludes: (a) IRIG-compatible serial bi-phase and randomized Sandia National Laboratories

NRZ codes at conservative bit-packing densities; (b) 33 kilobit- Organization 1535
per-inch serial Randomized NRZ (Sangamo Weston), En- Albuquerque, NM 87185
hanced NRZ (Bell & Howell), and Miller Squared (Ampex)
codes; and (c) 33 kilobit-per-inch-per-track parallel Random- Phone: (505) 844-4435
ized NRZ, Enhanced NRZ, Miller Squared, and Pattern Com- Sincerely yours,
patible Code (Martin-Marietta). This standard will be pre-
sented to the international community as a working paper for C. Don Wright,
consideration as an International Standard at the January 1981 Chairman, THIC

meeting of the International Standards Organization's ISO RSReynolds:amc
SC-12 Committee. At least three other manufacturers have Attachments
asked that their codes be considered for standardization and
others have been proposed. For agencies faced with the need
to reproduce data from many formats, the situation is becom-
ing impossible to manage (and finance). ADDENDUM C-THIC HDDR USERS

To get a start on its second objective, the THIC/HDDR SUBCOMMITTEE PARALLEL HDDR
Users Subcommittee proposes to make use of the approach SYSTEM EVALUATION PARAMETERS
used by the ANSI X3B6 Users Committee in 1977-78 to
establish a relative ranking of the three codes which were then AND SUGGESTED TEST PROCEDURES,
candidates for the ANSI Standard. The X3B6 effort was OCTOBER, 1982
suspended when some of the manufacturers represented on The following guidelines and evaluation parameters with
X3B6 could not accept the preliminary conclusions of the associated suggested test procedures will be used by the HDDR
Committee. This "Utility Function" evaluation method, Users Subcommittee of THIC in preparing a recommendation
adapted from strategies used by some agencies in evaluating to ANSI X3B6 and the RCC Telemetry Group for parallel
and ranking complex technical proposals,.was felt to have HDDR Standards.
merit as a starting point for the THIC Subcommittee. The list

of system characteristics to be considered are parameters 1. Evaluation Ground Rules
which were generated by the ANSI Committee and which sur-
vived many iterations of the evaluation. An explanation of the 1.1 A l-in. 14-track HDDR system is presumed. Only
Value Function approach, lists of evaluation parameters, and parallel HDDR systems of ANSI X3B6 categories
definitions are attached. One of the important tasks of the B and C are considered.
Subcommittee will be to review and define weighting functions 1.2 Unless otherwise noted, an I 1-bit pseudorandom
to be applied to the Value Functions in the evaluation. In the noise (e.g., see attachment 3) is to be used in
years that have elapsed since the ANSI evaluation stopped, establishing performance levels. Data output er-
new codes have evolved and systems previously considered rots must not exceed 1 in 10' information bits.
may have been improved. The Subcommittee therefore plans The maximum tape speed considered for the
to evaluate all candidate existing and proposed HDDR codes evalution is 120 ips. Minimum speed considered is
with the most recent data obtainable. Only the 33 kilobit-per- 1_/8ips.
inch categories will be considered, with emphasis on parallel- 1.3 Two general classes of use with differing re-
track formats, quirements are identified: (1) a large number of
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data channels with medium to high data rates, vals without a flux transition that can occur on
modest bit error rate requirements, and full reel any track of a parallel system.
recording, and (2) one or many high data rate

channels requiring some mix of high sampling Test Procedure: Determine by analysis the max-
rate, high amplitude resolution, and few (or no) imum number of encoded bits that can occur

bit errors. Recording time may be from a few without a transition in the recorded signal. The
microseconds to a full reel. reciprocal of the quantity so obtained is used as

1.4 Conformance to ANSI patent policy is assumed the value of this parameter. The worst-case input
and is, therefore, not listed in the parameters for for each code must be assumed, however im-
this evaluation. (See attachment 4.) probable. Raw NRZ, for example, can extend

from one synchronization word to the next with

2. Parameters no transitions.

2.1 Longitudinal Packing Density Value Function: Increasing weighted exponential
(see sec. 2.1) where

Definition: Longitudinal packing density is the
average effective density of source data bits per
lineal inch of tape, per track. Po = 0

Px=l
Note: This parameter represents the number of
bits per inch per track of the NRZ source data ir- N = 0.025
respective of the number of flux transitions ac-
tually recorded, with the additional limitation that 2.3 Recovery From Burst Errors (Longitudinal

Without Bit Slip)the number of flux transitions must not exceed

33V3ktpi. Bits required strictly for parallel system Definition: Recovery from burst errors without
operation, such as deskew or parallel synchroniza- bit slip is the number of information bit periods
tion words are considered data bits for this required by a system to restore normal operation
parameter, after an error burst, assuming bit synchronization

is not lost. "Normal" implies that the expected in-
Test Procedure: Using Ampex 799 type tape, terval before the next bit error is 106bits.
operate one serial track at 120 ips with the max-
imum recorded packing density (see preceding Test Procedures: Determine by analysis.

paragraph). Record and reproduce an l 1-bit Value Function: Weighted decreasing asymptoticpseudorandom test pattern for a continuous run
of at least 109 bits and measure error rate. Re- r 1 w

wind, replay at lowest tape speed consistent with V = [ I 1t o ame orn,o  ion2Ift  rseos ows +(" "oerrors in excess of 10-', reduce the packing density , Px -+ Po /

about 10 percent and repeat. When the error rate
is met, compute the effective packing density, where

(Selection of a particular roll of tape is allowed Po = 0 data bit periods
for this test.) Px = 250 data bit periods

N=I
Value Function: Increasing weighted exponential

2.4 Recovery From Burst Errors (Longitudinal

V= [( P-Po ),,]w With Worst-Case Bit Slip), Px Po
Definition: Recovery from burst errors with

where worst-case bit slip is the maximum number of in-
formation bit periods required by a system to

Po = 0 data bpi reestablish normal operation beginning with the
Px = 33V3 x 103ftpi establishment of transition timing after an error
N = 1 burst during which bit synchronization was lost.

Pr(threshold) = 15 x 103data bpi If recovery depends upon the eventual occurrence
(P < Pr) -- V = 0 of a synchronization word, the synchronization

word spacing must be consistent with that used in
2.2 Minimum Transition Density Measured in a section 2.1.

Parallel System

Definition: Minimum transition density is the Test Procedure: Determine by analysis. This
reciprocal of the maximum number of bit inter- parameter represents the maximum number of
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bits requiredbefore data sequencesessentialfor 2.7 Record/Reproduce Speed Ratio
decodingcan be guaranteedto appear,or before
erroneousdatasequencescanbeguaranteedto be Definition: The record/reproducespeed ratio isthe ratioof themaximumrecordto the minimum
interrupted,so as to permit,in eithercase, suc-
cessful decoding. This parametercan never be playbackoperatingspeeds at which all perform-
smaller than that in section2.3. ancecriteriaare met (e.g., 120 + 1_ = 64).

Test Procedure:Determineby analysis.
ValueFunction: Weighteddecreasingasymptotic
(seesee. 2.3)where ValueFunction: Increasingweighted exponential

Po=0databitpe riods V = [ ( P-P° )N ] v"Px = 512data bit periods Px Po
N=I

where

2.5 Pattern Sensitivity (Parallel) Po = 1
Definition: Thesystemis patternsensitiveif apat-
tern of data bits (repetitiveor not) can be found Px = 64
that when recordedby a parallel HDDR system N = 1/6
will causeexcessivebit errorsor will significantly

reduceinterchangemargin. 2.11 Polarity Insensitivity

Test Procedure: Using the output of an I1-bit Definition: Polarity insensitivityis that property
counteroperatingat 1Mbpsas data inputto the of apulsecodemodulationcodethatrendersitin-
HDDR system, read out each counter level (in- sensitiveto signalpolarityreversal,suchas might
eludingall "O's"and'Ts") 1000timesandrecord occur with miswired magnetic head windings
at 33Aips. Reportanypatternthat resultsin a bit (e.g., NRZ-Mis polarityinsensitive).
errorrate(BER)of 10-6or worse. Test Procedure:Determineby analysis.

ValueFunction: Yes/No ValueFunction: Yes/No

V (yes) = 0.7 V(yes) = 1
V (no) = 1 V (no) = 0.9

2.6 Reverse Play 2.9 Interchange Signal.to.Noise Ratio Margin
Between Record and Reproduce

Definition: Reverseplaycapabilityrequiresability
to play back a given tape in either direction Definition: The interchangesignal-to-noiseratio
withoutmanualadjustments. (SNR) margin betweenrecordand reproduceis

the excessSNRavailableat the reproduceoutput
Test Procedure: Determineby analysis.A "yes" that resultsin a BERof 10"6.
ratingrequiresthepresenceof the following: Test Procedure(seefig. D- 7):

(1) Reversesynchronizationworddetection 2.9.1 Record on two tracks of the HDDR
(2) Reverseequalization recorderwithno digitalsignalappliedto the
(3) Reversesignalpolarityaccommodation recordhead.Allotherrecordconditionsare
(4) Processingof overheadbits in reverse to be maintained. Reproduce at the
(5) Attainment of synchronizationto correct minimum tape speed obtained in section

clock 2.7. Measurethe noise power output of
both tracks.The poweroutputof the first

All theabovemustbe automaticallyselectedorbe trackis N; that of the secondtrackis KN.
directionindependent. (The noise powerand noise spectraof the

two tracksmustbe similar.)
Note: The forward and reversespeedsavailable 2.9.2 Recorda serialbit streamon the firsttrack
must be operablein any combination.Reverse at the maximumbit packingdensitydeter-
play must be compatiblewith the tape speeds minedin section2.1 whilerecordinga zero-
discussedin section2.7. level input on the second track. While

reproducingat the minimum tape speed
ValueFunction: Yes/No fromsection2.7, sumthe analogoutputof

V (yes) = 1 the secondtrackwith the output of an at-_.....
V (no) = 0.9 tenuatorinsertedbetweentheoutputof the
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signal TrackX TrackX Output noise
input record reproduce power Power= Nmeasurement"

IZer°I F''esignal _ TrackY Track Y Output noise
input record reproduce _ power Power----KNmeasurement

(a)

density Track X Track X

serial record reproduce
bit stream Attenuator

signal Track Y Track Y
input record reproduce

measurement

FigureD-7.--InterchangeSNRmargintestsetup.(a) Determinationof noiseratioof two
tracks(factorK). (b)DeterminationofinterchangeSNRmargin.

first track and the summingcircuit.At- 2.10 ErrorDetection
tenuatethe signalfromthefirsttrackuntil (Seealsosec.2.11.)
the BERisapproximately10-_.(If theBER
is no greater than 10-6with no attenuation, Definition: Error detection is that property of a
the marginis less than 3 dB,and the system code (E-NRZ [Datatape,Incorporated],M2
under test has insufficient margin for inter- [Ampex Corporation], R-NRZ [Fairchild Weston

Systems Incorporated], PC 2 [Martin Marietta],change.) For an attenuation of A dB, as
measured above, 3PM [Thorn EMI Technology Incorporated], or

PROP [Honeywell]) that permits detecting all
10-_/lo single-bit errors.

SNR°umut_ K + 10-'_110

Test Procedure: Determine by analysis whether
and the excess SNR is approximately the code contains the necessary properties to sup-

k port detection of all single-bit errors.10 log 1 + _ dB
I0"at'° Value Function: Yes/No

Value Function: Increasing sigmoid V (yes) = 1

w V(no) = 0.9

V= 1

1 (P- _o)-N 2.11 ErrorCorrection
1 + -_ Px (See also sec. 2.10.)

where Definition: Error correction compatibility, if
present, permits correcting all single-bit errors in a

Po = 3 dB serial word and some multiple errors by making
Px = 10 dB use of redundancy in the recorded signals. To be
N = 2 "compatible" the system must permit the incor-
Pt = 3 dB poration of error correction at no increase in
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overhead beyond the addition of one or more Data configuration
parity tracks to the parallelsystem.

I. Serial PCM A, B, C
Test Procedure: Analysis may be used to show 2. Parallel PCM B, C
that the codeas formatted on tape bythe systemis
compatiblewith error correction. Packingdensities

1. 15 to 25 KTI A, B
ValueFunction: Yes/No 2. 15to 33.33 KTI C

V(yes) = I
V (no) = 0.9 Recorder/reproducer

1. Wideband Analog Service A

Attachment 1-Categories of High Density 2. Wideband Digital Service B, C

PCM Recording and Cross-Play Criteria2 Adjustments between routine maintenance

Threecategories-A, B, andC-of high densityPCMre- 1. No adjustmentsafter standardsetup A, C
cordingperformancearecoveredin this standardas defined 2. Fineadjustmentsallowedfor individual B
below, tapereproduce

CategoryA. This categorycoversSerialHigh DensityPCM 3. Fineadjustmentsallowedfor tapetype B, C
recordingperformanceusing 14-trackanalogl-inch headsof andrecordmode
Table3-4on widehand(2 megahertzat 120inchespersecond)
analogrecorder/reproducersadjustedfor analogserviceand Record gap length

usingstandardrecordhead gap lengths. 1. 85 + 20 micro-inches A, B
2. 20 + 5 micro-inches C

Category B. This categorycoversSerialor ParallelPCM
Recordingperformanceusing 1-inch 14-track,28-track,or Record mode
42-trackheadson wideband(2megahertzat 120inchespersec-
ond) recorder/reproducersadjustedforoptimaldigitalservice 1. With bias A, B
usingbiasornon-biasrecordingtechniquesandusingstandard 2. Withoutbias B, C
recordgap lengths. Since this categoryallows both bias and
non-bias recording,a significanttolerancespreadin record

gap lengths, and a significanttolerancespread in magnetic Attachment 3-eseudorandom Test Pattern4
tapeuniformity,interchangepartiesshouldbe awarethat fine

tuningmaybe necessaryon thereproducingmachineto realize 2.1.1.3.3.3 Procedure:
the full performanceof any individualtape.

2.1.1.3.3.3.1 It is recommendedthat a PN [pseudorandom
Category C. This category covers ParallelHigh Density noise] test patternbe utilizedwheneverpossible.Onereason

PCM recording performance using wideband recorder/ for this is that a PN sequencecan be generatedand synchron-
reproducersequippedwith optimizedrecordgap lengthsand izedeconomicallyby a shift registerwith feedbackconfigured
special digitalelectronicsusing non-biasrecording.For this for a maximumlength sequence.The numberof positionsin
category,packingdensitiesabove 25 000 flux transitionsper the shiftregisterand the feedbackconnectionsuniquelydeter-
inch maybe used. mine the test patternwhich has been adoptedby rangesand

usersand allowstheexchangeof testdatawithoutambiguity.
See the following table for a summaryof performance Inthisconnectionan 1l-positionshift registeris recommended

categoryversusimportantrecordingparameters, with feedbacksummedmodulotwo frompositions9 and 11.
The sequencewillbe2047bits longwhichcorrespondsroughly
to the framelengthsusedfornonreturnto zero(NRZ)and ex-

Attachment 2- Summary of Performance ercisesthe low-frequencyresponseof elementsof the system.
Category Versus Record Parameters 3 This is importantbecausewithNRZthe lackof d.c. response

causeszero wanderof the bit streamin accordancewith the

Recordingparameter Performance fractionalamountof near-d.c,powerlost. In addition,the se-
category quencewillcontain11binary"l's" followedby 9 binary"O's",

Track densities, one inch tape thusexercisingthebitsynchronizerwith only1NRZtransition
in 19bits, 3 in 29 bits, 5 in 39bits, 7 in 49 bits, etc.

1. 14tracks A, B, C
2. 28 and42 tracks B, C

4From Telemetry Group: Test Methods for Telemetry Systems and
2From "HDDR Recorded Tape Standard," ANSI X3B6 403R. Subsystems. IRIG 118-79, Vol. IV, Inter-Range Instrumentation
J From ANSI X3B6 403R. Group, May 1979.
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Attachment 4-ANSI Patent Policy s whether or not the patent situation would disqualify the stand-
ard for consideration.

7.4 Patents. There is no objection in principle to drafting a 7.4.2 A record of the patent holder's statement (and a state-
proposed American National Standard in terms that include ment of the basis for considering such terms and conditions
the use of a patented item, if it is considered that technical free of any unfair discrimination) shall be placed and retained
reasons justify this approach, in the files of the Institute.

If the Institute receives a notice that a proposed American 7.4.3 When the Institute receives from a patent holder
National Standard may require the use of a patented inven- assurance set forth in 7.4.1(1) or (2) the standard shall include
tion, the procedures in 7.4.1 through 7.4.4 shall be followed, a note as follows:

7.4.1 Prior to approval of such a proposed American Na-
tional Standard, the Institute shall receive from the patent The user'sattention is calledto the possibilitythat compliancewith
holder (in a form approved by the Institute) either: assurance thisstandard mayrequire useof an inventioncoveredby patent rights.
in the form of a general disclaimer to the effect that the Bypublicationof thisstandard, no position is taken with respectto

the validity of this claim or of any patent rights in connectionpatentee does not hold and does not anticipate holding any
United States patent covering any invention whose use would therewith.The patent holder has, however, filed a statement of will-

ingnessto grant a licenseunder these rights on reasonable and non-
be required for compliance with the proposed American Na- discriminatoryterms and conditions to applicants desiring to obtain
tional Standard: or assurance that: such a license. Detailsmay be obtained from the publisher.

(i) A license shall be made available without compensation No representationor warrantyis madeor impliedthat this is the on-
to applicants desiring to utilize the license for the purpose of ly licensethat may be required to avoid infringementin theuse of this
implementing the standard, or standard.
(2)A licenseshallbe made availabletoapplicantsunder

reasonabletermsandconditionsthataredemonstrablyfreeof 7.4.4The Instituteshallnotberesponsibleforindentifying
anyunfairdiscrimination, allpatentsforwhichalicensemay berequiredbyanAmerican
The termsand conditionsofanylicenseshallbesubmitted NationalStandardorforconductinginquiriesintothelegal

to ANSI for review by its counsel, together with a statement of validity or scope of those patents which are brought to its at-
the number of independent licensees, if any, which have ac- tention.
cepted or indicated their acceptance of the terms and condi- 7.4.5 Compliance with the procedures in 7.4.1 through 7.4.4
tions of the license. On the advice of Institute counsel the Ex- is mandatory for Institute approvai of a proposed standard
ecutive Standards Council shall determine, prior to approval, that may require use of a patented item.

sFrom "ANSI's Patent Policy." App. D of ANSIProcedures for the
Development and Coordination of American National Standards,
Mar. 30, 1983.



APPENDIX E

Care and Handling of Magnetic Tape Heads
The Headwear Advisory Committee

of the Tape Head Interface Committee

The information in this appendix is intended for of an inch in tape/head separation can cause a signifi-
general use by users of magnetic tape recording heads. It cant decrease in output. Some of the factors infuencing
does not replace information or instructions provided the rate of head wear are described in the following
by a manufacturer, paragraphs.

Tape heads have changed significantly over the past
10 years. Increased packing density has required per- Head Alignment
formance improvements and the resolution of wear
problems. Tape heads are the most costly component in Head alignment is a critical factor in controlling headwear. When heads are manufactured, the mounting sur-
a tape recording system. It is important to understand face and tape contact surface are held perpendicular to
what causes them to fail and how they should be han- each other within 1 arcmin. If the head is tilted relative
dled to extend their usefulness.

to the tape path, one side of the head will wear faster
Generally the tape contact surface of the head is most than the other. If the head is not aligned for accurate

susceptible to damage, but the mounting surface and
tape wrap, the result will be nonsymmetrical wear. This

pins or cable are also easily damaged. For the purpose will eventually cause loss of output and failure.
of this document, handling damage will be defined as
damage caused by either of two categories:

Tape Tension
(1) Wear at the interface occurring while installed

in a computer tape drive or instrumentation recorder Tape tension must be accurately adjusted for proper
(2) Mishandling during installation, cleaning, or performance. Too little tension will cause the tape to fly

removal of a head from a recording device, over the heads and decrease signal amplitude. If there is
too much tension, the wear rate will increase and

HEAD WEAR shorten the life of the head.

The tape/head interface is critical to the performance Tape
of a tape recording system; therefore, a significant fac-
tor for improving or extending performance is to con- Tape is a variable that is not easily controlled.
trol variables affecting the interface. The variables in- Abrasivity can vary drastically from one type of tape to
clude tape tension, tape speed, tape guiding, head con- another. If a tape is too abrasive, it will accelerate head
tour, surface material, and environmental conditions, wear. Insufficient abrasivity will permit oxide and other
Understanding the interrelationship among these fac- materials to build up on the surface of the head. Ira-
tots can help explain many of the reasons for head proper storage and handling of tape can also cause a
failures. One factor affected by all of the variables at variety of problems. Rapid temperature or humidity
the interface is the degree of contact required between changes in a storage area can alter the oxide and cause
the head and tape. The tape must remain in intimate performance problems. If the oxide surface becomes

• contact with the head to sustain adequate performance, contaminated by exposure to cleaning solvents, con-
As a result of this contact, head wear begins as soon as a taminants can be transferred to the surface of the head,
head is exposed to tape. As the surface of the head causing tape/head separation problems. Tape must be
wears, the interface changes. The changes that take handled carefully so that fingerprints, dust, and other
place can cause the tape to separate from the head. In contamination are not transferred to the oxide surface
high-density recording, an increase of a few millionths during installation of a reel. Tape reels should be

293
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carefully inspected. Cracked or warped reel flanges bumped or dropped. One side of the head shifts, caus-
cause tape to stack improperly and can cause tape edge ing a step at the gap. Tape is then separated from the
damage. New tape is contaminated and consequently core surface by the amount of the step, causing a
highly abrasive. All new tape should be degaussed and decrease in output. Core undercut is a condition in
cleaned before being used. which the core material wears faster than the harder

material on either side of the core. The tape is in contact
Tape Head and Tape Path Cleaning with the harder material so it becomes separated from

Frequent cleaning of the tape head and tape path can the core surface and the gap.
help significantlyin maintaining performance. Removal Handling damage to the tape heads can occur
of contamination from head surfaces will decrease fric- whenever a head is not in its protective container. When

heads are removed, they should be handled carefully
tion between tape and the head. Solvents recommended

without touching the head stacks. Only the base plate
by the drive manufacturer should be used to dean the should be handled. Heads are most vulnerable to
head and tape path. Devices used to apply the solvent
should also be approved and used carefully. Only soft, damage during installation or removal from a tape
lint-free materials should be used to clean the surface of drive. Heads damaged during installation or alignment

the head. Any hard material can cause microscopic may perform sufficiently for many hours before the
damage causes the drive to fail. Unfortunately, manyscratches and increase the rate of head wear.

The tape contact surface of a head is a smooth, highly heads are not checked for handling damage when they
polished surface. This smooth surface is necessary to fail. Consequently, many types of handling damage are
reduce friction between the tape and head and to allow not found and the problem continues.

Use of the following guidelines may help in prevent-intimate head/tape contact. Scratches or other damage
to this precision surface may allow microscopic oxide ing handling damage to tape heads:
particles and airborne contaminants to accumulate on (1) Use only authorized solvents and cleaning devices
the surface. Eventually, accumulation may cause to clean the tape head.
head/tape separation and loss of output. (2) Never tap or pry (however lightly) on any part of

the head.

MISHANDLING (3) Never apply any hand tools to the head or screws
contained within the head.

One of the major causes of surface damage to tape
heads is mishandling. If the surface of a tape head is (4) Never lift or carry a head by its cables.
even lightly bumped against a hard surface, it can be (5) Avoid contamination of the head by dust, oil,
damaged and eventually cause a head failure. Generally solvents, or tobacco smoke.

(6) Keep the tape contact surface covered with a soft
the damage is not visible without the aid of a material when the head is not installed.
microscope, so no one is aware that the surface has been
damaged. There are a number of techniques available A drive problem may be corrected temporarily by
for visually inspecting a precision tape head surface for heaa replacement, but the drive itself may have dam-
defects. The most common method is inspection with a aged the head. In that case head replacement will only
high-magnification microscope. Many defects on the mask the problem.
surface of a head will become visible when magnified 10 Heads are expensive, precision devices and should
to 15 times. Other defects require magnifications of 50 always be handled carefully. Only technically qualified
to 100 times before they can be seen. To accurately and fully trained personnel should be removing or in-
measure or inspect a head, it must be magnified several stalling tape heads.
hundred times. The gaps for many heads are less than 60 In summary, the major causes of tape head failures
millionths of an inch in length, are head wear and mishandling. Head wear cannot be

Other techniques for surface inspection include in- prevented, but the wear rate can be slowed by careful
terference contrast, noncontact interferometry, and alignment of the head, using correct tape tension,
profilometer measurement. Interference contrast and proper cleaning of the bearing surface of the head, and
interferometry use the wavelengths of different colors controlling the environment at the head. Mishandling
of light to accurately measure deviations on a surface. A can be prevented by understanding how to handle heads
profilometer is a precision device that moves a sensitive in a manner that will keep them from being damaged.
stylus across the surface to measure the surface profile. Handling tape heads carefully can decrease the number
Any deviation in the surface is recorded on a chart con- of heads that would have to be replaced, thus reducing
nected to the stylus. Another type of defect measured by cost of operation. The number of head failures will
this equipment is stepped gaps and core undercut, decrease and reliability will improve only when everyone
Stepped gaps are caused, generally, when a head is handles tape heads properly.
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HEAD HANDLING PROCEDURE (3) When there is visual evidence of tape oxide shed-
ding of surface of head

Unpacking from Shipping Box (4) When error rates increase
(5) When called for according to the periodic

Remove the head assembly from its protective ship- schedule specified by the manufacturer
ping container, taking care when opening bag with knife

or scissors not to damage wires or heads. If possible, Tools
always grasp head by the base. Never hold head by the
leads. Do not hold head assembly with fingers on the (1) Foam applicators or cotton swabs (Use applica-
face of the head. tots or cotton swabs that do not contain adhesives.)

(2) Lintless wipers
Preliminary Visual Inspection (3) Manufacturer's recommended solvents

(4) Tools to remove or access heads and guides, if
Visually inspect head for any obvious damage with or

without the aid of the microscope. Check head for necessary
(5) Magnifier (to check for deposits or debris on

scratches and dents in the tape contact area. Inspect heads)wires for broken connections and for broken connec-
tors. If cleaning of the head is required, follow the
recommended cleaning procedure. Method

The recommended head cleaning procedure is as
Cleaning and Degaussing follows:

Clean tape head surface according to the manufac- (1) Remove tape from the tape recorder so that all
turer's recommended procedure. Clean tape guides and guides and heads are exposed for inspection.
the entire tape path using recommended cleaning (2) Moisten applicator with approved solvent. (Ap-
materials. During cleaning, the tape should not be plicant should not be dripping wet, only moist.)
returned to drive until all solvents and residues have (3) Wipe using minimal pressure (do not scrub)in the
been removed and cleaning is complete. Degauss tape direction of tape travel. Be sure that fibers of applicator
heads periodically with an approved head degausser, do not adhere to surface or any part of the head.

(4) Wipe dry with lintless wiper.
Mounting Head on Transport (5) Clean guides and entire tape path.

Use prescribed torque and assembly hardware for (6) Degauss heads with manufacturer's recommended
head mounting and mount according to the system in- head degausser according to specified degaussing pro-
struction manual. Use only degaussed tools and hard- cedures.

(7) Replace heads on transport or engage heads to
ware. operating positions (as required).

Storage CAUSES OF DIRTY HEADS
Protect heads from heat or cold extremes. Storage

temperatures, in general, should be from 5° to 52°C. The major causes of dirty heads are as follows:

Place head in moisture barrier bag with desiccant, (1) Contamination with oil, fingerprints, airborne
and always try to store in original shipping box. lint, smoke, etc.

(2) Tape oxide shed or binder/lubricant exudation
(3) Tape splices with oozing adhesive

RECOMMENDED HEAD AND DRIVE (4) Dirty tape
CLEANING PROCEDURE (5) Bad tape

Follow the manufacturer's procedure using the Even with optimum conditions, heads need periodic
recommended solvents. In the absence of manufacturer cleaning. A minimum rate should be once every 8 hr.
instruction, use acceptable in-house procedures. Cleaning before mounting each tape is a good practice.

Frequency DEGAUSSING TAPE HEADS

Heads should be cleaned- The importance of head degaussing on a routine
(1) Before critical recordings preventive maintenance basis cannot be overempha-
(2) Whenever loss of signal or poor frequency sized. Magnetized record/reproduce heads can cause

response occurs reduced signal-to-noise ratios, loss of high-frequency
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response, second harmonic distortion, or even loss of have a protective coating to prevent scratches. After the
data due to tape erasure, heads are degaussed, the degausser should be moved a

Magnetic heads become magnetized during the course minimum of 3 ft from the head area before being
of normal operation by power interruptions or even by deenergized.
Earth's magnetic field over a period of time. Periodic
degaussing is necessary for continued optimum equip-

ment performance. Symptoms of magnetized heads are BIBLIOGRAPHY
increased noise, increased distortion, and decreased
high-frequencyresponse. Bucher, Anton: Magnetic Head Technology. Omutec,

Degaussing should be done carefully so head surfaces Pomona,Calif.
are not damaged. Transport power should be off and Jorgensen,F.: The CompleteHandbook of MagneticRecord-
tape, reels, head covers, and shields removed before the ing. Tab Books, Inc., BlueRidgeSummit,Pa., 1980.

Kasai,D.: The Commandments for Handling Tape Heads.
degaussing procedure is started. The head degausser AppliedMagneticCorp., Goleta, Calif.
should be energized at least 3 ft from the tape head and Pear, CharlesB., Jr.: A Solution to Tape Recording Head
brought slowly into the head area. The degausser pole Wear.
tips should be moved slowly back and forth across all Sillers,RobertA.: Tape Head Failures, Causes and Cures.
gaps of all head stacks. The degausser pole tips should MagneticRecoveryTechnologists,Inc., Valencia,Calif.
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Acronyms

A/D Analog to digital kbpi Kilobits per inch
A/D/A Analog to digital to analog kbps Kilobits per second
BCC Block check character ktpi Kilotransitions per inch
BEP Bit error probability LED Light-emitting diode
BER Bit error rate LSC Linear sequential circuit
Bi$-L Biphase, level LSR Linear shift register
Bi$--M Biphase, mark LVDT Linear variable differential transformer
Bi$--S Biphase, space Mb Magabits
BNC Bayonet nut coupling MB Megabytes
bpi Bits per inch Mbps Megabits per second
bps Bits per second MFM Modified frequency modulation
CPU Central processing unit MIG Metal in gap
CRC Cyclic redundancy check MR Residual induction
CRO Cathode ray oscilloscope MS Saturation induction
DED Double error detecting MTBF Mean time between failures
DM Delay modulation MTRR Magnetic tape recorder/reproducer
DM--M Delay modulation, mark (Miller code) MTTR Mean time to repair
DM-S Delay modulation, space MTU Magnetic tape unit
DMX Demultiplexing MUX Multiplexer
DR Density ratio MX Multiplexing
DSV Digital sum variation NRZ Nonreturn to zero
ECC Error correction code NRZ-I Nonreturn to zero, inverted
ECD Error correction decoder NRZ-L Nonreturn to zero, level
ECE Error correction encoder NRZ-M Nonreturn to zero, mark
ECL Emitter-coupled logic NRZ-S Nonreturn to zero, space
EDAC Error detection and correction OEM Original equipment manufacturer
EDP Electronic data processing OR Orientation ratio
EMA Electron microprobe analysis PAM Pulse amplitude modulation
E-NRZ Enhanced nonreturn to zero PCM Pulse code modulation
fci Flux changes per inch PDM Pulse duration modulation
FET Field effect transistor PET Polyethylene terephthalate
FFT Fast Fourier transform PLL Phase-locked loop
FIFO First in, first out P-P Peak to peak
Gbps Gigabits per inch PPM Pulse position modulation
GCR Group-coded recording PR Pseudorandom
HDDR High-density digital recording PRBS Pseudorandom bit sequence
HDTR High-density tape recorder PRN Pseudorandom noise
IMA Ion microprobe analysis PV Professional video
I/O Input/output RAM Random access memory
IPF Image processing format; Image RB Return to bias

Processing Facility RH Relative humidity
IRIG Inter-Range Instrumentation Group; RLL Run length limited

now Range Commanders Council RMS Root mean square
(RCC) R-NRZ Randomized nonreturn to zero
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R-NRZ--L Randomized nonreturn to zero, level TBC Time base correction
ROM Read-only memory TBE Time base error
RWC Read/write calibration THIC Tape Head Interface Committee
RZ Return to zero 3PM Three-position modulation
SDR Signal dynamic range tpi Tracks per inch
SEC Single error correcting TTL Transistor-to-transistor logic
SED Single error detecting UBE Upper band edge
SEM Scanning electron microscopy VCO Voltage-controlled oscillator
SFD Switching field distribution VCR Video cartridge (cassette) recorder
SNR Signal-to-noise ratio VV Vacuum video
SWDT Synchronization word detect time YO Y-phase
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Glossary

Aliasing: The misinterpretation of a high-frequency linearity and sensitivity of the system and provides
tonal as a lower frequency tonal due to sampling at maximum undistorted output levels. The amount of
less than twice the highest frequency of interest, bias current used represents the best compromise of

Align: To adjust circuits, equipment, or systems so that low distortion, extended high-frequency response,
their functions are properly synchronized or their and high output.
relative positions properly oriented. Bias level: Normally, the level of an ac signal required to

Analog: Pertaining to representation by means of con- maximize the upper band edge when mixed with
tinuously variable physical quantities, as contrasted signals of interest and recorded on tape. A plus 2-dB
to digital, or discrete, representation, bias level is defined by further increasing the bias level

Analog to digital (A/D): The process of converting until the output decreases by 2 dB from maximum.
from analog format to digital format. Biphase encoding: Double frequency encoding in which

Analog to digital to analog (A/D/A): The process of an extra transition occurs either at the beginning or in
converting from analog format to digital format and the middle of every bit cell.
back to analog format; usually required when digital Biphase, level (Bi_--L): Biphase, level, is also known
tapes are used to provide data for analog systems, as split-phase encoding. Level change occurs at the

Ancillary frame: In image processing format, a tape center of every bit period. A "1" is represented by a
format element carrying all geometric correction "I" level with a transition to the "0" level; "0" is
coefficients, represented by a "0" level with a transition to the "1"

AND gate: A multiple-input, single-output gate that has level.
a "1" output only when all inputs are "l's". Biphase, mark (BiO-M): Level change occurs at the

Annotation frame: In image processing format, a tape beginning of every bit period. A "1" is represented by
format element carrying mapping and other informa- a midbit level change; "0" is represented by no midbit
tion. level change. (See fig. G-1.)

Antiferromagnet: A material in which spontaneous Biphase, space (Bi_-S): Level change occurs at the be-
magnetization occurs in two equivalent sublattiees, ginning of every bit period. A "1" is represented by no

Bandwidth: The range of frequency within which the midbit level change; "0" is represented by a midbit
performance of a recorder is measured, level change. (See fig. G-1.)

Bandwidth sensitivity: The tendency of a code to in- Bit: Binary digit.
crease bit error rate with increasing bandwidth. Bit cell time: The average bit duration during the proc-

Baseband: The frequency band occupied by data be- ess of recording at continuous maximum flux reversal
fore modulating a carrier, rates.

Baseline shift: A shift of the average direct current of a Bit crowding: A condition in magnetic recording
bit sequence relative to the peak value, caused by lack wherein a transition placed close to another appears
of low-frequency response of the recorder, to migrate into the larger space available between it

Baud: The baud, named for Emile Baudot, is the and the transition on its other side.
signaling rate in code elements per second; usually 1 Bit density: Bits per unit length, area, or volume of the
baud equals 1 bit per second, recording medium; for example, the number of bits

Bias (sometimes called ae bias): A high-frequency per square centimeter of magnetic tape.
signal, usually three to five times the highest data fre- Bit error rate (BER): The fraction of bits that are in
quency, that is linearly mixed with the data signal and error. BER = e/N where e is the number of errors
fed to the record heads to compensate for the hystere- and Nis the total number of bits (correct bits plus er-
sis effect of the tape. The use of bias improves the roneous bits).
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Coda wavaforrn Code waveform Code definition
designation level

NRZw L "1'" I 1 I 0 I 1 [ 1 I 1 I 1 [ 0 Nonreturnto zero, level:-- " "V" is reT_resentedby one level,
m -- I "0" is representedby the other level.

"0'" I
I

NRZw M "'1" I Nonraturn to zero, mark:-- | "1" is representedby a change in level.

"O" _1 °'0" is representedby no change in level.
i
I Nonreturnto zero, space:

"1"" = = ! "1'" is representedby no change in level.

NRZwS "0" _ = Ii,.,_ "0'" is representedbya change in level.
i
J [ I Biphese, level (split phase)--Ievel change occursat center of every
) I ! J bit period:

Bi_--L "O"'U'------___ _ "1'" is represented by a "1'" level with the transition to the"O"level.
J [ J "0" is represented by a "0" level with the transition to the "1"'
I ! [ level.

I I J I

I I I ! I Biphase, mark--level change occurs at the beginning of every bit

Bi¢--M "1"' -- -- _J= "-_ period:
"O" -- -- "'1" is representedby a midbit level change.

I I [ j representedby no
4¢01@ is midbit level change.

I J I
I ] I Biphase, space--level change occurs at the beginning of every bit

Bi_--S "1'" -- -- L _._ period:-- "1 '" is representedbyno midbit level change.

"0" ! I I I "O" is representedbya midbit level change,
I

Delay modulation, mark (Miller code):

i "1"' is representedby a level change at midbit time.
"1"' _ _ le "0" followed by a "O'" is representedby a level change at the

DM_M "'0" _J end of the first "0" bit. No levelchange occurswhen a "0" isprecededbya "1."

Delay modulation,space (Miller code):

I ; ! "'O" is representedbya level change at midbit time.
I Ii !1 , , "1 '" followed by a "1" is representedby a level change at the

"I'" _ -- r _4 i r end of the first "1" bit. No level changeoccurswhen e "1"' is

DM--S "'0" _ _ L,_ L-J] 'j ] j precededbye'O,"

FigureG-I.--PCM code def'mifions.The definitionsfor Bi¢--M and Bi¢>--Srepresentthe
accept_l standardas previously defined in Range Commanders Council (RCC) documents
106-66 and 106-73 (revised Nov. 1975).

Bit parallel:Informationtransferin which all bits con- Bit stuffing: Insertion of overhead bits on the data
stitutingone word are transmittedsimultaneouslyin tracks.
differentparallelchannels. Blockcheck character(BCC):Containedin the trailer

Bit rate(bit frequency): Speedat which bits are trans- field of a transmissionblock, such a character is
mittedor handled, generatedby a checking algorithm applied to the

Bit seHah Informationtransferin which all bits are block data.
: transmittedone after the other in a singlechannel. Block data: Groups of words, frames, or characters
; Bit slip: Reconstructedbit stream out of synchroniza- handled as single units separatedby interblockchar-
! tion with the actual bit stream because the acters.

reconstructed clock has gained or lost one or more Bookkeeping(housekeeping):Computer coding that re-
cycles with respect to the correct clock. Continuous serves, restores, and clears memory areas or sets up
errors result until recovery is made, because the "in- constants and variables to be used by the program.
terpreter," such as a D/A converter, needs to know Boolean logic: The logic resulting from the use of the
exactly which bit is the first bit of a word. AND, OR, and NOT functions (gates).
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Buffer register: A storage register capable of receiving bit cell. Transitions occur at the middle of all "1" bits
and transmitting data at different I/O rates, and between all "0" bits. (Also known as delay

Capability factor: As obtained from an eye pattern, the modulation, mark (DM-M); see fig. G-1.)
ratio of trace thickness (measured normal to the Delay modulation, space (DM-S): Transitions occur at
trace) to the total width (opening) of the eye at the the middle of all "0" bits and between all "I" bits. (See
center of the waveform, fig. G-l).

Certified tape: Tape that is electrically tested on a speci- Demultiplexing (DMX): Separation of independent
fied number of tracks with a specific drive and elec- channels from a single high-speed data stream.
tronics using a defined code at a specified tape speed Density ratio (DR): Data density divided by high trans-
and data rate, and certified by the supplier to have lation density.
less than a certain total number of permanent errors Difference signal: In communication theory models, a
of a specified duration, convenient function of two known signals on which

Channels: Subcircuits of a large system allowing proc- the correlation detection process is based.
essing of data streams. Digital data: Information in a series of digits having

Check bit: A bit generated periodically to assist in error only two possible values, "0" or "1."
detection and correction. Digital recording: A method of recording in which the

Clock: A timing reference required to decode digital analog information is first digitized and then re-
signals; i.e., a timing reference for digital data to corded on tape. Usually a binary code is used and two
keep track of bits during periods of no transitions discrete values are recorded.
and to indicate instants when to sample data. Digital sum variations (DSV's): Values of the running

Clock efficiency: The ratio of data bits to total bits integral of a bit sequence whose levels are assumed to
(data bits plus overhead bits) for a given bit error be + 1.
rate. Disparity: In a code word or character, the excess num-

Coercivity or coercive force: The field strength required bet of "+ 1" bits over "- 1" bits.
to bring the remanence to zero in a magnetic Distortion (harmonic): A nonlinear change in signal
material, thus removing the residual magnetism, waveform upon reproduction in which undesired hat-

Compatibility: The ability of two types of recording monies of a sinusoidal input are generated.
equipment to perform similar functions and operate Double.density code: A code in which the bit density is
interchangeably, doubled, the bandwidth remaining the same; i.e.,

Crossplay: Playback on a device different in design and codes that allow doubling the bit density for the same
manufacturer from that on which the data was bandwidth as compared to a biphase code.
originally recorded. Double-frequency clock: A clock at twice the bit rate.

Cyclic redundancy cheek (CRC): An error detection Dropout: Variation (reduction) in signal level of repro-
method in which check bits are generated by taking duced, tape-recorded data, resulting in an error in
the remainder after dividing the data bits by a cyclic data reproduction. More specifically, a loss in output
code polynomial, from a magnetic tape of more than a certain predeter-

Data compression: A communications technique in mined amount (depth), expressed in terms of the per-
which short code words are substituted for data cent of reduction or decibel loss for a specified time
strings whenever possible, period (length); e.g., 12 dB (75 percent) for 1 /_s.

Data formatter: Custom-designed equipment used to EDAC: Error detection and correction of recorded
multiplex or demultiplex a single data line with a data using simultaneously recorded correction data
relatively high data rate, distributing the output to either added to the data stream or recorded separately
two or more data lines at a lower per-line data rate, or on an auxiliary track.
the reverse. Encoding: To express a single character or a data stream

dc restorer: Circuitry designed to reduce baseline shift, in terms of digital bit code.
Decoder/deskew assembly: A component of a typical Enhanced nonreturn to zero (E-NRZ): A modification

N-track high-density digital recorder that accepts up of NRZ encoding in which the bit stream is separated
to N lines of bit parallel data in whatever code was into 7-bit words, bits 2, 3, 6, and 7 inverted, and a
recorded, converts it to NRZ-L data, time aligns all parity bit is added to minimize dc components and
tracks, and outputs serial or parallel NRZ- L data maintain phase lock in the playback timing oscillator.
and clock. Environmental conditions: External factors such as

Decoding: To recover the original data stream from an room temperature and relative humidity that affect
encoded form of the data stream, tape performance.

Delay modulation code (DIVID:Code characterized by Equalization: The process of reducing amplitude or
having a minimum of one transition for every other phase distortion of a circuit by compensating for dif-
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ferences in attenuation or time delay throughout the state is completely determined by contemporaneous
transmission band. input channel states.

Error burst: Multiple errors caused by a common event Group-coded recording (GCR) code: A code that
such as large voids in the magnetic media of a tape. groups characters and encodes them, using a lookup

Error log: A capability for storing the location and table, allowing a maximum of two "0" values in se-
number of errors found on a magnetic medium, quence.

Error multiplication: A property of code process con- Hamming code: A data transmission code that is cor-
verters whereby a single incorrect digit in the input rectable.
signal can cause more than one digital error in the Hardware: Equipment, as contrasted to computer pro-
output signal, grams (software), used for data processing.

Error recovery strategy: Selection of error detection and Head: A transducer to convert electrical signals into
correction processes to minimize the probability of magnetic signals for recording on magnetic tape and
undetected erroneous data, entailing reduction of vice versa.
burst error rate, miscorrection probability, and Headbloek: A specialized head assembly containing re-
catastrophic probability, cording headstacks, position sensors, temperature

Euclidean division algorithm: A formal method allow- sensors, a ballast resistor, and interface electronics.
ing the selection of check bits, based on the re- Image major frame: In image processing format, a tape
mainder formed when a data polynomial is divided format element that carries most of the data.
by a generator polynomial. Interface: A shared boundary between two systems, or

Even parity: A block of data with an even number of parts of a system, through which data are transmit-
"1" bits, either vertically or longitudinally along the ted, consisting in practice of mechanical or electronic
tape. elements, or both.

Eye patterns: The reproduce system output is applied to lnterleaver: A special circuit used to separate (displace
the vertical input of an oscilloscope with the horizon- into different data blocks) data words to minimize
tal input synchronized to the bit rate clock. The the effects of burst errors.
oscilloscope display gives an insight into the quality Jitters: Sudden, small, irregular departures from
of the reproduced data. phase, amplitude, or pulse duration of a signal

Ferrlte: A magnetic ceramic compound such as those caused by the recording/reproducing mechanisms.
used in the construction of magnetic recorder heads. Latch: A single-input, single-output circuit whose out-

Fire code: An error correction code for which the put at a point of time is the bit that appeared on its in-
generator polynomial has a particular form. put when the latching command was issued.

FM code: A pulse code for which a flux reversal at the Linear function: A function satisfying the relation
beginning of a cell time represents a clock bit, a flux
reversal at the center of the cell time represents a "1" fix + y + . . . + n) = ./fly) + . . . + f(n)
bit, and an absence of a flux reversal represents a "0"
bit. Linear sequential circuits (LSC's): Circuits constructed

4/5 code: A group-coded recording code developed by with modulo 2 addition (XOR gates), memory cir-
IBM in which the 16 possible combinations of 4 bits cults (latches), and constant multipliers.
are encoded in sixteen 5-bit groups selected such that Logic levels: Nominal voltages that represent binary
each has at least two "1" bits and no more than two conditions in a logic circuit.
"0" bits in sequence. Longitudinal recording: (1) Recording in which the tape

Frame: In high-density digital recording, an entity con- tracks are parallel to the direction of tape motion,
taining data bits and overhead bits. It is preceded and contrary to rotary recording. (2) Recording in which
followed by synchronization words, the magnetic vector of tape magnetization parallels

Frame synchronization: The process whereby a given re- the track surface on the tape. Horizontal recording is
ceiving channel is aligned in time with the corre- more acceptable for the second definition.
sponding transmitting channel. Magnetic field strength: The magnitude of a magnetic

Frequency-division multiplexing: The process of field vector, usually expressed in oersteds or ampere-
dividing the available frequency passband into a turns per meter.
number of narrower frequency bands, each available Magnetic flux: The magnetic lines of force produced by
for a separate signal, a magnet or electric current.

Gap: The space in a ring-type magnetic head at which Magnetomotive force: The magnetic analog of electro-
tape read and write operations take place, motive force, which, when due to a current in a coil,

Gate: A device having one output channel and two or is proportional to the product of current in amperes
more input channels such that the output channel and the number of turns.
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Magnetoresistance: The change in electrical resistance speed data stream; or, in tape recording, time or fre-
of a conductor or semiconductor due to a change in quency sharing (i.e., time division or frequency divi-

the applied magnetic field, sion) of a single track on tape by two or more signals,
Magnetostriction: The change in dimensions of a ferro- each occupying a different time or frequency domain.

magnetic body when placed in a magnetic field. Nonretum to zero code (NRZ): A binary digital code in
Manchester codes: Biphase, level (Bi$-L), and which transitions between signal levels, rather than

biphase, mark (Bi$-M), codes, which are self- the levels themselves, represent bits. See figure G-1.
clocking and avoid the necessity of dc response, Nonreturn to zero, inverted (NRZ-I): Same as
although at the expense of required additional band- Nonreturn to zero, mark.
width. Nonreturn to zero, level (NRZ-L): A binary digital

Maximum-likelihood receiver:A receiver that can deter- code in which a "1" is represented by one level and a
mine the coded signal or word that was most pro- "0" by the other level. (See fig. G-1.)
bably transmitted. Nonreturn to zero, mark (NRZ-M): A binary digital

Merging: In three-position modulation (3PM) code, code in which a "1" is represented by a transition at
combination of two transitions to form a single tran, the beginning of the bit cell, and a "0" is represented
sition when there is only one transition-free position by no transition. (See fig. G-1.)
between them. Nonreturn to zero, space (NRZ-S): A binary digital

MFM code: See Delay modulation (DM) code. code in which a "1" is represented by no transition,
Microcode: Computer programming using elementary and a "0" is represented by a transition at the begin-

machine instructions, ning of the bit cell. (Seee fig. G-1.)
Mlcrodlagnostics: Data testing required to implement NOT function (gate): An inverting function (inverter).

error correction circuits of data storage devices. Nyquist rate: Minimum sampling rate required to avoid
Miller code: A biphase encoding scheme in which a aliasing. Should be twice the highest frequency of in-

minimum of one transition occurs in every two bit terest.
cells, minimizing signal dc components and providing Odd parity: A property of a vector, word, or data
run length limitation. See also Delay modulation stream with an odd number of "1" bits.
(DM) code. See figure G-I. Oligimers: Low molecular weight components of poly-

Miller2 code: A modification of Miller code having a mer films.

bounded digital sum variation and, therefore, zero dc OR gate: A multiple-input, single-output gate that has a
content. "0" output only when all inputs are "O's".

Minimum transition density: The least transition density Orientation ratio: As used in this document, the ratio of
that allows maintaining synchronization without ex- squareness in the longitudinal direction (direction of
tending the low-frequency response requirement orientation of magnetic particles on magnetic tape) to
below the capability of wideband direct record/ the squareness in the transverse direction where
reproduce systems, squareness is the ratio of the remanence Br to satura-

Miscorrectlon: An error condition that occurs when tion Bs.
three bits are in error on three corners of a rectangle Overhead: Information added to the data stream, such
within a data block, as parity bits, and cyclic redundancy check characters

Mlsdetection: An error condition that occurs when four and synchronization words.
bits are in error on four corners of a rectangle within Parallel-mode high-density digital recording: Process
a data block, of converting a bit stream to parallel bytes of N bits,

Mlsregistration: The improper interpretation of a word, to be recorded across N tracks on tape.
while passing, for example, between a head and a Parity: The property of oddness or evenness of the num-
track during read or write operations, bet of "1" bits in a word.

Modem: A data station device capable of modulating Parity channel: A channel added or used to contain bits
the transmitted signal and demodulating the received generated to maintain odd/even parity across all
signal, and also capable of related functions such as channels for detection of bit errors.
multiplexing. Pattern sensitivity: Vulnerability of a given code to

Modular packaging: Assembling electronic equipment certain patterns of "1" and "0" bits resulting in a
from already completed states (in boxes or blocks), higher bit error rate.

Modulo 2 adder: A logic element whose output at a Pulse code modulation (PCM) multiplexing: A com-
point of time is the modulo 2 sum of its inputs at that bination of pulse code modulation with time division
time. multiplexing to produce a single digital signal con-

Multiplexing: Interleaving of two or more independent sisting of a given number of channels.
channels (of various data rates) into a single high- Permalloy: A magnetic alloy, consisting of iron, nickel,



304 HIGH-DENSITY DIGITAL RECORDING

and small quantities of other metals, used to make Randomization:A modification of nonreturn to zero
magneticheads. (NRZ)encoding in which the bit stream is random-

Permeability:The ratio of magnetic induction (B in ized to reduce dc components beforebeingrecorded
gauss) to magnetizing force (H in oersteds) for a on tape.
given material _ =B/H). Random noise: Noise caused by a large number of

Perpendicularrecording:Recording in which the de- superimposedelementarydisturbances,characterized
tected magnetic vector of tape magnetization is by random occurrencesin time and amplitude.
perpendicularto the track surfaceon the tape. Also Real time:Operation of a computeron demand as and
knownas verticalrecording, when requiredby a user,process,or system interact-

Phase-lockedloop: A circuit containing an oscillator ing with the computer. Also means playback of
whose outputphase andfrequencyis in synchroniza- recordeddataat recordspeed.
tion with a reference. Reconstruction:The processof formingthe outputdata

Polarityreversal:A 180° phaseshift in signalcausedby streamto be an exactreplicaof the inputdatastream
each stageof amplification.Somecodes arepolarity in the absenceof bit errors.
sensitive,othersare not. Redundancy:The fraction of the gross information

Polynomialerrordetection:Useof a polynomialexpres- content of a messagethat can be eliminated without
sionappliedto blocksof datato generateremainders loss of essentialinformation.
for both inputand outputdata, the comparisonof Reluctance:For an element of a magneticcircuit, the
which indicateswhetherreproductionerrorshave oc- magnetomotiveforceper unitmagneticflux.
curred. Remanence:The magneticflux densityremainingin an

Powerspectrum:Signalpowergraphedasa functionof elementof a magneticcircuitafterthe removalof the
frequency, appliedmagnetomotiveforce.

Preamblemajorframe:In imageprocessingformat, a Reread:Repetitionof signal receivingprocess to im-
tape format element that does not carrydata but provesyndromeerrors.Correctionis best performed
servesas a pilot tone and fillerto maintainbit stream only after a consistentsyndromehas been received.
continuity. Return to zero (RZ): A binary digital code using a

Probehead:A headsuited forwritingon perpendicular signal with a positivepulse to indicate a "1" and a
media.See also Perpendicularrecording, negativeor zeropulseto indicate"0". Thesignallevel

Pseudorandombit sequence (PRBS): A digital code returnsto zero duringeach bit period.
havingthe appearanceof randombit sequence,but Ring head: A recordinghead with geometry that is
of finite length. It is usuallyachievedby the use of a particularlysuited for high flux-gatheringefficiency.
feedbackshift registerto modify sequencesor pat- Rolloff: A gradually increasing loss or attenuation
ternsor bits in a predeterminedmanneror to restore with change of frequencybeyond the substantially
eachmodifiedbitpatternsto theiroriginalsequence, flat portion of the amplitude-frequencyresponse
The repeating sequences exhibit many of the characteristicof a system.
statisticalpropertiesof uniformlydistributedrandom Run.lengthlimitation:A safeguardto preventthe data
numbersequences:hence, they arecalledpseudoran- streamfrom containing long uninterruptedstringsof
dom. "l's" or "O's".

Pulse: A transient signal that is usuallyof short dura- Sampling theorem: The statement that 2f equally
tion. In digital applications, it is of constant spaced samples per second completelycharacterize a
amplitude and polarity. ' signal that is band limited at frequencyf.

Pulsecode:Codesin whichgroupsof pulses/bitsrepre- Saturation: A condition in which increasing field
sentdigits/amplitude, strengthH providesno increasesin remanenceB.

Pulsecode modulation(PCM):Use of a pulse code to Self-clockingcode: A binary digitalcode that permits
recorddigital data on magnetic tape. (See also fig. intrinsictiming of pulses for both "0" and "1" bits,
G-I.) such as a biphasecode.

Quantizatlon: Process of replacing instantaneous Sendust:A magneticalloy with a high coercivityused
(analog)s!gnalvaluesby the nearestallowedstep in in the constructionof pole tipsfor recorderheads.
level, resulting in a random sequence of instan- Sensitivity: The ability or tendency of a circuit or
taneouserrorswhosemagnitudesrangefromzeroto deviceto respondto a low-levelappliedstimulus.
half a quantizationlevel. Sensor:A device directlyresponsiveto the value of a

Quantization noise: The sequence of quantization measuredquantity.
errors. Serve: In general, a self-correcting,closed-loop con-

Rampsignal: A test signal that changes linearly with trolsystem. In magnetictaperecording,a speedcot-
time. recting,closed-loopcontrolsystemthat generatesan
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error signal when tape is not moving at the speed Synchronous computer: A computer whose operations
selected. Recorder can servo from either a built-in are timed by single-frequency clock signals.
tachometer or a signal recorded on tape. Synchronous inputs: In a computer flip-flop circuit,

Signal bits: Data stream bits other than check bits and inputs that accept pulses only at the command of the
synchronization word bits. clock.

Signal-to-noise ratio (SNR): The ratio of the power Synchronous transmission: Data transmission in which
output of a given signal to the noise power in a given synchronization of characters is controlled by timing
bandwidth without the signal, signals generated at the sending and receiving sta-

Simultaneous bit errors: The occurrence of two isolated tions.
bit errors in the same bit column within the same data Synchronizing pulse: A pulse used to control the fre-
block, quency of an oscillator or a system to maintain lock

Skew: In parallel data recording, the tendency for with a reference.
pulses from the same word to fail to appear Syndrome: A vector generated by taking the XOR sum
simultaneously at the reproduce gap. of a set of parity checks generated on receive with a

Slip agent: A compound such as ultrafine silica that is set of parity checks generated on transmit; a symp-
dusted on films to facilitate winding and unwinding, tom of an error.

Software: Computer programs and associated docu- Thermal noise: Electronic noise due to thermal
mentation defining the operation of a data processing excitation of electrons in conductors and semicon-
system, ductors.

Source codes: Codes that are inputs to a given encoding Thin-film heads: Heads that are constructed using
system, standard thin-film deposition and lithography techni-

Split-phase encoding: Double-frequency encoding ques; for example, sputtering and ion etching.
similar to biphase, level, in which a transition always Three position modulation (3PM): A coding scheme
occurs at the center of every bit period, employed by Thorn EMI Technology Incorporated in

Sputtering: A process allowing fabrication of flexible which data are grouped into three-bit bytes. Each
magnetic disks by deposition of magnetic media on a byte is divided into six periods. A lookup table is
polymer substrate, used to determine the location of transitions, not bits,

Staircase ramp: A test pattern in which a data word is within the six periods to represent each byte.
repeated a fixed number of times per ramp step, then Time base correction (TBC): Methods employed to re-
incremented by one for the next step, and so on, to duce time base errors in analog recordings.
the end of a major frame. Time base errors (TBE's): Errors introduced because

Switching field: A magnetizing field of such strength of short-term speed inaccuracy.
that when applied to a specimen magnetized to Time base expansion: Playback at reduced tape speed.
saturation in the opposite direction will cause the Time division multiplexing: The process of interleaving
specimen to become saturated in the direction of the in time two or more digital signals for transmission
applied field, over a common channel.

Switching field distribution (SFD): The coercivity Track density: Number of bits stored in a track per
range of individual particles that determines the unit length.
length of a transition zone when switching fields are Tracks: Portions of a tape accessible to given head
applied by the head. positions.

Symptom: An element of the syndrome vector, the Transducer: Any device that converts energy from one
value of which is "0" unless a parity error has been form to another. In high-density digital recording, a
detected, magnetic recording head assembly that converts

Synchronization words: Channel words allowing magnetic pulses into corresponding voltage or current
deskew of channel data and reconstruction of the pulses, or vice versa.
data to serial form. Also, words inserted at the begin- Transfer function: A mathematical function that relates
ning of a sequence/frame/block of bits to inform the the input to the output of a system.
"interpreter," such as a D/A converter, which bit is Transition density: On a magnetic tape, the number of
the first bit in the sequence, available magnetic transitions per unit length of tape.

Synchronizer: A device used at a receiving site to Transitions: Changes from one circuit condition to the
achieve coherence with a transmitted signal, other; e.g., change from mark to space ("l's" to "O's")

Synchronizing signal: A signal used to synchro- or from north to south, and vice versa.
nize another signal, usually in frequency. Tunnel erase: A coil contained in a head structure

Synchronous clock: The timing source in a synchro- designed for perpendicular recording, providing
nous computer, erasure capability for disks.
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Wideband channel: In magnetic recording, a channel often used to show whether two inputs are alike or
that will satisfactorily record and reproduce a signal different on a bit-by-bit basis.
with an on-tape wavelength of 80/_in. Y-phase (Y¢): Thorn EMI Technology Incorporated's

Wood code: See Delay modulation (DM) code; Miller low-rate code. The three-position modulation wave-
code. form and the write clock are combined in an exclusive

Word: A group of bits, usually of a fixed length, in a OR gate prior to recording. Upon reproducing, the
given system, data are combined with a reproduce clock in an ex-

XOR gate: Exclusive OR gate requires both a "0" and clusiv¢ OR gate to obtain the low-rate transition posi-
a "1" input for a "1" output. Two "0" bits or two "1" tions.
bits give a "0" output. A combinatorial logic circuit
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ANSI X3B6 Committee, 281,282, 283, 287 Baseline shift, 112, 117, 132, 151,152, 155
APL. See Applied Physics Laboratory Bell and Howell, Inc., 11,281,283
A/D conversion. See Analog-to-digital conversion Bendix Aerospace Corp., 95
A/D/A system. See Analog-to-digital-to-analog system Bias recording,5, 45, 54, 67-68, 81,152, 291
Airborne recorder,7, 9 BiO code. See Biphase code
Aircraft, 3 Bidirectional operation, 195,207, 214
Aircraft carder, 3, 10 BiO--L code, 16, 17, 67, 68, 69, 70, 71, 73, 78, 79, 82, 84,
Alfesil, 261,274-279 87, 89, 91,113, 128, 144, 146-147, 200, 237
Aliasing, 216 BiO--M code, 16, 17, 113, 128, 129, 136, 144, 147, 237
Alternating-disparity code, 109, 1i2, 116 Biphase code, 16, 17, 113,115,144-152, 192, 195, 196, 213,
Aluminum, 63, 271,272, 273,275,279 232, 241,281,282, 287
Ampex Corp., 136, 281,283,290 Bi_--S code, 113, 144, 147,237
Ampex 79A tape, 96, 97, 98, 99, I00, 253 Bit, 5, 13, 14, 25, 26, 27, 33
Ampex 466 tape, 257 Bit cell, 18, 19, 20, 21,127, 136, 138, 140
Ampex 721 tape, 104, 257,267 Bit crowding, 196,210
Ampex 786 tape, 72 Bit error, 165-167, 169, 173, 175,177, 178, 203
Ampex 787 tape, 96, 97, 98, 99 Bit error probability.See Bit error rate
Ampex 795 tape, 9, 10, 104 Bit error rate, 6, 8-14, 19, 67, 70-73, 76-83, 93-101,106,
Ampex 797 tape, 202, 210, 212, 244, 247, 253, 257, 273, 109, 111,112, 115, 116, 132, 137, 138,140, 143, 146-155,

276, 278 166, 188, 202, 206, 207, 212-216, 243-247, 252, 253,
Ampex 799 tape, 10, 238, 247, 253, 288 256,283, 288-290
Amplifier, 159, 192-193, 215,217, 220-223, 229 Bit length, 58
Amplifier noise, 43 Bit map, 170-177
Amplitude error,5, 11 Bit packing density, 15, 67-71, 73, 74, 77, 81, 82, 83, 95,
Amplitude stability, 132 103, 109-115, 125, 127, 137, 138, 141-149, 152, 155,
Analog channel, 206 165,195, 198, 199, 201,204-214, 247, 253,255
Analog headstack, 211 Bit period, 15, 78
Analog signal, 163 Bit rate, 15, 71, 72, 73, 78,109, 111,125, 137,148, 149, 180,
Analog system, 3, 5, 8, 9, 67, 109, 110, 127 184, 185,186,187,200, 203,210, 213,214, 215,223,227,
Analog tape, 256 232,255,281
Analog-to-digital conversion, 5, 129, 131,143 Bit slip, 77, 139-140, 153, 155,215,223,227, 235,288
Analog-to-digitai-to-analog system, 129, 133-135 Bit stream. See Digital stream
Analog track, 215,217 Bit stuffing, 113, 141,199, 202, 203,204
AN/AQH-4(V)2 recordingsystem, 9 Bit synchronization, 8, 9, 10, 11, 67, 68, 71, 73, 77, 82, 83,
AN/AQH-5(V)XD recording system, 9, 10 95, 97, 112, 124, 131,138, 139, 140, 143, 145, 150, 193,
AND gate, 28, 34 196, 201,203,206, 210, 215,216, 217, 220, 221,223, 224,
AN/SQR-18 recording system, 8 227,228, 229, 251,291
Antisubmarine warfare, 1, 2, 9, 11, 12 Block code, 74, 111-116, 154, 248
AN/USH-24(V) recorder, 11 Brown stain, 237, 272
AN/USH-31(V) reproducer, I0 Buffer register, 21, 32, 33, 34, 163, 164, 178, 192, 230
AN/USH-32 recordingsystem, 11 Byte, 25,143, 196-197
Applied Physics Laboratory, 109, I 16-I 17
Asynchronous bit stream, 195,199, 215 Calibration, 96, 192, 203,214, 221,226, 267, 270
Asynchronous clock, 9 Capability factor, 210
Auxiliary pole, 60, 61 Certified tape, 11,166, 209

Channel synchronization, 218, 219,223, 225
Bandwidth, 2, 3, 5, 15, 17, 69, 78, 81, 83, 103-105, 111,125, Check bit, 29, 30, 31, 32, 37, 38, 39, 41

128, 134, 137, 146-152, 155, 196, 209-213, 232, 266, Checkbyte, 36, 39,41
276,281 Check polynomial, 30

Baseline gallop, 127, 129, 155 Chief of Navai Operations, 1

307



308 HIGH-DENSITY DIGITAL RECORDING

Chinese remainder,28, 29 Deinterleaver,167, 169, 173, 178, 192
Clean room, 64, 65, 66 Delay modulation code, 17, 67-73, 78-81, 85, 87, 89, 91,
Cleaning,5, 7, 100, 165, 166, 256,258, 261-262, 271,272, 111-115, 123-124, 144, 147, 149, 150, 152,208, 209, 281

294, 295 Delay modulation--markcode, 8, 9, 10, 195, 196, 210-213
Clock, common,223,228 Demagnetization,43, 54, 58, 62
Clock recovery, 196 Density ratio, 137
Clock signal,4, 16, 17, 20 Department of the Interior, 97
Clockslip,72, 73, 74-75, 77 Derandomizer,76, 153
Clockeddata, 110, 127, 130, 131,140, 195 Design optimization,43-56
Cobalt, 255,266 Deskewing, 77, 95, 98, 109, 115, 117, 140-142, 153, 156,
Cobalt-chromiumfilm, 49, 57, 58, 61, 62, 63, 64, 65 160, 162, 163, 199, 216, 218, 223, 225, 229, 231,234,
Code efficiency,19-21, 30, 149, 155, 198,208 235,238, 239, 241,245-249, 251,288
Coereivity,43, 45, 46, 49, 51, 56, 58,255,256, 262, 264 DiagnosticRetrieval Systems,Inc., 10
Columnparity.See Lateralparity Diagnostics,12, 39, 41
Compatibility,1, 2, 96, 142, 146, 178, 179, 201 Differencesignal, 111,113, 114, 117-125
Compositehead, 60, 61 Digital array tape recordingand reproducingsystem,109-11 I,
Computer-generatedcode, 37, 39 117
Confidencemonitoring,153-154 Digitalaudiotape, 104
Constant multipliercircuit,25, 26 Digitalimageprocessing,143
Controlsandindicator, 205,206, 225-226 Digitalrecording,4, 8, I0, 109
Correctiontrack. See Parity track Digital stream, 9, I 1, 14, 19, 20, 25, 26, 27, 72, 75, 76, 78,
Cost, 1, 2, 3, 4, 5, 97, 99, 103,207,209 96, 115, 143,148, 151,156, 195
Cross parity.See Lateralparity Digital sum variation,112, 113, 114, 137, 139
Crossplay, 2, 3, 5, 70, 150, 152-153, 179, 195, 201,207, Digital-to-analogconversion,143

214, 234, 235,291 Digitizedtelevision,143
Crystallineanisotropy,58, 62 Dipulse response,60
Cyclic redundancycheck, 13, 20, 36, 38, 141,202,204,206, Direct recording,4, 5, 9, 10

208,213,214, 249, 249-253 Diskcontroller,38, 39
Disk driveerror,38

Data accuracy,36, 37, 38, 39 Disk storage,45
Data bit, 32, 33, 41 Disk system, 36
Data capacity, 15 Distortion, 3
Data channel, 7, 8, 9, 1i, 14, 109, 110, 202, 248, 249 Double-biterror,28, 31, 34
Data clock,32, 33, 34, 196, 200, 202, 205,216,223 Double-burst error,31
Data eomparator,174, 178,221,224 Double-densitycode, 17, 18
Data compression, 134, 202 Double-frequencydock, 20
Data density, 196, 198, 201,208,212 Dropout,3, 5, 6, 10, I 1, 14, 21, 71, 72-73, 77, 81, 82, 83, 99,
Data formatting, 179-187, 19I, 202 141,150, 165,202, 221-230, 238,243,256, 261,267, 270
Data integrity,200 Dynamic range, 133
Data polynomial,30
Data rate, 15, 19, 142, 180-183, 188, 195, 199-203, 206, Eddy current,46

210, 211,232, 238, 239, 255 Edge track, 82, 106
Data recoverability,36 Eight-bitprocessor,28
Data reliability,15, 23 Electron microprobeanalysis,259
Data segment,156, 157,160, 161,163 Electron microscopy,64
Data storagesystem,5, 15, 19, 39, 143, 187-194 Electronicnoise, 8, 11, 15, 19, 55
Data string,27, 28 Emerson Electric, Inc., 9
Data timing.See Clockeddata EMR 1510 spectrum analyzer,83-92
Data track, 116, 142, 163, 179, 216-218, 239 EMR-Sehlumberger,Inc., 150
Datatape, Inc., 143, 144, 146, 149, 150, 151,152, 157, 165, Encoding,14, 15, 20, 32, 34, 74, 78, 109, 113, 128, 144-147,

166, 179, 185,187 157-162, 166-173, 179, 191, 192, 203, 216-219, 229,
de response, 73, 74, 75, 77, 116, 127, 128, 139, 291 231-235,238
de restoration,81, 82, 139, 150, 151,152, 213 E-NRZ code, 18, 19, 21,111,113,115,143-161,164-179,
de signal,18, 74, 78, 143, 144, 145,146, 147, 149,221 188, 191,192, 210, 211,287,290
de-freecode, 152, 207, 212, 233,281 Environmentalcondition,2, 5, 6, 106, 127, 258
Decision window,210, 211 Equalization, 139, 192, 193, 201,203, 206, 211,212, 220,
Deeoder/deskewassembly, 156, 157, 159, 163, 164, 193 221,223
Decoding, 14, 16, 20, 21, 32, 34, 74, 76, 164, 167, 174, 179, Error burst, 29, 31, 34-38, 72, 75, 76, 116, 153, 165, 198,

223,225, 239, 241-242 199, 208, 223,233,240, 243,244, 245,288
Degaussing,5,295-296 Error cluster, 97, 98, 99
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Error control system, 39 Gate enablement, 33, 34
Error correction, 100, I10, 116, 117, 247-253,290-291 Gaussian noise, 111,112, 119, 121,133, 135
Errorcorrection circuit, 28, 36, 38, 39, 41 General Services Administration, 3, 6, 7, 97
Error correction code, 38, 39, 41, 95, 98, 137, 142, 247-253 Generator polynomial, 29-40, 208, 250
Errordetection, 35-36,248, 250, 252, 290 Glass, 262, 271,275,276,277,278
Errordetection/correction, 8, 14, 19-25, 29, 81, 97-100, 109, Goddard Space Flight Center, 93, 96, 98, 100

110,';116-117, 128, 140-142, 164-179, 191-194, 202, Gold, 54
206, 208,214, 215,217, 229-230, 231-245 Grain size, 58

Error erasuremode, 117 Group code, 18, 19, 21,114
Error forcing, 40 Guard band, 104, 105
Error logging, 40
Error multiplication, 76, 153, 155 Hamming code, 33, 34
Error polynomial, 30, 36 Hardness, 271,274, 275,279, 294
Error recovery, 37 Hardware, 3, 5, 10, 12, 23, 39, 40, 41
Euclidean division algorithm, 29, 30 Harmonic distortion, 69, 70, 296
Eye pattern, 78, 79, 135,137, 139, 150, 151,154, 155, 159, Haystack Observatory, 103

163,201,209 HDDR" code, 16
HDDR" II code, 17, 20, 21, 23

Fabrication, 44, 57, 63, 66 Head assembly, 43-56, 157, 158, 162, 181,183, 186, 191
Fairchild Weston Systems, Inc., 231-245,281,283, 290 Head contour, 106
Fanout, 180, 184, 199,202, 203, 205,206, 209, 237 Head current,50, 51,195,267
Fault isolation, 12 Head driver,217, 218-219, 229
Feedback loop, 40, 53 Head flux, 49
"/-Fe203 tape, 45, 57,215,255,266 Head life, 100, 101,106, 271-279
Ferritecore,45,46,61 Headnoise,43,54-56,211
Ferritehead,43,49,51,55,100,105,106,215,219,220, Headoutput.SeeOutputsignal
221,275,276,277 Headpitch,104

Filmthickness,62,65 Headplacement,104,I05
Firecode,36,37,39 Headsaturation,60
Firstin,firstoutmemory,32,192,193,218,219,223,225 Headstack,95,104,105,107,131
Floppydisk,60,61,62-66 Head-tapecontact,14,43,45,106,215,237,275,278,293,
Fluctuationnoise,135 294
Flutter,3,4,5,19,193 Head-tapeinterface,104,105,106,135,202,247,257,278,
Fluxtransition.SeeMagnetizationtransition 287
Four-bit error, 28 Head-tape performance, 106, 107
Fourier transform, 2, 83 Head/tape separation, 44, 50, 293,294
Frame, 20, 21, 23, 93, 96, 156, 157, 160, 161 Head-track registration, 103, 104, 106, 130, 131
Frame synchronization, 38, 39, 75, 77, 93, 95, 115,216, 219, Head wear, 43, 48, 271-279, 293, 294

226,231,240, 241 Hedemancode,81
FM recording,2, 4, 5, 8, 9, 10, 11,127, 132, 134,204,206, Helicopter,3, 9

232,237 Hexagonalclose-packedcrystal,62
Frequencyresponse,51,54,59, 78,197,210,211,223,269, High-coercivitytape,104

276, 278 High-density tape recorder, 93-101,151,154, 156, 157, 158,
Frequency synthesizer, 203,204, 227 165, 166, 171, 174, 179, 180, 184, 187, 215-230, 236,
Friction, 259-260, 294 237,247
Fuji H621 tape, 104, 105,106, 257 High-frequency noise, 211

High-frequency response, 73, 127, 129, 132, 135
GSA. See General Services Administration High-resolution film recording, 94
GSFC. See Goddard Space Flight Center Honeywell Model 96 Recorder, 9, 93, 103, 105, 215-230,
Gain control, 221,222, 270 247,268, 270
Gap comer saturation, 45 HP-85 computer, 50
Gap depth, 44, 47, 276 Humidity, 106, 258, 267, 295
Gap edge saturation, 43 Hunt head, 54
Gap edge straightness, 51 Hysteresis, 264, 266
Gap field, 43, 45, 47, 49, 58
Gap length, 5, 6, 70, 196, 197,208,291 IBM, Inc., 18, 19, 57, 146
Gap loss, 43, 50, 5l, 211 IPF. See Image Processing Facility
Gap null frequency, 51 IRIG. See Inter-RangeInstrumentation Group
Gap reluctance, 44 IRIG A time code, 204
Gap width, 44, 45, 46, 47, 48, 49, 50, 255 IRIG head, 207, 214, 216, 237
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IRIG recorder,255,256 Masterbit rate,225
IRIG standard,81, 93,203 Masterchannel,148
IRIGStandard106-77, 282 Meantime betweenfailure,154
IRIG Standard106-80, 3, 81,200, 210, 212,269,282 Meantimeto repair,14, 154
IllinoisInstituteof TechnologyResearchInstitute,257,265 Meissnertrap,66
ImageProcessingFacility,93-101 Memorycircuit.See Latch
Impedance,55, 71 Metalhead,43, 46
Inductance,55 Metal-in-gaphead, 43, 46, 48
Input timing, 157, 158, 161-162, 163,218 Methylethylketone, 258,264
Instrumentationrecording,231,281,286, 293 M-14 recorder, 11
Instrumentationtape, 81, 97, 104, 105, 106, 194, 195,252 Microdiagnosties.See Diagnostics
Integratedcircuit, 21 Microgaphead, 215
Interface, 1, 2, 97, 99, 109, 117,202, 203 MIL-STD-1610, I, 3, 4, 5, 8, 9, I1, 12
Interferenceintersymbol,70, 73, 125, 152 Miller code, 8, 9, 10, 17, 19, 20, 21, 67, 71, 113, 128, 134,
Interferometry, 103-107, 294 135, 136, 137, 139, 142, 144, 145, 147, 148, 149, 151,153
Interleaving,36, 95,167, 168, 171,172, 173, 177, 178, 191, Miller2code, 18, 19, 20, 23, 73, 78-81, 85, 88, 90, 92, 113,

240 115, 128, 132, 133, 136-140, 142, 147, 148, 149, 153,
Inter-RangeInstrumentationGroup,2, 3, 67, 95,200, 231,281 210, 211
Invertedbit, 28 Miscorrection,28, 34
Ion microprobeanalysis,259 Miseorreetionprobability,36, 37, 38
Isomax tape, 55, 56 Misdetection,28, 31, 35

Modularsystem, 3, 109-110, 203,215-230
Modulo2 addition,26, 117, 238,241,291

Jitter, 21,127, 132, 133, 135,215 Multiplexing,7, 8, 30, 32, 179, 184, 185, 193,216, 219, 235,
236, 237

Karlqvistapproximation,48, 49 Multitrackrecording,21, 131, 216
Mylar, 191,257,262, 264, 265,269

Laddernetwork,222 NationalSecurityAgencY,245
LAMPS MK-I (AN/SQR-17) system,7, 8 Naval Air DevelopmentCenter, 2, 9
LandsatD system,253 Nibble, 25
Latch,25, 26, 41,225 NiFe film,46, 61
Lateralparity, 2, 14, 16, 27, 28, 170, 208, 241,249,250 Noise spectrum,69, 78, 80, 289
Light-emittingdiode,226, 236-237 Nonretum-to-zero code, 16, 17, 18, 95, 127-129, 132,
Linear sequentialcircuit,25, 26, 27 144-152, 195, 198,210, 212, 232, 281,288, 291
Linear shift register,26 NRZ--I code, 144, 146
LockheedElectronicsCo., Inc., 16 NRZ--L code, 16, 17, 67-84, 86, 88, 90, 109-115, 128, 144,
Logichardware,98 145, 152, 156-164, 167, 168, 171, 172, 173, 177-186,
Longitudinalparity, 14, 238, 240 195,196, 197,216, 228, 235,237
Longitudinalrecording, 15, 57, 58, 59, 103, 105, 109, 127, NRZ--M code, 16, 17, 73, 74, 128, 136, 137, 144, 145-146,

195-214 237
Lorentzmicrograph,62, 63 NRZ--S code, 73, 74, 144, 146, 237
Low-disparitycode, 109, I 11, 113, 116 Normalizedfrequency,79, 84-92
Low-frequencyresponse, 127, 128, 132 Null, output, 59, 117
Lubricant, 258 Nyquist frequency,137, 138

Nyquist packingdensity, 147,208
Nyquist rate, 111,113, 147, 149

Magneticdisk, 36
Magneticfill, 63, 65 Oligller, 63, 64
MTU. See System600 MagneticTape Unit OR gate, 16, 22, 200
Magnetization,15,262-267 Oscilloscope,68, 154, 155,260, 262-268, 270
Magnetizationtransition,4, 58, 59, 74, 77, 78, 136, 138, 162, Output data, 6, 21, 77

195,207,208 Output signal,49, 59, 197,210-211,220-221,269
Magnetomotiveforce, 44, 49 Output spectrum,76, 78
Magnetoresistivehead,54, 55, 61 Output timingclock, 157, 159, 160-161,164
Magnetostrietion,46, 47, 55 Overallcheck,28, 31
Manchestercode, 111,113 Overhead,13, 14, 16,i7, 19,77, 95, 111,137,138,141-142,
MnZn ferrite, 45, 46 148, 155, 198, 206, 207, 214, 218, 226, 233, 234, 245,
MarkIIIA VLBI system, 103-107 247,249, 250, 252, 289,291
MartinMariettaCorp., 93, 96, 97, 98, 247,283,387 Oxide coating,6, 9, 10, 12, 165
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Parallel stream, 199, 203,216 Pulse code modulation, 67, 70, 71, 74, 83-92, 93, 111, 127,
Parallel recording, i1, 14, 16, 77, 81, 143, 154-194, 213, 215,236

216-218, 228,231,233,235,236,237,250, 287,288,291 PCM tape, 255,256
Parallel-to-serial conversion, 132, 204, 216,248
Parametric model, 6 Quadra-Phase code, 81
Parity bit, 13, 16, 20, 21, 25, 26, 27, 40, 41, 77, 95, 98, 146, Quality control, 11

148, 156, 157, 164, 166, 216 Quantization error, 134, 135
Parity channel, 21,202, 209 Quantization level, 129, 134, 135
Parity cheek, 26, 27, 31, 41,116, 146, 153, 154, 157, 163, Quantization noise, 133, 134-136

173,191,194, 225,229 Quantization signal, 5,134, 135
Parity error, 165, 167, 169, 170, 173, 175, 176, 178, 191,

193,203, 226 Rack, 230, 242
Parity function, 27 Radar signal analysis, 143
Parity prediction circuit, 41 Ramp, 76, 78, 83, 86-88, 90-92, 96, 97, 99, 100
Parity stripper, 173, 174, 178 Random access memory, 235
Parity track, 21, 23, 116, 141,166-176, 179, 191,202, 208, Randomization, 18, 75-77, 96, 97, 100, 146, 232-233, 241,

229,239, 245,253,291 248,251,281
Parity tree, 25, 41 R-NRZ code, 18-21,144-150, 153,155,198,200, 209,212,
Patent, 292 213,282, 287,290
Pattern compatible code, 287,290 R-NRZ--L code, 67, 71-83, 86, 90, 200
Pattern serLsitivity,35, 36, 37, 39, 117, 123, 136, 138-139, Range Commanders Council. See Inter-Range Instrumentation

151-152, 216,289 Group
Performance, 3, 45, 59-60, 93-101, 150, 154, 237-238, RCC Telemetry Group, 281,282

242-245,256, 291 RD-420 recorder, 7, 8, 9
Permalloy, 48, 54, 57, 58, 60, 62, 65 Read-back mode, 60
Permeability, 44, 47 Read head, 49, 54
Perpendieular recording, 57-66 Read-only memory, 77
Phase equalization, 69 Readout, 135
Phase-locked loop, 5, 9, 140, 203,215,221,227 Real time monitoring, 66
Phase response, 132 Receive polynomial, 30
PI-214 recorder, 7 Reciprocal polynomial, 35
Playback, 95, 109, 116, 117, 139, 142, 281 Record head, 48, 51,203,217,219, 229
Polarity sensitivity, 138, 140, 289 Record level, 69-70, 267
Pole thickness, 47, 49 Record mode, 43-45,162, 201
Pole tip erosion, 48 Record/reproduce channel, 210
Pole tip saturation, 58 Record/reproduce head, 46, 191,192, 236
Pole winding, 49, 50 Record/reproduce track, 148, 179, 185, 186
Polished tape, 82 Record time, 180-186, 283
Polyamide, 63 Record wavelength, 45, 50, 54, 196, 197,208, 255,268
Polyethylene terephthalate, 62-66 Record zone, 45
Polyimide, 63 Redundancy, 30, 37, 104, 248,290
Polynomial, 29, 30, 31,232 Reed-Solomon code, 36, 38, 39, 238
Portable system, 109 Reformatting, 8
Power failure, 36, 41 Relative bandwidth, 111, 113, 114
Power spectrum, 78, 79, 80, 83-92, 95,149 Reluctance, 44
Preamplifier, 159, 162, 163,192, 193,220 Remainder, 28, 29, 30, 208,250
Precision Echo, Inc., 7, 9 Remanence, 43, 50, 56
Precision Instruments, Inc., 7 Replay, 2, 3, 7, 8, 9
Primitive polynomial, 35 Reproduce clock, 200
Probe head, 57, 58, 60 Reproduce head, 15, 16, 45, 49, 50, 51,211,217, 219, 220,
Probe write/ring read head, 61 221,227
Procurement, 3, 6, 7 Reproduce level, 69, 71
Professional video tape, 104 Reproduce mode, 47, 162
Profilometry, 294 Reproduce signal, 18Resistance, de, 55
Prototype, 105,107 Response, 8
Provisioning, 3 Return-to-bias code, 129, 145
Pseudorandom noise, 2, 18, 75-80, 83-85, 88-90, 95, 97, Return-to-zero code, 16, 17, 121-122, 124, 129, 144-145

112, 115,216,218,223,225,248, 251,287, 291 Ring head, 43, 49, 57, 58, 60, 61
P-3C aircraft, 9 Ring write/ring read head, 61
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Roller,65 Split-phaseencoding.See Bic_--Lcode
Rolloff,78, 104, 129, 135,196, 278 Sputtering,57, 62-66
Rowcheck,27, 28 Squarewavesignal,51
RoyalAustralianAir Force,9 Standardization,3
Run-length-limitedcode, 145, 146, 147 Storageregister,157

Storagesystem.See Data storagesystem
Sabrerecorder,239 Submarine,3
Samplingtheorem,129 Subsequentcycleerasure,44
Sapphire,48, 55 Substrate,50, 54
Satellitecommunications,143 Surfacevessel,3
Saturation,46, 47, 55, 58 Symbol,36, 73
Scanningelectronmicroscopy,62, 63,257,261 Symptom,27
Sealing,5 Synchronization,8, 1l, 20, 93
Sector,38, 39 Synchronizationbit, 155
Security,18 Synchronizationpulse, 160, 161,162
Self-checkingcode, 38, 39, 40, 41 Synchronizationtrack, 155
Self-clocldngcode, 4, 8, 17, 128, 129, 138, 196 Synchronizationword,20, 21, 74, 77, 95, 130-132, 140, 141,
Self-demagnetization,58, 59, 255 148, 156, 157, 160-164, 173, 192, 193, 198-202, 206,
Self-synchronization,77 214, 233,234, 235,236, 245,248, 249, 288
Sendust, 45, 46, 47, 51, 55, 56, 275 Synchronousclock, 26, 145, 155, 158, 162, 171, 173, 174,
SEg000 recorder,203-206 178, 182, 184, 185, 187
Sensor data, 1, 2, 3, 94 Syndrome,27, 28, 32, 33, 34, 38, 39, 116
Separationloss, 44, 50, 61 System600 MagneticTape Unit, 188-194
Separation/wavelengthratio,58, 61
Serial bit stream,93-97, 160-164, 196, 197, 199, 203,213, THIC. See Tape Head InterfaceCommittee

241,247, 289 Tape abrasivity,105, 106, 256-261,274, 275, 293
Serialimage processing,93 Tape coatingresistivity,269
Serial recording,67, 77-82,213,231,233, 235,291 Tape damage,6, 7
Serial-to-parallelconversion,130, 131,202, 204, 248 Tape drive, 14
Servomechanism,2, 4, 5, 8, 10, 60, 162, 163, 189, 191,227, Tape economy,195

228 Tape format, 1
Shiftregister, 20, 25, 26, 29-35, 37, 40, 41, 75, 76, 77, 153, Tape handling,3, 187, 243

232, 281,291 Tape-head alignment,219, 293
Shim, 59, 60, 61 Tape Head Interface Committee, 238, 243, 281, 282, 283,
Shipping,5 286,287
Shorestation, 3 Tape-headperformance,95
SH-3H heficopter,9 Tape imperfection,21
Sideband,2 Tape life,7
Signallevel,43, 48, 49, 50, 51, 54, 55, 56, 58 Tape RecorderSteeringGroup, I, 3
Signalmonitoring 12, 228-229 Tape speed, 14, 67, 70, 71, 78, 79, 81, 96, 99, 109, 133, 153,
Signal-to-noiseratio,2, 4, 11, 15, 19, 56, 59, 70-72, 76, 78, 180, 184, 188, 195, 196, 199, 201, 203, 205, 206, 208,

81,105,106, 127, 129, 133, 134, 136, 138,140, 149, 150, 215, 220, 221, 223, 226, 227, 228, 270, 271,272, 273,
152, 155,211,212, 215,289, 290 274, 275,278, 279, 287, 288, 289

Silica,63 Tape surface,43
Simulation,83 Tape tension, 100, 107, 189, 259, 260, 275,293, 294
Simultaneouserror,2, 166, 167, 173,252 Tape thickness,48, 104, 257
Sinewavesignal,51, 83 Tape track,4, 8, 9, 95, 99
Single-biterror,27, 28, 31, 32, 33, 34, 290 Tape transport,7, 103, 133, 157, 158, 162-163, 188-191,
Single-bursterror,31 203, 205, 215, 217, 219, 223, 227, 235, 242, 243, 260,
Single-symbolerror,36 268,276,295
Skew,3, 4, 16, 95, 131,140, 164, 216, 223 Tapewear,97
Slip agent,63 Tape width,6, 188
SNR degradation,106 Technicalmanual,3
Sonar, tactical towedarray,8 Telemetrydata, 67, 81, 93, 281
Software,10, 39, 41 Temperature,55, 107,258,267, 295
Sony VI6 tape, 104, 106 Temperaturecoefficientof resistance,55
Sourcedata, 6 Test configuration,83
Speedup,2 Testing,acceptance,96
SpinPhysics, Inc., 272, 273,274 Thermalnoise, 55
Spinalloy",271-274 Thin film,48-49, 58-59
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Thin film head, 43, 46, 47 Vertical media, 43, 49 _ _;
Thorn EMI Technology, Inc., 207,283,290 Vertical parity. See Lateral parity
Three-hit error, 28, 31, 34 Vertical pole head, 43, 49, 50
3M892 tape, 104 Vibration, 3
3M5198 tape, 104, 106, 257 Video display, 10
Three-position modulation code, 21, 81, 111, 114, 195-214 Video home system, 104, 105, 107
Throughput rate, 148, 179-187, 195 Video word, 96
Time base correction, 4, 5 Videocassette recorder, 103, 105
Time base error, 131,132, 133 Voice recording, 4, 8, 9
Time base stability, 143, 144, 145 Voltage level, 16
Track clock, 235
Track density, 15,291 White noise, 83, 134
Track spacing, 99, 104 Wideband recorder, 5, 8, 67-92, 129-132, 134, 152, 207, :
Track width, 67, 77, 81,103, 104, 105,106, 270 255,291
Transducer, 15 Wideband II recorder, 8, 93,203, 204, 210, 211
Transistor-to-transistor logic, 206, 219, 226, 228 Winchester media, 38 ._
Transition. See Magnetization transition Winding, 7, 63, 65, 66, 188
Transition density, 49, 58, 59, 61, 103, 104, 137, 138, 146, Wood code, 13, 17

150, 151,155,196,197, 198, 202,207,208, 211,213,288 Wrapping, 5
Transmit polynomial, 30 Write clock, 200, 208
Troubleshooting, 221

Tunnel erase, 60, 61 XOR gate, 25, 26, 28, 30, 39, 77
X-ray diffraction, 62

Ultrasil", 274-278 X-ray intefferometry, 143
U.S. Navy, 1, 5, 7, 9, 12
Upper bandedge, 83,208,210, 211,213
Utility function, 282, 284-286 Yoke head, 43, 50, 54, 55

Y_ code, 200, 206, 213, 214

Vacuum video tape, 104
Value function, 284-291 Zero-disparity code, 111, I12, 113, 116
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B. INDEX OF INFRARED SOURCE POSITIONS

The Index of Infrared Source Positions gives the position of infrared sources listed alphabetical-
ly by source name. Thus, the celestial position of an infrared source can be found, and the
source quickly located in the main Catalog.

The "POS REF" column is left blank when the position of the observation was given in the
original reference. If the source position was not given by the original authors, which is true in a
large number of cases (primarily well known visible sources), a supplementary position was ob-
tained by the editors from visible star catalogs, or from references listed in the Bibliography,
and the reference is listed in the "POS REF" column (see abbreviations below). If the source
position had to be determined by the editors from source maps or other non-tabular material in
the article, the term "ED" (meaning "editors") is listed as the position reference. The six-digit
bibliographic reference number is given when the position was obtained from another publica-
tion contained in the Infrared Astronomical Data Base.

Supplementary positional references frequently used in the Index include:

AFGL Air Force GeophysicsLaboratory Four-Color Sky Survey
(760913,770706)

AS Mount Wilson Additional Stars (509901)
CSI Catalogue of Stellar Identifications - 1979(719902)
3CR Third Cambridge RevisedCatalog
ED Editors
GCVS General Catalogue of Variable Stars (699901)
IC Index Catalogue (958901)
IRC Caltech Two-micron Sky Survey (690001)
MCG Morphological Catalog of Galaxies
MWC Mount Wilson Catalog (339901,439901,499901)
P-K Catalogue of Galactic Planetary Nebulae (679901)
RA42 Master List of Radio Sources (769905)
RNGC Revised NewGeneral Catalogue (739906)
YALE YaleTrigonometric Parallax Catalog (639902)
UGC Uppsala Galaxy Catalog (739908)





NAME lEA (1950) DEC POSR] NAME RA (1950) DEC POSRI NAME RA (1950) DEC POSREF
h m i •

+40 IRI 20 18 57.6 +41 I1, 31" ED AFGL 123 0h50_27_0-- 1"24' 56 AFGL 256 49_03' -- 6'41' 54
+40 IR2 20 18 34.4 +41 10 29 " AFGL 124 0 50 26 +17 15 42 AFGL 257 49 03 +38 53 54
AB 9 12 46 28,7 +37 46 50 809901 AFGL 1255 0 50 48 +52 23 18 AFGL 2585 50 29 +54 01 12
AB 78 12 57 26,7 +34 39 31 AFGL 126 0 50 56 + 6 33 54 AFGL 2585 50 33 +53 59 54
AB 133 13 04 48,0 +34 40 24 AFGL 127 0 52 (30 +48 25 18 AFGL 259 50 33 +59 55 18
ABELL 78 21 33 24 +31 28 P--K AFGL 127 0 52 14.0 +48 24 29 AFGL 2605 51 25 + 6 46 36
ABELL 78 9"E 21 33 25 .+31 28 ED AFGL 128 0 52 06 .+58 42 00 AFGL 261 51 39 -46 32 06
ABELL 78 9"W 21 33 23 +31 28 " AFGL 129 0 52 31 .+24 16 48 AFGL 262 51 41 + 8 32 00
ADS 4209 IRS2 5 33 55.4-- 6 47 27 AFGL 129 0 52 33.8 .+24 17 12 AFGL 262 5147 + 8 30 42
ADS 5165 IRS2 6 29 22.1 + 5 03 49 AFGL 1305 0 52 45 --23 50 00 AFGL 2635 52 10 --31 52 24
ADS 5165 IRS3 6 29 13.1 -t- 4 59 20 AFGL 1315 0 5300 -- 7 34 36 AFGL 26.45 52 17 + 6 58 36
ADS 6033 IRSI 7 21 09.2 --25 38 51 AFGL 132 0 53 13,8 .+57 43 35 AFGL 265 52 20 +69 58 12
ADS 6033 IRS2 7 21 03.8 -25 39 36 AFGL 132 0 53 28 +57 43 30 AFGL 2665 52 22 +24 50 54
AFCRL IRS 20 27 34 .+40 01 54 AFGL 133 0 53 41 +60 27 42 AFGL 2675 52 28 .+ 7 42 36
AFCRLS09--2992 730703 AFGL 134 0 53 53 .+48 26 12 AFGL 2695 52 59 .+43 32 24
AFGL 25 0 (30 14 .+73 43 30 AFGL 135 0 53 57 .+58 53 36 AFGL 2705 53 03 .+59 02 12
AFGL 35 0 (30 15 +24 37 12 AFGL 136 0 54 24 .+23 09 18 AFGL 272 54 20 --22 46 42
AFGL 45 0 00 20 +58 17 30 AFGL 137 0 54 32 .+58 09 12 AFGL 273 53 30 +89 03 00
AFGL 5 0 00 42 .+55 25 06 AFGL 1395 0 56 58 .+32 38 54 AFGL 274 54 49 +27 33 48
AFGL 7 0 01 13 +66 25 18 AFGL 1405 0 56 59 -- 8 48 42 AFGL 274 54 52.9 +27 33 43
AFGL 8 0 01 54 +39 49 42 AFGL 141 0 57 41 .+56 21 12 AFGL 2755 55 13 + 5 47 06
AFGL 9 0 0! 59 +41 50 36 AFGL 143 0 57 59 -- I 57 03 AFGL 276 55 10.7 +30 53 31
AFGL 12 0 03 40 +69 46 24 AFGL 143 0 58 07.2 -- 1 55 40 AFGL 276 55 13 +30 53 42
AFGL 13 0 03 54 +26 46 48 AFGL 144 0 58 39 .+29 39 54 AFGL 277 55 16 --48 45 18
AFGL 14 0 04 15 +42 49 12 AFGL 1465 0 59 33 .+61 34 06 AFGL 278 55 31 +45 I1 42
AFGL 17 0 05 11 --25 45 36 AFGL 147 0006 .+52 52 30 AFGL 278 55 37.3 .+45 II 32
AFGL 18 00553 --17 51 54 AFGL 149 0109 .+74 33 18 AFGL 279 50 11.7- 7 54 32
AFGL 20 00614 .+33 35 12 AFGL 1505 0151 +28 33 12 AFGL 279 55 56 -- 7 19 06
AFGL 21 0 06 28 +58 52 42 AFGL 1515 02 06 -- 7 03 06 AFGL 280 56 07 +54 34 48
AFGL 22 0 06 59 .+63 40 24 AFGL 152 02 19 .+18 53 42 AFGL 280 56 14.8+54 34 49
AFGL 24 0 07 38 .+54 36 36 AFGL 153 02 38 .+85 57 24 AFGL 2825 56 29 .+75 41 48
AFGL 255 0 07 42 +38 09 06 AFGL 154 02 47 .+65 33 18 AFGL 283 57 04 --14 07 54
AFGL 265 0 07 45 .+33 23 00 AFGL 1555 02 47 .+19 58 54 AFGL 284 57 23 --21 03 06
AFGL 27 0 07 49 +28 21 54 AFGL 156 03 04 --32 03 24 AFGL 285 57 28 +63 53 24
AFGL 28 0 08 07 .+31 58 06 AFGL 157 03 40 -t-12 19 06 AFGL 286 57 37 --21 19 06
AFGL 29 0 08 23 --18 51 24 AFGL 158 03 50 --20 49 03 AFGL 287 57 57 -- 8 47 24
AFGL 305 0 09 07 .+27 57 18 AFGL 1595 05 02 -- 2 06 54 AFGL 2885 58 19 .+71 01 12
AFGL 315 0 09 I1 -- 6 17 48 AFGL 160 05 20 .+63 18 12 AFGL 289 58 26 +61 41 06
AFGL 32 0 09 28 --24 53 24 AFGL 161 0605 --10 28 00 AFGL 290 59 48 .+13 14 54
AFGL 335 0 09 33 +28 08 00 AFGL 162 06 25 -- 5 50 48 AFGL 292 (30 16 + 7 27 54
AFGL 345 0 1004 .+24 52 30 AFGL 163 0648 +65 52 36 AFGL 2935 0020 --45 36 12
AFGL 355 0 I1 03 .+73 06 00 AFGL 164 06 52 +35 21 30 AFGL 294 t_O45 .+42 05 48
AFGL 37 I1 56 -- 8 03 48 AFGL 165 07 30 .+15 2600 AFGL 295 0106 -- 4 21 00
AFGL 38 12 01 --19 12 12 AFGL 1665 07 47 -t-10 33 24 AFGL 297 03 40 --10 27 18
AFGL 395 12 44 .+60 57 18 AFGL 167 08 02 +53 28 36 AFGL 2985 04 58 .+59 01 03
AFGL 40 12 54 --32 19 12 AFGL 168 08 20 .+30 22 24 AFGL 299 05 22 +51 33 24
AFGL 41 1403 .+49 I1 30 AFGL 169 0844 --13 47 12 AFGL 301 0621 --18 01 54
AFGL 42 1407 .+ 1 36 12 AFGL 1705 0923 .+21 57 12 AFGL 3025 0646 .+16 32 42
AFGL 43 14 18 + 9 59 00 AFGL 172 09 39 -- 3 40 54 AFGL 303 07 55 +19 16 54
AFGL 445 14 32 .+33 20 54 AFGL 1745 09 52 -- I 09 06 AFGL 3045 2 08 !1 +22 14 42
AFGL 45 14 26 .+74 20 12 AFGL 175 09 53 +67 31 30 AFGL 305 2 08 41 .+63 56 06
AFGL 465 15 01 +33 30 48 AFGL 1765 09 54 --32 16 24 AFGL 310 2 14 18 .+44 04 18
AFGL 47 15 44 +16 04 54 AFGL 177 10 23 +62 42 00 AFGL 311 2 14 25 +78 31 48
AFGL48 16 50 -- 9 05 42 AFGL 1785 1051 .+13 03 12 AFGL 3125 2 14 36 --14 54 36
AFGL 50 17 14 +44 25 24 AFGL 179 10 52 +26 53 00 AFGL 313 2 15 28 +57 12 (30
AFGL 53 19 15 --20 19 42 AFGL 1805 II 04 --43 09 24 AFGL 314 2 15 46 --14 22 42
AFGL 545 19 47 .+53 18 54 AFGL 182 1142 -- 2 26 30 AFGL 3155 2 16 17 +63 55 48
AFGL 55 19 35 .+58 55 36 AFGL 184 11 49 .+66 23 36 AFGL 3165 2 16 28 +33 36 54
AFGL 56 20 30 .+38 27 54 AFGL 1855 12 20 +78 58 06 AFGL 317 2 16 36 +24 12 18
AFGL 57 20 21 .+55 31 12 AFGL 186 12 27 .+71 27 36 AFGL 318 2 16 51 -- 3 I1 42
AFGL 585 2030 --16 16 54 AFGL 1875 1248 +48 59 12 AFGL 319 2 1802 .+60 41 36
AFGL 59 21 07 .+38 18 12 AFGL 188 13 18 .+25 30 42 AFGL 320 2 18 43 +56 52 00
AFGL 60 0 22 11 .+69 52 06 AFGL 189 1432 +59 02 12 AFGL 321 2 19 17 .+ 0 10 54
AFGL 62 0 22 26 .+47 23 00 AFGL 190 14 25 .+66 57 12 AFGL 323 2 19 21 .+58 22 24
AFGL 635 0 22 32 +48 33 42 AFGL 192 14 50 .+13 38 48 AFGL 3245 2 19 26 +70 45 24
AFGL 64 0 23 46 -42 37 48 AFGL 193 15 00 .+57 32 42 AFGL 326 2 21 53 +61 51 42
AFGL 66 0 24 26 -- 6 54 54 AFGL 194 15 50 .+72 21 06 AFGL 327 2 22 00 .+57 II 36
AFGL 67 02429 +69 21 24 AFGL 195 16 05 .+35 29 54 AFGL 328 2 23 10 +62 03 06
AFGL 68 0 24 49 +35 19 06 AFGL 1965 1610 --27 33 48 AFGL 331 2 23 22 +61 38 48
AFGL 695 0 25 12 --36 03 18 AFGL 197 16 17 .+56 04 00 AFGL 332 2 23 34 +60 28 30
AFGL 70 0 25 15 --33 17 00 AFGL 1985 16 36 + I 16 18 AFGL 333 2 24 13 +61 18 06
AFGL 71 0 25 27 +17 37 18 AFGL 200 17 13 .+63 43 42 AFGL 333 2 24 30 +61 15 ED
AFGL 72 0 25 29 -- 4 14 18 AFGL 2015 18 21 +18 54 54 AFGL 333 2 24 38 +61 15 20 "
AFGL 73 0 26 07 +48 08 54 AFGL 2025 18 41 .+76 37 12 AFGL 3345 2 24 33 +26 43 18
AFGL 745 0 27 05 .+57 03 03 AFGL 203 18 47 .+66 32 36 AFGL 335 2 24 44 +51 05 24
AFGL 75 0 27 24 -- 4 15 24 AFGL 2045 19 03 -- I 1042 AFGL 337 26 57 --26 2000
AFGL 76 0 27 21 +82 20 18 AFGL 205 19 40 .+61 35 36 AFGL 3385 28 12 --21 17 18
AFGL 795 0 28 23 .+76 18 12 AFGL 206 19 42 -t- 1 52 03 AFGL 339 28 14 --22 44 36
AFGL 82 0 29 39 +25 45 36 AFGL 2085 20 47 -- 9 03 42 AFGL 340 29 10 +76 29 48
AFGL 85 0 32 57 --11 46 00 AFGL 2095 21 13 --31 14 24 AFGL 341 29 15 +57 50 12
AFGL 865 0 33 00 .+70 15 00 AFGL 210 21 35 -- 8 26 48 AFGL 342 29 22 +14 14 36
AFGL 875 0 33 30 --14 44 54 AFGL 211 21 37 .+60 48 54 AFGL 3435 3001 -26 50 00
AFGL 88 0 33 57 +48 40 24 AFGL 2125 21 39 .+19 01 06 AFGL 3445 30 18 + 0 18 36
AFGL 89 0 34 03 +44 12 12 AFGL 2135 22 15 .+67 51 30 AFGL 3465 30 20 --16 54 54
AFGL 90 0 34 27 +53 26 06 AFGL 214 24 26 +16 40 30 AFGL 347 30 29 +45 25 12
AFGL 915 0 35 24 +68 19 [30 AFGL 215 2438 --32 49 42 AFGL 348 31 19 --13 20 54
AFGL 92 0 36 11 +59 24 42 AFGL 216 25 05 .+16 25 54 AFGL 349 31 41 .+64 56 12
AFGL 94 0 36 26 +30 35 12 AFGL 218 26 07 --43 36 18 AFGL 350 32 35 +53 16 00
AFGL 955 0 36 28 .+49 04 30 AFGL 220 26 10 .+51 24 36 AFGL 351 32 36 +34 28 06
AFGL 96 0 36 55 +37 56 30 AFGL 2215 26 02 .+79 25 18 AFGL 352 33 04 -42 24 42
AFGL 975 0 36 59 .+71 47 48 AFGL 2225 26 36 .+35 40 06 AFGL 354 33 37 -- 8 02 18
AFGL99 0 37 31 .+59 12 42 AFGL 224 27 38 .+ 5 53 18 AFGL 355 34 04 +34 02 24
AFGL 1(30 0 3742 +56 16 12 AFGL 225 2744 .+15 25 (30 AFGL 3565 34 I1 +27 29 12
AFGL 101S 0 37 49 .+36 55 42 AFGL 226 28 I1 + 2 37 54 AFGL 357 35 14 --27 10 30
AFGL 1035 0 38 07 -- 3 57 12 AFGL 227 28 30 +62 04 24 AFGL 3585 35 43 -- 9 47 48
AFGL 104 0 39 59 .+41 00 30 AFGL 228 28 53 .+15 04 00 AFGL 359 36 03 .+59 21 24
AFGL 106 0 41 05 --18 17 18 AFGL 230 30 27.2 +62 11 31 AFGL 360 36 06 +80 55 36
AFGL 107 0 42 29 +68 55 36 AFGL 230 30 40 +62 I0 54 AFGL 361 36 16 +60 12 18
AFGL 108 0 43 55 .+15 12 24 AFGL 231 31 16 .+65 32 12 AFGL 3625 3630 +55 45 18
AFGL 108 04355,7.+15 12 12 AFGL 2325 3148 +150600 AFGL 363 3640 -t- 608 18
AFGL 109 0 44 53 .+32 25 24 AFGL 2335 32 22 .+23 21 06 AFGL 365 36 55 +39 37 18
AFGL IIOS 0 45 31 + 8 24 24 AFGL 236 34 06 .+ 7 35 06 AFGL 367 38 06 +30 59 00
AFGL 111 0 4605.1 + 7 18 48 AFGL 237 3442 +48 22 00 AFGL 3685 38 16 +62 03 18
AFGL 11! 04611 + 7 1906 AFGL 2395 3520 -t- 825 18 AFGL 369 2 3955 -- 5 4636
AFGL 1125 0 46 13 .+57 31 30 AFGL 240 35 29 +65 15 42 AFGL 3705 2 40 01 --23 50 42
AFGL 113 04618.9.+5648 10 AFGL 2415 3703 -t- 84042 AFGL 371 24044 +3602 18
AFGL 113 0 46 30 +56 46 00 AFGL 2425 37 28 .+55 47 24 AFGL 371 2 40 47 .+36 02 24
AFGLII4S 04656 +642712 AFGL243 3850 +51536 AFGE372 24217 --292730
AFGL 115 0 47 25 --16 45 00 AFGL 245 39 57 .+28 18 00 AFGL 373 2 42 40 +62 48 30
AFGL 116 0 48 22 +62 38 54 AFGL 247 43 59 .+10 08 06 AFGL 3745 2 43 50 --28 16 12
AFGL 117 0 48 25 .+61 32 54 AFGL 2485 44 14 +64 17 30 AFGL 377 2 44 53.5 .+29 02 27
AFGL I{gs 0 4906 +56 17 03 AFGL 250 1 4604 +29 34 42 AFGL 377 2 4506 +29 03 24
AFGL 120 0 49 01.8 .+59 18 06 AFGL 251 1 47 18 +64 37 06 AFGL 378 2 45 29 --12 39 18
AFGL 120 04921 +59 25 54 AFGL 252 I 47 24 -- 5 06 24 AFGL 3"/8 2 45 32.1 -12 40 04
AFGL 121 0 49 53 +69 41 18 AFGL 253 I 47 14.1 +53 29 43 AFGL 379 2 45 32.0 .+17 18 07
AFGL 122 04953 .+47 08 36 AFOL253 47 30 .+53 28 03 AFOL 379 2 45 34 .+17 17 54
AFGL 122 04955 +47 08 18 AFGL 254 47 48 --13 06 54 AFOL 380 2 45 49 +60 50 18
AFGL 123 0 50 25 -- I 25 30 AFGL 255 48 58 --10 36 06 AFGL 381 2 46 36 .+56 46 03

B-I



NAME RA (1950) DEC POSRD NAME RA (19_) DEC DOS_ NAME RA (1950) DEC POSRE]

AFGL 381 2_46_55_3+56°46 38" AFGL 522 3J'45_2 ' +50°54 12 AFGL 667 4_'57_19' --14°53 ' 54
AFGL 382 2 4658 +55 40 54 AFGL 522 3 45 56 +50 55 30 AFGL 6685 4 57 26 +32 43 48
AFGL 383 2 47 12 --45 03 36 AFGL 523 3 46 03 +63 30 24 AFGL 669 4 57 56 --28 07 18
AFGL 38', 2 4707 +57 39 24 AFGL 524 3 46 10 +67 29 12 AFGL 6705 4 58 19 +43 45 18
AFGL 385 2 48 29 +34 51/30 AFGL 525 3 46 16 -- 709 54 AFGL 671 4 5857 +60 23
AFGL 386 2 48 44 +53 48 06 AFGL 525 3 46 20.8-- 7 1000 AFGL 671 4 5859 +60 22 36
AFGL 387 2 48 56 +54 40 42 AFGL 526 3 48 21 --32 25 54 AFGL 672 4 59 05 +50 35 06
AFGL 3885 24904 +47 16 48 AFGL 527 3 49 05 +39 43 30 AFGL 6735 4 5910 -- I 55 54
AFGL 389 2 49 13 +14 12 48 AFGL 528 3 49 16 +44 55 30 AFGL 674 4 58 59 +41 01
AFGL 3915 2 49 48 +27 43 12 AFGL 529 3 50 55 +11 14 18 AFGL 674 4 59 I1 +41 00 00
AFGL 392 24948 -- 8 28 18 AFGL 530 3 51 22 --11 45 36 AFGL 6775 5 0024 + 9 17 06
AFGL 393 2 50 15 +74 07 24 AFGL 531 3 51 43 +57 31 36 AFGL 6795 5 02 27 +21 35 00
AFGL396 25109 +90712 AFGL532S 35144 --172930 AFGL681 50241 +444730
AFGL 400 2 53 05 +54 27 CO AFGL 5335 3 53 56 --34 24 54 AFGL 682 5 02 42 --21 58 48
AFGL401 2 53 08 +18 07 30 AFGL 534 3 54 05 --13 45 36 AFGL 683 5 02 45 + I 05 48
AFGL402S 2 53 32 +55 44 42 AFGL 5355 3 54 27 +12 56 12 AFGL 6845 5 02 51 +38 39 12
AFGL403 2 5400 - 90506 AFGL 537 3 5543 --13 3900 AFGL 686 503 12 +34 46 42
AFGL404 2 54 07 +14 25 06 AFGL 538 3 58 00.5 +56 56 20 AFGL 687 5 03 13 +50 19 18
AFGL405 2 54 21 + 4 19 30 AFGL 538 3 58 13 +57 02 36 AFGL 688 5 03 26 --22 2700
AFGL406 2 55 15 +62 54 48 A.FGL 5395 401 15 --33 5200 AFGL 692 5 05 17 +42 30 54
AFGL 409 2 56 52 +41 19 18 AFGL 540 4 01 20 --24 34 12 AFGL 693 5 05 24 +68 36 30
AFGL 410 2 57 II +43 58 18 AFGL 542 4 02 03 --15 53 12 AFOL 694 5 05 31 --12 40 42
AFGL412 2 58 12 +13 46 42 AFGL 543 40332 --10 26 06 AFGL 6965 5 06 19 +79 41 18
AFGL413 2 58 17 -- 303 36 AFGL544S 4040(3 +23 39 42 AFGL 697 5 06 26 +22 59 12
AFGL 414 2 58 34 +21 36 18 AFGL _145 4 04 20 +42 53 12 AFOL 698 5 06 28 +14 17 42
AFGL415S 2 59 19 --16 33 00 AFGL 5475 40619 --38 07 30 AFGL 699 5 07 02 -34 3700
AFGL 416 2 59 13 +60 18 30 AFGL 548 4 06 31 -- 8 14 54 AFGL 700 5 07 23 +52 48 30
AFGL 416 2 59 22.0 +60 16 15 AFGL 549 4 07 04 +42 03 48 AFGL 7015 5 07 50 --12 18 42
AFGL 416.! 2 59 13 +60 18 30 ED AFGL 550 4 07 15 +51 02 30 AFGL 702 5 08 57 -11 53 06
AFGL 416.2 " " ') AFGL 551 4 08 35 + 2 14 42 AFGL 7035 5 09 04 +38 35 36
AFGL417S 2 59 33 +16 25 12 AFGL 552 40925 --25 15 18 AFGL 7055 5 1007 -- 8 08 00
AFGL418 25936 +791248 AFGL553 41107 --103200 AFGL706 5 1030 + 248 12
AFGL419 2 59 42 + 3 53 06 AFGL 555 4 1227 +23 57 24 AFOL 707 5 I1 11 + 031 48
AFGL421S 3 0006 --22 58 24 AFGL 556 4 12 33 +33 42 42 AFGL 708 5 1158 + 0 36 42
AFGL4225 3 0009 +43 41 24 AFGL 5575 4 1301 --13 21 42 AFGL 709 5 12 04 +49 3000
AFGL4235 3 0012 -- 9 16 30 AFGL 558 4 1301 +50 32 12 AFGL 710 5 12 19 -- 8 17 06
AFGL4245 3 0036 +38 44 30 AFGL 559 4 13 15 +62 13 30 AFGL 7125 5 12 57 +45 31 06
AFGL425 3 01 13 +53 18 18 AFGL 560 4 13 38 +31 14 54 AFGL 713 5 13 02 +45 56 18
AFGL4265 3 0133 +31 18 18 AFGL 562 4 15 07 --38 13 42 AFGL 714 5 13 12 +11 56 48
AFGL428 3 0154 +38 38 48 AFGL,563 4 1537 --18 3800 AFGL715 5 13 16 +53 32 30
AFGL432 3 02 26 +75 33 30 AFGL 564 4 1601 --20 49 54 AFGL 7185 5 1401 +51 22 12
AFGL434 3 0300 +55 33 36 AFGL 565 4 16 28 +40 56 42 AFGL 7195 5 14 26 +27 13 30
AFGL4365 3 03 56 +31 12 48 AFGL 566 4 16 54 +15 31 42 AFGL 720 5 14 34 +42 44 18
AFGL 437 3 03 31.7 +58 19 07 ED AFGL 567 4 17 25 +60 37 42 AFGL 721 5 14 34 +29 33 42
AFGL437 3 03 58 +58 1642 AFGL 570 4 18 52 +68 07 12 AFGL 722 5 1501 +33 18 (30
AFGL437N 3 03 32.0+58 19 23 AFGL 571 4 1911 --22 18 42 AFGL 724 5 15 08 +63 13 00
AFGL 4375 3 03 32.2 +58 19 13 AFGL 572 4 19 23 +20 42 48 AFGL 725 5 15 14 +13 20 12
AFGL 437W 3 03 31.3 +58 19 19 AFGL 574 4 20 42 --13 00 18 AFGL 7265 5 15 26 --25 45 48
AFGL 438S 3 03 59 +38 45 36 AFGL 5755 4 20 46 +73 12 30 AFGL 7275 5 15 45 +43 15 42
AFGL439 3 04 03 -- 6 17 00 AFGL 5785 4 21 40 --27 55 18 AFGL 728 5 15 49 +62 36 36
AFGL440 30403 +585012 AFGL579 42218 --340906 AFGL729 51610 --101206
AFGL 441 3 04 09 --47 03 30 AFGL 5805 4 25 42 -- 5 13 48 AFGL 732 5 17 22 --25 09 48
AFGL 443 3 04 59 +40 46 24 AFGL 581 4 25 51 +10 (30 24 AFGL 733 5 17 43 --17 56 36
AFGL445$ 3 05 34 --24 13 30 AFGL 582 4 26 12 +39 46 30 AFGL 735 5 18 26 +32 29 12
AFGL 449 3 06 21 +44 40 06 AFGL 583 4 26 14 +57 18 18 AFGL 7365 5 19 48 -- 8 42 36
AFGL 453 3 07 38 +57 42 36 AFGL 5845 4 26 51 + 5 05 {30 AFGL 7375 5 21 08 +20 14 18
AFGL 454 3 08 04 --47 56 48 AFGL 585 4 27 07 +35 09 54 AFGL 739 5 21 42 +36 08 12
AFGL455 3 0824 +14 35 48 AFGL 586 4 27 55 +27 24 06 AFGL 740 5 22 06 -- 6 12 48
AFGL4565 3 08 37 --43 51 42 AFGL 589 4 29 04 +22 45 12 AFGL 7415 5 22 07 +33 53 12
AFGL 457 3 08 49 +74 03 12 AFGL 590 4 29 28 +31 00 36 AFGL 7425 5 22 42 + 0 18 18
AFGL458 3 08 56 --33 43 48 AFGL 591 4 29 28 --37 09 36 AFGL 744 5 23 36 + 04048
AFGL 459S 3 09 12 +23 31 54 AFGL 592 4 29 29 + 8 51 00 AFGL 7455 5 23 39 -33 34 24
AFGL4605 3 09 44 +65 23 48 AFGL 593 42942 +48 36 24 AFGL 746 5 23 50 +48 40 36
AFGL461 3 09 54 + 6 29 12 AFGL 595 4 30 40 +62 08 36 AFGL7475 5 23 46 +36 S054
AFGL 4625 3 1035 +47 06 36 AFGL 5965 4 31 26 --29 50 18 AFGL 748 5 23 51 +34 06 24
AFGL 463 3 11 22 --44 35 36 AFGL 598 4 31 48 -- 8 20 06 AFGL 749 5 23 58 +29 52 30
AFGL 464 3 tl 58 +46 23 54 AFGL 599 4 31 49 -- 9 03 36 AFGL 751 5 24 16 +23 03 24
AFGL 465 3 12 16 -- 2 31 48 AFGL 600 4 32 36 +28 25 48 AFGL 752 5 25 19 +17 I1 48
AFGL466 3 12 14 +64 34 06 AFGL 601 4 3310 +16 23 18 AFGL 753 5 25 21 +63 (30 00
AFGL 467 3 12 32 +45 10 12 AFGL 602 4 33 29 +41 09 36 AFGL 754 5 25 28 +32 25 12
AFGL4685 3 12 50 -25 44 18 AFGL 603 4 33 39 --30 42 36 AFGL 755 5 25 30 +38 59 18
AFGL4695 3 13 05 -23 47 24 AFGL 604 4 33 47 -- 5 25 30 AFGL 756 5 26 05 --20 49 06
AFGL 4705 3 13 54 -- 8 45 48 AFGL 605 4 34 28 --27 42 18 AFGL 757 5 26 40 -- 4 46 48
AFGL471 31448 +324530 AFGL606 43458 +660318 AFGL759 52715 --10930
AFGL 472 3 14 53 +81 58 30 AFGL 608 4 35 29 + 8 14 24 AFGL 7605 5 27 34 +15 06 18
AFGL 4735 3 17 01 +70 32 42 AFGL 610 4 35 56 --14 26 42 AFGL 761 5 28 08 +18 30 48
AFGL 474 3 17 14 +31 49 24 AFGL 6115 4 3600 +59 58 42 AFGL 7655 5 29 13 --12 24 48
AFGL475 3 17 22 --21 57 06 AFGL612 4 37 27 +17 25 30 AFGL 766 5 29 23 --35 29 54
AFGL476 3 1725 --24 18(D AFGL 614 4 3811 -19 45 12 AFGL 767 5 29 06 +18 31 18
AFGL 477 3 17 29 +28 51 30 AFGL 615 4 38 15 --14 19 00 AFGL 768 5 29 36 +65 01 54
AFGL 4785 3 17 54 +31 46 06 AFGL 617 4 38 41 --38 18 18 AFGL 769 5 30 07 +12 59 12
AFGL 4805 3 18 17 -- 7 36 54 AFGL 618 4 39 30 +3601 48 AFGL 771 5 30 30 --17 49 12
AFGL 481 3 18 20 +22 48 18 AFGL 619 4 39 37 + 6 47 12 AFGL 7725 5 31 13 -- 5 19 18
AFGL 482 3 18 38 +70 16 54 AFGL 621 4 40 42 +17 13 54 AFGL 7745 5 31 53 +54 54 06
AFGL 483 3 19 31 +32 03 54 AFGL 622 4 40 56 +20 40 42 AFGL 776 5 31 57 -- 5 14 48
AFGL 4845 3 1950 +29 26 00 AFGL 622 4 40 59 +20 40 48 AFGL 777 5 32 06 +54 24 30
AFGL 485 3 20 18 +64 25 18 AFGL 624 4 40 34.0 +32 46 24 AFGL 778 5 32 26 +67 25 24
AFGL 487 3 20 49 +49 40 36 AFGL 624 4 41 43 +32 51 36 AFGL 779 5 32 50 -- 5 26 36
AFGL488 3 22 57 --12 30 12 AFGL 6255 44149 -- 8 23 24 AFGL 779.1 " EE
AFGL 489 3 22 56 +47 21 12 AFGL 627 4 41 58 --12 46 30 AFGL 780 5 32 35 + 8 40 06
AFGL 490 3 23 38.9 +58 36 49 AFGL 6305 4 43 22 +14 58 03 AFGL 781 5 32 36 -- 4 56 24
AFGL490 3 23 43.0 +58 36 52 AFGL 6315 44356 +1447 48 AFGL 782 5 32 45 +380036
AFGL490 3 23 59 +58 35 24 AFGL632 44438 +61 25 48 AFGL 7835 5 32 52 - 5 08 30
AFGL 491 3 25 I1 +71 42 06 AFGL 633 4 4608 +68 05 48 AFGL 7845 5 33 01 +20 58 18
AFGL 492 3 26 55 +47 48 24 AFGL 634 4 46 12 -- 3 57 30 AFGL 786 5 35 03 -- I 48 12
AFGL494 3 28 04 -- 2 05 48 AFGL 635 44632.4+37 24 07 AFGL 787 5 35 26 +42 35 42
AFGL 496 3 29 02 +19 54 48 AFGL 635 4 46 43 +37 23 24 AFGL 788 5 35 31 +24 57 42
AFGL 497 3 30 35 -- 9 38 54 AFGL 636 4 47 34 +63 25 30 AVGL 789 5 35 54 +18 25 48
AFGLSCO 33154 --162012 AFGL637S 44801 +84924 AFGL791 53609 +464406
AFGL 5025 3 34 37 -- 6 51 12 AFGL 639 ,44823 +28 26 36 AFGL792 5 36 23 --35 30 36
AFGL 503 3 36 06 --33 0048 AFGL 639 4 48 33 +28 25 36 AFGL 793 5 36 37 --1404 36
AFGL 5045 3 37 II +61 36 24 AFGL 6415 44901 -- 4 58 42 AFGL 794 5 36 44 +37 36 00
AFGL 505 3 37 23 +62 29 24 AFGL 643 4, 49 21 +38 25 24 AFGL 795 5 37 11 --12 28 36
AFGL 506 3 37 44 +63 03 (30 AFGL 644 4 49 45 +14 09 06 AFGL 796 5 37 19 -- 8 11 24
AFGL 507 3 37 57 +51 18 18 AFGL 645 4 50 09 +22 51 18 AFGL 797 5 37 29 +31 53 54
AFGL 511 3 38 54 --10 54 24 AFGL646S 4 50 39 +38 09/30 AFGL 799 5 3756 +13 45 42
AFGL 512 3 40 31.9 +12 38 11 AFGL 647 4 S0 39 + 2 25 24 AFGL 799.1 " El"
AFGL 512 3 4044 +12 37 24 AFGL 648 4 S2 55 +59 03 48 AFGL 800 5 37 56 +28 03 36
AFGL 513 3 4047 -- 9 57 24 AFGL 649 4 S2 56 -- 2 58 42 AFGL 801 5 38 19 +12 16 06
AFGL 514 3 41 08 +80 10 36 AFGL 650 4 53 18 -- 445 36 AFGL 802 5 38 26 +38 55 30
AFGL 515 3 41 18 --31 10 24 AFGL 652 4 53 26 +13 28 12 AFGL 803 5 38 38 +17 28 00
AFGL 516 3 41 47 --43 03 06 AFGL 654 4 53 50 +33 04 36 AFGL 804 5 39 03 -- 408 54
AFGL 517 3 42 26 +53 45 30 AFGL 6555 4 54 17 +48 28 12 AFGL 805 5 39 04 +32 00 24
AFGL 519 3 43 45 --12 16 06 AFGL 6575 4 55 21 --34 23 12 AFGL 806 5 39 06 -- 2 17 (30
AFGL 519 3 43 46.5--12 15 26 AFGL 659 4 55 52 + 1 38 06 AFGL 807 5 39 12 -- I 56 54
AFGL 520 3 44 55 +65 22 24 AFGL 661 4 56 06 --16 43 54 AFGL 807.1 EI-
AFGL 521 3 44 56.8 +50 41 32 AFGL 663 4 56 32 +74 10 36 AFGL 807.2
AFGL 521 3 44 59 +50 41 30 AFGL 664 4 56 44 +56 06 48 AFGL 8085 5 39 19 --20 47 36
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NAME RA (|950_ I)EC POS RE1 NAME RA (1950) DEC POSREI NAME RA (19505 DEC POSREF
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AFGL 809 5 40 33.3 +32 40 58 AFGL 935 6823_02s -- 9'29' 06 AFGL 10635 7h03_6' --40"58' 42
AFGL 809 5 40 36 +32 41 06 AFGL 936 6 2315 + 5 3506 AFGL 1064 7 0321 --3551 24
AFGL 8103 5 4045 --2347 36 AFGL 937 6 2315 +19 0600 AFGL 1065 7 0329 --2502 30
AFGL 811 5 41 11 +69 58 06 AFGL 938 6 23 32 +68 57 24 AFGL 10665 7 03 32 +12 44 06
AFGL 812 5 4209.7+24 24 01 AFGL 9395 6 2344 --18 20 06 AFGL 1067 7 0405 + 8 58 18
AFGL 812 5 42 13 +24 22 42 AFGL 940 6 23 59 + 9 02 54 AFGL 10685 7 0409 +28 22 42
AFGL 8135 5 4400 + 2 09 36 AFGL 941 6 24 04 + 3 45 12 AFGL 1070 7 04 31 - 7 29 30
AFGL 8145 5 44 06 + 0 04 24 AFGL 9425 6 24 08 -- 7 49 12 AFGL 1071 7 04 57 --32 23 12
AFGL 815 5 44 03 +43 11 36 AFGL 943 6 24 20 + 5 25 18 AFGL 1072 7 04 57 +66 01 30
AFGL 815 5 4407 +43 11 54 AFGL 944 6 24 34 --19 35 18 AFGL 1073 7 05 16 +24 10 06
AFGL 818 5 44 29 + 0 18 06 AFGL 945 6 25 12 +61 35 12 AFGL 1074 7 05 26 --10 39 30
AFGL 819 5 44 55.5 -12 49 18 AFOL 947 6 2609 +16 36 24 AFGL 1074 7 05 27 --10 39 18
AFGL 819 5 45 06 --12 52 12 AFGL 9485 6 26 51 -- 8 03 42 AFGL 1075 7 05 43 --11 50 36
AFGL 820 5 45 05 --21 34 06 AFGL 949 6 27 36 + 8 08 00 AFGL 1077 7 06 13 + 4 12 18
AFGL 821 5 47 10 +18 27 18 AFGL 950 6 27 56 +27 28 42 AFGL 1078 7 06 14 --26 16 00
AFGL 822 5 47 41 +37 17 54 AFGL 9515 6 28 18 +10 27 30 AFGL 1080 7 07 57 +30 19 12
AFGL 823 5 48 20 +32 05 06 AFGL 9535 6 28 49 +46 56 48 AFGL 1081 7 08 21 +39 24 42
AFGL 8255 5 48 37 + 0 12 54 AFGL 954 6 29 22 +43 19 24 AFGL 1082 7 08 59 --29 00 42
AFGL 826 5 4905 +63 01 54 AFGL 955 6 2939 +40 44 36 AFGL 1083 7 0923 +51 31 18
AFGL 8273 5 4921 +61 31IX) AFGL 956 6 2957 +60 59 18 AFGL 1084 7 0937 +68 53 18
AFGL 828 5 4907 --2053 18 AFGL 957 6 3016 +55 24 06 AFGL 1085 7 0955 --2013 18
AFGL 829 5 49 II --3548 54 AFGL 958 6 3026 +64 07 06 AFGL 1086 7 I028 +16 1454
AFGL 830 5 4949 + 1 5106 AFGL 959 6 3141 +16 04 54 AFGL 1087 7 I034 --7 52 30
AFGL 831 5 50 15 +64 57 06 ED AFGL 9605 6 31 51 +60 42 12 AFGL 10885 7 11 02 -- 6 02 12
AFGL 8315 5 50 15 +64 57 00 AFGL 961 6 31 54 + 4 16 36 AFGL 10895 7 11 40 +24 58 24
AFGL 832 5 50 39 +39 30 54 AFGL961 6 31 58.9+ 4 15 07 AFGL 10905 7 12 36 -- 9 31 00
AFGL 8335 5 51 40 -- 1 03 36 AFGL 961 6 31 59 + 4 15 09 AFGL 1091 7 12 48 +28 0000
AFGL 834 5 5210 + 0 57 36 AFGL 962 6 31 55 +45 41 00 AFGL 1092 7 13 04 + 5 08 36
AFGL 8355 5 52 24 +41 29 18 AFGL 9635 6 32 00 -29 13 42 AFGL 1094 7 14 25 +48 36 12
AFGL 836 5 52 25 + 7 24 42 AFGL 964 6 3201 + 4 59 06 AFGL 1095 7 14 34 --23 15 18
AFGL 837 5 52 57 +20 09 12 AFGL 965 6 32 19 --12 26 24 AFGL 1096 7 14 37 --27 49 24
AFGL 8385 5 53 06 + 2 18 42 AFGL 966 6 33 06 +38 28 42 AFGL 10975 7 14 46 +39 12 48
AFGL 839 5 53 21 +45 30 12 AFGL 967 6 33 06 +14 15 06 AFGL 1098 7 15 02 +38 09 12
AFGL 841 5 53 34 +35 34 54 AFGL 968 6 33 19 -- 5 20 30 AFGL 1099 7 15 14 --34 44 42
AFGL 842 5 53 43 +48 21 36 AFGL 969 6 33 57 +17 46 18 AFGL 11(835 7 15 24 +76 15 48
AFGL 843 5 53 45 +22 50 24 AFGL 970 6 34 08 +21 09 12 AFGL 1101 7 16 21 --15 44 54
AFGL 8445 5 53 49 + 6 45 24 AFGL 971 6 34 19 + 3 26 24 AFGL 1102 7 16 34 +79 52 42
AFGL 845 5 54 38 +15 45 18 AFGL 9725 6 34 32 --19 13 36 AFGL 1103 7 16 56 +22 03 06
AFGL 846 5 55 06 + 2 42 06 AFGL 9735 6 34 38 +81 46 48 AFGL 1104 7 17 56 +55 55 00
AFGL 847 5 55 32 --33 06 48 AFGL 9745 6 34 41 +10 57 12 AFGL 1105 7 18 48 + 4 44 42
AFGL 848 5 55 34 +54 16 48 AFGL 975 6 34 44 +16 26 42 AFGL 1106 7 18 53 +87 07 18
AFGL 849 5 55 59 +74 32 00 AFGL 976 6 3447 +14 42 42 AFGL I1075 7 1908 --I1 21 18
AFGL 850 5 55 58 +38 24 54 AFGL 977 6 34 56 -- 1 21 18 AFGL 1108 7 20 13 --20 25 42
AFGL 851 5 56 13 +45 56 36 AFGL 9783 6 3507 --2 46 36 AFGL 1109 7 2037 +47 15 54
AFGL 853 5 57 39 +39 38 48 AFGL 980 6 35 44 --18 12 18 AFGL 1110 7 20 37 +82 31 00
AFGL 8555 5 58 34 + 6 01 42 AFGL 981 6 35 49 + 5 16 24 AFGL 1110 7 20 41.0 +82 30 50
AFGL 856 5 58 53 +10 54 48 AFGL 982 6 36 09 +59 54 30 AFGL llll 7 20 56 --25 41 00
AFGL 856 5 58 54 +10 54 36 AFGL 985 6 36 51 --14 04 36 AFGL 1112 7 21 25 --27 44 36
AFGL 857 5 59 08 -- 7 36 06 AFGL 986 6 36 56 -- 2 25 12 AFGL 1113 7 22 26 --21 25 12
AFGL 858 5 59 I1 -- 2 19 48 AFGL 9875 6 3701 +20 31 30 AFGL 1114 7 2244 +27 54 06
AFGL 858 5 59 16 -- 2 21 12 AFGL 988 6 38 34 +27 06 42 AFGL 1115 7 22 52 + 6 10 42
AFGL859S 55921 + 15100 AFGL989 63826 +93218 AFGLIII7 72301 +332742
AFGL 860 5 59 27 +37 43 54 AFGL 990 6 38 48 + 2 48 30 AFGL 1118 7 23 12 -- 5 45 18
AFGL 8615 5 59 31 -- 2 56 12 AFGL 991 6 38 52 +55 32 06 AFGL 1119S 7 23 48 +12 47 48
AFGL 862 5 59 47.3 +50 36 53 AFGL 9925 6 3910 -- 4 33 06 AFGL 1120 7 24 39 +46 05 48
AFGL 862 5 59 56 +50 37 36 AFGL 9935 6 39 15 --16 57 54 AFGL 11215 7 2441 +75 11 00
AFGL 864 6 01 06 +28 28 06 AFGL 994 6 39 15 +44 33 54 AFGL 1122 7 24 53 +41 03 54
AFGL 865 601 18 + 7 25 24 AFGL995 6 39 23 + 8 50 06 AFGL 1123 "/ 25 02 +48 02 12
AFGL866 60127 +674424 AFGL996 63938 + 12406 AFGLII24 72504 -261848
AFGL 8695 6 02 30 +68 48 36 AFOL 997 6 4009 --18 56 12 AFGL 11255 7 25 15 -26 45 24
AFGL 870 6 02 41 --16 28 36 AFGL 998 6 40 40 +57 58 30 AFGL 11265 7 25 23 +68 33 12
AFGL 871 6 03 14 +10 07 00 AFGL 999 6 40 18 --14 23 42 AFGL 1127 7 25 29 + 9 01 30
AFGL 872 6 03 43 --24 11 30 AFGL I001 6 40 51.4 +25 10 57 AFGL 1129 7 26 37 -10 15 06
AFGL 873 60353 -- 54248 AFGL 1001 64052 +25 1006 AFGL 1130 72650 +2801 30
AFGL 873 6 03 55 -- 5 43 18 AFGL 1002 6 41 05 --27 23 30 AFGL 1131 7 26 54 -19 20 48
AFGL 874 6 04 50 -21 48 00 AFGL 1003 6 41 26 +77 02 18 AFGL 1131 7 27 01 --19 21 24
AFGL 876 6 05 18 +34 53 42 AFGL 1004 6 41 35.4 +29 01 24 AFGL 11325 7 27 06 -- 7 01 48
AFGL 877 6 05 19 -- 6 23 18 AFGL 1004 6 41 36 +29 00 24 AFGL 1133 7 27 11 +50 07 54
AFGL878 60525 --190800 AFGLI007 64248 --163730 AFGLII34 72758 +515306
AFGL 881 6 06 38 +47 44 30 AFGL 1008 6 43 27 --36 30 06 AFGL 1135 7 28 08 -- 9 38 42
AFGL 882 6 06 50 +60 28 30 AFGL 1009 6 44 04 +30 18 54 AFGL 1136 7 28 17 +20 37 24
AFGL 883 6 07 01 +31 23 30 AFGL I010 6 44 27 + 8 06 36 AFGL 1138 7 30 01 + 8 26 18
AFGL 884 6 0740 +65 44 18 AFGL 1012 6 44 52 --20 14 48 AFGL 1139 7 3034 +11 08 54
AFGL 8855 6 07 34 -19 07 48 AFGL 1014 6 45 06 -- 8 54 24 AFGL 1140 7 30 34 --20 34 42
AFGL 8875 6 08 02 +34 52 00 AFGL 10165 6 45 59 --16 13 54 AFGL 1141 7 30 45 +30 37 48
AFGL 888 6 08 05 + 3 46 30 AFGL 1017 6 47 04 + 3 01 24 AFGL 11425 7 31 05 +67 33 30
AFGL 8895 6 08 10 -31 42 42 AFGL 1018 6 47 22 +11 22 36 AFGL 1143 7 31 12 +66 35 48
AFGL 8905 6 08 25 -- 6 11 54 AFGL 1020 6 49 01 + 5 49 30 AFGL 1144 7 31 22 +31 59 00
AFGL 891 60827 +11 15 18 AFGL 1021 64917 +61 04 30 AFGL 1145 7 3125 --14 2400
AFGL 892 6 08 56 -- 7 13 54 AFGL 1022 6 49 21 + 4 49 06 AFGL 11465 7 31 34 -- 9 58 24
AFGL 893 6 09 07 +21 50 30 AFGL 1023 6 49 23 --33 27 00 AFGL 11475 7 31 54 + 5 47 36
AFGL 894 6 09 10 +32 42 12 AFGL 1024 6 49 27 +20 54 00 AFGL 1148 7 31 59 +37 09 48
AFGL 895 6 09 22 +22 53 48 AFGL 1026 6 49 49 + 4 10 36 AFGL 1150 7 32 58 +27 02 18
AFGL 896 6 1004 +17 59 18 AFGL I027 6 5003 + 1 02 36 AFGL 1151 7 33 02 --23 53 30
AFGL 897 6 1008 +18 33 36 AFGL 1028 6 5007 + 8 27 54 AFGL 11535 7 3451 +29 17 42
AFGL 8995 6 10 45 -- 2 13 06 AFGL 10295 6 50 30 + 4 51 42 AFGL 11545 7 34 59 + 8 44 30
AFGL 900 6 I1 02 +76 42 00 AFGL 10305 6 50 32 --37 09 00 AFGL 11565 7 35 27 +13 46 12
AFGL 901 6 I1 12 +60 01 42 AFGL 10315 6 51 03 -10 01 24 AFGL 11575 7 35 30 +13 12 00
AFGL 902 6 I1 31 +13 52 12 AFGL I0325 6 51 08 -27 42 24 AFGL 1158S 7 35 58 -- 7 32 48
AFGL 903 6 1208 +56 45 48 AFGL 1033 6 51 38 --14 18 24 AFGL 1159 7 36 42 -- 8 21 06
AFGL 905 6 12 22 -- 6 15 48 AFGL 1034 6 51 44 --11 55 48 AFGL 1160 7 36 46 +38 27 54
AFGL906 6 13 06 --10 57 48 AFGL 1035 6 52 08 -24 1006 AFGL 1161 7 36 48 + 5 19 48
AFGL 907 6 13 14 +61 31 00 AFGL 1036 6 52 27 +77 02 36 AFGL 1162 7 37 38 --21 35 54
AFGL 908 6 1400 --27 27 06 AFGL 10375 6 52 40 -14 47 00 AFGL 1163 7 38 09 +20 34 00
AFGL 909 6 1403 +33 13 06 AFGL 1038 6 53 04 + 6 24 54 AFGL 1164 7 38 30 --23 21 00
AFGL 910 6 15 02 + 8 31 24 AFGL 1039 6 53 09.7 -- 2 16 18 AFGL 11655 7 38 36 --28 23 18
AFGL911S 6 16 38 +83 52 18 AFGL 1039 6 53 12 -- 2 16 06 AFGL 1167 7 38 53 +13 35 48
AFGL 912 6 17 05 --12 36 36 AFGL 1041 6 53 53 --14 00 24 AFGL 1168 7 39 13 +14 18 36
AFGL 913 6 17 19 -- 2 54 12 AFOL 1042 6 53 53 +37 27 06 AFGL 1169 7 39 15 -- 4 03 42
AFGL915 61735 --103600 AFGL1043 65510 +32148 AFGLI170S 73916 +83454
AFGL 916 6 18 04 +11 59 30 AFGL 1044 6 55 36 -- 8 55 12 AFGL 1171 7 39 20 --37 20 42
AFGL 918 6 18 13 +11 35 00 AFGL 1045 6 55 35 + 6 15 18 AFGL 11725 7 39 35 +25 57 48
AFGL 918 6 18 20.0+11 35 42 AFGL 10465 6 55 38 +15 45 42 AFGL 1173 7 4001 --10 46 54
AFGL 919 6 18 16 + 2 37 24 AFGL 1047S 6 55 54 --19 12 06 AFGL 1174 7 40 07 +29 01 06
AFGL 920 6 19 13 + 7 22 30 AFGL 1048S 6 56 03 + 8 31 30 AFGL 1175 7 40 46 +38 58 36
AFGL 921 6 19 21 -- 3 51 00 AFGL 1050 6 57 00 +55 23 36 AFGL 1176 7 40 59 +25 54 12
AFGL 922 6 19 44 +22 32 12 AFGL 1051 6 57 23 +16 09 12 AFGL 1178 7 41 26 +24 29 36
AFGL 923 6 19 47 + 3 27 12 AFGL 1052 6 58 17 +30 35 18 AFGL 1179 7 41 32 --28 17 36
AFGL 924 6 2007 --33 21 54 AFGL 1053 6 58 36 -- 3 I1 18 AFGL 1180S 7 41 43 --19 26 24
AFGL 925 6 2008 -- 2 10 54 AFGL 1054S 6 5904 +15 43 54 AFGL 1181 7 41 45 --28 50 18
AFGL 926S 6 2036 +59 11 30 AFGL 1055 6 59 20 +17 50 36 AFGL 1182S 7 41 59 +26 45 06
AFGL 927 6 2045 +49 18 30 AFGL 1056 6 59 36 +16 44 18 AFGL 1183 7 42 18 +28 08 06
AFGL 928 6 21 39 + 0 04 42 AFGL 1057 6 59 38 --27 52 24 AFGL 1184 7 42 20 +30 54 24
AFGL 930S 6 22 25 -- 2 57 42 AFGL 1058 7 (3003 -- 4 33 36 AFGL 1185S 7 43 02 + 3 42 54
AFGL 931 6 22 32 +58 27 24 AF(3L 1059 7 01 22 --11 28 42 AFGL 1186 7 43 02 +18 39 48
AFGL 932S 6 22 38 --32 0700 AFGL 1060 7 02 08 -- 8 53 06 AFGL 1187 7 43 15 +37 39 36
AFGL 933 6 22 39 -- 9 06 30 AFGL 1061 7 02 35 + 10 38 36 AFGL 1188 7 43 59 -- 5 28 24
AFGL 934 6 22 43 +144406 AFGL 1062 7 02 40 --14 57 06 AFGL 1189 7 44 05 +25 31 48
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AFGL 1191 7h44_11* 4-33'3{ 1{ AFGL 1311 9h02_20' +12"53' 30 AFGL 1441 10hS0m59s +13"58' 54
AFGL 1191 7 44 17.1 +33 32 25 AFGL 13125 9 02 30 - 5 56 12 AFGL 1441 10 50 59 +14 00 06
AFGL 1192 7 44 28 --26 10 30 AFGL 13135 9 02 31 -- 7 06 12 AFGL 1442 10 51 12 +77 19 48
AFGL 11935 7 46 14 --15 49 00 AFGL 1314 9 03 04 +38 38 42 AFGL 1443 10 52 01 +72 08 42
AFGL 11945 7 46 26 +10 53 54 AFGL 1315 9 03 39 -- 9 43 36 AFGL 14455 10 52 39 +22 25 00
AFGL 1195 7 47 07 --24 41 48 AFGL 1316 9 03 48 +67 03 48 AFGL 1446 10 53 18 + 6 25 30
AFGL 11985 7 48 43 --34 48 42 AFGL 1317 9 04 24 + l 4l 06 AFGL 1446 10 53 25.7 + 6 27 09
AFGL 1199 7 48 43 -- 2 32 06 AFGL 13185 9 04 35 -- 8 36 36 AFGL 14475 10 53 33 +74 24 36
AFGL 1200 7 4928 + 3 24 30 AFGL 1319 9 0449 -15 30 48 AFGL 1448 10 5348 +74 35 36
AFGL 12015 7 50 21 +60 04 36 AFGL 1320 9 04 47 +69 24 18 AFGL 1449 10 55 53 +70 16 54
AFGL 12025 7 50 58 +47 40 48 AFGL 1321 9 05 45 +13 24 48 AFGL 1450 10 58 06 --18 03 24
AFGL 12035 7 51 34 --28 49 24 AFGL 13225 9 06 37 + 3 34 12 AFOL 14515 I0 59 01 +73 08 12
AFGL 1204 7 51 51 --26 12 42 AFGL 1323 9 06 51 +25 27 (30 AFGL 1452 10 59 20 -- 2 I1 24
AFGL 12065 7 52 18 +30 37 42 AFGL 1324 90716 + 6 39 12 AFGL 1453 10 59 26 +46 36 06
AFGL 12075 7 52 44 -- 6 16 36 AFGL 1326 9 07 36 +31 10 12 AFGL 1454 I1 (3029 +62 00 (}(3
AFGL 12085 7 52 56 +20 06 18 AFGL 1327 9 07 44 -- 6 05 00 AFGL 1455 I1 01 03 -- 2 56 48
AFGL 1209 7 52 57 --36 03 (30 AFGL 13295 9 08 36 +19 11 12 AFGL 14565 I1 02 45 +72 57 24
AFGL 12105 7 53 17 4- 8 59 18 AFGL 13315 9 11 46 + 0 48 54 AFGL 1457 11 04 50 +49 27 24
AFGL 12115 7 53 29 +16 54 36 AFGL 1332 9 12 15 +56 56 30 AFGL 1458 I1 04 53 --I1 I1 42
AFQL 1212S 7 53 46 +11 02 06 AFGL 13335 9 12 27 + 9 49 12 AFGL 14595 11 05 07 +77 38 42
AFGL 12145 7 56 08 @ 0 50 12 AFGL 1334 9 12 34 -- I 40 30 AFGL 1460 I1 06 30 +44 46 48
AFGL 1215 7 58 27 --12 43 06 AFGL 1335 9 12 38 -- 3 46 54 AFGL 1461 11 06 38 +31 26 12
AFGL 1216 7 58 36 -- 1 14 24 AFGL 13375 9 14 10 +37 38 00 AFGL 1462 II 06 40 +36 34 06
AFGL 1216 7 5840.7-- I 15 09 AFGL 13385 9 1547 + 5 57 06 AFGL 1463 11 0646 +43 29 24
AFGL 1218 7 59 31 + 2 28 18 AFGL 13395 9 17 40 + 3 12 24 AFGL 1465S 11 07 00 +31 07 36
AFGL 1218 7 5939.9+ 2 28 24 AFGL 13405 9 1756 + 6 55 00 AFGL 14665 11 0753 + I 18 36
AFGL 12195 8 00 13 +47 06 06 AFGL 1341 9 17 59 +34 36 30 AFGL 14685 11 09 45 4-28 49 12
AFGL 1220 8 0021 +36 29 12 AFGL 1342 9 18 02 + 022 30 AFGL 14695 11 I120 - 8 43 36
AFGL 1221 8 0046 -- 5 32 30 AFGL 13435 9 18 10 -- 9 29 54 AFGL 14705 11 11 50 +27 10 00
AFGL 12225 8 01 22 +62 16 42 AFGL 1344 9 18 18 +56 55 30 AFGL 1473 11 12 28 +23 22 12
AFGL 1223 8 01 53 --31 21 42 AFGL 13455 9 19 28 +41 40 30 AFGL 1474 11 12 39 +75 23 42
AFGL 1224 8 0210 --32 29 42 AFGL 13465 9 19 45 -- 6 33 54 AFGL 1475 11 15 46 +33 22 00
AFGL 12255 8 02 37 +34 16 24 AFGL 13475 9 20 29 +31 58 12 AFGL 1476 11 16 26 --30 10 00
AFGL 1227 8 0321 +22 46 36 AFGL 1348 9 2045 + 7 55 12 AFGL 1477 11 1646 --14 32 48
AFGL 1228 8 03 23 + 5 43 48 AFGL 13495 9 20 48 +21 35 18 AFGL 14785 11 18 32 + 4 33 42
AFGL 12295 8 03 31 +60 52 00 AFGL 1350 9 21 18 +64 08 48 AFGL 1479 11 19 57 +43 44 36
AFGL 12305 8 03 33 + 0 32 06 AFGL 1351 9 21 52 +26 22 42 AFGL 1481 11 20 29 +24 24 18
AFGL 1231 8 05 30 --20 31 30 AFGL 1352 9 23 40 +21 00 24 AFGL 1482 11 21 27 -19 36 30
AFGL 1232 8 0603 +65 22 06 AFGL 1353 9 25 05 -- 8 28 18 AFGL 1483 11 22 06 --10 36 DO
AFGL 1233 8 08 24 +19 17 12 AFGL 1354 9 25 37 +36 23 18 AFGL 1484 11 22 27 +16 29 48
AFGL 12345 8 08 51 + 3 39 18 AFGL 1355 9 27 51 +44 53 12 AFGL 1486 I1 23 02 --12 14 06
AFGL 1235 8 09 02 --32 44 42 AFGL 1357 9 28 24 +35 19 24 AFGL 1487 I1 23 20 + 9 30 30
AFGL 12365 8 09 51 + 2 02 30 AFGL 1358 9 28 50 .23 I1 42 AFGL 1488 I1 25 10 +15 25 06
AFGL 12375 8 1034 --32 4000 AFGL 13595 9 29 31 -- 7 27 36 AFGL 1489 II 25 16 +45 28 30
AFGL 1238 8 11 20 +20 29 24 AFGL 1360 9 29 46 +70 02 42 AFGL 14905 I1 25 47 +24 07 18
AFGL 12395 8 11 32 --28 00 54 AFGL 1363 9 3007.4 +81 33 00 AFGL 14915 I1 2608 4- 1 42 O6
AFGL 1240 8 11 58 +24 53 30 AFGL 1363 9 31 02 +81 34 36 AFGL 1492 I1 27 46 -- 2 43 42
AFGL 1241 8 13 44 &ll 52 42 AFGL 13645 9 31 08 -- 9 03 54 AFGL 1493 I1 27 57 --22 21 06
AFGL 12425 8 15 22 +85 16 48 AFGL 1366 9 33 45 +31 23 42 AFGL 1494 I1 28 25 +69 35 00
AFGL 1243 8 17 22 + 2 54 18 AFGL 13675 9 34 53 4-11 55 (30 AFGL 1495 I1 29 13 --12 05 18
AFGL 1244 8 18 55 + 5 05 42 AFGL 1369 9 37 29 + 0 54 54 AFGL 14965 I1 29 55 4- 5 22 24
AFGL 1245 8 19 30 +43 20 30 AFGL 1370S 9 38 11 +19 27 00 AFGL 1497 II 30 19 --30 50 54
AFGL 12465 8 19 35 +33 40 03 AFGL 1371 9 38 54 +31 30 42 AFGL 1498 II 32 28 +19 27 12
AFGL 1247 8 19 39 +15 08 00 AFGL 1372 9 41 00.6 +14 15 05 AFGL 1499 11 32 57 +35 09 36
AFGL 12485 8 20 58 + I 33 06 AFGL 1372 9 41 06 +14 15 54 AFGL 1500 I1 34 11 +77 51 06
A.FGL 1249 8 21 59 +52 27 18 AFGL 13735 9 41 33 +46 17 36 AFGL 15015 I1 35 19 + 2 57 06
AFGL 1250 8 22 09 -- 8 22 54 AFGL 13745 9 42 01 +69 43 06 AFGL 1502 I1 35 55 + 8 25 18
AFGL 12525 8 23 13 +44 57 06 AFGL 13755 9 42 13 +18 01 42 AFGL 1503 11 37 17 -16 20 24
AFGL 1253 8 23 40 -- 4 45 24 AFGL 1376 9 42 27 +34 43 54 AFGL 15045 I1 37 37 +16 13 30
AFGL 1254 8 23 43 + 3 53 00 AFGL 1376 9 42 34.7 +34 44 34 AFGL 15055 II 38 27 +26 19 12
AFGL 1255 8 2401 +12 48 24 AFGL 13775 9 4255 +16 16 42 AFGL 15065 11 39 19 +55 27 06
AFGL 12565 8 24 34 +13 08 54 AFGL 1378 9 43 (30.1+57 21 32 AFGL 15075 I1 42 16 +53 46 54
AFGL 12575 8 24 50 --27 35 54 AFGL 1378 9 43 03 +57 19 42 AFGL 1508 11 43 05 q-36 11 42
AFGL 1258 8 27 05 -- 608 06 AFGL 1379 94331.84- 6 56 25 AFGL 1509 I1 43 12 4- 6 48 54
AFGL 12595 8 27 03 + 2 51 48 AFGL 1379 9 43 34 4- 6 56 06 AFGL 1509 I1 43 17.3 4- 6 48 35
AFGL 1260 8 27 44 --21 17 36 AFGL 1380 9 44 48 4-11 39 24 AFGL 1510 I1 43 22 4-48 04 06
AFGL 1261 8 28 08 4- 9 18 24 AFGL 1380 9 44 52.2 +11 39 42 AFGL 1510 I1 43 25.0 4-48 03 24
AFGL 1262 8 28 40 4-18 15 54 AFGL 1381 9 45 10 +13 30 42 AFGL 1511 I1 44 31 4-43 45 30
AFGL 1263 8 28 52 --22 36 30 AFGL 13825 9 47 56 4- 2 23 42 AFGL 1511 I1 44 36.1 4-43 44 57
AFGL 12645 8 28 49 4-24 10 06 AFGL 13835 9 48 09 4-16 13 42 AFGL 1512 I1 46 19 --26 25 36
AFGL 1265 8 29 40 4-67 21 18 AFGL 13845 9 48 46 4- 0 02 06 AFGL 15135 I1 46 41 -- 3 02 24
AFGL 12695 8 31 30 4- 407 24 AFGL 1386 9 5000 4-26 15 06 AFGL 1514 I1 46 50 4- 3 46 48
AFGL 1270S 8 33 01 4- 9 44 42 AFGL 1387 9 51 05.4 4- 6 I1 41 AFGL 1515 11 47 23 --27 17 36
AFGL 1271 8 3429 --17 45 30 AFGL 1387 9 51 07 + 6 10 36 AFGL 1516 I1 48 35 --10 56 12
AFGL 12725 8 34 39 4-19 49 30 AFGL 1388 9 52 10 4-69 54 42 AFGL 1517 I1 51 45 4-86 30 06
AFGL 1273 8 3440 -- 8 39 24 AFGL 1389 9 5240 -18 44 36 AFGL 15185 11 52 18 --17 39 54
AFGL 1274 8 35 52 --10 16 42 AFGL 13905 9 52 55 4-58 27 36 AFGL 1519 I1 53 31 4-58 07 00
AFGL 1275 8 3601 4-11 11 36 AFGL 13915 9 5308 4-55 31 24 AFGL 15205 I1 53 36 -29 17 18
AFGL 1276 8 36 06 + 3 29 48 AFGL 1392 9 53 39 4-16 56 42 AFGL 1521 I1 54 17 +64 05 36
AFGL 12775 8 36 19 +64 31 54 AFOL 13935 10 0031 +20 57 18 AFGL 1523 I1 5620 +53 0(2)36
AFGL 1278 8 36 23 -- 3 59 12 AFGL 13945 10 01 05 4-45 08 18 AFGL 15245 I1 56 57 +49 10 24
AFGL 12795 8 37 07 --23 55 36 AFGL 1395 10 01 55 -- 2 39 42 AFGL 15255 I1 57 14 --13 14 06
AFGL 1280 8 37 17 _ 9 24 36 AFGL 1396 10 02 13 4- 4 50 (30 AFGL 1526 I1 57 38 4-81 07 30

AFGL 1281 8 37 30 --17 06 36 AFGL 13985 10 05 09 4-10 58 3108 AFGL 1527 I1 57 39 4-19 43 36AFGL 1282 8 38 22 4- 0 33 30 AFGL 1399 10 05 15 4-10 15 AFGL 15285 II 58 21 4- 3 05 36
AFGL 1283 8 3906 + 2 21 42 AFGL 14015 10 1057 4-59 39 48 AFGL 15295 I1 5949 4-35 37 42
AFGL 1285 8 41 45 +18 19 54 AFGL 14025 10 11 24 4-56 36 30 AFGL 15305 I1 59 52 4-21 16 24
AFGL 1285 8 41 50.7 +18 20 22 AFGL 1403 10 13 01 4-30 49 30 AFOL 1532 12 01 56 4-42 58 24
AFGL 12865 8 43 29 4-79 09 54 AFGL 1404 10 13 41 +23 37 54 AFGL 15335 12 03 03 --24 36 12
AFGL 1287 8 43 35 +28 56 54 AFGL 1405 10 14 13 4-14 00 54 AFGL 15345 12 04 20 +19 58 30
AFGL 1288 8 4344 + I 49 24 AFGL 1406 10 1436 -14 24 00 AFGL 1535 12 0443 - 6 29 oo
AF(3L 1288 8 43 46.0 4- I 48 57 AFGL 1408S 10 16 10 4-18 50 18 AFGL 1536 12 07 28 --22 20 00
AFGL 1289 8 4406 + 6 35 42 AFGL 14095 10 1633 4-21 30 00 AFGL 15375 12 0808 4-35 24 30
AFGL 1289 8 44 07.8 4- 6 36 12 AFGL 1410 10 17 15 +20 05 18 AFGL 15385 12 08 57 4-51 28 54
AFGL 12905 8 44 27 4- 1 18 06 AFGL 1411 10 19 13 4-41 45 00 AFGL 1539 12 09 55 4-45 44 06
AFGL 1291 8 4440 4-78 21 30 AFGL 1416 10 2343 --16 33 06 AFGL 15405 12 10(30 4-21 05 24
AFGL 1292 8 45 53 +18 13 12 AFGL 1417 10 24 21 4- 5 52 54 APGL 15415 12 12 10 4-48 11 18
AFGL 1293 8 45 54.7 4-12 43 58 AFGL 14185 10 27 41 4-75 09 00 AFGL 1542 12 12 30 4-19 18 54
AFGL 1293 8 46 01 %12 42 00 AFGL 1419 10 29 36 +14 24 42 AFGL 1543 12 13 35 4-40 58 36
AFGL 12945 8 46 40 +73 16 30 AFGL 14215 10 29 45 4-44 07 30 AFGL 1545 12 17 18 4-49 17 06
AFGL 1295 8 47 40 +40 14 00 AFGL 1423 10 30 36 4-70 01 24 AFGL 15465 12 19 24 -10 02 30
AFGL 1296 8 49 24 4-28 26 06 AFGL 1424 10 30 47 -- 7 12 54 AFGL 1547 12 20 41 --11 34 06
AFGL 12975 8 51 21 --12 51 30 AFGL 14255 10 32 32 4-14 37 30 AFGL 1549 12 22 38 4- 1 01 24
AFGL 1298 8 52 33 +17 25 24 AFGL 1426 10 34 31 -- 3 47 36 AFGL 1550 12 22 50 4-57 03 18
AF(3L 1298 8 52 34.0 4-17 25 22 AFGL 1427 10 35 08 --13 06 06 AFGL 1551 12 24 33 4-28 33 12
AFGL 1299 8 52 40 + 6 07 48 AFGL 1428 10 35 16 --I1 46 48 AFGL 1552 12 25 26 +55 58 24
AFGL 1300 8 53 31 --19 02 48 AFGL 14295 10 37 07 4-72 54 12 AFGL 15535 12 25 52 -- 8 23 12
AFGL 1301 8 53 40 4-20 02 18 AFGL 14305 10 37 12 --22 03 42 AFGL 1554 12 27 48 4- 4 42 48
AFGL 1301 8 53 48.9 4-20 02 30 AFGL 1431 10 39 41 +69 21 00 AFGL 1555 12 28 13 4-69 28 30
AFGL 1302 8 55 28 3-11 01 48 AFGL 1432 10 41 12 4-69 03 54 AFGL 15565 12 28 17 4-69 54 06
AFGL 1302 8 55 33.1 4-11 02 23 AFGL 1433 10 41 45 4-67 41 48 AFGL 15575 12 30 39 4-40 32 24
AFGL 1304 8 57 57 +67 50 30 AFGL 1434 10 42 28 -- 6 35 12 AFGL 1558 12 31 47 --23 04 00
AFGL 13055 8 59 01 + 4 35 18 AFGL 14355 10 42 45 4-52 30 54 AFGL 15615 12 32 33 4-70 17 48
AFGL 13O65 9 00 08 --20 50 36 AFGL 1437 10 46 10 + 8 55 48 AFGL 15625 12 33 30 4-21 00 48
AFGL 1307 9 00 31 +38 57 (30 AFGL 1437 10 46 I1 + 8 56 48 AFGL 1564 12 34 26 4-27 21 06
AFGL 1308 9 01 I1 4-60 29 00 AFGL 1438 10 4707 --15 54 54 AFGL 1565 12 3428 --17 15 48
AFGL 1309 9 01 22 + 9 04 12 AFGL 1439 10 49 I1 -21 00 00 AFGL 1566 12 35 46 4- 2 06 12
AFGL 1310 9 02 18 4-64 58 30 AFGL 1440 10 50 27 +34 29 48 AFGL 15685 12 37 20 4-36 42 36

B-4



NAME _ (1950) DEC POSREF NAME RA 11950) DEC POSRE NAME RA (1950) DEC POSREF

AFGL 1570 12h37"57' +56"06 12 AFGL 1699S 14h16m42' --20"25' 54 AFGL 1842S 16h16m47) --17°44 30
AFGL 1571 12 3906 - 1 I1 (30 AFGL 1700 14 1649 + 3 01 00 AFGL 1843 16 1707 -14 31 12
AFGL 1572S 12 39 42 --13 50 24 AFGL 1702S 14 20 40 -- I 44 36 AFGL 1844 16 17 40 --24 02 54
AFGL 1574S 12 40 40 + 9 31 30 AFGL 1705S 14 21 52 +84 03 48 AFGL 1845 16 18 09 --25 28 12
AFGL 1575 12 42 41 -- 6 14 54 AFGL 1706 14 21 46 +25 54 36 AFGL 1847 16 18 41 -- 7 34 24
AFGL 1576 12 42 48 +45 43 12 AFGL 1707S . 14 22 38 +33 07 24 AFGL 1849S 16 19 46 +64 II 42
AFGL 1577S 12 43 30 +47 58 18 AFGL 1709S 14 24 38 _24 59 00 AFGL 1850 16 19 53 --25 31 18
AFGL 1578S 12 43 46 +53 28 00 AFGL 1710 14 24 42 + 4 53 42 AFGL 1851 16 20 16 -- 7 08 30
AFGL 1579 12 44 41 + 4 24 48 AFGL 1711 14 26 02 -- 6 37 30 AFGL 1852 16 20 24 +30 59 24
AFGL 1579 12 44 46 + 4 25 06 AFGL 1713 14 26 33 +38 09 36 AFGL 1853 16 20 45 +33 53 36
AFGL 1581 12 47 07 --14 50 12 AFGL 1714 14 27 27 +75 54 18 AFGL 1854 16 20 52 --22 14 18
AFGL 1583 12 51 39 - 9 15 48 AFGL 1715 14 28 04 --29 52 12 AFGL 1855 16 22 23 --24 17 54
AFGL 1583 12 51 45 -- 9 16 AFGL 1716 14 29 40 +30 34 36 AFGL 1856 16 23 16 --33 42 54
AFGL 1584 12 51 53 +56 12 48 AFGL 1717S 14 30 23 + 7 19 36 AFGL 1857 16 23 28 -- 1 19 24
AFGL 1585 12 52 39 +47 27 30 AFGL 1719 14 37 10 +32 44 24 AFGL 1858 16 23 30 +19 00 (30
AFGL 1586 12 52 54 + 3 38 36 AFGL 1720 14 39 13 +31 47 18 AFGL 1859 16 23 58 --12 18 24
AFGL 1587S 12 54 15 --22 59 12 AFGL 1721S 14 39 19 --26 03 42 AFGL 1861 16 24 59 -- 7 30 42
AFGL 1588 12 54 17 +66 16 42 AFGL 1723S 14 40 32 --26 35 00 AFGL 1862 16 26 02 +34 54 12
AFGL 1589 12 56 12 +17 40 24 AFGL 1724 14 41 02 .+26 43 18 AFGL 1863 16 26 20 --26 19 24
AFGL 1590S 12 56 46 + 0 29 00 AFGL 1726 14 42 48 .+56 19 54 AVGL 1864 16 26 59 +41 59 12
AFGL 1591S 12 57 22 +19 38 03 AFGL 1727S 14 43 02 --25 58 54 AFGL 1865S 16 29 54 +56 39 36
AFGL 1593 12 5947 .ll 14 30 AFGL 1728 14 43 54 +15 19 30 AFGL 1866S 16 29 59 --16 00 36
AFGL 1594 12 59 56 + 5 25 54 AFGL 1729S 14 43 53 --20 20 42 AFGL 1867S 16 30 02 +50 59 (30
AFGL 1594 13 00 06 + 5 27 12 AFGL 1730S 14 44 33 + 0 22 12 AFGL 1868 16 30 15 +72 23 (30
AFGL 1595S 13 0001 +17 07 48 AFGL 1731S 14 44 43 --12 29 18 AFGL 1869 16 30 48 --16 02 48
AFGL 1596 13 0101 + 6 34 48 AFGL 1732 14 45 31 --36 27 12 AFGL 1870 16 33 22 --31 06 36
AFGL 1597 13 0121 + 7 19 30 AFGL 1734 14 46 52 -- 7 55 30 AFGL 1872 16 34 22 +60 33 48
AFGL 1598S 13 02 07 "+69 25 36 AFGL 1735 14 47 07 "+12 54 42 AFGL 1873 16 35 42 "+22 30 48
AFGL 1600S 13 05 58 +39 26 48 AFGL 1736 14 47 20 --27 43 48 AFGL 1874 16 36 02 -- 8 31 18
AFGL 1601S 13 08 36 --30 38 06 AFGL 1737S 14 49 53 --28 31 42 AFGL 1875 16 36 15 --21 48 42
AFGL 1602 13 08 48 --10 14 18 AFGL 1739S 14 50 37 +21 33 06 AFGL 1876 16 36 47 --20 47 30
AFGL 1603S 13 08 54 --29 35 18 AFGL 1740 14 51 07 "+74 22 30 AFGL 1877S 16 37 18 --33 56 30
AFGL 1604 13 1018 -- I 32 12 AFGL 1741S 14 52 12 -- 2 29 36 AFGL 1878 16 37 27 --32 19 42
AFGL 1605S 13 10 22 +42 29 42 AFGL 1742S 14 53 41 --25 12 54 AFGL 1879 16 37 38 +49 01 06
AFGL 1606 13 11 31 -- 2 32 12 AFGL 1743 14 54 59 --12 15 54 AFGL 1880 16 38 18 --19 50 54
AFGL 1607S 13 I1 34 "+ 5 37 06 AFGL 1743 14 55 02.6--12 14 15 AFGL 1881S 16 38 20 -I1 42 42
AFGL 1608 13 I1 55 "+11 34 48 AFGL 1744 14 56 41 +66 08 48 AFGL 1882S 16 38 43 -17 41 24
AFGL 1609S 13 13 33 "+ 0 54 54 AFGL 1745 14 57 02 "+ 4 45 12 AFGL 1883 16 38 45 --27 01 18
AFGL 1610 13 13 40 "+ 6 43 24 AFGL 1746 14 58 00 --34 16 48 AFGL 1885 16 41 03 "+39 01 12
AFGL 1611 13 15 04 + 5 44 _2 AFGL 1747S 14 58 41 --18 36 18 AFGL 1886 16 42 06 +54 59 18
AFGL 1612 13 15 21 "+55 54 CO AFGL 1748 14 59 36 "+40 33 54 AFGL 1887 16 42 30 -- 3 (30 54
AFGL 1613S 13 15 41 +32 28 54 AFGL 1749S 15 00 16 "+ 2 18 54 AFGL 1888 16 43 00 +15 50 36
AFGL 1614 13 16 I1 --22 54 30 AFGL 1750 15 01 09 --25 03 18 AFGL 1889 16 43 02 "+12 16 30
AFGL 1615 13 1703 "+45 46 30 AFGL 1754 15 0946 "+19 09 06 AFGL 1890 16 43 53 --II 34 54
AFGL 1616S 13 1805 "+71 04 54 AFGL 1755S 15 12 12 "+15 20 18 AFGL 1891 16 4548 "+42 19 12
AFGL 1617 13 1957 -- 3 31 54 AFGL 1756 15 1220 -- 2 16 lg AFGL I892S 16 45 51 -28 (30 48
AFGL 1618 13 2040 "+47 13 42 AFGL 1759S 15 14 13 --12 33 00 AFGL 1893 16 4601 --36 11 18
AFGL 1619S 13 20 43 +42 21 18 AFGL 1760 15 15 47 -I-15 56 18 AFGL 1894 16 46 16 --19 27 00
AFGL 1620 13 21 42 +37 17 36 AFGL 1761 15 16 39 -- 9 00 18 AFGL 1895 16 46 36 --21 45 00
AFGL 1621S 13 21 50 "+55 10 12 AFGL 1762S 15 18 09 "+16 46 24 AFGL 1897S 16 47 18 --13 36 30
AFGL 1622 13 22 32 --10 53 36 AFGL 1763 15 18 37 --36 03 24 AFGL 1898 16 47 20 +57 54 12
AFGL 1623S 13 24 58 -22 47 54 AFGL 1764 15 18 55 --32 04 30 AFGL 1899 16 47 30 "+63 02 06
AFGL 1624 13 25 31 "+40 07 36 AFGL 1765 15 19 11 "+14 28 12 AFGL 1900 16 47 49 "+II 04 42
AFGL 1625 13 26 12 "+55 24 12 AFGL 1766 15 21 21 --33 46 18 AFGL 1901S 16 48 33 --23 30 36
AFGL 1626S 13 26 46 --10 50 48 AFGL 1767 15 21 22 --22 42 12 AFGL 1902 16 49 04 --12 20 30
AFGL 1627 13 27 02 --23 02 06 AFGL 1768S 15 22 10 + 9 05 06 AFGL 1904 16 49 26 --12 49 18

AFGL 1630S 13 29 12 +23 06 30 AFGL 1769 15 22 17 2 04 24 AFGL 1905 16 49 24 +15 02 18
AFGL 1631 13 29 24 -- 5 59 24 AFGL 1771 15 22 36 _3o04 18 AFGL 1906 16 51 29 "+ 6 36 24
AFGL 1633 13 30 18 -- 6 56 42 AFGL 1772 15 23 21 "+15 36 00 AFGL 1907S 16 51 31 6 38 54AFGL 1634 13 3047 --26 19 30 AFGL 1773 15 2527 +19 43 36 AFGL 1908 16 5208 --21 52 30
AFGL 1635S 13 31 41 "+25 18 36 AFGL 1774S 15 27 48 -13 13 24 AFGL 1909 16 53 12 --32 45 36
AFGL 1637 13 33 20 "+76 46 00 AFGL 1775S 15 28 26 --22 45 54 AFGL 1910 16 53 30 --30 30 42
AFGL 1638S 13 33 43 -- 2 59 18 AFGL 1776 15 29 18 -23 43 00 AFGL 1911 16 5407 --10 23 00
AFGL 1639S 13 36 07 --I1 11 48 AFGL 1777 15 29 55 + 3 50 42 AFGL 1912S 16 5501 + 9 19 12
AFGL 1640S 13 36 18 + I 26 36 AFGL 1778S 15 3000 --16 53 48 AFGL 1913S 16 55 10 -- I 15 36
AFGL 1641S 13 38 08 --30 14 24 AFGL 1779S 15 30 19 +13 42 36 AFGL 1914 16 55 25 .+ 9 27 00
AFGL 1642 13 38 21 .+54 54 12 AFGL 1780 15 30 55 +78 48 12 AFGL 1915S 16 55 48 .+16 22 30
AFGL 1643 13 38 58 -- 8 27 54 AFGL 1781S 15 31 23 --18 21 48 AFGL 1916 16 56 55 --24 58 24
AFGL 1644S 13 41 08 -- 9 20 18 AFGL 1783 15 32 52 "+77 31 30 AFGL 1917 16 57 16 --10 51 42
AFGL 1647S 13 44 21 +25 27 06 AFGL 1787 15 33 55 --28 01 12 AFGL 1920 17 (3008 --20 27 54
AFGL 1648 13 4442 --17 35 24 AFGL 1788 15 3406 +15 16 06 AFGL 1921S 17 0447 -- 9 18 06
AFGL 1649S 13 45 07 .+12 56 24 AFGL 1789 15 34 04 .+21 48 12 AFGL 1922 17 04 53 --24 39 00
AFGL 1650 13 46 09 --28 07 18 AFGL 1790 15 35 55 .+24 42 06 AFGL 1923 17 04 54 --16 01 12
AFGL 1651 13 46 47 "+16 (30 18 AFGL 1791S 15 36 09 -- 8 24 00 AFGL 1925S 17 06 51 "+49 05 42
AFGL 1652 13 46 53 "+39 47 36 AFGL 1792 15 39 01 --19 30 54 AFGL 1927 17 07 57 --32 13 24
AFGL 1653 13 49 13 -- 3 25 18 AFGL 1793 15 41 04 -- I 33 00 AFGL 1929 17 08 26 "+40 46 00
AFGL 1654 13 49 32 "+34 40 42 AFGL 1794 15 41 54 + 6 33 12 AFGL 1930 17 08 28 "+64 24 24
AFGL 1656 13 49 56 "+64 58 54 AFGL 1795S 15 44 43 +11 24 24 AFGL 1931S 17 09 59 .+29 46 00
AFGL 1657S 13 50 03 --17 21 48 AFGL 1796 15 45 54 --20 14 12 AFGL 1932 17 10 05 .+10 39 42
AFGL 1658 13 51 20 "+52 33 42 AFGL 1797S 15 46 20 + 5 (3006 AFGL 1933 17 10 10 --14 47 42

AFGL 1659 13 51 48 .+16 25 36 AFGL 1799 15 46 35 .+18 17 318 AFGL 1934 17 10 13 --10 29 (30AFGL 1660 13 52 29.9 --26 11 13 AFGL 1801 15 48 16 +15 AFGL 1935 17 10 58 "+0 03 36
AFGL 1660 13 52 32 --26 12 00 AFGL 1801 15 48 23.2,4-15 17 02 AFGL 1936S 17 I1 22 .+ 4 56 48
AFGL 1661 13 54 02 .+27 42 18 AFGL 1803 15 48 57 +21 08 48 AFGL 1937 [17 II 38 --33 21 24
AFGL 1662S 13 5406 --11 10 36 AFGL 1804 15 4944 --25 57 36 AFGL 1938 17 I1 49 .+14 08 24
AFGL 1663 13 54 46 --30 50 30 AFGL 1805 15 51 (30 --16 32 36 AFGL 1939S 17 I1 50 - 4 44 24
AFGL 1664S 13 5608 "+11 I1 12 AFGL 1806 15 51 47 --10 43 (30 AFGL 1940 17 11 54 "+ 8 58 06

AFGL 1665S 13 56 18 "+59 50 06 AFGL 1807 15 51 55 37 11 30 AFGL 1941 17 11 58 "+ 0 42 06AFGL 1666S 13 56 31 -- 5 20 06 AFGL 1808S 15 52 36 -_., 05 12 AFGL 1942 17 12 00 -4-57 56 06
AFGL 1667S 13 56 55 --18 41 30 AFGL 1809 15 52 37 - 3 48 42 AFGL 1943 17 1201 --30 27 42
AFGL 1668S 13 57 04 "+40 32 06 AFGL 1810S 15 52 45 --12 40 48 AFGL 1944 17 12 18 "+11 08 24
AFGL 1669 13 57 31 "+37 27 00 AFGL 1811 15 52 50 --18 38 54 AFGL 1945 17 12 21 --21 22 12
AFGL 1670S 13 58 06 +62 13 (30 AFGL 1812S 115 52 56 -- 8 05 06 AFGL 1946S 17 12 25 - 9 53 54
AFGL 1671 13 58 16.7 +39 16 17 AFGL 1813S 115 54 08 --18 32 06 AFGL 1947 17 12 22 +14 26 48
AFGL 1671S 13 58 10 "+39 15 42 AFGL 1814 15 54 11 --15 53 54 AFGL 1948 17 12 46 "+36 25 18
AFGL 1672S 13 58 51 .-I-39 42 36 AFGL 1815S 15 54 46 -29 08 06 AFGL 1949S 17 12 56 -- 3 10 48
AFGL 1673 13 59 33 --27 09 00 AFGL 1816 15 55 36 +27 01 30 AFGL 1950 17 13 17 +36 51 42
AFGL 1676 14 03 30 -26 28 18 AFGL 1818 15 57 35 --12 12 18 AFGL 1951 17 13 20 --15 07 48
AFGL 1677 14 03 58 --13 58 24 AFGL 1820S 16 01 35 4-15 01 36 AFGL 1954 17 16 14 --19 32 48
AFGL 1678S 14 04 44 -- 7 44 24 AFGL 1821 16 02 55 --21 38 06 AFGL 1955 17 17 16 .+ 2 11 48
AFGL 1679S 14 04 48 .+20 38 00 AFGL 1822 16 02 59 -30 40 30 AFGL 1956 17 17 51 "+18 08 42
AFGL 1680 14 05 57 "+44 05 36 AFGL 1823 16 05 03 --26 10 30 AFGL 1958 17 19 20 "+16 47 (30
AFGL 1681S 14 05 58 "+24 12 06 AFGL 1824S 16 05 55 "+ 0 54 12 AFGL 1959 17 19 22 --13 05 48
AFGL 1682S 14 06 40 -14 37 06 AFGL 1825 16 06 05 "+ 8 39 24 AFGL 1960 17 20 29 "+ 0 56 18
AFGL 1683S 14 07 33 --15 08 18 AFGL 1826 16 06 04 -- 1 25 30 AFGL 1961 17 20 43 --29 15 54
AFGL 1684 14 08 11 --16 04 48 AFGL 1827S 16 0640 -- 3 01 42 AFGL 1962S 17 21 31 "+10 07 36
AFGL 1685 14 08 36 --28 37 36 AFGL 1828 16 07 13 -- 3 18 36 AFGL 1963 17 22 00 --24 38 12
AFGL 1686 14 08 38- 7 33 54 AFGL 1830 16 07 27 --27 40 30 AFGL 1964 17 22 31 --26 49 36
AFGL 1687 14 08 40 "+77 48 00 AFGL 1832 16 08 09 "+25 12 12 AFGL 1965 17 22 55 -- 3 00 30
AFGL 1688 14 10 13 --10 02 42 AFGL 1833S 16 09 28 "+ 3 51 36 AFGL 1966S 17 23 27 +22 06 18
AFGL 1689 14 10 30 --13 36 06 AFGL 1834 16 09 29 "+23 37 42 AFGL 1967 17 23 31 "+16 58 30
AFGL 1690 14 11 16 +69 39 06 AFGL 1835 16 10 59 --11 45 18 AFGL 1968 17 23 24 .+71 54 48
AFGL 1692 14 13 09 +19 44 42 AFGL 1836S 16 11 31 --36 40 18 AFGL 1969 17 24 00 "+ 4 II 30
AFGL 1693 14 13 20 "+19 25 30 AFGL 1837 16 II 46 -- 3 33 30 AFGL 1970 17 26 35 -- 7 26 30
AFGL 1694 14 1408 --16 10 36 AFGL 1838 16 1546 -- 4 35 12 AFGL 1971 17 2641 --19 26 30
AFGL 1696 14 15 58 ,+67 01 24 AFGL 1839S 16 16 04 -- I 37 36 AFGL 1972 17 26 52 --26 25 06
AFGL 1697 14 16 29 --14 09 12 AFGL 1840S 16 1607 --14 46 24 AFGL 1973S 17 27 16 --18 54 18
AFGL 1698 14 16 31 --13 09 30 AFGL 1841 16 16 08 .+59 52 36 AFGL 1974 17 27 23 --26 41 06

B-5



NAME RA (1950) DEC ?OSREF NAME RA (1950) DEC OS HEF NAME RA (1950) DEC q_SREF

AFGL 1976 17h28m45' +26"09 00 AFGL 2097 18h12m33' +15°34 54 AFGL 2202 18h33mSl' -- 7"23 24
AFGL 1977 17 2938 +17 49 12 AFGL 2098 18 1243 +30 10 36 AFGL 2203 18 34 13 -- 7 38 18
AFGL 1979S 17 30 05 --22 24 24 AFGL 2099S 18 12 56 +25 55 54 AFGL 2204 18 34 44 -- 2 43 06
AFGL 1981 17 30 41 4- 0 09 36 AFGL 2100S 18 13 22 +27 33 30 AFGL 2205 18 34 47 -- 5 27 42
AFGL 1982S 17 31 05 --24 49 06 AFGL 2101 18 13 25 --16 51 42 AFGL 2206 18 34 52 4-10 24 06
AFGL 1983 17 31 16 -- 1 55 24 AFGL 2102 18 13 28 --17 40 36 AFGL 2207 18 3504 -- 6 22 18
AFGL 1985 17 31 46 --23 42 54 AFGL 2103 18 13 30 --16 42 12 AFGL 2208 18 35 13 +38 44 30
AFGL 1986S 17 3222 +15 20 12 AFGL 2104 18 13 41 --19 00 00 AFGL 2209S 18 35 14 --12 22 24
AFGL 1987 17 33 13 +53 59 00 AFGL 2105 18 13 43 --16 12 00 AFGL 2210 18 35 33 -- 6 50 42
AFGL 1988 17 33 19 +15 35 48 AFGL 2105.1 " ED AFGL 2210 18 35 34.4 -- 6 50 57
AFGL 1989 17 33 22 +17 39 54 AFGL 2105.2 .... AFGL 2211 18 35 39 -- 5 32 30
AFGL 1990S 17 34 27 --16 17 42 AFGL 2106 18 13 48 + 2 18 24 AFGL 2212S 18 35 57 +22 38 54
AFGL 1991 17 35 16 --20 48 00 AFGL 2107 18 13 57 --18 40 48 AFGL 2213 18 35 59 + 8 45 36
AFGL 1992 17 3605 --30 13 18 AFGL 2107.1 " ED AFGL 2214 18 3607 --13 50 12
AFGL 1993 17 36 12 +57 46 00 AFGL 2107.2 .... AFGL 2215 18 3608 --15 04 18
AFGL 1995 17 37 34 -- 2 09 30 AFGL 2108 18 1405 --12 11 36 AFGL 2216S 18 36 18 -- 5 20 48
AFGL 1996 17 38 50 --20 48 36 AFGL 2109 18 14 07 --16 27 24 AFGL 2217 18 36 28 +39 37 36

AFGL 1997 17 39 25 30 03 54 AFGL 2110 18 14 42 --22 15 06 AFGL 2218 18 36 33 +18 23 12AFGL 1998 17 39 56 -- * 51 12 AFGL 2111S 18 14 56 +36 42 48 AFGL 2219 18 37 00 +11 48 30
AFGL 1999 17 4005 +62 36 18 AFGL 2112 18 15 00 --27 00 00 AFGL 2220 18 37 10 -- 7 49 00
AFGL 2000 17 41 03 + 4 34 30 AFGL 2113 18 15 05 --11 46 48 AFGL 2222 18 37 31 -- 0 23 36
AFGL 2001S 17 41 22 --29 26 30 AFGL 2113.1 " ED AFGL 2223 18 37 32 -- 5 45 30
AFGL 2002 17 42 I1 --29 16 12 AFGL 2113.2 .... AFGL 2224 18 37 53 --25 46 48
AFGL 2003 17 42 32 --28 56 00 AFGL 2114 18 15 32 --13 28 24 AFGL 2225 18 3803 +40 17 48
AFGL 2004 17 43 00 --28 50 48 AFGL 2115 18 15 35 --15 21 30 AFGL 2226S 18 38 18 -- 5 42 36
AFGL 2004.1 ED AFGL 2116 18 15 41 +17 58 36 AFGL 2227 18 38 46 4 24 12
AFGL 2004.2 '" AFGL 2117 18 15 43 --13 46 24 AFGL 2228 18 39 22 +28 46 12
AFGL 2005S 17 43 37 --20 53 36 AFGL 2118 18 15 42 -- 6 55 00 AFGL 2229 18 39 28 -- 5 05 12
AFGL 2006 17 43 50 --28 32 36 AFGL 2119 18 16 06 --13 57 48 AFGL 2230 18 39 31 -- 2 49 36
AFGL 20075 17 44 56 + 7 00 54 AFGL 2120S 18 16 12 --11 41 54 AFGL 2231S 18 39 36 +74 17 42
AFGL 2008 17 45 06 -- 3 37 36 AFGL 2121S 18 16 17 -20 45 06 AFGL 2232 18 39 42 +17 38 42
AFGL 2009 17 45 45.5 --28 53 00 AFGL 2122 18 16 25 -15 48 12 AFGL 2233 18 39 53 -- 2 21 06
AFGL 2009 17 45 50 -28 48 18 AFGL 2123 18 17 05 --12 20 36 AFGL 2234S 18 39 53 -- 2 07 42
AFGL 2010 17 4609 -29 00 12 AFGL 2124 18 17 36 --16 12 48 AFGL 2235 18 4004 --19 20 18
AFGL 2011 17 46 13 --28 42 12 AFGL 2125S 18 17 38 --14 09 54 AFGL 2236 18 4004 4-28 55 24
AFGL 2012 17 46 16 -- 9 08 42 AFGL 2126 18 17 47 --29 49 24 AFGL 2237S 18 40 10 -- 4 36 00
AFGL 2013 17 46 48 --29 01 30 AFGL 2127 18 17 55 --13 48 12 AFGL 2238 18 40 24 -- 3 36 18
AFGL 2014 17 47 09 +45 43 18 AFGL 2128 18 18 14 +21 56 48 AFGL 2239 18 40 49 +12 21 42
AFGL 2015 17 47 29 --27 51 12 AFGL 2129 18 18 17 +36 01 30 AFGL 2240 18 41 07 +36 55 06
AFGL 2016 17 48 24 -- 8 00 12 AFGL 2130 18 18 19 +25 49 06 AFGL 2241 18 41 15 +13 53 06
AFGL 2017 17 48 54 --28 00 18 AFGL 2131 18 18 22 --24 .53 18 AFGL 2242 18 41 44 +32 38 24
AFGL 2018 17 49 04 -- 2 27 06 AFGL 2132 18 18 29 --13 04 18 AFGL 2243 18 41 42 -- 4 23 18
AFGL 2019 17 50 10 --26 56 54 AFGL 2133 18 18 31 +31 43 06 AFGL 2244 18 43 01 --19 38 36
AFGL 2020 17 50 23 --2 32 30 AFGL 2134 18 18 46 -- 2 53 48 AFGL 2245 18 43 23 -- 2 42 36
AFGL 2021S 17 50 41 +10 46 48 AFGL 2135 18 19 32 --27 03 48 AFGL 2246 18 43 39 +43 34 48
AFGL 2023 17 51 15 --25 47 18 AFGL 2136 18 19 34 --13 31 54 AFGL 2247 18 4407 +26 38 00
AFGL 2023.1 " ED AFGL 2137 18 2002 +23 15 42 AFGL 2248 18 4426 -- 4 47 48
AFGL 2023.2 .... AFGL 2138 18 20 21 +49 06 18 AFGL 2249S 18 44 39 -- 2 24 24
AFGL 2024 17 51 21 --23 14 00 AFGL 2139 18 2025 --13 42 54 AFGL 2250S 18 4456 --12 21 30
AFGL 2025 17 51 53 +28 12 12 AFGL 2140S 18 20 29 +50 42 24 AFGL 2251 18 45 02 -- 2 03 00
AFGL 2026 17 53 00 +56 52 42 AFGL 2141S 18 20 49 -- 4 30 30 AFGL 2252 18 45 03 -- 9 21 36
AFGL 2027 17 53 11 +57 05 48 AFGL 2142 18 21 28 4- 3 35 42 AFGL 2252 #1 "
AFGL 2028 17 53 29 +26 02 30 AFGL 2143 18 21 33 --16 15 24 AFGL 2252 #2 18 45 03.7-- 9 22 45
AFGL 2029S 17 53 38 -- 1 26 42 AFGL 2143.1 ED AFGL 2252.1 18 45 03 -- 9 21 36 ED
AFGL 2032 17 53 50 +11 34 42 AFGL 2143.2 " AFGL 2252.2 "
AFGL 2033 17 53 53 +10 38 48 AFGL 2144S 18 21 33 4-72 41 36 AFGL 2253S 18 45 30 --19 55 36
AFGL 2034 17 54 01 --23 54 06 AFGL 2145 18 21 33 4-21 43 48 AFGL 2254 18 45 39 -- 2 03 36
AFGL 2036 17 54 06 --19 19 42 AFGL 2147 18 22 08 --13 16 06 AFGL 2255S 18 46 09 - 9 40 00
AFGL 2037 17 54 17 +11 11 42 AFGL 2148 18 22 12 +39 33 06 AFGL 2256 18 46 28.8-- 6 56 32
AFGL 2038 17 54 47 +37 13 18 AFGL 2149 18 22 15 --20 31 00 AFGL 2256 18 46 37 -- 6 58 24
AFGL 2039 17 5516 +51 29 36 AFGL 2150 18 23 02.2+ 5 44 16 AFGL 2257S 18 46 38 -- 2 30 54
AFGL 2040 17 55 31 +58 13 06 AFGL 2150 18 23 07 + 5 43 48 AFGL 2258 18 47 08 -- 1 32 iX)
AFGL 2041 17 55 30 +45 23 54 AFGL 2151 18 23 26 -22 05 30 AFGL 2259 18 47 25 + 9 29 30
AFGL 2042 17 56 19 -- 9 46 48 AFGL 2152 18 23 39 --11 51 18 AFGL 2260 18 47 38 -- 7 57 48
AFGL 2043S 17 56 35 --20 35 18 AFGL 2153 18 23 52 -12 26 48 AFGL 2261 18 48 00 +47 27 54
AFGL 2045S 17 57 16 -- 8 04 30 AFGL 2154 18 23 52 -- 6 55 30 AFGL 2262S 18 48 05 -- 6 45 24
AFGL 2046 17 57 23 --24 05 06 AFGL 2155 18 24 04 +23 27 42 AFGL 2263S 18 48 17 +23 43 48
AFGL 2046.1 " ED AFGL 2155.1 ED AFGL 2264 !8 48 57 --29 04 36
AFGL 2047 17 57 59.3 117 44 34 AFGL 2156 18 24 16 4- 3 55 {30 AFGL 2265S 18 49 05 -- 1 36 18
AFGL 2047 17 58 I1 --17 44 00 AFGL 2157 18 24 22 --12 42 00 AFGL 2266 18 49 35 +12 07 30
AFGL 2048 17 58 58 --23 35 30 AFGL 2158 18 24 31 4- I 06 48 AFGL 2267 18 49 45 -- 3 47 48
AFGL 2049S 17 59 14 --23 27 24 AFGL 2159 18 24 34 4- 7 31 12 AFGL 2268 18 49 50 -- 5 23 12
AFGL 2050 17 59 14 --23 02 42 AFGL 2160 18 24 39 4-10 50 36 AFGL 2269S 18 49 55 +46 41 18
AFGL 2051 17 59 55 --21 46 30 AFGL 2161 18 24 47 --12 00 (30 AFGL 2270 18 50 08 --21 33 06
AFGL 2052 18 00 38 --24 20 42 AFGL 2162 18 24 47 --12 28 30 AFGL 2271 18 50 50 + 1 l0 24
AFGL 2052.1 " ED AFGL 2163 18 24 53 --25 26 36 AFGL 2272 18 51 13 4- 0 36 12

AFGL 2053 I 18 00 53 --24 05 0_ AFGL 2164 18 24 59 - 8 42 36 AFGL 2273S 18 51 15 4-30 37 54AFGL 2054 118 00 58 --20 19 uu AFGL 2165 18 24 59 -- 3 5I 30 AFGL 2274 18 51 39 +40 57 12
AFGL 2055S I 18 01 07 --16 57 24 AFGL 2166 18 25 11 --13 04 06 AFGL 2275 18 5202 --16 35 06
AFGL 2056 i18 01 08 +19 33 48 AFGL 2167 18 26 02 --17 45 54 AFGL 2276 18 52 16 4-10 35 18
AFGL 2057 18 01 21 4- 8 26 36 AFGL 2168 18 26 15 --11 34 42 AFGL 2277S 18 52 38 4-41 25 54
AFGL 2059 18 01 48 --24 29 48 AFGL 2169 18 26 30 --10 55 12 AFGL 2278 18 52 40 4-36 50 54
AFGL 2061 18 01 53 --28 06 42 AFGL 2170S 18 26 38 -- 6 06 18 AFGL 2279 18 52 48 +42 25 18
AFGL 2062 18 02 36 --21 13 24 AFGL 2171 18 27 07 4-82 35 54 AFGL 2280 18 53 09 --11 04 48
AFGL 2063 18 02 54 --20 49 06 AFGL 2172 18 27 32 +24 19 42 AFGL 2281S 18 53 13 -- 4 50 00
AFGL 2063.1 "" ED AFGL 2173 18 27 44 - 1 24 12 AFGL 2282 18 53 41 --10 36 18
AFGL 2064 18 03 54 4-22 12 12 AFGL 2174 18 28 18 -- 9 45 12 AFGL 2284 18 53 47 4- 7 51 06
AFGL 2065 18 03 58 -- 8 14 18 AFGL 2174.1 ED AFGL 2285 18 53 55 4-43 52 30
AFGL 2066 18 0401 - 4 54 12 AFGL 2174.2 "' AFGL 2286 18 5447 --21 I1 00
AFGL 2067 18 0404 -- 9 41 48 AFGL 2176S 18 2844 4-12 49 36 AFGL 2287 18 55 15 4- 3 22 54
AFGL 2068 18 04 26 4-62 37 12 AFGL 2177 18 28 47 -- 2 07 36 AFGL 2288 118 55 53 + 4 35 24
AFGL 2069 18 04 28 --29 25 12 AFGL 2177 18 28 47.7-- 2 07 42 AFGL 2289 !18 56 03 --29 55 12
AFGL 2070 18 04 45 + 6 33 24 AFGL 2178 18 28 50 -- 8 38 12 AFGL 2290 18 56 04 4- 6 38 18
AFGL 2071 18 05 00 --22 15 36 AFGL 2179 18 28 55 --10 00 18 AFGL 2290 18 56 04.0 + 6 38 50
AFGL 2072 18 05 23 +43 27 18 AFGL 2180 18 28 55 . 4 20 42 AFGL 2291 18 56 12 .12 56 06
AFGL 2073S 18 05 26 --20 01 48 AFGL 2181 18 28 57 4-38 35 36 AFGL 2292 18 56 25 4-14 19 00
AFGL 2074 18 0601 --18 13 12 AFGL 2182 18 29 48 -14 53 18 AFGL 2293 18 5627 --19 16 42
AFGL 2075 18 06 07 4- 5 17 36 AFGL 2183S 18 30 09 4-23 11 12 AFGL 2294S 18 56 33 4-25 11 30
AFGL 2076 18 06 I1 --27 40 48 AFGL 2184 18 30 10 4-86 39 30 AFGL 2295S 18 57 04 -- 6 56 12
AFGL 2077 18 06 19 4-42 13 48 AFGL 2185 18 30 26 - 7 30 06 AFGL 2296 18 57 10 4- 5 16 00
AFGL 2078 18 06 24 --20 20 06 AFGL 2186 18 30 37 --14 10 48 AFGL 2297 18 57 57 4-22 44 30
AFGL 2079 18 06 24 --23 06 18 AFGL 2187 18 30 39 4-36 58 36 AFGL 2298S 18 57 59 4- 3 39 36
AFGL 2080.2 18 06 59 --24 07 24 ED AFGL 2188 18 30 53 -- 9 10 42 AFGL 2300 18 58 45 --12 50 42
AFGL 2080.3 " AFGL 2188,2 " ED AFGL 2301 18 58 47 q-40 36 36
AFGL 2081S 18 07 04 --23 34 42 AFGL 2188.3 " AFGL 2302 18 58 59 -- 5 50 54
AFGL 2082 18 07 22 --26 52 00 AFGL 2189 18 31 23 4-14 12 06 AFGL 2303 18 59 14 + 4 07 42
AFGL 2083 18 07 38 --10 33 30 AFGL 2190 18 31 26 -- 7 20 54 AFGL 2304 18 59 21 4- 1 07 42
AFGL 2084 18 07 37 -- 7 18 30 AFGL 2191 18 31 32 --21 03 30 AFGL 2305 19 00 05 4- 8 25 18
AFGL 2085 18 07 52 --20 24 30 AFGL 2192 18 31 37 --11 33 18 AFGL 2306S 19 0009 4-22 45 30
AFGL 2086 18 08 23 --26 29 00 AFGL 2193 18 31 46 -- 8 45 42 AFGL 2307S 19 00 17 4-25 15 54

AFGL 2087 18 09 06 18 53 36 AFGL 2194 18 31 49 -- 7 59 18 AFGL 2308 19 00 35 4-20 39 36AFGL 2088 18 09 l0 ----* 35 48 AFGL 2195 18 3202 -- 8 36 06 AFGL 2309 19 0041 --22 45 30
AFGL 2089 18 09 52 +31 24 18 AFGL 2196 18 32 27 --19 18 42 AFGL 2310 19 00 45 4- 7 24 36
AFGL 2090 18 11 16 --17 56 42 AFGL 2197 18 32 27 -- 8 16 06 AFGL 2312 19 0056 +12 09 30
AFGL 2091S 18 11 15 112 39 42 AFGL 2198 18 33 10 +51 44 54 AFGL 2313S 19 01 10 4- 5 26 48
AFGL 2092 18 I1 17 --21 43 06 AFGL 2199 18 33 17 4- 5 32 42 AFGL 2314 19 01 39 -- 5 46 24
AFGL 2094 18 I1 47 --16 49 12 AFGL 2200 18 33 30 -- 7 11 48 AFGL 2315 19 01 58 --13 50 12
AFGL 2096 18 12 00 --22 47 48 AFGL 2201 18 33 49 --19 58 06 AFGL 2316 19 02 53 4- 8 09 48
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NAME RA (1950) DEC POSREI NAME RA 11950) DEC POSRE] NAME RA 11950) DEC POS REF

AFGL 2317 19h03m08' .30°40 36 AFGL 2436 19h39_7s .48"41 ' 06 AFGL 2563 20h19_2 ' +16°44 06
AFGL 2318 19 03 04 +20 17 18 AFGL 2439 19 4107 +55 21 18 AFGL 2565 20 20 35 +40 05 30
AFGL 2319 19 03 17 +27 02 18 AFGL 2440 19 41 14 + 3 38 12 AFGL 2566 20 2045 +63 48 36
AFGL 2320 19 03 24 +39 36 12 AFGL 2443 19 41 47 +34 22 24 AFGL 2567 20 20 49 + 0 37 48
AFGL 2321 19 03 47 + 6 28 36 AFGL 24445 19 42 13 +32 23 18 AFGL 2568 20 21 15 + 045 36
AFGL 23225 19 03 44 +29 49 18 AFGL 2445 19 42 21 +35 07 54 AFGL 2569 20 21 27 +51 51 42
AFGL 2323 19 03 51 --27 45 42 AFGL 2446 19 42 40 +34 17 30 AFGL 2570 20 21 29 +62 42 54
AFGL 2324 19 04 05 + 8 07 48 AFGL 24475 19 42 51 +33 15 30 AFGL 2571 20 21 49 +32 02 00
AFGL2326 19 04 33 + 7 05 00 AFGL 2448 19 43 07 +19 46 30 AFGL 25725 20 22 23 +24 07 18
AFGL 2327 19 04 42 --17 04 48 AFGL 2450 19 43 19 +40 35 42 AFGL 25735 20 23 25 +33 45 48
AFGL 23285 19 05 30 --12 45 18 AFGL 24515 19 43 27 +31 21 18 AFGL 2574 20 24 01 -- 2 12 42
AFGL 2329 19 05 40 + 6 12 36 AFGL 2452 19 43 42 + I 33 36 AFGL 2575 20 2411 +38 II 18
AFGL 2330 19 05 56 --22 16 48 AFGL2453 19 43 57 +10 30 42 AFGL 2577 20 25 03 -- 5 4900
AFGL 2331 19 06 30 +39 04 18 AFGL 2454 19 44 10 +24 27 18 AFGL 2578 20 25 17 +39 15 30
AFGL 2333 19 07 33 -F 9 20 06 AFGL 2455 19 44 41 4-25 05 12 AFGL 2579 20 25 19 +39 53 06
AFGL 2334 19 07 54 + 9 00 48 AFGL 2456 19 45 08 +18 24 54 AFGL 2580 20 25 18 4-36 22 42
AFGL 2335 19 0807 --15 09 12 AFGL 24575 19 4604 .23 46 36 AFGL 2581 20 25 18 4-75 05 42
AFGL2337S 19 09 29 +1003 06 AFGL 2458 19 46 04 + 3 36 06 AFGL 2582 20 25 21 +55 35 42
AFGL 2338 19 09 59 +66 00 42 AFGL 2459 19 46 13 +47 46 48 AFGL 2583 20 25 29 4-40 54 24
AFGL 23395 19 10 14 4-67 12 12 AFGL 2460 19 47 10 +26 43 00 AFGL 2584 20 25 31 4-37 12 06
AFGL 2341 19 1102 +1047 30 AFGL 2461 19 47 24 -- 7 43 24 AFGL 2585 20 26 29 +37 37 54
AFGL 23425 19 11 04 +25 55 36 AFGL 2462 19 48 09 -I-24 46 12 AFGL 2586 20 26 29 +40 42 30
AFGL 2343 19 1122 + 003 30 AFGL 2463 19 48 18 + 8 44 24 AFGL 2588 20 2650 +16 06 48
AFGL 23445 19 I1 27 +27 39 54 AFGL 2464 19 48 35 +70 09 54 AFGL 2589 20 27 02 4- 9 44 30
AFGL 2345 19 II 58 -4-11 04 54 AFGL 2465 19 48 35 +32 47 18 AFGL 2590 20 27 11 4-39 48 18
AFGL 2345.1 " ED AFGL 2466 19 48 48 4-38 35 42 AFGL 2591 20 27 25 +40 01 54
AFGL 2345.2 .... AFGL 2467 19 48 55 +37 41 54 AFGL 2591 20 27 35 +40 01
AFGL 2346 19 12 (30 +46 53 18 AFGL 24685 19 49 15 4-22 24 06 AFGL 2592 20 27 41 -- 4 54 54
AFGL 2348 19 12 39 4-67 33 48 AFGL 2471 19 50 18 +22 18 18 AFGL 2593 20 27 42 +38 50 18
AFGL 2349 19 12 40 -- 7 08 18 AFGL 2472 19 52 23 +49 27 48 AFGL 2596 20 29 36 4-39 43 00
AFGL 2350 19 13 28 4- 9 34 06 AFGL 24735 19 53 00 4-23 15 12 AFGL 2597 20 29 40 4-32 22 06
AFGL 2351 19 13 25 4-30 26 12 AFGL 2475 19 54 19 4-34 57 12 AFGL 2598 20 29 47 +49 03 06
AFGL 23525 19 13 36 --10 07 24 AFGL 2476 19 54 43 4-58 43 12 AFGL 2599 20 30 04 4-62 46 30
AFGL 2353 19 13 49 --19 25 24 AFGL 2477 19 54 43 +30 35 18 AFGL 2600 20 29 52 4-40 28 36
AFGL 23545 19 14 08 - 8 24 12 AFGL 2477 19 54 50.0 +30 35 57 AFGL 2601 20 30 15 +35 16 36
AFGL 23555 19 14 08 +34 35 18 AFGL 24785 19 54 55 4-33 53 36 AFGL 2602 20 30 44 4-40 06 48
AFGL 2356 19 14 16 4-67 26 48 AFGL 2479 19 54 56 -- 2 00 24 AFGL 2602 20 30 46.4 +40 05 48
AFGL 2357 19 14 33 4-38 02 24 AFGL 2480 19 55 36 4-44 08 48 AFGL 2603 20 30 59 4-40 29 30
AFGL 2358 19 14 37 4-21 48 42 AFGL 2481 19 55 42 -- 3 40 12 AFGL 2604 20 31 09 4-42 22 48
AFGL 2359 19 15 09 4-11 50 54 AFGL 2481 19 55 55.0-- 3 41 24 AFGL 2605 20 31 17 +40 35 24
AFGL 2359.2 " ED AFGL 2482 19 55 56 +33 00 18 AFGL 2606 20 31 37 4-54 17 00
AFGL 2360 19 15 15 -t-12 04 12 AFGL 2483 19 56 01 --13 44 12 AFGL 2607 20 31 44 +38 30 36
AFGL 2361 19 15 52 --17 08 30 AFGL 2484 19 56 15 4-15 51 30 AFGL 2608 20 31 50 4-35 04 36
AFGL 2362 19 16 01 +23 45 48 AFGL 2485 19 56 39 4-19 21 00 AFGL 2609 20 32 15 +42 15 36
AFGL 2363 19 16 17 --15 58 12 AFGL 2486 19 57 42 +17 22 48 AFGL 2610 20 32 18 -- 7 35 48
AFGL 23645 '19 16 29 4-73 16 06 AFGL 24875 19 57 43 --13 40 06 AFGL 2612 20 33 32 +41 04 18
AFGL 2365 19 16 46 + 3 18 48 AFGL 2488 19 58 34 4-36 38 36 AFGL 2613 20 34 08 +53 39 00

AFGL 2366 19 17 32 .4-22 27 06 AFGL 24895 19 58 41 -10(_42 AFGL 2614 20 34 13 -- 2 42 12AFGL 2367 19 17 35 4-22 57 06 AFGL 2490 19 58 42 4-52 24 AFGL 2616 20 35 00 4-41 24 54
AFGL 2368 19 17 36 -- 8 06 06 AFGL 2491 19 58 54 +36 58 54 AFGL 2617 20 35 03 4-37 42 06
AFGL 2369 19 17 43 --10 42 48 AFGL 2492 19 59 08 +33 02 (30 AFGL 2618 20 35 41 +18 05 54
AFGL 2370 19 17 49 --26 15 36 AFGL 2493 19 59 20 +33 47 12 AFGL 2620 20 36 31 .+41 55 42
AFGL 2371 19 18 13 4-13 49 48 AFGL 2494 19 59 21 +40 45 42 AFGL 2621 20 36 34 .+42 27 54

AFGL 23725 19 18 17 4-40 41 06 AFGL 2495 19 59 55 4-33 25 _ AFGL 2623 20 3708 --18 17 30AFGL 2373 19 18 50 --16 00 42 AFGL 2496 20 (3051 +76 23 AFGL 2624 20 37 17 .+42 09 48
AFGL 2374 19 19 13.2 4- 9 22 14 AFGL 2497 20 00 55 4-64 40 42 AFGL 2625 20 37 28 +41 08 06
AFGL 2374 19 19 15 + 9 23 12 AFGL 2498 20 00 55 4-30 I1 42 AFGL 2626 20 37 46 +39 01 18
AFGL 2375 19 19 25 4-17 33 54 AFGL 24995 20 01 30 +21 22 06 AFGL 2627 20 37 48 +53 20 48
AFGL 2376 19 20 09 4-13 58 30 AFGL 2500 20 01 38 +30 19 12 AFGL 26285 20 37 55 .+50 00 12
AFGL 2376.1 " ED AFGL 2501 20 02 19 +67 44 06 AFGL 2629 20 38 20 4- 1 00 42
AFGL 2376.2 .... AFGL 2502 20 02 24 +40 17 48 AFGL 2631 20 39 26 4-41 40 24
AFGL 23775 19 20 25 4- 7 20 12 AFGL 2503 20 02 33 .+36 40 42 AFGL 2632 20 39 31 .+47 57 42
AFGL 2378 19 20 38 4-14 23 00 AFGL 2504 20 02 56 4-20 31 30 AFGL 2633 20 39 35 +45 06 18
AFGL 2379 19 2044 .+14 10 (30 AFGL 2505 20 03 12 4-15 21 36 AFGL 26345 20 39 43 +62 17 24
AFGL 2380 19 20 55 4-14 47 42 AFGL 2506 20 03 38 4-51 41 30 AFGL 2635 20 40 39 +38 31 48
AFGL 2381 19 21 24 4-14 24 30 AFGL 2507 20 03 45 4-25 26 30 AFGL 2636 20 40 42 +42 46 42
AFGL 2382 19 22 17 --13 28 54 AFGL 2508 20 03 45 --27 22 24 AFGL 2636 20 40 47.0 4-42 45 52
AFGL 2383 19 23 10 4-50 09 24 AFGL 2509 20 04 12 +66 19 12 AFGL 2636 20 41 4-42 50 ED
AFGL 2384 19 23 I1 4-76 27 36 AFGL 2511 20 05 23 .+ 5 56 42 AFGL 2636.1 20 40 42 .+42 46 42
AFGL 23855 19 23 21 4-53 32 00 AFGL 2512 20 06 09 +56 51 00 AFGL 2636.2

AFGL 23865 19 23 41 +60 55 30 AFGL 2513 20 07 _ +31 17 42 AFGL 2636IRS1 20 40 47.3 +42 46 01AFGL 23875 19 23 45 4-65 33 12 AFGL 2514 20 07 -- 25 24 AFGL 2636IRS2 20 40 46.6 4-42 45 59
AFGL 2388 19 24 13 4-71 34 12 AFGL 2515 20 07 49 -- 1 45 36 AFGL 2637 20 41 36 .+43 00 30
AFGL 2389 19 24 14 4-36 07 06 AFGL 2516 20 07 55 4-47 44 54 AFGL 2639 20 41 57 +19 04 24
AFGL 2390 19 24 30 +11 15 36 AFGL 2517 20 08 02 +26 08 24 AFGL 2640 20 42 46 .+80 19 42
AFGL 2391 19 24 51 --17 25 12 AFGL 25185 20 08 49 -- 7 48 (30 AFGL 2641 20 43 07 4-17 55 36
AFGL 2392 19 24 55 4- 6 56 54 AFGL 2519 20 09 16 .+35 59 18 AFGL 26425 20 43 20 +42 09 06
AFGL 23935 19 25 40 +33 25 06 AFGL 2520 20 09 30 -11 22 42 AFGL 2643 20 43 21 +30 29 42
AFGL 23945 19 26 17 4-12 45 24 AFGL 25215 20 09 41 4- 9 46 48 AFGL 2644 20 43 06 .+56 19 30

AFGL 2395 19 26 41 +24 32 30 AFGL 2522 20 10 18 4- 0 24 54 AFGL 2645 20 43 48 -- 4 17 06AFGL 2396 19 27 13 +45 56 42 AFGL 2523 20 1035 -- 12 00 AFGL 2646 20 43 55 -- I 04 36
AFGL 23975 19 27 20 "+-13 55 54 AFGL 25255 20 10 56 4-32 05 48 AFGL 2648 20 44 14 4-33 47 18
AFGL 2398 19 27 38 + 2 49 36 AFGL 2526 20 11 16 +49 18 12 AFGL 2649 20 44 18 4-61 38 54
AFGL 2400 19 27 37 + 0 56 36 AFGL 25275 20 1120 .+18 48 18 AFGL2650 20 44 34 +39 56 36

AFGL 2402 19 28 06 -- 2 54 06 AFGL 2528 20 1144 4-38 34_ AFGL 26515 20 44 47 -- 3 57 54AFGL 2403 19 28 17 4-19 42 30 AFGL 25295 20 11 44 4-17 34 AFGL 2652 20 45 07 -- 5 11 18
AFGL 2403 19 28 18.0 +19 44 21 AFGL 2531 20 12 08 ,4-46 35 54 AFGL 2653 20 45 14 4-45 22 30

AFGL 2404 19 28 26 +48 53 54 AFGL 2532 20 12 19 -- 4 44 _ AFGL 2654 20 45 32 .+19 09 00AFGL 24055 19 28 33 .+15 32 54 AFGL 2533 20 12 21 .+39 14 AFGL 2655 20 45 44 +58 14 30
AFGL 2406 19 28 38 .+27 52 06 AFGL 2534 20 12 26 +26 16 48 AFGL 26565 20 45 53 +44 14 12
AFGL 2407 19 28 53 .+46 02 42 AFGL 2535 20 12 37 .+66 05 42 AFGL 2657 20 46 16 +28 03 54
AFGL 2408 19 29 24 4-18 36 48 AFGL 2537 20 13 18 4- 7 31 00 AFGL 2658 20 4649 .+ 0 44 30
AFGL 2409 19 29 36 +43 31 24 AFGL 2538 20 13 26 4-30 54 48 AFGL 2659 20 46 49 +22 49 06
AFGL 2410 19 30 03 +13 15 12 AFGL 25395 20 13 40 4-36 53 00 AFGL 2660 20 47 06 +31 40 06
AFGL 2412 19 30 41 + 4 56 24 AFGL 2540 20 13 51 +47 32 48 AFGL 26615 20 47 23 -- 3 12 Ig
AFGL 2414 19 31 11 4-23 31 54 AFGL 2541 20 13 54 .+23 18 36 AFGL 2662 20 47 48 4- 5 53 42
AFGL 2415 19 31 22 + 5 21 42 AFGL 2542 20 1410 -21 28 36 AFGL2663 20 48 02 +49 56 24
AFGL 2416 19 31 28 --16 28 48 AFGL 25435 20 14 I0 4-80 O0 54 AFGL 2665 20 48 34 --27 05 30
AFGL 2417 19 32 12 +27 57 54 AFGL 2544 20 14 52 4-40 14 18 AFGL 2666 20 48 44 --11 16 (30
AFGL 2418 19 32 19 .+49 09 06 AFGL 25455 20 15 36 -4-36 38 00 AFGL 2667 20 50 02 4-47 09 36
AFGL 24195 19 33 09 .72 49 24 AF',JI 25465 20 15 46 --15 03 42 AFGL 2668 20 50 16 +80 22 30
AFGL 2420 19 33 12 +33 41 36 AFGL 2547 20 1605 +33 56 30 AFGL 2670 20 5021 --12 33 30
AFGL 24215 19 34 52 "+12 02 36 AFGL 25485 20 16 08 .+43 09 12 AFGL 2672 20 50 43 .+23 10 00
AFGL 2422 19 35 37 +50 05 36 AFGL 2549 20 16 10 4-39 12 30 AFGL 26735 20 51 00 4-29 29 36
AFGL 2423 19 35 40 4-11 38 12 AFGL 2550 20 16 36 4-34 14 54 AFGL 26745 20 51 09 .+32 55 18
AFGL 2424 19 35 40 .+69 41 12 AFGL 2551 20 16 58 .+66 52 12 AFGL 2675 20 51 11 .+25 22 54

AFGL 2425 19 36 II --16 57 30 AFGL 2552 20 1707 -- 7 42 48 AFGL 2676 20 52 21 .+27 52AFGL 2426 19 36 52 +28 22 24 AFGL 2554 20 17 33 +40 48 18 AFGL 2677 -- 20 53 04 .+30 12

AFGL 2428 19 38 08 +33 15 42 AFGL 2554.2 " ED AFGL 2678 20 54 49 4-16 03 24AFGL 2428.1 ED AFGL 2555 20 18 07 --14 59 06 AFGL 2679 20 54 55 4-37 13
AFGL 2428,2 " AFGL 2556 20 18 12 +47 44 54 AFGL 2679 20 54 55.8 +37 13 35
AFGL 2429 19 38 23 +43 48 24 AFGL 2557 20 18 45.0 .+41 II 52 AFGL 2681 20 56 I1 .+56 13 30
AFGL 2430 19 38 27 - 40048 AFGL 2557 20 18 54 +41 12 54 AFGL 2682 20 56 18 +44 35 24
AFGL 24315 19 38 27 4-32 42 42 AFGL 2558 20 19 25 ,I-35 27 48 AFGL 2683 20 56 25 4-46 16 30
AFGL 2432 19 38 52 +32 29 54 AFGL 2559 20 19 28 4-36 46 54 AFGL 26855 20 56 59 .+41 07 24
AFGL 2433 19 38 58 +39 56 12 AFGL 2560 20 19 46 4-37 21 48 AFGL 2686 20 57 00.7 +27 14 42

AFGL 2434 19 3902 .+17 20 36 AFGL 2561 20 1943 .+40 17 06 AFGL 2686 20 5709 .27 15AFGL 2435 19 39 04 +42 58 30 AFGL 2562 20 19 48 .+68 42 24 AFGL 2687 20 59 59 .+61 45

B-7



NAME RA (1980) DEC OS REF NAME RA (1950) DEC :q3SREF NAME RA (1950) DEC

AFGL 2688 21h00m16I +36"30 00 AFGL 2819 21h54m26* --14"26 36 AFGL 2968 22h48_04' .1.60"01' 30
AFGL2689 210033 .1.443536 AFGL2820 215457 .1.173200 AFGL2969 224851 .1.1.613124
AFGL 2690 21 (3001.8 .1.82 51 41 AFGL 2821 21 55 15 .1.63 23 24 AFGL 2970 22 48 55 .1.17 50 54
AFGL2690 210048 .1.1.825242 AFGL2822 215526 +800406 AFGL2971 224904 .1.640000
AFGL 2691 21 00 51 +35 39 24 AFGL 2823 21 55 44 --21 30 00 AFGL 29725 22 49 07 "1"7 01 00
AFGL 26925 21 00 53 -- 2 32 54 AFGL 2824 21 55 50 .1.23 26 06 AFGL 29735 22 49 15 +47 48 42
AFGL 26935 21 00 56 +59 30 12 AFGL 2825 21 56 I0 +56 29 42 AFGL 2974 22 49 29 --25 33 06
AFGL 2694 21 01 18 .1.23 48 18 AFGL 2826 21 56 48 .1.54 19 24 AFGL 2976 22 49 42 +43 02 06
AFGL 2695 21 00 59.7 +67 57 56 AFGL 2827 21 57 27 +62 27 00 AFGL 2977 22 49 57 - 7 51 12
AFGL 2695 21 01 19 .1.67 58 42 AFGL 2828 21 57 30 +23 42 (30 AFGL 29785 22 49 56 "1"1729 03
AFGL 26965 21 02 II .1.25 34 54 AFGL 28295 21 58 36 .1.76 25 30 AFGL 29795 22 49 57 +50 42 12
AFGL 2697 21 02 16 +37 39 24 AFGL 2831 21 59 08 +33 28 42 AFGL 29805 22 50 25 +50 27 18
AFGL 2698 21 02 35 .1.37 04 42 AFGL 2832 21 59 56 .1.48 29 18 AFGL 2982 22 51 19 .1.61 01 24
AFGL 2699 21 02 49 +53 08 54 AFGL 2833 21 59 56 .1.56 42 30 AFGL 2984 22 51 44 "t-8 37 42
AFGL 2700 21 02 52 .1.27 I1 30 AFGL 28345 22 00 20 .1.54 29 30 AFGL 2985 22 51 54 "+66 00 00
AFGL 27015 21 03 I1 --18 19 42 AFGL 2835 22 00 23 + 0 08 18 AFGL 2986 22 52 I1 .1.16 40 12
AFGL 2702 21 03 18 + 0 24 54 AFGL 2836 22 00 28 -31 39 54 AFGL 2987 22 52 33 "+60 33 36
AFGL 2703 21 03 24 .1.43 43 36 AFGL 2837 22 01 43 "+28 07 06 AFGL 2988 22 52 37 .1.84 49 CO
AFGL 2704 21 03 28 .1.51 36 30 AFGL 2839 22 02 23 .1.62 53 42 AFGL 2988 22 52 38.3 .1.84 46 49
AFGL 27055 21 03 40 + 7 38 42 AFGL 28415 22 03 09 "+59 53 30 AFGL 2989 22 52 33 -29 51 48
AFGL 2707 21 04 18 --25 II 06 AFGL 2842 22 03 10 "+46 29 24 AFGL 2991 22 54 13 "+58 15 48
AFGL 2708 21 04 23 --16 37 12 AFGL 2843 22 03 I1 + 4 49 00 AFGL 2992 22 54 21 .1.49 27 12
AFGL 2709 21 04 36 +47 27 24 AFGL 2844 22 03 17 .+ 0 34 12 AFGL 2993 22 54 21 --20 36 24
AFGL 2712 21 04 56 + 0 21 06 AFGL 2845 22 03 24 .+35 06 00 AFGL 29945 22 54 42 +54 25 54
AFGL 2713 21 05 08 +42 01 48 AFGL 28465 22 03 34 "1"10 18 48 AFGL 2995 22 54 53 --29 50 12
AFGL 2716 21 05 52 .+ 6 48 36 AFGL 2847 22 03 59 "+62 49 30 AFGL 29965 22 54 53 .1.61 15 30
AF,GL 2717 21 06 02 "+ 2 58 06 AFGL 2848 22 04 08 "+62 14 48 AFGL 29975 22 54 54 .1.61 46 54
AFGL 27185 21 07 32 .1.37 42 48 AFGL 28495 22 04 33 "+41 37 06 AFGL 2999 22 55 29 "+58 34 18
AFGL 2719 21 08 39 +47 27 36 AFGL 2851 22 04 48 "+11 38 12 AFGL 3000 22 55 31 .1.62 21 30
AFGL 2720 21 08 52 .1.52 38 24 AFGL 2852 22 05 26 --34 19 36 AFGL 3001 22 55 39 .1.21 13 18
AFGL 2721 21 09 05 +68 17 30 AFGL 28535 22 05 28 +17 31 18 AFGL 30025 22 55 51 .1.28 20 06
AFGL2722 21 09 53 --14 35 24 AFGL2854 22 06 21 +12 18 00 AFGL 30035 22 56 32 .+24 38 48
AF,GL 2723 21 10 34 +30 03 30 AFGL 2855 22 06 23 .1.74 30 18 AFGL 3004 22 56 19 .1.58 31 06
AF,GL 27245 21 I1 I1 +70 51 24 AFGL 2856 22 0623 .+49 30 54 AFGL 3005 22 5659 --13 23 00
AFGL 2725 21 11 27 .+59 53 18 AFGL 2857 22 06 38 "+59 18 06 AFGL 3006 22 57 51 "+56 40 42
AFGL 27265 21 13 00 -- I 19 12 AFGL 2859 22 07 05 .1.72 31 24 AFGL 3(307 22 57 54 .1.35 38 24
AFGL 2727 21 13 01 --15 22 00 AFGL 2862 22 08 13 .1,11 23 42 AFGL 3008 22 58 22 "1"0 11 54
AFGL 2728 21 13 36 -- 9 26 12 AFGL 2864 22 09 02 .1.57 57 36 AFGL 3010 22 58 41 "+46 14 00
AFGL 2731 21 14 07 "+53 49 18 AFGL 2865 22 09 34 "+56 46 54 AFGL 3011 22 58 47 "+64 02 48
AFGL 27325 21 14 40 "4- 8 27 18 AFGL 2866 22 09 44 4-14 17 06 AFGL 3012 22 59 08 .+32 20 36
AFGL 27335 21 1447 .1.41 45 36 AFGL 2867 22 1040 .+63 02 48 AFGL 3013 22 59 10 .1.61 17 36
AFGL 27345 21 15 09 "+11 13 42 AFGL 2868 22 11 31 +25 10 42 AFGL 30145 22 59 12 .1.56 48 36
AFGL 2735 21 15 13 .1.40 49 24 AFGL 2869 22 I1 40 .1.39 28 12 AFGL 3015 22 59 35 .1.45 37 18
AFGL 2737 21 15 55 .1. 7 32 42 AFGL 2872 22 12 20 "+57 45 00 AFGL 3016 23 00 00 "+59 32 06
AFGL 27385 21 16 05 -- I 27 48 AFGL 28745 22 13 45 + 3 06 00 AFGL 3017 23 01 18 .1.27 48 30
AFGL 2739 21 16 26 -4-10 58 36 AFGL 2875 22 13 45 "+37 29 36 AFGL 3018 23 01 29 .1.37 34 54
AFGL 2740 21 16 34 .1.76 46 06 AFGL 28785 22 14 57 .1.66 45 42 AFGL 3019 23 02 39 --22 44 36
AFGL 27415 21 16 37 .1.19 52 42 AFGL 2879 22 15 39 .1. 2 27 36 AFGL 3020 23 02 41 .1.56 52 18
AFGL 2743 21 1701 .1.55 03 48 AFGL 2880 22 1601 "+13 21 12 AFGL 30215 23 03 16 .1.65 07 54
AFGL 27445 21 17 03 + 8 21 24 AFGL 2881 22 16 36 +43 31 00 AFGL 3022 23 03 26 +60 00 00
AFGL 2745 21 17 26 +63 22 00 AFGL 2881.1 " ED AFGL 3023 23 0406 "+10 15 30
AFGL 2746 21 17 28 +60 58 18 AFGL 2881.2 .... AFGL 3024 23 04 28 "+ 9 07 24
AFGL 2747 21 17 36 .1.50 35 06 AFGL 28825 22 16 54 +51 11 24 AFGL 30255 23 04 35 -25 53 48
AFGL 2748 21 17 43 .1.58 24 42 AFGL 2884 22 17 29 +63 03 18 AFGL 3026 23 04 39 .1.25 11 24
AFGL 2750 21 18 18 "+55 14 36 AFGL 2885 22 17 41 +59 35 24 AFGL 30275 23 05 02 .1.46 06 24
AFGL 2751 21 1841 Jr- 7 08 12 AFGL 2887 22 18 27 .+61 54 42 AFGL 3029 23 06 26 --30 24 00
AFGL 2752 21 18 42 +49 07 48 AFGL 2888 22 18 42 +26 41 (30 AFGL 3030 23 06 50 --21 23 42
AFGL 2753 21 20 01 --22 56 42 AFGL 2889 22 19 00 -- 7 52 06 AFGL 3031 23 06 58 .+ 8 23 54
AFGL 2754 21 20 07 +21 47 24 AFGL 2891 22 19 23 .+45 23 36 AFGL 30325 23 06 50 .+75 08 (30
AFGL 2755 21 20 32 +42 09 36 AFGL 2893 22 20 37 --22 17 30 AFGL 3033 23 07 21 -40 51 48
AFGL 2756 21 20 45 .1.23 14 54 AFGL 2895 22 21 30 .1.31 00 36 AFGL 3034 23 07 40 .1.33 29 54
AFGL 2757 21 20 54 "+77 38 30 AFGL 2896 22 21 38 -[-55 42 18 AFGL 30355 23 07 46 "+17 48 00
AFGL 2759 21 20 57 "+40 42 48 AFGL 28975 22 21 43 "+35 46 (30 AFGL 30365 23 07 50 .1. 0 01 54
AFGL 2761 21 22 46 "+79 34 00 AFGL 2900 22 23 13 .1.30 13 00 AFGL 30375 23 07 54 .1.39 55 12
AFGL 27625 21 23 38 "+16 05 24 AFGL 2901 22 2404 +60 04 30 AFGL 30385 23 08 11 --I1 58 (30
AFGL 27635 21 23 40 --31 18 06 AFGL 29025 22 24 10 .1.63 03 06 AFGL 3039 23 08 37 + 4 42 54
AFGL 2764 21 23 52 --22 37 06 AFGL 2904 22 24 36 +45 08 36 AFGL 30405 23 08 51 + 0 11 06
AFOL 2765 21 24 13 .1.62 22 06 AFGL 2908 22 26 05 .1.35 16 12 AFGL 3041 23 09 09 +52 37 12
AFGL 2767 21 26 01 .1.59 31 54 AFGL 2910 22 26 36 "+58 58 06 AFGL 3042 [23 09 14 "+48 43 36
AFGL 2768 21 26 40 +70 (30 100 AFGL 2911 22 26 49 + 8 53 30 AFGL 3044 23 09 33 .1.59 24 36
AFGL 2769 21 26 39 .+21 57 42 AFGL 2912 22 26 52 +49 52 12 AFGL 3045 23 I0 21 .1.63 41 42
AFGL 27705 21 26 54 +51 02 30 AFGL 2913 :22 27 20 +47 26 18 AFGL 3046 23 11 (30 "+66 46 54
AFGL 2771 21 2703 +71 35 36 AFGL 2916 22 28 20 +56 44 42 AFGL 3048 23 11 33 +61 12 30
AFGL 2772 21 27 42 +23 24 18 AFGL 29175 22 28 41 --31 56 06 AFGL 3048.1 "
AFGL 27745 21 28 20 .1.12 44 12 AFGL 2918 22 30 19 +52 57 42 AFGL 3048.2 "
AFGL 2775 21 28 38 +10 55 48 AFGL 2919 22 30 37 "+55 10 30 AFGL 3049 23 11 40 -- 6 20 48
AFGL 2776 21 28 49 -- 5 48 42 AFGL 29205 22 31 36 +66 40 42 AFGL 30505 23 I1 54 --34 09 36
AFGL 2777 21 29 39 +60 39 36 AFGL 2921 22 31 39 .1.24 16 42 AFGL 3051 23 12 16 .1.40 30 48
AFGL 27785 21 30 14 "+74 30 24 AFGL 2922 22 31 45 .1.58 38 30 AFGL 3052 23 13 (30 .1.63 55 12
AFGL 2779 21 31 15 +54 04 54 AFGL 2924 22 3409 -- 9 00 42 AFOL 3053 23 13 20 "+60 50 06
AFGL 2781 21 32 03 +38 49 48 AFGL 2925 22 34 25 +58 10 12 AFGL 3053.1
AFGL 2782 21 32 14 .1. 1 37 12 AFGL 29265 22 34 36 "+65 34 42 AFGL 3053.2
AFGL 27835 21 32 20 "+13 39 54 AFGL 29275 22 36 26 "+72 48 36 AFGL 3054 23 13 22 -- 9 19 24
AFGL 2784 21 34 15 +31 52 18 AFGL 2928 22 36 28 +56 32 (30 AFCoL 3056 23 13 51 +62 04 00
AFGL 2785 21 36 21 +78 23 36 AFGL 2929 22 36 50 +75 06 00 AFGL 3057 23 13 53 +59 45 42
AFGL 2787 21 37 40 -- I 59 12 AFGL 2931 22 37 56 +40 24 30 AFGL 3058 23 14 17 -- 8 01 18
AFGL 2788 21 38 10 +43 03 06 AFGL 2932 22 38 29 "+49 45 18 AFGL 3059 23 14 15 4-10 18 18
AFGL 2789 21 38 12 +50 00 48 AFGL 2932 22 38 34 +49 45 36 AFGL 30605 23 14 27 --28 43 54
AFGL 2789 21 38 23 "+50 01 12 AFGL 29335 22 38 54 +10 45 24 AFGL 3061 23 14 34 "+60 09 36
AFGL 2790 21 38 57 .1.54 06 06 AFGL 2934 22 39 20 "+20 55 18 AFGL 3062 23 14 36 .1. 3 01 06
AFGL 27915 21 38 47 "+51 30 42 AFGL 2935 22 39 22 -- 5 23 24 AFGL 30635 23 14 38 .1.32 (3006
AFGL 2792 21 39 43 .1. 5 25 42 AFGL 2936 22 39 38 "+42 16 12 AFOL 3064 23 15 13 .1.40 35 06
AFGL 2793 21 39 47 "+35 16 (30 AFGL 29375 22 40 12 "+53 38 12 AFGL 3065 23 15 21 +48 44 12
AFGL 2794 21 39 52 .1.45 32 12 AFGL 2938 22 40 31 .1.29 57 12 AFGL 3066 23 16 01 --32 52 06
AFGL 2795 21 40 12 +54 37 00 AFGL 2939 22 40 31 .1.13 18 30 AFGL 3067 23 16 27 +82 45 42
AFGL 2796 21 40 49 +40 55 24 AFGL 2940 22 4.032 "+27 54 48 AFGL 3068 23 16 41 .1.16 54 36
AFGL 27975 21 40 50 "+61 31 24 AFGL 2940 22 40 37.0 "+27 53 42 AFGL 3068 23 16 43.1 "+16 55 05
AFGL 2798 21 41 20 .1.37 47 12 AFGL 2941 22 40 55 "+59 30 18 AFGL 30695 23 16 46 --38 04 12
AFGL 2799 21 41 42 .1.76 09 12 AFGL 2941 22 41 16 .1.59 29 30 AFGL 30705 23 16 53 .1.56 55 36
AFGL 2800 21 41 45 + 9 39 18 AFGL 2942 22 40 55 --19 05 24 AFOL 3073 23 17 15 +62 28 54
AFGL 28015 21 42 08 4-17 04 36 AFGL 2943 22 40 58 "+22 55 48 AFGL 3074 23 17 23 +48 23 00
AFGL 2802 21 41 II .1.58 32 42 AFGL 2946 22 41 54 "+29 19 48 AFGL 3075 23 17 25 .1.26 00 00
AFGL 2803 21 42 16 -- 9 19 06 AFGL 2948 22 42 19 .1.61 26 54 AFGL 3076 23 17 52 + 8 36 36
AFGL 2804 21 42 49 +12 27 48 AFGL 2949 22 42 25.3 .1.74 31 51 AFOL 30775 23 17 53 .1.46 57 30
AFGL 2805 21 43 47 .1.73 24 18 AFGL 2949 22 42 38 "+74 32 36 AFGL 3078 23 18 12 .1.30 08 54
AFGL 2806 21 44 01 -- 2 26 06 AFGL 29505 22 42 49 .1.46 55 (30 AFGL 3079 23 18 25 .1.60 53 42
AFGL 2807 21 44 55 .1.57 50 42 AFGL 29515 22 42 50 "+ 6 37 (30 AFGL 30805 23 18 32 .1.39 20 48
AFGL 2808 21 45 40 .1.64 21 54 AFGL 29565 22 45 20 .1.12 02 48 AFt3L 3082 23 19 32 --10 43 54
AFGL 28095 21 46 15 .1.60 27 30 AFGL 2957 22 45 38 "+54 53 06 AFGL 3083 23 20 06 --11 07 24
AFGL 2810 21 47 18 .1.61 01 54 AFGL 29595 22 46 10 .1.18 19 12 AFGL 3085 23 20 12 .1.59 01 54
AFGL 2811 21 4727 +52 11 36 AFGL 2960 22 4642 +27 05 36 AFGL 3086 23 20 16 --20 24 06

AFGL 2812 12150 01 +21 01 42 AFGL 2961 22 46 48 --14 25 06 AFGL 3087 23 20 16 +59 50 30AFGL 2813 21 5035 +55 44 18 AFGL 2962 22 4659 --13 50 00 AFGL 3088 23 21 16 "+39 26 18
AFGL 28145 21 52 30 "+79 19 00 AFGL 2963 22 47 23 .1.59 40 30 AFGL 3089 23 21 47 .1. 3 23 48
AFGL 2815 215257.1.511424 AFGL 2964 224724"+553924 AFOL 3090 232151--20630
AFGL 2816 21 5303 +54 1448 AFGL 2965 22 4734 .1.404700 AFGL 3091 232218 +620054

AFGL 2817 21215311"+5014 06 AFGL 2966 224744+242042 AFGL 30925 232314--112706AFGL 2818 5358.1.223742 AFGL 2967 224753.1.655600 AFGL 3093 232318--205654
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NAME RA (1950) DEC _'OSREF NAME RA (1950) DEC DSREF NAME RA (1950) DEC POSREF

AFGL 3094 23h23"28' +52"42' 42 AFGL 40145 0"09_8' +22"15' 54 AFGL 4072 25"22' -66"44 00
AFGL 30975 23 24 26 + 5 23 18 AFGL 4015 2 03 27 --28 01 12 AFGL 40725 57 59 +46 38 54
AFGL 3099 23 25 45 +10 38 24 AFGL 40155 0 1001 +70 42 48 AFGL 4073 32 57 +46 18 54
AFGL 3101 23 26 52 +38 21 36 AFGL 4016 2 04 14 --67 45 (30 AFGL 40735 58 46 --12 19 48
AFGL 3102 23 26 59 +50 57 12 AFGL 40165 0 10 21 -- 3 39 42 AFGL 4074 34 42 +38 22 36
AFGL 31035 23 27 (}(3 +56 24 06 AFGL 4017 2 08 28 +47 33 24 AFGL 40745 59 29 +69 04 06
AFGL 3104 23 26 54 +51 26 30 AFGL 40175 0 11 17 --26 17 54 AFOL 4075 37 19 -84 57 06
AFGL 3107 23 27 36 +59 09 12 AFGL 4018 2 08 41 -- 4 23 00 AFGL 40755 00 01 +62 49 42
AFGL 31085 23 27 39 --17 19 30 AFGL4018S 0 1145 +75 48 30 AFGL 4076 7 37 34 -- 8 45 36
AFGL 3109 23 27 51 +600000 AFGL4019 2 13 29 + 0 17 24 AFGL 40765 0001 + 7 34 36
AFGL 3110 23 28 16 +57 42 18 AFGL 40195 0 12 56 +66 19 24 AFGL 4077 7 43 33 --58 19 36
AFGL 3111 23 30 20 +31 57 03 AFGL 4020 2 19 23 --53 53 18 AFGL 40775 G027 -- 5 06 54
AFGL 3112 23 30 21 +45 51 06 AFGL 40205 0 14 26 -- I 34 30 AFGL 4078 7 45 37 --71 10 06
AFGL 3113 23 30 49 +22 13 30 AFGL 4021 2 22 06 +38 34 48 AFGL 40785 01 12 +52 15 18
AFGL 3114 23 31 16 +31 04 00 AFGL 40215 0 15 29 +19 57 30 AFGL 4079 7 47 09 +57 35 54
AFGL 3115 23 31 29 +20 34 06 AFGL 4022 2 22 20 4-50 03 30 AFGL 40795 03 05 +49 36 00

AFGL 3116 23 31 59 +43 15 _4 AFGL 40225 0 17 53 +61 35 I8 AFGL 4080 7 54 17 --22 19 12AFGL 31175 23 32 18 +71 22 AFGL 4023 2 32 11 +21 38 54 AFGL 40805 04 21 +53 15 24
AFGL 3118 23 32 23 -- 5 34 30 AFGL4023S 0 17 59 + 7 53 36 AFGL 4081 8 1042 --62 36 42
AFGL 3119 23 32 33 + 2 49 54 AFGL 4024 2 32 53 --70 53 24 AFGL 40815 04 23 +45 21 12
AFGL 3120 23 33 24 +24 15 48 AFGL 4,0245 0 18 33 +59 41 24 AFGL 4082 8 15 24 +72 34 48
AFGL 3122 23 34 58 +46 13 00 AFGL 4025 2 37 05 -- 6 28 06 AFGL 40825 04 27 +49 07 30
AFGL 3123 23 35 06 -- 5 00 24 AFGL40255 0 18 36 -- 2 38 48 AFGL 4083 8 21 17 +I0 45 36
AFGL 3124 23 3600 +61 38 00 AFGL 4026 2 46 52 +60 32 12 AFGL 40835 05 36 + 9 38 12

AFGL 3125 23 36 36 +51 58 24 AFGL 40265 0 18 43 +50 39 24 AFGL 4084 25 41 q-72 33 12AFGL 3126 23 37 01 4-32 03 AFGL 4027 2 47 26 4-59 03 06 AFGL 40845 07 21 4-25 12 24
AFGL 3127 23 37 10 4-77 20 24 AFGL 40275 0 18 56 4-86 36 18 AFGL 4085 26 39 4-60 54 24
AFGL 3128 23 38 18 4-70 07 12 AFGL 4028 2 52 21 4-64 09 18 AFGL 40855 07 22 --65 24 54
AFGL 3131 23 39 47 4-18 10 (3(3 AFGL 40285 0 19 20 +43 53 12 AFGL 4086 27 39 --61 14 06
AFGL 31325 23 39 55 4-44 39 42 AFGL 4029 2 57 17 4-60 16 54 AFGL 40865 07 45 4- 2 10 36
AFGL 3133 23 39 56 4-64 14 (30 AFGL 4029 2 57 32.5 4-60 17 22 AFGL 4087 8 36 26 4-46 09 42
AFGL 31345 23 40 03 4-32 55 30 AFGL 4029.1 2 57 17 4-60 16 54 ED AFGL 40875 08 25 4-20 41 00
AFGL 3135 23 40 45 4-10 02 24 AFGL 4029.2 .... AFGL 4088 8 45 35 4-70 28 12
AFGL 3136 23 41 10 --15 34 24 AFGL 40295 0 20 14 4-69 07 30 AFGL 40885 08 30 --33 46 36
AFGL 31375 23 41 23 4-24 25 42 AFGL 4030 3 08 33 --56 32 24 AFGL 4089 8 50 54 --18 07 42
AFGL 3138 23 41 40 +61 30 06 AFGL 40305 0 20 51 --30 03 54 AFGL 4.0895 08 57 4-20 46 30
AFGL 3139 23 41 46 4-55 30 30 AFGL 4031 3 09 57 --29 12 18 AFGL 4090 8 55 08 +55 36 12
AFGL 3140 23 42 03 4-41 47 06 AFGL 40315 0 21 52 -- 4 56 54 AFGL 40905 11 23 4-28 15 48
AFGL 3140 23 42 10.6 +41 46 52 AFGL 4032 3 15 05 -- 9 36 12 AFGL 4091 9 11 03 4-51 17 36
AFGL 3141 23 42 10 +56 17 24 AFGL 40325 0 25 25 --11 55 36 AFGL 40915 I1 51 4-74 56 54
AFGL 31425 23 42 15 +56 57 24 AFGL 4033 3 27 50 --19 24 18 AFGL 4092 9 16 27 4-49 58 12
AFGL 3143 23 42 32 4-43 38 48 AFGL 40335 0 25 27 --49 52 42 AFGL 40925 12 10 -- 7 21 48
AFGL 3143 23 42 33 4-43 38 12 AFGL 4034 3 31 30 --12 57 48 AFGL 4093 22 46 --57 26 30
AFGL 3144 23 43 06 +41 06 00 AFGL 40345 0 25 47 4-16 12 12 AFGL 40935 12 36 4-57 45 54
AFGL 3145 23 43 23 4-60 12 06 AFGL 4035 3 33 16 --18 52 18 AFGL 4094 9 28 21 4-44 56 06
AFGL 31465 23 43 39 -- 7 09 30 AFGL 40355 0 26 (}(3 --40 13 06 AFGL 40945 14 04 --13 35 36
AFGL 3147 23 43 48 4- 3 11 18 AFGL 4036 3 44 35 -- 3 55 54 AFGL 4095 9 30 53 --62 34 42
AFGL 3148 23 43 54 +54 13 00 AFGL 40365 0 29 16 4-19 22 00 AFGL 40955 17 08 4-57 15 18
AFGL 3150 23 44 28 4-28 09 48 AFGL 4037 3 46 26 --20 58 18 AFGL 4096 9 35 37 4-67 31 12
AFGL 3151 23 44 43 4-39 14 54 AFGL 40375 0 29 26 +14 19 24 AFGL 40965 17 43 4-67 07 54
AFGL 3152 23 4445 4-57 09 36 AFGL 4038 3 47 25 --18 53 30 AFGL 4097 9 51 58 --67 20 00
AFGL 3153 23 45 (30 +25 51 12 AFGL 40385 0 30 08 4-50 53 54 AFGL 40975 18 24 --17 16 (30
AFGL 3154 23 45 02 4-68 17 36 AFGL 4039 3 52 56 4-60 58 12 AFGL 4098 9 52 14 --75 07 36
AFGL 31555 23 46 22 -I-21 47 54 AFGL 40395 0 31 14 --29 51 42 AFGL 40985 19 53 + 1 23 30
AFGL3156S 23 46 40 4-76 39 18 AFGL4040 3 55 45 -- 5 48 24 AFGL 4099 9 56 31 --58 38 48
AFGL 3158 23 48 17 4-47 13 30 AFGL 40405 0 34 56 -- 7 31 36 AFGL 40995 20 04 --69 15 42
AFGL 3159 23 48 33 4-20 07 36 AFGL 4041 3 56 47 --13 48 00 AFGL4100 9 57 35 4- 8 16 30
AFGL 3160 23 48 35 4- 9 00 54 AFGL 40415 0 36 52 --15 44 54 AFGL 41005 21 03 --18 08 36
AFGL 31615 23 48 45 4-26 53 24 AFGL 4042 3 57 12 --12 42 06 AFGL 4101 10 04 50 --56 56 24
AFGL 31625 23 48 51 + 5 25 48 AFGL 40425 0 37 37 4-54 30 00 AFGL 41015 I 22 26 4-14 35 24
AFGL 3163 23 49 11 4- 8 46 42 AFGL 4043 4 01 02 +68 33 36 AFGL 4102 10 05 39 --53 (30 00
AFGL 3164 23 49 28 4- 2 37 42 AFGL 40435 0 38 53 --46 26 24 AFGL 41025 1 22 51 4-57 20 18
AFGL 3165 23 49 35 +61 31 36 AFGL 4044 4 05 14 4-68 33 30 AFGL 4103 10 17 54 --57 41 54
AFGL 3166 23 49 47 +18 50 24 AFGL 40445 0 39 30 -- 9 55 18 AFGL 41035 1 22 55 --46 15 24
AFGL 3167 23 50 13 --12 16 24 AFGL4045 4 13 36 --21 08 54 AFGL4]04 10 18 12 --57 50 30
AFGL 3168 23 50 19 4-60 42 30 AFOL 40455 0 41 58 --79 38 42 AFGL 41045 I 23 15 4-17 54 06
AFGL 31695 23 50 34 -- I 38 06 AFGL 4046 4 13 53 --81 59 18 AFGL 4105 10 18 32 --60 10 30
AFGL 3170 23 50 44 4-66 16 24 AFGL 40465 0 42 01 4-38 51 30 AFGL 41055 1 23 49 --17 13 18
AFGL 3173 23 5201 4-57 12 24 AFGL 4047 4 24 22 4-69 16 12 AFGL 4106 10 21 32 --59 17 48
AFGL 3174 23 52 05 4- 0 12 18 AFGL 40475 0 42 50 4-58 09 12 AFGL 41065 I 24 34 4-14 29 54
AFGL 3176 23 52 48 4-48 21 54 AFGL 4048 4 25 41 --23 10 54 AFGL 4107 10 22 12 --57 31 06
AFGL 3177 23 53 27 4-14 57 06 AFGL 40485 0 43 04 -- 4 52 42 AFGL 41075 25 01 --22 48 24
AFGL 3178 23 53 51 --19 09 12 AFGL 4049 5 08 23 +29 49 30 AFGL 4108 10 29 05 --57 36 48
AFGL 3180 23 54 05 4-22 22 (3(3 AFGL 40495 0 43 16 4-57 43 54 AFGL 41085 25 39 4- 7 39 18
AFGL 3181 23 54 16 4-70 30 48 AFGL 4050 5 16 41 --65 02 00 AFGL 4109 I0 29 35 --57 45 36
AFGL 3183 23 54 27 4-32 03 24 AFGL 40505 0 43 45 4-47 57 18 AFGL 41095 25 55 4-61 29 00
AFGL 31845 23 55 01 4-60 44 18 AFGL 4051 5 20 56 -- 4 39 06 AFGL 4110 10 35 22 --58 20 30
AFGL 3185 23 55 07 4-23 45 18 AFGL 40515 0 43 50 --17 19 12 AFGL 41105 26 15 --22 01 06
AFGL 3186 23 55 I1 +24 51 00 AFGL 4052 5 21 26 -20 35 18 AFGL 4111 10 35 55 -58 30 18
AFGL 3187 23 55 37 4-56 12 24 AFGL 40525 0 44 29 4-23 58 12 AFGL 41115 27 19 --47 03 24
AFGL 3188 23 55 59 4-51 05 54 AFGL 4053 5 22 32 4-38 20 06 AFGL 4112 10 38 31 --59 09 42
AFGL 3189 23 56 I1 --39 42 54 AFGL 40535 0 44 56 4-53 15 24 AFGL 41125 28 08 4-14 44 18
AFGL 3190 23 56 56 --29 50 36 AFGL 4054 5 35 39 --47 57 30 AFGL 4113 10 42 29 --59 50 12
AFGL 3193 23 57 17 4-67 04 24 AFGL 40545 0 46 53 --10 54 42 AFGL 41135 29 06 4-15 23 00
AFGL 3194 23 57 35 4-25 35 54 AFGL 4055 5 38 27 --69 12 36 AFGL 4114 10 43 07 --59 23 36
AFGL 31955 23 57 41 4-14 44 30 AFGL 40555 0 47 10 --13 47 48 AFGL 41145 29 58 +58 03 36
AFGL 3196 23 58 30 4-60 04 12 AFGL 4056 5 39 57 --69 45 42 AFGL 4115 10 43 16 4-57 38 42

4-771854AFGL 3196 23 58 41.9 4- 37 AFGL 4056S 0 47 31 +44 2"148 AFGL 4115S 30 06

AFGL 3197 23 59 28 -- 24 AFGL 4057 5 43 45 --66 26 54 AFGL 4116 10 45 14 59 45 42AFGL 31985 23 59 43 --21 17 06 AFGL 40575 0 49 31 4-47 45 12 AFGL 41165 . 30 23 _- v 09 30
AFGL 4001 0 12 05 4-19 56 12 AFGL 4058 60834 --40 16 36 AFGL4117 104803 +59 36 12
AFGL 40015 0 00 10 4-60 24 30 AFGL 40585 0 50 03 4-53 34 48 AFGL 41175 30 32 +58 59 30
AFGL 4002 0 2007 --66 29 12 AFGL 4059 6 18 12 4-49 04 42 AFGL 4118 10 53 50 --60 09 36
AFGL ,40025 O CO31 +59 27 36 AFGL 40595 0 50 09 --24 17 CO AFGL 41185 31 47 4-37 57 00
AFGL 4003 0 25 35 4-31 19 48 AFGL 4060 6 21 40 4- 0 16 48 AFGL 4119 10 54 14 --59 50 18
AFGL 40035 0 01 06 4-64 52 42 AFGL 40605 0 50 10 4-44 50 30 AFGL 41195 31 54 --19 16 12
AFGL4004 0 31 03 -- 7 5600 AFGL 4(361 6 26 02 4-44 47 00 AFGL4120 10 56 46 --60 55 30
AFGL 40045 0 02 25 --I1 50 42 AFGL 40615 0 50 57 4-73 52 36 AFGL 41205 32 15 +12 20 48
AFGL 4(305 0 35 11 4-45 19 42 AFGL 4062 6 27 04 --72 47 24 AFGL 4121 10 58 39 --59 33 30
AFGL 40055 0 03 30 4-56 03 24 AFGL 40625 0 52 04 4-58 17 18 AFGL 41215 32 22 4-18 12 12
AFGL 4006 0 37 20 --57 07 06 AFGL 4063 6 29 05 +45 56 30 AFGL 4122 10 58 50 --60 33 36
AFGL 40065 0 04 04 -32 50 30 AFGL 40635 0 53 23 --65 12 36 AFGL 41225 33 37 --15 37 42
AFGL 4007 0 41 37 --I0 55 03 AFGL 4064 6 47 17 --66 50 30 AFGL 4123 11 03 59 --41 53 00
AFGL 40075 0 04 43 --I1 09 48 AFGL 40645 0 53 29 --28 01 12 AFGL 41235 33 41 --36 38 48

AFGL 4008 0 49 42 4-49 26 00 AFGL 4065 6 54 39 --23 54 18 AFGL 4124 1] 09 39 61 02 30AFGL 40085 0 05 12 + I 05 24 AFGL 40655 0 53 35 --I1 31 00 AFGL 41245 • 35 17 -- _ _ 30
AFGL 4009 1 43 59 --24 47 30 AFGL 4066 6 58 59 --76 55 12 AFGL 4125 I1 10 32 --60 34 54
AFGL 40095 0 06 23 --22 27 00 AFGL 40665 0 54 10 4-26 05 06 AFGL 41255 1 36 03 +1 07 54
AFGL 4010 I 48 03 --23 05 06 AFGL 4067 6 59 50 4-70 48 24 AFGL 4126 11 12 48 --60 58 12
AFGL4010S 00709 -- 2 54 30 AFGL 40675 0 54 30 --60 56 30 AFGL41265 1 36 30 --18 13 24
AFGL 4011 I 48 13 --17 52 18 AFGL 4068 7 0400 .+59 31 12 AFGL 4127 11 14 27 --61 12 36
AFGL 40115 0 07 44 +71 01 30 AFGL 40685 0 55 08 --30 09 42 AFGL 41275 I 36 53 4-60 37 (30
AFGL4012 I 49 41 -- 2 31 24 AFGL 4069 7 06 30 -I-58 32 42 AFGL4128 11 15 16 -65 34 42
AFGL 40125 0 08 09 -)-71 09 12 AFGL 40695 0 56 18 4-39 22 03 AFGL 41285 I 37 32 -- 2 07 06
AFGL 4013 I 52 46 4-16 56 18 AFGL 4070 7 06 33 --72 54 54 AFGL 4129 11 15 17 --21 54 03
AFGL4013 I 52 47.6 4-16 56 41 AFGL4070S 0 56 42 4-42 33 48 AFGL 41295 1 38 43 - I 51 12
AFGL 40135 0 09 35 --18 15 30 AFGL 4071 7 16 52 4-31 24 06 AFGL 4130 11 19 04 --55 30 30
AFGL 4014 1 58 44 4- 0 14 36 AFGL 40715 0 57 08 + 6 12 24 AFGL 41305 1 39 10 -- 3 19 42
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NAME P.A (1950) DEC POSRL_ NAME RA (19S0) DEC FOSREF NAME RA (1950) DEC POS REF

AFGL 4131 11 22m06' +48"53' 00 AFGL 4189 14h02_25s --62"07' 00 AFGL 42475 3h03m161+74"31' 48
AFGL 41315 39 56 +48 15 12 AFGL 41895 2 19 44 +56 59 00 AFGL 4248 19 19 49 +57 30 12
AFGL 4132 I1 2607 --62 41 48 AFGL 4190 14 03 57 --61 12 30 AFGL 42485 3 03 44 +11 29 06
AFGL 41325 40 14 +58 32 48 AFGL 41905 2 20 09 --10 26 30 AFGL 4249 19 28 05 .18 11 36
AFGL 4133 II 32 26 --72 57 24 AFGL 4191 14 13 02 --59 41 12 AFGL 42495 3 03 45 +60 19 06
AFGL 41335 40 15 - 3 58 12 AFGL 41915 2 20 31 -- 9 24 24 AFGL 4250 19 30 39 +13 37 30
AFGL 4134 [I 3620 --63 10 (30 AFGL 4192 14 13 54 --13 52 48 AFGL 42505 3 0408 +66 II 36
AFGL 41345 40 47 -22 54 18 AFGL 41925 2 20 35 -- 3 03 30 AFGL 4251 19 32 45 +30 23 (}(3
AFGL 4135 11 4100 -62 II (30 AFGL 4193 14 1700 --36 38 30 AFGL 42515 3 0505 --11 10 12
AFGL 41355 41 35 --16 10 48 AFGL 41935 2 22 43 --13 23 06 AFGL 4252 19 41 07 + 0 04 30
AFGL 4136 11 46 08 --35 43 12 AFGL 4194 14 19 50 +29 34 06 AFGL 42525 3 06 24 --26 36 06
AFGL 41365 4202 +6(3 46 30 AFGL 41945 2 23 06 --F37 53 36 AFGL 4253 19 45 26 + 9 21 54
AFGL 4137 II 46 49 --41 29 30 AFGL 4195 14 20 57 --60 lO 54 AFGL 4253 19 45 31.7 + 9 20 39
AFGL 41375 42 31 + 8 51 06 AFGL 41955 2 23 29 + 0 22 54 AFGL 42535 3 08 06 +39 25 06
AFGL 4138 11 51 48 +37 24 30 AFGL 4196 14 25 44 --68 43 12 AFGL 4254 19 47 40 + 8 23 30
AFGL 4138 II 52 03 +37 25 12 AFGL 41965 2 2409 +36 44 48 AFGL 42545 3 08 I1 +37 52 48
AFGL 41385 1 43 17 - 5 55 36 AFGL 4197 14 36 35 --60 36 48 AFGL 4255 19 51 15 + 0 41 12
AFGL 4139 II 52 35 +37 03 18 AFGL 41975 2 25 49 +68 57 36 AFGL 42555 3 08 19 --21 53 18
AFGL 4139 11 52 39.3 +37 02 37 AFGL 4198 14 40 55 +55 O1 18 AFGL 4256 19 53 05 +27 04 12
AFGL 41395 I 43 44 +62 21 DO AFGL 41985 2 28 12 --34 34 06 AFGL 42565 3 08 44 -- 4 01 (30
AFGL 4140 I1 53 52 --39 08 12 AFGL 4199 14 41 31 --59 36 42 AFGL 4257 19 57 47 -F I 11 48
AFGL 41405 I 44 20 -42 29 30 AFGL 41995 2 28 17 +49 $8 48 AFGL 42575 3 09 03 -23 56 (30
AFGL 4141 II 56 47 +33 28 18 AFGL 4200 14 42 32 --59 10 30 AFGL 4258 19 58 36 + I 14 54
AFGL 41415 I 44 48 -25 35 54 AFGL 42005 2 29 06 +35 55 48 AFGL 42585 3 09 33 .55 31 12
AFGL 4142 12 01 05 -34 I1 24 AFGL 4201 14 42 55 +27 16 54 AFGL 4259 20 04 21 +26 51 18
AFGL 41425 1 45 41 --46 27 06 AFGL 42015 2 30 29 -70 39 54 AFGL 42595 3 10 01 --29 51 18
AFGL 4143 12 03 18 --51 41 (30 AFGL 4202 14 48 02 --61 52 (30 AFGL 4260 20 10 01 + 0 33 18
AFGL 41435 I 45 43 +33 54 36 AFGL 42025 2 30 31 -- 5 42 48 AFGL 42005 3 I1 29 +54 42 DO
AFGL 4144 12 0622 --63 (30 30 AFGL 4203 14 51 44 --72 37 42 AFGL 4261 20 11 56 q- 0 09 06
AFGL 41445 I 48 02 +37 46 06 AFGL 42035 2 31 21 +67 44 42 AFGL 42615 3 12 26 + I 25 36
AFGL 4145 12 06 32 +29 26 48 AFGL 4204 14 51 54 --58 48 36 AFGL 4262 20 16 13 --16 02 18
AFGL 41455 I 49 44 -- 7 16 24 AFGL 42045 2 31 49 -- 3 49 00 AFGL 42625 3 12 44 + 1 31 36
AFGL 4146 12 07 14 --62 32 (30 AFGL 4205 14 56 15 --54 06 18 AFGL 4263 20 18 42 +39 31 12
AFGL 41465 1 50 07 +68 57 12 AFGL 42055 2 31 51 +22 14 00 AFGL 42635 3 12 58 --30 48 18
AFGL 4147 12 0904 +26 09 18 AFGL 4206 14 5839 --59 27 DO AFGL 4264 20 2009 +39 46 06
AFGL 41475 / 50 23 +60 49 54 AFGL 42065 2 31 59 --34 48 48 AFGL 42645 3 13 18 --24 34 36
AFGL4148 12 12 40 --62 43 42 AFGL4207 14 59 02 -58 25 42 AFGL4265 20 22 41 -- 7 19 18
AFGL 41485 I 51 56 + 4 28 24 AFGL42075 2 32 54 +37 05 24 AFGL 42655 3 13 49 5 54 36

AFGL 4149 12 14 59 -67 41 54 AFGL 4208 14 59 48 .58 50 12 AFGL 4266 20 24 02 -- 6 28 06AFGL 41495 1 53 20 +37 DO24 AFGL 42085 2 33 I0 + _ 22 36 AFGL 42665 3 14 12 --76 50 48
AFGL 4150 12 28 16 --56 51 30 AFGL 4209 15 01 33 --57 19 06 AFGL 4267 20 29 58 +38 48 00
AFGL 41505 I 55 14 -70 23 (30 AFGL 42095 2 33 27 +65 30 12 AFGL 42675 3 15 32 +34 03 42
AFGL 4151 12 30 02 --57 55 06 AFGL 4210 15 07 22 --57 31 54 AFGL 4268 20 33 49 -- 8 44 18
AFGL 41515 I 55 22 +59 01 12 AFGL 42105 2 34 31 +56 48 24 AFGL 42685 3 16 35 +32 57 12

AFGL 4152 12 31 33 --61 21 00 AFGL 4211 15 08 18 --48 08 48 AFGL 4269 20 41 45 5 01 30AFGL41525 I 5608 + 242 36 AFGL42115 2 34 33 --3601 42 AFGL4269S _ 17 21 --lJ 21 24
AFGL 4153 12 32 03 + 8 27 36 AFGL 4212 15 09 48 --55 I1 24 AFGL 4270 20 58 42 --74 15 36
AFGL 41535 I 59 19 +55 DO24 AFGL 42125 2 35 03 -- 3 00 (}(3 AFGL 42705 3 18 26 --15 29 48
AFGL 4154 12 32 42 --61 34 12 AFGL 4213 15 12 22 --58 01 48 AFGL 4271 21 08 26 --18 42 12
AFGL 41545 I 59 26 -- 6 12 36 AFGL 42135 2 35 04 +64 47 48 AFGL 42715 3 19 02 +74 51 54
AFGL 4155 12 32 49 + 8 22 42 AFGL 4214 15 20 56 +16 32 12 AFGL 4272 21 08 53 +54 18 54
AFGL4155S I 5934 - 7 33 30 AFGL 42145 2 35 32 +27 18 18 AFGL 42725 3 19 24 -27 45 06
AFGL 4156 12 32 51 + 6 18 36 AFGL 4215 15 26 16 +17 34 00 AFGL 4273 21 16 01 --19 25 (30
AFGL 41565 / 5945 +16 01 48 AFGL 42155 2 35 45 --14 37 12 AFGL 42735 3 21 12 + 3 44 00
AFGL4157 12 3600 + 7 16 18 AFGL4216 15 27 59 --62 08 30 AFGL4274 21 25 34 +10 15 48
AFGL 41575 2 01 40 -12 07 24 AFGL 42165 2 38 36 --40 03 54 AFGL 42745 3 21 15 -I-11 42 06
AFGL4158 12 52 51 --52 43 18 AFGL 4217 15 35 05 --15 12 36 AFGL 4275 21 2617 -- 2 58 06
AFGL 41585 2 01 40 --10 40 36 AFGL 42175 2 38 49 +34 17 48 AFGL 42755 3 22 51 + 0 52 24
AFGL 4159 12 53 15 --68 46 36 AFGL 4218 15 40 21 --37 00 36 AFGL 4276 21 29 34 --27 47 36
AFGL 41595 2 02 16 -- 3 04 24 AFGL 42185 2 39 34 --26 15 18 AFGL 42765 3 23 45 +74 16 54
AFGL 4160 13 01 27 +11 29 48 AFGL 4219 15 46 30.7 +28 18 32 AFGL 4277 21 29 43 -57 03 30
AFGL 41605 2 02 28 --17 30 12 AFGL 4219 15 46 38 +28 17 54 AFGL 42775 3 24 13 +60 32 06
AFGL 4161 13 05 32 --61 58 54 AFGL 42195 2 39 45 --22 50 18 AFGL 4278 21 30 16 --56 46 30
AFGL 41615 2 04 02 -39 47 18 AFGL 4220 15 53 32 --18 08 48 AFGL 42785 3 25 12 --10 01 54
AFGL 4162 13 08 25 --48 31 24 AFGL 42205 2 40 18 + 0 12 24 AFGL 4279 21 36 15 --36 29 36
AFGL 41625 2 04 54 + 0 28 36 AFGL 4221 16 08 06 -- I 56 06 AFGL 42795 3 25 32 +48 34 36
AFGL 4163 13 08 31 --62 18 24 AFGL 42215 2 41 00 +17 19 48 AFGL 4280 21 37 24 --36 16 36
AFGL 41635 2 06 08 --11 57 42 AFGL 4222 16 2314 --24 29 54 AFGL 42805 3 25 55 +58 44 30
AFGL 4164 13 1102 --60 51 36 AFGL4222S 2 4300 -- 1 29 42 AFGL4281 21 3741 --54 46 18
AFGL 41645 2 06 21 -- 4 53 24 AFGL 4223 16 23 42 +61 38 24 AFGL 42815 3 28 24 --14 25 54
AFGL 4165 13 11 06 --62 28 48 AFGL 42235 2 43 08 +71 41 54 AFGL 4282 21 37 57 --34 47 00
AFGL 41655 2 07 16 --13 58 12 AFGL 4224 16 23 44 --24 17 48 AFGL 42825 3 29 05 +60 40 30
AFGL 4166 13 19 53 --II 24 12 AFGL 42245 2 43 11 --14 15 42 AFGL 4283 21 39 32 --45 50 42
AFGL 41665 2 08 38 + 4 28 48 AFGL 4225 16 26 08 --82 09 30 AFGL 42835 3 30 21 --25 49 00
AFGL 4167 13 23 20 --40 18 48 AFGL 42255 2 44 23 --17 10 06 AFGL 4284 21 41 21 --50 28 30
AFGL 41675 2 09 14 --27 DO36 AFGL 4226 16 30 I1 -- 2 20 12 AFGL 42845 3 31 12 --15 28 30
AFGL 4168 13 24 15 --37 14 42 AFGL 42265 2 46 18 --19 17 18 AFGL 4285 21 43 42 -- 9 31 42
AFGL 41685 2 09 22 --23 52 00 AFGL 4227 16 32 48 8 19 42 AFGL 42855 3 31 56 +63 01 42
AFGL 4169 13 25 15 --36 44 42 AFGL 42275 2 46 22 -- 4 29 00 AFGL 4286 22 05 08 +59 14 30
AFGL 41695 2 09 50 +44 DO54 AFGL 4228 16 33 08 --35 08 30 AFGL 42865 3 34 30 --19 11 30
AFGL 4170 13 26 12 --36 15 48 AFGL 42285 2 46 59 +51 51 18 AFGL 4287 22 05 41 --50 10 12
AFGL4170S 2 1016 +15 02 12 AFGL 4229 16 59 37 + 2 44 42 AFGL 42875 3 35 36 -16 39 42
AFGL 4171 13 27 44 --38 DO00 AFGL 42295 2 47 29 --15 52 00 AFGL 4288 22 13 44 --80 41 06
AFGL 41715 2 I1 23 -- 5 47 12 AFGL 4230 17 1049 --75 32 06 AFGL 42885 3 36 26 +24 49 36
AFGL 4172 13 29 18 -62 32 12 AFGL 42305 2 49 12 --41 09 36 AFGL 4289 22 19 48 --46 10 18
AFGL 41725 2 11 43 -19 47 54 AFGL 4231 17 28 14 + 4 49 54 AFGL 42895 3 38 (30 +89 29 54

AFGL 4173 13 32 51 -- 4 08 24 AFGL 42315 2 51 05 +52 31 42 AFGL 4290 22 20 37 0246 (30AFGL 41735 2 12 51 +67 02 36 AFGL 4232 17 33 46 +36 00 12 AFGL 42905 _ 38 15 _57 49 42
AFGL 4174 13 36 31 --61 28 36 AFGL 42325 2 52 55 +57 22 18 AFGL 4291 22 36 26 +77 21 12
AFGL 41745 2 13 14 +75 06 54 AFGL 4233 17 45 34 --77 51 36 AFGL 42915 3 39 10 +36 20 36
AFGL 4175 13 36 52 --49 41 36 AFGL 42335 2 53 DO +51 05 42 AFGL 4292 22 39 34 --47 09 12
AFGL4175S 2 13 20 --23 32 24 AFGL4234 18 03 32 + 5 30 54 AFGL 42925 3 41 14 --32 54 42
AFGL4176 13 39 41 --61 52 42 AFGL42345 2 53 47 -- 6 17 00 AFGL4293 22 5403 --57 39 36

_13 28 --20 47 12 AFGL 4235 18 06 02 --20 06 12 AFGL 42935 3 43 11 --16 21 12AFGL 41765 I 43 59 -62 22 06 AFGL 42355 2 55 16 --12 13 48 AFGL 4294 2 55 21 +84 06 24
AFGL 4177 32AFGL 41775 2 13 35 --25 48 48 AFGL 4236 18 1403 +31 36 18 AFGL 42945 4434 +59 26 12
AFGL 4178 13 4408 --61 08 06 AFGL 42365 2 5551 --23 51 30 AFGL 4295 22 5935 +10 19 12
AFGL 41785 2 13 52 +72 29 12 AFGL 4237 18 22 42 --13 18 DO AFGL 4295 22 59 37 +10 20 DO
AFGL 4179 13 45 10 --31 15 18 AFGL 42375 2 55 57 +35 DO06 AFGL 42955 3 45 11 +24 50 24
AFGL 41795 2 15 37 +31 53 06 AFGL 4238 18 28 33 +89 06 DO AFGL 4296 23 21 23 --45 21 42

AFGL 4180 13 45 49 62 33 24 AFGL 42385 2 56 45 +29 38 18 AFGL 42965 3 46 33 +65 07 48AFGL 41805 _ 15 43 -- . 33 36 AFGL4239 18 45 27 --22 35 30 AFGL4297 23 24 12 +27 18 36
AFGL 4181 13 46 31 34 11 18 AFGL 42395 2 57 54 +10 39 48 AFGL 42975 3 47 09 +42 26 12
APGL 41815 2 15 59 -- 5 36 24 AFGL 4240 18 49 50 +25 36 18 APGL 4298 23 2640 -kll 16 12
AFGL 4182 13 47 03 --61 21 30 AFGL 4240S 2 58 08 --13 08 30 AFGL 4298S 3 48 23 +63 52 30
AFGL 4182S 2 16 55 +56 46 06 AFGL 4241 18 54 01 +30 03 30 AFGL 4299 23 28 53 +59 57 DO
AFGL 4183 13 47 36 --65 31 48 AFGL 4241S 2 59 45 -- 5 08 18 AFGL 4299S 3 48 56 -- 1 31 30
AFGL 4183S 2 17 03 --19 02 18 AFGL 4242 18 59 57 + 4 57 06 AFGL 4300 23 38 30 +44 32 48
AFGL 4184 13 52 31 + 5 46 36 AFGL 42425 3 DO13 -- 7 54 12 AFGL 43DOS 3 49 56 --40 17 06
AFGL 41845 2 17 38 --12 29 30 AFGL 4243 19 01 13 +57 46 18 AFGL 4301 23 44 13 +58 22 DO
AFGL 4185 13 55 29 --61 07 30 AFGL 42435 3 01 23 +35 40 42 AFGL 43015 3 50 12 +60 47 12
AFGL 41855 2 1747 +60 32 06 AFGL 4244 19 I1 51 +32 30 06 AFGL 4302 23 4604 +63 24 36
AFGL 4186 13 5746 --59 30 48 AFGL 42445 3 01 39 --15 24 00 AFGL 43025 3 51 28 +24 33 12
AFOL 41865 2 17 48 --22 45 54 AFGL 4245 19 13 22 --17 05 24 AFGL 4303 23 48 59 +62 44 48
AFGL 4187 13 59 53 --76 32 48 AFGL 42455 3 01 51 --12 59 24 AFGL 43035 3 52 39 +53 07 30
AFGL 41875 2 18 25 +23 12 42 AFGL 4246 19 14 39 --20 47 36 AFGL 4304 23 57 18 --51 47 12
AFGL 4188 14 (3035 --61 05 18 AFGL 42465 3 02 22 --26 00 48 AFGL 43045 3 52 43 --15 02 24
AFGL 41885 2 18 36 +57 36 12 AFGL 4247 19 16 44 +49 05 06 AFGL 4305 23 59 15 +67 07 18
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NAME RA (1950) DEC POSREF NAME RA (1950) DEC 'OS REF NAME RA (1950) DEC POSREF

AFGL 4305S 3h53m10' --24"09' 48 AFGL 4422S 5h31_00' --25"23' 1] AFGL 4540S 6h51m26' +33"15' 24
AFGL 4306 23 59 53 +56 46 12 AFGL 4423S 5 31 22 t-60 33 42 AFGL 4541S 6 51 34 + 0 49 42
AFGL 4306S 3 5600 +10 52 36 AFGL4424S 5 31 40 -- 1 30 54 AFGL 4542S 6 52 23 +58 3042
AFGL 4307S 3 57 13 +55 08 36 AFGL 4425S 5 32 29 -- 6 09 12 AFGL 4543S 6 52 33 +57 34 30
AFGL 4308S 3 57 36 -- 6 28 36 AFGL 4426S 5 33 36 +75 02 36 AFGL 4544S 6 52 59 --42 21 42
AFGL 4309S 3 58 13 --16 07 18 AFGL 4427S 5 33 39 -- 3 50 18 AFGL 4545S 6 53 23 +47 39 48
AFGL 4310S 3 59 50 -- 6 03 30 AFGL 4428S 5 33 41 -- 1 14 48 AFGL4546S 6 56 30 +26 05 06
AFGL 4311S 3 59 51 --13 53 06 AFGL 4429S 5 33 46 --25 45 42 AFGL 4547S 6 58 27 --14 17 06
AFGL 4312S 4 00 18 --10 54 36 AFGL 4430S 5 34 14 + 9 16 00 AFGL 4548S 6 59 25 -- 3 38 36
AFGL 4313S 4 00 39 --10 47 30 AFGL 4431S 5 34 26 --44 09 12 AFGL 4549S 6 59 39 -- 5 40 30
AFGL 4314S 4 01 08 --20 48 12 AFGL 4432S 5 35 I1 +21 54 36 AFGL 4550S 6 59 58 --15 35 06
AFGL 4315S 4 01 08 -- 7 07 06 AFGL 4433S 5 3629 -- 7 20 06 AFGL 4551S 7 0054 +11 02 12
AFGL 4316S 4 01 10 +61 38 42 AFGL 4434S 5 37 14 +65 40 30 AFGL 4552S 7 01 04 +20 39 00
AFGL 4317S 4 01 33 --25 58 12 AFGL 4435S 5 37 15 +51 36 30 AFGL 4553S 7 01 17 -- 5 14 06
AFGL 4318S 4 01 47 +12 21 42 AFGL 4436S 5 37 59 --34 08 06 AFGL 4554S 7 01 48 +41 54 54
AFGL 4319S 4 01 47 +26 04 24 AFGL 4437S 5 38 58 --27 55 24 AFGL 4555S 7 0! 56 --16 29 18
AFGL 4320S 4 04 38 -- 7 51 06 AFGL 4438S 5 39 21 +14 47 42 AFGL 4556S 7 01 59 -- 9 54 54
AFGL 4321S 4 04 46 +55 05 00 AFGL 4439S 5 39 37 +21 58 24 AFGL 4557S 7 02 17 +31 27 24
AFGL 4322S 4 05 47 +10 00 12 AFGL 4440S 5 39 40 b I 29 24 AFGL 4558S 7 02 31 --68 06 54
AFGL 4323S 4 08 02 --34 42 (DO AFGL 4441S 5 41 08 +64 45 24 AFGL 4559S 7 02 45 + 9 16 06
AFGL 4324S 4 09 52 -- 9 56 48 AFGL 4442S 5 41 29 --33 27 54 AFGL 4560S 7 02 45 +55 58 24
AFGL 4325S 4 09 57 -- 4 34 (30 AFGL 4443S 5 42 02 +37 39 54 AFGL 4561S 7 03 28 +51 28 36
AFGL 4326S 4 l0 26 --23 58 18 AFGL 4444S 5 42 23 --22 24 24 AFGL 4562S 7 04 07 +33 21 00
AFGL 4327S 4 10 48 -- 4 04 36 AFGL 4445S 5 43 21 +47 17 54 AFGL 4563S 7 04 l0 +32 32 36
AFGL 4328S 4 I1 56 --10 22 42 AFGL 4446S 5 44 05 --23 37 54 AFGL 4564S 7 04 15 --24 33 42
AFGL 4329S 4 12 25 --42 24 24 AFGL 4447S 5 45 04 t-28 30 18 AFGL 4565S 7 05 04 --11 58 48
AFGL 4330S 4 /2 48 -- 7 42 18 AFGL 4448S 5 45 41 +39 09 18 AFGL 4566S 7 05 39 +36 58 36
AFGL 4331S 4 13 10 +50 43 42 AFGL 4449S 5 46 14 --15 33 12 AFGL 4567S 7 05 45 +10 06 48
AFGL 4332S 4 14 06 --28 30 00 AFGL 4450S 5 46 41 +13 10 24 AFGL 4568S 7 07 45 -27 50 12
AFGL 4333S 4 14 19 +42 37 06 AFGL 4451S 5 47 51 +39 08 06 AFGL 4569S 7 09 05 + 7 40 12
AFGL 4334S 4 14 22 +49 43 18 AFGL 4452S 5 48 09 +65 43 (30 AFGL 4570S 7 09 37 +34 39 54
AFGL 4335S 4 15 20 +54 42 54 AFGL 4453S 5 51 45 +20 14 06 AFGL 4571S 7 09 45 +17 46 48
AFGL 4336S 4 16 39 +37 06 24 AFGL 4.454S 5 52 17 --47 00 48 AFGL 4572S 7 09 46 -- I 19 42
AFGL 4337S 4 18 17 --17 (30 24 AFGL 4455S 5 53 44 +20 17 00 AFGL 4573S 7 09 53 -- 9 17 54
AFGL 4338S 4 18 43 +80 42 00 AFGL 4456S 5 54 09 --14 10 54 AFGL 4574S 7 09 55 +14 42 06
AFGL 4339S 4 19 43 +36 06 48 AFGL 4457S 5 56 28 -- 1 06 42 AFGL 4575S 7 11 24 --22 39 36
AFGL 4340S 4 19 49 +17 26 48 AFGL 4458S 5 56 41 --10 53 30 AFGL 4576S 7 11 31 +27 43 36
AFGL 4341S 4 20 01 - 5 34 36 AFGL 4459S 5 57 43 -- 3 06 24 AFGL 4577S 7 I1 41 +60 09 48
AFGL 4342S 4 20 23 +62 47 54 AFGL 4460S 5 58 50 +10 38 24 AFGL 4578S 7 I I 57 + 3 09 54
AFGL 4343S 4 20 30 --12 43 36 AFGL 4461S 5 59 09 +75 37 18 AFGL 4579S 7 11 59 +55 51 36
AFGL 4344S 4 22 15 +57 48 24 AFGL 4462S 5 59 20 --19 40 54 AFGL 4580S 7 15 07 -- 6 36 06
AFGL 4345S 4 25 29 +19 05 42 AFGL 4463S 5 59 28 --33 54 00 AFGL 4581S 7 16 18 + 3 38 06
AFGL 4346S 4 26 04 --29 23 48 AFGL 4464S 5 59 29 + 8 25 42 AFGL 4582S 7 16 18 --17 12 18
AFGL 4347S 4 26 11 +64 17 24 AFGL 4465S 5 59 40 --21 07 18 AFGL 4583S 7 16 56 --10 47 12
AFGL 4348S 4 26 27 +45 50 24 AFGL 4466S 6 0000 +46 17 42 AFGL 4584S 7 16 59 --ll 25 18
AFGL 4349S 4 27 18 +16 03 36 AFGL 4467S 6 0008 -50 41 54 AFGL 4585S 7 16 59 --26 33 06
AFGL 4350S 4 28 00 +15 01 36 AFGL 4468S 6 01 16 --26 20 00 AFGL 4586S 7 17 24 +53 36 00
AFGL 4351S 4 29 26 +52 41 54 AFGL 4469S 6 01 21 -- 3 56 30 AFGL 4587S 7 18 18 +36 50 54
AFGL 4352S 4 29 49 -20 46 48 AFGL 4470S 6 01 21 +75 44 06 AFGL 4588S 7 18 25 +35 00 18
AFGL 4353S 4 31 08 + 0 04 30 AFGL 4471S 6 01 49 +47 54 30 AFGL 4589S 7 19 07 +20 31 06
AFGL 4354S 4 31 50 +29 38 12 AFGL 4472S 6 06 07 --18 17 12 AFGL 4590S 7 19 20 +26 06 00
AFGL 4355S 4 35 18 --24 23 24 AFGL 4473S 6 06 42 --14 48 48 AFGL 4591S 7 19 24 --24 06 54
AFGL 4356S 4 3605 +41 32 48 AFGL 4474S 6 07 15 --14 28 54 AFGL 4592S 7 19 32 +43 07 36
AFGL 4357S 4 36 16 --20 29 (30 AFGL 4475S 6 07 24 +64 14 18 AFGL 4593S 7 19 37 --14 49 24
AFGL 4358S 4 37 10 --33 00 00 AFGL 4476S 6 09 48 --14 38 12 AFGL 4594S 7 2006 +69 14 48
AFGL 4359S 4 37 56 +40 05 48 AFGL 4477S 6 10 30 -- 7 16 36 AFGL 4595S 7 20 23 +36 40 (30
AFGL 4360S 4 38 47 +79 03 42 AFGL 4478S 6 11 54 +22 29 54 AFGL 4596S 7 20 44 +40 45 00
AFGL 4361S 4 38 47 --20 05 48 AFGL 4479S 6 12 50 --20 11 30 AFGL 4597S 7 20 54 --29 13 42
AFGL 4362S 4 39 34 --32 35 48 AFGL 4480S 6 13 59 --15 33 54 AFGL 4598S 7 21 12 +37 42 36
AFGL 4363S 4 39 36 --24 07 36 AFGL 4481S 6 14 13 +39 30 12 AFGL 4599S 7 21 45 +35 41 06
AFGL 4364S 4 39 46 --27 28 30 AFGL 4482S 6 14 48 -b35 35 54 AFGL 4600S 7 25 28 +40 47 24
AFGL 4365S 4 40 04 +48 37 30 AFGL 4483S 6 15 17 --30 58 24 AFGL 4601S 7 26 39 -- 1 51 00
AFGL 4366S 4 40 58 +25 16 06 AFGL 4484S 6 15 36 --16 50 18 AFGL 4602S 7 26 47 --10 10 18
AFGL 4367S 4 41 16 --30 50 54 AFGL 4485S 6 16 34 --14 57 48 AFGL 4603S 7 26 53 -- 4 12 18
AFGL 4368S 4 41 34 +11 36 00 AFGL 4486S 6 17 08 -bl4 40 36 AFGL 4604S 7 26 58 +12 07 06
AFGL 4369S 4 42 20 --17 50 12 AFGL 4487S 6 17 56 +52 32 00 AFGL 4605S 7 27 18 --17 28 24
AFGL 4370S 4 42 26 - 2 41 24 AFGL 4488S 6 18 04 + 5 47 00 AFGL 4606S 7 27 55 -- 9 19 54
AFGL 4371S 4 42 52 --21 24 42 AFGL 4489S 6 18 49 +13 15 36 AFGL 4607S 7 28 56 --I0 02 42
AFGL 4372S 4 43 29 --30 44 48 AFGL 4490S 6 21 15 -- 9 50 42 AFGL 4608S 7 28 58 +40 47 18
AFGL 43"/3S 4 43 32 +35 45 06 AFGL 4491S 6 21 25 --26 18 18 AFGL 4609S 7 30 59 +18 31 18
AFGL 4374S 4 43 51 --26 30 18 AFGL 4492S 6 21 27 -b 3 45 06 AFGL 4610S 7 31 26 +31 19 30
AFGL 4375S 4 43 54 +25 30 54 AFGL 4493S 6 21 48 --25 32 06 AFGL 4611S 7 31 49 +28 50 12
AFGL 4376S 4 45 45 --36 17 48 AFGL 4494S 6 22 25 + 3 44 30 AFGL 4612S 7 31 50 + 2 56 12
AFGL 4377S 4 45 52 -- 5 26 18 AFGL 4495S 6 23 30 +46 16 06 AFGL 4613S 7 33 06 --18 37 36
AFGL 4378S 4 46 22 +31 22 24 AFGL 4496S 6 24 05 +10 25 48 AFGL 4614S 7 33 43 --19 43 48
AFGL 4379S 4 47 14 +28 01 48 AFGL 4497S 6 24 57 + 0 16 30 AFGL4615S 7 33 45 -- 8 10 30
AFGL 4380S 4 47 23 + 6 50 06 AFGL 4498S 6 25 13 +49 32 54 AFGL 4616S 7 33 50 +40 08 42
AFGL 4381S 4 47 38 +52 08 36 AFGL 4499S 6 26 39 + 2 40 24 AFGL 4617S 7 36 32 +36 52 42
AFGL 4382S 4 47 44 +68 51 30 AFGL 4500S 6 27 52 --19 09 12 AFGL 4618S 7 36 41 +43 33 30
AFGL 4383S 4 49 13 +28 53 48 AFGL 4501S 6 27 57 --10 05 06 AFGL 4619S 7 36 54 +57 13 54
AFGL 4384S 4 49 28 +36 36 36 AFGL 4502S 6 29 20 --40 49 54 AFGL 4620S 7 37 26 +34 21 18
AFGL 4385S 4 50 32 +49 49 12 AFGL 4503S 6 29 32 --32 51 54 AFGL 4621S 7 37 35 --27 36 06
AFGL 4386S 4 50 51 --22 05 42 AFGL 4504S 6 29 52 --36 55 42 AFGL 4622S 7 38 04 --15 09 36
AFGL 4387S 4 51 17 +69 17 06 AFGL 4505S 6 30 01 --27 04 24 AFGL 4623S 7 38 42 -- 9 24 lg
AFGL 4388S 4 59 43 --26 16 48 AFGL 4506S 6 30 37 -b30 18 12 AFGL 4624S 7 38 59 +53 00 00
AFGL 4389S 5 00 48 --22 54 18 AFGL 4507S 6 30 38 -- 9 54 30 AFGL 4625S 7 39 25 --22 16 24
AFGL 4390S 5 02 32 --35 35 30 AFGL 4508S 6 30 40 +10 20 00 AFGL 4626S 7 39 56 +23 34 54
AFGL 4391S 5 03 59 + 0 28 00 AFGL 4509S 6 32 07 --36 11 42 AFGL 4627S 7 40 21 +44 21 18
AFGL 4392S 5 05 39 +38 55 54 AFGL 4510S 6 32 34 -- 1 26 48 AFGL 4628S 7 41 25 --33 13 54
AFGL 4393S 5 06 34 --24 53 12 AFGL 4511S 6 33 01 +78 03 30 AFGL 4629S 7 41 37 +42 13 48
AFGL 4394S 5 06 56 -- 8 52 36 AFGL 4512S 6 34 48 --22 14 12 AFGL 4630S 7 42 18 +51 09 12
AFGL 43955 5 07 02 +37 14 18 AFGL 4513S 6 34 51 + 0 57 36 AFGL 4631S 7 43 23 -- 6 36 24
AFGL 4396S 5 08 43 +15 58 30 AFGL 4514S 6 36 02 +42 31 12 AFGL 4632S 7 44 12 --21 24 24
AFGL4397S 5 09 24 +gO 48 54 AFGL4515S 6 36 04 -- 2 32 24 AFGL 4633S 7 44 47 --32 13 06
AFGL 4398S .5 l 1 07 --27 09 36 AFGL 4516S 6 36 30 +26 10 30 AFGL 4634S 7 45 I1 +24 09 12
AFGL 4399S 5 11 27 +77 09 12 AFGL 4517S 6 36 33 +13 17 24 AFGL 4635S 7 45 13 --19 19 54
AFGL 4400S 5 13 26 +47 24 12 AFGL 4518S 6 37 40 -- 6 14 54 AFGL 4636S 7 45 18 --15 49 24
AFGL 4401S 5 15 54 +35 44 06 AFGL 4519S 6 38 08 + 9 47 48 AFGL 4637S 7 46 29 +13 27 36
AFGL 4402S 5 16 18 --49 11 36 AFGL 4520S 6 38 33 +11 03 18 AFGL 4638S 7 46 49 --35 33 54
AFGL 4403S 5 17 26 --33 46 36 AFGL 4521S 6 39 09 --22 16 12 AFGL 4639S 7 47 24 --13 58 12
AFGL 4404S 5 18 25 + 7 19 24 AFGL 4522S 6 39 22 -- 9 06 (30 AFGL 4640S 7 47 52 --33 13 18
AFGL 4405S 5 18 29 +73 40 18 AFGL 4523S 6 40 36 +71 25 18 AFGL 4641S 7 48 09 --27 48 42
AFGL 4406S 5 19 14 +60 38 06 AFGL 4524S 6 40 40 --20 06 18 AFGL 4642S 7 49 49 --35 08 36
AFGL 4407S 5 19 22 +46 57 12 AFGL 4525S 6 41 10 +13 18 18 AFGL 4643S 7 50 40 -- 7 52 30
AFGL 4408S 5 19 50 +50 10 24 AFGL 4526S 6 41 12 +40 39 18 AFGL 4644S 7 51 30 + 1 53 12
AFGL 4409S 5 22 21 + 1 09 48 AFGL 4527S 6 42 49 + 8 06 48 AFGL 4645S 7 52 40 --34 43 42
AFGL 4410S 5 22 50 --10 23 24 AFGL 4528S 6 44 07 +49 19 42 AFGL 4646S 7 53 30 --28 29 48
AFGL 4411S 5 22 52 +50 04 12 AFGL 4529S 6 44 18 +48 50 30 AFGL 4647S 7 53 48 +68 00 12
AFGL 4412S 5 23 16 +20 33 48 AFGL 4530S 6 44 35 + I 35 00 AFGL 4648S 7 53 56 +74 02 18
AFGL 4413S 5 23 23 --29 49 18 AFGL 4531S 6 45 04 + 0 43 42 AFGL 4649S 7 53 57 +11 13 18
AFGL 4414S 5 23 26 +32 00 12 AFGL 4532S 6 45 43 + 5 35 00 AFGL 4650S 7 54 03 +21 26 36
AFGL 4415S 5 24 13 +34 24 36 AFGL 4533S 6 4623 +32 37 18 AFGL 4651S 7 54 26 +15 51 54
AFGL 4416S 5 26 04 + 003 42 AFGL 4534S 64643 -- I 38 24 AFGL 4652S 7 54 39 --22 43 12
AFGL 4417S 5 27 13 +31 29 06 AFGL 4535S 6 47 05 +12 09 36 AFGL 4653S 7 55 19 --15 05 00
AFGL 4418S 5 27 54 --42 39 30 AFGL 4536S 6 48 01 +15 10 18 AFGL 4654S 7 55 34 +16 41 48
AFGL 4419S 5 28 28 -- 6 55 48 AFGL 4537S 6 49 27 +18 44 24 AFGL 4655S 7 56 42 --32 24 24
AFGL 4420S 5 3008 -- 6 17 42 AFGL 4538S 6 5024 --12 06 18 AFGL 4656S 7 58 19 --32 35 48
AFGL 4421S 5 30 29 +41 04 30 AFGL 4539S 6 51O0 --21 49 54 AFGL 4657S 7 58 36 --29 56 00
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AFGL 4658S 7h59m07' --31"33' 36 AFGL 4776S [0h|3m21' --S4"12' 2'_ AFGL 4894S 13h20_0 ' -- 4"38' 48
AFGL 46595 8 00 06 --26 03 42 AFGL 47775 10 15 02 --57 40 36 AFGL 48955 13 23 54 --40 26 42
AFGL 46605 8 00 40 +27 57 30 AFGL 47785 10 16 21 -53 45 00 AFGL 48965 13 24 26 +72 37 24
AFGL 46615 8 00 45 --12 06 48 AFGL 47795 10 19 38 +25 44 24 AFGL 48975 13 25 05 --27 05 54
AFGL 46625 8 02 43 --29 52 06 AFGL 47805 10 21 03 -- 3 22 00 AFGL 48985 13 26 47 --38 05 12
AFGL 46635 8 03 04 --16 56 24 AFGL 47815 10 24 52 --25 17 54 AFGL 48995 13 28 43 --25 37 30
AFGL 46645 8 05 13 + 641 36 AFGL4782S 10 2500 +36 57 24 AFGL4900S 13 30 22 - 9 _242
AFGL 46655 8 05 14 -- 3 17 48 AFGL 47835 10 25 24 -21 33 24 AFGL 49015 13 31 12 -59 58 30
AFGL 46665 8 05 17 --22 46 24 AFGL 47845 10 26 34 +84 00 18 AFGL 49025 13 33 27 --62 35 18
AFGL 46675 8 05 27 +47 28 12 AFGL 47855 10 28 29 7 22 00 AFGL 49035 13 34 20 --33 49 48
AFGL 46685 8 0646 +55 40 48 AFGL 47865 10 31 17 _6o 44 18 AFGL 49045 13 3440 +24 52 30
AFGL 46695 8 07 I0 +17 12 12 AFGL 47875 10 32 08 4- 7 11 24 AFGL 49055 [3 35 34 +50 58 00
AFGL 46705 8 09 11 +43 42 42 AFGL 47885 10 32 47 -48 36 54 AFGL 49065 13 35 38 -33 37 48
AFGL 46715 8 09 32 +44 21 54. AFGL 47895 10 33 32 --63 20 54 AFGL 490"/S [3 36 3g --62 50 18
AFGL 46725 8 09 35 +19 I1 30 AFGL 47905 10 34 26 +79 (30 18 AFGL 49085 13 38 08 --S2 15 12
AFGL 46735 8 10 50 +45 55 54 AFGL 47915 10 38 05 +68 42 30 AFGL 49095 13 38 42 --33 20 42
AFGL 46745 8 II 40 +40 32 06 AFGL 47925 10 39 06 +31 57 30 AFGL 49105 13 39 39 --19 07 48
AFGL 46755 8 11 48 +37 49 36 AFGL 47935 I0 43 42 --59 52 48 AFGL 49115 13 39 59 +23 32 12
AFGL 46765 g 11 5g + g 40 42 AFGL 47945 t0 44 04 +65 51 30 AFGL 49125 13 41 13 -61 49 06
AFGL46775 8 12 24 + 445 18 AFGL4795S 104557 -- 1 43 30 AFGL49135 13 43 05 + 0 11 00
AFGL 46785 8 12 26 +17 17 24 AFGL 47965 10 56 27 +36 20 36 AFGL 49145 13 45 17 +47 58 06
AFGL 46795 8 13 20 +23 35 24 AFGL 47975 10 57 00 +45 48 36 AFGL 49155 13 45 42 --27 55 48
AFGL 46805 8 13 37 + 9 21 36 AFGL 47985 10 57 02 -16 06 18 AFGL 49165 13 45 57 +49 34 36
AFGL 46815 8 15 14 +39 37 12 AFGL 47995 I1 03 50 -62 13 30 AFGL 49175 13 47 03 + 0 17 42
AFGL 46825 8 16 47 +23 06 48 AFGL 48005 I1 06 29 +20 33 00 AFGL 49185 13 47 19 --67 16 30
AFGL 46835 8 16 54 +39 36 18 AFGL 48015 II 07 26 --43 47 42 AFGL 49195 13 48 39 +34 53 42
AFGL 46845 8 20 08 --25 30 48 AFGL 48025 11 08 02 +11 34 24 AFGL 49205 13 49 28 +11 29 36

AFGL 4,6855 8 2035 +18 55 48 AFGL 48035 11 12 510 +73 29 54 AFGL 49215 13 4945 +39 54 54AFGL 46865 8 20 35 -- 7 25 00 AFGL 48045 11 12 --II 21 06 AFGL 49225 13 51 56 -- 5 31 24
AFGL 46875 8 2044 +19 08 12 AFGL 48055 11 1320 +13 34 18 AFGL 49235 13 52 30 +18 39 42
AFGL 46885 8 21 33 +42 11 48 AFGL 48065 I1 14 13 +10 03 54 AFGL 49245 13 57 59 +38 05 24
AFGL 46895 8 22 03 +28 04 42 AFGL 48075 I1 15 43 --39 37 36 AFGL 49255 13 58 00 --10 21 00
AFGL 46905 8 22 47 --23 52 06 AFGL 48085 I1 16 10 --61 09 06 AFGL 49265 14 00 17 -- 7 20 00
AFGL 46915 8 22 51 +19 41 18 AFGL 48095 11 16 15 --46 05 18 AFGL 49275 14 02 53 -35 14 36
AFGL 46925 8 22 52 + 2 14 00 AFGL 48105 II 17 27 +12 23 12 AFGL 49285 14 03 58 +17 09 54
AFGL 46935 8 23 57 +59 14 48 AFGL 48115 11 20 48 +17 05 24 AFGL 49295 14 05 30 --60 55 42
AFGL 46945 8 26 31 +21 52 24 AFGL 48125 11 22 17 --48 07 00 AFGL 49305 14 05 44 -- 8 37 42
AFGL 46955 8 26 51 +44 18 54 AFGL 48135 11 22 22 +77 36 42 AFGL 49315 14 06 08 --18 56 12
AFGL 46965 8 28 01 +43 49 30 AFGL 48145 11 23 28 -13 28 36 AFGL 49325 14 06 33 +49 41 24
AFGL 46975 8 28 08 +67 11 36 AFOL 48155 11 23 5'7 +'/2 45 36 AFOL 49335 14 0"/28 --30 35 24
AFGL 46985 8 30 25 --67 37 12 AFGL 48165 11 24 22 +13 09 06 AFGL 49345 14 07 44 --19 01 54
AFGL 46995 8 31 22 - 948 48 AFGL4817S 11 24 59 + 3 08 00 AFGL49355 14 08 04 - 4 11 30
AFGL 47005 8 31 54 +38 54 30 AFGL 48185 I1 27 27 --62 23 54 AFGL 49365 14 12 22 --12 43 42
AFGL 47015 8 31 58 + 5 41 24 AFGL 48195 I1 29 57 --26 30 12 AFGL 49375 14 15 19 --14 27 18
AFGL M02S 8 3201 +29 5'706 AFGL 49205 11 31 10 4- 2 47 24 AFGL 49385 t4 1604 -61 11 00
AFGL 47035 8 32 33 +57 42 30 AFGL 48215 I1 3402 +80 06 36 AFGL 49395 14 18 13 + 5 42 00
AFGL 47045 8 36 36 --19 35 12 AFGL 48225 I1 37 15 --58 35 06 AFGL 49405 14 18 56 -- 2 05 48
AFGL 47055 8 37 35 --12 18 42 AFGL 48235 11 37 43 --30 01 00 AFGL 49415 14 21 25 +54 {30 54
AFGL 47065 8 37 36 +46 02 48 AFGL 48245 II 39 14 --32 09 42 AFGL 49425 14 21 56 -69 39 06
AFGL 470-/S 8, 37 36 +16 26 12 AFGL 48255 11 39 47 --48 12 42 AFGL 49435 14 22 02 +27 39 12
AFGL 47085 8 39 28 -- 2 55 36 AFGL 48265 11 43 31 --24 40 36 AFGL 49445 14 26 02 --56 35 18
AFGL 47095 8 39 45 -- 2 51 42 AFGL 48275 11 44 03 --63 30 42 AFGL 49455 14 26 16 --53 57 30
AFGL 47105 8 41 51 +59 35 30 AFGL 48285 11 45 47 --43 46 12 AFGL 49465 14 26 45 +26 06 36
AFGL 47115 8 42 26 +72 34 06 AFGL 48295 11 47 42 +51 41 42 AFGL 49475 14 27 50 +39 04 30
AFGL 47125 8 43 53 --13 20 42 AFGL 48305 11 50 09 -- 7 20 30 AFGL 49485 14 29 45 +38 29 42
AFGL 47135 8 43 58 --10 42 12 AFGL 48315 11 50 53 +53 56 48 AFGL 49495 14 34 23 --14 17 30
AFGL 47145 8 44 48 +49 15 06 AFGL 48325 II 56 46 --29 44 18 AFGL 49505 14 34 48 +26 55 42
AFGL 47155 8 47 45 +44 22 42 AFGL 48335 I1 58 09 --27 26 06 AFGL 49515 4 35 32 + 3 40 18
AFGL4716S 8 48 23 +63 54 12 AFGL4834S I1 58 42 -62 53 00 AFGL4952S 4 35 48 -- 3 20 24
AFGL 47175 8 49 35 -- 3 14 06 AFGL4835S 120143 +19 03 30 AFGL 49535 4 36 38 --10 23 54
AFGL 47185 8 52 41 +23 00 30 AFGL 48365 12 07 34 --58 44 48 AFGL 49545 14 38 16 --25 08 18
AFGL 47195 8 54 14 +41 33 12 AFGL 48375 12 17 20 +11 53 24 AFGL 49555 [4 38 16 4-15 42 06
AFGL4720S 8 54 34 +11 04 24 AFGL4838S 12 17 46 -- 8 42 42 AFGL4956S 14 39 06 --28 47 42
AFGL47215 8 55 37 +29 08 12 AFGL4839S 12 17 47 + 3 35 06 AFGL 49575 _4 39 31 -- 3 21 30
AFGL 47225 8 57 10 --13 38 30 AFGL 48405 12 19 45 + 5 08 24 AFGL 49585 _4 40 49 --48 55 12
AFGL 47235 8 57 18 4-37 49 06 AFGL 48415 12 20 12 +77 10 18 AFGL 49595 L442 21 --37 25 30
AFGL 47245 8 57 26 +41 58 54 AFGL 48425 12 21 33 4- 6 15 36 AFGL 49605 14 44 20 4- 7 28 24
AFGL 47255 9 01 52 +52 50 48 AFGL 48435 12 21 35 +25 49 54 AFGL 49615 14 44 30 + 5 03 42
AFGL 47265 9 03 21 + 5 13 48 AFGL 48445 12 23 03 -59 42 06 AFGL 49625 14 46 29 --24 02 30
AFGL 47275 9 03 52 +27 44 54 AFGL 48455 12 23 43 --59 19 48 AFGL 49635 14 47 35 --43 21 18
AFGL 47285 9 04 26 +3"1 22 54 AFGL 48465 12 26 3"/ - 3 48 (30 AFGL 49645 14 4g 25 4-3"/ 28 24
AFGL 47295 9 04 37 +32 54 30 AFGL 48475 12 26 3"/ -- 2 06 42 AFGL 49655 14 52 25 --21 49 00
AFGL 47305 9 05 18 -- 9 19 00 AFGL 48485 12 26 56 --76 46 {30 AFGL 49665 14 53 45 + 6 02 42
AFGL 47315 9 06 24 +59 06 00 AFGL 48495 12 27 55 +31 49 (30 AFGL 49675 14 5405 --I1 10 06
AFGL 47325 9 07 42 +58 14 00 AFGL 48505 12 29 55 +15 35 54 AFGL 49685 14 54 34 --59 48 24
AFGL 4"/335 9 08 08 --62 51 0(3 AFGL 48515 12 3l it -- 7 03 48 AFGL 49695 14 54 43 4-75 01 12
AFGL 47345 9 08 57 +73 35 12 AFGL 48525 12 31 19 4-41 39 00 AFGL 49"/05 14 54 52 --27 52 12
AFGL 47355 9 12 42 +23 40 12 AFGL 48535 12 32 43 4-18 39 24 AFGL 49715 14 54 59 --28 58 12
AFGL 47365 9 12 43 4-48 42 06 AFGL 48545 12 36 12 -- 4 04 42 AFGL 49725 14 57 18 -58 45 06
AFGL 47375 9 13 12 --15 28 06 AFGL 48555 12 36 31 --30 13 54 AFGL 49735 14 58 35 -- 2 31 12
AFGL 47385 9 15 23 4-4"/ 28 18 AFGL 48565 12 38 12 --61 28 06 AFGL 49745 14 59 18 4- 0 03 30
AFGL 47395 9 16 05 +36 35 36 AFGL 485"/S 12 38 35 -27 33 54 AFGL 49755 15 00 20 4-31 52 06
AFGL 47405 9 1646 +42 58 18 AFGL 48585 12 38 41 4-11 41 42 AFGL 49765 15 02 I1 -- 7 50 42
AFGL 47415 9 17 15 +45 25 30 AFGL 48595 12 39 02 -37 21 54 AFGL 49775 15 02 32 +27 10 06
AFGL 47425 9 21 57 4-41 55 36 AFGL 48605 12 39 19 --7 14 30 AFGL 49785 15 03 34 -57 33 42
AFGL4743S 9 25 55 -- -/ 26 24 AFGL4861S 12 40 36 -24 42 48 AFGL4979S 15 03 55 --1602 48
AFGL 47445 9 26 53 4-63 18 42 AFGL 48625 12 40 47 4-10 23 30 AFGL 49805 15 05 43 --68 58 06
AFGL 47455 9 28 15 4-25 16 30 AFGL 48635 12 40 59 +77 52 06 AFGL 49815 15 05 48 --58 26 12
AFGL 47465 9 29 03 4-51 52 42 AFGL 48645 12 44 08 --33 06 54 AFGL 49825 15 06 08 4- 0 48 54
AFGL 474-/S 9 32 03 +39 50 48 AFGL 48655 12 44 48 +38 40 18 AFGL 49835 15 07 38 +65 57 54
AFGL 47485 9 32 51 -14 30 54 AFGL 48665 12 45 07 4-67 06 18 AFGL 49845 15 08 05 4-11 51 48
AFGL 4-/495 9 35 18 4-58 46 36 AFOL 486"/S 12 45 24 4-30 02 42 AFGL 49855 15 09 10 --69 53 06
AFGL 47505 9 36 01 + 4 51 54 AFGL 48685 12 50(30 4-1"/ 22 36 AFGL 49865 15 09 48 +22 30 12
AFGL 47515 9 38 39 4-10 10 36 AFGL 48695 12 5008 --25 43 42 AFGL 498"/S 15 15 24 --27 43 12
AFGL 47525 9 39 16 4-72 25 12 AFGL 48705 12 51 26 4-46 55 00 AFGL 49885 15 15 44 4- 0 16 36
AFGL 47535 9 40 15 4-53 58 30 AFGL 48715 12 52 49 4-11 44 48 AFGL 49895 15 16 33 4-72 02 12
AFGL 4"/545 9 43 48 -- 5 51 48 AFGL 48"/25 12 57 05 +76 41 54 AFGL 49905 15 19 1"/ +31 36 00
AFGL 47555 9 44 24 4- 5 55 54 AFGL 48735 12 57 49 --51 51 36 AFGL 49915 15 20 14 --14 54 42
AFGL 47565 9 45 41 4-53 47 12 AFGL 48745 12 57 54 4-66 53 06 AFGL 49925 15 20 49 -- 9 32 (30
AFGL 47575 9 48 09 4-13 14 48 AFGL 48755 13 00 30 --63 23 06 AFGL 49935 15 21 59 +15 39 18
AFGL 4"/585 9 51 01 4-10 31 54 AFGL 48765 13 0042 4- 5 08 24 AFGL 49945 15 22 06 --26 32 30
AFGL 47595 9 51 02 --17 42 00 AFGL 48775 13 04 14 -- 5 38 36 AFGL 49955 15 24 02 +17 08 30
AFGL 47605 9 56 18 + 5 03 12 AFGL 48785 13 04 41 +27 54 06 AFGL 49965 15 24 53 --37 08 48
AFGL 47615 9 56 22 +57 02 42 AFGL 48795 13 06 07 --32 4-/ 48 AFGL 499-/S 15 25 15 +25 15 24
AFGL 47625 9 57 34 +70 12 06 AFGL 48805 13 07 28 --55 34 54 AFGL 49985 15 25 35 --16 36 30
AFGL 47635 10 0007 4-41 32 36 AFGL 48815 13 08 52 --62 50 24 AFGL 49995 15 2609 --II 44 18
AFGL 47645 10 01 14 -- 9 20 12 AFGL 48825 13 09 05 --47 55 42 AFGL 50005 15 27 I1 4-17 44 12
AFGL 47655 10 02 06 4-84 04 54 AFGL 48835 13 09 46 4-56 40 48 AFGL 50015 15 2"/2"/ --12 44 24
AFGL 47665 10 02 17 +86 48 54 AFGL 48845 13 09 59 4-11 49 12 AFGL 50025 15 28 31 --70 18 12
AFGL 47675 10 02 59 --58 26 54 AFGL 48855 13 12 35 + 4 4"/ 36 AFGL 50035 15 30 21 --27 02 18
AFGL 47685 10 0306 4-18 18 42 AFGL 48865 13 1242 --12 II 00 AFGL 50045 15 3039 --37 28 30
AFGL 47695 I0 05 13 + I 13 36 AFGL 488"/S 13 13 17 --19 44 12 AFGL 50055 15 31 38 -27 52 24
AFGL 47705 10 05 29 +17 35 48 AF(3L 48885 13 1802 --11 12 54 AFGL 50065 15 32 21 -23 43 4g
AFGL 47715 10 05 39 4-12 12 48 AFGL 48895 13 18 55 4-75 52 24 AFGL 50075 15 32 45 --14 34 36
AFGL 4-/-/25 I0 07 27 4-24 36 36 AFGL 48905 13 19 35 -62 24 06 AFGL 50085 15 33 42 -37 38 18
AFGL 47735 10 08 56 --18 43 18 AFGL 48915 13 20 2-/ --18 03 42 AFGL 50095 15 36 46 4-33 02 42
AFGL 47745 10 12 46 -57 34 12 AFGL 48925 13 20 28 4-59 29 36 AFGL 50105 15 36 57 +10 47 42
AFOL 4-/"/55 10 12 49 4-"/9 34 24 AFGL 48935 13 2044 --24 22 48 AFGL 50115 15 41 40 4- 2 36 24
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AFGL 50125 15h42_1' +20"02 24 AFGL 5130S 17h39m16' +11"42 30 AFGL 52485 18h29m07' +25"08' 06
AFGL 5013S 15 47 49 --12 39 54 AFGL 51315 17 39 55 -17 29 36 AFGL 52495 18 29 59 + 4 18 12
AFGL 50145 t5 47 54 --34 55 48 AFGL 51325 17 40 27 +24 35 12 AFGL 52505 18 30 05 --19 48 30

AFGL 50155 L548 19 --31 33 48 AFGL 51335 17 40 41 -- 3053 30 AFGL 5251S 18 30 15 --21 00 COAFGL 50165 15 48 28 --37 58 24 AFGL 51345 17 41 58 --1o 38 _ AFGL 52525 18 30 17 -20 06 42
AFGL 5017S 15 50 02 --36 27 42 AFGL 51355 17 42 09 - I 33 30 AFGL 5253S 18 30 18 +20 19 54
AFGL 5018S 15 50 53 --18 50 54 AFGL 51365 17 42 38 -28 34 24 AFGL 52545 18 30 50 +23 34 06
AFGL 50195 15 51 42 --20 35 36 AFGL 51375 17 42 56 +21 30 12 AFGL 52555 18 30 51 -24 07 06
AFGL 50205 15 51 52 --20 44 42 AFGL 51385 17 43 59 --26 58 12 AFGL 5256S 18 31 13 + 3 41 48
AFGL 50215 15 52 29 +20 25 54 AFGL 51395 17 44 31 +27 43 42 AFGL 52575 18 31 29 --13 08 06
AFGL 50225 15 54 11 --36 03 36 AFGL 5140S 17 44 57 --24 45 30 AFGL 52585 18 31 46 --19 37 06
AFGL 50235 15 54 12 -34 14 30 AFGL 51415 17 45 43 --19 46 42 AFGL 52595 18 31 51 +10 25 54
AFGL 50245 15 57 15 --22 33 48 AFGL 51425 17 45 48 +28 47 12 AFGL 52605 18 32 48 + 6 26 36
AFGL 50255 15 59 15 +25 16 30 AFGL 51435 17 46 12 --28 04 00 AFGL 52615 i18 33 18 --23 55 36

AFGL 50265 16 (3024 --25 46 24 AFGL 51445 17 47 10 -22 27 30 AFGL 52625 I18 33 31 +28 44AFOL 50278 16 01 56 +85 41 O0 AFGL 51455 17 47 14 +22 28 54 AFGL 52635 18 33 37 -- 6 42
AFGL 50285 16 03 09 -37 49 54 AFGL 51465 17 48 25 --28 26 CO AFGL 52645 18 33 38 -- 8 58 CO
AFGL 50295 16 04 24 -- 3 43 36 AFGL 51475 17 48 55 -22 35 (30 AFGL 52655 18 34 14 --19 11 48
AFGL 50305 16 04 50 -- 4 57 48 AFGL 51485 17 48 55 -29 41 06 AFGL 52665 18 34 23 +30 26 18
AFGL 50315 16 05 07 -- 6 13 12 AFGL 51495 17 49 20 +19 02 18 AFGL 52675 ]18 35 13 +31 17 36
AFGL 50325 16 07 48 --29 15 00 AFGL 51505 17 49 34 --28 15 18 AFGL 52685 18 35 18 -- 6 53 48
AFGL 50335 16 07 55 +I0 44 06 AFGL 51515 17 50 39 --28 09 48 AFGL 52695 18 35 25 +35 11 54
AFGL 50345 16 10 16 +25 03 18 AFGL 51525 17 50 39 +45 28 42 AFGL 52705 18 35 28 + 5 00 24

AFGL 50355 16 10 32 --10 12 12 AFGL 51535 ' 17 51 37 +13 06 42 AFGL 52715 18 35 43 +14 42 42AFGL 50365 16 1055 + 5 05 48 AFGLSI545 117 52 15 +56 31 _ AFGL 52725 18 36 28 + I 38 48
AFGL 50375 16 1246 -- 6 28 54 AFGL 51555 17 52 51 --13 38 30 AFGL 52735 18 3641 +30 26 12
AFGL 50385 16 12 54 +11 31 24 AFGL 51565 117 52 54 --27 58 54 AFGL 52745 18 36 45 --28 42 36
AFGL 50395 16 15 42 --28 34 42 AFGL 51575 17 53 18 --12 54 42 AFGL 52755 18 38 36 -- 6 24 18
AFGL 50405 16 15 55 +25 59 18 AFGL 51585 17 54 20 + 5 53 06 AFGL 52765 18 39 16 + 6 22 24
AFGL 50415 16 16 57 --22 09 48 AFGL 51595 17 54 25 --29 52 30 AFGL 52775 18 39 23 +46 02 12
AFGL 50425 16 18 48 +81 35 54 AFGL 51605 17 55 50 --16 36 48 AFGL 52785 18 39 32 -- 7 22 48
AFGL 50435 16 19 31 +24 29 54 AFGL 51615 17 55 57 --26 35 00 AFGL 52795 18 40 07 +10 18 12
AFGL 50445 16 21 01 +30 54 42 AFGL 51625 17 56 12 +29 13 06 AFGL 52805 18 40 45 -- 8 23 36
AFGL 50455 16 24 04 --31 10 12 AFGL 51635 17 56 18 +80 36 12 AFGL 52815 18 40 54 -- 1 35 24
AFGL 50465 16 2406 - 9 41 36 AFGL 51645 17 56 31 -- 6 41 18 AFGL 52825 18 4058 --11 25 48
AFGL 50475 16 24 11 -- 2 30 18 AFGL 51655 17 56 35 --23 27 42 AFGL 52835 18 41 07 +29 45 18
AFGL 50485 16 24 37 --35 01 18 AFGL 51665 i 17 56 40 -- 6 06 54 AFGL 52845 18 41 30 - 2 34 24
AFGL 50495 162507 + 3 (3000 AFGL 51675 117 57 03 --20 23 30 AFGL 52855 18 41 38 -- 3 51 18
AFGL 50505 16 25 31 --35 34 12 AFGL 51685 17,7$747 +16 45 00 AFGL 52805 '18 42 92 +H 14 O_
AFGL 50515 16 26 35 --19 12 42 AFGL 51695 17 57 54 +23 38 24 AFGL 52875 18 42 26 +17 27 12
AFGL 50525 16 26 50 -- 3 26 48 AFGL 51705 17 58 02 --22 58 48 AFGL 52885 18 42 57 --17 20 42
AFGL 50535 16 27 15 + 0 01 48 AFGL 51715 17 58 14 + 5 34 42 AFGL 52895 18 43 01 + 4 10 12

AFGL 50545 16 28 31 --10 26 42 AFGL 51725 17 58 14 +45 29 24 AFGL 52905 ,18 43 13 +282 42 24AFGL 50555 16 30 30 +11 32 36 AFGL 51735 17 58 23 --15 18 30 AFGL 52915 18 43 22 -- 22 42
AFGL 50565 16 32 25 --24 46 06 AFGL 51745 17 58 36 --15 26 CO AFGL 52925 18 43 36 -29 37 24
AFGL 50575 16 33 48 -27 56 42 AFGL 51755 17 58 36 --17 12 36 AFGL 52935 18 43 40 -- 3 00CO
AFGL 50585 16 3401 + 5 02 36 AFGL 51765 17 58 53 --23 59 06 AFGL 52945 18 44 07 +22 25 12
AFGL 50595 163418 + 50606 AFGL 51775 175859 +33 1300 AFGL 52955 184440 + 525 18
AFGL 50605 16 34 27 --10 26 18 AFGL 51785 17 59 18 --12 16 54 AFGL 52965 18 44 50 -- 5 44 00
AFGL 50615 16 3445 -35 19 30 AFGL 51795 17 5920 + 8 28 48 AFGL 52975 ,18 4500 +42 43 48
AFGL 50625 16 37 39 --20 21 42 AFGL 51805 17 59 22 +21 37 18 AFGL 52985 18 46 07 +19 04 06
AFGL 50635 16 39 48 +16 49 CO AFGL 51815 17 59 24 -19 13 24 AFGL 52995 18 46 22 +15 44 24
AFGL 50645 16 41 57 -14 (30 24 AFGL 51825 17 59 56 --22 CO00 AFGL 53005 18 46 25 + 2 21 30
AFGL 50655 16 43 24 --16 50 54 AFGL 51835 18 CO10 --25 15 30 AFGL 53015 18 46 38 +69 37 42
AFGL 50665 16 48 58 - 7 03 06 AFGL 51845 18 0013 + I 42 36 AFGL 53025 18 46 59 -- 5 58 36
AFGL 50675 16 50 14 -21 36 30 AFGL 51855 18 (3020 +49 51 42 AFGL 53035 118 47 28 --10 45 24
AFGL 50685 16 5020 + 5 27 06 AFGL 51865 18 0034 +26 58 18 AFGL 53045 18 4736 +28 04 18
AFGL 50695 16 52 03 -- 6 07 54 AFGL 51875 18 00 38 +15 02 12 AFGL 53055 18 48 04 +33 19 06
AFGL 50705 16 52 38 --33 21 36 AFGL 51885 18 CO49 --13 14 06 AFGL 53065 18 48 26 +24 02 42

AFGL 50715 16 52 41 +49 (30 48 AFGL 51895 18 01 31 -12 43 54 AFGL 53075 118 48 34 --12 42 36
AFGL 50725 16 52 41 +82 09 48 AFGL 51905 18 01 36 --26 01 (30 AFGL 53085 118 48 37 -- 9 38
AFGL 50735 16 52 59 +18 31 18 AFGL 51915 18 02 14 --16 57 06 AFGL 53095 18 48 59 +25 COCO
AFGL 50745 16 54 07 --33 14 48 AFGL 51925 18 02 28 --27 03 48 AFGL 53105 18 4901 + 0 09 12
AFGL 50755 16 54 41 +50 07 12 AFGL 51935 18 02 38 --25 17 12 AFGL 53115 18 5001 -- 3 16 18

AFGL 50765 16 55 03 -- 9 25 48 AFGL 51945 18 02 51 --25 25 54 AFGL 53125 I18 50 13 -- 7 57 18AFGL 50775 16 55 w --1. 46 12 AFGL 51955 18 03 28 +50 40 CO AFGL 53135 _18 50 16 +30 30 42
AFGL 50785 16 55 12 - 2 41 24 AFGL 51965 18 03 50 --27 50 18 AFGL 53145 518 50 31 +59 20 30
AFGL 50795 16 5705 7 34 54 AFGL 51975 18 04 13 --14 34 30 AFGL 53155 18 5056 +17 03 12
AFGL 5080S 16 57 30 --10 32 30 AFGL 51985 18 05 18 --23 52 CO AFGL 53165 18 50 56 --12 40 54

AFGL 50815 16 58 03 --25 29 36 AFGL 51995 18 06 50 --24 04 12 AFGL 53175 II_ 50 59 + 9 39 48AFGL 50825 16 58 22 -- 4 08 30 AFGL 52005 18 0707 -24 10 36 AFGL 53185 51 I0 +42 07 00
AFGL 50835 16 59 38 +20 32 24 AFGL 52015 18 07 35 -- 6 52 24 AFGL 53195 ,18 51 52 +36 49 18
AFGL 50845 17 01 30 +42 41 18 AFGL 52025 18 07 37 --23 38 (3(3 AFGL 53205 118 52 06 +50 38 48
AFGL 50855 17 03 41 +72 18 48 AFGL 52035 18 08 05 --18 5048 AFGL 53215 18 52 17 + 0 22 CO
AFGL 50865 17 04 24 +22 07 42 AFGL 52045 18 08 08 -- 6 07 24 AFGL 53225 118 52 20 +27 50 24
AFGL 50875 17 04 24 --31 48 36 AFGL 52055 18 09 10 --14 56 06 AFGL 53235 18 52 22 + 8 12 24
AFGL 50885 17 05 44 +76 21 30 AFGL 52065 18 09 45 + 6 48 42 AFGL 53245 18 52 41 -- 8 14 06
AFGL 50895 17 06 02 +72 13 (30 AFGL 52075 18 09 54 -24 55 12 AFGL 5325S 18 53 17 -29 40 06
AFGL 5090S 17 06 35 --31 17 42 AFGL 52085 18 09 56 --16 18 06 AFGL 53265 18 54 52 +71 13 54
AFGL 50915 17 08 51 +27 38 06 AFGL 52095 18 10 37 +25 07 48 AFGL 53275 18 55 07 + 0 22 36

18 5649 +10 20 36
I 18 58 17 +32 04 36AFGL 50925 17 10 I1 +34 17 30 AFGL 5210S 18 1041 + 4 05 12 AFGL 53285AFGL 50935 17 10 38 -- 23 42 AFGL 52115 18 11 22 +12 26 24 AFGL 53295

AFGL 50945 17 1107 --22 04 54 AFGL 52125 18 12 14 - 2 40 48 AFGL 53305 18 59 29 + 5 07 36
AFGL 50955 17 12 12 --15 12 48 AFGL 52135 18 12 55 +16 15 00 AFGL 53315 19 0003 + 1 24 36
AFGL 50965 17 12 33 --26 29 36 AFGL 52145 18 14 19 --25 35 48 AFGL 53325 19 01 22 +29 08 18
AFGL 50975 17 13 11 +45 13 42 AFGL 52155 18 14 33 --25 18 24 AFGL 53335 19 01 40 --21 47 54

AFGL 50985 17 1407 +141 46 36 AFGL 52165 18 14 37 --15 15 42 AFGL 53345 19 02 25 + I 31 30AFGL 50995 17 15 12 - 57 12 AFGL 52175 18 15 02 --17 52 48 AFGL 53355 19 02 26 -- 7 15 30
AFGL 51COS 17 15 21 --16 13 24 AFGL 52185 18 15 23 +47 47 30 AFGL 53365 19 02 42 --12 42 CO
AFGL 51015 17 16 24 +10 52 12 AFGL 52195 18 16 CO --25 37 30 AFGL 53375 19 02 52 +39 10
AFGL 51025 17 16 44 --23 47 O0 AFGL 52205 18 16 13 +60 44 18 AFGL 53385 19 02 52 +31 39
AFGL 51035 17 16 57 +41 36 48 AFGL 52215 18 16 32 +36 41 12 AFGL 53395 19 03 05 +17 18 24
AFGL 51045 17 18 54 --14 33 36 AFGL 52225 18 17 17 --15 49 54 AFGL 53405 19 03 32 + 3 06 06
AFGL 51055 17 18 56 +46 16 24 AFGL 52235 18 18 11 -15 15 30 AFGL 53415 19 03 37 -- 8 57 36
AFGL 51065 17 20 05 --28 04 24 AFGL 52245 18 18 26 + 5 54 06 AFGL 53425 19 05 36 +31 06 48

AFGL 51075 17 21 22 22 19 54 AFGL 52255 18 1902 --23 35 06 AFGL 53435 19 06 11 -- 4 07 54AFGL 51085 17 21 5? ---- v 57 48 AFGL 52265 18 19 20 -14 40 48 AFGL 53445 19 06 52 +24 04 36
AFGL 51095 17 22 43 +16 49 48 AFGL 52275 18 19 40 -19 22 36 AFGL 53455 19 07 58 + 7 43 30
AFGL 51105 17 23 42 +12 38 42 AFGL 52285 18 20 19 --12 40 30 AFGL 53465 19 07 59 +35 08 Co
AFGL 51115 23 46 --31 04 24 AFGL 52295 18 20 25 -20 40 12 AFGL 53475 19 08 37 +21 57 12

19 08 38 +36 30 30
17

AFGL 51125 17 24 48 -- 6 14 CO AFGL 52305 18 20 27 --23 05 12 AFGL 53485
AFGL 51135 17 24 52 + 4 14 48 AFGL 52315 18 20 58 -- 9 COCO AFGL 53495 19 09 34 +32 32 30
AFGLSII4S 172527 +82742 AFGL52325 182214 +4352CO AFGL53505 191118 +23348
AFGL 51155 17 25 59 +15 55 42 AFGL 52335 18 22 28 -- 6 54 54 AFGL 53515 19 12 CO +11 37 06
AFGL 51165 17 27 59 --23 34 30 AFGL 52345 18 22 43 --13 47 36 AFGL 53525 19 12 47 +22 COCO
AFGL 51175 17 29 38 +39 42 48 AFGL 52355 18 22 44 --12 43 06 AFGL 53535 19 12 53 +14 36 54
AFGL 51185 17 29 38 +52 24 CO AFGL 52365 18 23 56 --21 10 24 AFGL 53545 19 12 55 +57 38 30
AFGL 51195 17 32 08 - 7 12 30 AFGL 52375 18 25 05 --16 45 24 AFGL 53555 19 13 22 +18 25 48
AFGL 51205 17 32 43 -- 1 18 24 AFGL 52385 18 25 12 --21 18 48 AFGL 53565 19 13 44 +22 54 CO
AFGL 51215 17 32 47 --14 17 18 AFGL 52395 18 25 39 --19 47 06 AFGL 53575 19 14 23 +29 14 54
AFGL 51225 17 33 16 -22 24 12 AFGL 52405 18 26 05 +65 33 06 AFGL 53585 19 14 26 +22 24 06
AFGL 51235 17 34 30 --15 19 18 AFGL 52415 18 26 26 +49 17 54 AFGL 53595 19 15 29 --19 30 42
AFGL 51245 17 35 23 -10 51 42 AFGL 52425 18 26 26 + 6 16 54 AFGL 53605 19 15 53 +53 15 48
AFGL 51255 17 3548 --14 07 24 AFGL 52435 18 2658 -11 11 06 AFGL 53615 19 16 13 -15 40 30
AFGL 51265 17 3601 --21 37 06 AFGL 52445 18 2705 +16 I1 06 AFGL 53625 19 1705 +27 12 36

AFGL 51275 17 37 08 -24 37 36 AFGL 52455 18 28 08 -21 15 48 AFGL 53635 19 17 22 6 39 42AFGL 51285 17 38 CO +46 10 12 AFGL 52465 18 28 25 -- 8 26 42 AFGL 53645 19 17 33 _6_ 4_ 30
AFGL 51295 17 39 05 -- 6 25 30 AFGL 52475 18 28 31 -- 9 23 CO AFGL 53655 19 17 47 +46 04 48

B-13



NAME RA t1950) DEC POS R: N&ME RA _1951)) DEC PO$ RE] NA.NIE RA (1950) DEC POSREF

AFGL 5366S 19hl8=12' -- 4"39'48" AFGL 5484S 20;111=25s +41"11' 24 AFGL 5602S 21h16m41s +40"46' 18"
AFGL 5367S 19 18 19 +37 47 06 AFGL 5485S 20 12 32 +60 29 18 AFGL 5603S 21 17 00 +17 02 00
AFGL 5368S 19 18 39 +41 37 12 AFGL 5486S 20 13 07 +29 38 06 AFGL 5604S 21 17 04 +23 16 54

AFGL 5369S 19 2002 _-- 2319 42 AFGL 5487S 20 1343 --18 32 42 AFGL 5605S 21 1750 +62 16 00
AFGL 5370S 19 20 54 42 54 AFGL 5488S 20 13 51 +27 40 00 AFGL 5606S 21 19 33 +56 09 18
AFGL 5371S 19 22 13 56 12 AFGL 5489S 20 13 57 -- 7 19 06 AFGL 5607S 21 19 50 +57 11 36
AFGL 5372S 19 22 38 +21 22 54 AFGL 5490S 20 14 39 +49 51 24 AFGL 5608S 21 19 50 +19 35 24
AFGL 5373S 19 2247 +17 37 48 AFGL 5491S 20 1441 + 6 54 42 AFGL 5609S 21 20 12 -- 5 49 12
AFGL 5374S 19 23 13 +35 56 IX) AFGL 5492S 20 15 31 +72 26 18 AFGL 5610S 21 20 20 - 9 31 06
AFGL 5375S 19 23 54 +68 55 36 AFGL 5493S 20 15 59 +37 51 36 AFGL 5611S 21 2020 --19 53 12
AFGL 5376S 19 23 58 --18 33 18 AFGL 5494S 20 16 10 +42 35 12 AFGL 5612S 21 20 29 -- 7 22 18
AFGL 5377S 19 24 10 +16 36 12 AFGL 5495S 20 16 24 +37 19 06 AFGL 5613S 21 23 53 --24 10 12
AFGL 5378S 19 24 18 +19 47 24 AFGL 5496S 20 17 12 +38 50 24 AFGL 5614S 21 2505 +13 54 54
AFGL 5379S 19 2441 + 0 56 30 AFGL 5497S 20 2052 +18 11 30 AFGL 5615S 21 2526 +36 27 54
AFGL 5380S 19 2643 --16 11 54 AFGL 5498S 20 2059 + 7 48 18 AFGL 5616S 21 2544 + 7 55 30
AFGL 5381S 19 2647 +17 54 18 AFGL 5499S 20 21 14 +36 41 42 AFGL 5617S 21 2604 +24 27 06
AFGL 5382S 19 2648 + 3 46 06 AFGL 5500S 20 2145 - 2 52 48 AFGL 5618S 21 2738 +55 11 36
AFGL 5383S 19 27 09 + 4 27 12 AFGL 5501S 120 22 09 +37 27 00 AFGL 5619S 21 28 04 +47 07 24
AFGL 5384S 19 2805 +11 16 54 AFGL 5502S 20 22 53 +58 40 36 AFGL 5620S 2l 2805 --14 20 18
AFGL 5385S 19 28 51 --10 57 42 AFGL 5503S 12022 57 +16 49 54 AFGL 5621S 21 28 46 +12 56 42
AFGL 5386S 19 29 07 +23 24 24 AFGL 5504S 20 23 12 +55 02 06 AFGL 5622S 21 28 59 +50 27 54
AFGL 5387S 19 29 12 +49 46 24 AFGL 5505S 20 23 19 +23 50 42 AFGL 5623S 21 29 25 +61 27 48

AFGL 5389S 19 3046 + 11 06 AFGL5507S 12024 59 +40 09 48 AFGL 5625S 21 31 32 +56 32
AFGL 5390S 19 3048 +36 44 42 AFGL 55085 20 25 16 --15 52 30 AFGL 5626S 32 19 -65 08
AFGL 5391S 19 31 04 + 2 50 42 AFGL 5509S 20 26 50 +41 43 00 AFGL 5627S 21 33 29 +60 39 00
AFGL 5392S 19 31 05 -22 45 06 AFGL 5510S 20 29 07 +44 45 12 AFGL 5628S 2l 33 55 -+32 17 06
AFGL 5393S 19 31 I1 + I 32 18 AlCGL 5511S 120 2949 +18 26 42 AFGL 5629S 121 3502 --35 20 18
AFGL 5394S 19 31 14 +32 35 36 AFGL 5512S 20 30 29 +56 35 24 AFGL 5630S 121 35 58 -- 4 24 42
AFGL 5395S 19 31 37 +45 21 48 AFGL 5513S 20 31 09 +54 44 54 AFGL 5631S 21 36 43 + 9 01 36
AFGL 5396S 19 31 41 + 7 16 54 AFGL 5514S 20 31 36 + 2 09 24 AFGL 5632S 21 36 43 + 8 04 06
AFGL 5397S 19 32 29 +69 33 48 AFGL 5515S 20 32 08 +19 22 06 AFGL 5633S 121 37 26 +44 56 18
AFOL 5398S 19 32 34 +23 44 48 AFGL 5516S 20 32 17 +28 06 00 AFGL 5634S 21 38 05 -- 7 38 30
AFGL 5399S 19 32 43 +30 40 18 AFGL 5517S 20 32 44 -t-52 51 12 AFGL 5635S 21 38 43 +65 35 24
AFGL 5400S 19 32 54 + 0 36 18 AFGL 5518S 20 32 45 +28 24 00 AFGL 5636S 21 40 43 +22 13 42
AFGL 5401S 19 32 57 +60 04 06 AFGL 5519S 20 33 34 +42 23 30 AFGL 5637S 21 41 42 +71 01 54
AFGL 5402S 19 33 06 +63 31 12 AFGL 5520S 20 33 41 +61 36 24 AFGL 5638S 21 43 28 +67 21 48
AFGL 5403S 19 33 08 + 0 14 30 AFGL 5521S 20 33 59 +34 57 18 AFGL 5639S 21 43 48 +22 44 42
AFGL 5404S 19 33 21 +48 07 36 AFGL 5522S 20 34 02 +61 09 42 AFGL 5640S 21 44 00 +65 38 42
AFGL 5405S 119 33 26 +47 41 12 AFGL 5523S 20 34 22 +32 14 00 AFGL 5641S 21 44 48 +25 17 24
AFGL 5406S I 19 33 43 + 0 35 30 AFGL 5524S 20 35 28 +59 53 42 AFGL 5642S 21 46 10 +42 06 12
AFGL 5407S 19 34 38 +21 36 36 AFGL 5525S 20 35 53 +33 34 30 AFGL 5643S 21 47 13 +78 45 24
AFGL 5408S ] 19 35 09 +20 28 18 AFGL 5526S 20 35 56 +36 39 54 AFGL 5644S 21 49 42 +74 35 54

AFGL 5409S ] 19 35 53 + 6 19 12 AFGL 5527S 20 36 16 +68 23 48 AFGL 5645S 21 49 44 --46 34 00AFGL 5410S 19 36 46 +30 55 48 AFGL 5528S 20 36 49 +37 43 06 AFGL 5646S 21 50 42 +62 34 48
AFGL 5411S 19 36 55 +16 26 00 AFGL 5529S 20 37130 +44 J3 36 AFGL 5647S 21 53 43 -- 9 51 54
AFGL 5412S 19 37 02 +12 03 30 AFGL 5530S 20 38 25 +59 19 36 AFGL 5648S 21 54 07 +21 00 00
AFGL 54135 I 19 37 08 +20 02 54 AFGL 5531S 20 38 51 +52 52 06 AFGL 5649S 21 54 39 --66 45 30
AFGL 5414S 119 37 32 +30 03 54 AFGL 5532S 20 41 18 +11 40 24 AFGL 5650S 21 54 42 +39 41 30
AFGL 5415S 19 40 11 +59 30 12 AFGL 5533S 20 41 28 +27 04 24 AFGL 5651S 21 56 I1 --15 18 54
AFGL 5416S 19 40 33 +42 06 12 AFGL 5534S 20 42 29 +72 12 12 AFGL 5652S 21 56 13 +65 54 00
AFGL 541"/S 19 41.06 +58 _A636 AYGL 55355 20 42 40 +32 20 12 AFGL 5653S 21 56 32 --25 30 iX)AFGL 5418S 119 41 40 +23 _ 48 AFGL 5536S 20 43 02 +54 04 18 AFGL 5654S 21 57 23 --42 06 06
AFGL 5419S 19 42 01 +14 36 12 AFGL 5537S 20 43 13 +40 13 54 AFGL 5655S 21 57 42 +76 11 36
AFGL 5420S 19 42 02 +48 41 42 AFGL 5538S 20 43 18 +67 12 12 AFGL 5656S 21 57 52 +57 07 18
AFGL 5421S 19 42 07 +37 15 06 AFGL 5539S 20 43 23 +32 17 06 AFGL 5657S 21 58 38 + 8 00 36
AFGL 5422S '19 42 19 +41 39 54 AFGL 5540S 20 44 03 +29 58 06 AFGL 5658S 21 58 38 + 5 52 54
AFGL 5423S 19 42 36 + 0 51 48 AFGL 5541S 20 44 15 + 2 15 42 AFGL 5659S 21 59 00 +48 16 48
AFGL 5424S 19 42 38 +50 55 30 AFGL 5542S 20 44 55 +45 50 06 AFGL 5660S 22 01 39 --30 06 54
AFGL 5425S 19 43 15 +58 12 36 AFGL 5543S 20 44 59 +39 40 42 AFGL 5661S 22 01 46 --35 53 24
AFGL 5426S 19 43 38 +30 07 00 AFGL 5544S 20 45 12 +15 37 48 AFGL 5662S 22 02 36 +14 34 48
AFGL 5427S 19 44 15 --17 12 12 AFGL 5545S 20 45 36 +35 40 42 AFGL 5663S 22 02 41 +67 31 12
AFGL 5428S 19 44 50 +53 05 00 AFGL 5546S 20 47 04 +40 49 42 AFGL 5664S 22 03 13 --39 44 18
AFGL 5429S 19 45 I0 +15 55 00 AFGL 5547S 20 47 25 +33 03 42 AFGL 5665S 22 03 25 +62 33 54
AFGL 5430S 19 45 22 +59 28 24 AFGL 5548S 20 47 59 +50 34 54 AFGL 5666S 22 04 13 + 0 40 36
AFGL 5431S 19 46 46 +26 00 18 AFGL 5549S 20 49 05 +39 38 12 AFGL 5667S 22 04 23 +25 05 42
AFGL 5432S 19 46 54 +30 18 30 AFGL 5550S 20 49 42 -- 3 21 24 AFGL 5668S 22 04 28 +81 38 06
AFGL 5433S 19 47 13 +21 27 12 AFGL 5551S 20 50 06 -- 7 58 54 AFGL 5669S 22 04 39 --40 39 12
AFGL. 5434S 19 48 24 +26 12 30 AFGL 5552S 20 50 11 +35 01 36 AFGL 5670S 22 04 46 +48 13 42
AFGL 5435S 19 49 20 +52 51 48 AFGL 5553S 20 51 08 +20 44 00 AFGL 5671S 22 05 30 +47 28 42
AFGL 5436S 19 49 40 + 0 32 54 AFGL 5554S 20 52 08 +33 15 24 AFGL 5672S 22 05 31 --34 49 18
AFGL 5437S 19 50 04 + 0 48 18 AFGL 5555S 20 54 11 + 8 37 24 AFGL 5673S 22 06 49 +44 45 42
AFGL 5438S 19 50 13 +42 22 24 AFGL 5556S 20 55 29 +25 20 54 AFGL 5674S 22 09 31 +38 10 42
AFGL 5439S 19 51 05 +29 30 30 AFGL 5557S 20 56 16 +22 07 30 AFGL 5675S 22 09 43 +24 43 30
AFGL 5440S 19 51 16 +33 50 00 AFGL 5558S 20 56 26 +47 28 06 AFGL 5676S 22 09 59 -- 5 38 54
AFGL 5441S 19 51 21 -- g 43 42 AFGL 5559S 20 56 56 +36 31 48 AFGL 5677S 22 11 47 +53 20 42
AFGL 5442S 19 52 48 + 6 16 06 AFOL 5560S 20 58 06 +13 26 00 AFGL 5678S 22 14 13 -- 8 01 42
AFGL 5443S 19 53 38 4-15 28 18 AFGL 5561S 20 58 18 +19 08 24 AFGL 5679S 22 14 14 +47 28 30
AFGL 5444S 19 53 50 +32 36 42 AFGL 5562S 20 58 36 +59 14 42 AFGL 5680S 22 15 09 --10 17 12
AFGL 5445S 19 54 41 +17 12 06 AFGL 5563S 20 59 07 +49 56 12 AFGL 5681S 22 15 37 +61 17 18
AFGL, 54465 19 55 V/ +24 _)6 54 AFGL 5564S 20 59 12 -- 4 22 18 AFGL 5682S 22 18 38 --61 05 36
AFGL 5447S 19 55 32 +39 41 24 AFGL 5565S 20 59 13 +45 10 48 AFGL 5683S 22 19 40 --51 01 06
AFGL 5448S 19 56 12 -- 8 04 24 AFGL 5566S 20 59 34 +18 46 54 AFGL 5684S 22 21 46 +51 58 12
AFGL 5449S 19 56 30 +I0 12 00 AFGL 5567S 20 59 55 --10 11 54 AFGL 5685S 22 22 56 +51 01 00
AFGL 5450S 19 57 I0 -- 4 07 18 AFGL 5568S 21 00 30 +34 34 36 AFGL 5686S 11 23 09 +6_ 46 36
AFGL 5451S 19 57 10 --16 35 54 AFGL 5569S 21 00 ¢7 +48 00 54 AFGL 5687S 22 23 12 -48 40 12
AFGL 5452S 19 57 55 + 9 28 12 AFGL 5570S 21 0052 +14 33 48 AFGL 5688S 22 25 39 +43 52 18
AFGL 5453S 19 57 57 +35 09 12 AFGL 5571S 21 13055 +27 06 48 AFGL 5689S 22 25 51 +31 34 54
AFGL 5454S 19 59 09 +40 01 36 AFGL 5572S 21 02 22 + 5 21 03 AFGL 5690S 22 26 06 -65 41 30
AFGL 5455S 20 00 10 +30 39 30 AFGL 5573S 21 02 47 +42 14 18 AFGL 5691S 22 26 57 +40 02 12
AFGL 5456S 20 00 14 +49 54 48 AFGL 5574S 21 05 08 + 7 10 06 AFGL 5692S 22 27 37 +34 28 54
AFGL 5457S 20 00 26 + 4 33 24 AFGL 5575S 21 06 02 + 4 44 42 AFGL 5693S 22 27 52 -- 5 40 00
AFGL 5458S 20 02 05 +44 34 24 AFGL 5576S 21 06 03 +32 01 12 AFGL 5694S 22 28 06 +12 49 36
AFGL 5459S 20 02 59 +44 40 24 AFGL 5577S 21 06 09 +66 44 42 AFGL 5695S 22 28 20 +37 16 24
AFGL 5460S 20 03 04 +19 50 42 AFGL 5578S 21 07 12 --29 53 06 AFGL 56965 22 30 59 + 0 57 42
AFGL 5461S 20 04 19 +24 18 18 AFGL 5579S 21 08 22 + 4 51 00 AFGL 5697S 22 31 19 +58 I1 12
AFGL 5462S 20 04 36 +61 51 42 AFGL 5580S 21 09 03 +67 05 00 AFGL 5698S 22 32 08 +56 21 48
AFGL 5463S 20 04 42 +13 10 06 AFGL 5581S 21 09 22 +44 00 00 AFGL 5699S 22 33 29 - 7 50 48
AFGL 5464S 20 04 49 +67 52 42 AFGL 5582S 21 10 04 +41 39 18 AFGL 5700S 22 34 22 +48 03 00
AFGL 5465S 20 05 08 +52 52 48 AFGL 5583S 21 10 10 +79 07 12 AFGL 5701S 22 34 31 +52 20 42
AFGL 5466S 20 05 54 +16 30 48 AFGL 5584S 21 10 24 +75 41 24 AFGL 5702S 22 35 53 --14 18 48

21 I1 08 +55 50 12 AFGL 5703S 22 36 47 +20 53 00AFGL 5467S 20 06 22 -- 1 48 06 AFt3L 5585S
AFGL 5468S 20 06 36 +56 25 24 AFGL 5586S 21 I1 21 +31 53 48 AFGL 5704S 22 36 56 --61 50 30
AFGL 5469S 20 06 41 +33 06 12 AFGL 5587S 21 11 47 +42 44 24 AFGL 5705S 22 38 06 +44 13036
AFGL 5470S 20 0643 --25 41 24 AFGL 5588S 21 12 03 + 0 08 36 AFGL 5706S 22 39 21 +30 41 36
AFGL 5471S 20 06 55 +36 48 06 AFGL 5589S 21 12 20 +82 33 36 AFGL 5707S 22 39 38 --29 35 06
AFGL 5472S 20 07 49 +28 I1 36 AFGL 5590S 21 12 50 +61 40 18 AFGL 5708S 22 40 44 +77 13 30
AFGL 5473S 20 08 07 +29 13 00 AFGL 5591S 21 12 59 +37 49 30 AFGL 5709S 22 41 36 +41 33 24
AFGL 5474S 20 08 34 --14 27 12 AFGL 5592S 21 13 11 +46 13 42 AFGL 5710S 22 43 06 +56 19 36
AFGL 5475S 20 _,?,35 +4_ 41 2,9 A'FOL 5593S 21 13 26 + 9 06 12 AFGL 5711S 22 43 06 +52 16 54
AFGL 5476S 20 08 39 +33 18 06 AFGL 5594S 21 13 45 +38 00 18 AFGL 5712S 22 43 38 --10 36 24
AFGL 5477S 20 08 54 +73 50 54 AFGL 5595S 21 14 00 +57 23 36 AFGL 5713S 22 43 48 -I1 24 54
AFGL 5478S 20 0903 -- 8 17 18 AFGL 5596S 21 1425 +36 38 18 AFGL 5714S 22 44 10 +11 55 18
AFGL 5479S 20 09 12 --11 51 48 AFGL 5597S 21 14 27 --20 35 06 AFGL 5715S 22 45 46 +61 00 00
AFGL 5480S 20 09 21 + 0 47 54 AFGL 5598S 21 15 03 +49 46 18 AFGL 5716S 22 46 09 +49 19 06
AFGL 5481S 20 09 26 + 0 34 42 AFGL 5599S 21 15 35 +47 53 12 AFGL 5717S 22 46 10 +32 03 12
AFGL 5482S 20 09 32 4-36 26 36 AFGL 5600S 21 16 01 --68 49 42 AFGL 5718S 22 47 26 +59 24 06
AFGL 5483S 20 1105 +25 05 06 AFGL 5601S 21 1609 --13 20 24 AFGL 5719S 22 47 26 --40 08 42

8-14



NAME RA (1950) DEC OSRE[ NAME RA (1950) DEC 3'3RE1 NAME RA (1950) DEC ?OSREF

AFGL 57205 22h48_14* +17"38' 36 W AND 2 14 23.1 +44 04 30 79907 ARA #B 16 43 24.3 --45"47' 00
AFGL 57215 22 49 45 +52 00 48 Y AND 1 36 40.4 +39 05 26 " ARA #B 16 43 24.7 --45 47 00 700103

AFGL 57225 22 51 11 +59 50 30 Z AND 23 31 15.4 +48 32 32 " ARA #C 16 43 25.4 --45 45 11AFGL 57235 22 51 57 +24 05 36 ZET AND 44 40.9 +23 59 42 :SI 79 ARA #C 16 43 26.0--45 45 12 700103

AFGL 57245 22 52 14 -- 9 39 _ 2 AND 2_ (30 17.7 +42 29 18 " ARA #D 16 43 26.0 --45 46 04AFGL 57255 22 52 30 +20 03 41 AND 05 07.9 +43 40 34 " ARA #D 16 43 26.4 --45 46 06 700103
AFGL 57265 22 53 36 +20 11 _,8 50 AND 1 33 51.1 +41 09 21 " ARA #E 16 43 30.2 --45 44 39
AFGL 57275 22 54 46 --53 46 36 ANOMALOUS 17 34 --33 40 ED ARA #E 16 43 31 --45 44 42 700103
AFGL 57285 22 55 03 --26 30 06 ANON 4 20 32.0 --38 52 17 ARA #F 16 43 25.0 --45 45 24
AFGL 57295 22 55 II +17 47 06 ANON 15 16 39 --56 59 ARA #F 16 43 25.5 --45 45 24 700103
AFGL 57305 22 55 25 +19 21 18 ANON 18 02 48 --25 40 ARA #G 16 43 28.7 -45 47 10
AFGL 57315 22 56 00 +64 53 24 ANON 18 08 34 --17 35 00 ARA #G 16 43 29.1 --45 47 12 700103
AFGL 57325 22 56 10 +56 42 18 ANON 18 36 47 --11 13 ARA #H 16 43 22.7 --45 45 17

ANON #1 7 48 54.0 -33 36 26 ARA #H 16 43 23.2 -45 45 18 700103
AFGL 57335 22 59 42 +50 32AFGL 57345 22 59 56 -- 6 52 ANON #10 12 54 19.2 --61 15 22 ARA #I 16 43 28.5 --45 44 00
AFGL 57355 23 02 05 +66 57 24 ANON 1 18 58 12.4 --37 05 13 60503 ARA #K 16 43 24 --45 45 30
AFGL 57365 23 02 52 +28 43 12 ANON 2 18 57 44.5 -37 02 16 " ARA #L 16 43 21.9 --45 45 23
AFGL 57375 23 03 00 +58 18 12 U ANT 10 32 59.3 --39 18 12 '.SI 79 ARA #L 16 43 28.6 --45 45 24 700103
AFGL 57385 23 04 08 --23 59 18 V ANT 10 18 54.9 --34 32 44 '° ARA #M 16 43 25 --45 45 O0
AFGL 57395 23 04 11 --30 33 18 Z ANT 10 43 40.3 --34 59 16 " ARA #S 16 43 02.7 --45 44 12
AFGL 57405 23 07 26 +60 58 24 AO 0235+16 2 35 52.6 +16 24 05 09908 ARA #Z 16 43 25 --45 45 08
AFGL 57415 23 07 36 +80 12 48 AO 0235+164 .... ARA NOM. " ED
AFGL 57425 23 1009 +13 06 54 ;.AP 1 APS 15 2601.0--73 13 06 '.SI 79 _ ALF ARA 17 27 58.3 --49 50 18 CS!, 79
AFGL 57435 23 10 41 + 8 41 30 S APS 15 04 13.7 --71 51 49 " IOT ARA 17 19 30.5 --47 25 15
AFGL 57445 23 10 54 + 12 25 24 THE APS 14 00 23.2 --76 33 24 " LQ ARA 16 47 11.6--60 56 48 "
AFGL 57455 23 11 54 +29 08 54 U APS 15 21 55.5 --75 44 55 " _ LS ARA 16 54 42 --60 00 45 GCVS
AFGL 57465 23 I1 58 +66 16 06 VY APS 15 54 4%0--74 53 07 " RT ARA 17 22 10 --55 11 29
AFGL 57475 23 13 11 +34 27 54 API-I 17 25 37.4 -29 02 59 69910 RY ARA 17 17 09.1 --51 04 14 CSI 79
AFGL 57485 23 14 29 +29 35 36 API--2 17 25 56.4 --29 10 48 " SZARA 17 06 32 --61 53 07 GCVS

16 58 28.7 --54 59 _ CSI 79AFGL 57495 23 15 05 +73 29 18 AP1--3 17 28 04 --28 21 18 19916 T ARA 11749 39.7--51 40AFGL 57505 23 16 13 --28 39 36 AP1--8 18 01 19 --28 21 42 '89908 UARA "
AFGL 57515 23 16 52 +67 51 24 API--9 18 07 19.5 --28 08 21 69910 ARAK 120 13 38.0 -- 0 12 17 819908
AFGL 57525 23 17 25 +41 49 06 API--10 18 07 34.6 --27 58 30 " ARAK 253 10 41 19.2 -- 1 01 55 789906

AFGL 57535 23 17 43 +32 39 48 API--II 18 07 51.6--28 33 21 " ARCTURUS 14 13 22,7 +19 26 30 CSI 79AFGL 57545 23 17 53 + 5 06 36 AP3--1 19 08 05.4 + 2 44 33 " ALF ARI 04 20.9 +23 13 35 "
AFGL 57555 23 18 28 +61 56 12 AD AQL 18 56 25.0 -- 8 14 30 ._SI 79 BET ARI 51 52.3 +20 33 50 "
AFGL 57565 23 19 00 +20 18 18 ALF AQL 19 48 19.7 + 8 43 58 " R ARI 2 13 16.0 +24 49 28 "
AFGL 57575 23 19 27 +63 23 12 ALF AQL 19 48 24 + 8 44 RZ ARI 2 52 59.5 +18 07 47 "
AFGL 57585 23 19 44 +25 33 54 BET AQL 19 52 51,3 + 6 16 48 .'SI 79 S ARI 2 01 58.6 +12 17 28 "
AFGL 57595 23 19 49 --59 16 00 DEL AQL 19 22 58.5 + 3 03 48 " T ARI 2 45 31.9 + 17 18 06 "
AFGL 57605 23 20 11 +28 28 00 DY AQL 19 43 44,3--11 04 22 " "Vl"ARI 2 04 10 +15 02 34 GCVS
AFGL 57615 23 20 13 +26 41 30 EPS AQL 18 57 21.0 +14 59 55 " U ARI 3 08 15.9 +14 36 31 CSI 79
AFGL 57625 23 20 16 +25 39 48 ETAAQL 19 49 55.4+ 0 52 31 " VARI 2 12 18.1+12 00 23 "
AFGL 57635 23 20 34 +12 00 30 FF AQL 18 5601.1 +17 17 31 " AS 201 8 29 36 --27 35 AS

AFGL 57645 23 21 4_6 +55 53 _ GAM AQL 19 43 52.9 +10 29 23 " AS 205 16 08 41 --18 31 (30 GCVSAFGL 57655 23 21 +41 19 GAM AQL 19 43 55 +10 29 02 AS 209 16 46 26 --14 18 22 "
AFGL 57665 23 21 50 --17 34 48 GYAQL 19 47 25 -- 7 44 33 3CVS AS 210 16 48 12 --25 54 AS
AFGL 57675 23 21 59 +12 40 (20 RAP AQL 19 34 12.0-- 7 08 23 _SI 79 AS 222 17 10 50 --38 56
AFGL 57685 23 23 37 +27 33 30 NOVA AQL 1970 19 22 16 + 4 08 51 AS 225 17 17 31 --37 57
AFGL 57695 23 25 19 +59 04 12 NOVA AQL 1975 19 15 26 + 4 41 43 3CVS AS 239 17 40 24 --22 45
AFGL 57705 23 25 37 +44 58 48 NOVA AQL 1982 19 20 50.1 + 2 23 35 _29901 AS 239 17 40 30.8 --22 44 16
AFGL 57715 23 26 24 -- 9 30 48 RAQL 19 03 57.6+ 8 09 09 _SI 79 AS 296 18 12 34 -- 020 AS
AFGL 57725 23 26 38 +59 27 42 RAQL 19 03 58.0+ 8 09 06 AS 299 18 14 09 --28 I1
AFGL 57735 23 28 16 +53 35 18 RRAQL 19 5458.0-- 2 01 12 AS 310 18 3045 -- 5 01

AFGL 57745 12330 16 +23 35 42 RR AQL 19 54 59.7- _ 01 06 2SI 79 AS 319 lg 40 40 -- 5 08AFGL 57755 23 31 06 + 5 56 54 RS AQL 19 56 23.9 01 01 " AS 320 18 41 34.9 -- 3 51 02 CSI 79
AFGL 57765 23 31 43 +12 40 30 RTAQL 19 35 36.0 +11 36 16 AS 327 18 50 15 --24 26 AS
AFGL 57775 23 32 09 +51 52 18 RTAQL 19 35 38.3+11 35 02 _SI 79 AS 341 19 07 19 -- 2 52
AFGL 57785 23 33 51 --69 54 42 RU AQL 20 1000.1 +12 50 59 " AS 353 19 18 10 +10 56
AFGL 57795 23 34 44 +46 49 54 RV AQL 19 38 17.1 + 9 48 46 " AS 353A "
AFGL 57805 23 35 06 +71 05 48 S AQL 20 09 19.3 +15 28 12 " AS 360 19 43 38 +18 29
AFGL 57815 23 3510 +55 33 00 SYAQL 20 04 43.0+1248 10 AS 374 19 57 16 +31 19
AFGL 57825 23 37 24 +51 47 36 SY AQL 20 04 44.6 +12 48 30 _SI 79 AS 422 0 30 18 +40 38

AFGL 57835 23 38 58 --18 16 30 THE AQL 20 08 43.4-- 70 58 15 " AS 441 0 44 58 +43 34AFGL 57845 23 41 22 + 004 18 UAQL 19 26 39.9 08 52 " AS 442 04552 +43 35
AFGL 57855 23 41 47 +29 05 12 UVAQL 18 56 17.0+14 17 53 " AS 501 2 55 39 +58 31
AFGL 57865 23 46 32 +68 25 36 UWAQL 18 55 00.2+ 0 23 16 " AS 513 3 41 06.5 +61 39 02 CSI 79
AFGL 57875 23 47 37 +60 48 36 V AQL 119 01 43.9 -- 5 45 37 " AB AUR 4 52 34.4 +30 28 22 760504
AFGL 57885 23 48 18 +48 43 54 VX AQL 18 57 29 -- 1 37 57 GCVS AE AUR 5 12 59.8 +34 15 26 779907
AFGL 57895 23 48 59 +29 26 54 V347AQL 19 05 33 + 6 13 13 " AFAUR 5 45 03.7 +44 51 21 CSI 79
AFGL 57905 23 50 11 --16 43 30 V450 AQL 19 31 17.9 + 5 21 22 _SI 79 ALF AUR 5 12 59.4 +45 56 56
AFGL 57915 23 51 10 +53 19 06 V492 AQL 18 56 58 + 5 18 31 OCVS AZ AUR 5 57 38.9 +39 40 13
AFGL 57925 23 51 20 + 0 17 24 V536AQL 19 36 34 +10 23 21 " BSAUR 6 0107 +28 28 02 GCVS
AFGL 57935 23 52 06 --31 0054 V603AQL 18 46 21.0+ 0 31 10 3SI 79 CHIAUR 5 29 28.2 +32 09 24 CSI 79
AFGL 57945 23 53 31 --22 21 54 V733 AQL 19 55 10.4 + 10 54 30 " EPS AUR 4 58 22.4 +43 45 03
AFGL 57955 23 53 36 --22 13 12 V844 AQL 19 04 30.9 + 7 04 22 " ETA AUR 5 03 00.2 +41 I0 07
AFGL 57965 23 54 09 +26 04 36 V915 AQL 19 00 49.9 +12 10 39 " FU AUR 5 44 54.9 +30 36 52
AFGL 57975 23 55 08 +49 39 54 V923 AQL 19 28 03 + 3 20 16 GCVS GM AUR 4 52 00 +30 17 11 GCVS
AFGL 57985 23 57 38 +19 57 06 V925 AQL 19 39 41 +11 43 10 " HH AUR 5 36 17.9 +29 48 24 CSI 79
AFGL 57995 23 58 26 +38 12 42 WAQL 19 12 41.6-- 7 08 08 CSI 79 IOTAUR 4 53 43.9 +33 05 18 "
AFGL 58005 23 59 03 --51 40 18 X AQL 19 48 59.0 + 4 20 28 " KR AUR 6 12 35 +28 35 I8 GCVS
ALDEBARAN 4 33 02.9 +16 24 36 CSI 7_. Z AQL 20 12 31.0 -- 6 18 16 " LAM AUR 5 15 37.2 +40 03 23 CSI 79
ALGOL 3 04 54.4 +40 45 52 77990'_ 58 AQL 19 52 11.0 + 0 08 29 " LO AUR 5 53 34 +48 22 36 GCVS
ALLEN IRS 6 38 24.9 + 9 32 29 72030_ AE AQR 20 37 33.9 -- 1 02 53 " NO AUR 5 37 26.9 +31 53 42 CSI 79

AB AND 23 09 08.7 +36 37 19 CSI 7_ ALF AQR 22 03 12.9 -- 0 33 47 " NUU AUR 5 48 01.3 +39 08 08 "

AE AND 0 40 20 +41 32 46 GCV_ BET AQR 21 28 55.6- 7547 30 " PSI 1 AUR 6 21 02.9 +49 18 57 779907AF AND 0 40 49 +40 55 52 " CH[ AQR 23 14 15.3 -- 59 56 " PSI 9 AUR 6 52 50.4 +46 20 21 CSI 79

ALF AND 0 05 47.7 +28 48 50 CSI 7! EPS AQR 20 44 58.2 - _ 40 46 " R AUR 5 13 15.1 +53 31 57 779907AQAND 0 2452.5 +35 18 40 77990"; GAMAQR 22 1904.3 -- 38 23 " RTAUR 6 2521.2+30 31 32 CSI 79
BET AND I 06 55.3 +35 21 20 CSI 7! LAMAQR _2 50 (30 -- 7 50 37 RUAUR 5 36 42.6 +37 36 44

BMAND 23 35 13 +48 07 36 GCV[ LAMAQR 12 50 00.3-- 7 50 45 CSI 79 RWAUR 5 04 37.6 +30 20 13DEL AND 36 38.7 +30 35 14 CSI 7! OMI AQR :'2 00 43.6 -- 2 23 49 " S AUR 5 23 48.0 +34 06 51
EPSAND 0 3554.3+29 02 25 " PHIAQR Z3 1143.9-- 6 19 06 " SUAUR 4 5247.8+30 29 19 760504
EW AND 23 24 35.2 +49 14 28 77990'_ PI AQR Z2 22 43.3 + 1 07 21 " THE AUR 5 56 18.6 +37 12 38 CSI 79

EY AND 23 42 32 +43 38 Sl GCV_ R AQR Z3 41 14.1 -- 15 33 40 " TX AUR 5 05 39.2 +38 56 21 7799(37GAM AND 00 49.1 -I-42 05 25 CSI 7! RR AQR Z1 12 24.0 -- 3 06 40 "" U AUR 5 38 SI.O +32 00 46 CSI 79
GAM 1AND .... RSAQR 21 08 21.1- 4 13 58 " UUAUR 6 33 06.6 +38 29 16 779907

LAM AND 23 35 06.6 +46 11 11 77990" RT AQR Z2 20 27.6 --22 18 34 " I.IV AUR 5 18 33.3 +32 27 51
MUU AND 0 53 58.1 +38 13 42 CSI 7_ S AQR 22 54 25.7 --20 36 37 " UY AUR 4 48 36.0 +30 42 21 CSI 79
NUU AND 0 47 02.7 +40 48 24 " SS AQR 22 17 13.4 --14 39 12 " V AUR 6 20 16.9 +47 43 47

OMI AND 22 59 36.9 +42 03 25 77990' SZ AQR Z2 40 07.6 -21 26 27 " W AUR 5 23 31.3 +36 51 40 779907PHI AND 06 35.3 +46 58 32 CSI 7 T AQR 20 47 18.0 -- 5 19 59 " X AUR 6 08 19.4 +50 14 26
R AND 0 21 23.0 +38 18 03 77990' THE AQR 22 14 11.7 -- 8 01 57 " ZET AUR 4 58 58.6 +41 00 17 CSI 79

RRAND 04839.9+3405 30 CSI 7 WAQR 20 43 47.5- 4 16 04 " 16AUR 5 14 53.5 +33 19 16
RU AND 1 35 40.7 +38 25 (30 77990' X AQR 22 15 57.3 --21 09 02 " A0035 0 35 00 --33 52 30

RW AND 0 44 36.6 +32 24 46 " Y AQR 20 41 47.2 -- 5 01 00 " A0202--06 2 02 01.4 -- 6 26 18
RX AND 1 01 45,9 +41 01 56 " Z AQR 23 49 40.0 --16 07 56 " A0311-25 3 11 30.2 --25 22 23
ST AND 23 36 16.1 +35 29 44 " ZET AQR 22 26 15.4 _ 0 16 35 " A0316--26 3 16 23.8 --26 01 05
SU AND 0 02 01.7 +43 16 23 " ZET AQR A .... A0419-21 4 19 04.0 --21 57 42
SV AND 0 01 45.5 +39 49 55 " ZET AQR B 22 26 15.2 -- 0 16 33 " A0620--00 6 20 11.2 -- 0 19 10 769904

T AND 0 19 46.3 +26 43 09 CSI 7 ZET AQR. B(A) .... A0945--30 9 45 28 --30 43 36 809909
UAND 1 1237.7+40 27 19 77990' ZETAQR B(B) .... AI718+49A 17 1735.6+49 56 00 769909

UPS AND I 33 51.1 +41 09 21 CSI 7 3 AQR 20 45 05.9 -- 5 12 42 " A2020-44 20 20 --44 ED
UX AND 2 30 13.1 +45 26 06 77990 AQUILA REGION 19 17 +15 00 ED A28
UZ AND 1 13 20.7 +41 28 33 " AQUILA REGION 19 30 +11 36 A30 8 4400 +18 04 P-K

V AND 0 47 22.5 +35 22 51 " ARA #A 16 43 25.7 --45 45 17 A36 13 37 57.8 -- 19 37 33 769910

VX AND 0 17 15.0 +44 25 56 " ARA #A 16 43 27.1 --45 45 _._ A43 17 51 11.1 +10 37 57 "VY AND 22 59 33.2 +45 37 (30 CSI 7 ARA #ALF 16 43 17 --45 48 ED A46 18 29 18.0 +26 54 05 739909
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NAME RA (1950) DEC POSRE NAME RA (1950) DEC POSF NAME RA (1950) DEC POS REF
h m | * ' " h m s ° ' • h m s * , •

A63 19 39 55.2 +16 58 00 76991C BD+30 2611 15 04 48.0 +30 12 06 " BD--18 4320 16 42 34.5 --19 02 46
A370 BD+30 3526 19 1944.1 +31 03 58 " BD--18 4489 17 1633.5--18 54 13
AI246 BD+30 3639 19 3247.4+30 24 20 " BD--19 967 4 3407.3 --19 22 49 BD
A1759 BD+31 643 3 41 25.7 +32 00 21 " BD--19 4708 17 45 43.7--19 45 50 CSI 79
B #38 BD+31 643AB " BD--19 4907 18 1046.1 --19 16 00 BD
B #64 BD+31 653 3 45 18.3 +32 09 20 " BD--19 5039 18 28 31.7 --19 20 29 CSI 79
B #67 BD+31 689 3 58 47.6 +31 50 48 " BD--19 5077 18 32 26.5--19 18 33 "
B #70 BD+31 1049 5 3726.9+31 53 42 " BD--19 5250 "18 55 33.0 --19 14 42
B #73 BD+32 666 3 44 17.4 +33 10 15 " BD--19 5255 18 56 27.3--19 20 51
B SUPERGIANT 20 40 48.7 +42 45 46 BD+32 1113 5 49 02,4 +32 32 28 " BD--20 5056 18 12 25.3 --20 47 50 BD
B 4 #80 BD+33 706 3 40 46.0 +34 01 30 " BD--20 5118 18 20 20.9 --20 40 47 CSI 79
B 35 5 41 56.7 + 9 10 00 BD+33 743 3 52 53.6 +34 14 30 " BD--21 4897 18 09 21.5 --21 07 35
B 35 ANON 5 40 46.1 + 9 I1 56 ED BD+33 753 3 57 09.7 +34 12 08 " BECKLINS STAR 5 32 46.8- 5 24 17 670701
B 35 IRSI 5 41 24.6 + 9 08 00 BD+35 3955 20 04 05.9 +35 39 10 " BETELGEUSE 5 52 27.7 + 7 23 56 CSI 79
B 35 IRS2A 5 41 31,9 + 9 09 29 BD+35 4077 20 19 17.4 +35 27 34 " BICON. NEB A 20 22 03.2 +42 02 40
B 35 IRS2B 5 41 33.0 + 9 09 45 BD+35 4138 20 27 00.5 +35 22 23 " BIPOLAR NEB 12 41 55 -54 14 54
B 35 IRS3 5 41 38.8+ 9 10 50 BD+36 724 3 30 42.9 +36 50 15 " BL L 17 5001 --30 17 36 789908
B 35 IRS4 5 4144,3+ 909 57 BD+36 746 3 41 56.3 +37 14 00 " BL Q 17 5125 -28 12 18
B 35 IRS5 5 41 53,3 + 9 15 09 BD+36 2147 I1 00 36.5 +36 18 19 " BL2--1 22 18 28.0 +57 59 01 819914
B 35 IRS6 42 04,5 + 9 I1 56 BD+37 782 3 28 48.6 +37 39 42 " BL3--5 17 39 06 --30 25 30 819916
B 35 IRS7 4208.3+ 9 19 05 BD+38 1162 5 23 34.8 +30 57 14 BD BL3--10 17 5209 --29 57 30 789908
B 35 IRS8 42 09,3 + 9 15 47 BD+38 4003 20 17 08.2 +38 50 47 CSI 7 BL3-- 11 17 45 07.5 --27 59 49 769910
B 35 IRS9A 42 12,1 + 9 13 50 BD+39 1070 4 44 51.0 +39 51 40 " BL3-- 13 17 52 50.7 --29 10 53
B 35 IRS9B 42 12.6 + 9 13 30 BD+39 1328 5 28 44.3 +40 01 48 " BN 5 32 46.7-- 5 24 17
B 35 IRSI0 42 13.7 + 9 14 16 BD+39 4926 22 43 55.3 +39 50 37 " BN 5 32 46.8-- 5 24 17 670701
B 133 19 03 30 -- 6 58 00 BD+40 4124 20 18 42.5 +41 12 20 " BN OBJECT ED
B 133 2'E,2'S 19 03 38 -- 7 00 00 ED BD+40 4219 20 30 26.3 +41 16 57 " BN SOURCE 670701
B 133 2'W,2'N 19 03 22 -- 6 56 00 " BD+40 4220 20 30 34.8 +41 08 04 77990 BN 12"S 5 32 46.8-- 5 24 29 ED
B 134 19 04 15 -- 5 19 36 BD+40 4227 20 31 27.3 +41 08 31 CSI 7 BN 16"S,4"E 5 32 47.0-- 5 24 33 "
B 163 21 40 39 +56 30 00 BD+40 4243 20 33 59.1 +41 11 48 " BN 6"S.I"E 5 32 46.9-- 5 24 23 "
B 179 BD+41 3306 19 17 22.0 +41 33 03 " BN 6"S,Y'E 5 32 47.0 -- 5 24 23 "
B 180 BD+41 3731 20 22 31.7 +42 08 14 " BN--KL 5 32 46.7-- 5 24 16 "
B 227 6 04 31 +19 28 30 BD+41 3804 20 31 58.6 +41 22 39 " BN--KL 5 32 46.7 -- 5 24 34 670701
B 234 13 00 42.5 +36 07 34 789905 BD+41 4021 21 07 46.4 +42 13 44 " BO 11 IRS1 10 45 32.2 --59 48 24
B 264 12 59 30.9 +32 21 58 689904 BD+41 4064 21 14 16.0 +42 19 52 " ALF BOO 14 13 22.7 + 19 26 30
B 267 BD+42 1065 4 44 59.8 +43 43 36 BD BET BOO 15 00 03.6 +40 35 12 CSI 79
B 272 13 01 34.6 +37 30 07 789905 BD+43 44A 0 15 30.9 +43 44 21 2SI 7! DEL BOO 15 13 29.0 +33 30 00
B 335 19 34 35 + 7 27 30 BD+43 1131 4 52 28.9 +43 24 53 " EPS BOO 14 42 47.9 +27 17 04
B 335 0.2M W 193423 +72730 ED BD+43 I183 50229.7+435214 BD ETA BOO 135218.1+183850 "
B 335 0.5M E 19 35 05 + 7 27 30 " BD+43 3477 20 03 15.6 +43 28 10 "' LAM BOO 14 14 28.9 +46 19 01
B 335 I.IM E 19 35 41 + 7 27 30 " BD+43 4108 21 58 35.1 +43 51 51 _SI 7! R BOO 14 34 59.2 +26 57 08
B 340 13 04 48.0 +34 40 24 789905 BD+43 4109 21 58 38.7 +43 47 43 " RHO BOO 14 29 40.3 +30 35 23
B 361 21 1040 +47 10 30 BD+44 1005 4 53 10.7 +46 02 02 BD RR BOO 14 45 08.3 +39 31 30
B 361 2'E 21 10 52 +47 10 30 ED BD+44 4014 21 58 12.3 .+45 21 33 _S[ 7! RV BOO 14 37 09.3 +32 45 15 779907
B 361 2"W 21 10 28 +47 10 30 " BD.+46 3471 21 50 39.6 +46 59 20 " RW 8OO 14 39 06.1 +31 47 05 CSI 79
B 361 4'W 21 10 16 +47 10 30 " BD+47 3487 21 34 01.3 .+47 41 15 " RX BOO 14 21 56.6 +25 55 47
B 361 6'W 21 I000 +47 I0 30 " BD+48 1958 11 34 42.6 +47 44 22 " RXBOO 14 2158.0+25 55 54
B 382 BD+52 1601 11 57 24.9 +52 02 58 " S BOO 14 21 12.4 +54 02 13 779907
B 1985 7 31 30.0 --14 24 50 2SI 79 BD+52 3147 22 I1 43.7 +53 22 20 " SIG BOO 14 32 30.1 +29 57 40 CSI 79
B 5481 21 17 52.6 +58 24 40 " BD+54 651 3 10 13.4 +54 44 58 " THE BOO 14 23 29.5 .+52 04 50 "
BARNARDS STAR 17 55 22.9 + 4 33 18 " BD+54 739 4 04 58 +55 01 12 IRC U BOO 14 52 00.7 +17 53 52
BD+ 0 1694 6 52 07.3 + 0 00 52 BD.+54 1323 9 38 53.9 +53 42 09 ,SI 7_. UPS BOO

13 4703.7+16 (_ 41BD+ 0 4030 18 47 51.3 + 0 43 45 BD BD+54 2698 22 09 45.9 +55 01 13 " V BOO 14 27 44.1 +39 59 779907
BD+ 1 2341P 9 38 10.4 + I 15 31 2SI 79 BD+55 388 1 39 45.9 +56 15 40 " W BOO 14 41 13.3 +26 44 20 CSI 79
BD+ 1 2916 14 19 12.1 + 1 00 38 " BD+55 529 2 06 48.4 +56 19 24 r79907 X[ 8OO A 14 49 04.7 +19 18 25
BD+ 1 3694 18 27 52.3+ I 11 15 " BD+55 778 3 23 +56 16 ED Z8OO 140404.2+13 43 20
BD+ 2 1451 6 50 51.3 + 1 56 08 " BD+56 563 2 18 11.2 +56 53 46 _SI 7_. 44 I BOO 15 02 10.4 +47 50 52 779907
BD+ 2 2957 15 22 29.0.+ I 41 06 BD+56 595 2 19 37.5 .+56 58 19 " BPM 4729 7 52 47 --67 38 BPM
BD.+ 2 3336 17 28 51.7 + 2 00 42 2.SI 79 BD+56 597 2 19 50.4 +56 59 05 " BRETZ 3 6 05 44 .+18 08 41 729902
BD+ 3 2954 14 52 23.2+ 3 I1 33 BD+56 609 2 21 46.9 +57 12 42 " BRETZ4 6 1020 -- 6 13 "
BD.+ 4 3561 17 55 28.0 + 4 15 05 ;SI 79 BD+56 624 2 23 05.7 +56 52 05 " BRUN 2 5 30 18.4 -- 4 59 42 CSI 79
BD+ 4 4048B 19 14 31.9 + 5 04 42 " BD+57 258 16 43.9 +58 02 47 '79907 BRUN 17 5 30 25.2 -- 5 11 19
BD.+ 5 168 1 1708.4+ 5 53 57 " BD+57 524 2 1140.5.+57 54 35 "SI 75 BRUN 19 5 30 27 -- 4 36 42 829909
BD+ 5 593 4 05 36.6 + 6 04 44 " BD+57 550 2 18 08.1 +57 38 06 '79907 BRUN 21
BD+ 5 1198 6 18 07.9.+ 5 45 48 " BD+57 641 2 45 24.0 .+57 48 20 ,'SI 79 BRUN 25 5 30 28.6- 4 36 00 CSI 79
BD+ 6 319 2 0000.2 + 7 26 II " BD+57 647 2 47 18.7 +57 38 59 " BRUN 29
BD+ 8 2654 12 49 57.5 + 7 28 43 " BD+58 342 1 55 00.5 +59 01 33 " BRUN 43
BD+ 9 880 5 32 24 +10 GO28 BD BD+58 373 2 03 41.1 +58 33 CO "' BRUN 50 5 30 39.9- 5 22 27 CSI 79
BD+ 9 1330 6 37 39.6 + 9 49 04 BD+58 445 2 16 44.0 +59 26 32 " BRUN 59 5 30 45.7 -- 4 40 06 "
BD+ 9 2870 14 14 01.9 + 8 41 44 ,SI 79 BD+58 1218 9 49 07.7 .+58 09 05 " BRUN 60
BD+ 9 3920 18 52 19.7 + 10 03 23 BD BD+58 2249 21 17 52.6 +58 24 40 " BRUN 62 30 48.7 -- 4 23 13 CSI 79
BD+ 10 1085 6 16 13.0 +10 20 49 ;SI 79 BD&59 274 30 09.3 +60 23 24 " BRUN 70
BD+I0 2179 I0 36 17.2 +10 19 25 " BD+59 319 43 34.3 +60 07 22 " BRUN 100 5 31 02.4 -- 6 05 40 CSI 79
BD+I0 3721 18 52 07.3 .+10 34 06 " BD+59 372 56 07.3 +60 00 42 " BRUN 111 5 31 06.3 -- 5 07 02 749905
BD+I2 3703 18 51 20.4+12 46 39 BD BD+59 580 5646.7 +59 46 15 " BRUN 131
BD+I3 II10 6 04 01.9 +13 36 II _SI 79 BD+59 594 03 42.3 +60 17 52 " BRUN 145 5 31 22.3 -- 5 34 06 CSI 79
BD+I3 1212 6 18 12.0 +13 56 38 " BD+59 618IRS2 12 48.0 +59 44 53 BRUN 161 5 31 27.9-- 5 38 20
BD+I3 1994 8 45 54.6 + 12 43 57 " BD+59 2541 22 32 +60 22 ED BRUN 162 5 31 28.0 -- 5 40 41
BD+I4 3887 19 19 17.3 +14 47 08 " BD+60 261 1 29 12.3 +60 52 21 _,SI79 BRUN 218
BD+15 635 4 27 13.6 +16 03 47 " BD+60 335 I 42 38.9 +60 44 36 " BRUN 224
BD+ 16 625 32 09.3 + 17 05 54 " BD+60 478 2 23 44.1 +60 29 48 " BRUN 238
BD+ 17 734 26 37.6 +17 47 04 " BD+60 497 2 28 08.3 +61 23 27 " BRUN 243 5 31 55.9 -- 4 50 12 CSI 79
BD+ 17 3325 17 43 29.6 + 17 13 58 " BD.+60 2522 23 18 31.7 .+60 55 13 " BRUN 246 5 31 57.5 -- 4 24 11
BD+ 17 4282 20 15 58.7 + 18 10 15 " BD+61 40 0 17 41.2 +62 07 08 " BRUN 281 5 32 03.9 -- 4 31 11
BD+17 4708 22 09 05.5 +17 50 40 " BD+61 154 0 40 21.7 +61 38 12 " BRUN 295 5 32 06.6 -- 5 04 56
BD+I9 1183 5 59 56.1 +19 28 54 BD BD+61 219 1 0708 +62 15 00 IRC BRUN 300 5 3203 -- 5 48 779904
BD+19 3109 16 27 13.9 +19 36 48 '.SI 79 BD+61 2068 20 52 17.7 +61 58 33 S[ 79 BRUN 304 5 32 02.9-- 5 44 45 CSI 79
BD+22 1808 7 52 11.4 +21 48 12 " BD+61 2352 22 47 53.9 +62 04 00 "' BRUN 312
BD+22 3840 19 50 20.5 +22 19 24 " BD+63 3 0 06 47.7 .+63 40 31 " BRUN 328 5 32 10 -- 5 12 779904
BD+23 1138 5 56 22.7 +23 43 36 " BD+63 261 I 53 49.5 +63 47 50 " BRUN 330 5 32 14.6 -- 4 25 26 CSI 79
BD+23 1240 6 20 21.5 +24 19 00 BD BD.+63 2073 23 51 26.2 .+63 59 46 " BRUN 342 5 32 15.5 -- 5 09 46
BD+23 2998 16 45 18.1 +23 18 13 S[ 79 BD+64 1842 23 39 50.4 +65 22 30 " BRUN 352
BD+23 3745 19 40 4L9 +23 20 37 " BD+65 1055 15 27 18.9 +65 35 33 " BRUN 359 5 32 15 -- 5 20 779904
BD+24 1072 5 59 43.9 +24 54 47 " BD+65 1637 21 41 42.9 .+65 52 36 " BRUN 388 5 32 19.6-- 5 36 09 CSI 79
BD+24 3866 19 43 34.7 +25 00 12 " BD+65 1638 21 41 50.9 +65 52 07 " BRUN 405 S 32 22.4 -- S 20 32
BD+24 3881 19 44 56.5 +24 43 28 " BD+68 946 17 36 42.3 .+68 23 05 " BRUN 414 5 32 20.5 -- 6 01 47
BD+24 3902 19 48 04.7 +24 49 30 " BD-- 0 1050 5 38 04.2 -- 0 19 30 "' BRUN 417 5 32 22.3 -- 6 02 17
BD+25 1131 6 05 41.9 +25 39 17 " BD-- 0 4234 21 29 36 + 0 00 BRUN 430 5 32 24.9 -- 5 34 56
BD+25 1981 8 41 27.9 +24 58 58 " BD-- 4 4225 17 02 27.9 -- 4 58 39 SI 79 BRUN 437 5 32 27.9 -- 4 47 51 "
BD+25 4097 20 03 43.7 +25 27 23 " BD-- 5 1318 5 32 53.2 -- 5 23 29 BRUN 440 5 32 30.3 -- 4 23 08 "
BD+27 2174 124644.7+270924 " BD-- 54743 184157.6-- 50722 BD BRUN 442 53227.1-- 53147 "
BD+27 2178 12 48 05.4 +27 28 05 " BD-- 6 4827 18 37 28.3 -- 6 39 59 BRUN 454 5 32 28.2 -- 4 33 47 "
BD+27 2183 12 49 54.2 +27 15 15 " BD-- 8 4645 18 33 37.5 -- 8 55 01 BRUN 464 5 32 30.9 -- 5 06 58 "
BD+27 2187 12 50 36.3 +27 03 59 " BD-- 9 1649 6 45 00.4-- 9 54 22 SI 79 BRUN 466 5 32 32 -- 5 27 13 GCVS
BD+27 2188 12 51 15.6 +27 15 40 " BD-10 1839 7 01 02.9 --10 38 11 BRUN 472 5 32 35.0-- 4 24 58 CSI 79
BD+27 2189 12 51 29.6 +27 03 02 " BD-- 10 4662 18 12 22.9 -- 10 14 54 BD BRUN 479 5 32 32.9 -- 5 07 39 "
BD+27 2190 12 5! 52.9 +27 21 03 " BD--10 4738 18 42 40.4 --10 57 05 BRUN 480

-" BD+27 3687A 19 22 38 +22 40 48 BD-11 3841 114 5 32 36.5-- 445 47 "55 02.5 --12 14 13 SI 79 BRUN 482 5 32 34.2-- 6 02 26 "
BD+28 834 5 0848.6+29 27 09 BD BD--I1 4747 _18 44 18 --I1 44 BRUN 486 3240 -- 4 45 779904
BD.+28 2153 12 46 51.3 +27 49 26 S[ 79 BD-12 2669 8 44 21.3 --13 09 59 _,I79 BRUN 490
BD+28 2154 12 48 49.7 +27 36 45 " BD--13 3407 11 33 10.9 --14 18 58 BRUN 493 5 32 35.9 -- 6 02 (30 CSI 79
BD+28 2155 12 49 01.5 +27 30 19 " BD--13 4930 18 16 02.3 --13 50 56 BRUN 497
BD+28 2156 12 49 15.7 +27 48 45 " BD-14 1971 7 31 30.0 -14 24 50 BRUN 502 5 32 38.4-- 5 14 08 CSI 79
BD+28 2162 12 51 44.5 +27 34 14 " BD--14 5037 18 22 14.9 --14 40 .:tO BRUN 508 5 32 36.9 -- 6 CO 55 749905
BD+28 2167 12 52 42.7 +28 02 16 BD--14 5105 18 30 32.5 --14 08 45 BRUN 510
BD+28 2169 12 54 26.4 +28 04 24 BD--15 4221 15 54 15.0-15 53 24 BRUN 520 5 32 40.6- 5 54 O1 CSI 79
BD+29 3730 19 4343.9+30 08 Ol BD--16 4816 18 1734.4--16 13 23 BRUN 529 5 3244.7-- 4 37 33
BD+30 2512 14 1947.7+29 51 39 BD--16 5440 19 4542.7--16 17 20 BRUN 5_JO 5 3242.4-- 5 29 45
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NAME RA (1950) DEC POSRE| NAME RA (1950) DEC POSREF NAME RA (1950) DEC POSREF
h m i • , . ms

BRUN 541 BS 434 27 33.7 + " BS 1309 4"1051.3 +5"53'
m i

7"35' 2]
BRUN 545 5 32 45.3-- 4 53 31 CSI 79 BS 437 2848.1+15 05 18 " BS 1318 4 12 00.7--10 22 43 "
BRUN 552 5 32 44.1 -- 5 57 29 " BS 458 33 51.1 +41 09 21 " BS 1325 4 12 58.1 - 7 43 45 "
BRUN 581 5 32 46.9 -- 5 51 28 ') BS 464 34 54.6 +48 22 32 " BS 1326 4 12 20.5 --42 24 59 "
BRUN 582 5 32 48.9-- 4 43 34 " BS 472 35 51.3 --57 29 24 " BS 1327 4 15 56.9 +65 01 15 "
BRUN 598 5 32 48.9-- 5 25 13 " BS 483 38 43.7 +42 21 48 " BS 1336 4 13 46.5 --62 35 54 "
BRUN 599 5 32 52 - 443 779904 BS 489 38 49.5+ 5 14 06 " BS 1346 4 16 56.6+15 30 29 "
BRUN 604 BS 493 39 46.5 +20 01 33 " BS 1347 4 15 59.9 --33 55 08 "
BRUN 608 5 3250.2-- 5 05 46 CSI 79 BS 495 4013.1+45 04 15 " BS 1355 4 15 36.9 --59 25 17 "
BRUN 621 5 32 48.9 -- 6 03 50 " BS 496 40 30.7 +50 26 15 " BS 1373 4 20 02.7 + 17 25 35 '"
BRUN 631 5 32 53.7-- 4 27 20 " BS 509 41 44.6--16 11 59 " BS 1393 4 22 09.3 --34 07 53
BRUN 632 5 32 53.3 -- 4 31 30 " BS 510 42 45.0 + 8 54 23 " BS 1407 4 25 34.6 +16 14 57
BRUN 643 BS 512 39 08.9--83 13 47 BS 1409 4 25 41.5 +19 04 15 "
BRUN 653 5 3253.5-- 5 I1 01 CSI 79 BS 519 4408.3--51 03 56 CSI 79 BS 1411 4 2542.9+15 51 09
BRUN 655 5 32 53.2-- 5 23 29 " BS 519 44 08.4 --51 03 57 BS 1412 4 25 48.2 +15 45 40
BRUN 659 5 32 55.0-- 4 52 09 " BS 539 48 59.3--10 34 51 CSI 79 BS 1423 4 26 4%4 --13 09 24
BRUN 682 5 32 55.3-- 5 26 49 " BS 542 5046.3 +63 25 29 " BS 1453 4 31 32.7 --29 51 59
BRUN 708 BS 544 :$0 13.3 +29 20 09 " BS 1454 4 33 13.0 +41 09 49 "
BRUN 714 5 32 58,9 -- 5 26 51 CSI 79 BS 553 51 52.3 +20 33 50 " BS 1457 4 33 02.9 +16 24 36
BRUN 720 5 32 59.2 -- 5 50 01 " BS 585 57 38,9 --21 19 08 " BS 1457 4 33 02.9 + 16 24 38
BRUN 721 5 32 59.1 -- 5 56 27 " BS 587 57 57.7 -- 8 45 53 " BS 1464 4 33 36.3 --30 39 47 CSI 79
BRUN 722A(SW) 5 33 02.3 -- 4 23 42 " BS 591 57 11.6 --61 48 45 " BS 1481 4 35 53.3 --14 24 (30
BRUN 734 5 33 01.0-- 5 28 11 " BS 601 59 53.3 +13 14 10 " BS 1496 4 38 15.1 --19 45 57
BRUN 736 5 33 03.0 -- 4 56 05 " BS 602 59 42.1 --44 57 12 " BS 1502 4 38 56.9 --41 57 28
BRUN 747 5 33 03.7 -- 5 17 53 " BS 603/4 00 49.1 +42 05 25 " BS 1543 4 47 07.3 + 6 52 31
BRUN 749 BS 612 02 15.0--29 32 08 " BS 1552 4 48 32.3 + 5 31 15
BRUN 760 5 33 03.9 -- 5 27 07 CSI 79 BS 617 04 20,9 +23 13 35 " BS 1556 4 49 42.0 +14 10 07
BRUN 761 5 33 05.2 -- 4 52 06 " BS 618 05 09.7 +58 I1 12 " BS 1577 4 53 43.9 +33 05 18
BRUN 767 5 33 04.1 -- 5 34 53 " BS 622 06 33.5 +34 45 05 " BS 1580 4 53 33.3 +13 26 12
BRUN 776 5 33 06.3 -- 5 08 12 " BS 648 10 19.3 +15 02 46 " BS 1603 4 58 57.5 +60 22 18
BRUN 786 5 33 08.1 -- 5 14 04 " BS 649 10 20.7 + 8 36 46 " BS 1605 4 58 22.4 +43 45 03
BRUN 796 5 33 08.0-- 6 06 50 " BS 681 16 49,0 -- 3 12 12 " BS 1612 4 58 58.6 +41 00 17
BRUN 862 BS 686 2 7 25.0--42 04 39 " BS 1614 4 58 19.9 -- 5 48 37
BRUN 884 5 33 23.1 -- 5 30 17 CSl 79 BS 696 21 43.0 +56 23 03 " BS 1641 5 03 00.2 +41 10 07
BRUN 885 5 33 21 -- 5 42 779904 BS 718 25 29.7 + 8 14 12 " BS 1648 5 02 48.5 + 1 06 37
BRUN 907 5 33 26.9-- 5 38 49 CSI 79 BS 718 25 29.8+ 8 14 13 BS 1652 5 02 36.3 -35 33 00
BRUN 920 5 33 30.9-- 5 24 20 " BS 721 25 09.1 --47 55 38 CSI 79 BS 1654 5 03 20.5 -22 26 11
BRUN 929 5 33 33.9-- 4 46 52 " BS 721 2 509.2--47 55 39 BS 1663 5 03 39.7 --49 38 36
BRUN 940 5 33 37.6-- 4 27 21 " BS 740 29 42.9 --15 27 46 CSI 79 BS 1666 5 05 23.3- 5 08 57
BRUN 980 5 33 47.7 -- 5 40 40 " BS 788 39 04.9 +39 59 (30 " BS 1698 5 10 40.4 + 2 48 10
BRUN 982 BS 799 40 46.2 +49 01 06 " BS 1702 5 10 40.9-16 15 46

BRUN 1001 5 3402.2-- 5 47 58 " BS 818 4246.0-- 46 58 !! BS 1713 5 1207.9-- 8 15 27BRUN 1016 5 34 10.9 -- 5 09 39 " BS 824 44 55.4 +29 02 25 BS 1713 5 12 08.0 -- 8 15 29
BRUN 1018 5 34 10.8 -- 5 30 23 749905 BS 834 47 01.9 +55 41 22 BS 1729 5 15 37.2 +40 03 23 CSI 79
BRUN 1019 5 34 11.9 -- 5 21 32 CSI 79 BS 841 46 59.7 --32 36 53 " BS 1743 5 15 40.7 -34 56 34
BRUN 1037 BS 843 48 25.4 +34 51 18 BS 1744 5 13 47.3 --67 14 29
BRUN 1045 BS 850 48 46.1--21 12 31 BS 1748 5 17 03.1 -- I 27 42
BRUN 1048 BS 854 5041.7+52 33 32 BS 1763 5 1900.0+ 8 22 50
BRUN 1050 BS 857 5007.3 --12 58 14 " BS 1765 5 19 12.4 -- 0 25 47
BRUN 1051 5 34 32.6-- 6 11 01 CSI 79 BS 867 52 59.5 +18 07 47 " BS 1770 5 20 12.1 + 3 29 50

BRUN 1073 5 34 45 -- 5 42 779904 BS 874 2 3 58.9-- 9 05 44 i_ I BS 1784 5 21 32.1 - 7 51 07BRUN 1082 5 34 52 -- 4 42 " BS 897/8 56 21.9 --40 30 14 BS 1788 5 21 57.6 - 2 26 27
BRUN 1083 5 34 51 -- 5 34 " BS 911 59 39.7 + 3 53 39 " BS 1790 5 22 26.7 + 6 18 21
BRUN 1098 5 35 00.5 - 5 58 01 CS[ 79 BS 915 01 09.5 +53 18 43 " BS 1790 5 22 26.8 + 6 18 22
BRUN 1109 5 35 08.7-- 4 57 44 " BS 921 01 57.9 +38 38 52 779907 BS 1791 5 23 07.7 +28 34 00 CSI 79
BRUN 1112 BS 923 02 06.3 +40 23 18 CSl 79 : BS 1791 5 23 07.7 +28 34 02
BRUN 1117 BS 936 04 54.4 +40 45 52 779907 BS 1829 5 26 06.0 -20 47 52 CSI 79
BRUN 1129 5 35 25.2 -- 4 50 30 CSI 79 BS 937 05 26.7 +49 25 25 CSI 79 BS 1830 5 26 53.9 -- 3 29 03
BRUN 1131 5 3528 -- 4 49 779904 BS 941 0606.7+44 40 08 " BS 1839 5 2806.3+ 5 54 40
BS 3 0 02 46.5 -- 5 59 14 BS 951 08 45.9 +19 32 18 " BS 1842 5 28 36.9 + 3 15 19
BS 3 0 02 46.5 -- 5 59 15 CSI 79 BS 963 09 56,3 --29 11 08 " BS 1845 5 29 16.7 +18 33 31
BS 15 0 05 47.7 +28 48 50 " BS 977 I1 16.9 --57 30 29 " BS 1852 5 29 26.9 -- 0 20 Ol
BS 15 0 05 47.8 +28 48 52 BS 991 15 35.7 +34 02 27 " BS 1855 5 29 30.5 -- 7 20 11
BS 21 0 06 30.2 +58 52 26 779907 BS 1003 17 17.4 --21 56 18 " BS 1862 5 29 26.1 --35 30 21
BS 25 0 06 52.7 --46 01 22 CSI 79 BS 1003 17 17.5 -21 56 20 BS 1863 5 30 35.4 -- 1 45 06
BS 27 0 07 42.7 +45 47 37 " BS 1_06 16 40.8--62 45 58 BS 1865 5 30 31.3-17 51 22
BS33 00843.1--154431 " BS 1007 1829.6+32947 CS179 BS 1868 53059.0--11121
BS 39 0 10 39.3 +14 54 19 " BS 1008 17 55.7 --43 15 35 " BS 1876 5 32 04.3 + 9 27 25
BS 39 0 1039.4+14 54 21 BS 1008 1755.9--43 15 36 BS 1879/80 5 3222.9+ 9 54 10
BS 45 0 12_0.6+19 55 42 CSI 79 BS 1009 20 18.5 +64 24 33 CSI 79 BS 1893/4 5 32 48.9-- 5 25 13
BS46 01154.1--80329 " BS 1017 2044.3+494105 " ' BS 1897 53255.3--52649
BS 48 0 12 06.0 --19 12 33 " BS 1030 22 07.0 + 8 51 14 " BS 1899 5 32 59.1 - 5 56 27
BS 72 0 16 07.3 -- 8 19 42 " BS 1035 25 00.0 +59 46 04 " BS 1903 5 33 40.4 -- 1 13 54
BS74 01652.7--90601 " BS 1040 2554.1+584226 " BS 1907 53409.3+91553
BS 74 0 16 52.8 -- 9 06 03 BS 1052 27 02.2 +47 49 27 " BS 1908 5 34 17.4 +11 00 20
BS 77 0 17 28.7 --65 10 05 CSI 79 BS 1066 28 06.4 +12 45 59 " BS 1910 5 34 39.2 +21 06 49
BS 77 0 17 28.8 --65 10 07 BS 1069 28 57.7 +45 53 20 " BS 1925 5 37 16.7 +53 27 46
BS 85 0 19 14.4--20 20 05 CSI 79 BS 1084 30 34.3 -- 9 37 34 " BS 1931 5 36 13.9 -- 2 37 36
BS 88 0 20 18.0--12 29 15 BS 1084 3 0 34.4- 9 37 35 BS 1934 5 36 32.5 + 4 05 38
BS 90 0 21 23.0 +38 18 03 779907 BS 1101 34 19.0 + 0 14 38 CSI 79 BS 1938 5 37 2!.7 +31 19 57
BS 98 0 23 09.3 --77 32 07 CSI 79 BS 1105 37 47.6 +63 03 24 " BS 1948 5 38 13.9 -- 1 58 0(3
BS 98 0 23 09.4--77 32 09 BS 1105 37 47.7 +63 03 25 BS 1948/9 "
BS 109 0 25 58.7 --40 I1 25 CSI 79 BS 1106 35 17.9 --40 26 15 CSI 79 BS 1953 5 33 51.2 --76 22 40
BS 113 0 27 31.5 +59 42 04 " BS 1112 3834.3+59 48 36 " BS 1956 5 3750.2--34 05 57
BS 117 0 27 29.1 -- 4 13 59 " BS 1122 39 21.2 +47 37 45 " BS 1963 5 39 53.3 + I 27 05
BS 130 0 30 08.3 +62 39 21 " BS 1135 41 47.2 +42 25 19 " BS 1977 5 42 40.4 +20 40 32
BS 134 0 30 10.3 +28 00 15 " BS 1136 40 50.9 -- 9 55 51 " BS 1983 5 42 22.6 --22 27 46
BS 153 0 34 10.3 +53 37 19 " BS 1140 41 49.4 +24 08 (30 " BS 1995 5 45 4Z4 +39 09 57
BS 163 0 35 54.3 +29 02 25 BS 1142 41 54.0 +23 57 26 " BS 2004 5 45 22,9 -- 9 41 07
BS 165 0 36 38.7 +30 35 14 " BS 1144 42 10.3 +24 41 01 " BS 2011 5 47 37.7 +37 17 35 "
BS 166 0 36 45.3 +20 58 51 " BS 1145 42 13.5 +24 18 42 " BS 2012 5 48 01,3 +39 08 08
BS 168 0 37 39.3 +56 15 47 " BS 1149 42 50.7 +24 12 46 " BS 2015 5 44 40,9 --65 45 14
BS 179 0 39 15.7 +50 14 18 BS 1151 42 55.3 +24 23 58 " BS 2018 5 48 10,0 +32 06 43
BS 180 O 38 57.9 --46 21 32 BS 1155 3 44 55.1 +65 22 25 " BS 2020 5 46 05,9 --51 05 00 "
BS 188 0 41 04.7 --18 15 37 BS 1156 3 43 21.1 +23 47 38 " BS 2035 5 49 I0.1 --20 52 53
BS 193 0 41 55.6 +48 00 38 BS 1162 3 43 46.4--12 lS 25 " BS 2040 5 49 11.7 --35 47 08
BS 215 0 44 40.9 +23 59 42 BS 1165 3 44 30.3 +23 57 07 " BS 2047 5 51 25.1 +20 16 06 "
BS 219 0 46 03.6 +57 33 02 BS 1172 3 45 22.9 +23 16 07 " BS 2056 5 51 17.7 -33 48 40 "
BS 222 0 45 45.3 + 50Z 24 BS 1178 3 46 10.9 +23 54 06 " BS 2061 5 52 27.7 + 7 23 56 "
BS 224 0 46 05.0 + 7 18 47 BS 1180 3 46 12.3 +23 59 07 " BS 2065 5 52 23.4--11 46 55
BS 244 0 5003.9 +60 51 01 BS 1195 3 47 34.9 --36 21 01 " BS 2077 5 55 24.4 +54 16 59 "
BS 248 0 50 27,0- 1 24 54 BS 1195 3 47 34,9--36 21 02 BS 2085 5 54 07.5 --14 10 30 "
BS 258 0 52 17.0 +23 21 27 BS 1203 3 50 58.9 +31 44 11 CSI 79 BS 2088 5 55 51.5 +44 56 40 "
BS 263 0 53 10.7 -- 7 37 01 BS 1208 3 47 59.4 --74 23 32 " BS 2091 5 56 13,3 +45 56 03 "
BS 264 0 53 40.3 +60 26 47 779907 BS 1220 3 54 29.3 +39 52 01 " BS 2095 5 56 18.6 +37 12 38 '"
BS 284 0 57 13.9 + 6 12 48 CSI 79 BS 1228 3 56 42.7 +35 38 55 " BS 2102 5 53 42.9 --63 06 16 "
BS 294 I 00 20.6 + 7 37 16 - " BS 1231 3 55 41.6--13 38 57 " BS 2106 5 55 45,7 -35 17 13 "
BS 321 1 04 55.6 +54 40 32 BS 1239 3 57 54.3 +12 21 01 " BS 2113 5 57 33.1 -- 3 04 28 "
BS 322 I 03 51.3--46 59 08 BS 1239 3 57 54.4 +12 21 02 BS 2120 5 57 36.9-42 49 00 "
BS 334 1 06 04.3 --10 26 48 BS 1242 4 (30 16.2 +59 01 07 CSI 79 BS 2134 6 01 04.7 +23 16 03 "
BS 337 1 06 55.3 +35 21 20 BS 1247 3 57 56.9 --61 32 26 " BS 2135 6 (3056.9 +20 08 27 "'
BS 360 1 I1 01.6 +24 19 08 BS 1256 4 01 44.0 +21 56 47 " BS 2140 6 01 14.5 -26 16 58 "
BS 363 1 11 19.6 +28 15 57 BS 1264 4 00 10.0 --62 17 54 " BS 2142 6 01 47.5 -- 6 42 18 "
BS 382 1 16 55.0+57 58 08 BS 1264 4 03 I0.1 --62 17 55 BS 2199 6 0905.7 +14 13 17
BS 402 I 21 31.3 -- 8 26 26 BS 1286 4 07 46.0 +33 27 27 CSI 79 BS 2216 6 11 51.4 +22 31 21
BS 403 1 22 31.4 +59 58 33 BS 1302 4 09 09.3 --42 07 21 " BS 2219 6 12 11.4 +29 31 05
BS 423 I 24 39.9 --32 48 05 BS 1303 4 I1 12.9 +48 17 02 " BS 2227 6 12 24.9 -- 6 15 28
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b m i * f - m_| --32"53' 39 I h m • • , •BS 2249 6 13 53.7 --16 35 57 " BS 3282 8h1924.7 BS 4450 11 30 32.2 --31 34 50 "
BS 2256 6 1446.2--35 0"721 " BS 3294 8 2059.2--4819 43 BS 4450 I1 3032.3--31 34 51
BS 2263 6 15 18.9 --37 43 08 " BS 3304 8 23 25.3 +28 03 37 BS 4471 11 34 23.2-- 0 32 49 CSI 79
BS2284 61904.7--114454 " BS3314 82309.7-- 34430 BS4483 113552.9+ 82438 "
BS 2286 6 19 56.0 +22 32 27 " BS 3315 8 22 54,1 --23 52 57 BS 4494 11 37 43.4 --34 28 01
BS 2290 6 18 47.1 --48 42 50 BS 3319 8 23 58.0 +12 49 14 BS 4496 I1 38 25.2 +34 29 01 "
BS 2294 6 2029.7--17 55 45 CSI 79 BS 3323 8 2607.6+60 53 13 BS 4511 II 41 07.3 --62 12 41
BS 2296 6 20 17.0 --33 24 35 " BS 3357 8 28 44.7 +18 15 52 BS 4517 I I1 43 17.3 + 6 48 34
BS 2308 6 22 36.9 +14 45 03 " BS 3403 8 35 51.9 +64 30 15 BS 4518 I11 43 24.9 +48 03 22 "
BS 2318 6 2247.3--28 44 59 BS 3407 8 33 11.9-49 46 15 BS 4520 III 43 13.9-66 27 04
BS 2326 6 2250.4--52 40 03 CSI 79 BS 3418 8 3608.6+ 3 31 03 BS 4523 I1 4407.6--40 13 41
BS 2326 6 22 50.5 --52 40 03 BS 3426 8 35 53.0 --42 48 47 BS 4537. 11 _ _3.1 --'16 28 _6 CS| "/9

BS 2354 6 2405.4-63 23 52 CSI 79 BS 3427 8 37 13.9+20 11 07 BS 4534 [I_ 4630.5+14 51 04BS 2354 6 24 05.5--63 23 53 BS 3428 8 37 30.0 +19 50 52 BS 4540 48 05.3 + 2 02 46
BS 2361 6 26 18.7 --32 32 49 CSI 79 BS 3461 8 41 50.7 +18 20 20 BS 4546 11 48 38.1 -44 53 40
BS 2392 6 3026.2-11 07 40 " BS 3474/5 8 4340.4+28 56 38 BS 4550 11 5006.1 +38 04 38
BS 2405 6 33 06.6 +38 29 16 779907 BS 3482 8 44 07.6 + 6 36 08 BS 4552 111 50 22.6--33 37 46
BS 2421 6 3449.3 +16 26 36 CSI 79 BS 3484 8 4400.7--13 21 48 BS 4554 I1 51 12.5 +53 58 21
BS 2422 6 34 43.2 + 6 I042 " BS 3498 8 45 24.9 --56 35 06 BS 4562 11 52 39.2 +37 02 06
BS 2427 6 35 45.6 +42 32 04 " BS 3518 8 48 24.4 --27 31 23 BS 4586 II 57 44.3 +81 07 54
BS 2429 6 34 30.0 --19 12 42 " BS 3541 8 52 33.9 + 17 25 21 BS 4608 12 02 39.6 + 9 O0 36
BS 2443 6 35 41.3 --18 I1 32 " BS 3547 8 52 45.0 + 6 08 I1 BS 4618 12 05 29.2 --50 22 57
BS 2451 6 36 13.7 -43 09 03 " BS 3569 8 55 47.6 +48 14 21 BS 4630 12 07 32.9 --22 20 29
BS 2456 6 38 13.3 + 9 56 36 " BS 3576 8 58 03.9 +67 49 34 BS 4638 12 09 01.6 --52 05 24
BS 2467 6 39 18.1 + 6 23 38 " BS 3579 8 57 24.0 +41 58 55 BS 4660 12 12 57.5 +57 18 35
BS 2469 6 39 33,1 -- 9 07 02 " BS 3593 9 59 32.'; --42 58 36 BS 4662 12 13 13.7--17 15 50
BS 2473 6 40 51.3 +25 10 55 " BS 3614 9 02 25.6 --46 53 51 BS 4671 12 14 50.9 --67 40 56
BS 2478 6 41 10.0+13 16 47 " BS 3628 9 05 51.0--25 39 20 BS 4682 12 16 19.0--54 51 54
BS 2484 6 42 28,9 + 12 57 03 " BS 3634 9 06 09.3 -43 13 46 BS 4689 12 17 20.7 -- 0 23 19
BS 2491 6 42 56.7 --16 38 45 " BS 3634 9 06 09.3 --43 13 48 BS 4690 12 17 21.2 +49 15 39
BS 2491 64256.7--16 38 46 BS 3654 9 09 15.3 --44 39 40 CS 79 BS 4694 12 17 47.2 +26 16 43
BS 2527 6 52 48.3 +77 02 42 CSI 79 BS 3682 9 13 38.3 --38 21 38 BS 4695 12 17 48.4+ 3 35 25
BS 2549 6 49 03.1 --34 18 25 " BS 3684 9 13 44.9 --37 12 12 BS 4700 12 18 38.7 --60 07 30
BS 2560 6 52 57.1 +58 29 26 " BS 3685 9 12 39.6 --69 30 38 BS 4707 12 19 59.5 +26 07 23
BS 2574 6 5l 51.9 --I1 58 28 " BS 3699 9 15 45.0 --59 03 52 BS 4737 12 24 26.7 +28 32 45
BS 2580 6 52 03.3 --24 07 11 " BS 3705 9 18 00.7 +34 36 17 BS 4743 12 25 19.4 --49 57 12
BS 2580 6 5203.4 --24 07 13 BS 3718 9 19 16.6--25 45 04 BS 4757 12 27 16.3 --16 14 12
BS 2591 6 52 52.1 --42 18 03 CSI 79 BS 3731 9 21 44.7 +26 23 54 BS 4763 12 28 22.7 --56 50 00
BS 2608 6 54 56.0 --48 39 14 " BS 3733 9 21 02.2 --28 37 07 BS 4773 12 29 27.1 --71 51 24 CSI 79
BS 2609 7 17 50.5 +87 07 34 " BS 3748 9 25 07.7 - 8 26 26 BS 4785 12 31 22.2 +41 37 43
BS 2615 6 57 23.3 +16 08 57 " BS 3748 9 25 07.8-- 8 26 28 BS 4786 12 31 45.3 --23 07 12
BS 2618 6 56 39.5 --28 54 09 " BS 3757 9 27 36.5 +63 16 54 CS 79 BS 4787 12 31 21.5 +70 03 48
BS 2646 6 59 43.5 --27 51 42 " BS 3765 9 27 10.7 --35 43 54 BS 4801 12 34 27.9 +17 21 52
BS 2653 7 00 56.1 --23 45 31 " BS 3771 9 30 05.7 +70 03 06 BS 4802 12 34 57.3 --48 15 56
BS 2667 7 0225.2--43 32 16 BS 3773 9 2852.2+23 II 20 BS 4807 12 3549.3+ 2 07 45
BS 2668 7 02 26,8 --43 32 28 BS 3775 9 29 31,4 +51 54 21 BS 4813 12 36 39.7- 7 43 13
BS 2693 7 0621.3--26 18 45 CSI 79 BS 3777 9 2637.3-71 23 04 BS 4817 12 3709.5 --39 42 44
BS 2693 7 06 21.4 --26 18 45 BS 3779 9 29 16.7 + 9 56 12 BS 4819 12 38 44.7 --48 41 06
BS 2697 7 07 57.4 +30 19 43 CSI 79 BS 3786 9 28 43.6--40 14 48 BS 4825 12 39 07.3-- I I0 30
BS 2701 7 07 44.5 -- 4 09 26 " BS 3834 9 35 50.7 + 4 52 32 BS 4825/6 "
BS 2702 7 07 10.2 --39 34 27 " BS 3836 9 35 02.1 --49 07 47 BS 4828 12 39 21.1 + I0 30 37
BS 2717 7 10 30.0 +16 14 42 " BS 3842 9 36 04.0--42 57 51 BS 4830 12 39 53.1 --62 47 04
BS 2719 7 09 263 --48 5_, 0_, " B,%3945 9 37 19.1 -- 0 54 52 BS 4831 12 39 48.6 --48 32 18
BS 2740 7 II 07.9 --46 40 29 " BS 3852 9 38 28.9 +10 07 13 BS 4845 12 42 37.6 +39 32 59
BS 2742 7 20 40.9 +82 30 49 " BS 3858 9 39 00.0 --23 21 47 BS 4846 12 42 47.0 +45 42 48 779907
BS 2745 7 12 12.7 --26 15 52 " BS 3871 9 41 58.2 --27 32 22 BS 4853 12 44 46.9 --59 24 56 CSI 79
BS 2748 7 12 00.6 --44 33 26 " BS 3873 9 43 00.9 +24 00 18 BS 4883 12 49 15.7 +27 48 45
BS 2749 7 12 46.9 --26 41 04 " BS 3881 9 45 22.3 +46 15 17 BS 4883 12 49 15.9 +27 48 45
BS 2762 7 13 15.3 --48 II 00 " BS 3888 9 47 27.0 +59 16 29 BS 4888 12 50 16.3 --48 40 16 CSI 79
BS 2766 7 14 34.6 --27 47 28 " BS 3903 9 49 04.3 --14 36 39 BS 4889 12 50 39.4 --39 54 24
BS 2773 7 15 22.5 --37 00 23 " BS 3905 9 49 55.3 +26 14 34 BS 4902 12 51 44.9 -- 9 16 02
BS 2777 7 17 08.2 +22 04 32 " BS 3912 9 49 44.6 --46 18 45 BS 4905 12 51 50.2 +56 13 51 779907
BS 2787 7 16 31.6 --36 38 29 " BS 3919 9 51 56.2 --25 41 45 BS 4908 12 52 59.3 --56 33 53 CSI 79
BS 2790 7 16 51.3 --36 38 59 " BS 3946 9 56 47.4 --23 42 38 BS 4910 12 53 04.9 + 3 40 06
BS 2803 16 51.6 --67 51 55 " BS 3950 9 57 34.3 + 8 17 05 BS 4914 12 53 40.1 +38 35 02
BS 2821 22 37.3 +27 53 55 " BS 3975 10 04 36,4 +17 CO24 BS 4915 12 53 41.5 +38 35 17 779907
_S 2_25 7 22 24.4--16 06 05 " BS 3980 10 05 15.1 +10 14 35 BS 4920 12 56 27.0 +17 40 41 CSI 79
BS 2827 7 22 06.9 --29 12 14 " BS 3982 I0 05 42.6 +12 12 43 BS 4930 12 59 39.3 --71 12 25
BS 2845 7 24 26.3 + 8 23 28 " BS 3982 10 05 42.6 + 12 12 45 BS 4932 12 59 41.2 + I1 13 37
BS 2852 7 25 53.7 +31 53 07 " BS 3994 10 08 08.9 --12 06 21 CS 79 BS 4949 13 03 56.5 +22 53 O0
BS 2854 7 25 26.3 + 9 0l 41 " BS 4008 10 II 41.6 +60 14 01 BS 4952 13 04 51.7 --65 02 17 "
BS 2878 7 27 38.5 --43 11 56 " BS 4009 10 10 01.6--57 48 46 BS 4979 13 09 15.3 --37 32 17
BS 2881 7 28 45.7 --30 51 21 " BS 4023 10 12 37.9 --41 52 24 BS 4983 13 09 32.3 +28 07 51
BS 2882 7 28 56.1 --37 14 02 BS 4023 10 12 38.0--41 52 25 BS 4989 13 I1 08.3 --58 50 I1
BS 2890/1 7 31 24.6 +32 (30 00 CSI 79 BS 4030 10 13 46,3 +23 45 08 BS 5020 13 16 11.7 -22 54 28
BS2902 73130.1-142452 BS4031 101354.7+234001 CS 79 BS5028 13 1746.6--362656
BS 2905 7 32 50.5 +27 00 29 CSI 79 BS 4033 10 14 05.3 +43 09 52 BS 5054/5 13 21 54.9 +55 11 09
BS 2911 7 32 02.3 --36 13 42 " BS 4039 10 14 29.7 .4-23 21 26 BS 5056 13 22 33.3-10 54 01
BS 2919 7 28 25.5 --78 59 27 " BS 4057/8 10 17 13.0 +20 05 42 BS 5056 13 22 33.3 -- 10 54 03
BS 2921 7 33 45.9 -- 14 22 49 " BS 4069 I0 19 21.4 +41 45 05 BS 5080 13 26 58.4 --23 Ol 23 CSI 79
BS 2937 7 35 30.9 --34 51 17 " BS 4080 _10 20 10.6 --41 23 51 BS 5089 13 28 08.1 --39 08 58
BS 2938 7 36 35.3 +17 47 22 " BS 4092 10 23 14.2-- 6 48 24 BS 5095 13 29 21.7-- 5 59 52
BS 2943 7 36 41.0 + 5 21 16 " BS 4094 10 23 40.2--16 34 48 BS 5097 13 29 48.3 --28 26 08
BS 2943 7 3641.1 + 5 21 17 BS 4100 I0 24 59,9 436 57 50 BS 5107 _3 320_.5 -- O 20 26
BS 2961 7 37 41.5--38 II 31 CSI 79 BS 4102 IlO 23 24.4--73 46 36 BS 5132 13 36 42.3 --53 12 45
BS 2970 7 38 51.4 -- 9 25 58 " BS 4104 10 24 51.6 --30 48 45 BS 5134 13 36 53.5 --49 41 48
BS 2973 7 40 11.3 +29 O0 21 " BS 4127 I0 29 31.7 + 14 23 39 BS 5150 13 38 59.0 -- 8 27 04
BS 2985 7 41 25.7 +24 31 08 " BS 4133 10 30 10.7 + 9 33 51 BS 5154 13 38 50.5 +54 56 01
BS 2990 7 42 15,4 +28 08 54 " BS 4156 10 33 50.0 --16 05 05 BS 5168 13 42 50.9 --32 47 25
BS 2993 7 41 31.1 --28 17 26 " BS 4163 10 35 04.9 --13 07 24 BS 5171 13 43 40.1 --62 20 24
BS 3002 7 41 59.7 --40 48 37 " BS 4167 ,10 35 11.6 --47 57 54 BS 51714 ....
BS 3003 7 43 13.7+18 37 59 " BS 4167 10 35 11.7 --47 57 56 BS 5181 13 4441.7 --17 36 36
BS 3017 7 43 28.3 -37 50 45 " BS 4174 10 34 53.6 --78 20 54 BS 5191 13 45 34.3 +49 33 43
BS 3027 7 45 28.5 --15 53 21 " BS 4195 10 41 37.2 +67 40 27 779907 BS 5192 13 46 32.3 --34 12 05

BS 3045 7 47 11.3 --24 43 57 " BS 4216 II0 44 36.7 --49 09 18 CS 79 BS 5192 13 46 32.4 --34 12 07BS 3046 7 46 50.9 --46 57 Ol " BS 4216 44 36.8 --49 09 20 BS 5200 13 47 03.7 +16 02 41 CSI 79
BS 3061 74929.7+ 3 24 27 " BS4232 104709.3--15 55 52 CS 79 BS 5219 13 49 35.1 +34 41 28
BS 3095 7 54 09.l .4.15 55 30 " BS 4247 10 50 31.2 +34 29 D5 BS 5223 13 50 49.5 --46 52 55 "
BS 3105 7 53 51.1 --57 10 II " BS 4257 10 51 27.3 --58 35 13 BS 5226 13 49 58.2 +64 58 10 "
BS 3113 7 55 40.3--30 11 55 " BS 4273 I0 5422.9--36 52 06 BS 5231 13 5224.4--47 02 34 "
BS 3126 7 55 54,5 --58 59 25 " BS 4287 10 57 20-I --18 01 54 BS 5235 13 52 18,1 +18 38 50 "
BS 3135 7 58 13.2 -- 2 44 34 " BS 4293 10 57 51.2 --41 57 26 BS 5249 13 55 34.7 --44 33 37 "
BS 3138 7 56 51.6 --60 10 06 BS 4295 10 58 50.2 +56 39 02 BS 5270 14 00 04.5 "4-9 55 38 "
BS 3145 7 59 39.7 .4- 2 28 22 CSI 79 BS 4299 10 59 16.5- 2 12 53 BS 5287 14 03 31.0 --26 26 31 "
BS 3147 7 58 00.5 -60 41 12 " BS 4301 11 00 39.5 +62 Ol 15 BS 5288 14 03 43.9 --36 07 28 "
BS 3165 8 01 49.5 --39 51 40 " BS 4335 II 06 51.5 +44 46 12 BS 5288 14 03 43.9 -36 07 30
BS 3176 8 04 49,4 +21 43 42 BS 4336 11 06 50.9 +43 28 43 BS 5299 14 0555.7 +44 05 28 CSI 79
BS 3185 8 05 24.7 --24 09 31 CSI 79 BS 4337 II 0626.7 --58-42 12 BS 5_01 14 0806.3 --16 03 59 "
BS 3188 8 06 04.7 -- 2 50 I1 " BS 4357 11 11 27.0 +20 47 51 BS 5315 14 I0 13.3 --10 02 29 "
BS 3207 8 07 59.3 --47 11 17 " BS 4359 II I1 37.0.4.15 42 I0 BS 5316 14 I1 27.0 -56 51 09 "
BS 3211 8 08 55.4 -12 46 37 " BS 4362 11 12 32.7 +23 22 04 BS 5339 14 18 39.0 --83 26 28 "

BS 3225 8 09 34.2 --39 28 06 " BS 4371 I1 14 42.9 + 2 17 07 BS 5340 14 13 22.7 + 19 26 30 '*BS 3226 8 09 44.4 --42 50 12 " BS 4374/5 II 15 31.1 +31 48 BS 5384 14 20 41.6 + 1 28 28 "
BS 3237 8 11 36.1 --35 44 49 " BS 4377 I1 15 46.9 .4-33 22 02 BS 5384 14 20 41.7 .4- I 28 30
BS 3243 8 12 16.2 --40 11 38 " BS 4382 11 16 50.3 --14 30 27 BS 5394 14 21 50.5+ 8 18 42 CSI 79
BS 3249 8 13 48.2 + 9 20 26 " BS 4392 11 2005.3 +43 45 25 BS 5429 14 29 40.3 +30 35 23 "
BS 3270 8 1640.9--36 30 11 " BS 4432 11 2745.4- 2 43 37 BS 5435 14 3003.7 +38 31 33 "
BS 3275 8 19 25.1 +43 21 O0 " BS 4434 I1 28 27.5 +69 36 25 BS 5447 14 32 30.1 +29 57 40 "
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NAME RAhm (1950)• • DEC_ )SREFII NAME RAhm (1950)| • DE(7 ISREF NAME RAhm (1950)• DEC POSi_EF
BS 5459 14 36 11.2 --60 37 49 BS 6707 17 56 35.2 +30 I1' 30 " BS 8006 20 52 33.0 -- 1"33' 5i "BS 8023 "
BS 5460 BS 6736 18 00 48.3--24 21 47 " j20 54 48.7 +44 43 53
BS 5470 14 41 32.9 --78 50 04 SI 79 J BS 6736 18 00 48.4 --24 21 49 BS 8042 120 58 54.4 --43 11 52BS 5487 14 40 25.2 -- 5 26 30 " BS 6746 18 02 35.6 --30 25 34 SI 79 BS 8062 21 (30 36.7 +44 35 33 CSI 79
BS 5490 14 41 13.3 +26 44 20 ,, t BS 6746 18 02 35.7 --30 25 36 BS 8079 21 03 06.5 +43 43 38 "
BS 5502 14 42 54.3 +17 10 29 ,, m BS 6752 18 02 55.5 + 2 30 33 SI 79 BS 8085 21 04 39.9 +38 29 58 "
BS 5505/6 144247.9 +271704 ,, I BS 6766 180454.9 -282751 " BS 8086 210438.3 +382929
BS 5510 144308.1 +325956 " _ BS 6806 180757.9 +382711 "' BS 8093 210652.3 --113430
BS 5512 144344.4 +152025 ,, m BS 6815 181001.1 +312329 " BS 8110 211019.6 --274927
BS 5526 144720.7 --274510 " ' BS 6819 181254.7 --560227 " BS 8115 211048.3 +30 O114 "
BS 5530 144754.9 --154724 " _ BS 6832 181414.6 --364644 BS 8128 211258.9 --152248 "
BS 5531 144806.3 -- 155005 " _ BS 6859 181747.5 --295103 S179 BS 8130 211247.5 +374951
BS 5544 144904.7 +191825 " ' BS 6861 181826.6 --245620 '" BS 8143 211526.9 +391103
BS 5568 145432.3 --211127 " _ BS 6868 181810.9 +215618 " BS 8162 211723.1 +622222
BS 5589 145646.7 +660752 79907 BS 6869 181843.2 -- 25447 " BS 8164 211752.6 +582440 "
BS 5601 150022.2 + 21710 S179 BS 6872 181806.3 +360226 " BS 8167 211927.9 --170254
BS 5602 1513003.6 +403512 " ' BS 6879 182051.1 --342435 " BS 8173 211946.3 + 193521
BS 5603 150108.2 --250510 " ' BS 6891 182015.7 +490543 " BS 8181 212220.1 -653538
BS 5603 15 O108.2 --250512 BS 6895 182133.9 +214443 " BS 8183 212119.6 --210355
BS 5616 150218.0 +270829 S179 I BS 6913 182453.0 --252703 "" BS 8204 212348.9 --2237
BS 5622 150349.9 --160349 "' ' BS 6929 182616.9 --251723 " BS 8204 212348.9 -2237
BS 5634 150506.1 +250345 '" ' BS 6973 183229.0-- 81649 " BS 8213 212552.4 --220132 CS179
BS 5635 150450.7 +544451 " ' BS 6982 183712.3 --712828 " BS 8225 212740.7 +232506

BS 5649 150840.7 --515430_6 " ' BS 7001 183514.6 +384409 " BS 8232 212855.6 -- 54730BS 5681 151329.0 +3330 '" ' BS 7023 183958.3 --192000 " BS 8232 212855.6 -- 4732
BS 5685 151418.7 -- 91157 " ' BS 7063 184431.2 -- 44810 " BS 8238 212801.3 +702026 CS179
BS 5686 151446.7--295757 "' ' BS 7064 184403.4 +263626 "' BS 8252 213205.7 +452211
BS 5705 15 1837.4 --36 04 52 "" ' BS 7066 18 4448.7 -- 5 45 35 " BS 8255 21 3243.7 +38 18 31
BS 5739 15 2328.0 +15 36 08 " ' BS 7106 18 48 14.0 +33 18 12 79907 BS 8262 21 3408.3 +45 09 130 779907
BS 5743 15 2525.9 --16 32 36 "" ' BS 7120 18 5205.7 --22 44 06 SI 79 BS 8278 21 37 19.3 --16 53 19 CSI 79
BS 5744 15 2348.6 +59 08 26 " ' BS 7120 18 5205.8 --22 44 08 BS 8279 21 3634.6 +61 51 20
BS 5747 15 2545.9 +29 16 35 BS 7133 18 5238.1 +22 34 49 SI 79 BS 8283 21 3849.8 --14 16 17
BS 5777 153126.4 - 95339 BS 7139 185245.2 +365002 79907 BS 8297 213954.4 +351653 779907
BS 5787 15 3243.4--14 37 26 " ' BS 7150 18 5444.7--21 10 25 SI 79 BS 8308 21 4143.7 + 9 38 40 'CSI 79
BS 5793 15 3234.1 +26 52 53 BS 7157 18 5348.7 +43 52 46 79907 BS 8313 21 4208.4 + 17 07 10
BS 5824 15 37 19.1 --23 39 24 BS 7169 18 5740.5 --37 07 53 :SI 79 BS 8316 21 41 58.5 +58 33 01 779907
BS 5824 15 37 19.2 --23 39 26 BS 7170 18 5741.6 --37 07 57 " BS 8318 21 4336.2-- 9 30 26 CSI 79
BS 5854 115 41 48.1 + 6 34 52 ;SI 79 BS 7176 18 5721.0 +14 59 55 " BS 8321 21 4346.1 +2 43 02
BS 5868 154400.7 + 7 3029 ',i I BS 7178 18 5704.3 +32 37 10 " BS 8322 21 4416.9 --16 21 17BS 5879 15 4629.2 +18 17 39 BS 7193 18 5900.5 -- 5 48 38 " BS 8327 21 4330.7 +62 13 46
BS 5897 15 5042.9 -63 16 41 " BS 7217 19 O141.2 --21 48 58 " BS 8334 21 4400.2 +60 53 22
BS 5908 15 5058.3 --16 35 02 " BS 7217 19 0141.2 --21 49 00 BS 8383 21 55 14.5 +63 23 14 779907
BS 5914 15 5056.6 +42 35 25 " BS 7234 19 0349.1 --27 44 42 ',SI 79 BS 8413 22 0309.3 + 4 48 47 CSI 79
BS 5924 15 5222.2 +20 27 21 " BS 7235 19 0306.6 + 13 47 15 " BS 8414 22 03 12.9 -- 0 33 47
BS 5932 155257.7 +431659 " BS 7236 190335.6 -- 45731 " BS 8421 220316.9 +463004
BS 5933 15 5408.3 +15 49 23 " BS 7236 19 0335.7-- 4 57 33 BS 8424 22 0400.2 +44 46 13
BS 5947 15 55 30.9 +27 01 16 " BS 7264 19 06 47.3 --21 06 16 ;SI 79 BS 8425 22 05 05.4 --47 12 14
BS 5953 155722,3 --222849 " BS 7275 190715.4 +522041 " BS 8428 220336.2 +620210 "
BS 5964 15 5738.9 +50 01 20 " BS 7310 19 1232.7 +67 34 23 '" BS 8430 22 0440.7 +25 06 (30 ""
BS 5984/5 16 0231.4 --19 40 10 " BS 7314 19 1437.7 +38 02 36 " BS 8430 22 0440.8 +25 06 01
BS 5993 16 0352.6 --20 32 05 " BS 7317 19 1608.9--15 37 28 " BS 8465 22 0906.9 +57 57 14 CSI 79
BS 5997 16 0428.0 --20 44 04 " BS 7328 19 1556.7 +53 16 30 " BS 8469 22 0948.5 +59 10 02 "
BS 5999 160512.7--385821 " BS 7340 191846.3--175634 " BS 8477 221135.7 --413710
BS 6001 16 0504.3 --26 11 39 " BS 7352 19 1631.4 +73 15 47 " BS 8481 22 1432.5 --80 41 23 CSI 79
BS 6018 16 0708.4 +36 36 59 " BS 7377 19 2258.5 + 3 00 48 " BS 8485 22 1143.6 +39 27 57 "
BS 6020 16 1248.0 --78 34 25 " BS 7405 19 2637.3 +24 33 43 " BS 8498 22 1347.1 +37 29 55 "
BS 6021 161254.6 --783244 " BS 7417 192842.2 +275111 " BS 8499 221411.7 -- 80157 "
BS 6027 16 09 05.0 --19 19 54 " BS 7429 19 31 38.7 + 7 16 15 " BS 8502 22 15 05.6 --60 30 33
BS 6056 16 I143.3 -- 3 34 00 " BS 7429 19 31 38.8 + 7 16 17 BS 8521 22 1941.1 --46 12 Ol "
BS 6072 161605.3 --500206 BS 7446 193412.0-- 70823 25I 79 BS 8531 222138.0 -580248
BS 6075 161540.3 -- 43418 ,'S179 BS 7446 193412.1 -- 70825 BS 8538 222135.3 +515840 CS179
BS 6084 161808.6 --252827 " BS 7462 193227.5 +693433 ]S179 BS 8541 222228.9 +491320
BS 6084 161808,7 --252828 BS 7475 193709.5 +162718 '" BS 8551 222519.4 + 42638
BS 6086 16 1624.9 +59 52 32 25I 79 BS 7479 19 3751.5 +17 53 49 " BS 8560 22 2646.6 --44 00 19
BS 6092 161814.0 +462553 " BS 7482 193748.8 +424206 BS 8560 222646.7 -4413021
BS 6095 16 1942.7 +19 16 08 " BS 7488 19 3848.1 +17 21 30 25I 79 BS 8572 22 2726.4 +47 27 00 CSI 79
BS 6104 16 21 10.3 --19 55 18 " BS 7503 19 4029.0 +50 24 29 " BS 8575 22 2802.7 +49 05 59
BS 6132 162318,4 +613736 " BS 7504 194032.0 +502402 " BS 8621 223639.4 +563207
BS 6134 16 2620.1 --26 19 21 " BS 7525 19 4352.9 +10 29 23 " BS 8622 22 3700.7 +38 47 21
BS 6136 16 2600.9 + 0 46 30 " BS 7525 19 4352.9 +10 29 24 BS 8632 22 38 18.9 +44 00 53
BS 6146 162659.9 +415926 779907 BS 7528 194324.6 +45 _ 27 3S179 BS 8650 224039.2 +295732
BS 6147 j16 28 16.3--16 30 17 25I 79 BS 7536 19 4509.3 +18 _ 33 " BS 8667 22 4407.1 +23 18 06BS 6148 16 2804,0 +21 35 49 " BS 7541 19 4616.7 --10 46 " BS 8677 22 4523.5 +58 13 06

BS 6159 163015.7+1135 _ " BS 7557 19 48 19.7 + 8 43 58 " BS 8679 22 4656.7 -13 51 23BS 6163 16 3553.0 --77 25 " BS 7557 19 4820.6 + 8 44 06 BS 8681 22 4701.9 +10 12 50
BS 6175 16 3424.1 --10 28 02 " BS 7564 19 4838.5 +32 47 11 179907 BS 8684 22 4735.1 +24 20 12
BS 6212 16 3923.9 +31 41 30 " BS 7569 19 4955.2 +24 51 44 251 79 BS 8685 22 48 11.7 -39 25 18
BS 6220 164110,7 +3913057 " BS 7582 194821.0 +700826 "" BS 8694 224753.5 +655613
BS 6228 16 4325.7 + 8 40 19 " BS 7602 19 5251.3 + 6 16 48 " BS 8698 22 5000.3 7 50 45BS 6241 164655.1 --341214 " BS 7615 195425.7 +345657 " BS 8700 225040.8 --4 5148
BS 6258 164841.7 +295325 " BS 7635 195631.9 +192117 '" BS 8701 225112.6 --702029
BS 6272 16 51 28.7 --41 04 14 " BS 7652 20 0014.3 --38 04 49 " BS 8709 22 51 59.9 --16 05 12 =S T9
BS 6285 16 5428.3 --55 54 48 " BS 7665 120 0350.3 --66 18 42 " BS 8714 22 5207.5 +16 40 29
BS 6293 16 53 10.2 +18 30 42 " BS 7676 20 0056.9 +64 40 49 " BS 8726 22 54 14.0 +49 27 57
BS 6299 16 55 17.9 + 9 27 03 " BS 7678 20 0238.3 +32 04 31 " BS 8728 22 5453.4 --29 53 14
BS 6304 165726.5 --585307 " BS 7685 200235.9 +674351 " BS 8728 225453.5 --295316

BS 6337 170050.2 + 140943 " BS 7686 200102.3 +762032 " BS 8729 225500.3 +20303_6 25 19BS 6353 170257,5 -- 04929 BS 7704 200440.7 +675258 " BS 8752 225758.1 +5640
BS 6378 170730.3 --153950 CS179 BS 7710 200843.4 -- 05815 " BS 8775 230120.7 +274839
BS 6392 171059.4 --394234 " BS 7710 200843.5 -- 05816 BS 8781 230216.0 + 145608
BS 6396 17 0838.1 +65 46 33 " BS 7735 20 1203.3 +46 35 19 CSI 7_ BS 8781 23 02 16.1 +14 56 l_g
BS 6397 17 1202.0 --33 29 32 " BS 7747 20 1452.6 --12 39 49 " BS 8795 23 0428.9 + 9 08 _9 C_ 79
BS 6406 17 1221.9 +14 26 44 " BS 7751 20 13 55.4 +47 33 34 " BS 8799 23 0500.5 +20 51
BS 6410 17 1258.5 +24 53 47 " BS 7754 20 15 16.9 --12 42 03 " BS 8808 23 0544.7 +63 21 44
BS 6418 17 13 18.2 +36 51 50 "' BS 7754 20 15 16.9 --12 42 05 BS 8812 23 0646.9 --21 26 38
BS 6453 171856.1 --245703 " BS 7763 201556.5 +375235 779907 BS 8832 231051.7 +565330
BS 6461 17 2108.2 --55 29 05 " BS 7769 20 1636.0 +36 50 31 CSI 7_ BS 8834 23 1143.9-- 6 19 06
BS 6461 17 2108.3 -55 29 06 BS 7773 20 1753.4 --12 55 03 "' BS 8841 23 13 16.3 -- 9 21 36
BS 6464 171856.2 +461720 CS179 BS 7776 201812.1 --145625 " BS 8848 231431.4 -583035
BS 6497 17 2354.0 + 7 38 15 " BS 7796 20 2025.9 +40 05 43 " BS 8850 23 14 15.3 -- 7 59 56

BS 6498 17 2401.9 + 4 10 55 " BS 7806 20 21 51.6 +32 O1 39 " BS 8852 23 1434.3 + 3 _ 30BS 6526 17 2842.9 +26 08 48 " BS 7847 20 2905.1 +36 45 58 " BS 8860 23 1525.1 +48 29
BS 6536 172917.94-522015 " BS 7869 203403.4 --472802 "' BS 8892 232020.7 --202224
BS 6543 173126.4 +145231 " BS 7882 203511.7 +142508 " BS 8905 232252.74-230742

BS 6556 17 3236.6 + 12 35 41 '" BS 7884 20 3545.3 _ 16 50 " BS 8906 23 2325.3 --20 54 57BS 6601 17 4105.0-- 7 03 28 BS 7892 20 3622.3 _-I 08 16 " BS 8916 23 2525.74- 6 06 13
BS 6603 17 4100.0 + 4 35 11 CSI 79 BS 7900 20 37 12.3 --18 18 56 " BS 8923 23 2637.3 +12 29 03
BS 6603 174100.0 + 43512 BS 7924 203943.44-450602 " BS 8924 232656.9 -- 44817
BS 6623 174430.0 +274454 CS179 BS 7939 204242.5 +250525 " BS 8961 233506.64-461111 7_ 97

BS 6630 174627.1 --370145 " BS 7940 204157.9 +5655 _ BS 8989 233958.3 +641416 C_ 79'BS 6688 17 5239.6 +56 52 47 " BS 7942 20 4335.7 +30 32 CSI 7! BS 9004 23 4350.0 + 3 12 32

BS 6693 17 5552.3 --30 14 58 " BS 7949 20 44 11.1 +33 _ 54 " BS 9045 23 51 52.4 +57 13 16 7q 07BS 6695 17 5432.1 +37 15 20 " BS 7950 120 4458.2 46 " BS 9047 23 52 12.9 -- 0 10 05 CI 79
BS 6698 17 5616.3 -- 9 46 08 " BS 7951 20 4505.9 -- 5 12 42 " BS 9064 23 55 12.3 +24 51 47
BS 6698 175616.3 -- 94609 BS 7951 204506.0 -- 51243 BS 9088 235933.1 +264902

BS 6702 175522.3 +452121 779907 BS 7957 204416.4 +613838 CSI 7 BS 9089 235923.7- 61 _ 30
BS 6703 175549.2 +291506 CSI 7_ BS 7980 204850.4 --270625 " BS #2 18180002.0 --242925BS 6705 175526.5 +512937 '" BS 7986 205055.0 --583838 " BS #3 13016.8 -242255
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NAME EA (1950) DEC POSR[ NAME RA (1950) DEC POSRE NAME RA (1950) DEC POS REF
h m m ° ' " h m i ° ' • ° , w

BS4 2 23 46.5 +61 42 30 GAM CAS 0 53 40.3 +60 26 47 779907 CCS 1401 9h09_481 --41 11
BW 25 5 08 05.| -69 13 43 80991C GP CAS 2 36 04.7 +59 22 57 " CCS 1539 9 42 48 --46 30
BW 45 5 08 41,6--69 15 05 '" HO CAS 0 59 36.9 +61 35 04 CSI 75 CCS 1568 9 48 59 --43 54
BW 89 5 09 54.7 --69 08 09 " HS CAS 1 05 07.8 +63 19 12 779907 CCS 1570 9 48 52 --56 12
B2 0912+29 9 12 53,5 +29 45 55 809908 HT CAS I 07 00 +59 48 01 GCVS CCS 1606 9 58 14 --71 57
B2 1128+315 I1 28 30.3 +31 30 40 " HV CAS 1 08 04.5 +53 26 01 CSI 78 CCS 162l 10 04 25 --53 55
B2 1215+30 12 15 21.1 +30 23 40 " KAP CAS 0 30 08.3 +62 39 21 " CCS 1630 10 09 41.7 -35 04 37 CSI 79
B2 1225+31 12 25 55.9 +31 45 13 " KN CAS 0 06 58.0 +62 23 23 779907 CCS 1636 10 I1 23 --43 34
B2 1225+317 " LW CAS 2 53 26 +60 29 09 GCVS CCS 1705 10 32 34 -62 27
B2 1308+326 13 08 07.6 +32 36 41 " MUU CAS I 04 55.6 +54 40 32 CSI 79 CCS 1776 I0 51 40 --61 11
C--891 MZCAS 0 1840.4+59 40 33 779907 CCS 1824 11 0633 -81 31

ALF CAE 4 38 56.9 --41 57 28 CSI 79 OMI CAS 0 41 55.6 +48 (30 38 CSI 79 CCS 1841 [11 19 03.5 -55 29 22 CSI 79
R CAE 4 38 43.9 --38 20 02 " OMI CAS 0 41 56 +48 00 27 CCS 1842 11 19 07 -60 01
T CAE 4 45 31.7 --36 17 49 " PHI CAS 1 16 55.0 +57 58 08 CSI 79 CCS 1935 I1 54 18 -63 06

ALF CAM 4 49 03.7 +66 15 37 " PZ CAS 23 41 38.9 +61 30 44 779907 CCS 1942 11 57 31.2 -58 18 39 CSI 79
BET CAM 5857.5+60 22 18 " PZCAS 23 41 41.0+61 31 00 CCS 1944 I1 5749,6-54 49 41

R CAM 14 21 17.4 +84 03 36 779907 R CAS 23 55 50.0 -t-51 07 01 779907 CCS 1971 12 08 56 -63 30
RU CAM 7 16 20.2 +69 45 54 " R CAS 23 55 53.0 +51 06 36 CCS 1986 12 17 17 --58 40

S CAM 5 35 37.4 +68 46 21 " RHO CAS 23 51 52,4 +57 13 16 779907 CCS 2008 12 26 40.7 -37 59 14 CSI 79
ST CAM 4 46 01.2 +68 05 01 " RR CAS 23 52 17.6 +53 13 09 CSI 79 CCS 2023 12 37 26 --57 06
T CAM 4 35 14.1 +66 02 57 " RV CAS 0 49 54.1 +47 09 21 " CCS 2031 12 44 49 -59 16

TW CAM 4 16 39.6 +57 19 21 " S CAS 1 15 57.8 +72 20 56 779907 CCS 2055 13 00 45 -60 16
TX CAM 4 56 42 +56 06 42 GCVS SS CAS 0 06 59.7 +51 17 20 " CCS 2099 13 29 30.5 -53 34 29 CSI 79

U CAM 3 37 28.8 +62 29 18 779907 ST CAS 0 14 52.7 +50 00 36 " CCS 2134 13 54 54.7 --56 06 34
UV CAM 4 01 31.6 +61 39 33 " SU CAS 2 47 28.8 +68 41 00 " CCS 2148 14 10 43.6 -53 41 54

V CAM 5 55 57.5 +74 30 24 " SZ CAS 2 23 33.3 +59 14 I1 " CCS 2250 15 24 49.9 -24 59 45
X CAM 4 39 12.3 +75 (30 31 " T CAS 0 20 31.1 +55 30 56 " CCS 2301 15 59 18 --41 14

XX CAM 4 04 46.1 +53 13 44 " TU CAS 0 23 36.7 +51 00 13 " CCS 2333 16 24 37.0 -43 33 57 CSI 79
Z CAM 8 19 39.9 +73 16 24 " TV CAS 0 16 36.1 +58 51 42 " CCS 2342 16 30 45.2 --67 01 26

2 H CAM 4 35 59.7 +53 22 36 CSI 79 TZ CAS 23 50 26.9 +60 43 27 " CCS 2388 16 58 51 --32 41
2 H CAM 4 35 59.8 +53 22 37 U CAS 0 43 33.2 +47 58 17 "' CCS 2416 17 12 43 --34 37

I1 CAM 5 01 47.1 +58 54 18 CSI 79 UV CAS 23 (3009.6 +59 20 28 " CCS 2417 17 1! 56.5 +42 09 48 CSI 79
12 CAM 5 01 50.5 +58 57 14 " V CAS 23 09 31.1 +59 25 40 " CCS 2421 17 15 16.9 --45 55 28 "

AE CAP _'016 07,4 --16 00 51 VX CAS 0 28 30 +61 43 23 GCVS CCS 2426 17 16 10 --28 45
ALF I CAP 20 14 52.6 --12 39 49 CSI 79 V338 CAS 0 10 29 +48 49 41 " CCS 2429 17 17 16.3 --40 19 53 CSI 79

BET CAP 20 18 12.1 --14 56 25 " V358 CAS 23 28 00.9 +57 42 42 251 79 CCS 2455 17 30 10 --36 14
EPS CAP 21 34 16.9 --19 41 26 " V376 CAS 0 08 43 +58 34 17 OCVS CCS 2586 18 24 26 + I 07 739907

ETA CAP 21 01 33.5 -20 03 11 " V466 CAS I 16 43.9 +58 02 47 '/79907 CCS 2593 18 26 50.3 --38 27 16 CSI 79
lOT CAP 21 19 27.9--1702 54 " WCAS 0 51 55.0 +58 17 35 " CCS 2689 18 58 26 --31 38
RR CAP 20 59 22.5 --27 17 20 " WW CAS I 30 16.0 +57 29 48 =SI 79 CCS 2692 18 59 53.9 +10 I0 03 CSI 79
RS CAP 21 04 27.9 - 16 37 25 " WX CAS 1 50 33.3 +60 51 49 779907 CCS 2694 19 (30 49 + 7 26 739907
RT CAP 20 14 13.7--21 28 55 " WZ CAS 23 58 42.1 +60 04 38 " CCS 2721 19 16 17.7 --16 00 02 CSI 79
RXCAP 20 12 08.9-13 05 50 " XCAS 1 53 10.3 +5900 59 "SI 79 CCS 2733 ]19 2501 +23 30 739907

T CAP 21 19 15.3--15 22 20 " Y CAS 0 00 44.7 +55 23 41 " CCS 2783 19 41 46 +34 22
U CAP 20 45 21.3 --14 58 II " Y CAS 0 00 45.0 +55 24 21 CCS 2801 19 46 35 +26 01 13

UPS CAP 20 37 12.3--18 18 56 " Z CAS 23 42 05.1 +56 18 13 ?79907 CCS 2817 19 51 45.1 -65 29 27 CSI 79
V CAP 121 04 42.6 --24 07 _ " ZET CAS 0 34 10.3 +53 37 19 _SI 79 CCS 2849 20 (30 54 +30 37 51 739907W CAP 20 I1 33.0 -22 07 " 6 CAS 23 46 23.2 +61 56 10 " CCS 2871 20 08 20 +29 11
X CAP 21 05 41.1 --21 33 07 " CASE 23 0 46 24 +64 29 23 ED CCS 2874 20 09 13.9 +35 57 59 CSI 79
Z CAP 21 07 50.4--16 22 40 " CASE 31 2 53 08 +57 20 15 " CCS 2885 20 16 34.4-49 58 49

47 CAP 21 43 36.2 - 9 30 26 " CASE 33 3 03 41.2 +55 33 34 _SI 79 CCS 2904 20 24 51 +38 08 739907
AC CAR 7 05 58.0 -58 18 05 '" CASE 34 3 II 24 +54 42 18 ED CCS 2918 20 35 43 +36 40
AG CAR 10 54 10.5 --60 11 09 " CASE 39 4 48 03.2 +39 54 14 549901 CCS 2924 20 41 30.5 +31 56 36 CSI 79

ALF CAR 6 22 50.4 -52 40 03 " CASE 49 18 22 44 --13 47 26 ED CCS 2935 20 47 13.9 +33 02 30
DO CAR 10 43 53.1 -59 13 30 " CASE 62 19 59 15.8 +30 43 04 _49901 CCS 2976 21 03 29 +51 37 739907
BZ CAR 10 52 08.5-61 46 33 " CASE 75 22 31 40 +58 38 27 ED CCS 2980 21 06 49.9-53 54 59 CSI 79
CK CAR 10 22 38,9 -59 56 15 "' CASE 78 22 47 22 +59 01 51 " CCS 3040 21 31 13.9 +43 42 22
CL CAR 10 52 03.9-60 49 54 " CASE 79 22 52 +61 03 CCS 3041 21 32 01 +38 51 739907
DI CAR II 13 54,6 -69 38 30 " CASE 81 23 I1 20 +60 14 18 ED CCS 3056 21 40 35,3 -65 16 26 CSI 79

ETA CAR 10 43 06.4 --59 26 22 CCS I 0 03 35 +69 48 _39907 CCS 3060 21 39 54,4 +35 16 53 779907
ETA CAR 10 43 06.9 -59 25 14 --SI 79 CCS 39 0 51 32.4 +23 47 46 .'SI 79 CCS 3140 22 30 28 +58 22 739907

EV CAR 10 18 37.3-60 12 01 '" CCS 59 10 24 +62 41 r39907 CCS 3170 22 52 47 +60 31
GG CAR 10 53 57.9 --60 07 30 " CCS 62 12 22.5 -48 31 02 ;SI 79 CCS 3186 23 21 17 +55 52
IlK CAR 10 21 07.2 --59 22 16 '" CCS 77 37 58,7 -59 30 43 " CCS 3204 23 46 31.9 + 6 06 14 CSI 79
IW CAR 9 25 42.9 --63 24 42 '" CCS 110 2 32 39,6-- 9 39 37 " CD-24 5721 7 37 00.4 -24 38 08 CD
IX CAR 10 48 27.4 --59 43 01 "' CCS 131 3 07 33.4 +57 42 51 " CD-24 12698 16 28 38.9 --24 18 51 CSI 79

KL CAR 9 41 37 --63 27 31 3CVS CCS 134 3 1008.5 +47 38 27 " CD-24 13785 17 59 35.7 -24 14 51 "
KN CAR 10 01 51 -70 12 37 " CCS 136 3 I1 16,9 -57 30 29 "" CD-27 3544 6 59 43.5 -27 51 42 "

OME CAR l0 12 33.0--69 47 20 ;SI 79 CCS 142 3 23 23 +47 22 39907 CD-31 4916 7 39 05.9 --31 33 47 "
OY CAR 10 05 21 --69 59 32 3CVS CCS 144 3 22 10 -65 27 CD-33 10685 15 42 01.9 -34 08 00 CD

P CAR 10 30 14.4 --61 25 38 "SI 79 CCS 155 3 37 47.2 +51 20 36 _SI 79 CD--35 10525 15 45 56.1 --35 29 57 "'
PP CAR 10 30 15 -61 25 43 3CVS CCS 164 3 48 25.5 -43 41 02 " CD-36 8436 13 13 II -36 44 16 "
R CAR 9 30 59.2 -62 34 01 ;SI 79 CCS 187 4 09 07 +29 15 39907 CD-37 7613 I1 59 40.3 --37 53 09 "

RT CAR 10 42 50.2 --59 08 59 " CCS 191 4 07 51.0 -69 55 07 _SI79 CD-41 11303 117 05 42 -41 07 46 "RU CAR 9 14 24.7-66 IX) 27 " CCS 225 30 30.6 -66 05 36 " CD-42 11721 16 55 32 --42 37 26 "
RW CAR 9 18 56.4 -68 32 41 " CCS 313 15 49.1 +35 44 27 " CD-42 11721#1 " ED
RYCAR I1 17 56 --61 35 54 3CVS CCS 373 33 45.9-25 46 07 " CD-42 11721#2 "
RZ CAR 10 34 12.6 --70 27 29 _SI 79 CCS 503 21 08 . 8 32 39907 CD-42 11721#3 "

S CAR 10 07 46.1 --61 18 13 " CCS 524 28 27 - 5 29 CD--44 9880 15 04 57 -44 33
SY CAR 11 13 23.4--57 39 18 " CCS 574 38 40.9-70 02 55 ',SI79 CD-44 11324 16 55 21 --44 19 22 CD
SZ CAR 9 58 16.9 --59 58 19 " CCS 589 47 01 + 3 02 39907 CD-56 3464 I0 36 05 -56 33 34

TIlE CAR 10 41 10.0 --64 07 54 " CCS 623 52 52.1 -42 18 03 SI 79 CD-57 3459 10 42 22 --57 47 43
TZ CAR 10 44 16.3 --65 21 02 " CCS 633 55 24 -27 44 CD-57 3493 I0 45 40 -57 39 49

CARINA ! 10 41 39 --59 18 02 CCS 645 58 31.7 -- 3 10 48 $1 79 CD-58 3538 10 42 50.2 --59 08 59 CSI 79
CARINA 10 42 34 --59 24 02 CCS 695 12 59.0 + 5 07 59 " CD--59 3174 I0 34 (30 --59 46 31 CD
CARINA AI 6 39 48.6 --51 02 53 CCS 704 !3 05 -39 27 CD-59 4459 12 50 41 -60 04 19
CARINA CI 6 4034.5 --50 55 20 CCS 715 16 II -36 15 CD-59 4549 12 5044.5 --60 06 12 ED
CARINA C2 6 40 33.6 --50 55 54 CCS 721 17 29 -42 52 CD-60 3227 10 48 27 -60 31 52 CD
CARINA C3 6 40 28.8--50 55 06 CCS 734 19 35 -28 52 CD-60 3621 I1 33 26 --61 18 34
CARINA C4 6 4031.9-50 57 20 CCS 776 2700.5 -19 21 29 39907 CD-60 3636 11 33 54 -61 19 35
CARINA C5 6 40 57.6 --50 53 23 CCS 779 28 52.6 +24 36 36 SI 79 CD-68 840 10 53 13 --69 00
CARINA C6 6 40 11,9 --51 03 25 CCS 844 36 57 -35 17 CD-82 174 8 59 00 -82 57
CARINA I 10 41 27 -59 19 00 CCS 869 40 21 --26 54 CED 110 11 04 54 -77 06 ED
CARINA II 10 42 57 --59 23 (30 CCS 893 44 I1 -41 25 CEN A 13 22 30 --42 46
CAS A 23 20 56 +58 32 12 CCS 915 7 47 20 -48 36 CEN A 13 22 32.0 -42 46 00
CAS A 23 21 +58 32 ED CCS 918 7 4842.6-- 2 29 32 19907 CEN X--3 11 19 --60
CAS A 23 21 10 +58 31 18 CCS 921 7 48 46 -38 41 AL CEN 12 35 21.3 -53 19 31 CSI 79
CAS A 23 21 10 +58 33 54 CCS 936 7 5020 -46 22 ALFCEN 14 3611.1--60 37 45
CAS A #A 23 21 05 +58 34 06 CCS 947 7 52 33 -32 13 ALF CEN A
CAS A #11 23 21 07 +58 32 48 CCS 954 7 53 12 -29 31 ALF CEN 13
CAS A #C 23 21 15 +58 31 06 CCS955 7 52 49 --43 47 AMCEN 13 44 03.1 -53 06 30
CAS A #D 23 21 40 +58 31 06 CCS 967 7 54 56.4 -49 50 48 SI 79 AW CEN 13 I0 38.7 -56 41 57
CAS A CKI 23 21 20.2 +58 33 30 ED CCS 988 7 58 07 -33 45 DEL CEN 12 05 45.3 --50 26 37
CAS A KB33 23 21 01.2 +58 33 37 " CCS 1002 8 00 24 -30 24 DY CEN 13 22 25 -53 59 II GCVS
CAS A KB42 23 21 +58 33 " CCS 1013 8 01 32 -23 40 23 CVS ETA CEN 14 32 19.3 --41 56 20 CSI 79
CAS A KB61 23 21 09.3 +58 33 53 " CCS 1014 8 01 23 --31 21 KQ CEN 14 21 30 --63 46 06 GCVS
CAS A KB93 23 21 19.2 +58 33 34 '" CCS 1027 8 02 27 -43 27 MUU CEN 13 46 35.6 -42 13 31 CSI 79
CAS A K1198 23 21 22.1 +58 33 30 '" CCS 1184 8 26 06 --27 06 NZ CEN 13 22 42 -63 02 46 GCVS

ALF CAS 0 37 39.3 +56 15 47 SI 79 CCS 1193 8 28 06 -27 32 OME CEN #1 13 23 48 -47 13 36 779909
AO CAS 0 15 03.5 +51 09 19 ?9907 CCS 1209 g 31 21 -29 46 OME CEN 055 "
AZCAS I 3851.0+61 10 09 " CCS 1217 8 3256 --30 44 OMECEN G78

BET CAS 0 06 30.2 +58 52 26 " CCS 1232 8 35 08 --52 24 OME CEN 0318 ')
DEL CAS I 22 31.4 +59 58 33 SI 79 CCS 1275 8 40 57 --47 02 OME CEN NOM. " "
EPS CAS I 50 46.3 +63 25 29 " CCS 1281 8 42 45 -35 32 OME CEN RGO40 ....
EQ CAS 23 50 23 +54 44 05 ,CVS CCS 1290 8 44 31.0 --29 32 37 SI 79 OME CEN RGO43 ....

ETA CAS 0 46 03.6 +57 33 02 SI 79 CCS 1311 48 46 -35 53 OME CEN RGO56 ....
ETA CAS A .... CCS 1323 49 36 --49 gO OME CEN RGO66 "

FZCAS 0 3609 +59 24 30 CVS CCS 1386 0455 -58 24 OMECEN V6 "
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NAME RA (15'50) DEC POSREI NAME RA (1950) DEC POSRET NAblE RA (1950) DEC POSREF
h m t • h m •

OME CEN VI7 " ""' " UZCET 2 03 38.2--10"27 01" VWCHA 11h06_33" --77"26 38 "
OMECEN V53 .... VCET 23 5520.2-- 9 14 13 ZCHA 8 08 38 --76 23 32 "
OMECEN V138 .... WCET 23 5933.6--14 57 13 CIR X--I 15 1648 -56 59 14 769903
OMECEN V148 .... XCET 3 16 53.2-- I 14 44 ASCIR 15 09 40 --60 08 36 GCVS
OME CEN V162 .... XI 2 CET 2 25 29.7 + 8 14 12 R CIR 15 23 53.4 --57 32 42 CSI 79
OME CEN V164 .... Z CET I 04 08.9-- I 44 52 U C[R 14 01 49 --66 46 16 GCVS
OMICEN 11 29 26.7 --59 09 56 CSI 79 84CET 2 38 40.0- 0 54 25 CIT 1 00418 +42 48 661001

OMI ICEN ...... CHA T #A 11 07 --76 33 ED CIT 2 0 44 36 +32 25 "
PROX CEN 14 26 18.9--62 28 05 " CHA T #B II 05 --76 58 CIT 3 1 03 48 +12 20 '"

R CEN 14 12 56.9 -59 40 53 " CHA T #C 11 02 -76 06 CIT 3 1 03 49.0 +12 18 42
RS CEN 11 18 16.3 -61 36 22 " CHA T #D I1 03 --77 00 CIT 4 2 31 42 +64 55 661001
RTCEN 13 45 24.7 -36 36 49 " CHA T #E 11 04 -77 00 C1T 5 3 23 12 +47 22
RU CEN 12 06 47.5 -45 08 51 " CHAT #F I1 05 --77 06 CIT 6 10 13 18 +30 49
RV CEN 13 34 17.9 -56 13 22 " CHAT #G 11 06 --77 I1 CIT 7 15 25 30 4-19 44
RWCEN 11 05 04.3 --54 51 10 " CHAT #H 11 06 --77 12 CIT 8 16 08 12 +25 12
RX CEN 13 48 29.9 --36 41 57 " CHA T #I 11 07 --77 17 CIT 9 17 33 24 +15 37

S CEN 12 21 52.3 -49 09 45 " CHA T #] 11 01 --77 20 CIT 10 20 31 48 +38 29
SX CEN 12 18 32.2-48 56 00 " CHA T #K 11 01 --77 23 CIT 11 20 37 42 +39 01

TCEN 13 38 53.2 -33 20 40 " CHAT #L 11 02 --77 25 CIT 12 204136 +43 01
TT CEN 13 16 26.3 -60 31 25 " CHA T #M I1 02 --77 24 CIT 13 21 32 06 +38 51
"IV CEN 12 11 53.1 -51 15 14 " CHA T #N 11 07 --77 34 CIT 14 23 42 36 +43 39
UW CEN 12 40 25,5 --54 15 15 " CHA T #O I1 08 --77 31 CLNEAR3C323.1 15 45 31.1 .21 01 33
UX CEN 13 18 47.3-63 57 46 " CHA T #P 11 09 --77 14 CMA RI #2 6 59 28,5--11 13 39 CSI 79
UYCEN 13 13 36.9 -44 26 25 " CHAT #Q I1 09 -77 15 CMA RI #3 6 59 28.8--11 16 18
VX CEN 13 47 48.3 -60 09 59 " CHA T #R 11 08 --76 13 CMA RI #4 7 00 19.3 -- 12 09 36 820108

V368 CEN 12 1028,0-495541 " CHA T #S l] 06 --7634 CMAR] #5 7 CO21.9-11 2246
V369 CEN 12 12 20.3--54 32 31 " CHA T #T 11 03 --76 36 CMA RI #6 7 00 38.4--11 22 58
V381 CEN 13 47 22.4 -57 19 57 " CHA T #U I1 02 --76 14 CMA RI #7 7 (3050.5 --11 33 59
V396 CEN 13 1411,3--61 19 13 " CHA T #V 1056 --7700 CMA RI #8 7 01 02.8 --10 37 47
V682 CEN 14 27 20 --34 33 14 GCVS CHA T CI--I I1 09 14.9--76 15 26 CMA R1 #9 7 01 22.5 --11 28 34 CSI 79
V744 CEN 13 36 53.5 -49 41 48 CSI 79 CHA T CI--2 11 08 20.7--76 16 24 CMA RI #11 7 01 31.7 --11 30 20 820108
V748 CEN 14 56 32 --33 13 28 GCVS CHA T C1--3 11 07 52.0--76 17 20 CMA RI #12 7 01 34.3--11 29 08
V771 CEN 11 24 43.9 --61 05 37 CSI 79 CHA T CI-4 11 08 29.7 -76 17 15 CMA RI #13 7 01 34.5 --11 29 59
V772 CEN 11 39 26.9 --63 08 12 " CHA T C1--5 11 08 19.4 --76 18 13 CMA RI #14 7 01 36.4 --11 30 10

WCEN 11 5228.7--58 58 40 " CHA T C1--6 11 0749.5--76 18 19 CMA R1 #15 7 01 38.2 -11 07 24
WW CEN 13 06 16.7 --59 59 02 " CHA T C1--7 11 08 26.1 --76 18 44 CMA RI #16 7 01 46.7 --11 14 23

X CEN 11 46 41.5 --41 28 38 " CHA T CI-8 11 08 37.5 -76 19 13 CMA RI #17 7 01 52.6 --11 14 25
YCEN 14 2801.6--29 52 33 " CHA TCI--9 11 0830.8--76 19 29 CMA R1 #18 70156.8--11 13 34
2 CEN 13 46 32.3 -34 12 05 " CHA T C1--10 11 07 08.5--76 19 54 CMA RI #19 7 01 58.3 -11 12 38

CEP A 22 54 19.9 +61 45 56 CHAT C1-11 II 08 16.6 -76 20 33 CMA RI #20 7 02 03.5--1022 42 CSI 79
CEP A #1 22 5409.0.+61 45 07 ED CHAT C1-12 11 08 56.0-76 21 03 CMA RI #21 7 02 14.9--11 G0 12
CEP A #2 22 54 10.7 +61 45 43 " CHA T C1-13 I1 07 40.7 -76 21 39 CMA R1 #23 7 02 23.4 --10 29 32 820108
CEP A #3 22 54 12.1 +61 46 16 " CHA T C2--1 11 09 01.8 --76 24 25 CMA RI #24 7 02 26.2 -10 51 41
CEP A #4 225413.2.+614450 '" CHATC2--2 110752,1--762552 CMA RI #25 70226.7--110157
CEP A #5 22 54 14.9 .+61 46 52 " CHA T C2-3 11 08 12.7 --76 27 38 CMA RI #26 7 02 32.4 --10 34 12 "
CEP A #6 22 54 15.8 4-61 45 25 " CHA T C2-4 I1 08 18.2 -76 29 30 CMA R1 #27 7 02 57,0 --12 14 57
CEP A #7 22 54 15.9 .+61 47 28 " CHA T C2-5 I1 09 21.5 --76 29 16 CMA gl #28 7 03 16,5 --11 04 49
CEP A #8 22 54 17.1 +61 46 01 " CHA T C3-1 I1 07 23.0-76 35 13 CMA RI //29 7 04 19,7 --I1 12 55 CSI 79
CEP A #9 22 54 18.3 .+61 48 04 " CHAT C3-2 II 09 37.0 -76 41 05 CMA RI #30 7 04 29.0--11 14 30 820108
CEP A #10 22 54 18.3 .+61 44 22 " CHA T CA-I II 08 20.1 -76 41 44 ALF CMA 6 42 56,7--16 38 45 CSI 79
CEP A #11 22 54 19.2 .+61 46 34 " CHA T CA-2/3 11 08 20.1 -76 42 42 ALF CMA 6 42 59 --16 39 18
CEP A #12 22 54 20.9 +61 47 12 " CHAT CA--4 11 07 32.8 --76 44 36 ALFCMA A 6 42 56,7--16 38 45 CSI 79
CEPA #13 22 5420.9+61 4507 " CHA TC4-5 11 0724,8--76 45 58 COCMA 7 1158.2--2601 20
CEP A #14 22 54 21.7 4-61 45 43 " CHA T CA--6 11 07 25.5 --76 48 36 DEL CMA 7 06 21,3 --26 18 45 "
CEP A #15 22 54 22.1 .+61 44 16 " CHAT C4-7 11 09 31.5 --76 50 10 EPS CMA 6 56 39.5 --28 54 09
CEP A #16 22 54 23.0 4-61 47 43 " CHA T C5--1 11 07 35.0--76 51 30 ETA CMA 7 22 06.9 -29 12 14 "
CEP A #17 22 54 23.8 4-61 46 16 " CHA T C5-2 11 09 21.5 -76 53 11 EZ CMA 6 52 08.0 --23 51 50
CEP A #18 22 54 25.0 4-61 46 52 " CHAT C5-3 11 08 09.0--76 54 24 KAP CMA 6 47 58.3--32 26 57
CEP A #19 22 54 25.8 4-61 44 49 " CHA T C5-4 11 07 52.6 -76 57 42 OME CMA 7 12 46.9 --26 41 04 "
CEP A #20 22 54 26.1 +61 45 25 " CHAT C6-1 11 07 12.0-76 59 47 OMI 1CMA 6 52 03.3 --24 07 11 "
CEP A #21 22 54 27.2 4-61 43 56 " CHA T C6--2 11 08 59.7 --77 00 43 OMI 2 CMA 7 00 56.1 --23 45 31
CEP A //22 22 54 27.2 4-61 47 22 " CHA T C6-4 11 09 36.7 --77 01 42 R CMA 7 17 12.3 -- 16 17 58 "
CEP A #23 22 54 28.9 .+61 46 01 " CHA T C6-5 11 08 28.3 -77 02 08 SIG CMA 6 59 43.5 --27 51 42 "
CEP A //24 22 54 30,2 4-61 44 28 " CHA T C6-6 11 07 21,5 --77 02 08 TAU CMA 7 16 37,9 --24 51 41 "
CEP A #25 22 54 30,2 4-61 46 34 " CHA T C7--1 I1 08 15.5 --77 09 43 THE CMA 6 51 51.9 --I1 58 28 "
CEP A #26 22 54 30,6 4-61 45 07 " CHA T C7--2 11 07 59.4 --77 10 08 U CMA 6 16 49.9 --26 08 58 "
CEP A #27 22 54 32,2 4-61 47 02 " CHA T C7-3 11 08 31,7 -77 10 17 UW CMA 7 16 35,3 --24 27 57
CEP A #28 22 54 33.3 +61 45 39 " CHA T C7-5 11 08 10.3 --77 10 19 VY CMA 7 20 53.0 --25 40 24
CEP A #29 22 54 34.0 4-61 46 16 " CHA T C7-7 11 07 43.4 -77 13 08 VYCMA 7 20 54.5 --25 40 10 CSI 79
CEPA #30 22 5436,04-61 46 46 " CHA T C7-8 11 09 38.9 --77 15 10 VYCMA 7 20 55 --25 40 11
CEP B 22 55 08.7 4-62 21 30 CSI 79 CHA T C7--10 I1 07 28.3 -77 15 50 W CMA 7 05 43.1 --11 50 34 CSI 79
CEP OB3 FIRSI 22 54 42 4-61 47 12 CHAT C7-11 11 09 08.2 --77 16 34 ZCMA 7 0122.5--I1 28 34 "

AZCEP 22 06 57.9 +59 18 17 779907 CHAT C8-3 11 08 29.9 --77 20 59 ZCMA 7 0122.6--11 28 36
CQ CEP 22 34 56.8 4-56 38 46 " CHA T C9-1 11 07 25.6 --77 27 23 27 CMA 7 12 12.7 --26 15 52 CSI 79

DEL CEP 22 27 18.5 .+58 09 32 " CHA T C0-2 11 07 12.2 -77 27 37 ALF CMI 6 42 56.7 --16 38 45 "
DOCEP 224218,04-612756 " CHA T C9--3 110719.9--772743 ALF CMI 73641.0+ 521 16 "'
DI CEP 22 54 08.4 .+58 24 00 " CHA T C'9-4 11 08 23.1 --77 29 30 BET CMI 7 24 26,3 4- 8 23 28 "

EH CEP 21 02 53 4-67 47 32 GCVS CHA T C9-5 I1 07 50.4 -77 31 28 R CMI 7 05 57.5 4-10 06 14 "
GLCEP 21 36 12 4-57 30 59 " CHA TCI0--6 11 08 47.5 --77 41 48 SCMI 7 30 00.2+ 8 25 34 "
OP CEP 22 16 54.5 4-55 52 30 779907 CHA T C10-8 II 07 38.9 -77 44 13 T CMI 7 31 12.9 4-11 51 15 "
GU CEP 23 08 03,9 4-60 58 13 " CHA T C10-9 11 09 26.2 -77 44 37 U CMI 7 38 36.7 4- 8 30 12 "

LAM CEP 22 09 48.5 4-59 10 02 CSI 79 CHA T El--I 11 09 44.7--76 16 13 V CM! 7 04 13.7 4- 8 56 33 "
MUU CEP 21 41 58.5 +58 33 01 779907 CHA T El-2 11 1041,4-76 16 22 'VY CMI 7 53 28 4- 4 23 03 GCVS

NOVA CEP 1971 22 02 47 4-53 15 50 GCVS CHA T El-4 11 11 49.7 -76 18 03 W CMI 7 46 06,0 4- 5 31 08 CSI 79
NUUCEP 21 44 00.2 +60 53 22 CSI 79 CHA T EI--5 11 1033.7--76 lg 24 ZZCM! 72129.94- 8 59 54 °'

PVCEP 20 45 23.5 +67 46 37 CHA T El-6 11 1155.9-76 19 23 BETCNC 13 48.2+ 9 20 26 "
PV CEP 10"S 20 45 23.5 +67 46 27 CHA T E1-7 I1 09 58.5 --76 20 09 R CNC 13 48.4 +11 52 51 "
PV CEP 8"E 20 45 24.9 4-67 46 37 CHAT El--8 II 11 06.3 --76 20 51 RHO I CNC 49 37.3 4-28 31 22 "
PV CEP 8"NS"E 45 24.9 +6720 46 45 CHAT EI--gA 11 1048.2 --76 20 53 RS CNC 07 37.8 4-31 10 05 779907
PV CEP 8"W 20 45 22.1 4-67 46 37 CHAT EI--9B 11 10 51.0 --76 20 47 RT CNC 55 33.0 +11 02 22 CSI 79
RR CEP 2 36 12 +80 55 26 GCVS CHA T El-10 11 10 27.4-76 20 46 RX CNC 11 43.9 4-24 53 15 "
RW CEP 22 21 14,0 4-55 42 36 779907 CHA T E2--1 11 11 46.0 --76 24 07 RZ CNC 36 02.7 4-31 58 21 779907

SCEP 21 35 52.6 .+78 23 58 CSI 79 CHA T E2-3 11 1122.2-76 27 23 SYCNC 58 13.4 4-18 06 07 CSI 79
ST CEP 22 28 16.5 +56 44 39 779907 CHA T E2--4 11 10 52.5 --76 28 09 T CNC 8 53 48.9 .+20 02 28 "
SV CEP 22 20 34.3 4-73 25 16 " CHA T E2--5 11 11 14.2 --76 28 07 U CNC 8 32 54.6 4-19 04 09 "
SWCEP 21 2432.3+6221 25 '" CHAT _2--6 11 1036.6--762846 VCNC 8 1852.04-172641 "

T CEP 21 08 52.7 4-68 17 13 CHAT E2-7 11 11 36.7 --76 29 24 vv CNC 8 08 22.9 + 19 17 51 "
U CEP 0 57 44.3 +81 36 25 " CHA T E2-8 I1 10 09.4 -76 29 39 VZ CNC 8 38 09.4 4-10 (30 09

VV CEP 21 55 14.5 +63 23 14 " CHA T E2--9 11 11 13.1 --76 30 53 W CNC 9 06 55.9 .+25 26 58 "
WCEP 22 34 32.8 .+58 I0 (30 " CHA T E2-10 I1 I1 35.9 -76 31 26 X CNC 8 52 33.9 +17 25 21 "
X CEP 21 0001.8 4-82 51 41 " CHAT E2-11 11 10 12.9 -76 31 33 YZ CNC 8 07 52 4-28 17 33 GCVS
YCEP 0 34 47.2 .+80 04 55 " CHA T E3-1 11 1105.1-76 34 26 ZCNC 8 19 36.9 4-15 09 10 CSI 79
ZCEP 2 19 21 +81 27 09 GCVS CHAT E3--2 11 I029.8--76 34 42 CNMY 17 18 1211.7-30 32 54 769910
9CEP 21 36 34.6 4-61 51 20 CSI 79 CHA T E3--3 11 09 36.9 --76 35 38 CN1-1 15 47 38.5 -48 36 00 "

11 CEP 21 41 11.7 4-71 04 51 " CHAT E3--4 11 10 18.5 --76 35 47 CNI--2 16 40 00.5 --62 31 27 "
13 CEP 21 53 12.0 4-56 22 25 " CHA T E3-5 11 09 38.3 --76 41 08 CNI--3 17 22 34 --44 08 54 779909
21 CEP 22 0906.9 4-57 57 14 " CHA T E3--6 I1 I1 15.7 --76 41 30 CNI-4 17 24 04 --46 53 06 "

ALF CET 2 59 39.7 4- 3 53 39 '" CHAT E4--2 11 10 37.9 --76 41 54 CN1--5 18 25 57 --31 32 00 809909
ALF CET 2 59 41 .+ 3 53 38 CHA T E4-3 I1 I1 08.5 --76 42 26 CN2-1 17 51 13.6 --34 21 50 769910

OAM CET 2 40 42.3 4- 3 01 32 CSI 79 CHA T EA-4 11 11 45.8 -76 44 50 CN3-1 18 15 10.7 4-10 08 02 739909
lOT CET 0 16 52.7 -- 9 06 01 " CHA T EA-6 11 10 40.4--76 49 11 COALSACK D--0 12 28 00.6--63 28 58

KAPCET 3 1644,14- 3 I1 16 " CHA T E4--7 110951.4--764942 COALSACK D--I 122811.0--633057
OMI CET 2 16 49.0 -- 3 12 12 " CHAT E4-8 11 12 15.7 --76 50 26 COALSACK D-2 12 28 07.1 --63 31 05

R CET 2 23 28.7 -- 0 24 09 '" CHA 16 11 06 36 --77 23 739913 COALSACK D--3 12 28 06,9 --63 29 31
S CET 0 21 30.9-- 9 36 14 " STCHA 10 46 37 -79 11 57 GCVS COALSACK D-4 12 28 13.0--63 23 52

TAUCET 1 41 44.6--16 I1 59 " SZCHA 10 5706 --77 01 16 " COALSACK D--5 12 28 14.9 --63 31 58
U CET 2 31 19.5 -13 22 01 " T CHA 11 54 48 --79 05 06 " COALSACK D--6 12 28 16.7--63 24 37

UV CET A+B I 36 24.9 -- 18 12 40 " TW CHA 10 57 47 --77 06 53 " COALSACK D--6A 12 28 21.7 --63 30 30

B-21



NAME RA (1950} DEC POS RE NAME RA (1950) DEC POS 1_ NAME RA [1950) DEC POS REF
h m s " ' * h m s " ' " h m s

COALSACK D--7 12 28 23.0 --63 29 05 R CRA #C 18 56 54.7 -37 02 49 CD CRL 971 6 34 16.5 + 3"28' 04
COALSACK D-8 12 28 22.2 --63 23 47 R CRA #C2 18 58 --37 09 ED CRL 971 6 34 16.6 + 3 28 07

COALSACK D--9 12 28 25,5 --63 23 37 R CRA HD 18 _ --37 01 " CRL 971 6 34 19 + 3 26 24COALSACK D--10 12 2831.4--63 23 52 RCRA HD2 19 --37 22 " CRL 989 6 3824.9+ 9 32 29
COALSACK D--II 12 28 33.1 -63 24 33 R CRA HE 18 58 --37 05 " CRL 989 6 38 25.7 + 9 32 16
COALSACK D-11.4 12 28 38.7 --63 24 21 R CRA HE2 18 58 -37 03 " CRL 989 6 38 26 + 9 32 18
COALSACK D--12 12 28 38.7-63 26 07 R CRA HE ,18 58 --37 09 " CRL 1011 6 44 03.1 -- 4 20 18
COALSACK D--13 12 2845.7--63 24 16 RCRA HF2 18 58 --36 52 " CRL 1047 6 5621.2--19 05 48
COALSACK D--14 12 28 48.2--63 30 55 R CRA HG 18 58 -37 11 " CRL 1059 7 01 22.6--11 28 36
COALSACK D--15 12 28 58.6 --63 31 10 R CRA #G2 18 57 --36 59 " CRL 1062 7 02 48.8 --14 56 21
COALSACK D-15t 12 28 53.0-63 32 34 R CRA HH 18 57 --37 11 " CRL 1062 7 02 49.4--1456 23
COALSACK D- 151[ 12 29 00.5 --63 27 43 R CRA HH2 18 55 --37 09 " CRL 1085 7 09 53.7 --20 12 18
COALSACK D-- 16 12 29 06.2 --63 25 48 R CRA HI 18 58 -37 04 " CRL 1085 7 09 53.8 --20 12 20
COALSACK D- 17 12 29 07.9 --63 27 07 R CRA #12 18 58 --37 05 " CRL 1085 7 09 54.9 --20 13 06
COALSACK D--18 12 29 07.6--63 25 09 R CRA iiJ 18 58 --37 10 " CRL 1085 7 09 55 --20 13 18
COALSACK D--19 12 29 07.9--63 30 58 R CRA #J2 18 58 --37 02 " CRL 1099 7 15 15.8 --34 44 14
COALSACK D-20 12 29 12.3 -63 27 13 R CRA IIK 18 57 41,6--37 07 57 CSI 7 CRL 1101 7 16 31.4--15 47 46
COALSACK D--21 12 29 19,2 --63 26 43 R CRA I/K2 19 (30 --36 58 ED CRL 1113 7 22 40.3 --21 22 11
COALSACK D-22 12 29 19.1 --63 23 32 R CRA !IL 18 57 40,5--37 07 53 CSI 7 CRL 1162 7 37 43.2--21 35 38
COALSACK D--23 12 28 39.9--63 27 II R CRA HL2 18 59 --37 03 ED CRL 1164 7 38 10.8 --23 18 25
COALSACK D-24 12 28 30.9 --63 27 21 R CRA HM 18 58 -37 06 " CRL 1192 7 44 34.0--26 13 11
COALSACK D--26 12 2902.4--63 27 36 RCRA //N 18 58 --37 07 " CRL 1198 7 4842.7--34 44 32
COALSACK D--27 12 28 41.5 --63 27 49 R CRA //O 18 58 --37 06 " CRL 1235 8 08 51.3 --32 43 87
COALSACK D--28 12 28 50.6--63 28 41 R CRA IIP 18 58 16.5 --36 57 44 CSI 7 CRL 1235 8 08 51.6 --32 43 08
COALSACK D--29 12 28 56.0 --63 29 39 R CRA !IQ 18 58 -36 54 ED CRL 1258 8 27 13.3 -- 6 09 GO
COALSACK D--30 12 28 59.2--63 29 50 R CRA !IR 18 58 --36 51 " CRL 1274 8 35 44.3 --10 13 40
COALSACK D--31 12 28 51.7-63 29 52 R CRA /IS 18 58 --36 52 " CRL 1274 8 35 44.5--10 13 40
COALSACK D--32 12 28 29.5 --63 29 53 R CRA /IT 18 58 --36 51 " CRL 1274 8 35 44.6 --10 13 41
COALSACK D--33 12 28 24.7 -63 29 50 R CRA IIU 18 59 --36 52 " CRL 1274 8 35 52 --10 16 42
COALSACK D--34 12 28 32.3 --63 30 II R CRA //V 18 59 --36 55 " CRL 1283 8 39 06 + 2 21 42
COALSACK D--35 12 28 42.2 --63 30 22 R CRA HW 18 59 -37 00 " CRL 1283 8 39 10.1 4- 2 22 05
COALSACK D--37 12 28 38.7 --63 30 38 R CRA //X 18 58 39.8 --37 27 38 CD CRL 1283 8 39 10.6 + 2 22 08
COALSACK D--38 12 28 48.8 -63 30 54 R CRA HY 18 59 -37 25 ED CRL 1283 8 39 12.2 4- 2 22 48
COALSACK E- 1 12 28 01.8 --63 14 43 R CRA //Z 18 58 --37 03 " CRL 1368 9 36 50,0 4-78 04 41
COALSACK E--2 12 28 02.4 --63 20 58 R CRA //6 18 57 48.2 --36 57 36 CRL 1686 14 08 38 -- 7 33 54
COALSACK E-3 12 28 04.2 --63 18 27 R CRA //7 118 58 45.2 --36 57 34 CRL 1686 14 08 39.0 -- 7 30 44
COALSACK E--4 12 28 11.8 --63 21 30 R CRA //10 18 59 54.1 --37 18 29 CRL 1686 14 08 39.5 -- 7 30 42
COALSACK E--5 12 28 18.5 --63 18 17 R CRA Hl l 18 59 30.1 -37 14 14 CRL 1686 14 08 40.0- 7 30 32
COALSACK E--6 12 28 25.3 --63 19 51 R CRA. //12 19 00 16.1 --37 13 54 CRL 1771 15 22 35.9 --36 03 26
COALSACK E--7 12 28 21.1 --63 14 54 R CRA //13 19 01 58.8 --37 30 03 76110] CRL 1822 16 02 59 -30 40 30
COALSACK E--9 12 28 39.2 -63 18 16 R CRA //17 18 57 56.2 --37 01 06 CRL 1822 16 02 59.6 --30 41 25
COALSACK E-10 12 28 41.1 --63 15 05 R CRA //18 18 58 04.2 --37 03 36 CRL 1822 16 02 59.6 --30 41 33
COALSACK E-- I1 12 28 49,8 --63 14 31 R CRA #36 19 06 21.0 --37 08 57 16110] CRL 1822 16 02 59.7 --30 40 48
COALSACK E-12 112 28 51.8 --63 21 27 R CRA //41 18 56 12.9 --37 04 25 " CRL 1830 16 07 20,0 --27 46 30
COALSACK E--13 12 28 49.1 -63 23 12 R CRA H42 18 56 13.2 -37 11 42 " CRL 1922 17 04 53 -24 39 00
COALSACK E- 14 12 28 52.9 --63 19 23 S CRA 18 57 47.6 --37 01 21 ,'SI 7! CRL 1922 17 04 54.4 --24 40 39
COALSACK E--15 12 28 51.4 --63 19 53 T CRA 18 58 37 --37 02 18 3CVS CRL 1922 17 04 54.6 --24 40 39
COALSACK E-16 12 28 53.4 --63 21 30 TY CRA 18 58 18.5 --36 56 50 _SI 7! CRL 1922 17 04 54.8 --24 40 36
COALSACK E--17 12 28 55.3--63 15 16 TY CRA 18 58 19.5--36 55 35 CRL 1937 17 II 35.5--33 22 45
COALSACK E--18 12 28 59.7--63 16 40 V CRA 18 44 06.9--38 12 50 -'SI 7€. CRL 1954 17 16 14,3 --19 34 40
COALSACK E--19 12 28 59.2 --63 14 51 VV CRA 18 59 44.1 --37 17 14 CRL 1954 17 16 14.4 -- 19 34 41
COALSACK E--20 12 29 02.9 --63 16 36 VV CRA 18 59 45 --37 17 01 3CV5 CRL 1992 17 36 01,9--30 12 54
COALSACK E--22 12 29 03,9 --63 18 12 WX CRA 18 05 25.9 --37 20 28 2SI 7[ CRL 1992 17 36 02,7 --30 12 55
COALSACK E-23 12 29 04.5 --63 21 10 CRAB HA 5 31 30 4-21 59 43 CRL 1992 17 36 03.0--30 12 46
COALSACK E--24 12 29 05.3 --63 23 26 CRAB HB 5 31 25 4-22 00 00 CRL 1992 17 36 05 --30 13 18
COALSACK E--25 12 29 10.0--63 16 49 CRAB #C 5 31 35 4-21 59 50 CRL 2004 17 43 03.6 -28 48 41
COALSACK E--26 12 29 11.2--63 15 15 CRAB HD 5 31 34 4-21 57 55 CRL 2015 17 47 21.0--27 51 12
COALSACK E--27 12 29 20.7 --63 19 41 CRAB HE 5 31 28 +21 58 40 CRL 2015 17 47 22.1 --27 51 08
COALSACK F--4 12 28 00.7 --63 34 46 CRAB NEBULA 5 31 30 +21 59 [NGC CRL 2019 17 50 11.1 --26 55 57
COALSACK F-9B 12 28 ,tO,4 --63 33 06 CRAB NEBULA 5 31 31.7 +21 59 29 CRL 2019 17 50 11.2 --26 56 130
COALSACK F--12 12 28 38.7 --63 34 29 CRAB PULSAR 5 31 31.5 +21 58 55 '60601 CRL 2019 17 50 13.4 --26 56 20
COALSACK F--13A 12 28 48.0--63 34 29 CRAB 2' SW 5 31 22 +21 58 ED CRL 2023 17 51 13,6 --25 49 04
COALSACK F-- 14 12 28 44.6 --63 34 09 ALF CRB 15 32 34.1 4-26 52 53 ;SI 79 CRL 2023 17 51 13.7 --25 49 03
COALSACK F--14A 12 28 54,3 --63 33 03 DEL CRB 15 47 29.7 4-26 13 11 " CRL 2023 17 51 13.9 --25 49 130
COALSACK F-- 18 12 29 10.3 --63 33 05 EPS CRB 15 55 30.9 +27 01 16 " CRL 2046 17 57 24.5 --24 03 56
COALSACK F--20 12 29 17.6 --63 35 46 KAP CRB 15 49 20.7 4-35 48 39 " CRL 2047 17 58 11.0 --17 44 22
COALSACK F--22 12 29 19.8 --63 34 44 R CRB 15 46 30,6 +28 18 31 " CRL 2059 18 01 48.8 --24 26 56
COALSACK F-23 12 29 21.9 --63 36 56 RR CRB 39 36.2 +38 43 01 79907 CRL 2059 18 01 49.0 -24 27
COALSACK 1--I 123102--632608 RYCRB I_ 21 07.8 4-30 57 56 "" CRL 2080 NOM. !18 20_406 59 --24 07 ED
COALSACK I--2 12 30 26 --63 27 02 S CRB 15 19 19,0 4-31 32 36 CRL 2085 18 07 53.4 -20 22 48
COALSACK 1-3 12 30 16 -63 25 32 S CRB 15 19 21.5 +31 32 46 79907 CRL 2086 18 08 26.0 --26 30 49
COALSACK 2-1 12 29 07 --63 27 25 SIG CRB 16 12 48.1 4-33 59 03 ',SI 79 CRL 2086 18 08 26.2 --26 30 03
COALSACK 2--2 12 28 22 --63 29 07 T CRB 15 57 24.4 +26 03 38 " CRL 2086 18 08 26.2 --26 30 15
COALSACK 3--1 12 27 14 --63 30 49 THE CRB 15 30 54.6 4-31 31 35 " CRL 2088 18 09 17.1 -- 4 37 11
COALSACK 9-1 12 33 12 --62 55 56 THE I CRB .... CRL 2088 18 09 17.3 -- 4 37 I1
COHEN IRS 31 59.0 4- 4 15 09 31003 I V CRB 15 47 44,0 4-39 43 22 " CRL 2096 lg I1 59.2 --22 44 53

ALF COL 37 50.2 --34 05 57 _SI 79 W CRB 16 13 37.3 .37 55 10 79907 CRL 2096 18 11 59.2 --22 45 14
RV COL 33 49.9--30 51 24 " X CRB 15 47 00.9 4-36 23 59 " CRL 2096 18 I1 59.6--22 44 59

S COL 45 03.7 --31 42 25 " Z CRB 15 54 13.4 4-29 23 08 :SI 79 CRL 2104 18 13 36.7 -- 18 59 48
T COL 17 27.4-33 45 28 " CRL 67 0 24 47.0 4-69 22 16 CRL 2104 18 13 36.8--18 59 48

BET COM 13 09 32.3 4-28 07 51 " CRL 107 0 42 29 +68 55 36 CRL 2104 18 13 37.0 --18 59 49 760604
GQ COM 12 02 08.9 +28 10 53 09908 CRL 190 1 14 22.4 +66 58 00 CRL 2104 18 13 41 -- 19 00 00

R COM 12 01 41.6 4-19 03 38 ',SI 79 CRL 190 I 14 26.3 +66 58 08 CRL 2110 18 14 41.8 --22 15 46
W COM 12 19 01.1 +28 30 36 09908 CRL 230 1 31 07.2 +62 11 31 CRL 2110 18 14 42.0 --22 15 53
14 COM 12 23 54.1 +27 32 41 '.SI 79 CRL 341 2 29 19.2 +57 49 27 CRL 2110 18 14 44.6 --22 15 40
31 COM 12 49 15.7 4-27 48 45 " CRL 341 2 29 21.1 +57 48 53 CRL 2113 18 15 25.6 --11 46 24
36 COM 12 56 27.0 + 17 40 41 "" CRL 437 3 03 31.3 4-58 19 19 CRL 2118 18 15 37.2 -- 6 53 03
40 COM 13 03 56.5 +22 53 00 " CRL 482 3 18 38 +70 16 54 CRL 2118 18 15 37,2 -- 6 53 06

CORDOBA 12403 18 00 42.2 -24 21 21 40903 CRL 482 3 18 38.8 +70 16 27 CRL 2118 18 15 38.2 -- 6 53 01
CP--44 3129 8 48 17.2 --44 23 24 :SI 79 CRL 482 3 18 38.8 4-70 16 47 CRL 2121 18 16 09.7 --20 46 30
CP-45 3218 8 51 38.5 --45 50 45 " CRL 490 3 23 38.8 4-58 36 39 CRL 2132 18 18 26.7 --13 02 52
CP--46 3272 8 55 13.7 --46 51 07 " CRL 490 3 23 41.4 +58 36 52 CRL 2132 18 18 26.9 --13 02 52
CP--52 9243 16 03 06 --52 55 CRL 490 3 23 44.8 +58 36 48 CRL 2132 18 18 29 --13 04 18
CP--52 9243 16 03 12 -52 56 CRL 490 3 23 59 4-58 35 24 CRL 2135 18 19 26.7 --27 08 02
CP-56 8032 17 0447.5--56 51 130 CRL 568 4 1752.3-13 34 26 CRL 2135 18 1926.9--27 08 05
CP--56 8032 17 0448 -56 51 CRL 601 4 33 10 4-16 23 18 CRL 2135 18 1927.5--27 08 03
CP--57 2874 10 13 36 --57 37 30001 CRL 618 4 39 30 4-36 01 48 CRL 2136 18 19 36.6 --13 31 40
CP-57 3502 10 33 48.9 -57 59 09 SI 79 CRL 618 4 39 33,8 4-36 01 15 CRL 2136 18 19 36.9 --13 31 47
CP--57 3635ABC 10 37 13.9 --58 21 23 CRL 712 5 13 07.3 4-45 30 50 CRL 2136 18 19 39.3 --13 31 18
CP--57 3635IRS 10 37 32.9--58 23 13 CRL 799 5 3746.64-13 46 45 CRL 2143 18 21 38.7--16 17 45
CP--59 2505 104050,6--595619 CRL 799 53746.84-134655 CRL 2154

122357.0-6,5535CP--59 25051R2 10 40 51.5 --59 54 41 CRL 799 5 37 56 4-13 45 42 CRL 2154 18 23 57.6 -- 55 55
CP--59 25051R3 10 40 58.9 --59 57 09 CRL 809 5 40 33.3 4-32 40 49 CRL 2154 23 57.9 -- 6 55 55
CP--59 2505IR4 10 40 31.3 --59 53 36 CRL 809 5 40 36 +32 41 06 CRL 2155 18 24 00.4 4-23 26 50
CP-61 2935 12 02 12,8 -61 43 23 SI 79 CRL 865 6 01 17.4 4- 7 26 06 CRL 2155 118 24 00.8 4-23 27 01
CP--62 1837ABC 10 56 17.5 --62 35 57 CRL 865 6 01 17.5 -t- 7 26 03 CRL 2161 18 24 29.3 --12 01 36
CRA H-H 18 58 28.3 --37 02 27 CRL 865 6 01 18 4- 7 25 24 CRL 2165 18 24 59 -- 3 51 30

AM CRA 18 37 51.1 --37 31 55 SI 79 CRL 877 6 05 19 -- 6 23 18 CRL 2165 18 25 00.9 -- 3 51 29
DG CRA 18 58 32 --37 27 54 ,CVS CRL 877 6 05 22 -- 6 22 30 CRL 2165 18 25 00.9 -- 3 51 39

NOVA CRA 1981 18 38 33,6 --37 34 09 19915 CRL 915 6 17 35 -- 10 36 00 CRL 2165 18 25 01.6 -- 3 51 44
QT CRA 18 05 42.0 -40 12 48 SI 79 CRL 915 6 17 37.0 -- 10 36 52 CRL 2170 18 26 44.7 -- 6 06 45

R CRA 18 54 23.9 --37 01 57 " CRL 935 6 23 02 -- 9 29 06 CRL 2171 18 27 37.2 +82 36 52
R CRA 18 58 31.4 --37 01 30 CRL 935 6 23 04.7 -- 9 30 21 CRL 2174 18 28 26,4 -- 9 46 54
R CRA 18 58 31.5 --37 01 22 CRL 935 6 23 04.8 -- 9 30 57 CRL 2174 18 28 27.0 -- 9 47 14
R CRA HA 18 58 28.3 --37 02 27 10103 CRL 954 29 05.8 +43 19 30 CRL 2174 18 28 28.5 -- 9 47 02
R CRA #A2 18 58 39.2 -37 12 08 CD CRL 956 30 00.3 +60 58 48 CRL 2178 18 28 50 -- 8 38 12
R CRA HB 18 57 --37 02 ED CRL 961 31 57.1 + 4 15 03 CRL 2178 18 28 52,4-- 8 37 27
R CRA #B2 118 58 --37 13 " CRL 961 31 57.3 + 4 15 12 CRL 2178 18 28 52.7-- 8 37 41

B-22



NAME RA (1950) DE_ lOS REF NAME RA (1950) DEC lOS REF NAME RA (19S0) DEC POSREF
h m * , I • • •

CRL 2178 18 28 $4 -- 8 38 Z CRU 12h08"32_9--64 10 58 " CSS 509 16h39_35' -55"43'
CRL 2179 18 28 55 --10 [30 18 BET CRV 12 31 45.3 --23 07 12 " CSS 513 i16 55 12 --53 34
CRL 2179 18 28 56.5--10 01 24 DEL CRV 12 27 16.3 -16 14 12 " I CSS 516 17 10 27 -32 20
CRL 2179 18 28 86.8 --10 01 31 GAM CRV 12 13 13.7 --17 15 50 " CSS 520 [17 16 56 --23 12

CRL 2179 18 28 59 --I0 00 36 R CRV 12 1702.3 --18 58 40 _ I CSS 531 [17 38 28.7 --53 56 50 CSI 79CRL 2188A 18 30 41.6 -- 9 06 10 ZET CRV 12 17 57.9 --21 56 15 CSS 541 18 (3038.6 --65 10 05 "
CRL 2188B 18 30 56.1 - 9 11 31 CR228 IRS6 10 41 49.4 -59 47 25 I CSS 544 18 05 53.0 -36 58 29 "
CRL 2192 18 31 29.0--11 31 47 CR228 IRS7 0 41 41.4--59 49 16 CSS 623 19 47 42 --32 21
CRL 2192 18 31 29.1 --11 31 54 CR228--67.68 0 42 04.9--59 50 19 CSS 636 20 10 05.1 --62 25 51 CSI 79

CRL2192 183129.6-113145 CSS3 00507 -6236 CSS646 202121.3+04437 "CRL 2192 18 31 37 --11 33 18 CSS 30 i 3053.6-79 13 02 CSI 79 CSS 647 _20 2309 -40 46
CRL 2199 18 33 18.9+ 5 33 CSS 64 40304.0+24 35 52 " CSS 681 21 17 17 -48 19
CRL 2199 18 33 19.2+ 5 33 16 CSS 76 4 37 25.7-30 33 13 " CSS 686 21 30 48 -25 59
CRL 2199 18 33 19.6+ 5 33 17 CSS 79 4 31 08 -84 16 CSS 703 22 20 02 -54 12
CRL 2205 18 34 47 -- 5 27 42 CSS 98 5 19 54.7 - 8 42 46 CSI 79 CSS 709 22 42 09 -45 08
CRL 2205 18 34S1.9-- 5 26 35 CSS 102 5 22 25 --33 54 CSS 718 22 52 07.5 +16 40 29 CSI 79
CRL 2205 18 34 52.3-- 5 26 34 CSS I05 5 26 29 -51 14 CSS 725 23 15 19 -86 04
CRL 2205 18 34$2.5- 5 26 42 CSS 128 $ 57 09.6 -38 04 33 CSI 79 CSV 2694 16 26 14 -53 23
CRL 2208 18 35 13 +38 44 30 CSS 140 6 11 09 -39 32 CTA 102 22 3007.7 +11 28 23 809908
CRL 2222 18 37 20.7-- 0 21 26 CSS 142 6 1140 _60 57 ALF2CVN 12 53 41.$ +38 35 17 779907
CRL2222 18 37 20.9-- 0 21 27 CSS 149 62410.5+15 55 40 CSI 79 BETCVN 12 31 22.2 +41 37 43 CSI 79
CRL 2222 18 37 21.3 -- 0 21 30 CSS 154 6 30 49 _26 08 R CVN 13 46 48.4 +39 47 27 779907
CRL2259 18 47 25 + 9 29 30 CSS 155 6 31 18 --43 52 TCVN 12 27 43.8 +31 46 46
CRL2259 18 47 31.1+ 9 26 34 CSS 164 6 38 03 --34 50 TUCVN 12 5239.7+47 28 03
CRL 2259 18 47 31.6+ 9 26 39 CSS 167 6 38 29 -27 39 TXCVN 12 42 17.8 +37 02 15
CRL 2266 18 49 23.6 +12 08 50 CSS 169 6 38 52 --38 58 U CVN 12 44 57.0 +38 38 24
CRL2266 18 4925,5+1209 30 CSS 179 6 45 40 -_ 5 36 UCVN 12 4459.6+38 38 35 CSI 79
CRL 2290 18 56 03.8+ 6 38 52 CSS 203 6 5910 _29 02 VCVN 13 17 17.1 +45 47 22 779907
CRL 2290 18 5604 -4- 6 38 18 CSS 218 7 1451 _30 14 YCVN 12 4247.0+45 42 48
CRL 2290 18 56 04.1 + 6 38 50 CSS 226 7 20 49 --45 11 10 CVN 12 42 37.6 +39 32 59 CSI 79
CRL 2316 190257.0+ 807 $1 CSS 233 72442.9--11 3706 CSI79 20CVN 13 1518.1+405006
CRL 2316 19 02 $8,2 + 8 08 28 CSS 239 7 27 16 -53 31 CW 1103+254 11 03 +25 24 ED
CRL 2316 19 0300.0+ 8 08 20 CSS 241 7 28 57 --30 56 CYG A 19 5831,0+40 39 36 720901
CRL 2318 19 02 $6.9 +20 17 25 CSS 253 7 29 13 -82 37 CYG OB II--12 20 30 53.4 +41 04 12
CRL 2318 19 02 $7.1 +20 17 26 CSS 257 7 38 03.5 --70 13 55 CSI 79 CYG OB2 #26 20 32 30 +41 10 ED
CRL 2341 19 10 $2,3 +10 49 30 CSS 259 7 40 41 -25 43 CYG OB2 #27 20 33 00 +41 07
CRL2341 19 1053 +1048 06 CSS 266 7 47 32.3 -18 52 45 CSI 79 CYG OB2 #28 20 3221,1+41 26 38 CSI 79
CRL 2350 19 13 25.6 + 9 32 CSS 270 7 50 43.5--11 29 38 " CYG OB2 #29 20 32 25 +41 24 30 ED
CRL 2350 19 13 28 + 9 34 06 CSS 277 7 53 04.9 --60 27 02 " CYG OB2 #30 20 33 03 +41 18
CRL2350 19 13 28.9+ 9 31 39 CSS285 7 56 47 -71 24 CYG OB2 #31 20 30 55 +41 05 30
CRL 2350 19 13 30.9+ 9 31 38 CSS 286 7 59 30.0 --31 39 17 CSI 79 I CYG OB2 #32 20 30 55 +41 04 10
CRL 2361 19 15 46.5 --17 06 36 CSS 287 8 02 24 -41 53 ' CYG OB2 #33 20 30 55 +41 07
CRL 2362 19 16 06.9 +23 43 58 CSS 290 8 02 21 -65 41 CYG OB2 #34 "
CRL 2362 19 16 08.0 +23 43 53 CSS 294 8 07 24 --30 41 CYG OB2 #35 20 31 00 +41 05 30
CRL 2370 19 17 48.1 --26 20 02 CSS 296 8 09 51 -28 09 CYG OB2 #36 20 31 (30 +41 05 00
CRL 2370 19 17 $0.8 --26 20 18 CSS 300 8 14 54 --26 32 CYG OB2 #37 20 31 00 +41 04 30
CRL 2370 19 17 51.5 --26 20 22 CSS 301 8 16 26 -29 47 CYG OB2 #38 20 31(]0 +41 02 "
CRL 2392 19 24 48.8+ 6 58 06 CSS 302 8 16 40 --32 39 CYG OB2 #39 20 3110 +41 02
CRL 2392 19 24 49.0+ 6 57 36 CSS 307 8 19 58 -37 08 CYG OB2 #40 20 31 10 +41 0400
CRL 2413 19 30 42.9 +13 38 14 CSS 311 8 23 31 _35 38 CYG OB2 441 20 31 10 +41 04 30
CRL 2425 19 3608.7 --16 58 50 CSS 316 8 3027 -29 50 CYG OB2 #111 20 31 30 +41 16
CRL 2428 19 38 06.9 +33 15 04 CSS 320 8 34 55 _36 17 CYG OB2 4210 "
CRL 2428 19 38 07.6 +33 15 27 CSS 324 8 41 08 --86 39 CYG OB2 #266 "
CRL 2445 19 42 15.7 +35 06 52 CSS 325 8 39 00 -51 12 CYG OB2 #274 "
CRL 2445 19 42 16.1 +35 06 50 CSS 326 8 39 04 --49 14 CYG OB2 #280 "
CRL 2474 19 53 46 +22 14 06 CSS 327 8 40 16 -38 54 CYG OB2 #284 "
CRL 2477 19 54 49.2 +30 35 54 CSS 328 8 41 37 --32 20 CYG OB2 #295 ....
CRL 2477 19 54 55.9 +30 35 $5 CSS 331 8 45 48 -45 47 CYG OB2 #303 "
CRL 2494 19 59 21 +40 45 42 CSS 333 8 46 10 --70 52 CYG OB2 4311 ....
CRL 2494 19 59 24.5 +40 47 30 CSS 335 8 49 04 --50 26 CYG OB2 4312 "
CRL 2494 19 59 24.8 +40 47 18 CSS 339 8 54 49 -70 58 CYG OB2 #324 "
CRL 2513 20 07 13 +31 17 42 CSS 346 9 01 42 -40 21 CYG OB2 #349 "
CRL 2513 20 07 15.0 +31 16 52 CSS 350 9 06 15 --33 20 CYG OB2 #360 "
CRL 2513 20 07 22.1 +31 17 30 CSS 352 9 07 02 --28 48 CYG OB2 #392 "
CRL 2591 20 27 25 +40 01 54 CSS 353 9 06 59 -41 45 CYG OB2 4413 "
CRL 2591 20 27 35.9 +40 01 05 CSS 354 9 08 09 --34 13 CYG OB2 #426 "
CRL 2591 20 27 35.9 +40 01 16 CSS 363 9 35 55 -65 36 CYG OB2 4451 "
CRL 2603 20 30 57.3 +40 29 32 CSS 366 9 39 59 --46 42 CYG OB2 #492 "
CRL 2604 20 31 09.0 +42 22 24 CSS 368 9 41 21 --64 17 CYG OB2 #500 "
CRL 2604 20 31 09.1 +42 22 43 CSS 374 9 4709 -61 11 CYO OB2 #502 "
CRL 2613 20 34 04.4 +53 38 57 CSS 377 9 54 53 --32 44 CYG OB2 #545 "
CRL 2613 20 34 08 +53 39 00 CSS 378 9 57 17 -49 43 CYG OB2 #560
CRL 2679 20 54 56.3 +37 13 36 CSS 379 10 01 35 -46 33 CYG OB2 #570 "
CRL 2686 20 56 59.8 +27 14 59 CSS 382 10 03 53 --60 55 CYG OB2 #603
CRL 2686 20 57 00,5 +27 15 08 CSS 384 10 04 41 -51 37 CYG OB2 #629 "
CRL 2686 20 57 09 +27 15 48 CSS 385 10 04 38 --59 54 CYG OB2 466I "
CRL 2688 21 03 16 +36 30 00 CSS 386 10 05 18 -46 02 CYG OB2 #662 "
CRL 2688 21 00 19.9 +36 29 45 CSS 387 i10 05 36 --40 16 CYG OB2 #664 "
CRL 2699 21 02 42.9 +53 09 07 CSS 388 10 05 18 -60 43 CYG OB2 #666 "
CRL 2699 21 02 43.3 +53 09 CO CSS 390 J10 13 53.7 -30 45 21 CSI 79 CYG OB2 #668 "
CRL 2699 21 02 49 +53 08 54 CSS 391 i10 13 40 --60 46 CYO OB2 #680 "
CRL 2789 21 38 10.4 +50 00 35 CSS 392 10 15 10 -54 38 CYG OB2 #683 "
CRL 2789 21 38 10.4 +50 03 44 CSS 393 10 16 23 --60 44 CYG OB2 #689 "
CRL 2881 22 16 32.0 +43 31 45 CSS 399 10 25 35 --51 58 CYG OB2 #692 "
CRL 2881 22 16 36 +43 31 00 CSS 401 10 30 51 --67 08 CYG OB2 #702 "
CRL 2885 22 17 41 +59 35 24 CSS 406 10 36 03 --60 20 CYG OB2 #706 "
CRL 2885 22 17 42.1 +$9 36 06 CSS 409 '10 38 58.3 --51 49 25 CSI 79 I CYG OB2 #738 ....
CRL 2885 22 17 42.7 +59 36 17 CSS'410 10 42 00 -56 23 I CYG OB2 4741 "
CRL 2901 22 24 04 +60 04 30 CSS 412 10 42 14 --54 49 CYG OB2 #748 "
CRL 2901 22 24 08.1 +60 05 25 CSS 418 10 55 08.3 -52 49 57 CSI 79 I CYG OB2 #749 "
CRL 2985 22 51 $1.9 +66 00 49 CSS 419 10 55 19 --60 26 CYG OB2 #766 "
CRL 2999 22 55 00.3 +$8 32 39 CSS 421 10 59 55 --56 15 CYG OB2 4814 "

CRL 2999 22 55 29 +58 34 18 CSS 422 11 (3043.6 -56 (30 05 CSI 79 I CYG OB2 4815 ....CRL 2999 22 55 39.5 +58 33 28 CSS 427 II 07 49 --59 59 CYG OB2 #840 "
CRL 3011 22 58 29.7 +64 02 38 CSS 429 11 16 17 --65 52 CYG OB2 4841 "
CRL 3011 22 58 32.0+64 02 44 CSS 439 I1 58 25.7 --55 48 40 CSI 79 CYG OB2 #852 "
CRL 3011 22 58 47 +64 02 48 CSS 443 12 21 55 -28 03 CYG OB2 #853 "
CRL 3022 23 03 52,3 +59 58 45 CSS 444 12 23 48 --52 09 CYG OB2 #856 "
CRL 3068 23 16 42.4 +16 55 I0 CSS 445 12 16 12 --47 36 CYG OB2 #887 "
CRL 3068 23 1642.6+16 55 07 CSS 447 12 31 12 --42 19 CYG OB2 #920 "
CRL 3068 23 1643 +16 55 06 CSS 451 12 4049 -53 27 CYG OB2 #922 "
CRL 3068 23 1643.1 +I6 55 05 CSS 453 13 0757.3 -89 31 16 CS[ 79 CYG OB2 #953 "
CRL 3099 23 25 43.5 + 10 37 55 CSS 454 12 46 28 --42 48 CYO OB2 #984 "
CRL 3099 23 25 45 +10 38 24 CSS 455 12 50 31 -46 54 CYG OB2 #986 "
CRL 3099 23 25 45.0 +I0 38 08 CSS 457 12 58 I1 --66 38 CYG OB2 41029 "
CRL 3099 23 25 45.0 +10 38 14 CSS 458 12 59 58 -60 42 CYG OB2 41030 "
CRL 3099 23 25 45.6 +10 38 05 CSS 460 13 07 29 --72 56 CYG OB2 41031 "
CRL 3181 23 54 05.5 +70 31 35 CSS 461 13 09 20.3 --56 43 59 CSI 79 CYG OB2 41032 "
CRL 825--2650 19 49 33.0 + 8 36 13 CSS 462 13 11 52 --31 10 CYG OB2 41069 "
CRL 825--2650 19 49 33.1 + 8 35 08 CSS 467 13 32 47 --50 57 CYG OB2 41074 "

R CRT 10 58 05.9 --18 03 20 CSI 79 CSS 468 13 37 15.3 -71 36 57 CSI 79 CYG OB2 41076 "
R CRT 10 58 09.0 --18 03 36 CSS 472 13 45 56.7 --55 08 02 " CYG OB2 41093 "
S CRT 11 50 11.6 -- 7 19 04 CSI 79 CSS 476 13 59 43.7 --41 44 49 " CYG OB2 41121 "

THECRT 11 3408.5 -- 9 31 30 " CSS 484 14 2947 --25 57 CYG OB2 41144 "
AZCRU 12 08 $3 --61 29 36 GCVS CSS 486 14 48 31.4 -37 46 18 CSI 79 CYO OB2 41171 "

GAM CRU 12 28 22.7 --56 49 59 CSI 79 CSS 488 14 51 (30.7--60 52 21 " CYG OB2 41245 "
MUU 2 CRU 12 51 39.5 --56 53 49 " CSS 494 15 21 01 --32 52 CYO OB2 41252 "

V CRU 12 53 38.4 --57 38 16 " CSS 508 16 38 05 --57 27 CYG OB2 41359
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NAME RA {1950) DEC POSREI NAME RA {1950) DEC POSI_EI NAME 1_ _.1950"_DEC. POS1_'E_
i

h m _ • h m s • s •
CYO OB2 #1384 " "' DT CYG 21 h04_24_2+30"58'58" CSl 79 DK 33 ....
CYG OB2 #1419 " EM CYG 19 36 42 +30 23 41 GCVS DK 46 " "
CYG O82 #1420 " EPS CYG 20 44 11.1 +33 46 54 CSI 79 DK 49 "
CYG OB2 #1430 " ETA CYO 19 54 25,7 +34 56 57 , " DK 58
CYG OB2 #1489 " GAM CYG 20 20 25.9 +40 05 43 " DK 60
CYG OB2 #1492 " KY CYG 20 24 06 +38 I1 16 GCVS DK 64 "
CYG O82 #1494 " LAM CYG 20 45 27.4 +36 18 20 CSI 79 DKH 6737
CYG OB2 #1512 " LW CYG 21 53 27.1 +50 16 08 " DKH 11179 "
CYG OB2 #1542 " MUU I CYG 21 41 54.2 +28 30 56 " DKH 11325
CYO OB2 #1590 " NML CYG 20 44 33,9 +39 55 58 DO-AR 9 16 16 11 -23 139 599902
CYG O82 #1592 " NML CYG 20 44 39 +39 56 650701 DO--AR 21 16 23 01.7 --24 16 50 780902
CYO O82 B 20 31 26.9 +41 08 32 CSI 79 NOVA CYG 1975 21 09 53 +47 56 42 GCVS DO--AR 24 16 23 15.8 --24 13 37
CYG O82 D 20 31 28.4 +41 08 43 " NOVA CYO 1978 21 40 38.1 +43 48 11 780911 DO--AR 24E 16 23 21,4 --24 14 13
CYG OB2 E 20 31 30 +41 16 NOVA CYG 1980 21 40 46.2 +31 13 45 801210 DO--AR 24E 16 23 22.0-24 14 15 1780902
CYG O82 IRSI 20 31 22.9 +41 04 48 P CYG 20 15 56.5 +37 52 35 779907 DO-AR 51 16 29 08 -24 34 ' 599902
CYG OB2 IRS2 20 31 26.4 +41 I0 04 R CYG 19 35 28.7 +50 05 12 " DO-AR 52 16 29 20 -24 34
CYG O82 IRS3 120 31 37.8 +41 10 29 RHO CYG 21 32 05.7 +45 22 I1 CSI 79 DO--AR 58 16 3l 25.0--24 07 32 729902
CYG OB2 IRS4 20 31 44.0 +41 08 35 RS CYG 20 11 34.6 +38 34 36 779907 DOR #1 5 37 51.4 -69 04 14
CYG O82 IRS5 120 31 43.0 +41 05 02 RT CYG 19 42 12.5 +48 39 26 " DOR #2 5 38 I1.1 --69 06 00
CYG OB2 IRS6 20 31 51.3 +41 09 08 RU CYG 21 38 58.6 +54 05 49 " DOR #3 5 38 15.7 --69 10 44
CYG OB2 IRS7 20 31 51.9 +41 12 15 RV C¥O 21 41 11.9 +37 47 17 " DOR #4 5 38 27.2 --69 05 29
CYG OB2 NOM. 120 31 30 +41 16 ED RW CYG 20 27 01.5 +39 48 52 " DOR #5 5 38 30.9 --69 08 04
CYG OB2 1 20 29 20 +41 21 " RY CYO 20 08 30,4 +35 47 53 " DOR #6 5 38 37.7 --69 11 50
CYG O82 2 20 29 30 +41 21 " RZ CYG 20 50 12.5 +47 10 00 " DOR #7 5 38 37.9 --69 05 40
CYG OB2 3 120 29 49.9 +41 03 08 CS1 79 S CYG 20 04 27.6 +57 51 14 " DOR #8 5 38 38.5 -69 05 51
CYG OB2 4 20 30 26.3 +41 16 57 " SIG CYG 21 15 26.9 +39 I1 03 CSI 79 DOR #9 5 38 44.7 --69 12 04
CYG O82 5 20 30 34.7 +41 08 04 779907 SS CYG 21 40 43.9 +43 21 21 779907 DOR #10 5 38 48.6 --69 10 33
CYG OB2 6 20 31 00 +41 17 ED ST CYG 20 31 14.6 +54 46 44 " DOR #11 5 38 51.4 --69 02 53
CYG OB2 7 12o31 26.5 +41 10 04 819910 SU CYG 19 42 48.4 +29 08 33 CSI 79 DOR #12 5 39 02.2 -69 05 35
CYG O82 8A 20 31 27.3 +41 08 31 CSI 79 SV CYG 20 07 58.7 +47 43 24 779907 DOR #13 5 39 02.6 --69 09 53
CYG OB2 8B 20 31 26.9 +41 08 32 " SX CYG 20 13 36.1 +30 55 03 CSI 79 DOR #14 5 39 02.8 --69 06 56
CYG OB2 8C 20 31 28.4 +4l 08 43 " "IT CYG 19 39 01.9 +32 30 02 779907 DOK #15 5 39 03.7 --69 07 42
CYG O82 8D 20 31 30.3 +41 08 13 829906 TLI CYG 19 44 48.7 +48 57 16 CSI 79 DOR #16 5 39 04.8 --69 06 36
CYG O82 9 20 31 23.0 +41 04 51 819910 TW CYG 21 03 41.7 +29 19 27 " DOR #17 5 39 05.8 -69 07 20
CYG OB2 10 20 31 58.6 +41 22 39 CSI 79 U CYG 20 18 03.4 +47 44 09 779907 DOR #18 5 39 09.5 -69 07 13
CYG OB2 I1 20 32 21.1 +41 26 38 " UPS CYG 21 15 51.5 +34 41 09 CSI 79 DOR #19 5 39 12.7 --69 09 49
CYG OB2 12 20 30 53.4 +41 04 12 780403 UX CYG 20 52 59.1 +30 13 19 " DOR #20 5 39 17.5 --69 09 18
CYG OB2 15 20 39 40 +41 16 40 ED UX CYO 20 53 00.0 +30 13 24 DOR #21 5 39 26.9 -69 03 33
CYO OB2 16 20 30 50 +41 16 20 " V CYG 20 39 41.3 +47 57 44 CSI 79 DOR #22 5 39 48.2--69 13 12
CYO OB2 19 20 32 20 +41 08 50 " V1 CYG 3 DOR #23 5 40 01.9--69 13 24
CYO O82 21 20 30 40 +41 17 20 " VICYG 5 20 30 34.8 +41 08 04 779907 DOR #24 5 40 04.0--69 13 03
CYG O82 22 20 31 20 +41 03 " VI CYG 7 20 31 26.5 +41 10 04 819910 BET DOR 5 33 11.3 --62 31 19 CSI 79
CYG OB2 23 20 31 25 +41 09 " VI CYO 8C 20 31 28.4 +41 08 43 CSI 79 R DOR 4 36 10.3 -62 10 30
CYG O82 24 20 31 30 +41 06 " VICYG 9 20 31 23.0 +41 04 51 819910 SDOR 5 18 34.3 --69 18 00
CYG X 20 19 36 +40 06 VICYG 10 20 31 58.6 +41 22 39 CSI 79 TDOR 4 45 02.2 -59 52 33
CYG X FIR I 20 20 56 +39 59 25 VICYG I1 20 32 21.1 +41 26 38 " UDOR 5 09 52.9-64 22 53
CYG X FIR 2 20 21 41 +41 17 51 VICYG 12 20 30 53.4 +41 04 12 780403 _SDOg, #1 5 3832 --6907 35
CYG X FIR 3 20 22 18 +39 48 52 VI CYG 103 30 DOR #2 5 38 42 --69 06 35
CYG X FIR 4 20 22 26 +37 37 41 VI CYG 629 30 DOR //3 5 38 42 --69 07 35
CYG X FIR 5 20 25 48 +37 03 04 VI CYG #1245 30 DOR #4 5 38 42 --69 08 35
CYG X FIR 6 20 25 51 +39 58 45 VI CYG #1359 30 DOR #5 5 38 42 --69 09 35
CYG X FIR 7 20 25 54 +39 21 50 Vl CYG A 30 DOR #6 5 38 48 -69 06 05
CYO X FIR 8 20 26 31 +37 37 02 V360CYG 21 08 28.7 +30 28 02 CSI 79 30DOR #7 5 38 48 -69 07 05
CYG X FIR 9 20 26 55 +40 49 31 V425 CYG 20 06 12.1 +35 58 39 779907 30 DOR #8 5 38 48 --69 07 35
CYG X FIR 10 20 28 03 +40 04 54 V441 CYG 20 25 14.0 +36 23 09 " 30 DOR #9 5 38 48 --69 08 05
CYG X FIR I1 20 2808 +41 23 18 V444CYG 20 1742.6+38 34 24 " 30DOR #10 5 3848 --69 08 35
CYG X FIR 12 20 28 40 +38 58 07 V457 CYG 20 35 57 +30 14 39 GCVS 30 DOR #II 5 38 54 --69 06 35
CYG X FIR 13 20 30 04 +37 19 14 V460 CYG 21 39 54.4 +35 16 53 779907 30 DOR #12 5 38 54 --69 07 05
CYG X FIR 14 20 30 28 +36 28 29 V517CYG 20 45 37 +43 33 54 GCVS 30DOR #13 5 38 54 --69 07 35
CYG X FIR 15 20 30 49 +41 03 51 V644 CYG 21 38 19 +45 10 34 " 30 DOR #14 5 38 54 --69 08 05
CYG X FIR 16 20 30 54 +43 0002 V645CYG 21 38 12 +500046 " 30DOR #15 5 38 54 --69 08 35
CYG X Flit 17 2(3 3(357 +41 5"I24 V"117CY& 19 59 05 +30 42 12 " 30 DOR #16 5 38 54 --69 09 35
CYG X FIR 18 20 30 59 +38 53 40 V729 CYG 20 30 34.8 +41 08 04 779907 30 DOR #17 5 38 54 --69 10 05
CYG X FIR 19 20 31 13 +39 23 49 V786 CYG 20 13 29 +59 35 09 GCVS 30 DOR #18 5 38 59 --69 05 05
CYG X FIR 20 20 31 33 +40 16 07 V1016 CYG 19 55 19.9 +39 41 38 CSI 79 30 DOR #19 5 38 59 --69 05 35
CYG X FIR 21 20 31 55 +46 17 07 VI042 CYG 20 I0 00.8 +36 02 49 779907 30 DOR #20 5 38 59 --69 06 05
CYG X FIR 22 20 31 58 +43 43 32 V1057 CYG 20 57 06 +44 03 49 GCVS 30 DOR #21 5 38 59 --69 06 35
CYG X FIR 23 20 32 03 +45 16 29 V1195 CYG 20 22 43 +55 01 43 " 30 DOR #22 5 38 59 --69 07 05
CYG X FIR 24 20 32 19 +41 16 32 V1329 CYG 20 49 02.6 +35 23 37 749903 30 DOR #23 5 38 59 --69 07 35
CYG X FIR 25 20 33 19 +42 04 00 V1331 CYO 20 59 31 +50 09 45 GCVS 30 DOR #24 5 38 59 --69 08 05
CYG X FIR 26 20 33 21 +39 46 54 V1515 CYG 20 22 03 +42 03 769913 30 DOR #25 5 38 59 -69 08 35
CYG X FIR 27 20 33 40 +41 06 17 W CYG 21 34 08.3 +45 09 00 779907 30 DOR #26 5 39 04 --69 03 35
CYG X FIR 28 20 34 31 +40 29 05 WXCYG 20 16 41,6 +37 17 34 " 30DOR #27 5 39 04 --69 04 35
CYG X FIR 29 20 35 02 +41 15 33 XCYG 20 41 26.6 +35 24 24 " 30DOR #28 5 39 04 --69 05 05
CYG X FIR 30 20 35 06 +42 37 16 XICYG 21 03 06.5 +43 43 38 CSI 79 30DOR #29 5 39 04 -69 05 35
CYG X FIR 31 20 35 52 +41 50 41 Z CYG 20 00 00.0 +49 54 06 30 DOR. #30 5 39 04 --69 06 05
CYG XFIR 32 20 36 35 +38 33 43 ZCYG 200002.4+49 54 09 7"19907 30DOR #31 5 39 04 -69 06 35
CYG X FIR 33 20 36 47 +42 24 21 ZET CYG 21 I0 48.3 +30 01 14 CSI 79 30 DOR #32 5 39 04 --69 07 05
CYG X FIR 34 20 36 59 +40 27 56 16 CYG A 19 40 29,0 +50 24 29 " 30 DOR #33 5 39 04 --69 07 35
CYG X FIR 35 20 37 23 +43 10 22 16 CYG B 19 40 32,0 +50 24 02 " 30 DOR #34 5 39 04 --69 08 35
CYG X FIR 36 20 37 24 +42 06 20 29 CYG 20 12 39.5 +36 39 06 " 30 IX)R. #35 5 39 94 --69 19 35
CYG X FIR 37 20 37 37 +39 13 07 44CYG 20 29 05.1 +36 45 58 " 30DOR #36 5 3904 --69 10 35
CYG X FIR 38 20 37 57 +41 04 26 55 CYG 20 47 13,9 +45 55 40 " 30 DOR #37 5 39 09 --69 05 35
CYG X FIR 39 20 38 52 +41 42 46 61 CYG 21 04 39,9 +38 29 58 " 30 DOR #38 5 39 09 --69 06 05
CYG X FIR 40 20 40 22 +38 40 29 61 CYG A " 30 DOR #39 5 39 09 --69 06 35
CYG X FIR 41 20 40 35 +42 41 00 61 CYG B 21 04 38.3 +38 29 29 " 30 DOR #40 5 39 09 --69 07 05
CYG X FIR 42 20 43 53 +43 56 03 62 CYG 21 03 06.5 +43 43 38 " 30 DOR #41 5 39 09 --69 08 05
CYG X FIR 43 20 44 43 +40 48 36 68 CYG 21 16 35,1 +43 44 04 " 30 DOR #42 5 39 14 --69 05 05
CYG X FIR 44 20 44 54 +39 13 27 75 CYG 21 38 13.1+43 02 45 " 30 DOR #43 5 39 14 --69 05 35
CYG X FIR 45 20 45 41 +43 16 55 CYGNUS EGG 21 00 16 +36 30 00 30 DOR #44 5 39 14 --69 06 05
CYG X FIR 46 20 47 29 +44 21 46 CYGNUS LOOP 20 40 +41 50 ED 30 DOR #45 5 39 14 --69 06 35
CYG X FIR 47 20 51 45 +44 18 55 CYGNUS REGION 2(3 42 +41 48 30 DOR #46 5 39 14 --69 07 05
CYG X FIR 48 20 52 16 +47 11 50 CI715--387 NOM 17 15 36 --38 46 ED 30 DOR #47 5 39 14 --69 07 35
CYG X FIR 49 20 54 43 +43 21 07 C1715--387 1 30 DOR #48 5 39 14 --69 08 35
CYG X-I 19 56 28.7 +35 03 54 CSI 79 C1715-387 2 30 DOR #49 5 39 19 -69 05 35
CYG X--3 20 30 34 +40 4"117 ED C1715--38"1 3 " 30 DOR #50 5 39 19 --69 06 05
CYG X--3 20 30 37.6 +40 47 13 C1715--387 6 17 15 36 --33 46 30 DOR #51 5 39 19 --69 06 35
CYG XR--I 19 52 19 +32 47 EU DEL 20 35 37.7 +18 05 29 CSI 79 30 DOR #52 5 39 19 --69 07 05

AB CYG 21 34 24,4 +31 52 38 CSI 79 GAM DEL 20 44 20.1 + 15 56 37 " 30 DOR #53 5 39 24 --69 05 05
AC CYG 20 I1 21.3 +49 17 56 779907 NOVA DEL 1967 20 40 04 +18 58 47 GCVS 30 DOR #54 5 39 24 --69 06 05
AF CYG 19 28 43.1 +46 (32 31 " R DEL 20 12 30.2 + 8 56 07 CSI 79 30 DOR #55 5 39 24 -69 07 05

ALF CYG 20 39 43,4 +45 06 02 CSI 79 RS DEL 20 26 51.2 +16 06 20 " 30 DOR #56 5 39 24 --69 07 35
AW CYG 19 27 17,9 +45 56 22 " S DEL 20 40 46.5 + 16 54 26 " 30 DOR #57 5 39 29 --69 06 05
AXCYG 19 55 35.7 +44 07 33 "179907 TDEL 20 43 01.9+16 12 57 " 30DOR #58 5 39 34 --69 07 35
AZ CYG 20 56 15,8 +46 16 22 " TX DEL 20 47 41.9 + 3 27 53 " 30 DOR. IR I 5 37 51.4 --69 04 14
BC CYG 20 19 46.6 +37 22 21 " U DEL 20 43 10.7 + 17 54 25 " 30 DOR IR 2 5 38 11.1 --69 06 00

BET CYG 19 28 42.2 +2"1 51 11 CSI 79 V DEL 20 45 28.1 +19 08 54 " 30 DOR IR 3 5 38 15."1--69 10 44
BET I CYG .... X DEL 20 52 35.6 + 17 27 00-. " 30 DOR IR 4 5 38 27.2 --69 05 29
BET 2 CYG 19 28 44.3 +27 51 31 "" Y DEL 20 39 16 + 11 41 50 GCVS 30 DOR IR 5 5 38 30.9 --69 08 04

BFCYG 19 2155.0+29 3431 " ZDEL 203021.7+17 1648 CSI 79 30DOR IR6 5 3837."1--69 I1 .5(3
BG E'I'G 19 36 55 +28 23 4"1 GCVS 1 DEL 20 27 54.2 +10 43 3"1 " 30 DOR IR 7 5 38 37.9 --69 05 40I

120 19 29.1 +36 46 20 779907 DK 2 2 37 --34 30 DOR IR 8 5 38 38.5 --69 05 51BI CYG
CH CYG 19 23 14.1 +50 08 31 " DK 3 " 30 DOR IR 10 5 38 48.6 --69 I0 33

CHI CYG 19 48 38.5 +32 47 I1 '" DK 4 " 30 DOR IR I1 5 38 51.4 --69 02 53
CI CYO 19 48 20.6 +35 33 23 " DK 6 " 30 DOR IR 13 5 39 02.6 --69 09 53

DEL CYO !19 43 24.6 +45 00 27 CSI 79 DK 7 " 30 DOR IR 14 5 39 02.8 --69 06 56
DF CYG 19 47 !5.7 +42 54 40 .179907 DK 10 " 30 DOR IR 15 5 39 03.7 --69 07 42

DG CYO 20 41 37 +43 (30 53 OCVS DK 22 '" 30 DOR IR 16 5 39 04.8 --69 06 36
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NAME RA (1950) DEC ,POSRE NAME RA (1950) DEC 'POSREF NAME RA (1950) DEC POSREF
h m •30DORIR17 5_39%5_8--69"0_26 _IC11 42%0_7+ 2"513_ _ZC129 62124.5+ 8"2_'

30 DOR IR 18 5 39 09.5 --69 07 13 EIC 12 45 41.7 + 7 01 39 EIC 130 6 22 08.7 + 3 47 31
30DOR IR 19 5 39 12.7 --69 09 49 EIC 13 4605.1 + 7 18 45 EIC 131 6 23 57.0+ 8 39 55
30DOR IR 20 5 39 17.5 -69 09 18 EIC 14 50 26.9- I 24 55 EIC 132 6 26 10.6+ 6 47 44
30DOR IR 21 5 3932.5--69 03 36 EIC 15 57 13.8+ 6 12 49 EIC 133 6 2637.9+ 2 40 48
30 DOR IR 22 5 39 48.2 -69 13 12 EIC 16 00 20.4 + 7 37 17 EIC 134 6 26 50.8 - 8 03 58
30DOR IR 23 5 4001.9 -69 13 24 EIC 17 02 16.9+ 5 23 17 EIC 135 6 2651.2+ 8 49 18
30DOR IR 24 5 4004.0-69 13 03 EIC 18 11 34.7+ 7 02 52 EIC 136 6 27 19.1 + 7 57 19
30 DOR IR 25 5 39 27.3 --69 03 28 EIC 19 17 08.3 + 5 53 57 EIC 137 6 27 41.2 + 8 05 44
30 DOR IR 26 5 39 33.6 -69 03 44 EIC 20 21 31.0 - 8 26 32 EIC 138 6 27 41.6 + 9 03 35
30DOR IR 27 5 39 18.9-69 07 38 EIC 21 25 45.6 + 7 42 09 EIC 139 6 31 39.7+ 9 07 31
30 DOR IR 28 5 39 03.9 --69 07 20 EIC 22 27 34.1 + 5 53 09 EIC 140 6 31 56.0 + 5 00 28
30 DOR IR 29 5 39 05.4 --69 06 47 EIC 23 28 03.0 + 2 37 25 EIC 141 6 32 40.3 -- 1 28 06
30DOR IR 30 5 38 55.1 --69 06 26 EIC 24 3040.7 + 7 57 08 EIC 142 6 33 18.8-- 5 20 07
30 DOR IR 31 5 39 05.4 --69 06 29 EIC 25 34 05.9 + 7 34 36 EIC 143 6 34 59.1 - 1 21 02
30 DOR IR 32 5 38 57.0 -69 07 46 EIC 26 38 49.4 + 5 14 04 EIC 144 6 35 13.2 + 7 46 23
30 DOR IR 33 5 38 57.1 --69 07 35 EIC 27 42 00.5 + 2 58 21 EIC 145 6 36 I1,0 + 5 14 I1
30 DOR IR 34 5 38 58.6 --69 06 42 EIC 28 45 50.4 + 3 26 11 EIC 146 6 36 26.0 + 8 46 53
30DOR IR 35 5 3837.4--69 05 50 EIC 29 51 58.9+ 4 28 00 EIC 147 6 3752.2 -- 6 17 57

DR 4 20 20 20 +40 00 EIC 30 57 34.8 + 6 40 34 EIC 148 6 39 34.8 + 7 26 48
DR 5 20 24 25 +40 (30 EIC 31 57 57.8 -- 8 45 55 EIC 149 6 42 03.1 + 3 22 06
DR 6 20 25 25 +39 21 EIC 32 G000.2 + 7 26 11 EIC 150 6 42 21.2 + 9 05 28
DR 7 20 26 25 +40 47 EIC 33 03 33.3 + 8 (30 35 EIC 151 6 42 50.5 + 8 05 30
DR 12 20 30 45 +39 Ig EIC 34 2 05 09.5 + 5 44 51 EIC 152 6 43 48.5 + 9 15 30
DR 13 20 30 05 +39 49 EIC 35 2 1125.3-- 9 17 51 EIC 153 6 44 22.7+ 8 04 11
DR 15 203034 +400424 EIC 36 2 1538.3+ 62822 EIC 154 64436.04 1 3505
DR 15 20 30 50 +40 13 EIC 37 2 1649.0-- 3 12 19 EIC 155 6 44 36.7+ 8 05 32
DR 15 #A 20 30 34 440 04 24 EIC 38 2 19 22.7+ 0 1003 EIC 156 64515,0+ 2 28 07
DR 15 #B 20 30 22 +40 03 00 EIC 39 2 26 19.8 + 8 09 24 EIC 157 6 45 21.5 + 8 20 12
DR 17 20 34 442 20 ED EIC 40 2 32 24.9 + 7 15 10 EIC 158 6 48 18.7 - 0 00 47
DR 20 20 35 +41 30 " EIC 41 2 33 23.1 + 6 39 32 EIC 159 6 49 18.0 + 4 49 31
DR 21 20 37 12 +42 09 EIC 42 2 33 32.1 - 8 02 54 EIC 160 6 50 03.5 + 8 29 (}0
DR 21 20 37 13 +42 09 EIC 43 2 33 55.7 + 7 30 46 EIC 161 6 50 13.4 + 8 43 35
DR 21 20 37 13.5 +42 03 51 EIC 44 2 49 47,0- 8 28 17 EIC 162 6 52 55.6 + 6 26 36
DR 21 20 37 14 +42 08 55 ED EIC45 2 53 58.9-- 9 05 51 EIC 163 6 53 29.7+ 8 48 41
DR 21 20 37 14 +42 09 00 EIC 46 2 5427.1+ 4 18 01 EIC 164 6 54 35.5+ 8 38 39
DR 21 20 37 14.0 +42 09 03 ED EIC 47 2 59 39.6 + 3 53 37 EIC 165 6 55 07.6 + 3 22 14
DR21 203714.1+420918 " EIC48 30404.9--61650 EIC 166 65540.7+61407
DR 21 20 37 14.2 +42 09 07 EIC 49 3 05 57.7 + 8 16 50 EIC 167 6 58 31.7 - 3 10 49
DR 21 20 37 14.3 +42 09 25 ED EIC 50 3 09 46.7 + 6 28 26 EIC 168 6 59 29.0 - 5 38 55
DR 21 20 37 14.8 +42 08 57 770208 EIC 51 3 12 50.5+ 1 30 03 EIC 169 6 59 37.1- 3 40 54
DR 21 20 37 14.9 +42 09 12 EIC 52 3 28 09.5 -- 2 06 27 EIC 170 7 02 54.6 + 9 15 46
DR 21 20 37 21.9 +42 09 18 EIC 53 3 37 49.3 + 4 57 54 EIC 171 7 04 14.6 + 8 57 19
DR 21 20 38 +42 10 ED EIC 54 3 43 29.0 + 6 38 55 EIC 172 7 04 31.0 - 7 28 42
DR 21 A 20 37 13.7 +42 08 57 EIC 55 3 46 20.6 -- 7 10 (30 EIC 173 7 05 58.4 + 4 15 24
DR 21 B 20 37 14.0 +42 09 03 EIC 56 3 48 54.6 -- 1 31 12 EIC 174 7 07 44.7 - 4 09 20
DR 21 B(0.2E) 20 37 14.2 +42 09 03 EIC 57 4 01 24.3 + 2 24 04 EIC 175 7 10 21.3 + 2 42 41
DR 21 C(0.1E) 20 37 14.2 +42 08 54 EIC 58 4 06 30.3-- 8 13 56 EIC 176 7 11 15.7-- 3 51 46
DR 21 D 20 37 14.2 +42 09 16 EIC 59 4 08 36.3 4 8 09 33 EIC 177 7 II 41.3 - 3 48 53
DR 21 H2 20 37 21.9 +42 09 18 EIC 60 4 13 03.0 + 6 06 21 EIC 178 7 II 42.8 + 3 11 52
DR 21 IRS 20 37 14.8 +42 08 57 EIC 61 4 13 24.2 + 7 48 21 EIC 179 7 12 09.5 + 4 14 21
DR 21 N 20 37 12.7 +42 09 09 770104 EIC 62 4 1801.14 6(30 43 EIC 180 7 12 31.4+ 8 28 19
DR 21 N 20 37 14.0 +42 09 17 EIC 63 4 26 59.6+ 5 03 21 EIC 181 7 12 56.6+ 8 03 56
DR 21 N 20 37 14.5 +42 09 20 ED EIC 64 4 29 19.0 - 0 08 54 EIC 182 7 12 58.2 + 6 (30 34
DR 21 N4S 20 37 12.7 +42 09 09 EIC 65 4 31 46.8 -- 8 20 04 EIC 183 7 12 59.4 + 5 08 56
DR 21 OH 20 37 14 +42 11 45 ED EIC 66 4 31 48.0-- 6 56 28 EIC 184 7 14 56.6 + 8 53 12
DR 21 OH 20 37 14 +42 12 03 EIC 67 4 33 44.6-- 5 22 22 EIC 185 7 16 25.0+ 3 37 27
DR 21 OH 20 37 14,1 +42 09 18 770208 EIC 68 4 35 31.6 + 8 14 12 EIC 186 7 19 21.2 + 3 12 10
DR 21 OH 20 37 14.5 442 12 00 EIC 69 4 36 04.9 4 6 43 19 EIC 187 7 21 30.3 4 8 59 45
DR 21 POSI 20 37 17 +42 l0 25 ED EIC 70 4 39 40.0 + 6 47 G0 EIC 188 7 22 54.8 + 9 22 33
DR 21 POS2 20 37 17 +42 09 18 " EIC 71 4 47 08.3 + 6 52 31 EIC 189 7 24 21.2 + 9 08 43
DR 21 POS3 20 37 19 442 09 45 " EIC 72 4 48 19.9 + 7 36 50 EIC 190 7 24 34.2 4 3 39 50
DR 21 POS4 20 37 19 +42 09 18 " EIC 73 4 49 37.4 4 8 26 04 EIC 191 7 25 26.1 + 9 01 40
DR 21 POS5 20 37 19 +42 08 45 " EIC 74 4 50 46.1 4 2 25 36 EIC 192 7 30 00.1 4 8 25 33
DR 21 POS6 20 37 22 +42 1025 " EIC 75 4 52 05.3+ 741 56 EIC 193 7 32 22.3+ 6 18 15
DR 21 POST 20 37 22 +42 09 45 " EIC 76 4 55 57.2+ 1 38 24 EIC 194 7 33 51.5- 8 11 56
DR 21 POS8 20 37 22 +42 1025 " EIC 77 4 58 29.5+ 5 15 59 EIC 195 7 3639,74 5 20 47
DR 21 POS9 20 37 25 +42 09 45 " EIC 78 4 59 03.4+ 6 35 36 EIC 196 7 38 37.14 8 29 51
DR 21 POSI0 20 37 25 +42 08 45 " EIC 79 5 0248,6+ 1 06 37 £IC 197 7 39 18,5-- 403 32
DR 21 POSII 20 37 27 +42 10 25 " EIC 80 5 04 01.7 + 0 28 57 EIC 198 7 42 54.4 + 5 19 48
DR 21 S 20 37 13.3 +42 09 04 EIC 81 5 05 22,1 + 7 50 03 EIC 199 7 43 35.0- 6 38 56
DR 22 20 38 +41 10 ED EIC 82 5 09 00.8+ 8 32 55 EIC 200 7 49 29.9+ 3 24 26
DR 23 20 39 +41 50 " EIC 83 5 09 26.1 + 6 48 00 EIC 201 7 51 01.4 + 9 07 56

AB DRA 19 51 04 +77 37 03 GCVS EIC 84 5 l0 40.2 + 2 48 10 EIC 202 7 53 5L2 + 6 32 24
AC DRA 20 19 53.1 +68 43 14 779907 EIC 85 5 12 03.6-- 0 37 09 EIC 203 7 58 40.8 -- 1 15 10
AG DRA 16 O123.3 +66 56 25 "" EIC 86 5 12 04.4 + 5 06 (30 EIC 204 7 59 39.6 + 2 28 27
AH DRA 16 47 23.9 +57 54 (30 " EIC 87 5 12 07.8 - 8 15 29 EIC 205 8 03 02.7 + 6 46 26

BET DRA 17 29 17.9 452 20 15 CSI 79 EIC 88 5 12 29.6 + 6 30 38 EIC 206 8 03 29,2 + 5 43 34
BY DRA 18 32 44,5 +51 40 58 779907 EIC 89 5 18 05.3 + 8 38 31 EIC 207 8 09 11,4 + 5 56 51
CMDRA 16 33 24 +57 14 48 GCVS EIC 90 5 18 31.1+ 7 18 24 EIC 208 8 09 53.4+ 7 07 36

GAM DRA 17 55 26.5 +51 29 37 CSI 79 EIC 91 5 21 31.8 -- 7 51 09 EIC 209 8 13 48.1 + 9 20 26
KAP DRA 12 31 21.5 +70 03 48 " EIC 92 5 22 02.2 -- 6 ll 28 EIC 210 8 14 58.0 + 9 19 14
LAM DRA 11 28 27.5 469 36 25 " EIC 93 5 22 26.8 + 6 18 19 EIC 211 8 16 47.5 -- 7 24 (30

RDRA 16 32 31.3 +66 51 31 779907 EIC 94 5 2539.2+ 8 39 02 EIC 212 8 18 54.6+ 5 07 04
RY DRA 12 54 28.3 +66 15 53 " EIC 95 5 26 32,6 -- 4 43 51 EIC 213 8 20 27,3 -- 7 22 54

S1G DRA 19 32 27.5 469 34 33 CSI 79 EIC 96 5 27 11.5 -- 1 07 47 EIC 214 8 20 49.6 4 6 58 26
SV DRA 18 32 21.6 449 19 52 " EIC 97 5 29 13.1 4 7 34 39 EIC 215 8 22 01.9 -- 8 21 27

T DRA 17 55 36.1 +58 13 11 779907 E1C 98 5 30 31.6 4 7 07 08 EIC 216 8 23 36.7 -- 4 44 11
TX DRA 16 34 17,3 +60 34 09 "' EIC 99 5 30 35.8 + 8 30 16 EIC 217 8 27 13.1 -- 6 09 01
TY DRA 17 36 11.7 457 46 08 " EIC 1(30 5 32 32.6 4 8 40 06 EIC 218 8 36 08.5 + 3 31 06

U DRA 19 09 56.5 +67 12 00 CSI 79 EIC 101 5 35 06.9 -- I 47 59 EIC 219 8 41 12.7 -- 7 03 08
UX DRA 19 23 22.4 +76 27 42 779907 EIC 102 5 35 38.2 + 8 27 34 EIC 220 8 43 45.8 + I 48 56

V DRA 17 57 15.9 +54 52 47 CSI 79 EIC 103 5 39 53.1 4 I 27 10 EIC 221 8 44 07,2 + 6 36 09
W DRA 18 05 30.5 +65 56 56 779907 EIC 104 5 46 02.3 + 7 51 42 EIC 222 8 45 36.6 -- 6 22 22

WZDRA 16 58 39,6 +52 23 28 " EIC 105 5 49 50.3+ 1 50 35 EIC 223 8 47 37.9+ 9 27 29
XDRA 180650,2+660848 - EIC 106 55111.6482615 EIC 224 85244.8+60812
Y DRA 9 37 23.4 +78 04 55 CSI 79 EIC 107 5 51 38.3 + 3 13 02 EIC 225 9 00 35.0 4 8 24 40

ZET DRA 17 08 38.1 +65 46 33 " EIC 108 5 52 27.7 + 7 23 56 EIC 226 9 0(3 35.0 + 7 O0 47
64DRA 200056.9+644049 " EIC 109 55621.54 85537 EIC227 90320,3+ 5 1734

D0637.2+09ABC 6 39 53.0+ 9 04 08 EIC 110 5 59 15.8-- 2 21 I1 EIC 228 90424.9+ 1 39 53
D0637.2+091RS 6 39 56 + 9 07 06 EIC 111 5 59 27.2+ 8 27 07 EIC 229 9 04 50.4+ 6 31 28
DI827.6-08ABC 18 30 19.8-- 8 47 13 EIC 112 6 00 26.8 + 7 37 42 EIC 230 9 14 12.5 - 6 08 36
DI827.6--081RI 18 3034.3 -- 8 46 06 EIC 113 6 0252.94 7 32 32 EIC 231 9 1802.6+ 0 23 37
DIg27.6--08[R3 18 30 28.7-- 8 48 33 EIC 114 60704.54 8 45 16 EIC 232 9 20 49.7+ 7 55 44
DI827.6--081R5 18 30 22.7 -- 8 44 16 EIC 115 6 08 06.9 + 3 46 03 EIC 233 9 22 53.7 - 4 54 08
DI827.6-081R6 183024.3- 84921 EIC 116 60858.0-- 7 14 16 EIC 234 92544.9-- 73007
DI827.6--081R7 18 30 14.5-- 8 48 37 EIC 117 6 10 18,7 + 6 01 49 EIC 235 9 25 46.9 + 9 16 30
DI827.6--081R8 18 30 11.6- 8 50 36 EIC 118 6 1025,6- 7 17 07 EIC 236 9 2549.44--8 24 24
EIC I 0 04 28.3 4 5 (30 34 EIC 119 6 12 24,9 -- 6 15 28 EIC 237 9 32 01.7 4 8 24 37
EIC 2 0 05 44.0 -- 9 06 07 EIC 120 6 14 58.2 4 8 32 20 EIC 238 9 32 02.9 -- 5 41 29
EIC 3 0 11 54.1 -- 8 03 29 E1C 121 6 17 29.1 -- 2 55 14 EIC 239 9 34 34.1 4 7 03 38
EIC 4 0 16 52.6-- 9 06 03 EIC 122 6 18 07.9 + 5 45 50 EIC 240 9 35 50.3 + 4 52 32
EIC 5 0 17 30.6 + 6 00 55 EIC 123 6 18 26.1 + 2 35 36 EIC 241 9 37 18.0-- 0 54 55
EIC 6 0 17 35.5 + 2 45 19 EIC 124 6 19 15.5 + 7 22 26 EIC 242 9 43 31.6 + 6 56 24
EIC 7 0 18 0LI + 7 54 47 EIC 125 6 19 46.0 + 3 26 59 EIC 243 9 43 48.2 + 8 41 17
EIC 8 0 23 07.1 + 7 24 51 EIC 126 6 20 12.3 -- 2 10 06 EIC 244 9 51 05.3 + 6 I1 41
EIC 9 0 24 33.3 -- 6 52 51 EIC 127 6 21 04.0 + 8 31 30 EIC 245 9 51 29.8 + 5 10 54
EIC 10 0 34 55.8 + 2 51 37 EIC 128 6 21 08.0 + g 30 49 EIC 246 9 52 16.5 + 5 26 06

B-25



NAME RA (1950) DEC POSREF NAME RA (1950) DEC POSREF NAME RA (19_} DEC POSREF

h m | h m s h m .
EIC 247 9 53 46.7 + 9"10, 14 EIC 365 14 05 24.9 + 8'19' 2; EIC 483 16 07 13.0 -- 3"20' 09
EIC 248 9 5528.7+ 8 33 I0 EIC 366 14 0654.7+ 5 I1 59 EIC 484 16 0822.4+ 7 54 28
EIC 249 9 56 11.9+ 5 02 53 EIC 367 14 0730.8+ 7 34 42 EIC 485 16 1046.6+ 5 08 50
EIC 250 9 57 34.2 + 8 17 03 EIC 368 14 II 39,8 + 8 06 49 EIC 486 16 11 43.0 -- 3 34 04
EIC 251 10 05 15.9- 7 23 09 EIC 369 14 12 21.5 + 3 34 05 EIC 487 16 II 45,9 + 6 01 37
EIC 252 10 06 37.7 + 6 25 00 EIC 370 14 13 22.9-- 5 45 58 EIC 488 16 12 16.7 + 7 58 57
EIC 253 10 06 52.2 + 9 50 18 EIC 371 14 1441.8 + 7 32 48 EIC 489 16 13 11.2- 2 16 05
EIC 254 10 19 35.8 + 9 13 00 EIC 372 14 17 05.1 + 9 01 23 EIC 490 16 15 40.3 -- 4 34 17
EIC 255 10 20 23,6 + 6 47 47 EIC 373 14 18 55.8 + 6 40 15 EIC 491 16 16 08.2 + 7 22 49
EIC 256 10 22 37.0 + 9 02 20 EIC 374 14 21 50.2 + 8 18 38 EIC 492 16 17 46.2 + 5 59 02
EIC 257 I0 23 13.8-- 6 48 19 EIC 375 14 23 25.6 + 6 41 56 EIC 493 16 18 42.0-- 7 34 56
EIC 258 [10 23 27.2 -- 7 15 34 EIC 376 14 24 45.7 + 4 54 06 EIC 494 16 19 44.3 + 2 59 27
EIC 259 10 28 28.2-- 7 22 48 EIC 377 14 25 58.8 + 5 54 14 EIC 495 16 20 17.7-- 7 05 34
EIC 260 10 28 49.9 + 9 36 31 EIC 378 14 2602.9-- 6 40 38 EIC 496 16 21 12,0-- 7 47 34
EIC 261 10 32 11.2 + 7 12 42 EIC 379 14 26 25.2 + 3 56 33 EIC 497 16 22 15.6-- 2 21 29
EIC 262 I0 38 46.1 + 8 49 25 EIC 380 14 28 14.9 + 4 59 35 EIC 498 16 23 47.7 + 8 37 32
EIC 263 10 40 45.0 + 5 00 39 EIC 381 14 29 42.1 + 4 21 45 EIC 499 16 25 01.4-- 7 29 11
EIC 264 10 42 32.4 -- 6 33 40 EIC 382 14 34 42.7 + 4 41 02 EIC 500 16 25 01.5 + 2 58 51
EIC 265 I04607,1-- I 41 41 EIC 383 14 3523.5+ 3 44 15 EIC 501 16 2600.8+ 046 27
EIC 266 10 4609.5 + 8 55 48 EIC 384 14 35 52.5 -- 3 23 43 EIC 502 16 2608.5 + 0 09 51
EIC 267 10 53 25.5 + 6 27 06 EIC 385 14 37 35.4 + 7 33 19 EIC 503 16 27 21.1 + 7 51 25
EIC 268 10 5758.6+ 3 53 11 EIC 386 14 39 11.I + 8 22 27 E1C 504 16 2725.9-- 0 01 08
EIC 269 10 59 16.4-- 2 12 54 EIC 387 14 39 22.0-- 3 18 38 EIC 505 16 29 35.6-- 1 31 53
EIC 270 10 5940.64 4 28 05 EIC 388 14 4025.1 -- 5 26 36 EIC 506 16 31 50.7-- 8 02 49
EIC 271 I1 01 05.3-- 2 56 04 EIC 389 14 43 08,4+ 8 22 09 EIC 507 16 32 03.1+ 8 46 35
EIC 272 I1 01 43.7 + 5 29 40 EIC 390 14 44 15.9 + 7 29 24 EIC 508 16 32 44.5 + 2 53 06
EIC 273 11 0225.7+ 7 36 20 EIC 391 14 4433.5+ 5 05 38 EIC 509 16 34 13.5+ 5 07 02
EIC 274 I1 03 27.9+ 1 28 49 EIC 392 14 4601,I+ I 18 53 EIC 510 16 35 05.7+ 5 22 32
EIC 275 11 0420.4+ 2 13 36 EIC 393 14 51 11.0+ 6 26 41 EIC 511 16 3743.4+ 8 36 47
EIC 276 11 07 54.8 + 8 09 47 EIC 394 14 52 54.5 + 6 59 10 EIC 512 16 37 48.0 + 7 43 19
EIC 277 I1 I1 25.9 + 8 20 01 EIC 395 14 52 59.0 + 7 57 47 EIC 513 16 40 17.9 -- 3 33 17
EIC 278 11 14 43.0 + 2 17 07 EIC 396 14 54 59.1 + 0 01 58 EIC 514 16 40 34.3 -- 4 03 21
EIC 279 11 1730.9+ 5 55 27 EIC 397 14 5608.3- 0 21 19 EIC 515 16 41 52.2+ 7 24 28
EIC 280 I1 18 54.6 + 4 12 41 EIC 398 14 56 53.0 + 4 45 57 EIC 516 16 42 25,3 - 0 31 23
EIC 281 11 2342.5+ 8 56 03 EIC 399 14 5741.8+ 3 27 33 EIC 517 16 4234.1 -- 2 59 38
EIC 282 112521.8+ 3 0753 EIC 400 145751.1+75044 EIC 518 164318.4--35521
EIC 283 I1 27 45.5 -- 2 43 40 EIC 401 14 58 43.6 -- 2 33 27 EIC 519 16 43 25.5 + 8 40 19
EIC 284 II 28 52.4 + 9 01 32 EIC 402 14 59 14.9 + 0 03 24 EIC 520 16 47 13.6 + 6 33 31
EIC 285 I1 30 14.6-- 7 33 04 EIC 403 14 5923.2-- 8 08 54 EIC 521 16 4900.3 + 8 23 47
EIC 286 I1 3102.0+ 2 46 30 EIC 404 15 0021.9 + 2 17 12 EIC 522 16 5020.4+ 5 29 21
EIC 287 11 34 19,6+ 9 48 20 EIC 405 15 0208.7-- 7 49 46 EIC 523 16 51 36.2-- 6 37 50
EIC 288 I1 35 13.8 + 4 35 59 EIC 406 15 04 35.0 + 2 33 14 EIC 524 16 51 48.5 -- 7 28 48
EIC 289 11 35 34.9 + 9 09 37 EIC 407 15 04 52.9 + 9 08 58 EIC 525 16 51 54.6-- 6 04 26
EIC 290 11 35 52.8 + 8 24 38 EIC 408 15 05 05.6 + 6 27 36 EIC 526 16 54 24.5 + 6 34 42
EIC 291 I1 43 17.2 + 6 48 28 EIC 409 15 05 11.0 + 5 41 22 EIC 527 16 54 53.4 + 6 17 16
EIC 292 I1 43 31.8 + 7 27 05 EIC 410 15 05 58.0 -- 0 49 18 EIC 528 16 55 50.3 + 8 20 44
EIC 293 11 44 20.2+ 1 52 53 EIC411 15 08 30.7+ 3 22 19 EIC 529 16 56 54.1-- 7 32 21
EIC 294 II 4806.5 + 2 02 39 EIC 412 15 0901.9-- 5 49 20 EIC 530 16 57 10.3 + 8 06 03
EIC 295 11 48 59.8 + 7 09 15 EIC 413 15 I0 03.4 0 I I 39 EIC 531 16 57 55.4 + 5 05 52
EIC 296 11 50 11.5 -- 7 19 05 EIC 414 15 10 52,8 + 8 25 49 EIC 532 16 58 07.7 + 8 51 55
EIC 297 I1 51 30.5 + 5 09 23 EIC 415 15 II 26.0 -- 1 42 00 EIC 533 16 58 25.0 -- 4 08 59
EIC 298 11 5228.9+ 8 43 19 EIC 416 15 12 11.8-- 5 19 00 EIC 534 16 5831.2-- 6 57 19
EIC 299 11 55 10.9 + 7 15 06 EIC 417 15 12 21.7-- 2 13 46 EIC 535 16 58 52.5 + 7 30 03
EIC 300 II 5540.1 + 3 45 38 EIC 418 15 1241.9+ 5 07 27 EIC 536 16 5920.4+ 6 40 50
EIC 301 11 5649.9+ 2 06 15 EIC 419 15 1325.4+ 6 38 55 EIC 537 17 0023.9+ 6 12 12
EIC 302 12 0001.2 + 8 20 52 EIC 420 15 13 30.7 + 2 21 05 EIC 538 17 00 32.2 + 4 49 01
EIC 303 12 00 17.6 -- 7 24 18 EIC 421 15 15 49.5 + 1 07 14 E|C 539 17 03 05.2 + 3 50 02
EIC 304 12 01 44.9 + 5 12 36 EIC 422 15 15 51.8-- 0 16 45 EIC 540 17 03 29.4 + 5 06 14
EIC 305 12 02 02.0 + 2 53 53 EIC 423 15 16 46.1 + I 56 56 EIC 541 17 03 43.2 + 8 41 21
EIC 306 12 02 39.0 + 9 00 38 EIC 424 15 18 28.5 -- 5 38 42 EIC 542 17 06 15.9 + 8 29 35
EIC 307 12 0440.8 -- 6 29 15 EIC 425 15 18 28.9 + 0 53 42 EIC 543 17 09 20.2 + 7 57 14
EIC 308 12 07 12.7 + 8 27 23 EIC 426 15 21 11.3 + 2 11 44 EIC 544 17 09 24.3 + 2 14 44
EIC 309 12 17 47.7 + 3 35 27 EIC 427 15 21 34.3 + 9 04 53 EIC 545 17 II 16.1 + 5 51 56
EIC 310 12 19 41.6 + 5 07 55 EIC 428 15 22 19.4 -- 2 03 34 EIC 546 17 I1 55.9 + 8 59 26
EIC 311 12 21 38.2+ 6 14 56 EIC 429 15 2227.4-- 5 44 34 EIC 547 17 1324.1 + 6 53 52
EIC 312 12 2240.5+ 1 02 45 EIC 430 15 2613,3+ 4 0O GO EIC 548 17 1356.4+ 4 46 29
EIC 313 12 25 09.2 + 8 53 I1 EIC 431 15 27 58.2 + 5 25 58 EIC 549 17 15 07,6 + 6 48 52
EIC 314 12 27 47.8 + 4 41 32 EIC 432 15 28 19.3 -- 4 00 57 EIC 550 17 16 18.5 -- 4 15 23
EIC 315 12 2848.74 7 52 48 EIC 433 15 2948.7- 1 36 51 EIC 551 17 17 15.0+ 2 I1 22
EIC 316 12 30 35.5 + 7 31 32 EIC 434 15 29 53.8 + 7 04 41 EIC 552 17 20 22,2 + 0 55 10
EIC 317 12 35 49.0 + 2 07 44 EIC 435 15 29 54.4 + 3 48 32 EIC 5_3 17 21 32,4 + 5 29 59
EIC 318 12 3557.4+ 7 15 47 EIC 436 15 3023.1- 1 01 04 EIC 554 17 21 33.9+ 8 53 51
EIC 319 12 3639.2- 7 43 15 EIC437 15 3407.0--2 3943 EIC 555 172134.2+ 8 38 59
EIC 320 12 39 17.1 + 6 08 30 EIC 438 15 34 13.1 -- 5 51 46 EIC 556 17 21 54.7 + 7 08 59
EIC 321 12 39 43,1 + 4 33 59 EIC 439 15 38 37.6-- 3 50 03 EIC 557 17 22 55.4 + 8 58 05
EIC 322 12 43 31.0 + 7 43 03 EIC 440 15 41 01.3 -- I 33 09 EIC 558 17 23 54.0 + 7 38 16
EIC 323 1243 50.4+ 9 48 54 EIC 441 15 4134.4+ 2 32 50 EIC 559 172401.8+ 4 I056
EIC:324 124430.3+ 9 20 12 EIC 442 154145.3+ 8 17 52 EIC 560 1725 19.9+ 8 28 57
EIC 325 12 44 45.5 + 4 25 02 EIC 443 15 41 48.2 + 6 34 53 EIC 561 17 25 40.2 + 5 04 41
EIC 326 12 45 18.4 + 3 50 44 EIC 444 15 42 05.7 + 8 16 09 EIC 562 17 26 32.0-- 7 25 30
EIC 327 12 46 14.0 + 7 38 13 EIC 445 15 43 45.7 + 6 15 54 EIC 563 17 29 48.6 + 8 21 19
EIC 328 12 49 03.8 + 3 19 44 EIC 446 15 44 00,2 + 7 30 27 EIC 564 17 30 42.8 + 2 28 24
EIC 329 12 53 04.0 + 3 40 0_ EIC 447 15 44 54.5 + I 42 01 EIC 565 17 30 43.2 + 0 08 09
EIC 330 12 56 16.9 + 8 28 46 EIC 448 15 45 13.8 -- 2 09 57 EIC 566 17 31 24.8 - I 56 46
EIC 331 13 (3005.6 + 5 27 13 EIC 449 15 45 18.8 + 4 27 07 EIC 567 17 32 22.3 + 3 23 30
EIC 332 13 (3055.2 + 5 10 35 EIC 450 15 45 20.4 + 0 50 28 EIC 568 17 33 04.4 + 5 02 52
EIC 333 13 0124.1 + "720 08 EIC 451 15 46 18.2-- 0 50 56 EIC 569 17 35 17.5 + 8 38 56
EIC 334 13 10 11.4-- I 29 35 EIC 452 15 46 19.0+ 5 33 16 EIC 570 17 35 32.5 + 4 05 11
EIC 335 13 10 52.6 + 9 03 38 EIC 453 15 47 45.8 + 2 20 49 EIC 571 17 35 43.8 + 7 05 03
EIC 336 13 1124.3+ 1 43 13 EIC454 15 48 19.3+ 4 37 36 EIC 572 17 36 30.3+ 6 05 15
EIC 337 13 II 29.6-- 2 32 34 EIC 455 15 4845.8+ g 01 12 EIC 573 17 3641.8+ 4 27 08
EIC 338 13 12 30.7 + 4 46 51 EIC 456 115 51 56.7 + 5 26 22 EIC 574 17 36 55.0 + 1 37 50
EIC 339 13 13 16,0 + 8 13 01 EIC 457 15 52 12.9 + 4 52 26 EIC 575 17 37 01.2 + 3 25 05
EIC 340 13 13 52.5 + 6 46 05 EIC 458 15 52 17.8 -- 3 47 36 EIC 576 17 37 31.1 + 7 49 37
EIC 341 13 14 16.7 + 9 41 08 EIC 459 15 52 18.0 + 5 43 57 EIC 577 17 37 35.6 -- 2 07 35

52 21.9 -- 2 01 53 EIC 578 17 37 53.7 + 6 35 22
EIC 342 13 15 04.5 + 5 43 56 EIC 460 1_IEIC 343 13 17 01.6 + 8 54 25 EIC 461 52 24.2 + 8 43 48 EIC 579 17 38 33.1 + 4 33 46
EIC 344 13 17 26.6 + 8 44 57 EIC 462 15 52 30.2-- 3 50 16 EIC 580 17 39 05.7 + 6 20 12
EIC 345 13 19 28,9 + 3 01 05 EIC 463 !15 53 13.2 + 5 51 13 EIC 581 17 39 05,8 + 6 45 07
EIC 346 13 26 41.3 + 4 07 44 EIC 464 15 53 39,9 + 8 04 49 EIC 582 17 39 55.7 - 4 49 37
EIC 347 13 27 26.6 + 6 16 14 EIC 465 15 54 19,2 -- 0 48 43 E1C 583 117 40 29.5 + 3 47 30
EIC 348 13 2729.3 + 7 26 II EIC 466 15 57 15.3-- 2 09 50 EIC 584 17 4037,3 -- 3 52 10
EIC 349 13 29 21.4-- 5 59 55 EIC 467 15 57 28,9 + 0 45 52 EIC 555 17 40 59.9 + 4 35 15
EIC 350 13 3023.1 -- 6 56 19 EIC 468 15 5804.2+ 4 51 58 EIC 586 17 4501,7+ 5 37 14
EIC 351 13 32 07.8- 0 20 23 EIC 469 15 58 21,9 + 4 33 58 EIC 587 17 45 04.2-- 3 37 38
EIC 352 13 32 56,1 -- 4 08 03 EIC 470 15 59 11.2 + 9 03 05 EIC 588 17 45 26.3 + 6 25 08
EIC 353 13 33 22.2 + 8 32 49 EIC 471 15 59 59.8-- 8 21 23 EIC 589 17 46 17.0 + 3 36 12
EIC 354 13 35 11.2 + 2 38 09 EIC 472 16 00 12.6 + 8 59 02 EIC 590 17 48 15.0 + 4 25 45
EIC 355 13 40 32.1 + 3 47 22 EIC 473 16 01 22.9 + 3 51 50 EIC 591 17 48 34.0 + 6 43 03
EIC 356 13 45 38.7 + 8 04 08 EIC 474 16 01 51.7 + 6 08 49 EIC 592 1'7 48 3"7.0+ 5 14 27
EIC 357 13 4753.8+ 5 44 40 EIC475 16 03 19.5-- 6 00 19 EIC 593 17 49 12.0-- 5 00 36
EIC 358 13 49 15.7 -- 3 25 45 EIC 476 16 04 23.1 -- 3 44 37 EIC 594 17 49 31.4 + 4 29 53
EIC 359 13 52 07.5 -- 1 15 23 EIC 477 16 05 59.3 -- 1 24 18 EIC 595 17 49 34.0 + 7 09 47
EIC 360 13 54 29.4 + 6 49 05 EIC 478 16 06 03.1 + 8 39 55 EIC 596 17 49 55.0 + 6 46 42
EIC 361 13 55 32.1 + 7 42 21 EIC 479 16 06 11,6 + 8 44 39 EIC 597 17 49 57.6- 6 07 59
EIC 362 13 5857.8+ 9 32 24 EIC480 16 06 28.7+ 3 35 06 EIC 598 17 50 03.4+ 1 18 52
EIC 363 14 00 05.0 + 8 08 14 EIC 481 16 06 43.5 + 6 30 _0 EIC 599 17 50 26.7 - 2 34 09
EIC 364 14 01 07.5 + 7 47 08 EIC 482 16 06 45.7 + 3 52 _9 EIC 600 17 50 34.4 -- 5 55 07

B-26



NAME RA (1950) DEC POSREI_ NAME RA (1950) DEC POSREF NAME RA (1950) DEC POSREF

h ms h m s b m J
EIC 601 17 51 01.1 + 5°30 34" EIC 719 18 53 (30.9+ 8"17" 16 EIC 837 20 44 24.8 + 5"4() 25
EIC 602 17 52 49.6 + 5 42 41 EIC 720 18 54 24.2 + 4 37 DO EIC 838 20 45 05.8 -- 5 12 43
EIC 603 17 53 31.8 -- 1 24 12 EIC 721 18 54 51.9 + 6 37 50 EIC 839 20 46 42.8 -- 0 44 57
EIC 604 17 54 08.9 -- 6 25 37 EIC 722 18 55 39.6 + 8 11 22 EIC 840 20 47 56.3 + 5 54 25
EIC 605 17 54 14.4 + 6 50 43 EIC 723 18 55 47.3 + 7 55 08 EIC 841 21 02 05.1 + 5 18 11
EIC 606 17 56 19.9-- 6 38 32 EIC 724 18 55 55.6 + 4 35 46 EIC 842 21 03 17.5 -- 0 24 42
EIC 607 17 56 41.6 - 6 06 30 EIC 725 18 56 03.7 + 6 38 47 EIC 843 21 03 39.2 + 7 37 45
EIC 608 17 56 57.3 -- 4 49 06 EIC 726 18 56 59.4 + 5 18 27 EIC 844 21 04 58.6-- 0 21 56
EIC 609 17 57 37.3 + 6 07 21 EIC 727 18 57 15.8 + 6 01 02 EIC 845 21 05 16.1 + 0 57 05
EIC 610 17 58 03.9+ 5 37 01 EIC 728 18 57 26.9+ 8 12 30 EIC 846 21 05 38.1+ 1 17 57
EIC 611 17 59 25.7 + 8 26 58 EIC 729 18 57 52.5 + 4 50 08 EIC 847 21 05 55.3 + 3 DO57
EIC 612 18 0004.7+ 7 45 33 EIC 730 18 5858.8+ 8 15 06 EIC 848 21 0559.6+ 6 47 10
EIC 613 18 02 56.0 + 2 30 02 EIC 731 18 59 00.3 -- 5 48 41 EIC 849 21 08 46.1 + 5 03 22
E1C 614 18 03 45.6 + 3 23 45 EIC 732 18 59 15.4 + 5 21 54 EIC 850 21 12 00.5 + 4 28 55
EIC 615 18 03 59.1 -- 8 13 37 EIC 733 18 59 22.2 + 7 44 27 EIC 851 21 12 02.9 -- 0 06 57
E1C 616 18 04 33.3 -- 5 45 11 EIC 734 18 59 56.5 + 4 45 31 EIC 852 21 13 19.4 + 5 02 21
EIC 617 18 0443.6+ 8 22 19 EIC 735 18 5957.0+ 8 17 59 EIC 853 21 1549.3+ 7 32 55
EIC 618 18 04 54.6 + 8 43 33 EIC 736 19 (30 14.4 + 8 22 54 EIC 854 21 18 36.3 + 7 08 29
EIC 619 18 04 56.2 + 6 32 07 EIC 737 19 DO39.6 + 3 59 58 EIC 855 21 22 40.2 -- 3 46 18
EIC 620 18 05 11.2 + 8 DO24 EIC 738 19 00 52.9 + 7 26 15 EIC 856 21 25 56.8 + 7 58 36
EIC 621 18 06 01.2+ 8 48 48 EIC 739 19 01 10.2+ 8 18 00 EIC 857 21 26 31.9+ 7 58 23
E1C 622 18 06 09.0 + 5 16 43 EIC 740 19 01 43.7 -- 5 45 37 EIC 858 21 28 39,2 + 5 21 31
E1C 623 18 06 36.7-- 8 30 21 EIC 741 19 02 16.3 + 2 54 27 EIC 859 21 28 55.4-- 5 47 31
EIC 624 18 07 14.0-- 8 31 03 EIC 742 19 02 22.5 + 3 55 54 EIC 860 21 30 38.4 + 6 55 37
EIC 625 18 08 10.1 + 3 18 47 EIC 743 19 02 33.1 + 8 08 26 EIC 861 21 32 10.0 + 1 36 21
EIC 626 18 08 34.4 + 7 52 23 EIC 744 19 02 33.3 + 1 31 55 EIC 862 21 36 44.1 + 8 04 26
EIC 627 15 08 47.0-- 8 37 52 EIC 745 19 03 48.6 + 5 35 37 EIC 863 21 37 01.0 + 2 01 (30
EIC 628 18 09 01.8 -- 7 26 51 EIC 746 19 03 57.4 + 8 09 07 EIC 864 21 37 44.5 -- 2 00 47
EIC 629 18 09 16.1 + 5 27 33 EIC 747 19 04 30.8 + 7 04 20 EIC 865 21 38 16.8 + 3 40 09
EIC 630 18 09 45.9 + 8 12 47 EIC 748 19 05 13.7 + 5 20 59 EIC 866 21 39 45.3 + 5 27 06
EIC 631 18 10 19.9 + 4 08 01 EIC 749 19 05 34.1 + 6 13 38 EIC 867 21 43 56.3 -- 2 26 39
EIC 632 18 11 21.0+ 2 22 4.0 EIC 750 19 06 15.6 + 3 I1 15 EIC 868 21 4429.3 + 6 56 37
EIC 633 18 11 33.0+ 5 17 16 EIC 751 19 0701.3+ 4 54 48 EIC 869 21 5840.1 + 8 (30 57
EIC 634 18 11 39.3 + 4 12 47 EIC 752 19 07 22.4 + 7 08 57 EIC 870 21 59 24.0 + 6 02 57
EIC 635 18 11 39.9 + 5 20 49 EIC 753 19 10 12.6 + 6 47 50 EIC 871 22 DO53.8 + 5 11 51
EIC 636 18 13 34.4 + 2 21 34 EIC 754 19 I1 23.4 + 2 32 17 EIC 872 22 03 09.4 + 4 48 48
EIC 637 18 14 07.1 + 3 40 27 EIC 755 19 12 21.9 + 4 09 14 EIC 873 22 03 12.7 -- 0 33 48
EIC 638 18 15 41.4 + 6 55 03 EIC 756 19 12 41.5 -- 7 08 09 EIC 874 22 07 41.0 + 5 57 04
EIC 639 18 16 03.5 + 8 36 23 EIC 757 19 16 24.9 + 4 12 (30 EIC 875 22 14 58.5 + 4 53 37
EIC 640 18 1644.0+ 7 14 17 EIC 758 19 1646.2+ 5 DO31 EIC 876 22 1903.8-- 7 51 37
EIC 641 18 17 130.0-- 8 04 44 EIC 759 19 17 35,3 -- 8 07 50 EIC 877 22 25 19,4 + 4 26 32
EIC 642 18 18 20.7 + 5 54 48 EIC 760 19 17 51.9 + 7 47 35 EIC 878 22 39 29.8 -- 5 21 45
EIC 643 18 1822.1 + 3 21 12 EIC 761 19 1809.5-- 4 35 50 EIC 879 22 5000.1 -- 7 50 42
EIC 644 18 18 28.8 -- 8 19 34 EIC 762 19 18 35.2 + 5 01 01 EIC 880 22 57 15.9 + 7 05 13
EIC 645 18 18 42.2-- 2 55 08 EIC 763 19 20 01.7 + 4 30 04 EIC 881 23 04 14.0 + 4 45 52
EIC 646 18 20 23.5 + 7 10 50 EIC 764 19 20 05.7 -- 3 19 48 EIC 882 23 06 59.8 + 8 24 23
EIC 647 18 20 46.3 -- 4 31 32 EIC 765 19 22 15.2 -- 8 56 52 EIC 883 23 08 41.3 + 4 43 55
EIC 648 18 21 02.4 -- 8 54 09 EIC 766 19 22 24.9 + 7 32 52 EIC 884 23 11 43,8 -- 6 19 13
EIC 649 18 21 22.5 + 3 35 43 EIC 767 19 23 30.5 + 8 06 07 EIC 885 23 13 16.8 -- 9 21 38
EIC 650 18 21 57.1 + 8 44 03 EIC 768 19 24 48.6 + 6 58 03 EIC 886 23 14 15.1 -- 7 59 57
EIC 651 18 22 29.3 + 8 17 07 EIC 769 19 25 46.8 + 5 25 44 EIC 887 23 14 35.4 + 3 00 33
EIC 652 18 23 01.8 + 5 44 16 EIC 770 19 26 18.9 + 4 44 22 EIC 888 23 17 47.5 + 5 06 26
EIC 653 18 23 14.1 + 8 DO09 EIC 771 19 2631.8 + 7 56 09 EIC 889 23 2201.5 + 3 26 22
EIC 654 18 24 23.4 + 3 52 55 EIC 772 19 26 42.5 + 3 45 26 EIC 890 23 25 25.4 + 6 06 13
EIC 655 18 2427.2+ 8 09 43 EIC 773 19 2739.7+ 2 47 54 EIC 891 23 31 13.9+ 6 01 19
EIC 656 18 24 43.9+ 7 29 33 EIC 774 19 27 40.0-- 0 56 26 EIC 892 23 32 53.9+ 8 14 34
EIC 657 18 24 48.4 + 6 58 39 EIC 775 19 28 02.8-- 2 53 40 E1C 893 23 43 49.8 + 3 12 32
EIC 658 18 24 49.9 -- 7 45 14 EIC 776 19 28 14.8 + 3 32 42 EIC 894 23 52 12.7 -- 0 10 06
EIC 659 18 24 57.9-- 8 42 31 EIC 777 19 30 31.8 + 5 57 51 EIC 895 23 56 44.4 + 6 35 06
EIC 660 18 25 10.8 -- 8 43 51 EIC 778 19 30 39.1 + 4 55 13 EIC 896 23 59 23.6 -- 6 17 29
EIC 661 18 25 20.8 + 3 42 58 EIC 779 19 30 53.4 + 6 09 11 EL--24 16 23 22.9 -24 09 29 780902
EIC 662 18 25 46.1 + 7 55 17 EIC 780 19 31 17.8 + 5 21 22 DEL EQU 21 12 02.5 + 9 48 18 CSI 79
EIC 663 18 26 05.1 -- 7 46 25 EIC 781 19 31 38.9 + 7 16 12 GAM EQU 21 07 54,5 + 9 55 44
EIC 664 18 2622.1 + 6 15 51 EIC 782 19 32 17.1 + 7 02 06 REQU 21 1047.7+12 35 42
EIC 665 18 26 26.5 + 8 30 06 EIC 783 19 32 41.0 + 1 58 43 RV EQU 21 12 27 + 8 47 10 GCVS
EIC 666 18 27 27.8- 8 13 23 EIC 784 19 35 12.4+ 5 11 07 ALFERI 1 35 51.3 --57 29 24 CSI 79
EIC 667 18 28 29.9 + 8 02 32 EIC 785 19 35 25.6 + 6 36 53 AU ERI 4 15 01.3 --25 08 03
EIC 668 i 18 28 48.6 + 7 52 18 EIC 786 19 37 25.4 + 5 50 56 BR ERI 3 46 20.7 -- 7 09 59
EIC 669 18 28 54.4 + 4 20 42 EIC 787 19 38 29.3 -- 4 02 13 EPS ERI 3 30 34.3 -- 9 37 34
EIC 670 18 29 01.3 + 7 59 24 EIC 788 19 41 15.2 + 3 37 17 GAM ERI 3 55 41.6--13 38 57
EIC 671 18 30 04.9- 8 22 53 EIC 789 19 4301.8+ 7 39 43 GAMERI 3 55 44 --13 38 38
EIC 672 18 30 09.7+ 4 15 29 EIC 790 19 43 44.9+ 1 34 05 NUUERI 4 33 49.0- 3 27 10 CSI 79
EIC 673 i18 3027.5- 7 28 35 EIC 791 19 4607.0+ 3 34 17 OMI 2ERI 4 1258.1 -- 7 43 45
EIC 674 18 31 22.2+ 3 40 23 EIC 792 19 4724.3 -- 7 44 32 RTERI 3 31 53.9 --16 19 46
EIC 675 18 31 39.6 -- 1 01 07 EIC 793 19 48 34.5 -- 2 35 20 SY ERI 5 07 20.9 -- 5 34 35
EIC 676 18 31 51.0 + 8 42 26 EIC 794 19 48 57.1 + 3 57 35 T ERI 3 53 05.5 --24 10 39
EIC 677 i 18 31 52.7 + 7 45 56 EIC 795 19 49 10.6 + 7 22 15 TAU 4 ERI 3 17 17.4 --21 5tJ 18
EIC 678 18 31 55.0 -- 8 37 12 EIC 796 19 51 25.4 -- 8 42 20 U ERI 3 48 19.2 --25 06 45
EIC 679 _18 3207.8-- 8 3907 EIC 797 195149.4+ 8 1947 VERI 40201.5--15 51 37
EIC 680 18 32 26.1 + 7 01 35 EIC 798 19 52 02.2 + 6 51 28 W ERI 4 09 23.6 --25 16 04
EIC 681 18 32 28.9 -- 8 16 59 EIC 799 19 52 51.2 + 6 16 35 W ERI 4 09 26.0 --25 15 26
EIC 682 18 32 46,8 -- 8 43 52 EIC 800 19 53 22,4 + 6 03 25 Z ERI 2 45 32.0 -- 12 40 03 CSI 79
EIC 683 18 32 57.1 + 6 25 04 EIC 801 19 54 29.1 + 8 18 45 56 ERI 4 41 40.9 -- 8 35 42
EIC 684 18 3335.5+ 7 38 36 EIC 802 19 5500,1 -- 2 01 15 ESO 054-21 3 5007.0--71 47 06
E1C 685 18 33 37.2-- 8 55 12 EIC 803 19 55 10.3 -- 9 11 39 ESO 060--19 8 56 57.3 --68 51 59
EIC 686 18 34 21.3-- 7 38 46 EIC 804 19 55 11.7 + 6 25 37 ESO 103-G35 18 33 22 --65 28 18 779909
EIC 687 18 3444.0-- 2 41 52 EIC 805 19 5808.4+ 8 18 45 ESO 116--12 3 1148.0--57 32 36
EIC 688 18 34 56.9 + 3 10 34 EIC 806 19 58 18.2 + 4 18 19 ESO 122--01 6 39 57.0 --58 28 36
EIC 689 18 35 55,2 -- 8 37 08 EIC 807 19 58 33.8 + 8 25 06 ESO 138--14 17 02 23.9 --62 01 DO
EIC 690 18 35 57.4 + 8 47 20 EIC 808 20 (}043.4 + 4 35 19 ESO 141--G55 19 16 17 --58 45 54 759905
EIC 691 18 36 32.3 + 1 38 31 EIC 809 20 01 03.6 + 8 05 16 ESO 141--G55 19 16 57.0 --58 45 52 789906
EIC 692 18 37 15.7 + 8 41 08 EIC 810 20 01 41.6 + 7 08 07 ESO 154-23 2 55 24.5 --54 46 12
EIC 693 18 37 17.5 -- 7 50 17 EIC 811 20 02 15.7 + 4 04 39 ESO 209--09 7 56 50.0 --49 42 54
EIC 694 18 39 15.1 + 6 23 12 EIC 812 20 02 34.0 + 4 26 03 ESO 219-21 12 59 26.5 --50 03 52
EIC 695 18 39 30.8 + 6 46 10 EIC 813 20 05 15.0+ 5 54 28 ESO 240--11 23 3508.0 --48 DO 12
EIC696 18 39 31.2-- 2 48 13 EIC 814 20 07 47.6-- 62508 ESO 300--G14 3 07 47 --41 13 12 789907
EIC 697 18 3948.3 -- 2 20 26 EIC 815 20 0754.1 -- 1 46 35 ESO 300--14 3 0747.0--41 13 12
EIC 698 18 39 51.8 -- 8 35 DO EIC 816 20 08 41.9 + 6 II 56 ESO 302--C,-09 3 45 44 --38 43 48 789909
EIC 699 18 39 54.3 + 4 34 19 EIC 817 20 09 35.5 + 7 32 01 ESO 346-G14 22 52 17 -38 51 06 789908
EIC 700 18 40 06.6 + 8 35 02 EIC 818 '20 10 21.9 + 6 08 55 ESO 357-G12 3 14 56 -35 43 24
EIC 701 18 4025.4+ 8 15 30 EIC 819 20 11 50.9-- 0 09 27 ESO 357--12 3 I456.0--35 43 24
EIC 702 18 40 38.8 + 6 43 19 EIC 820 20 13 27.0 + 7 30 57 ESO 358-G63 3 44 24 --35 05 48 789908
EIC 703 18 43 00.9 -- 5 38 58 EIC 821 20 14 33.0 + 6 54 57 ESO 423--02 5 13 21.0 --30 35 DO
EIC 704 18 43 17.2 -- 8 38 31 EIC 822 20 1602.1 + 7 25 38 ESO 469-15 23 06 13.0--31 07 48
EIC 705 18 43 19,8 + 8 41 21 EIC 823 20 17 49,9 + 6 39 50 ESO 482--46 i 3 47 36,5 --27 08 44
EIC 706 18 43 38.8 + 8 09 49 EIC 824 20 20 41.7 + 5 10 53 ESPIN 1151 1 41 12 +61 22 09 ED
EIC 707 184400.1+ 80235 EIC 825 202048.3+ 74740 E1615+061 16 1518.2+ 6 11 12
EIC 708 18 44 48.5 -- 5 45 40 EIC 826 20 21 21.6 + 0 46 59 F--9 1 21 54 --59 04 790117
EIC 709 18 44 53.3 + 5 23 58 EIC 827 20 22 09.2 + 1 12 20 F-51 18 40 12 --62 25 ED
E1C 710 18 47 (30,0+ 8 32 09 EIC 828 20 28 47.2 + 6 11 I1 FG 1 11 26 14.6 --52 39 34 769910
EIC 711 18 47 DO.I-- 5 58 14 EIC 829 20 29 16.9 + 6 27 43 FG 2 17 35 41 --44 08 ()0 759905
EIC 712 18 47 36.9 -- 7 58 {30 EIC 830 20 29 48.3 + 1 57 45 FG 3 17 56 44.4 --38 49 45 739909
EIC 713 18 47 39.9 + 7 02 45 El(2 831 20 32 17.9 + 8 03 34 FIELD #1 16 37 27.9 -46 13 34
EIC 714 18 48 00.4 + 7 23 56 EIC 832 20 33 08.3 + 3 49 29 FIELD #2 16 44 55.2 --44 51 10
EIC 715 18 48 52.8 + 8 01 17 EIC 833 20 37 49.0 + 7 27 26 FIELD #3 16 45 33.2 --45 29 46
EIC 716 18 51 19.4 + 0 35 40 EIC 834 20 39 34.0 + 8 07 33 FIELD #4 17 0640.7 --39 08 20
EIC 717 18 52 33.3 + 8 11 48 EIC 835 20 44 16.2 + 6 16 39 FIELD #5 17 08 24.7 --39 10 12
EIC 718 18 52 44.2 -- 8 15 06 EIC 836 20 44 17.5 + 2 15 12 FIELD #6 17 19 19.7 --35 46 17
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FIELD #7 17 27 04.8--34 25 46 FIRSSE 85 -- FIRSSE 203 7h15545 h32_40' 4°4_

ms
42

FIELD #8 17 37 35.1 --31 34 53 FIRSSE 86 5 32 46 -- 4 52 30 EIRSSE204 7 20 55 --25 39 48
FIELD #9 17 46 13.0--27 41 00 FIRSSE 87 5 32 50 -- 5 24 36 FIRSSE 205 7 27 28 --17 45 06
FIELD I 5 32 47.9-- 5 25 12 ED FIRSSE 88 5 32 52 +36 28 48 FIRSSE206 7 27 39 --18 04 48
FIR #1 17 23 03 --35 26 " FIRSSE 89 5 33 22 -- 4 16 24 FIRSSE 207 7 27 58 --18 28 36
FIR #2 17 23 54 --34 28 " FIRSSE 90 5 33 46 -- 5 19 06 FIRSSE 208 7 28 07 --17 49 42
FIR #3 17 32 31 --32 18 " FIRSSE 91 5 33 53 -- 6 46 42 F1RSSE 209 7 2S 25 --15 10 24
FIR #4 17 35 56 --30 59 " FIRSSE 92 5 34 36 +31 58 06 FIRSSE 210 7 28 27 -- 9 38 48
FIR #5 17 42 28 -28 55 " FIRSSE 93 5 3500 -- 4 56 36 FIRSSE 211 7 28 35 --17 34 36
FIR #6 17 44 31 -28 22 " FIRSSE 94 5 35 I1 +35 50 06 FIRSSE 212 7 2940 --19 14 48
FIR #7 17 5044 --26 17 " FIRSSE 95 5 35 33 +30 40 24 FIRSSE 213 7 29 51 -16 51 24

FIR #8 17 54 218 --24 28 " FIRSSE 96 5 36 II +46 44 30 FIRSSE 214 7 31 14 --22 03 30FIR #9 17 58 --23 48 " FIRSSE 97 5 36 23 +36 01 36 FIRSSE 215 7 31 14 -21 56 36
FIR #10 17 59 36 -22 50 " FIRSSE 98 5 37 07 +36 21 18 FIRSSE 216 7 32 30 --22 16 18
FIR #11 18 02 49 -21 32 " FIRSSE 99 5 37 10 +35 48 48 FIRSSE 217 7 33 21 --22 15 18
FIR #12 18 06 58 --20 0l " FIKSSE 1(30 5 37 41 +35 40 48 F1RSSE 218 7 33 22 --18 40 42
FIR #13 18 1! 41 --18 (30 " FIRSSE 10I 5 37 55 -- 7 30 24 FIRSSE 219 7 35 52 --32 44 48
FIR #14 18 17 12 --16 13 " FIRSSE 102 5 37 55 -- 3 23 48 FIRSSE220 7 38 23 --33 25 36
FIR #15 18 16 25 -13 50 " FIRSSE 103 5 37 58 -- I 59 18 FIRSSE 221 7 39 57 --14 36 54
FIR #16 18 19 29 --14 21 " FIRSSE 104 5 38 16 +35 48 48 FIRSSE 222 7 42 15 --20 00 24
FIR #17 18 22 27 --12 35 " FIRSSE 105 5 39 01 - 2 1_ 24 FIRSSE 223 7 42 47 --23 59 42
FIR #18 18 25 22 --I1 02 " FIRSSE 106 5 39 14 -- 1 56 36 FIRSSE 224 7 43 00 --19 44 42
FIR #19 18 30 36 -- 9 27 " FIRSSE 107 5 40 38 +32 41 18 FIRSSE 225 7 43 42 -19 48 48
FIR #20 18 31 33 -- g 47 " FIRSSE 10$ 5 40 59 +30 55 CO FIRSSE 226 7 43 49 --19 13 48
FIR #21 18 32 43 -- 7 48 " FIRSSE 109 5 41 24 -- I 18 48 FIRSSE 227 7 48 30 --33 29 30
FIR #22 18 35 52 -- 645 " FIRSSE 110 5 44 02 + 002 18 FIRSSE 228 7 5010 --25 48 42
FIR #23 18 41 15 -- 4 I1 " FIRSSE II1 5 4406 +30 34 30 FIRSSE 229 7 5029 --26 16 06
FIR #24 18 43 19 2 45 " FIRSSE 112 5 44 31 + 0 17 36 FIRSSE 230 7 5300 -34 44 18
FIR #25 18 44 58 -- 1 57 " FIRSSE 113 5 48 03 +25 45 12 FIRSSE 231 7 53 25 -20 34 12
FIR #26 18 5030 + 0 43 " FIRSSE 114 5 4800 +27 0l 48 FIRSSE 232 8 0042 --34 23 18
FIR #27 18 5303 + 1 30 " FIg.SSE 115 5 4908 +27 _0 12 FIRSSE 233 8 1105 --33 09 30
FIR #28 18 5856 + 4 07 " FIRSSE 116 5 5037 +24 14 18 FIRSSE 234 8 I1 15 -- 2 49 24
FIR #29 19 04 12 + 7 16 " FIRSSE 117 5 52 25 + 7 23 18 FIRSSE 235 8 13 07 --35 12 36
FIR #30 19 0638 + 8 26 " FIRSSE 118 5 55 17 +16 31 12 FIRSSE 236 8 1407 --35 58 24
FIRSSE I 0 36 26 +66 35 00 FIRSSE 119 5 55 25 +20 13 24 FIRSSE 237 8 14 51 --35 17 48
FIRSSE 2 0 37 33 +66 39 36 FIRSSE 120 5 57 16 +31 56 24 F1RSSE 238 8 15 00 --35 27 06
FIRSSE 3 0 40 39 +66 34 42 FIRSSE 121 6 00 26 +75 43 36 FIRSSE 239 8 1601 --35 44 18
FIRSSE 4 0 4644 +65 26 06 FIRSSE 122 6 0046 +30 15 18 F1RSSE 240 8 1704 -21 35 06
FIRSSE 5 0 48 28 +65 31 48 FIRSSE 123 6 01 15 +30 29 48 FIRSSE 241 8 19 03 --36 04 06
FIRSSE 6 0 51 46 +65 34 30 FIRSSE 124 601 18 -- 9 40 54 FIRSSE 242 8 27 13 --28 09 30
FIRSSE 7 0 55 20 +65 22 24 FIRSSE 125 6 (}415 +21 14 54 F1RSSE 243 8 31 56 --35 53 30
FIRSSE 8 1 02 36 +75 58 42 FIRSSE 126 605 18 -- 6 22 36 FIRSSE 244 8 3638 -27 53 06
FIRSSE 9 I 04 29 +65 04 24 FIRSSE 127 6 05 21 +20 38 12 FIRSSE 245 8 41 22 --28 03 00
EIRSSE 10 1 13 33 +64 36 24 FIRSSE 128 60542 +21 3100 FIRSSE 246 9 03 07 - 5 36 12
FIRSSE 11 I 2000 +61 37 12 FIRSSE 129 6 05 55 +21 37 48 FIRSSE 247 9 53 09 +75 51 42
FIRSSE 12 I 30 14 +62 I0 48 FIRSSE 130 6 05 59 +15 41 30 FIRSSE 248 9 55 03 +75 59 06
FIRSSE 13 2 03 29 +73 23 36 FIRSSE 131 6 06 24 +20 41 30 FIRSSE 249 10 26 00 -28 48 48
FIRSSE 14 2 04 24 +60 31 12 FIRSSE 132 6 06 58 +20 30 54 FIRSSE 250 10 31 54 --29 18 42
FIRSSE 15 2 13 05 +55 08 30 FIRSSE 133 6 07 14 +21 41 48 FIRSSE 251 10 34 56 -28 51 06
FIRSSE 16 2 18 57 +57 35 18 FIRSSE 134 6 07 22 +12 49 24 FIRSSE 252 10 49 12 -20 59 12
FIRSSE 17 2 19 24 +61 38 42 FIRSSE 135 6 07 27 +16 43 42 FIRSSE 253 10 58 06 -18 04 06
FIRSSE 18 2 21 55 +61 51 36 FIRSSE 136 6 08 03 +20 28 36 FIRSSE 254 11 25 56 --28 12
FIKSSE 19 2 22 56 +61 21 48 FIRSSE 137 6 08 18 -- 6 13 00 FIRSSE 255 I1 3009 -27 33
FIRSSE 20 2 23 22 +62 03 06 FIRSSE 138 6 08 18 +20 39 36 FIRSSE 256 !1 30 25 --23 46 00
FIRSSE 21 2 23 37 +61 40 06 FIRSSE 139 6 08 37 +17 28 30 FIRSSE 257 I1 39 56 .+ 4 15 24
FIRSSE 22 2 24 40 .60 40 24 FIRSSE 140 6 08 42 +21 03 48 FIRSSE 258 11 40 35 + 4 12 54
FIRSSE 23 2 24 55 +61 17 36 FIRSSE 141 60858 +20 39 12 FIRSSE 259 11 41 36 + 3 39 36
FIRSSE 24 2 38 0l +59 23 12 FIRSSE 142 6 09 01 +17 55 36 FIRSSE 260 II 45 27 --27 27 24
FIRSSE 25 2 38 43 +53 18 24 FIRSSE 143 609 13 -- 6 12 30 FIRSSE 261 11 48 27 --21 56 54
FIRSSE 26 2 39 01 +62 42 54 FIRSSE 144 6 09 33 +78 24 42 FIRSSE 262 11 50 26 --22 37 54
FIRSSE 27 2 43 29 +61 45 18 FIRSSE 145 6 09 42 +62 38 42 FIRSSE 263 11 53 27 --24 52 12
FIRSSE 28 2 45 44 +60 28 36 FIRSSE 146 6 09 56 +18 {3030 FIRSSE 264 II 59 18 --18 34 48
FIRSSE 29 2 4601 +59 30 00 FIRSSE 147 6 I0 I1 +18 47 00 FIRSSE 265 12 01 11 --26 08 18
FIRSSE 30 2 46 02 +61 46 30 FIRSSE 148 6 10 19 +15 23 00 FIRSSE 266 12 02 51 --21 45 06
FIRSSE 31 2 46 40 +55 40 24 FIRSSE 149 6 1043 +17 58 36 FIRSSE 267 12 03 33 +16 51 36
FIRSSE 32 2 47 27 +60 30 36 FIRSSE 150 6 1056 +18 44 36 FIRSSE 268 12 0421 +17 08 48
FIRSSE 33 2 53 13 +60 08 48 FIRSSE 151 6 11 31 +17 46 00 FIRSSE 269 12 04 34 +16 58 00
FIRSSE 34 2 53 52 +60 35 48 FIRSSE 152 6 11 52 +13 52 06 FIRSSE 270 12 09 36 --13 54 54
FIRSSE 35 2 57 39 +60 17 18 FIRSSE 153 6 11 53 +19 01 24 FIRSSE 271 12 1608 +14 42 48
FIRSSE 36 2 59 00 +60 14 30 FIRSSE 154 6 12 03 + 19 05 00 FIRSSE 272 12 27 51 + 4 41 18
FIRSSE 37 3 03 37 +58 19 06 FIRSSE 155 6 1207 +12 21 18 FIRSSE 273 12 36 13 - 4 01 06
FIRSSE 38 3 03 51 +55 36 30 FIRSSE 156 6 12 47 +14 16 18 FIRSSE 274 12 39 34 .32 47 36
FIRSSE 39 3 06 36 +56 38 54 FIKSSE 157 6 13 39 --15 58 18 FIRSSE 275 12 40 06 +60 18 30
FIRSSE 40 3 21 06 +54 47 06 FIRSSE 158 6 15 40 +23 20 42 FIRSSE 276 12 42 _4 -II 00 18
FIRSSE 41 3 23 24 +58 35 42 FIRSSE 159 6 15 50 +15 17 18 FIRSSE 277 12 48 35 +41 22 48
FIRSSE 42 3 25 34 .31 0I 18 FIKSSE 160 6 17 32 --10 37 18 FIRSSE 278 13 0052 - 8 47 30
FIRSSE43 3 2610 +31 12 18 FIRSSE 161 6 18 35 +66 18 12 FIRSSE 279 13 0127 -- 8 38 12
FIRSSE 44 3 41 21 +31 57 54 FIRSSE 162 6 20 53 + 9 58 36 FIRSSE 280 13 I013 +44 19 30
FIRSSE 45 3 41 52 +23 58 24 FIRSSE 163 6 24 49 --10 09 42 FIRSSE 281 113 13 45 +42 17 54
FIRSSE 46 3 4211 +23 36 12 FIRSSE 164 6 26 50 + 8 49 42 FIRSSE 282 13 21_I +54 3600
FIRSSE 47 3 4241 +24 11 30 FIP-,SSE 165 6 28 13 +13 18 18 FIRSSE 283 113 52 24 +56 08 42
FIRSSE 48 3 42 48 +31 22 06 FIKSSE 166 6 28 20 -- 9 35 18 FIRSSE 284 14 I323 .I9 25 54
FIRSSE 49 3 43 08 +23 39 36 FIRSSE 167 6 28 23 + 9 52 48 FIRSSE 285 114 21 49 +25 5600
FIRSSE 50 3 43 40 +24 17 42 FIRSSE 168 6 28 23 +10 29 30 FIRSSE 286 14 36 35 +44 46 30
FIRSSE 51 3 45 02 +65 22 36 FIRSSE 169 6 28 53 +10 02 24 FIRSSE 287 15 50 27 +58 56 00
F1RSSE 52 3 5153 +37 12 06 FIRSSE 170 6 29 14 + 4 22 24 FIRSSE 288 116 1015 +66 29 24
FIRSSE 53 3 52 19 +53 43 30 FIRSSE 171 6 3000 +10 12 18 FIRSSE 289 !16 56 38 +65 11 30
FIRSSE 54 3 59 34 +51 11 36 FIRSSE 172 6 30 24 +10 23 30 FIRSSE 290 17 58 31 +66 38 48
FIRSSE 55 4 07 22 +51 02 18 FIRSSE 173 6 30 43 +I0 59 18 FIRSSE 291 18 3201 +69 09 06
FIRSSE 56 4 15 32 +28 12 00 FIRSSE 174 6 30 59 + 403 24 FIRSSE 292 21 1008 +81 29 18
FIRSSE 57 4 1909 +19 25 24 FIKSSE 175 6 31 59 + 4 15 18 FIRSSE 293 '21 I1 46 +73 15 18
FIRSSE 58 4 2704 +35 10 12 FIRSSE 176 6 3301 +11 01 48 FIRSSE 294 21 2049 +77 40 42
FIRSSE 59 4 28 43 +18 02 06 FIKSSE 177 6 33 52 .10 50 18 FIRSSE 295 !21 26 35 +73 23 36
FIRSSE 60 4 32 31 +51 06 42 EIRSSE 178 6 33 58 +10 27 42 FIRSSE 296 23 5101 +75 50 18
FIRSSE 61 4 33 07 +50 46 36 FIRSSE 179 6 35 56 -- I 36 06 FIRI0.70--0.17 18 06 52.1 --19 46 00
FIRSSE 62 4 36 56 .+50 22 18 FIKSSE 18_3 6 3627 + g 47 _3 FIRII.07--0.38 18 08 25.4--19 32 48
FIRSSE 63 4 39 31 +36 01 06 FIRSSE 181 6 37 12 +10 40 54 FIRII.II--0.40 [18 08 34.8 --19 31 20
FIRSSE 64 4 52 26 +47 16 48 FIRSSE 182 6 38 CO + 9 51 18 FIRI2.21-0.10 18 09 44.4--18 25 04
FIRSSE 65 4 54 52 +47 53 54 FIRSSE 183 6 38 I0 +10 39 18 FIRI2.40-0.46 18 II 25,2 --18 25 36
FIRSSE 66 4 56 38 +56 06 30 FIRSSE 184 6 38 28 +I0 03 06 FIR12.41+0.50 18 07 56.2--17 57 41
FIRSSE 67 5 04 18 -- 3 26 48 FIRSSE 185 6 38 30 + 9 33 24 F1812.43--I.12 18 13 56.9 --18 42 59
FIRSSE 68 5 09 55 +37 23 06 FIRSSE 186 6 41 19 - I 04 48 FIR12.63-0.02 18 10 17.1 --18 00 44
FIRSSE 69 5 13 11 +34 16 48 FIRSSE 187 6 42 59 --16 39 18 FIR12.70-0.17 18 10 58.6 --18 01 20
FIRSSE 70 5 13 26 +45 31 00 FIRSSE 188 6 44 15 + 1 20 30 FIRI2.73-0.22 18 I1 12.9 --18 01 00
FIRSSE 71 5 13 26 +53 31 48 FIRSSE 189 6 50 00 + 8 28 42 FIR12.78+0.33 18 09 17.4--17 42
FIRSSE 72 5 19 42 .+33 55 30 FIRSSE 190 6 55 52 --13 58 18 F1812.81--0.19 18 11 17.4--17 56
FIRSSE 73 5 19 56 +33 29 12 FIRSSE 191 6 56 16 + 3 39 06 FIR12.84+0.54 18 08 40.0 --17 33 36
FIRSSE 74 5 22 11 .+41 39 54 FIRSSE 192 6 57 21 -- 7 40 48 FIRI2.89.+0.48 18 08 58.4--17 32 24
FIRSSE 75 5 23 49 +34 07 24 FIRSSE 193 6 59 26 --11 13 24 FIR12.91--0.26 18 II 44.8 --17 52 40
FIRSSE 76 5 24 43 +34 :_2 06 FIRSSE 194 7 01 21 --I1 29 12 FIRI3.01--0.36 18 12 17.8 --17 50 24
FIRSSE 77 5 27 26 .+33 45 54 FIRSSE 195 7 01 47 --I1 13 48 F1813.19.+0.05 18 II 09.3 --17 29 20
FIRSSE 78 5 28 07 .+34 13 54 FIKSSE 196 7 02 01 --10 22 36 FIRI3.21-0.14 18 11 53.3 --17 33 36
FIRSSE 79 5 3020 .+59 11 18 FIKSSE 197 7 02 57 --12 14 30 FIRI3,39+0,08 18 II 26,9--17 17 52
FIRSSE 80 _ 30 20 -- 5 31 12 FIRSSE 198 7 06 53 --10 47 12 FIRI3,54--0.18 18 12 44.2--17 17 28
FIRSSE 81 5 3023 +30 28 18 FIRSSE 199 7 0743 --18 26 54 FIR13.66--0.60 18 1429.6--17 23 12
FIRSSE 82 5 31 32 .+21 39 12 FIRSSE 200 7 09 08 --19 44 54 F1813.71--0.09 18 12 42.4--17 05 56
FIRSSE 83 5 32 25 .+57 1_306 FIRSSE 201 7 09 57 --20 I1 00 FI813.88.+0.29 18 11 40.8 --16 46 12
FIRSSE 84 5 32 32 -- 6 08 06 FIRSSE 202 7 14 II -- 9 20 36 FIRI3.98--0,13 18 13 25.9 --16 52 40
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FIRI4.01--0.12 18 13 27.9 --16 50 56 GAL CEN 17h43m --28"52 " GH GEM 7h01"18' +12"06 41" GCVS
FIRI4.10+0.10 18 12 49.8 --16 39 44 GAL CEN 17 44 --28 54 " MUU GEM 6 19 56.0 +22 32 27 CSI 79
FIR14.11--0.56 18 15 14.4 --16 58 28 GAL CEN 18 00 --28 " NUU GEM 6 25 59.6 +20 14 43
FIR14.21--0.53 18 15 21.4 -- 16 52 00 GAL CEN #A 17 42 29.6 --28 59 04 " OME GEM 6 59 21.9 -r 24 17 17
FIR14.33-0.64 18 15 59.2 --16 48 48 OAL CEN #B 17 42 29.6 -28 59 16 " R GEM 7 04 20.7 +22 46 56
FIRI4.43--0.69 18 16 22.3 -- 16 45 12 GAL CEN #C 17 42 29.6 --28 59 26 " RHO GEM 7 25 53.7 +31 53 07
FIRI4.44-0.07 18 14 06.6 -- 16 26 40 GAL CEN #D 17 42 28.8 -28 59 22 " S GEM 7 40 02.5 +23 34 07
FIRI4.47-0.11 18 14 18.6 -16 26 16 GAL CEN _E 17 42 28.9 -28 59 32 " SS GEM 6 05 33.4 +22 37 31
FIR14.48+0.02 18 13 52.6 -- 16 22 08 GAL CEN #F 17 42 28.9 --28 59 11 " ST GEM 7 35 45.9 4-34 35 56
FIRI4.60+0.02 18 14 06.7-16 15 36 GAL CEN #G 17 42 29.2-28 59 20 " SU GEM 6 10 50.6 +27 42 26
FIRI4.63-0.59 18 16 24.1 --16 31 32 GAL CEN #H 17 42 28.8--28 59 22 " T GEM 7 46 18.1 +23 51 38
FIRI4.65+0.15 18 13 44.6 --16 09 28 GAL CEN #I 17 42 28.5 --28 59 22 " TU GEM 6 07 46.7 4-26 01 33 "
FIRI4.89--0.39 18 16 12.2 --16 12 16 GAL CEN #III 17 42 28.9 --28 59 14 TV GEM 6 08 50.9 +21 52 50 "
FIR14.92+0.07 18 14 33.3--15 57 24 GAL CEN #1 17 42 29.5 -28 59 17 U GEM 7 52 09.3 +22 13 II "
FIR15.02-0.67 18 17 28.0-16 13 40 GAL CEN #1 17 42 29.6--28 59 17 UPS GEM 7 32 50.5 +27 (30 29
FIRIS.10--0.67 18 17 37.9 --16 09 04 GAL CEN #1 17 42 29.7 -28 59 17 V GEM 7 20 19.9 +13 11 19
FIRIS.19-0.15 18 15 53.6-15 49 52 GAL CEN #1 17 42 29.7 -28 59 18 VW GEM 6 38 54.6 +31 30 14 779907
FIRIS.20--0.62 18 17 39.8 --16 02 32 GAL CEN #1 17 42 29.7 --28 59 19 VX GEM 7 10 02.3 + 14 41 09 CSI 79
FJM I 5 32 48 -- 5 25 GAL CEN #1 17 42 30.6--28 59 20 ED W GEM 6 32 05.5 + 15 22 15 "
FJM 2 5 39 - 1 55 GAL CEN #2 17 42 29.0 --28 59 21 750903 W'Y GEM 6 08 53.9 +23 13 09 "
FJM 3 20 56 13 +57 37 GAL CEN #2 17 42 29.1 --28 59 22 X GEM 6 43 54,9 +30 19 52 "
FJM 3 #1 20 56 30.1 "4-5746 38 GAL CEN #2 17 42 29.1 --28 59 26 XI GEM 6 42 28.9 + 12 57 03 "
FJM 3 #2 20 56 25.2 "+57 45 47 GAL CEN #2 17 42 30.0 -28 59 26 ED YY GEM 7 31 26.1 +31 58 49 779907
FJM 3 #3 20 56 28.6 +57 43 08 GAL CEN #3 17 42 28.9 --28 59 14 ZET GEM 7 01 08.6 +20 38 42 CS! 79
FJM 3 #4 20 56 07.8 +57 40 02 GAL CEN #3 17 42 29.0 --28 59 14 ZZ GEM 6 20 50.6 +25 02 26 "
FJM 3 #5 20 56 09.4 +57 39 16 GAL CEN #3 17 42 29.7 --28 59 18 ED 3 GEM 6 06 41.7 +23 07 23 "
FJM 3 #6 20 56 34.5 4-57 35 28 GAL CEN #4 17 42 30.3 --28 59 23 9 GEM 6 13 55.6 +23 45 33 '°
FJM 3 #7 20 56 00.2 +57 35 30 GALCEN #4 17 4231.1--28 59 28 ED 12 GEM 6 16 18 +23 18
FJM 3 #8 20 55 27.5 "+57 39 26 GAL CEN #5 17 42 29.7 --28 59 06 12 GEM A 6 16 20.1 +23 17 45 CSI 79
FJM 3 #9 20 55 41.9 +57 40 59 GAL CEN #5 17 42 29.8 --28 59 08 12 GEM B 6 16 24.3 +23 17 48 "'
FJM 3 #10 20 55 33.3 4-57 46 26 GAL CEN #5 17 42 29.9 --28 59 07 12 GEM IRSI 6 16 27.0 4-23 21 24
FJM 3 #11 20 56 25.6 +57 49 01 GAL CEN #6 17 42 28.6--28 59 15 750903 12 GEM IRS2 6 16 23.6 4-23 18 17
FJM 3 #12 20 56 41.3 +57 48 24 GAL CEN #7 17 42 29.2 --28 59 12 48 GEM 7 09 24.1 +24 12 48 CSI 79
FJM 3 #13 20 56 57.2 +57 47 47 GAL CEN #7 17 42 29.3 --28 59 12 GICLAS 51-- 15 8 26 52 +26 57 06
FJM 3 #14 20 56 49.6 +57 53 22 GAL CEN #8 17 42 29.3 --28 58 49 GLIESE IIAB 0 10 29.9 +69 02 I1 CSI 79
FJM 3 #15 20 56 29.7 +57 54 27 GAL CEN #8 17 42 29.4 --28 58 48 GLIESE 15A 0 15 30.9 4-43 44 21 "
FJM 3 #16 20 56 08.2 +57 55 12 GAL CEN #9 17 42 29.6 --28 59 23 GLIESE 15B 0 15 33.9 +43 44 45 "
FJM 3 #17 20 56 58.6 4-58 03 00 GAL CEN #I0 I7 42 29.7--28 59 13 GLIESE 29.1 0 40 04.9 +35 16 24 "
FJM 3 #18 20 56 16.7 +58 04 58 GAL CEN #10 17 42 29.8 --28 59 12 GLIESE 48 0 58 47.9 "4-71 25 [30 "
FJM 3 #19 20 55 40.6 +58 05 I1 GAL CEN #11 17 42 28.4 --28 59 06 GLIESE 49 0 59 23.9 +62 04 28 "
FJM 3 #20 20 55 40.7 +57 45 21 GAL CEN #12 17 42 28.9 -28 59 25 GLIESE 51 1 00 07.4 +62 05 50 "
FJM 4 2 20 45 "+61 52 GAL CEN #13 17 42 28.9--28 59 19 GLIESE 65AB 1 36 24.9--18 12 40 "
FJM 5 2 36 34 +64 51 GAL CEN #14 17 42 29.2 --28 59 26 GLIESE 65B ....
FJM 6 21 08 57 +47 17 00 751202 GAL CEN #15 17 42 29.2--28 59 08 GLIESE 83.1 57 27.9 +12 50 06 "
FJM 6 #1 21 I1 05.5 +47 06 55 GAL CEN #16 17 42 29.3 -28 59 18 GLIESE 84.2 03 47.9 +44 57 12 "
FJM 6 #2 21 10 59.7 +47 10 28 GAL CEN #17 17 42 30.2 --28 59 12 GLIESE 96 18 57.2 +47 39 05 "
FJM 6 #3 21 10 47.5 +47 10 16 GAL CEN #18 17 42 30.3 --28 59 27 GLIESE 102 30 43.9 +24 42 54 "
FJM 6 #4 21 10 38.3 "+47 10 53 GAL CEN #19 17 42 30.3 --28 59 35 GLIESE 105.5 38 07.6 + 0 58 57
FJM 6 #5 21 10 31.0 +47 12 02 GAL CEN #22 17 42 29.1 --28 59 42 GLIESE 105A 33 20.0 + 6 38 57 CSI 79
FJM 6 #6 21 10 32.1 +47 07 54 GAL CEN IRSI 17 42 29.6 --28 59 17 GLIESE 105B 33 30.4 + 6 38 03 "
FJM 6 #7 21 10 30.5 +47 15 40 GAL CEN IRSI 17 42 29.7 --28 59 17 750903 GLIESE 109 41 17.6 +25 19 05 "
FJM 6 #8 21 1024.9 +47 10 16 GAL CEN IRS1 17 42 29.8--28 59 18 GLIESE 129 I0 28.9 +18 39 23 "
FJM 6 #9 21 10 20.2 +47 08 00 GAL CEN IRS1 17 42 29.8 --28 59 19 780109 GLIESE 144 30 34.3 -- 9 37 34 "
FJ1 9 30 4-54 30 GAL CEN IRS2 17 42 29.0--28 59 21 750903 GLIESE 157.1 56 47.7 +25 57 I1 "
FJ2 7 27 -- 9 48 GAL CEN IRS2 17 42 29.0 --28 59 23 GLIESE 166C 13 03.6 -- 7 44 05 "
FJ3 1 18 +22 18 GAL CEN IRS3 17 42 29.1 --28 59 15 GLIESE 169.1 26 49.9 +58 53 21 "
FJ4 5 34 --21 48 GAL CEN IRS4 17 42 30.4 --28 59 23 GLIESE 170 26 58.9 +39 44 53 "

R FOR 2 26 59.9 --26 18 32 CSI 79 GAL CEN IRS4 17 42 30.4 --28 59 24 780109 GLIESE 176 39 57.9 +18 52 48 "
RZ FOR 3 30 18.5 --25 49 34 " GAL CEN IRS5 17 42 29.9 --28 59 07 750903 GLIESE 182 56 58.9 + 1 42 36 "
ST FOR 2 42 15.1 --29 26 10 " GAL CEN IRS5 17 42 30.0 --28 59 09 GLIESE 184 59 16.9 +53 04 47 "
X FOR 2 40 45.3 --26 19 49 " GAL CEN IRS5 17 42 30.0 --28 59 12 780109 GLIESE 185AB 00 19.9 --21 19 23 "

FORNAX #2 2 36 06 --35 01 619901 GAL CEN IRS6 17 42 28.7 --28 59 17 GLIESE 192 09 43.9 +19 36 12 "
FORNAX #3 2 37 48 --34 29 " GAL CEN IRS6 17 42 28.7 --28 59 18 780109 GLIESE 199 16 43.7 --21 26 40 "
FORNAX #4 2 38 06 --34 45 " GAL CEN IRS7 17 42 27.2 --28 59 13 ED GLIESE 205 28 55.3 -- 3 41 03 "
FORNAX #5 2 40 24 --34 21 " GAL CEN IRS7 17 42 29.2 --28 59 12 GLIESE 207.1 31 09.9 4- I 54 54 "
FORNAX BM I 2 37 36 --34 32 51 GAL CEN IRS7 17 42 29.3 -28 58 41 ED GLIESE 213 39 13.9 4-12 29 18 "
FORNAX BM 2 2 37 51 --34 35 ED GAL CEN IRS7 17 42 29.3 --28 59 13 780109 GLIESE 228 08 08.7 +10 20 58 "
FORNAX BM 3 2 37 57 --34 35 " GAL CEN IRS7 17 42 29.3 --28 59 45 ED GLIESE 229 08 28.1 --21 50 34 "
FORNAX BM 5 2 37 52 --34 38 " GAL CEN IRS7 17 42 31.4 --28 59 13 " GLIESE 232 21 35.2 "+23 28 15 "
FORNAX BM 7 2 38 10 --34 45 " GAL CEN IRS8 17 42 29.5 --28 58 49 780109 GLIESE 234AB 26 50.9 -- 2 46 10 "
FORNAX BM 9 2 38 07 --34 47 " GAL CEN 1RS9 17 42 29.6 --28 59 23 750903 GLIESE 239 34 19.9 +17 36 08 "
FORNAX BM 10 2 38 02 --34 47 " GAL CEN IRS9 17 42 29.6 --28 59 25 GLIESE 247 45 26.6 +60 23 13 "
FORNAX BM 11 2 38 04 --34 48 " GAL CEN IRS9 17 42 29.7 --28 59 26 780109 GLIESE 251 51 34.9 +33 20 18 "
FORNAX BM 12 2 38 00 --34 49 " GAL CEN IRS10 17 42 29.6 --28 59 14 ED GLIESE 268 06 38.9 "+38 37 23 "
FORNAX BM 13 2 37 52 --34 47 " GAL CEN 1RSI0 17 42 29.7 --28 59 13 750903 GLIESE 270 16 14.4 +32 55 48 *'
FORNAX BM 16 2 37 36 --34 45 " GAL CEN IRSI0 17 42 29.8 -28 59 14 780109 GLIESE 273 24 42.9 + 5 22 42
FORNAX BM 22 2 37 27 --34 51 " GAL CEN IRSll 17 42 28.4 --28 59 06 GLIESE 277A 28 39.4 +36 19 44 "
FORNAX BM 24 2 37 12 --34 52 " GAL CEN IRSII 17 42 28.6 -28 59 09 GLIESE 277B 28 38.9 +36 20 24 "
FORNAX BM 28 2 37 20 --34 42 " GAL CEN IRSI2 17 42 28.9 --28 59 25 GLIESE 278C 31 26.1 +31 58 49 779907
FORNAX BM 29 2 37 19 --34 41 " GAL CEN IRSI3 17 42 28.9 --28 59 19 750903 GLIESE 285 42 03.9 + 3 40 42 CSI 79
FORNAX BM 32 2 36 47 --34 46 " GAL CEN IRSI6 17 42 29.3 --28 59 18 GLIESE 299 09 11 4- 8 59 42
FORNAX GLOB2 2 37 --34 GAL CEN IRS17 17 42 30.2 --28 59 12 GLIESE 299 09 11.3 + 9 01 34 CSI 79
FORNAX GLOB3 GAL CEN IRS19 17 42 30.3 -28 59 35 750903 GLIESE 300 10 29.9 -21 22 58 "
FORNAX GLOB4 GAL CEN IRS20 17 42 29.1 --28 59 23 ED GLIESE 324A 49 37.3 +28 31 22 "
FORNAX GLOBS OAL CEN IRS20 17 42 29.3 --28 59 24 780109 GLIESE 324B 49 41.9 4-28 30 29 "
FORNAX NOM. ED GAL CEN IRS22 17 42 29.1 --28 59 46 GLIESE 326AB 51 41.9 --12 55 35 "
G 1 3 40 16 -I-32 08 04 " GAL CEN IRS23 17 42 32.1 -28 58 58 GLIESE 338A 11 00.9 +52 54 09 "
G 2 3 40 43 +32 03 40 " GAL CEN IRS24 17 42 31.8 -28 58 40 GLIESE 338B I0 58.7 +52 54 06 "
G 3 3 40 50 +32 00 22 " GAL CEN IRS25 17 42 24.0 --28 58 24 GLIESE 347 26 24.9-- 7 08 40 "
G 4 3 4100 +31 57 52 " GAL CEN IRS26 17 42 23.9 --28 59 03 GLIESE 347A 26 25 -- 7 08 30
G 5 3 41 01 4-31 57 40 " GAL CEN IRS27 17 42 22.2 --28 59 48 GLIESE 352 28 51.5--13 16 01 CSI 79
G 6 3 41 11 +32 00 04 " GAL. CENTER 17 51 --25 06 ED GLIESE 365 40 16.6 +42 55 56 "
G 7 3 41 13 +31 58 10 " GCS 1 17 41 50 --28 42 04 GLIESE 369 9 48 39.5 --12 04 28 "

G 8 3 41 16 +32 01 34 " GCS 2 17 42 55 --28 44 42 GLIESE 380 I0 08 19.0"+49 42 27 "G 9 3 41 16 4-320046 " GCS 3 17 43 05 --28 48 GLIESE 382 100946.3-- 3 29 39 "
G 10 3 41 22 +32 00 28 " GCS 4 17 43 05 N28 48 40 GLIESE 388 10 16 53.9 +20 07 18 "
G I1 3 41 23 -I-31 56 58 " GCS 5 17 42 36 --28 55 09 GLIESE 390 10 22 43.9-- 9 58 33 "
G 12 3 41 27 +32 0040 " GCS 6 17 42 38 -28 55 41 GLIESE 390 10 22 44 - 9 58 36
G 13 3 41 29 +31 57 22 " GCS 7 17 42 52 -29 00 32 GLIESE 393 10 26 23.4+ 1 06 28 CSI 79
G 14 3 41 40 +32 06 10 " GCS 8 17 42 39 -29 02 17 GLIESE402 104818.9+ 7 05 06 "
G 15 3 4141 +320728 " GCS9 " GLIESE 406 105405.9+ 7 19 14 "
G 16 34142 +3209 52 *' GCS 10 174135 --2904 32 GLIESE 406 10 5406 + 7 19 12
G 17 3 41 59 +32 01 04 " GCS I1 17 4053 -29 05 38 GLIESE 411 I! (3036.5 +36 18 19 CSI 79
G 18 3 41 59 +31 51 10 " GCS 12 17 43 34 --29 05 42 GLIESE 412A I1 02 59.7 +43 47 01 "
GAL A 18 45 50 +79 44 " GCS 13 17 41 53 --29 09 53 GLIESE 412B I1 03 01.9 +43 46 41 "
GAL ANTICEN 5 13 55 4-22 18 41 " GCS 14 17 42 22 --29 I1 09 GLIESE 413 11 05 53.0 +16 02 39 "
GAL B 18 45 18 +79 42 " GCS 15 17 40 59 --29 18 48 GLIESE 424 I1 17 28.5 +66 07 02 "
GAL CEN 17 37 -33 06 " GD 140 11 34 30 4"30 05 679903 GLIESE 445 I1 44 34.9 +78 57 42 "
GALCEN 1742 --2900 " GD190 154206 +1816 " GLIESE447 114508.9+ 10600 "
GAL CEN 17 42 28 --28 55 00 " ALF GEM 7 31 24.6 +32 00 00 CSI 79 GLIESE 463 12 20 44.9 .+64 18 12 "
GAL CEN 17 42 29.2 --28 59 12 " BET GEM 7 42 15.4 "+28 08 54 " GLIESE 465 12 22 12.9 --17 55 59 "
GAL CEN 17 42 29.4 --28 59 23 " BM GEM 7 17 55.9 4"25 05 37 " GLIESE 473 12 30 50.9 4" 9 17 32 "
GAL CEN 17 42 29.5 --28 59 18 BN GEM 7 34 13.3 +17 01 00 '* GLIESE 473AB
GAL CEN 17 42 29.9 --28 59 25 ED BU GEM 6 09 17.1 4-22 55 16 " GLIESE 487 12 47 06.0 .+66 23 03 "
GAL CEN 17 42 30 --28 59 24 DY GEM 6 33 05.3 +14 14 11 " GLIESE 488 12 48 10 -- 0 29 24 709903
GAL CEN 17 42 32 --28 59 42 EPS GEM 6 40 51.3 +25 10 55 " GLIESE 494 12 58 19.7 -!-12 38 43 CSI 79
GAL CEN 17 42 32.5 --28 59 22 ED ETA GEM 6 11 51.4 +22 31 21 " GLIESE 512 13 25 45.9 -- 2 05 28
GAL CEN 17 42 32.6 --28 59 27 " GAM GEM 6 34 49.3 +16 26 36 " GLIESE 513 13 26 53.9 4"II 42 59

B-29



NAME RA (1950) DEC POSRE] NAME RA (1950) DEC POSREI NAME RA (1950) DEC POS REF

h m • b m _ • , *
GLIESE 514 13 27 26.6 +10"39' 02 G0.07+0.04 17h42_81 --28"50 1(_ " G337.1--0.2 16 33 --47 27
GLIESE 514.1 13 27 30.5 - 8 25 44 G0.4-0.1 17 44 --28 38 " G337.9--.5#1+2 16 37 27.1 --47 01 {30
GLIESE 516AB 13 30 17.9 +17 04 12 G0.5+0.0(N) 17 43 55 --28 29 30 " G337.9--0.5 16 37 --47 04 ED
GLIESE _26 13 43 11.7 +15 09 41 G0.5+0.0(S) 17 43 50 --28 32 00 " G337.9-0.5 16 37 33 -47 03 56
GLIESE 537AB 14 00 26.9 +46 34 53 G0.55--0.85 17 47 03.7 --28 53 41 G337.9--0.5#1 16 37 27.1 --47 01 00
GLIESE 544B 14 1700.6-- 4 55 16 G0.6.0.0 17 4402 --28 25 30 ED G337.9--0.5#2
GLIESE 546 14 19 47.7 +29 51 39 G0.6--0.1 17 41 21 --29 22 06 G337.9--0.5N
GLIESE 550.1 14 25 30.9 +24 03 47 G0.7--0.0 17 44 10 --28 21 48 ED G337.9--0.55 16 37 27.1 --47 01 58
GLIESE 551 14 26 18.9 --62 28 05 G3.2-0.5 17 51 53 --26 26 " G345.4--0.9 17 06 -41 30 ED
GL1ESE 553.1 14 28 19.9--12 04 10 G8.1+0,2 18 0001.6--21 48 39 O348,7--1.0 17 16 --38 54
GLIESE 555 14 31 34.9 -12 18 33 G9.62+0.19 18 03 15.7 --20 31 47 G351.1+0.7 17 16 -35 58
GLIESE 568AB 14 51 41.5 +23 45 21 G10.6--0.4 18 07 31 --19 58 G351.314-0.6 17 17 --35 51
GLIESE 570B 14 54 31,0--21 11 16 G12.2--0. I 18 09 45 --18 25 05 G351.34+0.6 17 18 -35 49
GLIESE 581 15 16 52.2- 7 32 20 GI2,2-0.1IRS1 18 09 43.6-18 25 I0 G351.44-0.7 17 17 -35 43
GLIESE 585 15 21 35.5 4-17 39 38 GI2.2--0.1IRS2 18 09 50 --18 26 54 G351.6--1.3 17 25 53.0 --36 37 49
GLIESE 595 15 39 19.9--19 18 34 GI2.2-0,1IRS3 18 09 53 --18 23 36 G351.6--1.3 17 26 --36 41 ED
GLIESE 616.2 16 I5 58.9 +55 23 47 G12.8--0.2 18 11 19 --17 57 ED G351.6--1.3 17 26 01 --36 41 06
GLIESE 617 16 16 36,9 4-67 21 31 G14.6+0,0 18 14 09.8--16 15 40 045--20 10 54 05.9 4- 7 19 14 CSI 79
GL1ESE 617A '" G19.6-0.2 18 24 50.5--11 58 35 G51--15 8 26 52 4-26 57 06
GLIESE 617B 16 16 39.3 +67 22 34 G21.1--1.4 18 31 54 --ll 12 ED G64--12 13 37 29 4- 0 12 54 ED
GLIESE 628 16 27 31.0 --12 31 50 G23.95+0.15 18 31 42.1 -- 7 57 24 G69--47 1 02 48 4-28 13 36
GLIESE 631 16 33 42.9 - 2 13 01 G24.29-0,15 18 33 24.3 -- 7 47 43 G77-31 3 10 40 4- 4 35 12
GL1ESE 642 16 51 52.9 4-11 59 29 G24.49--0.04 18 33 22.9 -- 7 34 07 G77--31 3 10 40.5 + 4 35 12
GLIESE 643 16 52 45.0-- 8 13 47 G28.86+0.07 18 41 08,3 -- 3 38 27 G95--59 3 46 45 4-43 17 36
GLIESE 644 16 52 48.3 -- 8 14 39 G29.9+0.0 18 43 30 -- 2 43 G99--37 5 48 -- 0 12
GLIESE 653 17 02 27,9 - 4 58 39 G29.9--0.0 18 43 -- 2 45 ED G99--37 5 48 48 -- 0 II LTT
GLIESE 654 17 02 38.2 -- 5 00 19 G29,9-0.0 18 43 27.7 -- 2 42 48 750807 G99-44 5 52 39.9 -- 4 08 46 CSI 79
GLIESE 661AB 17 l0 39.6 4-45 44 58 G31.4-0.3 18 46 57.4 - 1 32 21 G99--47 5 53 47 4- 5 22 00 31CLAS
GLIESE 669A 17 17 53.9 4-26 32 48 G33.9+0.1 18 50 14.9 4- 0 51 14 G107-70 7 27 05,9 +48 17 24 CSI 79
GLIESE 6690 17 17 52.9 +26 32 48 G34.34-0.1 18 50 46.2 4- 1 11 21 G112--50 7 49 21 + 0 08 00 3ICLAS
GLIESE 673 17 23 15.7 + 2 10 12 G35.2--1.7 18 59 14.1 4- 1 09 00 G128--7 22 48 +29 24
GLIESE 679 17 30 13.3 4-34 18 17 G45.074-0.13 19 11 02 4-10 46 ED G139--12 17 05 17 4- 7 26 12
GLIESE 687 17 36 42,3 4-68 23 05 G45.14-0.1 19 11 06 4-10 47 48 " G149--172
GLIESE 6950C 17 44 27.7 +27 44 45 G45,1+0.1 19 11 06.4 4-10 48 24 750706 G158--27 0 04 12 -- 7 47 54
GLIESE 699 17 55 22,9 + 4 33 18 G45.1+0.1 lRS 19 11 06 +10 47 48 ED G195-19 9 12 28.9 +53 38 54 CS1 79
GLIESE 702AB 18 02 55.4 + 2 30 35 G45.1--0.1 IRS " G224--1 7 05 27.8 --10 39 15
GL1ESE 706 18 07 57.9 4-38 27 11 G45.13+0.14A 19 12 00.0 +11 04 00 750706 G231--27 21 06 44 +59 32 06
GLIESE 717 18 30 42.3 --11 40 16 G45.13+0.34 19 11 06.3 4-10 48 29 G266--157 0 38 57 --22 37 18 799901
GLIESE 719 18 3244.5+51 40 58 779907 G45.184-0.13 19 11 46.9 4-11 07 15 G191B2B
GLIESE 720 18 33 49.3 +45 41 40 CS1 79 G45.5+0.1 19 11 58.3 4-11 05 20 771109 H 0139--68 1 39 37.5 --68 08 32 819919
GLIESE 725A 18 42 16.7+59 32 38 G45.54-0.1 19 1200.04-11 04 00 t1 11 LEI
GLIESE 725AB " G45.5+0.1 #2 19 11 58.3 +11 05 20 771109 ti 11 LE2
GLIESE 7250 18 42 17.7 +59 32 23 G45,5+0,11RSI 19 12 00,2 +11 04 06 H--C #10
GLIESE 729 18 4644,9 --23 53 28 G45.5+0.11RS2 19 11 57.8 4-11 05 24 H--C #13
GL1ESE 735 18 53 02.9 + 8 20 17 G45.5+0,11RS3 19 11 43.6 +11 07 45 H-C #22
GLIESE 740 18 55 33.6 4- 5 51 23 G45.5+0,1IRS4 19 11 39.5 4-11 05 03 tt-C #23
GLIESE 745A 19 04 58.6 +20 48 56 G75.77+0.34 20 19 50.0 +37 16 16 tt--C #26
GLIESE 7450 19 05 04.9 +20 48 05 G75.84+0.4 20 19 47 +37 21 30 tl--C #38
GLIESE 747AB 19 05 43.7 4-32 26 42 G75.84+0.4 20 19 47,4 4-37 21 32 770401 H--C #50
GLIESE 748 19 09 35.2 4- 2 48 42 G75.84+0.40 H--C #52
GLIESE 748 19 09 38 4- 2 48 36 Gl10.25+0.011 23 04 15.9 4-59 59 55 H--C #54
GLIESE 752 19 14 29.3 + 5 05 57 CSI 79 G133,7+ 1.2 2 21 52 +61 51 36 tI-C #57
GL1ESE 752A G133.9+1.1 2 2329 +61 38 54 H--C #58
GLIESE 766AB 19 43 42.7 4-27 01 11 G268.0--1.1 8 57 27 --47 23 17 ED H-C #61
GLIESE 777 20 01 22.9 +29 43 54 G282.0--1.2 10 04 55.9 --56 57 49 H--C 1 _0 32 04 4-42 09
GLIESE 778 20 01 46.6 +23 12 38 G282.0--1.2 10 04 55.9 --56 57 56 H--C 2 20 31 03 +40 27
GLIESE 781 20 03 54,9 +54 18 12 G285.3-0.0 I0 29 35.7 --57 46 37 H--C 3 20 23 46 +40 34
GLIESE 786 20 12 24.0 +77 04 48 G287.6-0.6 10 43 16 -59 23 47 ED H-C 4 20 24 51 +39 39
GLIESE 791.2 20 27 21.9 4- 9 31 18 G291.3-0.7 11 10 -61 02 " H-C 6 20 39 03 +40 54 650004
GL1ESE 806 20 43 16.0 4-44 18 26 G291.3--0,7 11 10 00 --61 02 10 " H--C 7 20 40 15 4-40 11
GLIESE 809 20 52 17.7 +61 58 33 G291.6--0.5 11 12 50.8 --60 59 37 " H--C 8 20 41 51 4-40 43
GLIESE 811.1 20 5404 --10 37 36 G298.2--0.3 12 07 --62 30 " H--It 1 5 33 54.8 -- 6 47 02
GLIESE 811.1 20 5404.3 --10 37 14 CSI 79 G298.2--0,3 12 07 14 --62 30 39 " H--H 1 5 33 54.9 -- 6 47 02 749904
GLIESE 815AB 20 58 08,9 +39 52 42 G298.2--0.3 12 07 21 --62 33 H--H 1 5 33 55,4 -- 6 47 24
GLIESE 829 21 27 11.9 +17 25 06 G298.2--0.3 12 07 22.5 --62 33 20 H--H 1 (NW) 5 33 54,9 -- 6 47 02 749904
GLIESE 830 21 27 16.3 --12 43 33 G298.2--0.3 12 07 22.7 --62 33 14 tl--tt 1 STAR 5 33 56 -- 6 47 30 ED
GLIESE 860AB 22 26 14.3 +57 26 51 G298.2--0.3 E 12 07 21.7 --62 33 12 ED tI--H 2 5 33 59.5 -- 6 48 57
GLIESE 866 22 35 44,9 --15 35 35 G298.2--0.3 W 12 07 19,5 --62 33 12 " H--H 2 5 34 01.1 -- 6 48 56
GLIESE 867 22 3601.2 --20 52 47 G316.8--0.1 #1 14 41 02.7 --59 37 57 ti--I1 2 EAST 5 34 57,6 -- 6 48 53
GLIESE 867A G316,8--0.1 #2 14 41 02,8 --59 37 06 H--It 2 EAST 5 35 01,8 -- 6 48 22
GLIESE 867B 22 36 00.9 --20 52 24 G316.8--0.1 #3 14 41 02.8 --59 36 41 tI--H 2A 5 33 59.4 -- 6 49 00 749904
GLIESE 873 22 44 41.2 +44 04 45 G316.8--0.1 #4 14 41 04.4 --59 38 09 II--H 2E 5 34 00.7 -- 6 49 00
GLIESE 876 22 5031.3 -14 31 00 G316.8-0.1 #5 14 41 05.1 -59 38 43 H-H 2G 5 3400.1 -- 6 48 56
GLIESE 880 22 54 I0.0 +16 17 22 G316.8-0.1 #6 14 41 25.0 -59 37 00 H--If 2H 5 33 59.7 -- 6 49 02
GLIESE 884 22 57 38.1 --22 47 37 G316.8--0.1 #7 14 41 28,5 --59 36 51 H--|I 3 5 33 41,9 -- 6 44 54
GLIESE 892 23 10 51.7 4-56 53 30 G316.8--0.1 #8 14 41 30.2 --59 37 19 H--H 7 3 26 02.5 +31 05 13 749904
GLIESE 896AB 23 29 18,9 +19 39 43 G316,8--0.1 #9 14 41 31.8 --59 37 36 H--H 7--11 3 25 58.2 4-31 05 46
GLIESE 897AB 23 3008.9 --17 01 32 G316.8--0.1#I0 14 41 33,6--59 36 53 H--H 7--11 3 2600.04-31 06 27
GLIESE 905 23 39 25.9 4-43 55 12 G316.8--0.1#I1 14 41 37.9 --59 36 41 tI--H 11 3 25 59.0 4-31 05 35 749904
GLIESE 908 23 46 35.5 + 2 0g 10 G322,24-0.6 15 15 --56 28 ED tl--tI 12 3 25 51.8 4-31 09 38
GMB 1830 11 5006.1 +38 04 38 G324.2+0.1 15 29 01,0--55 46 08 811014 H-H 12 3 25 55,6 4-31 10 10
GP OBJECT 13 23 09.3 --42 41 02 809906 G327.3-0.5 15 49 --54 24 ED H-It 12 3 25 56.0 +31 10 05
GPA 18 58 28,5 --37 02 33 G330.9--0,4 16 07 --51 58 '" tt--H 12 SOUTH#1 3 25 51.1 4-31 08 27
GRB 03/05/79 5 26 00 --66 08 829908 G331.5-0.1 16 08 --51 21 " H-tl 12 SOUTH#2 3 25 51.3 +31 06 05
GRB 03/05/79M '" G332.8-0.6 16 16 -50 49 " H--H 24 5 43 33.8 -- 0 12 48
GRB 11/19/780 1 16 27 --28 50 50 829908 G333.1--0,4 16 17 14.6 --50 28 50 H--H 24 5 43 34.4 -- 0 11 17

BET GRU 22 39 41.3 --47 08 47 CSI 79 G333.1--0.4#1 16 17 12.8 --50 28 05 ED H--H 24 5 43 34.5 -- 0 11 07
DEL 2 GRU 22 26 46.6 --44 00 19 G333.1--0,4#3 16 17 11.3 --50 27 52 " H--H 24D 5 43 36.1 -- 0 11 02 749904

PI I GRU 22 1941.1 -46 12 01 G333.3-0.4 16 1744.1 --50 18 02 tI-H 241R 5 43 34.4-- 0 11 17 800411
R GRU 21 45 20.6 -47 08 11 G333.6-0.2 16 18 20 --49 58 36 ED |l-tl 28 4 28 12.0 4-17 57 01
S GRU 22 23 00.0--48 41 50 G333.6--0,2 16 18 22.5--49 58 58 tI--H 29 4 28 32.3 4-17 59 30
T GRU 22 22 46.1 --37 49 22 G333.6--0.2 16 18 22.5 --49 59 00 H--H 32 19 18 07.9 4-10 56 21 749904

ZET GRU 22 57 56.3--53 01 21 G333.6--0.2 16 18 22.6--49 58 58 ED H--H 39 6 36 23.0 4- 8 53 12
GRW+70 5824 13 38 4-70 33 ED G333,6--0.2 16 18 23.0 --49 58 54 H--H 40 5 32 54,5 -- 6 20 16 749904
GRW+70 8247 19 00 39.1 +70 35 07 0333.6--0.2 16 18 23.4 --49 58 59 H--H 41/42 5 33 35.8 -- 5 05 45
GS 5 16 22 17.7 --24 20 06 730903 G333.6--0.2 16 18 23.5 --49 58 45 ED H--H 43 5 33 44.9 -- 7 11 07
GS 8 16 22 20.5 --24 23 39 G333.6--0,2 16 18 23.5 --49 58 58 770403 H--H 46
GS 8 16 22 20,8 --24 23 26 G333.6--0,2 16 18 23.5 --49 59 I1 ED H--H 47
GS 15 16 22 33.9 --24 27 13 780902 G333.6--0.2 16 18 23.6 --49 58 57 H--H 48
GS 23 16 23 01.6-24 16 44 G333.6-0.2 16 lg 23.6 -49 59 03 H-H 49
GS 23 16 23 02.1 --24 16 44 730903 G333.6--0.2 16 18 24.4 --49 58 58 ED H--H 50
GS 26 16 23 08.9--24 14 13 G333.6--0.2 16 18 24.5--49 59 11 H-H 52
GS 28 16 23 15.7 --24 13 42 G333,6-0.2 16 18 26.1 --49 58 23 H-H 53
GS 29 16 23 15.7 --24 15 43 G333.6--0.2 16 18 27.1 --49 58 54 H--H 54B
GS 30 16 23 19.7 --24 16 14 G333.6-0,2#1 16 18 23.1 -49 58 52 H--H 56
GS 31 16 23 21.4 -24 14 13 G333.6-0,2#2 16 18 23.1 -49 58 55 H-H 57
GS 32 16 23 22.5 --24 18 13 G333.6--0.2#3 16 18 23.1 --49 58 58 tI--H 100 18 58 26.7 --37 02 36
GS 35 16 23 32.7 --24 16 44 G333.6--0.2#4 16 18 23.1 --49 59 01 - H--H 100 18 58 28.3 --37 02 27
GS 39 16 23 43.3 --24 16 24 780902 G333.6--0.2#5 16 18 23.6 --49 58 52 tl--tt 1001R '" 740103
GSS 1 16 23 32.7 -24 16 43 G333.6--0.2#6 16 lg 23.6 --49 58 55 H--tl 101 lg 58 12,3 --37 07 17
GX 2+5 IR 17 29 00 --24 42 739912 G333.6--0.2#7 16 18 23.6 --49 58 58 H--tl 103 21 41 15.8 +65 49 55

GX 339--4 16 58 --48 ED G333.6--0.2#8 16 18 23.6 --49 59 01 NEAR H-H 1 5 33 55.4 6 47 24 EDGX 354+0 C3 17 28 39 --33 48 01 G333.6--0.2#9 16 18 24.1 --49 58 52 NEAR fl--ll 2 _ 34 01.1 ----v 48 56 '"
GX 354+0 C4 17 28 40 --33 47 58 G333.6--0.2#10 16 18 24.1 --49 58 55 HARO $6-2
GX 354+0 C6 17 28 39 --33 45 40 G333.6--0.2#11 16 18 24,1 --49 58 58 HARO 1--I 16 18 31.1 --26 05 22 729902
G0.0-0.0 17 42 28 --28 55 00 G333.6--0,2#12 16 18 24.1 --49 59 01 ttARO 1--4 16 22 10.5 --23 12 24
G0.01+0.02 17 42 25 --28 53 52 G335.6+2.3 17 22 28 --31 21 ED HARO 1-8 16 23 47.4 -23 08 09
G0.01--0.12 17 42 57 --28 58 16 G336.5--1.5 16 36 --48 40 " HARO 1--14 16 28 03.1 --23 58 07
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HARO 1--16 16 28 31.7--24 21 13 " HD 17603 2 48 04.6 +56 50 35 " HD 36646 5h30_35_4- 1"45'(_
HARO 13A 5 36 07 -- 7 07 IC HD 17638 2 48 28.1 +56 43 33 " HD 36781 5 31 28.7-- 1 47 13
HARO 14A 5 35 45.4 -- 7 11 06 HD 17738 2 48 08.3 --14 42 18 " HD 36811 5 31 38.1 -- I 56 04
HARO 2--249 5 36 23 -- 7 12 47 HD 17829 2 48 39.0 --35 52 49 " HD 36819 5 32 23.7 +24 (30 28
HARO 2--249C 5 36 22 -- 7 12 50 HD 17925 2 50 07.3 --12 58 14 " lID 36824 5 32 02°9 + 5 37 41
HARO 4--255 5 36 55 -- 7 27 729902 HD 17971 2 52 (30.0+60 11 28 " HD 36826 5 31 46.5 -- 2 25 03
HARO 6--5 HD 18391 2 56 01.2 +57 27 52 " HD 36861 5 32 22.9 + 9 54 10
HARO 6-8 HD 18636 2 56 36.1 --38 11 27 " ItD 36981 5 32 38.4-- 5 14 08
HARO 6--8/C HD 18881 3 00 20.5 +38 12 53 HD 37017 5 32 53.3 -- 4 31 30
HARO 6--13 4 29 13.5 +24 22 40 780909 HD 19445 3 05 28.6 +26 09 07 CSI 79 HD 37022 5 32 48.9- 5 25 13
HARO 6-16 4 29 25 -4-24 II ED HD 19557 3 07 33.4 +57 42 51 " HD 37025 5 32 48.9-- 6 03 50
HARO 6--17 4 29 32 +24 13 " HD 19820 3 10 07.3 +59 22 37 " HD 37040 5 33 02.3 -- 4 23 42
HARO 6--18 4 29 34 +24 13 " HD 19904 3 08 49.1 --39 14 24 HD 37041 5 32 55.3 -- 5 26 49
HARO 6--19 4 29 37.6 +24 15 08 HD 20040 3 12 10.3 +59 55 54 HD 37042 5 32 58.9-- 5 26 51
HARO 6--28 4 32 55.9 +22 48 30 ED HD 20041 3 11 57.0 +56 57 21 CSI 79 HD 37043 5 32 59.1 -- 5 56 27
HARO 6--35 HD 20336 3 15 33.7 +65 28 17 " HD 37058 5 33 05.2 -- 4 52 06
HARO 6--37 44405.9+16 57 19 729902 HD 20430 3 14 45.3+ 7 28 23 " HD 37061 5 33 03.7-- 5 17 53
HARO 7--2 5 39 26 -- 8 02 19 " HD 20439 3 14 51.7 + 7 30 26 " HD 37128 5 33 40.4 -- I 13 54
HB 4 17 38 48.4 --24 40 34 739909 HD 20619 3 16 29,7 -- 3 01 21 " HD 37140 5 33 45.3 -- 0 20 (30
HB 5 17 44 44.5--29 58 53 " HD 20630 3 16 44.1 + 3 11 16 " HD 37356 5 35 25.2- 4 50 30
HB 6 17 52 06.8 --21 44 10 " HD 20727 3 17 54.2 + 8 51 15 " HD 37428 5 35 50.3 -- 6 10 01
HB 7 18 52 23.8 --32 19 49 769910 HD 21018 3 21 00.9+ 442 17 " HD 37468 5 3613.9-- 2 37 36
HB 12 23 23 57 +57 54 24 709904 HD 21071 3 22 23.7 +48 56 45 " HD 37479 5 36 16.3-- 2 37 16 "
HBV 475 20 49 02.6 +35 23 37 749903 HD 21110 3 22 18.1 +31 33 20 " HD 37536 5 37 26.9 +31 53 42 "
HD 26 00247.3+ 8 30 35 CSI 79 HD 21197 3 22 31.6-- 5 31 41 " HD 37742 5 38 13.9-- I 58 (30 "
HD 108 0 03 26.7 +63 24 05 " HD 21212 3 24 25.2 +62 19 12 " HD 37744 5 38 06.7-- 2 50 59 "
HD 1032 0 11 28.0 --85 16 19 " HD 21291 3 25 (30.0+59 46 04 " HD 37776 5 38 24,3-- 1 31 53 "
HD 1038 0 12 06.0-- 19 12 33 " HD 21389 3 25 54.1 +58 42 26 " HD 37806 5 38 31.6 -- 2 44 28 "
HD 1160 0 13 23.1 + 3 58 24 HD 21447 3 26 10.4 +55 16 50 " HD 37836 5 35 45.5 -69 42 14 "
HD 1544 0 17 21.5 +61 47 19 CSI 79 HD 21483 3 25 42.1 +30 12 I1 '" HD 37903 5 39 07.2-- 2 16 56 "
HD 1613 0 17 59.3 +61 36 06 " HD 21943 3 30 23.7 +37 50 44 " HD 37903 5 39 07.3 -- 2 16 58
HD 2811 0 28 53.0 --43 52 58 HD 22049 3 30 34.3-- 9 37 34 " HD 37903 40"E 5 39 10.0-- 2 16 58
HD 2905 0 30 08.3 +62 39 21 CSI 79 HD 22686 3 36 18.7+ 2 36 07 HD 37903 40"N 5 39 07.3-- 2 16 18 ED
HD 3029 0 31 02.3 +20 09 30 HD 22879 3 37 49.1-- 3 22 28 CSI 79 HD 37903 40"S 5 39 07.3-- 2 17 38 "
HD 3369 0 34 12.1 +33 26 39 CSI 79 HD 23060 3 40 13.0 +33 57 30 " HD 37903 40"W 5 39 04.6-- 2 16 58 "
HD 3421 0 34 40.0 +35 07 27 " HD 23180 3 41 10.5 +32 07 53 779907 HD 37903 60"E 5 39 11.3 -- 2 16 58
HD 3651 0 36 45.3 +20 58 51 " HD 23489 3 43 28.4 +24 06 02 CSI 79 HD 37903 60"N 5 39 07.3 -- 2 15 58 ED
HD 4004 0 40 28.7 +64 29 17 " HD 23512 3 43 36.2 +23 28 11 " HD 37903 60"S 5 39 07.3 -- 2 17 58 "
HD 4174 0 41 52.6 +40 24 21 " HD 23793 3 45 31.4 +10 59 27 " HD 37903 60"W 5 39 03.3 -- 2 16 58 "
HD 4628 0 45 45.3 + 5 01 24 " HD 23802 3 45 58.3 +32 06 43 HD 37903 80"E 5 39 12.6-- 2 16 58
HD 4727 0 47 02.7 +40 48 24 " HD 23848 3 46 22.5 +32 56 22 " HD 37903 80"N 5 39 07.3 -- 2 15 38 ED
HD 4817 0 48 15.9 +61 32 01 " HD 24039 3 47 49.7 +32 01 I1 " HD 37903 80"S 5 39 07.3-- 2 18 18 "
HD 5384 0 53 10.7 -- 7 37 01 " HD 24341 3 51 03.2 +52 16 30 " HD 37903 80"W 5 39 02.0 -- 2 16 58 "
HD 5550 0 55 19.6 +66 04 56 " HD 24398 3 50 58.9 +31 44 11 " HD 37903120"N 5 39 07.3 -- 2 14 58 "
HD 5996 0 59 35.3 +68 57 37 " HD 246_0 3 52 49.1 +32 01 04 " HD 37903120"S 5 39 07.3 -- 2 18 58 "
HD 6327 02 15.0 +60 09 08 " HD 24706 3 52 00.2 --47 02 23 " HD 37903120"W 5 38 59.3 -- 2 16 58
HD 6582 04 55.6 +54 40 32 " HD 24736 3 54 08.6 +32 44 40 " HD 37903160"N 5 39 07.3 -- 2 14 18 ED
HD 6961 08 02.5 +54 53 03 " HD 24916 3 54 56.7 -- I 18 01 " HD 37903160"S 5 39 07.3 -- 2 19 38 "
HD 7636 14 18.3 +57 22 07 " HD 25329 3 59 53.1 +35 09 16 " HD 37903160"W 5 38 56.6 -- 2 16 58 "
HD 7674 13 58.0 --13 48 40 " HD 25558 4 01 05.3 + 5 17 55 " HD 37903200"N 5 39 07.3 -- 2 13 38 "
HD 7902 16 41.9 +57 56 43 " HD 25596 4 01 44.0 +26 03 53 HD 37974 5 36 48.3 --69 24 18 _SI 79
HD 7983 16 30.6-- 9 I1 44 " HD 26571 4 09 53.0 +22 17 10 " HD 38051 5 40 17.7-- 4 39 29 "
HD 8498 21 11.3 --31 12 19 " HD 26575 4 08 54.1 --35 24 06 " HD 38087 5 40 29.4 -- 2 20 03 "
HD 8538 22 31.4 +59 58 33 " HD 26736 4 11 32.1 +23 27 01 '" HD 38165 5 41 I1,1 -- 0 57 34 "
HD 8879 24 39.9 --32 48 05 " HD 26784 4 11 48.9 +10 34 33 " HD 38230 5 42 35.3 +37 16 21 "
HD 9105 27 53.9 +63 05 24 " HD 26846 4 12 00,7 --10 22 43 " HD 38238 5 41 44.7 + 0 07 27 "
HD 9311 29 54.1 +60 25 45 " HD 26967 4 12 20.5 --42 24 59 HD 38247 5 42 15.2 +18 41 03 "
HD 9974 35 38.9 +57 54 21 " HD 27282 4 16 14.9 +17 24 16 HD 38268 5 41 38.3 --19 40 20 "
HD 10476 39 46.5 +20 01 33 " HD 27524 4 18 34.3 +20 55 21 " HD 38427 5 42 41,4 --22 51 59 "
HD 10494 40 44.0 +61 35 55 " HD 27829 4 16 54.5 --76 06 47 " HD 38563A 5 44 09.5 + 0 03 33 750301
HD 10516 40 30.7 +50 26 15 " HD 27836 4 21 22.3 +14 38 36 " HD 38563B 5 44 09.4 + 0 03 33 CSI 79
HD 10700 41 44.6 --16 11 59 " HD 27901 4 22 01.9 +18 55 41 " HD 38563B 5 44 10.9 + 0 04 17 750301
HD 10780 44 06.3 +63 36 23 " HD 28034 4 23 14.7 + 15 24 42 HD 38563C 5 44 11.5 + 0 01 38
tlD 11092 47 38.2 +64 36 26 " HD 28068 4 23 31.9 + 16 44 28 HD 38563N 5 44 10.9 + 0 04 17
HD 11241 48 41.3 +54 54 01 " HD 28099 4 23 47.6 + 16 38 06 " HD 38563S 5 44 09.5 + 0 03 33
HD 11636 51 52.3 +20 33 50 " HD 28099 4 23 47.7 + 16 38 07 HD 38666 5 44 08.3 --32 19 26 CSI 79
HD 11961 55 10.6 +30 53 30 " HD 28291 4 25 41.1 +19 37 51 CSI 79 HD 38708 5 45 42.7 +29 07 13 "
HD 11979 55 37.3 +45 11 31 " HD 28343 4 26 01.9 +21 48 38 HD 38856 5 46 11.3 + 0 42 37
HD 12111 5748.4 +70 39 56 " HD 28344 4 25 55.0 +17 10 32 HD 38921 5 45 41.0--38 14 51
HD 12302 59 05.3 +59 26 51 " HD 28406 4 26 36.5 +17 45 16 HD 39033 5 47 24.3 + 0 08 23 CSI 79
HD 12399 2 (3005.5 +63 59 50 " HD 28843 4 30 07.1 -- 3 18 49 HD 39680 5 51 54.4 + 13 50 46
HD 12953 2 05 09.7 +58 I1 12 " HD 28910 4 31 00.3 +14 44 26 HD 39746 5 52 31.3 +27 42 29
HD 13043 2 05 01.7 -- 0 50 59 " HD 28932 4 30 56.7 + 0 55 06 HD 40101 5 53 37.7 --28 57 36 "
HD 13268 2 08 02.6 +55 55 25 " HD 28992 4 31 43.9 + 15 24 06 HD 40111 5 54 53.3 +25 56 58
HD 13476 2 10 08.5 +58 19 38 " HD 29051 4 32 09.3 +17 05 54 HD 40335 5 55 37.6 + 1 51 09
HD 13658 2 I1 40.5 +57 54 35 " HD 29587 4 38 03.4 +42 01 43 HD 40402 5 55 19.6 --27 20 07 CSI 79
HD 13661 2 11 28.1 +54 17 56 " HD 29697 4 38 22.0 +20 48 33 HD 41117 6 00 56.9 +20 08 27
HD 13669 2 11 35.0 +55 33 37 " HD 30353 4 45 19.9 +43 11 19 779907 HD 41312 6 01 14.5 --26 16 58
HD 13854 2 13 20.9 +56 49 25 " HD 30614 4 49 03.7 +66 15 37 CSI 79 HD 41335 6 0147.5-- 642 18
HD 14134 2 15 32.6 +56 54 19 " HD 30959 4 49 42.0 +14 10 07 HD 41398 6 02 55.7 +28 56 23
HD 14142 2 15 45.7 +58 43 54 779907 HD 31237 4 51 38.6 + 2 21 36 HD 41511 6 02 45.1 --16 28 45
HD 14143 2 15 41.9 +56 56 22 CSI 79 HD 31274 4 50 36.3 --46 56 02 HD 41690 6 04 38.2 +21 52 49
HD 14242 2 16 44.0 +59 26 32 " HD 31648 4 55 35.4 +29 46 05 HD 42087 6 06 41.7 +23 07 23
HD 14270 2 16 57.0 +56 45 51 779907 HD 31869 4 56 11.7 --28 06 39 HD 42088 6 06 40.7 +20 29 50
HD 14322 2 17 13.0 +55 40 48 CSI 79 HD 32831 5 02 36.3 --35 33 (30 HD 42111 6 06 21.2+ 2 30 31
HD 14330 2 17 27,1 +56 55 47 779907 HD 32990 5 05 03.5 +24 12 02 HD 42259 6 07 05.7 -- 5 03 23
HD 14404 2 18 08.1 +57 38 06 " HD 33232 5 07 17.7 +40 56 28 HD 43039 6 12 11,4 +29 31 05
HD 14422 2 18 17,3 +57 09 30 CSI 79 HD 33461 5 08 43.6 +41 09 18 HD 43384 6 13 55.6 +23 45 33
HD 14433 2 18 22.3 +57 00 52 " HD 34033 5 12 10,5 + 12 57 27 HD 43818 6 16 16.6 +23 29 26
HD 14434 2 18 20.0 +56 40 36 " HD 34078 5 12 59,8 +34 15 26 779907 HD 44179 6 17 36.9 --10 36 51
HD 14442 2 1831.9+59 19 18 " HD 34085 5 1207.9 8 15 27 I-- CSI 79 HD 44213 6 18 07.9 + 5 45 48

HD 14489 2 18 51.1 +55 37 05 " HD 34454 5 15 14.3 +13 21 42 :: I HD 44351 6 19 08.0 +14 20 (30HD 14535 2 19 19.9 +57 01 04 " HD 34578 5 16 42.9 +33 54 26 HD 44458 6 19 04.7 --II 44 54
HD 14542 2 19 26.5 +57 09 34 " HD 34664 5 13 54.9 --67 30 38 HD 44594 6 18 47.0 --48 42 48
HD 14580 2 19 50.4 +56 59 05 " HD 34748 5 17 03.1 -- I 27 42 HD 44612 6 21 09.7 +43 34 35
3iD 14605 2 20 03.1 +56 20 51 '" HD 34989 5 19 _30.0+ 8 22 50 HD 44743 6 20 29.7-17 55 45 CSI 79
HD 14818 2 21 43.0 +56 23 03 " HD 35039 5 19 12.4-- 0 25 47 HD 44965 6 22 25.6 +11 42 45
HD 14826 2 21 46.9 +57 12 42 " HD 35079 5 19 27.9 -- 3 00 39 HD 45166 6 23 36,0 + 8 00 16
HD 14947 2 23 07.9 +58 39 04 " HD 35149 5 20 12.1 -,t- 3 29 50 HD 45314 6 24 24.3 +14 55 13
HD 14956 2 23 09.5 +57 27 16 " HD 35155 5 19 54.7-- 8 42 46 HD 45391 6 25 24.3 +36 30 56
HD 15238 2 25 58.5 +60 27 17 " HD 35165 5 19 28.1 --34 23 34 HD 45542 6 25 59.6 +20 14 43
HD 15253 2 25 52.7 +55 18 48 " HD 35299 5 21 08.7-- 0 12 17 HD 45626 6 25 53.9-- 4 25 44
HD 15316 2 26 21.2 +57 35 54 " HD 35468 5 22 26.7 + 6 18 21 HD 45677 6 25 59.0 --13 01 10
HD 15497 2 28 15.3 +57 28 35 " HD 35502 5 22 30.7 -- 2 51 33 liD 45829 6 27 19.3 + 7 57 21
HD 15570 2 29 01.0 +61 09 29 " HD 35601 5 23 58.4 +29 52 44 HD 45871 6 26 47.4 --32 20 14
HD 15629 2 29 31.3 +61 18 06 " HD 35673 5 23 54.1 + 2 53 36 HD 45910 6 27 52.3 + 5 54 06
HD 15652 2 28 15.9 --22 45 58 " HD 35910 5 25 29.0 + 3 29 42 HD 46106 6 28 58.7 + 5 03 46 "
HD 15963 2 32 31.9 +57 51 28 " HD 35956 5 26 02.9 +12 30 51 HD 46149 6 29 12.9 + 5 04 10
HD 16397 2 35 30.9 +30 36 22 " HD 35972 5 25 51.7 -- 0 44 29 HD 46150 6 29 16.0 + 4 58 46
HD 16429 2 36 53.5 +61 04 04 " HD 36003 5 25 57.3 -- 3 31 40 HD 46223 6 29 29.9 + 4 51 37
HD 16523 2 37 32.9 +56 30 59 " HD 36267 5 28 06.3 + 5 54 40 HD 46380 6 30 18.2 -- 7 28 14
HD 16691 2 39 12.2 +56 41 31 " HD 36351 5 28 36.9 + 3 15 19 HD 46407 6 30 26.2 --11 07 40 "
HD 16779 2 39 56.0 +57 36 57 " HD 36486 5 29 26,9 -- 0 20 01 HD 46484 6 31 15.2 + 4 42 05 "
HD 17145 2 43 40.9 +57 28 05 " HD 36512 5 29 30.5 -- 7 20 I1 HD 46485 6 31 11.9 + 4 33 52
HD 17378 2 45 48.3 +56 52 37 " HD 36552 5 28 49.1 --43 43 51 HD 46559 6 31 38.6 + 2 25 43 "
HD 17378A " HD 36605 5 30 16.7 -- 0 44 49 HD 46573 6 31 46.9 + 2 34 26 "
HD 17505 2 47 15.3 +60 12 41 " HD 36619 5 30 00.1 --23 27 52 HD 46711 6 32 20.0 + 2 48 08 "
HD 17520 2 47 21.7 +60 10 48 " HD 36629 5 30 28.6 -- 4 36 00 HD 46867 6 33 15.2 + 5 21 02 "
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HD 46883 6h33_23_94-10°19' 3; " HD 77581 9h00_13_1--40°21, 24 " HD 101007 11 34 37.2 --60"53' 33"
HD 46966 6 33 45.0 + 6 07 30 " HD 78146 9 03 35.0 --27 52 55 " HD 101065 11 35 10.7 --46 25 59
HD 47032 6 3407.3 + 4 44 12 " HD 78344 9 0408.3 --47 34 01 " HD 101190A 11 3549.4--62 55 11
HD 47105 6 34 49.3 +16 26 36 " [ HD 78785 9 06 37.7--46 03 01 " HD 101190ABC 11 35 49.5 --62 55 12
HD 47129 6 34 43.2 + 6 10 42 " HD 79210 9 10 58.7 -+-5254 06 " HD 101190B 11 35 47.8 -62 55 10
HD 47240 6 35 13.2 + 5 00 03 " HD 79211 9 11 00.9 +52 54 09 " HD 101205 11 35 59.7 --63 05 44
HD 47382 6 35 49.4 + 4 39 06 " HD 79452 9 12 10.3 +34 50 27 " HD 101452 11 37 45.1 --38 52 09
HD 47396 6 36 19.2 +22 39 34 " HD 79573 9 11 30.9 --49 54 00 HD 101501 II 38 25.2 4-34 29 01
HD 47432 6 36 02.5 4- I 39 29 " i HD 80077 9 14 13.2 --49 45 49 ._SI 79 HD 101584 I1 38 33.6 --55 17 46
HD 47755 6 37 53.1 4- 9 50 06 " HD 80558 9 17 03.0 --51 20 55 " HD 101606 I1 38 58,3 4-32 01 20
HD 47839 6 38 13.3 + 9 56 36 " HD 81357 9 23 42.7 4-58 21 36 " HD 101712 11 39 26.9 --63 08 12
HD 47887 6 38 24.7 4- 9 30 48 "" HD 82595 9 29 54.3 --36 38 14 '" HD 102647 11 46 30.5 4-14 51 04
HD 48217 6 39 33.1 -- 9 07 02 " HD 82885 9 32 39.9 4-36 02 14 " HD 102851 11 47 46.7 --51 11 32
HD 48279 6 4004.7 4- I 45 56 " HD 83618 9 37 18.1 -- 0 54 52 " HD 103052 I1 49 14.2 --60 52 48
HD 48434 6 41 00.3 4- 3 58 59 " HD 83943 9 38 07.3 --58 05 31 " HD 103095 I1 50 06.1 +38 04 38
HD 48915 6 42 56.7 --16 38 45 " HD 83953 9 39 00.0 --23 21 47 " HD 103287 11 51 12.5 4-53 58 21
HD 49333 6 44 52.9 --20 57 35 " HD 84542 9 43 31.7 4- 6 56 23 " HD 103516 11 52 29.9 -63 O0 02
HD 49960 6 47 46.3 --31 12 00 " HD 84748 9 44 52.2 4-11 39 40 " HD 104216 11 57 44.3 4-81 07 54
HD 49977 6 48 09.0 --14 03 13 " HD 84800 9 45 35.9 4-43 53 56 HD 104556 11 59 56.9 4-43 22 09
liD 50064 6 49 03.0 4- 0 21 26 " HD 84937 9 46 12.0 4-13 59 15 2SI 79 HD 104901 12 02 11.2 --61 43 05
liD 50091 6 48 43.9--13 10 16 " HD 86440 9 55 06.2--54 19 44 " HD 104901A
HD 50138 6 49 07.5- 6 54 20 " HD 86612 9 56 47.4--23 42 38 " HD 104901C
liD 50707 6 51 23.0 --20 09 39 " HD 87643 10 02 49.7 -58 25 15 " liD 1049011RSl 12 02 22.3 -61 39 58
lid 50896 6 52 08.0 --23 51 50 " HD 87696 10 04 29.1 +35 29 20 " HD 1049011RS3 12 01 56.7 -61 40 15
liD 51219 6 53 59.0 + 1 14 10 " HD 87737 10 04 36.4 +17 00 24 " HD 105546 12 06 32.9 +59 17 48
HD 51480 6 54 48.0 --I0 45 22 " HD 87884 10 05 33.0 + 12 14 29 " HD 105601 12 06 56.1 +38 54 39
HD 51585 6 55 40.7 + 16 24 10 " liD 87901 10 05 42.6 4-12 12 43 " HD 105783 12 08 06.3 --41 45 10
HD 52266 6 57 53.9 -- 5 45 19 " HD 88230 10 08 19.0 4-49 42 27 " HD 106068 12 09 42.0 --62 40 20
lid 52382 6 58 15.9 -- 9 07 53 " HD 88609 10 I1 14.2 +53 48 34 " HD 106965 12 15 24.0 + I 51 10
lID 52721 6 59 28.5--II 13 39 " HD 88725 10 11 32.1 + 3 24 18 " HD 107328 12 17 48.4 + 3 35 25
liD 52721 6 59 28.6--I1 13 42 HD 89201 10 1404.9--57 07 30 " HD 107906 12 21 25.2 +16 41 50
HD 52942 7 00 21.9 --I1 22 44 _SI 79 HD 89249 10 14 29.7 --55 20 51 " HD 108759 12 27 16.7 --41 27 32
HD 53138 7 00 56.1 --23 45 31 " HD 89272 10 14 46.1 --49 06 50 " HD 109011 12 28 57.1 +55 23 40
HD 53244 7 01 29.7 --15 33 27 " HD 89884 10 19 34.7 --17 46 54 " HD 109399 12 32 11.6 --72 26 28
liD 53367 7 02 03.5 -- 10 22 42 " HD 90362 10 23 14.2 -- 6 48 24 " HD 109995 12 36 23.2 +39 35 06
liD 53367 7 02 04.0--10 22 44 HD 90508 10 24 59.3 +49 03 08 " HD 110073 12 37 09.5 --39 42 44
liD 53667 7 03 11.3 -- 8 39 06 ESI 79 HD 90586 10 24 18.5 --53 38 11 " HD 110184 12 37 42.0 + 8 48 05
liD 53755 7 03 27.9 --I0 34 58 "" HD 90706 10 25 03.6 --57 21 05 " HD 110432 12 39 53.1 --62 47 04
HD 53974 7 04 19.7 --ll 12 55 " HD 90707 10 25 03.1 --57 25 12 " HD 110639 12 41 20.7 --61 07 15

liD 53974 7 04 19.8 -- 11 12 57 HD 90772 10 25 32.3 --57 22 59 " HD 110833 !12 42 36.2 +27 40 5_9HD 53975 7 04 16.2 --12 18 55 ZSI 79 HD 91093 10 27 39.7 --57 43 17 " HD 110897 12 42 37.6 +39 32
liD 54439 7 0602.7--I1 46 18 " HD 91120 10 28 32.3 --13 19 51 " HD 111124 12 44 50.7--62 43 22
liD 54627 7 05 49.6 --46 32 12 " HD 91316 I0 30 10.7 + 9 33 51 " HD 111558 12 47 59.9 --69 22 22
HD 54662 7 06 58.1 --10 15 54 " HD 91323 10 29 34.9 -44 13 38 " HD 111631 12 48 09.6-- 0 29 25
HD 54858 7 07 48.0 -- 9 15 13 " HD 91619 10 31 31.6 --57 55 54 " HD 111908 12 49 57.5 + 7 28 43
HD 55383 7 10 30.0 +16 14 42 " HD 91805 10 33 00.1 --43 24 20 " HD 112127 12 51 29.6 +27 03 02
HD 55879 7 12 05.9--10 13 43 " HD 92207 10 35 32.3 --58 28 23 " HD 112244 12 52 59.3--56 33 53
HD 56438 7 13 10.7--47 02 48 " HD 92693 10 38 55.5 --57 40 24 " HD 112758 12 56 27.7- 9 34 01
HD 56847 7 15 53.4--15 32 09 " HD 92740 10 39 22.5--59 24 53 " HD 112769 12 56 27.0 +17 40 41
HD 56925 7 16 12.9 --13 08 15 " HD 92809 10 39 41.7 --58 30 35 " HD 112869 12 57 02.0 +38 05 13
liD 57061 7 16 37.9 --24 51 41 " HD 92839 10 41 37.2 +67 40 27 779907 HD 113034 12 58 46.7 --61 33 48
liD 57219 7 16 51.3 --36 38 59 " HD 92964 10 40 44.2 -58 57 I1 =SI 79 HD 113422 13 01 29.5 --61 26 30
liD 57682 7 19 38.0 -- 8 52 59 " HD 93027 10 41 22.3 --59 52 18 " HD 113801 13 03 44.3 --19 47 28
HD 58131 7 21 13.7 --20 07 55 "' lid 93028 10 41 20.2 --59 56 17 " HD 114213 13 07 11.4--61 12 22
HD 58260 7 21 31.7 --36 14 32 " HD 93030 10 41 I0.0 --64 07 54 " HD 114340 13 07 56.0 --59 28 47
HD 58343 7 22 24.4 --16 06 05 " HD 93129 10 41 53 --59 17 08 HD 114606 13 08 52.9 4- 9 53 14
liD 58350 7 2206.9--29 12 14 " HD 93129 10 4201.0--59 17 05 :SI 79 HD 115473 13 15 18.2--57 52 51
HD 58715 7 24 26.3 4- 8 23 28 " HD 93129AB .... HD 115842 13 17 41.3 --55 32 18
liD 58978 7 24 52.1 --22 59 01 " HD 93130 10 42 04.3 --59 36 40 " lid 116119 13 19 38,5 -61 45 03
HD 59059 7 25 56.7 +15 12 46 " HD 93131 10 41 56.7 --59 51 16 " HD 116658 13 22 33.3 -10 54 01
liD 59075 7 25 23.9 --18 23 36 " HD 93146 ,0 42 04.3 --59 49 25 " HD 116842 13 23 13.4 4-55 14 52
liD 59094 7 25 35.0-15 59 27 "' HD 93146 0 42 04.4-59 49 25 HD 117797 13 30 48.7--62 09 38
HD 60325 7 31 04.0 --14 13 44 " HD 93160 0 42 10.7 --59 18 45 _SI 79 HD 119227 13 37 46.6 4-74 33 48
HD 60341 7 31 07.3 --19 18 08 " HD 93160 10 42 10.8 --59 18 46 HD 119256 13 40 17.4 --57 20 17
HD 60479 7 31 33.1 --27 52 04 '" HD 93161 10 42 12.4 --59 18 50 HD 119608 13 41 48.2 --17 41 O9
HD 60522 7 32 50.5 +27 (30 29 '" HD 93162 10 42 14.2 --59 27 23 _.SI 79 HD 120033 13 44 34.5 -- 9 27 33
HD 60848 7 34 13.3 + 17 01 (30 " HD 93204 10 42 36.0 --59 28 43 " HD 120170 13 45 20.3 -- 8 32 24
lid 61555A 7 36 46.3 --26 41 11 " HD 93205 10 42 37.0--59 28 26 " lid 120213 13 49 05.6--82 25 11
lid 61555IRS 7 37 01 --26 42 40 HD 93206 10 42 26.9 --59 43 48 " lID 120315 13 45 34.3 +49 33 43
HD 61827 7 37 54.3 --32 27 43 CSI 79 liD 93222 10 42 40.3 --59 49 40 "' HI) 120678 13 49 22.5 --62 28 26
liD 62150 7 39 18.2 --32 31 32 " HD 93249ABC 10 42 46.9 -59 05 39 HD 120991 13 50 49.5 -46 52 55
lid 62910 7 43 01.6 --31 47 09 liD 93250 10 42 48.3 --59 18 06 _.SI 79 HD 121190 13 51 57.7 --51 54 55
HD 63099 7 43 57.3 --34 12 29 HD 93281 10 43 01.0 --59 40 18 " HD 122547 13 59 43.5 +33 03 58
liD 63922 7 47 42.7 --46 14 46 CSI 79 HD 93540 10 44 27.4 --64 15 03 " HD 122563 14 00 04.5 4- 9 55 38
HD 64090 7 50 21.6 4-30 45 38 " HD 93632ABC 10 45 15.6 --59 50 130 HD 122669 14 01 42.7 --62 16 05
HD 64740 7 51 39.1 --49 28 54 " HD 93632F I0 45 15 --59 50 00 ED HD 122691 14 01 45.6 --62 20 54
HD 64760 7 51 49.9 --47 58 17 " HD 93795 10 46 24.5 --59 16 33 CSI 79 HD 122879 14 02 52.3 --59 28 38
liD 65412 7 55 41.9 --20 17 33 " HD 93890 10 47 03.6 --58 37 49 " HD 124314 14 11 20.0 --61 28 25
liD 65750 7 55 54.5 --58 59 25 " HD 94028 10 48 47.7 +20 32 56 " HD 124448 14 11 46.5 -46 03 21
liD 65818 7 56 47.9 --49 06 27 " liD 94237 10 50 02.3 + 0 03 52 " lid 124471 14 12 39.9 --66 21 21
HD 65865 7 5744.2--28 35 46 " HD 94367 10 5027.5--56 58 27 '" liD 124721 14 13 13.7--44 57 29
liD 65873 7 58 39.3 4-16 35 39 " liD 94599 10 52 03.9 --60 49 54 '" lid 124979 14 14 51.2 --51 16 22
HD 65875 7 58 13.2 -- 2 44 34 " HD 94909 10 54 19.9 --57 17 01 " HD 125206 14 16 27.0 --60 51 08
liD 66552 8 01 51.9 4-18 59 05 " HD 94956 10 55 00.4 --29 00 46 " lid 125241 14 1641.2--60 39 36
HD 66811 8 01 49.5 --39 51 40 " HD 95687 10 59 32.7 --60 46 46 " HD 125823 14 19 56.7 --39 17 04
HD 67728 8 06 24.3 --19 41 33 " liD 95689 I1 (3039.5 4-62 01 15 " HD 125835 14 20 55.5 --67 58 08
HD 68468 8 09 40.7--14 01 05 " liD 95731 10 59 52.9--59 06 29 " HD 126053 14 20 41.6 4- I 28 28
HD 68980 8 11 36.1 --35 44 49 " HD 95735 I1 (30 36.5 4-36 18 19 " HD 126587 14 24 10.4 --22 01 08
HD 69464 8 13 54.4 --35 28 36 " liD 95880 I1 00 40.7 -59 28 17 " HD 127755 14 31 43.7 --60 25 18
ItD 69882 8 15 34.4 --42 21 54 " HD 95950 11 01 02.3 -60 38 27 "' HD 128167 14 32 30.1 4-29 57 40
liD 70011 8 17 33.9 4-24 10 51 " liD 96088 01 52.6 --57 41 06 HD 129116 14 38 50.6 --37 34 47

14 40 38.2 4-36 58 07
11

HD 70946 8 21 26.0 --38 07 25 '" HD 96088 11 01 53.9 --57 41 06 HD 129653
HD 71072 8 22 38.7 -12 36 02 " HD 96446 11 03 59.3 --59 40 45 HD 129655 14 41 11.0 -- 2 17 38
HD 71304ABC 8 23 14.6 --44 08 15 HD 96548 11 04 17.9 --65 14 20 HD 130163 14 44 36.2 --39 43 04
HD 73394 8 36 43.1 +51 55 49 CSI 79 HD 96880 11 06 16.4 --59 08 28 lid 130227 14 45 26.4--56 27 30
liD 73665 8 37 13.94-20 11 07 " HD 96919 11 06 28.5 --61 40 32 HD 130694 14 47 20.7 --27 45 10
HD 73710 8 37 30.0 4-19 50 52 "' liD 97048 11 06 38.5 --77 23 07 lid 132142 14 53 45.5 4-53 52 28

HD 73882 8 37 19.4 --40 14 31 " HD 97048 11 06 39.5 --77 23 00 CSI 79 HD 132776 14 58 26.3 2 4_ 20lID 74272 8 39 34.6 --47 08 15 " liD 97152 11 07 56.7 --60 42 25 HD 132950 14 59 09.3 31v v. 05
HD 74377 8 41 52.7 +41 51 46 " HD 97300 11 08 17.9 --76 20 29 HD 132960 15 (3005.3 --41 04 33
HD 74575 8 41 34.9 --33 00 18 " HD 97393 11 09 49.9 --32 09 41 HD 133332 15 01 23.5 - 2 39 51
HD 75021 8 44 31.0 --29 32 37 " HD 97534 11 10 26.7 --60 02 40 HD 133518 15 03 20.5 --51 50 13
lid 75156 8 45 54.6 +12 43 57 " HD 97603 11 I1 27.0 +20 47 51 HD 134439 15 07 28.4 --16 08 26
liD 75211 8 45 16.0 --43 53 23 " HD 97670 11 I1 20.4 -59 20 47 HD 134440 15 07 28.3 --16 13 28
liD 75222 8 45 28.5 --36 33 56 " HD 97671 I1 I1 20.5 -59 49 15 HD 134959 15 11 27.2 -58 53 21
HD 75223 8 45 29.8 --39 36 54 HD 97707 11 11 29.0 --60 28 06 HD 135159 15 12 25.9 --59 28 20
HD 75821 8 48 51.5 -46 20 28 CSI 79 HD 97907 11 13 15.0 4-13 34 48 HD 135591 15 1446.2 --60 18 50
liD 75860 8 4906.4--43 33 47 " "liD 97950 11 12 59 --60 59 20 HD 135742 15 14 18.7- 9 11 57
HD 76534 8 53 20.6 --43 16 28 "" HD 98624 11 17 53.1 --60 57 31 CSI 79 HD 136488 15 19 58.1 --62 29 58
HD 76536 8 53 18.2 --47 24 02 HD 98817 11 19 23.7 --60 42 23 HD 136512 15 18 04.4 4-29 47 48
lid 76556 8 53 26.1 --47 24 56 CSI 79 liD 99171 11 21 58.1 --42 23 38 lid 136664 15 19 57.1 --36 40 49
HD 76644 8 55 47.6 4-48 14 21 " liD 99196 11 22 23.3 4-11 42 17 HD 136754 15 19 24.3 4-24 31 19
HD 76764 8 5449.6--43 00 31 '" HD 99953 11 2700.0--63 16 40 HD 137432 15 2405.4--36 35 36
HD 76830 8 56 21.4 4-18 19 49 '" HD 100262 11 29 29.4--59 14 22 HD 137595 15 24 54.0--33 22 17
HD 76838 8 55 18.9 --43 03 45 " liD 100307 It 29 53.9 --26 28 14 HD 137603 15 25 44.7 --58 24 32
liD 76868 8 56 22.3 + 3 51 01 " liD 100363 11 30 19.3 --11 45 24 lid 137613 115 24 49.9--24 59 45
liD 77281 8 5905.4-- 1 16 45 liD 100841 I1 3327.7--62 44 33 liD 138693 115 32 12.4--51 43 28
HD 77443 9 00 35.7 4-38 56 26 CSI 79 HD 100930 I1 34 06.9 --61 02 33 HD 139006 15 32 34.1 4-26 52 53

B-32



NAME RA (1950) DEC NAME RA (1950) DEC POSREI NAME RA (1950) DEC POS REF

b ms " ' " h ms h m • • •
HD 139254 15 34 51.3 --22 58 37 HD 160346 17 36 47.7 + 3"34"58" " HD 182488 19 21 40.7 +33 07 1_
HD 139323 15 34 09.7 +39 59 41 HD 160529 17 38 41.1 --33 28 46 " HD 183143 19 25 13.2 +18 I1 36
HD 139341 15 34 15.4 +39 57 57 HD 160641 17 38 54.9 --17 52 42 " HD 183255 19 25 02.0 +49 21 08
HD 140283 15 40 22.4--10 46 17 HD 160810 17 40 05.0--35 16 31 " HD 183914 19 28 44.3 +27 51 31
HD 140301 15 40 36.3 --14 53 02 HD 161056 17 41 04.9-- 7 03 27 " HD 184499 19 31 35.2 +33 05 19
HD 142139 15 51 52.0 --60 20 08 HD 161061 17 41 27.5 --28 09 26 " HD 184915 19 34 12.0 -- 7 08 23 "
HD 142267 15 50 52.2 +13 21 05 HD 161261 17 41 48.6 + 5 44 05 " HD 185144 19 32 27.5 +69 34 33 "
HD 142301 15 51 39.0-25 05 47 HD 161743 17 45 31.8 -38 06 I1 HD 185268A 19 3509.8 +29 13 14
HD 142373 15 50 56.6 +42 35 25 HD 161796 17 43 41.3 +50 03 47 CSI 79 HD 185737 19 37 43.1 + 19 17 (30 CSI 79
HD 142468 15 53 31.3 --54 11 16 HD 161903 17 45 43.3 -- I 47 34 HD 185859 19 38 17.0 +20 21 35 "
HD 142669 15 53 47.4 --29 04 09 HD 161961 17 46 00.5 -- 2 10 49 CSI 79 HD 186427 19 40 32.0 +50 24 02 "
HD 142696 15 54 40.5 --54 34 53 HD 162120A 17 47 30.0 --29 15 54 " HD 186660 19 43 15.3 -- 3 (30 20
HD 142754 15 54 25.9 --40 51 13 HD 162120BCD 17 47 28.8 --29 15 I1 " HD 186689 19 43 13,9 + 7 29 25
HD 142804 15 54 15.0--15 53 24 HD 162208 17 46 20.7 +39 59 40 HD 186745/6 19 43 17.0 +23 49 11
HD 142983 15 55 23.0--14 08 10 HD 162374 17 48 53.3 --34 47 14 CSI 79 HD 186842 19 44 10.5 + 7 32 42
HD 142990 15 55 34.6 --24 41 18 HD 162978 17 51 49.2 --24 52 43 " HD 186943 19 44 14.2 +28 08 56
HD 143183 15 57 39,4 --53 59 42 HD 163296 17 53 20.6 --21 56 56 " HD 186980 19 44 19.6 .+31 59 33
HD 143796 16 01 14.4 --56 12 13 HD 163428 17 54 03.9 --23 56 00 " HD 186994 19 44 03.9 +44 50 26
HD 144334 16 03 07.0 --23 28 16 HD 163800 17 55 55.6 --22 30 49 " HD 187238 19 46 02.9 .+22 38 13
HD 144386 16 04 19.0 --52 56 45 HD 164270 17 58 26.3 --32 42 53 " HD 187282 19 46 17.9 .+ 18 04 33
HD 144542 ,16 02 14.4 .+59 32 50 HD 164353 17 58 08.3 .+ 2 55 55 " HD 187299 19 46 15.4 .+24 53 01
HD 144579 I16 03 13.1 +39 17 25 HD 164492AB 17 59 21.3 --23 01 53 " HD 187399 19 46 41.5 .+29 16 33
HD 144844 16 05 44.2 --23 33 12 HD 164492CD 17 59 21.0 --23 02 08 " HD 187982/3 19 49 55.2 +24 51 44
HD 144872 16 04 41.7 .+38 46 21 HD 164514 17 59 29.7 --22 54 23 " HD 188001 19 50 07.9 + 18 32 30
HD 144900 16 06 40.5 --48 50 I1 HD 164536AB 17 59 34.7 --24 15 23 " HD 188056 19 49 22.3 .+52 51 36
HD 144969 16 07 08.0 --48 39 54 HD 164740 18 00 36.3 --24 22 53 " HD 188209 19 50 28.5 +46 53 50
HD 145675 16 08 46.7 +43 57 02 HD 164794 18 (3047.3 --24 21 48 " HD 188339 19 52 50.3 -38 27 34
HD 145958 16 10 58.3 +13 39 34 HD 164865 18 01 ILl --24 11 08 " HD 188485 19 52 23,7 +24 11 12
HD 146116 16 12 04.2-- 0 16 25 HD 164906 18 01 21.7 --24 23 21 " HD 188934 19 55 03.9 + 0 06 23
HD 146145 16 13 27.7 --52 57 46 HD 165024 18 02 44.1 --50 05 47 " HD 189103 19 56 29.1 -35 24 46
HD 146331 16 13 47.9 --25 44 22 HD 165052 18 02 06.4 --24 24 09 " HD 189711 19 58 39.6 .+ 9 22 30
HD 146479AB 16 15 08.9 --50 16 16 HD 165195 18 02 10.7 + 3 46 33 " HD 189864A 19 58 53.7 +36 27 02
HD 146706 16 15 28.6 --23 09 09 HD 165246 18 03 00 --24 12 06 HD 189864B 19 58 51.6 +36 25 55
HD 146888 16 22 24.0 --23 20 47 HD 165319 18 03 08.1 --14 12 I1 CSI 79 HD 189864C 19 58 49.3 .+36 26 (_3
HD 147012 16 17 16.2 --25 29 25 HD 165401 18 03 09,2 + 4 39 22 " HD 189864D !9 58 48.7 +36 26 15
HD 147013 16 17 12.3 --25 31 34 HD 165462 18 03 33.1 -- 0 27 06 " HD 190002 19 59 44.7 .+32 26 12
HD 147084 16 17 37.3 --24 03 00 HD 165516 18 04 11.3 --21 27 01 " HD 190007 20 (30 16.7 .+ 3 10 59
HD 147165 16 18 08.6 --25 28 27 HD 165634 18 04 54.9 --28 27 51 " HD 190073 20 00 34.3 .+ 5 35 48
HD 147165A " HD 165688 18 04 59.3 --19 24 24 " HD 190323 20 01 31.1 .+14 50 27
HD 147165B 16 18 07.1 --25 28 26 HD 165705 18 05 18 --23 26 36 HD 190404 20 01 46.6 .+23 12 38 "
HD 147196 16 18 18.9 --23 35 21 HD 165763 18 05 28.7 --21 15 39 CSI 79 HD 190429 20 01 37.3 .+35 52 58 "
HD 147283 16 18 56.3 --24 22 39 HD 165872N 18 06 06 --23 26 48 HD 190429AB 20 01 37.2 +35 52 58 "
HD 147343 16 19 18.7 --24 14 45 HD 165872S 18 06 06 --23 26 54 HD 190429C 20 01 35.4 +35 53 35 "
HD 147384 16 19 35.5 --24 15 56 HD 165908 18 05 07.4 +30 33 12 CSI 79 HD 190603 20 02 38.3 +32 04 31 "
HD 147648 16 21 00.2 --25 17 58 HD 165921 18 06 16 --24 00 06 HD 190864 20 03 46.9 .+35 27 49 "
HD 147701 16 21 19.2 --24 54 36 HD 165999 18 06 34 --23 34 48 HD 190918 20 04 04.5 +35 38 37 "
HD 147888 16 22 24.0 -23 20 46 HD 166033 18 06 44 --23 41 36 HD 190944 20 03 52.3 .+46 31 39 "
HD 147889 16 22 22.7 --24 21 05 HD 166056 18 06 54 --24 07 12 HD 191612 20 07 35.3 .+35 35 07 "
HD 147889 16 22 22.9 -24 21 07 HD 166079 18 06 45 --23 39 30 HD 191639 20 08 27.3 -- 8 59 28 "
HD 147932 16 22 34.9 --23 17 29 HD 166097 18 06 22.6 .+ 9 26 35 CSI 79 HD 191765 20 08 21.5 +36 01 39 "
HD 147933/4 16 22 34.9 --23 19 56 HD 1661ff7 18 07 05 --23 47 12 HD 191978 20 09 13,9 +41 12 10 '"
HD 147955 16 22 46.4 -26 27 17 HD 166197 18 07 36.7 --33 48 39 _SI 79 HD 192103 20 10 00.8 .+36 02 49 779907
HD 148184 16 24 07.2 --18 20 38 HD 166620 18 07 57.9 +38 27 I1 " HD 192163 20 10 17.0 .+38 12 13 CSI 79
HD 148379 16 26 04.3 --46 08 02 HD 166628 18 09 17.3 --19 26 43 " HD 192281 20 10 46.7 .+40 07 00 "
HD 148546 16 27 01.5 --37 51 50 HD 166734 18 09 38.2 --10 44 39 " HD 192422 20 I1 33.3 .+38 36 47 "
HD 148579 16 26 56.6 --25 02 20 HD 166934 ABC 18 10 49.8 --18 49 29 HD 192639 20 12 39.0 .+37 12 01 "
HD 148605 16 27 09.9 --25 03 24 HD 1669341RS1 18 10 52.6 -18 47 25 HD 192641 20 12 39.3 +36 30 27
HD 148688 16 28 12.7--41 42 36 HD 166934IRS2 18 10 51.7--18 47 25 HD 192954 20 14 51.6 .+15 43 (30
HD 148703 16 28 06.5--34 35 49 HD 1669341RS3 18 10 54.2--18 47 11 HD 193077 20 15 08.5 +37 16 02
HD 148816 16 28 00.7 + 4 18 16 HD 166934IRS8 18 10 59.8 --18 43 50 HD 193182 20 15 36.9 +39 26 15
HD 148839 16 30 45.2--67 01 26 HD 1669341RS9 18 10 37.6--18 45 51 HD 193322 20 16 20.5 +40 34 30
HD 148937 16 30 09.6--48 00 23 HD 1669341R10 18 10 52 --18 44 48 HD 193443 20 17 01.3 +38 07 19
HD 149019 16 30 36.0--49 39 57 HD 1669341RI1 18 10 43 --18 45 41 HD 193514 20 17 19.6 +39 06 54
HD 149168 16 30 58.7--26 24 04 HD 166934IR12 18 10 56.0--18 44 55 HD 193576 20 17 42.6 +38 34 24 779907
HD 149228 16 31 20.7 --25 26 46 HD 167287 AP 18 12 19.9--19 (30 32 2SI 79 HD 193621 20 17 55.9 +36 58 26 CSI 79
HD 149367 16 32 10.4 --26 22 31 HD 167287 BR 18 12 19.9 --19 00 14 " HD 193793 20 18 46.7 +43 41 42
HD 149438 16 32 45,9 -28 06 49 HD 167356 18 12 34.4 --18 40 41 " HD 193901 20 20 38.7 -21 31 04
HD 149661 16 33 42.9 -- 2 13 01 HD 167362 18 12 55.4 --30 53 16 " HD 193928 20 19 40.5 +36 45 26
HD 149757 16 34 24.1 --10 28 02 HD 167451 18 13 04.9--13 35 29 " HD 194279 20 21 31.0 +40 35 49
HD 149827 16 35 11.9 --24 47 17 HD 167838 18 14 45.4 --15 26 59 " HD 194334 20 21 45.3 .+38 43 12
HD 150080 16 36 38.0 --24 54 37 HD 167971 18 15 17.5 --12 15 45 " HD 194839 20 24 35.0 .+41 12 51
HD 150136AB 16 37 35.0 --48 39 59 HD 168075 18 15 45.7 --13 48 51 " HD 195050 20 25 42.9 .+38 16 30
HD 150136C 16 37 35.3 --48 40 16 HD 168076 18 15 46,2 --13 49 16 " HD 195177 20 26 32.9 +38 26 50
HD 150193 16 37 16.3 --23 47 55 HD 168137 18 16 05.9 --13 49 45 " HD 195358 20 27 59.2 .+19 15 08
HD 150207 16 37 22.9 --23 33 10 HD 168206 18 16 19.7 --11 39 14 " HD 195407 20 27 53.9 .+36 48 43
HD 150898 16 43 03.3 --58 15 06 HD 168227 18 16 29.3 --15 38 03 " HD 195592 20 28 52.7 +44 08 44
HD 151213 16 44 36.3 --47 I1 33 HD 168476 18 18 59.7 --56 39 13 " HD 196610 20 35 37.7 .+18 05 29
HD 151288 16 43 14.6 .+33 35 37 HD 168571 18 18 14.3 --17 24 18 " HD 197076 20 38 29.3 .+ 19 45 07
HD 151346 16 44 44,6--23 53 08 HD 168607 18 18 21.4 --16 23 57 " HD 197345 20 39 43.4 .+45 06 02
HD 151658 16 46 35.7 -21 45 57 HD 168625 18 18 26.1 --16 23 52 " HD 197406 20 39 51.1 .+52 24 38
HD 151804 16 48 04.1 -41 08 46 HD 169010 18 20 19.9 --13 44 41 " HD 197434 20 40 01.9 .+54 01 47
HD 151932 16 48 48.3 --41 46 16 HD 169034 18 20 27.6 --13 37 13 " HD 198478 20 47 13.9 .+45 55 40
HD 151937 16 47 18.3 .+30 02 56 HD 169226 18 21 23.5 --12 14 28 " liD 198820 20 49 58.1 .+32 39 36
HD 152003 16 49 16.5 --41 42 10 HD 169454 18 22 24.9 --14 00 24 " liD 198931 20 50 23.7 .+44 14 42
HD 152147 16 49 57.1 --42 02 21 HD 169754 18 23 55.4--I1 23 13 " HD 199081 20 51 28.4 .+44 II 49
HD 152234 16 50 30.9 --41 43 30 HD 169978 18 26 42.3 --62 18 45 " liD 199216 20 52 15.4 .+49 20 32
HD 152235 16 50 27.5 --41 54 46 HD 170153 18 21 57.4 +72 42 41 " liD 199356 20 53 30.1 +40 06 27
HD 152236 16 50 27.7 --42 16 50 HD 170235 18 26 16.9 --25 17 23 " HD 199476 20 52 04,3 .+74 34 56

HD 152408 16 51 28.7 --41 _0 14 HD 170740 18 28 39.2 --10 49 54 " liD 199478 20 54 08.3 +47 13 30HD 152424 16 51 31.7 --42 37 HD 170836 18 29 15.2 --19 18 45 " HD 199579 20 54 48.7 +44 43 53
HD 152478 16 52 16.9 --50 35 44 HD 170938 18 29 45.3 --15 44 20 " HD 199801 20 56 50.5 + 8 26 32
HD 152667 16 53 06.7 --40 44 43 HD 171012 18 30 14.3 --18 24 23 " liD 200775 21 00 59.6 +67 57 55
HD 152723 16 53 26.1 --40 26 03 HD 171094 18 30 32.5 --14 08 45 " lID 200775 #1 21 00 59.6 +67 58 25 ED
HD 153261 16 57 26.5 -58 53 07 HD 172167 18 35 14.6 +38 44 09 " HD 200775 #2 21 00 59.6 .+67 58 55
HD 153919 17 00 32.6 --37 46 28 HD 172252 18 36 52.1 --I1 55 28 " HD 200775 #3 21 00 54.3 .+67 58 25
HD 154043 17 01 35.5 --47 00 01 HD 172275 18 36 57.3 -- 7 24 00 " liD 200775 #4 21 01 04.9 .+67 58 40
HD 154090 17 01 31.7 --34 03 15 HD 172488 18 38 04.1 -- 8 45 56 " HD 200775 #5 21 00 55.2 .+67 58 40
HD 154276 17 01 36.2 +17 15 35 HD 172694 18 39 22.3 --15 54 19 " HD 200775 #6 21 00 55.2 .+67 59 25
HD 154368 17 03 08.4 --35 23 04 HD 172910 18 40 58.3 --35 41 34 " liD 200857 21 02 25.9 .+55 01 50 CSI 79
HD 154445 17 02 57.4 -- 0 49 28 HD 173409 18 43 12.7 --31 23 46 " liD 201091 21 04 39.9 +38 29 58
HD 155737 17 11 45.3 --39 35 42 HD 173438 18 42 49.4 -- 4 39 09 " liD 201092 21 04 38.3 .+38 29 29
HD 155851 17 12 17.9 --32 38 00 HD 173654A 18 43 53.5 -- 1 (_0 56 " HD 201345 21 05 51.6 .+33 11 39
HD 156074 17 11 56.5 +42 09 48 HD 173654B 18 43 54.3 -- 1 01 02 " lid 201626 21 07 48.3 +26 24 36
HD 156201 17 14 25.3 --35 10 13 HD 173654C 18 43 54.4 -- 1 01 17 " HD 201733 21 08 10.7 .+45 17 52
HD 156385 17 15 48.9 --45 35 18 HD 174585 18 47 54.1 .+32 45 13 " HD 201891 21 09 39.9 .+ 17 32 03
HD 156738 17 17 30.9 --36 01 21 HD 175305 18 48 27.3 +74 40 00 " liD 201941 21 10 13.6 + 2 26 12
HD 156860 17 17 15.0.+ 2 11 20 HD 175541 18 53 11.9-i-- 4 12 03 " ttD 202380 21 11 30.7 +59 53 26 CSI 79
HD 157038 17 19 14.4 --37 45 26 HD 175754 18 54 393 --19 13 13 " HD 203532 21 25 57.9 --82 54 13 "
HD 157089 17 18 35.4 + 1 29 15 HD 175876 18 55 12.7 --20 29 29 " HD 203638 21 21 19,6 --21 03 55 "
HD 157214 17 18 47.1 .+32 31 50 HD 176124 18 56 27.3 --19 20 51 " HD 203856 21 21 37.1 +39 48 12

liD 157246 17 21 10.7 --56 19 58 HD 176279 18 58 21.6 --54 09 _ " HD 203938 21 22 01.7 .+46 56 55 CSI 79HD 157451 17 21 46.7 --43 26 51 HD 177230 19 01 20.6 -- 4 23 " lID 204827 21 27 31.3 .+58 31 12
HD 157504 17 21 49.9 --34 08 33 HD 177291 19 01 52.3 --18 46 59 " HD 205772 21 35 33.6 --41 16 26
HD 157857 17 23 30.7 -- 10 56 59 HD 178175 19 05 20.3 -- 19 22 11 " HD 206183ABC 21 36 52.0 +56 44 50 CSI 79

HD 157881 17 23 15.7 .+ 2 I0 12 HD 179343 19 09 32.3 + 2 32 16 " HD 206773 21 _3 50.3 +57 30 _ "
HD 158614 17 27 49.2 -- I 01 20 HD 179406 19 09 57.9 -- 8 01 28 " HD 207076 21 86.4 -- 2 26 "

liD 159176ABC 17 31 26.2 --32 32 58 HD 180953 19 16 17.7 --16 00 50_ " HD 207198 21 30.7 +62 13 46 "HD 159864 17 34 43.9 --17 47 52 HD 182040 19 20 24.3 --10 47 " HD 207260 21 44 00.2 +60 53 22
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NAME IL_ (19._) DEC POSREI NAME RA (1950) DEC POSREI NAME RA (1930) DEC POSREF

h m * ° ' " h m s * h m I * ' #
HD 207673 214737.7 +405453 " HDE 290861 A " "" ' " 50 HER 164841.7 +295325 "
HD 208501 215312.0 +562225 " HDE 290861 B ...... 88 HER 174844.7 +482423 "
HD 208906 215627.7 +293442 " HDE 303308 104309.2 --592416 " 89 HER 175324.0 +260323 "
HD 209008 215737.9 + 62835 " HDE 303311 1043 -5916 ED 104 HER 181001.1 +312329 "
HD 209975 220336.2 +620210 " HDE 305523 1104233.4 --594129 CS179 106 HER 181810.9 +215618 "
HD 210066 220530.6 -341717 " HDE 3137061RS1 18 (3015.3 -223252 108 HER 181901.3 +295001 "
HD 210418 220740.5 + 55703 " HDE 313706IRS2 18 (3014.3 --223534 HERSCHEL 36 18 (3035.6 --242307 ED
HD 210594 220835.9 +301822 " HDE 313706IRS3 18 (3015.8 --223649 HETZLER 1--1 215619 +562937 379901
HD 210839 220948.5 .591002 " HDE 313706IRS4 18 (30II.1 --223205 HETZLER 1-2 214938 +562950
HD 211564 221444.3 +552154 " HDE 313706IRS5 '18 (3012.7--222810 HETZLER 4--1 193334 +221351
HD 211853 221654.5 +555230 779907 HDE 313706IRS9 18 (3(306.5--223201 HETZLER 4--2 191349 +225153
HD 212044 221824.9 +513631 CS179 HDE 313706IR10 18 (3006.2 --223417 HEI--3 194615.5 +220228 769910
HD 212571 222243.3 + 10721 " HDE 313706IRI1 180006 -223201 HEI-5 200942.9 +201100
HD 213049 222535.4 +560114 " HDE 313706IRI2 175957.7--222521 HE2--10 83407.1 --261404 761008
HD 213320 222800.0--105603 " HDE 313706IRI3 180003 --223207 HE2--17 85454 --4612 730001
HD 213470 222824,7 +565806 " HDE 313706IRI5 175959.4 --223632 HE2--17 855 --4612
HD 214080 223325.3 --163848 " HDE 3137061RI6 175955.5 --223030 HE2--25 91629 --542642 779909
HD 214419 223456.8 +563846 779907 HDE 3137061RI8 175952 --223530 HE2--26 91806.4--585923 769910
HD 214454 223518,7 +5117 I0 CS179 HDE 3137061RI9 175949 --223518 HE2--32 92926 --572342 779909
HD 214680 223700.7 +384721 " HDE 3137061R20 175952.3 --223245 HE2--34 93924 --4909 P--K
HD 21577322224440.3 +462645 " HDE 313643 180143.7 --211003 CS179 HE2-35 93947.9 -494402739909HD 216411 4932,9 +584434 " HDE 313875 180548 --232630 HE2--38 95303 --570424 749906
HD 216777 225311,7 -- 80519 " HDE 314030 180703 --233930 HE2--41 100554.0--633950 769910
HD 216898 225344,1 +620220 " HDE 314031 180650 --233736 HE2--47 102124.0 --601722
HD 217050 22 5451.5 +48 25 00 779907 HDE 314032 18 06 46 --23 40 06
HD 217086 I HE2--57 105403 --611200 759905225448,9 +62 27 34 CSI 79 HDE 322426 165333.2 --401856 HE2--61 1! 0422 --543306 779909
IID 217101 225521.7 +390227 " HEN 1191 162331.9 -483245 ED HE2--62 111545 --703306 789907
HD 217476 225758,1 +564036 " HEN $26 51906 --6800 HE2--63 I12140.8 --523452 769910
HD 217490 22 5804_9 +59 21 03 " HEN $43 5 3036 -67 19 HE2-64 II 2505 -57 01 24 779909
HD 217543 _225834,7 +382621 " HEN $63 54848 --6736 HE2-67 I12630.5 --595000 769910
HD 217701 22 5956,7 -- 6 50 32 " HEN $63 5 4852.4 --67 37 02 HE2-68 I1 2931.8 --65 41 40
HD 218209 23 0307,4 +68 08 40 " HEN S136 5 41 54 -69 26 HE2--71 I1 3654.1 -68 35 30
HD 218342 230406,5 +625633 " HEN 40 73000 --4129 HE2--76 120548 --635530 779909
HD 218393 23 0451,1 +49 55 16 " HEN 209 8 4704 -45 53 54 709901 HE2-77 12 0623.8 -62 59 20 769910
HD 218915 230852,3 +524710 " HEN 230 85454 -4612 HE2--79 121239 --632242 779909
HD 219134 231051,7 +565330 " HEN 373 100814 --564736 709901 HE2--80 121937 --630054
HD 219287 23 II 52,6 +590607 " HEN 401 101749 -595818 " HE2--80 1220 --6301
HD 219460 231301,9 +601038 " HEN 485 1044 (30 -594048 " HE2--81 122016 -634530 779909
HD 219617 231429_7--140627 " HEN 519 105201 -601030 " HE2--84 122557 --632800
HD 219688 231518,3-- 92719 " HEN 591 I10633 -602630 " HE2--87 124249 --624412
HD 220300 23 1953,5 +56 04 25 " HEN 653 I1 23 17 -59 40 06 " HE2-88 13 0245 -57 23 18 759905
HD 220652 23 2236,3 +62 (30 28 " HEN 664 I1 2858 --63 33 36 " HE2--90 13 06 --61 04
HD 221170 23 2700.4 +30 09 27 " HEN 729 I1 52 14 -62 56 48 " HE2-90 13 0627 -61 03 36 749906
HD 221354 23 2855.7 +58 53 15 " HEN 748 12 0227 --65 04 06 " HE2--91 13 0653 --62 55 30 759905
HD 221861 23 3247.9 +71 21 55 " HEN 782 12 2041 --62 21 36 " HE2--97 13 41 24.0 --71 13 47 769910
HD 222173 233540.5 +425927 " HEN 794 122646 --643300 " HE2--99 134846.3 --660837
HD 223385 234623.2 +615610 " HEN 814 HE2--101 135130 --581230 759905
HD 223960 23 51 20.1 +60 34 31 " HEN 938 13 4901 --63 18 (30 709901 HE2--102 13 5445.9--58 39 54 769910
HD 224151 235302.5 +570801 " HEN 1044 145614.7 --540609 820620 HE2--103 140150.9 --642637
HD 224930 235933.1 +264902 " HEN 1044 145618 -5406 HE2--104 140833.5 --511219
HD 2250230 0011.8 +353214 HEN I092 154228.7-661953 769910 HE2--104 14 (39 --5112
HI) 225094 0 (3050.7 +63 21 45 CSI 79 HEN 1125 15 5551 --41 48 48 709901 HE2--106 14 10 --63 12
HD 225095 0 0052.5 +55 16 20 " HEN 1227 16 3454 -45 18 HE2--106 14 1024.0--63 11 47 769910
HD 225146 0 01 22.2 +60 49 29 " HEN 1242 16 4000 --62 32 HE2--108 14 1447.5 --51 56 50 "
HD 225160 001 28.3 +61 56 36 " HEN 1242 16 4000,5 --62 31 27 769910 HE2--II3 14 56 14.7 --54 06 09 820620
HD 225239 00216.0 +342248 " HEN 1481 174404 -360800 709901 HE2--113 145618 --5406
HD 225985 19 4737.5 +32 49 45 " HEN 1495 17 4647 --47 21 42 " HE2--118 15 0255.2 --42 48 24 739909
HD 226868 19 5628.7 +35 03 54 " HEN 1591 18 0424 --25 55 00 " HE2--119 15 0623.1 --64 28 57 769910
HD 227460 200224.3 -/-36 07 23 " HEN 1751 19 24 36 +23 48 HE2--127 15 21 18.3 --51 39 10 "
HD 228368 201124.2 +345223 " HEN 1835 200742 +2503 HE2--128 152129.7 --510908 "
HD 228712 20 1449.6 +40 43 48 " AC HER 18 2808.9 +21 49 52 CSI 79 HE2--131 15 31 54.0 --71 45 00 "
HD 228854 20 1653.9 +36 10 59 " AH HER 16 4206 +25 20 34 GCVS HE2-134 15 4228.7 -66 19 53 "
HD 229033 201903.9 +373420 " ALF HER 171221.94-142644 CS179 HE2-138 155119.2 --66 (3026
HD 229059 201923.3 +371454 " ALF HER 171222 +142650 HE2--139 155048 --552042 779909
HD 231195 191823.1+141927 " ALFHER A 171221.9+142644 7,SI 79 HE2--147 160956 --565154 "
HD 232078 193556.5 +164133 " ALF I HER " HE2--151 16 II 25.4 --594634 769910
HD 236031 230146,5 +535842 " AM HER 181459 4-495051 OCVS HE2--156 161738 _421648 779909
HD 236689 / 1523.7 +580643 " AM HER W 181453 +495214 ED ITE2--157 161817.1 --533353 769910
HD 236970 22943.24-560552 " BET HER 162804.04-213549 U,S179 HE2--162 162353.6 --535447 "
HD 237211 3 59 14.2 +56 24 08 " BL HER 17 5859.9 .+19 15 (30 " HE2--170 16 3122.9 --53 43 59 "
HD 248411 5 4844.74-28 15 00 " CHI HER 15 5056.6 +42 35 25 " HE2--17! 16 3047 --34 59 12 789908
HD 249845 55615.0 +325303 " DQ HER C 180605.9 +4552 (30 " HE2--173 163259 --394536 779°/37
HD 250028 5 5648.5 +25 05 10 " DQ HER C NEB. 18 0606 +45 5055 ED HE2--174 16 3452 --45 17 48 779909
HD 250550 5 5906.34-16 30 58 " DQ HER NOVA 18 0606 +45 5100 HE2--174 16 35 --45 18
HD 254577 6 1453.1 +22 25 44 " EPS HER 16 5822.4 +30 59 55 _SI 79 HE2-- 176 16 3754 --45 07 21 779909
HD 259597 6 3048.7 + 8 22 27 " G HER 16 2659.9 +41 59 26 779907 HE2-- 179 16 3937 --45 55 06 "
HD 268743 45739.9 --663207 " LQ HER 160930.1 +233721 _,S179 HE2-- 182 16 4949,3 --640939 769910
HD 268757 4 5426.5 --69 17 13 " MUU HER 17 4430.0 +27 44 54 " HE2--183 16 4947 --44 47 54 779909
HD 269006 50250.1 --712420 " MUU HER BC 174427.7 +274445 " HE2-- 185 165545.4 --700140 769910
HD 269217 5 1357.9 --69 24 38 " MW HER 17 3325 +15 36 53 OCVS HE2--248 17 32 16.3 --49 23 43 "
HD 269227 51416.9--693439 " NUU HER 175635.2 +301130 ,_S179 HE2--260 173601.5--181557 819914
HD 269599 5 2837.9 --69 10 34 " OP HER 17 5522.3 +45 21 21 779907 HE2--275 17 4205 --38 38 24 779909
HD 283447 4 11 31 .+27 55 ED PI HER 17 13 18.2 +36 51 50 _SI 79 HE2--294 17 4829 --32 54 12 819916
HD 285773 42637.6 +174704" CS179 PP HER 180556 +362122 GCVS HE2--325 175759 --262124 "
HD 290556 5 31 37.9 + 0 22 54 " R HER 16 0357.5 +18 30 13 _SI 79 HE2--349 18 0417 --36 06 48 "
HD 290662 53324.9 -- 04938 " RR HER 160250.6 +503804 779907 HE2--354 180635 --332030
HD 290768 5 3634.9 -- 1 32 28 " RS HER 17 1936.4 +22 58 06 _SI 79 HE2--370 18 11 23 --29 50 18 789908
HD 290787 53804.2 -- 01930 " RT HER 170848.1 +270708 " HE2--390 181751.3 --264953 769910
HD 290798 5 3744.1 -- 0 46 07 " RU HER 16 0805,7 +25 12 01 " HE2--396 18 2027 --21 26 18 819917
HD 290813 53752.3-- 14759 " RV HER 165825.9 +311041 " HE2-429 19 I121.2 +145418 769910
HD 294304 53825.6 -- 25159 BD RY HER 175735.3 +192657 " HE2--430 19 I150.9 + 172620 "
HD 303492 104951.7 --584236 CS179 RZ HER 183443.3 +26 GO21 " , HE2-432 192114.84-210221 "
HD 306070 110728.3 --601524 " S HER 164937.1 +150127 " _ HE2--436 192851.5 --341859 739909
HD 306097 1109 10.9 --603850 " SS HER 163029.3 + 65741 " HE2--440 193603.5 +250900 819914
HD 316248 174248 --3011 ST HER 154916.7 +483758 779907 HE2-442 193736 +2624
HD 316285 174504.7 --275954 CS179 SV HER 182420.5 +245937 _S179 _ HE2--442 193740,I 4-262248 769910
HD 316285 174506 --28 (30 SX HER 160520.94-250227 " HE2--446 194157.5 +231942 "
HD 326823 170318 --4232 SY HER 165922.1 +223257 " HE2--446 1942 +2320
HD 330036 154738.5 --4836 (30 820620 T HER 180712.64-310040 779907 HE2--446 1194200 +2320
HD 331777 200113.5 +314639 CS179 TAUHER 161814.0 +462553 _S179, HE2--447 !194311.7 +211246 819914

HD 333424 200248 +2901 THE HER 175432.14-37150920 77"--71990 HE2-459 20 I154 4-2925 P--KHD 334060 201606 +3017 TV HER 181248.1 +3148 HE2-467 203342.6 +200107 769910
HD 351123 19 5524 4-17 14 U HER 16 2334.7 + 19 00 16 _SI 79 HE2-468 20 3920.4 +34 3409 819914
HDE 226868 19 5628.7 +35 03 54 CSI 79 U HER 16 2335.0 +19 00 24 HFE I 5 2541 -- 5 08
HDE 228368 20 I124.2 +345223 " UU HER 16 3412.2 +380405 779907 HFE 2 52656 -- 446
tIDE 228766 20 1537.9 +37 09 08 " UW HER 17 1239.04-36 25 26 " HFE 2#1 5 2647.2 -- 4 45 06
HDE 228854 20 1653.94-36 10 59 " V396 HER 17 2045 4-24 36 05 GCVS HFE 2#2 5 2700.5 -- 4 43 43
HDE 245770 5 3547.9 +26 17 17 " V441 HER 17 5324.0 +26 03 23 _SI 79 HFE 2#3 5 2644.6 -- 4 50 46
HDE 258686 6 2802 +1005 54 V443HER 18 2005 +23 25 23 GCVS HFE 2#4 5 2659.8- 4 51 39
HDE 258749 62813 + 95048 WHER 163326.14-372649 779907 HFE 2#5 52656.4- 454 I1
HDE 258853 62830 + 94936 XHER 160108.7+472236 " HFE 2#6 52632.9-- 45637
HDE 258973 62857 + 102236 YY HER 181225.9 +205817 _S179 HFE 2#7 52620.0 -- 45255

HDE 259431 630 I9 +102136 2 HER 155257.7 +431659 :: I HFE 2_t8 52609.1 -- 50157HDE 259431 63019.3 +102136 CS179 4 HER 5349.3 +424237 HFE 2#9 52656.6 -- 50140
HDE 290857 54434 + 038 HDE 14 HER 160846.7 +435702 " HFE 3 52848 -- 455
HDE 290859 5 4252 + 0 27 " 28 HER 16 3007.9 + 5 37 33 " HFE 4 5 3109 -- 5 42
HDE 290860 54423. I + 01908 CS179 30 HER 2659.9 +415926 779907 HFE 5 53256 -- 446
HDE 290861 5 4433.6 + 0 16 54 " 39 HER 16 3934.9 +27 (30 42 ,_.SI79 HFE 6 5 3301 -- 5 24
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NAME RA (1950) DEC POSREI NAME RA {1950) DEC POSREI NAME RA {1950_ DEC POSREF

• m s h m •
HFE 7 5h33_48s -- 3"53' HV 894 h " ' " IIYADES //15 4 11 32.1 +23"27' 01" "
HFE 8 5 3733 - 6 30 HV 900 HYADES //25 4 1527.7+15 58 02
HFE 9 6 13 49 + 4 11 HV 902 HYADES //30 4 17 08.4 +13 54 57 "'
HFE 10 9 50 42 +70 42 HV 909 HYADES //32 4 17 30.4 +18 37 26 "
HFE I1 9 56 07 +71 24 HV 914 HYADES //33 4 17 45.9 +14 58 36 "
HFE 12 10 07 29 --59 10 HV 916 HYADES //34 4 18 03.7 +13 44 45 "
HFE 13 10 18 32 -57 22 HV 928 HYADES //43 4 20 27.0 +19 32 36 "
HFE 14 10 25 04 --57 38 HV 953 HYADES //50 4 21 22,3 +14 38 36 "
HFE 15 10 37 21 --56 51 HV 995 HYADES //52 4 21 35.7 +16 46 18
HFE 16 10 56 12 --57 01 HV 1(301 HYADES //54 4 22 23.0 +22 10 50
HFE 17 13 27 50 --43 25 HV 1002 HYADES //65 4 24 44.7 +15 28 42
HFE 18 13 33 41 --42 26 HV 1003 HYADES //69 4 25 41.1 +19 37 51
HFE 19 13 35 49 --40 40 HV 1004 ]IYADES //72 4 25 48.2 +15 45 40
HFE 20 16 28 42 --19 03 ttV 1349 0 38 56 --73 40 08 ED HYADES //78 4 26 36.5 +17 45 16
HFE 21 16 35 33 --22 13 ttV 1366 0 41 33 --73 11 59 " HYADES //79 4 26 37.6 +17 47 04
HFE 22 17 13 06 --36 20 tIV 1375 0 40 59 --7' 07 37 '" HYADES ///174
HFE 23 17 15 56 --38 51 tlV 1455 0 46 30 --'J_ * 03 " HYDRA 08+G9
HFE 24 117 16 29 -35 52 HV 1475 04736 --73 34 53 " BETHY! 02309.3--77 32 07 CSI 79
HFE 25 17 17 22 --34 33 HV 1645 0 53 32 --73 31 27 " GAMIIYI 3 47 59.4 --74 23 32
HFE 26 17 20 56 -34 12 HV 1719 0 55 32 --73 17 58 " UXHYI 3 49 00.6 --7001 43
HFE 27 17 21 47 --34 22 tIV 1865 0 59 58 --73 01 06 " VWHYI 40930 --71 25 22 GCVS
HFE 28 17 25 34 --34 31 HV 1956 1 02 31 --72 46 02 " HZ 43
HFE 29 17 25 12 --36 38 HV 1963 1 02 50 --72 51 04 " HZ 44
HFE 30 17 35 49 --31 32 HV 2112 I 08 32 --72 53 07 " tlZ 46
HFE 31 17 38 40 --29 58 HV 2251 HZ 133
HFE 32 17 39 51 --29 47 HV 2255 HZ 134
HFE 33 17 41 46 --29 22 }IV 2257 HZ 357
HFE 34 17 42 54 --28 59 HV 2279 HZ 451
HFE 35 17 43 12 --28 47 ltV 2294 5 06 17 -66 45 609903 }tZ 489
HFE 36 17 44 46 --28 22 HV 2337 !tZ 491
HFE 37 17 45 56 --28 01 HV 2338 HZ 625
HFE 38 17 48 20 --27 24 tlV 2360 HZ 747 t2 02 12.8 --61 43 23 CSI 79
HFE 39 17 50 02 --26 45 HV 2362 HZ 793
HFE 40 17 51 22 --26 13 HV 2369 5 13 55 --67 07 609903 HZ 799
HFE 41 17 53 33 --25 00 ttV 2405 ttZ 1061
HFE 42 17 56 31 --23 55 tlV 2432 HZ 1110
HFE 43 17 58 03 -23 58 IlV 2447 5 19 56 -68 43 609903 HZ 1124
HFE 44 17 59 09 --23 42 HV 2450 HZ 1286
HFE 45 17 59 55 --26 57 IIV 2493 HZ 1305
HFE 46 18 00 34 --24 20 }IV 2523 HZ 1306
HFE 47 18 01 26 --19 43 tlV 2526 }IZ 1321
HFE 48 18 02 43 -21 44 !IV 2527 HZ 1332
HFE 49 18 05 21 --20 20 ttV 2555 HZ 1348
HFE 50 18 0946 -17 58 HV 2575 HZ 1355
HFE 51 18 14 17 --16 22 HV 2576 HZ 1531
HFE 52 18 1444 --15 53 IIV 2578 HZ 1653
HFE 53 18 15 55 --16 08 IIV 2586 HZ 2016
HFE 54 18 16 36 --16 46 HV 2595 HZ 2244
HFE 55 18 16 53 --16 12 ttV 2604 HZ 2407
HFE 56 18 43 18 -- 2 49 HV 2677 HZ 2588
HFE 57 18 44 49 -- 2 07 ttV 2694 tlZ 2601
HFE 58 19 07 59 + 9 03 1IV 2749 HZ 2741
HFE 59 19 19 58 +14 08 !IV 2763 HZ 3030
HFE 60 19 21 18 +14 21 ]IV 2793 IIZ 3063
HFE 61 19 32 41 +21 56 HV 2827 HI-I 16 1013 -34 28 06 789908
HFE 62 19 59 41 +40 18 !IV 2883 HI-2 16 45 34 --35 42 00
HFE 63 20 O0 31 +33 24 IIV 5497 4 55 33 --66 30 509903 ttl-4 16 50 24 --31 35 42 809909
HFE 64 20 2443 +40 12 HV 5541 HI--8 17 11 26.0--33 21 23 739909
HFE 65 20 26 17 +39 34 HV 5593 HI--9 17 18 20 --30 17 54 789908
HFE 66 20 27 20 +40 55 HV 5654 HI--17 17 26 31 -28 38 12 819916
HFE 67 20 33 50 +42 22 tlV 5715 HI--18 17 2632.0--29 30 30 769910
HFE 68 20 38 24 +42 27 [IV 5854 HI--19 17 26 54 -27 57 06 819916
HFE 69 20 38 38 +41 29 ttV 5870 HI--21 17 29 17 --40 56 18 779909
HFE 70 20 39 23 +42 03 HV 5914 tli--22 17 28 55 --37 55 30
HFE 71 20 48 24 +43 26 ItV 6065 tti--23 17 29 35 --29 58 18 819916
HFE 72 20 57 44 +43 20 [IV 6093 HI-25 17 32 10 --29 43 30
HI 263 2 19 +57 ED tlV 11223 0 30 03 --73 39 07 ED HI--29 17 40 55 --34 16 12 789908
HM 1 10 54 48 --77 09 739903 HV 11262 HI--31 17 42 13 --34 32 42
HM 2 10 55 25 --76 56 08 3CVS HV 11295 0 49 06 --73 08 55 ED tli--33 17 44 30 --34 07 06
HM 3 10 57 47 --77 06 53 " [IV 11303 0 50 16 --71 53 24 " 1tl--35 17 45 54.6 --34 21 59 769910
HM 4 10 57 51 --76 46 739903 }IV 11329 0 52 00 --73 09 01 " H1--36 17 46 24 --37 00 36 789908
HM 5 10 58 56 --76 28 " HV 11366 0 55 18 --72 30 26 "' H1--39 17 5002 --33 55 24 819916
HM 6 10 59 18 --76 01 " tlV 11417 0 59 05 --73 07 30 " HI--40 17 52 23.0--30 33 05 739909
HM 7 11 01 06 --77 17 " HV 11423 0 59 20 --71 54 11 " H1--43 17 54 57 --33 47 24 819916
HM 8 I1 01 38 --77 06 "' IIV 11427 0 59 55 --73 04 45 " H1--44 17 54 56 --31 42 42 789908
HM 9 I1 02 41 --76 11 " HV 11452 1 02 06 --73 49 11 " HI--45 17 55 12 --28 14 42
HM 10 11 03 13 --77 10 "' HV 11984 H1--46 17 5546.3 --32 21 33 769910
HM I1 11 05 35 --77 03 " HV 12048 H1--47 17 57 26 --29 21 42 789908
HM 12 11 05 50 --75 47 "" tlV 12070 H1--49 18 00 07.2--32 42 30 769910
HM 13 11 06 00 --77 22 '" tlV 12122 0 53 26 --72 22 13 ED 111--50 18 00 37 --32 41 48 819916
HM 14 11 05 58 --76 36 i_ !!V 12149 0 57 08 --72 35 07 " H1--53 18 02 50.0--26 30 01 769910

HM 15 11 06 18 --77 24 ',_ [IV 12179 03 25 --72 23 11 " HI--54 18 03 56.1 --29 13 20 "HM 16 11 0636 --77 23 HV 12225 H1--55 18 0402.7--29 41 49
ttM 17 11 0636 -77 26 HV 12247 6 01 20 --65 06 11 3CVS HI--56 18 0442 --29 44 54 789908
HM 18 11 06 39.5 -77 23 00 _SI 79 }IV 12249 6 07 04 --66 49 130 " HI--58 18 06 07 --26 03 06 819916
HM 19 11 06 54 -77 29 r39903 HV 12252 HI--60 18 09 16.2 --27 29 42 769910
IIM 21 I1 07 27 --76 46 " [IV 12667 HI--61 18 09 29 --24 50 42 819916
HM 22 I1 07 51 --76 07 04 3CVS HV 12700 HI--62 18 1002 --32 20 30 789908
HM 24 I1 08 27 --76 18 46 "' tlV 12747 HI--63 18 13 06.1 --30 08 40 769910
HM 26 11 08 37 --76 14 T39903 HV 12765 H1--65 18 17 05.0--24 16 27 "
HM 28 11 09 19 --76 18 "' HV 12797 H134 15 42 32 --66 20 679907
HM 29 11 10 06 --76 04 " HV 12956 07 44 --71 36 55 ED H172 16 33 37.1 --55 36 25 769910
HM 30 11 10 55 --76 28 '" HV 13048 H177 16 40 04 --62 32 679907
HM 31 11 11 01 --76 28 " AK HYA 8 37 35.7 --17 07 22 2SI 79 H2--1 17 01 19.4 --33 55 05 739909
ttM 32 11 15 58 --76 47 '" ALF IIYA 9 25 07.7 -- 8 26 26 "" t12--2 17 04 04 --34 01 24 789908
HO I/A936 9 36 +71 ED CZ HYA 10 24 57.9 --25 17 47 " H2--3 17 06 01.5 --41 32 20
HO 11/A814 8 14 +70 " ETA HYA 8 40 36.6 + 3 34 45 '" H2-3 17 06 02.3 --41 32 04
HO IV EX HYA 12 49 42 --28 59 14 3CVS H2--4 17 08 57 --32 34 12 789908

R HOR 2 52 11.9 --50 05 32 :SI 79 FI HYA 12 37 11.9 --26 24 57 "SI 79 H2--5 17 12 05 --31 30 36 "
S HOR 2 23 50,1 --59 47 23 " FK HYA 8 22 02.2 -- 8 21 25 " H2-10 17 24 23 --29 28 42 "'
T HOR 2 59 17.7 --50 50 03 '" I HYA 9 39 00.0 --23 21 47 H2-- 11 17 26 18 --25 46 54
U HOR 3 51 10.9--45 58 58 '" R HYA 13 26 58.4--23 01 23 H2--14 17 28 51 --39 49 12 779909
V HOR 3 02 14.4 --59 07 37 " RR HYA 9 42 40.9 -23 47 39 H2--17 17 37 03.0 --24 24 11 769910
X HOR 2 46 25.4 -59 15 32 '" RT HYA 8 27 13.1 -- 6 08 59 H2--18 17 40 29 --21 08 48 819917

HOURGLASS (N) 18 00 36.9--24 23 04 ED RU HYA 14 08 40.7--28 39 CO "" H2--19 17 41 48 --38 16 12 779909
HTR 18 5 39 09.5 -69 07 13 '80108 RU HYA 14 08 42.0--28 38 24 H2--23 17 45 39 --34 21 00 789908
HUI--1 0 25 30 +55 41 20 r09904 RV HYA 8 37 18.5 -- 9 24 31 _SI 79 H2--28 17 47 59.0 --22 18 48 769910
HUI--2 21 31 06 +39 25 P-K RW HYA 13 31 31.9 --25 07 27 H2--32 17 53 12 --29 37 48 789908
HU2--1 18 47 39.2 +20 47 12 r39909 RY ItYA 8 17 30.5 + 2 55 42 t12--34 17 55 19 --28 33 30 '"
[IV 832 0 49 33 --72 55 23 ED S ttYA 8 50 57.4 + 3 15 29 112--36 18 00 53 --31 39 24
HV 838 0 53 55 --73 28 14 '" THYA 8 53 13.7- 8 56 56 H2-38 18 02 51 --28 17 18
[IV 859 08 50 --73 40 09 " TIlE HYA 9 11 45.7 + 2 31 33 H2--43 18 09 37 -28 20 48
HV 873 4 55 04 --70 59 ;09903 U HYA I0 35 04.9 --13 07 24 H2--46 18 15 22 --31 56 06 809909
HV 878 V tlYA 10 49 11.3 --20 59 03 H2--47 18 25 46 --24 34 130 819916
HV 883 5 CO23 --68 31 09903 W HYA 13 46 12.2 --28 07 05 H2--48 18 43 32 --23 30 06
HV 884 5 01 44 --68 10 00 _CVS X HYA 33 06.9 --14 28 02 H20 0610+18 6 09 58 +18 00 07
HV 886 Y HYA 48 45.0 --22 46 56 H2155--304 21 55 58.2 --30 27 52 809908
HV 888 ZET HYA 52 45.0 + 6 08 11 H222 2 37 --34

B-35



NAME RA (1950) DEC 'OSREF] NAME RA (1950) DEC OSREI NAME RA (1950) DEC DS REF

h m i * ' # I h m s "

H2252--035 2252 -- 330 IC 5146 W48 " ""' " IRC 0(3(382 5h39m01' -- 4"09' 2'_
H4--1 125702.7 +275424 t19914 IC 5146 W53 .... IRC 0(3083 53955 + 12654
H453 237 --34 IC 5146 W62 .... IRC 0(_384 54037 -- 13712
IZWI 05100.0 + 122500109908 [ IC 5146 W64 " IRC 00085 54257--41536

I ZW 92 143912 +5344 _ED80990 IC5146 W66 " IRC00086 54353 + 21736
I ZW 186 1727+5018 IC 5146 W70 " IRC 0DO87 54441--10236
I ZW 187 172704.3+501531 IC 5146 W74 " IRC 00088 54734+42442
I ZW 1727+50 17 27 06 +50 15 ED IC 5146 W76 " IRC 00089 49 52 + 1 51 00
IC l0 0 17 41.5 +59 (30 52 T39910 [ IC 5176 22 11 10.0--67 05 58 IRC 00090 51 50 -- 1 05 12
IC 65 0 58 02.8 +47 24 50 IC 5217 22 21 56 +50 43 IC IRCI30091 52 11 + 0 57 00
IC 131 13022 +3030 IC IC 5240 223856 --450148 r59905 IRC 00092 5507 + 24212

IC 132 13027 +3041 " IC 5267 225422 --4339 _ " IRC 00093 5518 + 11306IC 133 13027 +3038 " IC 5269B 225349 --3731 r89908 IRC 00094 5624 -- 10700
IC 142 13106 +3030 " IC 5269C 225802 --353824 " IRC00095 5732 _ 30436
IC 163 1 46 30.4 +20 27 48 IC 5270 22 55 08 --36 07 30 " IRC 00096 59 13 - 2 21 06
IC 342 3 41 57.2 +67 56 27 IC 5271 22 55 16 --34 00 36 " IRC 00097 01 30 -- 3 57 00

IC 342 3 41 58.6 +67 56 26 /69909 I IC 5273 22 56 38.3 --37 58 29 [RC 00098 02 46 + 0 36 54IC 342 WEST 3 41 56.5 +67 56 27 II ZW 0553+03 53 06 + 3 24 M0903 IRC 00099 08 08 + 3 46 12

IC 348 IR 3 40 51.4 +31 52 29 II ZW 23 4 47 00 + 3 15 " IRC 001(30 17 29 -- 2 55 12IC 351 34420 +345335 _09904 I II ZW 40 5306 + 324 " IRC 00101 1826 + 23530
IC 381 43749.9 +753244 II ZW 136 213001.2+ 95501 r89906 IRC 00102 1922 - 35012
IC 418 5 25 09.5 --12 44 15 139909 ] 11+ 22 8 19 38 06 +22 25 IRC 00103 19 46 + 3 26 42
IC 443 6 13 26 +22 29 IC II+ 29 6 IRC 00104 20 11 -- 2 10 (30
IC446 6 2821 +I0 29 42 IIIZW 2 00756.7+I04148 _09908 IRC00105 2130 --0 15 36
IC 467 7 2155.2+79 58 29 IllZW 55 3 3838.3--101730 r89906 IRC 00106 2141 --0 04 00
IC 529 91328.0+735806 IIl ZW 55 N " IRC00107 2141 + 34312
IC 764 12 07 38.8 --29 27 30 Ill ZW 77 16 22 06 +41 12 ED IRC 00108 2210 + 3 47 30
IC 769 12 09 58.5+12 24 06 769909 I RIND 22 32 30.9 --67 32 35 ".SI 79 IRC 00109 22 23 -- 2 56 36
IC 972 14 01 41.8 --16 59 13 769910 I RR IND 21 42 23.5 --65 32 21 " IRC 00110 24 36 + 4 49 (30
IC 1029 14 30 42.4 +50 07 27 S IND 20 52 43.3 --54 30 45 " IRC 00111 24 41 + 0 19 36
IC 1048 4 40 28.0 + 5 06 03 T IND 21 16 52,1 --45 14 03 " IRC 00112 24 42 -- 0 14 36
IC 1058 41650.0 --560318 i UIND 203844.9 --511631 " IRC00113 2637 + 24100
IC 1396 IRSI _13731 +564130 INFRARED A 54430.6 + 02043 IRC 00114 2911 + 12230
IC 1470 _30305.5 +595813 759901 i INFRARED B 54431.2 + 02113 IRC 00115 3028 + 11842
IC 1575 04103 -- 425 IC I INFRARED STAR 53246.8 -- 52417 170701 IRC 00116 3156 + 01406
IC 1613 I 02 14.0 + 1 51 09 719904 IR 12.4+0.5 18 07 53.8 --17 57 10 IRC 00117 32 39 -- I 28 06
IC 1703 I 23 52 - 1 54 IC IR 12.4+0.5 18 07 57,9 --17 57 40 IRC 00118 34 44 + 0 57 54
IC 1747 I 53 58 +63 04 42 709904 IRC 00(301 05 05 + 1 04 24 IRC 00119 34 58 -- I 20 54
IC 1805 2 2 29 01.0 +61 09 29 _SI 79 IRC 00002 05 37 -- 2 43 42 IRC 00120 35 49 -- 2 30 (30
IC 1848 A 2 57 29 +60 17 30 IRC 00003 07 19 -- 2 49 42 IRC 00121 35 53 -- I 36 24
IC 1848A 2 57 37.8 +60 17 28 790906 IRC 00004 10 24 -- 3 39 36 IRC 00122 36 57 - 2 24 24
IC 1848A IRSI .... IRC 00005 12 22 -- 3 18 (30 IRC 00123 39 01 -- 4 32 36
IC 1898 3 08 07.0 --22 35 36 IRC00006 14 05 + 1 34 30 IRC00124 40 26 + 3 05 42
IC 1954 3 30 06.0-52 04 24 IRC 00007 17 34 + 2 45 24 IRC 00125 41 59 + 3 22 12
IC 2003 35312 +3343 D0 709904 IRC 00008 1835 -- 23754 IRC 00126 64437 + t 3512
IC 2087 43651.9 +253929 IRC00009 2155 -- 45542 IRC00127 64502 + 04506
IC 2087 IR 43649.1 +253910 IRC 00010 2728 -- 41400 IRC 00128 64514 + 22812
IC 2149 55240.9 +460553 749905 IRC 0(3011 4222 + 25536 IRC00129 64629 -- 13630
IC 2165 61924.2 --125740 739909 IRC 00012 4252 -- 45412 IRC 00130 64658 + 31336
IC 2392 8 41 40 +18 28 IC IRC 00013 0 50 27 -- 1 24 42 IRC 00131 6 47 05 + 3 02 06
IC 2501 9 37 20.9 --59 51 52 769910 IRC00014 0 58 08 -- 1 55 36 IRC00132 6 48 15 - 000 30
IC 2553 10 07 47 -62 22 DO 759905 IRC 00015 l 07 58 + 2 10 30 IRC 00133 6 48 56 + 0 01 54
IC 2574 10 2441.3 +68 40 18 769909 IRC 00016 I 09 I1 -- 2 31 00 IRC 00134 6 49 18 + 4 49 30
IC2621 105823.5--645847 769910 IRC00OI7 11143 --22642 IRC00135 64937 --35812
IC 2944 IRSI II 35 46.9 --62 53 53 IRC 0(3018 20 01 + I 28 06 IRC 00136 6 50 45 -- 4 30 42
IC 2944 IRS2 11 35 48.2 -62 56 35 IRC 00019 I 28 03 + 2 37 24 IRC 00137 6 51 30 + 0 51 12
IC 3568 123147.0 +825022 749905 IRC00020 13026 -- 00812 IRC 00138 65140 + 25706
IC 3881 125220.2 +192653 IRC 00021 13521 -- 34124 IRC 00139 65411 + 05212
IC 3998 125722.2 +28 1436 769914 IRC 00022 13601 + 10654 IRC 00140 65507 + 32224
IC 4011 125741.2 +281621 739910 IRC 00023 3904 -- 32242 IRC 00141 65830 -- 3 I042
IC 4012 125742.8 +282049 " IRC 00024 4013 -- 35624 IRC 00142 65844 -- 20412
IC 4021 125749.6 +281835 " IRC 00025 42 (30 + 25806 IRC 00143 65936 -- 34030
IC4026 125757.6 +281854 769914 IRC00026 4246 - 32430 IRC 00144 70107 -- 30624
IC 4042 125818 +281418 " IRC 00027 5057 + 25624 IRC 00145 70132 -- 43342
IC 4191 130528.0--672233 769910 IRC 0(3028 5159 + 42754 IRC 00146 70559 + 41512
IC 4320 13 41 15 --26 58 48 819916 1RC 00029 2 01 10 -- 4 20 24 IRC 00147 7 07 46 -- 4 09 24
IC 4329A 13 46 27.9 --30 03 41 789906 IRC 00030 2 16 49 -- 3 12 12 IRC 00148 7 10 20 + 2 43 00
1C 4351 135502.2 --2904 |g IRC 00031 21922 + 01024 IRC 00149 71116 -- 35200
IC 4406 141915.5 --435527 739909 IRC 00032 22329 -- 02436 IRC 00150 7 II 45 -- 34836
IC4593 160923.3 +121208 " 1RC00033 22854 + 20306 IRC00151 71145 + 31224
IC 4634 165834.6 --214528 " IRC 00034 24628 -- 42512 IRC 00152 71247 + 04306
IC4637 170139.2--404852 " IRC 00335 24847 + 15830 IRC 00153 71458 + 11112
1C4701 IRS2 181434.1 --163859 IRC00036 25427 + 4180(3 IRC00154 71626 + 33736
IC 4701 IRS3 181431.7--164017 IRC 00037 25817 -- 30436 IRC 00155 72646 -- 14806
IC 4701 IRS4 181445.6--164038 IRC 00038 25940 + 35336 IRC 00156 72652 -- 41042
IC 4701 IRS6 181439.6--163439 IRC 00039 30702 + 4 I130 IRC 00157 72747 + 32500
IC4701IRS7 181438 --163604 IRC00040 30851 --35954 IRC00158 73354 +21112
IC4731 18 3400 --62 59 12 779909 IRC00041 3 12 04 -- 2 31 06 IRC 00159 7 36 22 -- 008 54
IC 4732 183053.3 --224057 739909 IRC 00042 31220 + 12442 IRC 00160 73811 + 41042
IC 4776 184234.1 --332352 " IRC 00043 31250 + 13024 IRC 00161 73921 -- 40330
IC4830 190928 --592248 759905 IRC00044 31549 -- 10654 IRC 00162 74841 - 22936
IC 4846 19 13 44.9 -- 9 08 06 739909 IRC 00045 3 21 04 + 3 42 24 IRC 00163 7 49 28 + 3 24 30
IC 4954 20 02 45 +29 07 IC IRC 0OM6 3 28 08 - 2 06 30 IRC 00164 7 50 02 -- 2 29 36
IC 4997 20 17 51.0+16 34 27 739909 IRC00047 3 34 17 + 0 14 54 IRC00165 7 57 14 - 3 32 42
IC 5052 20 47 22.0-69 23 30 IRC 00048 3 42 28 -- 0 27 24 IRC 00166 7 58 41 -- 1 15 24
IC 5063 20 48 12 --57 15 30 779909 IRC 00049 3 48 44 -- 0 24 30 IRC 00167 7 59 42 + 2 28 24
1C 5117 21 30 37 +44 22 IC IRC00050 3 48 55 - I 31 30 IRC00168 80403 - 4 49 36
IC5146#1 214503.0+470111 IRCODO51 35143 --30554 IRC00169 80511 --31606
IC 5146 #2 214547.8 +470559 IRC 00052 40123 + 22424 IRC 00170 80550 -- 05524
IC 5146 #'3 214742.4 +473243 IRC 00053 40832 + 21124 IRC 00171 80604 - 24924
IC 5146 #4 214821.0 +473358 IRC00054 40954 -- 43236 IRC 00172 81731 + 25536
IC 5146 #'5 215033.5 +470905 IRC00055 41044 + 34624 1RC 00173 82229 + 43954
IC 5146 #'6 215241.5 +471506 IRC00056 41046 -- 4()054 IRC 00174 82258 + 21603
IC 5146 #'7 215659.2 +473308 IRC00057 41744 -- 24454 IRC 00175 82336 -- 44424
IC 5146 #8 215701.0 +471847 IRC00058 41840 -- 15530 IRC 00176 83608 + 33042
IC 5146 #9 21 58 02.8 +47 29 33 IRC 03059 4 18 54 -- 0 13 0(3 IRC 00177 8 38 25 -- 0 30 36
IC 5146 #I0 21 39 34.4 +47 12 59 IRC 00060 4 23 24 + 4 15 42 IRC 00178 8 39 39 -- 2 52 24
IC5146#11 214203.5+470756 IRC0(O61 42922 --00912 IRC00179 84346 + 14854
IC 5146 #12 21 45 26.9 +47 18 08 IRC 0(3062 4 31 13 -- 0 05 06 IRC 00180 8 49 34 -- 3 13 12
IC 5146 413 21 49 52.5 +47 25 08 IRC 00063 4 42 25 -- 2 42 42 IRC 00181 8 50 06 + 4 02 00
IC 5146 414 21 50 15.1 +47 35 05 IRC 00364 4 50 49 + 2 25 42 IRC 00182 8 56 45 + I 59 12
IC 5146 #15 215038.5 +465934 IRC 00065 45557 + 13812 IRC 00183 90423 + 13954
IC 5146 #16 215457.0 +472524 IRC 00066 50247 + 10642 IRC 00184 90742 -- 21024
IC 5146 N 215140 +4703 ED IRC 00067 50404 + 02842 IRC 0(3185 91243 -- 346 (30
IC 5146 NOM. 215130 +4702 IRC 00068 51041 + 24824 IRC (30186 91803 + 02336

IC 5146 SE 21 51 50 +46 50_8 ED IRC00069 5 11 13 + 0 30 12 1RC00187 9 22 54 -- 4 54 42IC 5146 SW 21 51 15 +47 " IRC 00070 5 12 05 -- 0 37 06 IRC 00188 9 32 55 -- 1 34 12
IC 5146 W2 21 51 30 +47 02 IC IRC 00071 5 20 52 -- 4 36 30 IRC 00189 9 35 53 + 4 52 30
IC 5146 W6 215039.6 +465920 CS179 IRC 00072 52155 -- 05624 IRC 00190 93717 -- 055 (30
IC 5146 Wg 21 51 30 +47 02 IC IRC 00073 5 22 30 + 1 09 03 IRC 00191 9 52 26 + 0 03 12
IC 5146 W9 .... IRC 00074 5 26 29 -- 4 43 30 IRC 00192 10 04 58 + 1 09 42
IC 5146 WII " " IRC 00075 52711 -- 10742 IRC 00193 1021 DO -- 32312
IC 5146W14 .... IRC00076 52926 - 01912 IRC00194 102407 - 04336
IC 5146 WI8 .... IRC 00077 53005 -- 00130 IRC 00195 104606 -- 14200

IC 5146 W32 .... IRC 00078 5 31 30 -- 1 30 12 [RC 00196 10 48 32 -- _ 49 30IC 5146 W35 .... IRC00079 53338 -- 11354 IRC00197 105001 + 0306

IC 5146 W42 215132.9 +470149 CS179 IRC 00080 53504 -- 14742 IRC 00198 105011 _ _ 2300IC 5146 W44 215130 +4702 IC IRC 00081 53814 -- 15742 IRC 00199 105758 5300

B-36



NAME RA (1950) DEC _OSREF NAME RA (1950) DEC OS REF NAME RA (19-$0) DEC POSREF

IRC 00200 10h59_19' -- 2*12, 54 IRC 00318 17h42m10* -- 1°3054 IRC 00436 19h26_43' ++ 3°45' 30IRC 00201 110108 25606 IRC 00319 174352 410354 IRC 00437 192740 24754

IRC 00202 110330 _ 1 2906 IRC 00320 174503 _ 3742 IRC 00438 192744 -- 05542
IRC DO203 I11443 4217DO IRC 00321 174617 _ 3606 IRC 00439 192801 -- _ 5312IRC 00204 112043 + 02430 IRC 00322 174656 -- 21306 IRC 00440 192813 + 3242
IRC00205 112524 430700 IRC00323 174700 405500 IRC 00441 192833 4 15412
IRC00206 112744 -- 24330 IRC00324 1749_ 22712 IRC00442 192951 -- 42754
IRC00207 112848 -- 40036 IRC 00325 1749,.,_ -_ . 2942 IRC00443 193037 + 45512
1RC00208 I13103 4246 30 1RC00326 175003 + 11912 IRC00444 193241 + 15824
IRC00209 11 3424 -- 0 32 54 IRC00327 17 5029 -- 2 34DO IRC 00445 19 3252 4 0 36 24
IRC00210 11 35 16 44 35 42 IRC00328 17 51 15 -- 3 16 06 IRC 00446 19 3333 -- 0 33 24
IRC DO211 I14644 -- 30206 IRC 00329 175135 -- 41154 IRC 00447 193814 422212
IRC 00212 114807 + 20236 IRC00330 175334 / 2406 IRC00448 193828 -- 402 (30
IRC00213 115541 + 34506 IRC00331 175410 -- 40436 IRC00449 193954 4 13424
IRC00214 120203 + 2 5342 IRC00332 175534 + 243 12 IRC00450 1941 14 + 3 3724
IRC00215 121750 433442 IRC00333 175659 -- 44930 IRC00451 194346 41 3412
IRC00216 12 22 (30 -- 445 36 IRC00334 17 5832 4 041 42 IRC00452 19 4554 + 1 45 36
IRC00217 12 2240 + 1 02 54 IRC00335 18 0257 + 2 30 06 IRC00453 19 4605 4 3 34 12
1RC00218 122634 -- 350 (30 IRC 00336 180345 432342 IRC 00454 194834 -- 23536
IRC00219 122635 -- 20924 IRC00337 180359 -- 45606 IRC 00455 194855 435724
IRC 00220 122748 4441 DO IRC 00338 180452 422830 IRC 00456 194939 -- 03000
IRC00221 123550 + 208 DO IRC00339 180811 43 1842 IRC00457 194959 405236
IRC00222 123609 -- 40536 IRC00340 181020 440754 IRC 00458 195458 -- 20112
IRC 00223 1123908 -- 11036 IRC 00341 18 I122 422230 IRC 00459 195555 3 41 ()0
IRC 00224 I124447 + 4 2442 IRC 00342 181201 2 37 DO IRC 00460 195714 -- 40842

124519 4 35030 1RC00343 181335 _-22124 IRC00461 195745 --20106IRC 00225
IRC 00226 125305 4340 DO IRC 00344 181408 434024 IRC 00462 195807 411336
IRC 00227 5730 4 0 34 36 IRC 00345 18 1653 + 049 36 IRC00463 20()043 44 35 42
IRC 00228 125859 414724 IRC 00346 181822 432106 IRC 00464 200150 5100
[RC 00229 131014 -- 12924 IRC 00347 181841 -- 25442 IRC 00465 200234 _ 2612
IRC 00230 1130 -- 23230 IRC 00348 182049 -- 43154 IRC _4.66 200508 -- 14506
IRC 00231 131229 444654 IRC 00349 182123 433530 IRC 00467 200755 -- 14636
IRC 00232 131931 + 30036 IRC 00350 182425 43 53 ()0 IRC 00468 201029 0 2906
IRC00233 131953 -- 330 24 IRC00351 182426 410706 IRC 00469 201037 -- 10936
IRC 00234 13 2043 4 39 54 IRC 00352 18 2521 4 3 42 54 IRC 00470 20 I149 -- 0 09 30

1RC00235 13 3258 408 06 IRC00353 18 2857 + 4 20 36 IRC00471 20 1211 4 4 38 06IRC00236 13 4031 _ 3 47 _,_ IRC00354 18 3010 4 4 15 36 IRC00472 20 12 19 -- 443 54
IRC00237 134917 -- 32530 IRC00355 183052 -- 02936 IRC00473 202044 -- 03624
IRC00238 135207 -- 11524 IRC00356 183121 434024 IRC00474 202123 404712
IRC 00239 141221 + 3 3354 IRC00357 183140 -- 10130 IRC00475 202211 4 / 1230
IRC00240 14 1659 -- 2 02 06 IRC00358 18 3402 -- 3 (30 36 IRC00476 20 2705 -- 3 03 06

IRC 00241 14 1901 -- 2 09 36 IRC 00359 18 3444 -- 2 42 12 IRC 00477 20 2739 4 55 36IRC 00242 142202 -- 20706 IRC00360 183632 -- 20130 IRC00478 202743 -_ . 4242
IRC 00243 14 2450 4 4 53 54 IRC 00361 18 3634 4 1 39 (30 IRC 00479 20 29 18 -- I 56 42
IRC 00244 14 28 17 4 4 59 42 IRC 00362 18 3646 4 3 06 12 IRC 00480 20 2948 4 I 59 06
IRC 00245 142943 + 42130 IRC 00363 183848 -- 42330 IRC00481 203129 4210DO
IRC 00246 143522 4344 DO IRC 00364 183932 -- 24800 IRC 00482 203405 421354
IRC 00247 143553 -- 32342 IRC 00365 183951 -- 22112 IRC 00483 203407 -- 24324
IRC00248 143922 -- 31842 IRC00366 183956 443412 IRC00484 203546 I 17 DO
IRC 00249 144238 -- 11242 IRC 00367 184051 -- 33454 IRC 00485 203645 415742

IRC00250 144511 -- 31000 IRC00368 ;184102 -- ]_(_ IRC00486 203649 + 0(301836IRC00251 144826 -- 20536 IRC00369 1184102 IRC00487 203819 41 12
184142 35106 IRC 00488IRC 00252 144828 -- 00254 IRC 00370 204240 430554

IRC00253 145109 + 22554 IRC 00371 184143 -- 23630 IRC00489 204346 -- 4 16 06
IRC 00254 145502 400206 IRC 00372 184206 414942 IRC 00490 204404 10512
IRC 00255 145611 - 02106 IRC 00373 184259 443424 IRC 00491 204417 421506
IRC 00256 145653 + 44554 IRC 00374 184321 -- 14336 IRC 00492 204427 -- 2 40 DO
IRC00257 145843 --23324 IRC00375 184354 30030 IRC00493 :204610 4151DO
IRC00258 14 59 16 + 003 36 IRC00376 18 4432 -- 448 12 IRC 00494 20 4646 -- 0 45 06
IRC 00259 15 0023 4 2 17 12 IRC 00377 18 4506 -- 2 04 12 IRC 00495 20 4944 -- 3 24 36
IRC 00260 15 06 DO - 0 49 24 IRC 00378 18 4534 4 4 II DO IRC 00496 20 5105 -- I 49 54
IRC 00261 15 11 27 -- l 42 24 IRC 00379 18 4535 2 01 DO IRC 00497 20 5453 3 25 42
IRC 00262 15 12 22 -- 2 13 54 IRC 00380 18 46 21 4 2 22 06 IRC 00498 20 59 02 4 19 36
IRC00263 15 15 53 0 16 30 IRC00381 18 47 19 -- I 32 36 IRC 00499 21 03 17 -- 0 24 30
IRC 00264 15 1831 4 0 53 54 IRC 00382 18 4758 4 4 32 30 IRC 00500 21 0459 0 21 42
IRC00265 152221 -- 20330 IRC00383 184805 -- 33754 IRC00501 210558 + 301 DO
IRC00266 152617 + 35942 IRC 00384 184849 -- 00642 IRC00502 211204 -- 00700
IRC 00267 15 2822 -- 4 01 24 IRC 00385 18 4948 -- 3 47 12 IRC 00503 21 2243 -- 3 46 36
1RC00268 152955 434836 IRC00386 184957 -- 31554 IRC00504 213208 + 13612
IRC 00269 154102 -- 13300 IRC 00387 185019 -- 25124 IRC 00505 213605 -- 42230
IRC 00270 154134 + 23306 IRC 00388 185101 + 23730 IRC 00506 213701 + 2 DO42
IRC 00271 154520 + 05024 IRC 00389 185114 + 03442 IRC 00507 213742 2 DO 54
IRC 00272 154616 O 5124 IRC 00390 185118 -- u 3606 IRC 00508 213937 _ 10330IRC00273 154743 _- 22054 IRC 00391 185123 4133 vu IRC 00509 214358 -- 22636
IRC 00274 155226 -- 35012 IRC 00392 185212 + 02130 IRC 00510 215828 402236
IRC 00275 16 01 23 + 3 51 36 IRC 00393 18 5306 + 0 17 06 IRC 00511 22 DO22 -- 0 10 24
IRC 00276 16 0423 -- 3 44 30 IRC 00394 18 53 19 -- 4 51 36 IRC (3(3512 22 03 10 + 4 48 42
IRC 00277 16 0602 -- 1 24 24 IRC 00395 18 5334 -- 0 31 54 IRC 00513 22 03 13 -- 0 34 12
IRC 00278 16 0629 4 3 34 54 IRC 00396 18 5358 + 0 28 12 IRC 00514 22 0404 -- 0 40 06
IRC 00279 16 07 12 -- 3 20 30 IRC 00397 18 5401 + 4 19 24 IRC 00515 22 1458 + 4 53 54
IRC00280 16 1146 -- 3 33 42 IRC00398 18 5459 + 023 06 IRC 00516 22 1538 + 2 29 12
IRC 00281 16 13 11 -- 2 15 54 IRC 00399 18 5506 4 2 38 42 IRC 00517 22 2522 4 4 27 DO
IRC 00282 16 1541 - 4 34 30 IRC 00400 18 5521 -- 0 48 30 IRC 00518 22 26 15 -- 0 16 54
IRC00283 162215 -- 22124 IRC00401 185529 -- 41324 IRC 00519 223108 4056 (30
IRC 00284 16 24 11 -- 2 30 30 IRC 00402 18 5558 + 4 35 42 IRC 00520 22 3202 4 0 20 42
IRC 00285 16 2502 + 2 59 DO IRC00403 18 5620 -- 3080(3 IRC00521 22 3509 -- 4 29 24
IRC 00286 16 2602 + 0 47 00 IRC 00404 18 5731 I 38 30 IRC 00522 22 3559 4 3 12 12
IRC 00287 162726 -- 00054 IRC 00405 185831 -- 43036 IRC 00523 224020 444212
IRC 00288 16 2937 -- 1 31 42 IRC 00406 18 59 19 4 4 50 36 IRC 00524 22 51 19 4 1 35 12
IRC 00289 16 3444 -- I 45 06 IRC 00407 18 5950 + I 26 06 IRC 00525 22 5737 -- 0 39 06

• IRC00290 164018 --33330 IRC00408 190004 + I 1500 IRCDO526 225811 424500
IRC 00291 164235 -- 25942 IRC 00409 190217 425424 IRC 00527 230840 444424
IRC 00292 164317 -- 35530 IRC 00410 190220 -- 40612 IRC 00528 231434 + 3 DO54
IRC 00293 165514 -- 24136 IRC 00411 190233 + 13200 IRC 00529 232059 + 00112

IRC 00294 1165825 -- _ 0854 IRC 00412 190451 -- I 1230 IRC 00530 232203 + 3 2630IRC 00295 170305 + 4954 IRC 00413 190613 -- 40824 IRC 00531 234129 400606
IRC 00296 171145 -- 44106 IRC 00414 190615 431112 IRC 00532 234349 + 3 1242
IRC 00297 17 1203 0 44 12 IRC 00415 19 1045 + I 29 36 IRC 00533 23 4923 + 2 38 42
IRC 00298 17 1357 4 4 46 36 IRC 00416 19 11 23 4 2 32 24 IRC 00534 23 51 17 + 0 19 ()0
IRC 00299 171402 -- 02312 IRC 00417 191220 + 40936 IRC 00535 235207 -- 0 0954
IRC 00300 17 1620 4 15 36 IRC 00418 19 1229 -- 3 24 12 IRC 00536 23 5602 -- 3 50 24
IRC 00301 17 17 16 4 2 I1 24 IRC 00419 19 1300 + 3 13 DO IRC 00537 23 57 13 -- 0 33 24
IRC 00302 17 2025 4 0 55 24 IRC 00420 19 1546 + 0 39 24 IRC+I0001 14 10 4 9 57 54
IRC 00303 17 22 58 -- 3 01 12 IRC 00421 19 16 DO + 0 59 54 IRC+10002 16 06 412 25 12
IRC 00304 172402 44 I054 IRC 00422 191627 44 I136 IRC410(303 1801 475506
IRC00305 17 3043 4 008 06 IRC00423 19 1637 + 3 18 42 IRC+10004 2420 + 9 52 36
IRC 00306 17 30 44 + 2 28 06 IRC 00424 19 16 52 4 0 25 30 IRC410(305 29 26 414 19 24
IRC 00307 173123 -- 157 DO IRC 00425 191810 -- 43536 IRC+10DO6 3711 4135524
IRC 00308 17 3249 -- 1 19 DO IRC 00426 19 2010 -- 3 19 42 IRC410007 4605 + 7 19 DO
IRC 00309 17 3532 + 4 05 06 IRC 00427 19 2038 -- 2 41 36 IRC+10(108 57 12 + 6 12 54
IRC 00310 173603 14306 IRC 00428 192050 + 134 DO IRC+10DO9 DO20 + 73654
IRC 00311 173656 _ 13754 IRC 00429 192258 + 30124 IRC+IDOI0 0218 + 52336
IRC 00312 17 37 DO 4 3 25 12 IRC 00430 19 23 33 + 3 24 36 IRC+I0011 03 48.0 412 19 45
IRC 00313 17 3735 -- 2 07 30 IRC00431 19 2358 + 0 14 36 IRC+I0011 0349 412 18 42
IRC 00314 173756 -- 250 (30 IRC 00432 192415 -- 02054 IRC+IDOI2 0546 + 93836
IRC 00315 173957 -- 44936 IRC 00433 192506 415630 IRC+10013 1442 +133906
IRC 00316 174037 3 5224 IRC 00434 192619 + 44430 IRC+10014 1458 + 840 ()0
IRCDO317 1741DO 443500 IRC00435 192641 400730 IRC41DOI5 1710 455406

B-37



NAME RA (1950) DEC POS REI NAME RA (1950) DEC POS HE NAME RA (1950) DE(? POSRE

IRC+I0016 1 22_20' +14"35' 06 IRC+I0134 6h41_11' +13"16' 24 IRC+I0250 12h02_40' + 9"00 54
IRC+I0017 27 34 + 5 53 24 IRC+10135 6 42 18 + 9 05 36 IRC+10251 12 17 17 +11 52 00
IRC+I0018 28 07 +14 46 06 IRC+I0136 6 42 32 +12 56 30 1RC+10252 12 19 41 + 5 07 54
IRC+I0019 3406 + 7 34 24 IRC+10137 6 42 52 + 8 05 30 IRC+10253 12 21 37 + 6 14 30
IRC+ICO20 38 51 + 5 14 12 IRC+10138 6 44 35 + 8 05 30 IRC+10254 12 28 48 + 7 52 36
IRC+I0021 4246 + 8 54 12 IRC+10139 6 4541 + 5 36 06 IRC+10255 12 3036 + 7 31 06
IRC+10022 43 42 +1007 00 IRC+10140 6 46 29 +12 14 06 IRC+10256 12 35 56 + 7 15 24
1RC+1CO23 51 41 + 8 32 00 1RC+I0141 6 47 14 +12 07 130 IRC+10257 12 36 22 +14 04 36
IRC+ICO24 5953 +13 14 06 IRC+I0142 6 4735 +13 28 30 IRC+10258 12 4044 +10 22 36
IRC+10025 59 59 + 7 26 06 IRC+I0143 6 49 59 + 8 29 06 1RC+10259 12 53 01 +11 45 54
IRC+ICO26 02 43 + 9 49 54 IRC+I0144 6 52 56 + 6 26 24 IRC+I0260 12 56 16 + 8 28 42
IRC+1CO27 0333 + 8 130 12 IRC+10145 6 5437 + 8 39 00 1RC+10261 12 5941 +11 13 30
IRC+10028 10 22 + 8 36 30 IRC+10146 6 55 43 + 6 14 12 IRC+ 10262 13 CO05 + 5 27 06
IRC+10029 23 41 + 6 05 30 IRC+10147 6 58 13 +10 42 36 IRC+10263 13 (3053 + 5 10 24
IRC+ 10030 33 16 + 5 22 36 IRC+10148 7 00 52 +11 02 06 1RC+10264 13 01 23 + 7 19 36
IRC+ICO31 38 28 + 5 51 54 IRC+10149 7 01 02 +12 40 00 IRC+10265 13 01 32 +11 29 42
1RC+1CO32 50 52 +14 28 12 IRC+I0150 7 02 36 +10 38 12 1RC+10266 13 1003 +11 49 24
IRC+I0033 51 04 + 9 07 24 IRC+10151 7 02 52 + 9 16 06 IRC+I0267 13 12 00 +11 35 36
IRC+1CO34 5406 +14 24 30 IRC+10152 7 04 14 + 8 40 00 IRC+10268 13 13 52 + 6 45 42
IRC+10035 58 03 +10 40 30 IRC+10153 7 04 17 + 8 57 12 1RC+10269 13 14 46 +13 56 00
IRC+10036 02 03 + 8 53 42 IRC+10154 7 05 54 +10 06 00 IRC+10270 13 15 02 + 5 43 54
IRC+1CO37 03 34 +11 28 36 1RC+10155 7 07 16 + 7 48 36 1RC+10271 13 1608 +13 10 36
IRC+10038 0724 +13 15 42 IRC+10156 7 10CO +14 40 42 1RC+10272 13 2730 + 7 26 12
IRC+ 10039 08 07 + 9 48 24 IRC+10157 7 12 32 + 8 28 12 IRC+10273 13 33 20 + 8 32 54
IRC+10040 08 15 +14 36 24 IRC+10158 7 12 55 + 5 09 CO IRC+10274 13 35 28 +13 42 130
IRC+10041 09 47 + 6 28 36 IRC+10159 7 12 57 + 6 00 42 IRC+10275 13 54 28 + 6 49 06
IRC+10042 16 29 +12 17 12 IRC+I0160 7 12 58 + 8 04 06 IRC+10276 13 55 31 + 7 42 36
IRC+10043 21 28 +11 40 24 IRC+I0161 7 21 01 + 6 51 42 IRC+10277 13 56 17 +14 53 30
IRC+10044 2208 + 8 50 54 IRC+10162 7 21 31 + 8 59 42 IRC+10278 14 1224 +10 19 36
IRC+10045 28 07 +12 46 00 IRC+10163 7 22 58 + 9 23 36 1RC+10279 14 15 43 +13 23 54
IRC+10046 30 50 +14 30 42 IRC+10164 7 25 26 + 9 01 30 IRC+10280 14 26 00 + 5 54 06
IRC+1CO47 4031 +12 38 12 1RC+10165 7 26 59 +12 06 42 IRC+10281 14 39 10 + 8 22 30
IRC+10048 42 17 + 9 47 00 IRC+10166 7 27 22 +10 09 54 IRC+10282 14 44 15 + 7 29 06
IRC+10049 42 34 +12 12 24 IRC+10167 7 30 01 + 8 25 36 IRC+10283 14 44 37 + 5 06 CO
IRC+I0050 5046 +11 15 42 IRC+10168 7 3035 +11 08 00 1RC+I0284 14 48 37 +12 22 24
IRC+I0051 55 55 +10 52 42 IRC+10169 7 32 24 + 6 18 12 IRC+10285 14 52 55 + 6 59 24
IRC+10052 0030 + 8 44 36 IRC+10170 7 3642 + 5 21 06 IRC+10286 15 0808 +11 51 30
IRC+10053 01 34 +12 22 06 IRC+I0171 7 38 36 + 8 30 00 1RC+10287 15 09 47 +14 34 24
IRC+10054 0601 + 9 57 42 IRC+10172 7 3904 +13 36 06 1RC+10288 15 1242 + 5 07 06
IRC+1CO55 08 37 + 8 08 30 IRC+10173 7 39 14 +14 19 42 IRC+10289 15 17 47 +14 44 24
IRC+10056 4 11 14 + 9 08 12 IRC+10174 7 41 20 -t-14 18 CO IRC+10290 15 19 20 +14 29 12
IRC+10057 4 11 30 +14 25 00 IRC+10175 7 42 56 + 5 20 12 1RC+10291 15 2405 +10 12 30
IRC+ICO58 4 16 56 +10 00 24 IRC+10176 7 45 26 + 5 32 36 1RC+10292 15 36 47 +I0 44 06
IRC+1CO59 4 23 46 +14 36 06 IRC+10177 7 46 14 +13 30 130 1RC+10293 15 41 46 + 8 17 24
IRC+I0060 4 25 36 +10 03 30 IRC+10178 7 47 24 +14 51 24 IRC+10294 15 41 48 + 6 35 06
IRC+[CO61 4 2629 + 9 50 36 1RC+10179 7 53 50 +11 10 54 IRC+10295 15 4401 + 7 29 42
IRC+1CO62 4 26 59 + 5 03 30 IRC+10180 7 53 54 + 6 32 06 1RC+I0296 15 45 52 +13 57 06
IRC+10063 4 28 16 +14 59 36 IRC+I0181 7 56 46 +13 22 54 IRC+10297 15 46 19 + 5 33 24
IRC+1CO64 4 3023 +12 45 CO IRC+10182 8 03 29 + 5 43 30 IRC+10298 15 52 18 + 5 44 06
IRC+ICO65 4 3247 +12 36 00 IRC+10183 8 0955 + 7 07 36 IRC+10299 15 5455 +14 33 12
IRC+10066 4 35 30 + 8 13 36 IRC+10184 8 13 31 +10 48 06 IRC+I0300 16 01 40 +10 08 CO
IRC+10067 4 36 05 + 6 43 30 IRC+10185 8 13 49 +11 52 54 IRC+10301 16 02 12 +10 45 CO
IRC+I0068 4 39 39 + 6 47 06 1RC+10186 8 13 50 + 9 20 54 IRC+10302 16 0607 + 8 40 00
IRC+1CO69 4 41 37 +11 35 00 IRC+10187 8 18 55 + 5 07 12 IRC+10303 16 06 10 + 8 44 42
IRC+10070 4 4705 +13 36 42 IRC+10188 8 21 10 +10 47 24 IRC+10304 16 1046 + 5 08 42
IRC+I0071 4 47 10 + 6 52 54 1RC+10189 8 2401 +12 49 30 IRC+10305 16 2422 +11 05 54
IRC+10072 4 4943 +14 09 36 IRC+I0190 8 2953 + 8 39 36 IRC+10306 16 2700 +10 37 42
IRC+I0073 4 51 40 + 8 50 12 IRC+I0191 8 31 55 + 5 40 42 IRC+10307 16 30 16 +11 35 30
IRC+10074 4 5206 + 7 41 42 IRC+10192 8 3323 +13 23 24 IRC+10308 16 34 13 + 5 06 54
IRC+10075 4 53 32 +13 26 30 IRC+10193 8 4409 + 6 36 24 1RC+I0309 16 36 37 +14 09 54
IRC+ICO76 4 5905 + 6 35 36 IRC+10194 8 45 53 +12 44 00 IRC+I0310 16 43 14 +12 13 36
IRC+1CO77 5 06 31 +12 24 36 IRC+I0195 8 45 55 +10 36 54 IRC+I0311 16 43 26 + 8 40 00
IRC+10078 5 0637 +14 17 42 IRC+10196 8 5247 + 6 08 30 IRC+10312 16 4843 + 9 57 54
IRC+10079 5 12 04 + 5 06 06 IRC+10197 8 53 12 +11 49 12 IRC+10313 16 48 44 +10 25 54
IRC+ICOS0 5 1246 + 9 21 12 IRC+10198 8 54 19 +11 02 12 IRC+10314 16 5022 + 5 28 54
IRC+I0081 5 13 I1 +11 55 24 IRC+I0199 8 55 34 +11 02 12 IRC+10315 16 55 19 + 9 26 54
IRC+I0082 5 15 16 +13 22 [30 IRC+10200 9 00 38 + 8 24 54 IRC+10316 16 5646 +11 35 12
IRC+10083 5 18 32 + 7 18 36 IRC+I0201 9 03 21 + 5 17 24 IRC+10317 16 59 20 + 6 41 30
IRC+10084 5 22 26 + 6 18 36 IRC+10202 9 04 50 + 6 32 00 IRC+10318 17 00 51 +14 09 42
IRC+10085 5 25 04 +11 34 30 1RC+10203 9 05 38 +13 25 24 IRC+10319 17 03 50 + 9 48
IRC+10086 5 25 41 + 8 39 24 IRC+10204 9 18 37 +12 27 36 IRC+10320 1171007 +10 38
IRC+1CO87 5 29 14 + 7 35 00 IRC+10205 9 2049 + 7 55 42 IRC+10321 ! 17 11 17 + 5 53
IRC+1CO88 5 3004 +13 [30 42 IRC+10206 9 29 14 +11 31 12 IRC+10322 17 11 56 + 8 59 12
IRC+10089 5 30 32 + 7 07 06 IRC+10207 9 29 20 + 9 56 00 IRC+10323 17 12 19 +11 07 36
IRC+ICO�O 5 32 33 + $ 40 30 IRC+10208 9 3201 + 8 24 54 IRC+10324 17 1222 +14 26
IRC+ICO91 5 34 10 + 9 16 06 IRC+10209 9 34 35 + 7 03 54 IRC+10325 117 16 16 +10 55
IRC+1CO92 5 34 14 +10 25 54 IRC+10210 9 38 33 +10 07 06 IRC+10326 17 21 34 + 8 54 30
IRC+10093 5 34 19 +11 00 36 IRC+I0211 9 41 01 +14 15 06 IRC+10327 17 22 54 + 8 57 54
IRC+ICO94 5 38 21 +12 16 00 IRC+10212 9 42 52 +10 27 12 IRC+10328 17 25 20 + 8 28 42
IRC+10095 5 39 02 +14 48 24 IRC+10213 9 43 32 + 6 56 36 1RC+10329 17 25 40 + 5 05 36
IRC+ 10096 5 46 30 + 13 11 12 IRC+ 10214 9 43 44 + 12 02 36 IRC+ 10330 17 31 25 + 14 52 30
IRC+10097 5 49 38 + 9 25 06 IRC+I0215 9 44 52 +11 39 42 IRC+10331 17 32 39 +12 35 36
IRC+10098 5 51 12 + 8 26 24 IRC+10216 45 14.8 +13 30 41 IRC+10332 17 33 03 + 5 03 12
IRC+1CO99 5 51 28 +I0 35 54 IRC+10216 45 18 +13 30 36 IRC+10333 17 33 32 +12 04 30
IRC+I0100 5 52 28 + 7 24 00 IRC+10216 45 18 +13 31 IRC+10334 17 34 23 +11 52 42
IRC+I0101 5 5441 +14 03 36 IRC+10217 48 19 +13 18 (30 IRC+10335 17 3600 +14 21 12
IRC+I0102 5 5845 +10 40 42 IRC+10218 51 05 + 6 11 42 IRC+I0336 17 45 28 + 6 25 36
IRC+I0103 5 58 53 +I0 54 42 IRC+10219 51 19 +10 29 36 IRC+10337 17 49 56 + 6 46 54
IRC+I0104 5 59 27 + 8 27 06 IRC+10220 51 29 + 5 10 42 IRC+10338 17 50 53 +10 45 36
IRC+I0105 5 5941 +13 (30 24 IRC+10221 52 17 + 5 26 12 IRC+10339 17 53 56 +11 34 54
IRC+10106 6 00 36 +13 43 54 IRC+10222 55 28 + 8 33 00 IRC+10340 17 53 58 +10 37 36
IRC+I0107 6 03 41 +I0 I0 30 IRC+10223 56 12 + 5 02 54 IRC+10341 17 5401 +11 22 12
IRC+I0108 6 06 38 + 5 17 42 IRC+10224 57 35 + 8 16 54 IRC+10342 17 54 11 +11 10 30
IRC+I0109 6 08 41 +11 14 00 IRC+10225 10 05 14 +10 14 24 IRC+10343 17 57 33 +12 49 CO
IRC+I0110 6 10 22 + 6 01 30 IKC+I0226 10 05 46 +12 12 24 IRC+10344 17 57 38 + 6 08 30
IRC+I0111 6 1220 + 6 30 12 IRC+10227 10 06 52 + 9 50 24 IRC+10345 17 58 02 + 5 36 30
IRC+I0112 6 13 36 +11 29 12 IRC+10228 10 13 58 +13 58 30 IRC+10346 17 59 28 + 8 26 36
IRC+I0113 6 1501 + 8 32 36 IRC+10229 10 19 37 + 9 13 06 IRC+10347 18 0055 +I1 54 24
IRC+I0114 6 17 16 +14 40 24 IRC+10230 10 2240 + 9 02 12 IRC+10348 18 0446 + 8 22 30
IRC+I0115 6 1732 +11 22 42 IRC+10231 10 2929 +14 23 36 IRC+10349 18 0455 + 6 32 CO
IRC+10116 6 1805 + 5 45 30 IRC+10232 10 3209 + 7 12 36 IRC+10350 18 0456 + 8 43 30
IRC+I0117 6 1853 +13 15 00 IRC+10233 I0 4608 + 8 55 42 IRC+10351 18 0608 + 5 16 54
IRC+I0118 6 19 17 + 7 22 36 IRC+10234 10 50 58 +13 59 06 IRC+10352 18 11 16 +12 26 42
IRC+10119 6 21 09 + 8 31 24 IRC+10235 10 53 26 + 6 27 [)0 IRC+10353 18 11 37 + 5 20 06
IRC+10120 6 21 24 +14 15 12 IRC+10236 11 07 58 +11 34 06 IRC+10354 18 15 40 + 6 55 06
IRC+I0121 6 22 37 +14 45 12 IRC+10237 11 13 13 +13 34 42 IRC+10355 18 1644 + 7 14 06
IRC+10122 6 23 16 +13 39 36 IRC+10238 11 21 19 +10 47 12 IRC+10356 18 18 23 + 5 54 42
IRC+10123 6 2404 +10 26 06 IRC+I0239 I1 2221 +11 42 30 IRC+10357 18 2445 + 7 29 24
IRC+10124 6 24 19 + 5 25 130 IRC+10240 11 25 26 +12 14 42 1RC+10358 18 26 22 + 6 15 54
IRC+10125 6 2741 + 8 06 30 IRC+I0241 11 28 53 + 9 01 36 IRC+I0359 18 26 50 +12 18 24
IRC+I0126 6 31 58 + 5 00 42 IRC+10242 11 34 21 + 9 48 12 IRC+I0360 18 27 48 + 6 16 00
IRC..._I0127 6 32 36 +10 02 06 1RC+10243 11 35 52 + 8 24 24 IRC+I0361 18 28 29 + 8 02 42
IRC+I0128 6 3307 +14 15 24 IRC+10244 11 38 13 +13 21 36 IRC+10362 18 32 26 + 7 02 CO
1RC+10129 6 3438 +14 45 06 IRC+10245 11 43 17 + 6 48 36 1RC+10363 18 32 58 + 6 25 06
IRC+I0130 6 36 12 + 5 14 06 1RC+10246 11 43 32 + 7 27 30 IRC+10364 18 33 36 + 7 38 30
IRe+10131 6 3640 +11 27 24 IRC+10247 11 4631 +14 50 54 IRC+10365 18 3459 +10 23 00
IRC+I0132 6 38 28 +11 03 36 IRC+10248 12 CO01 + 8 20 12 IRC+10365 18 34 59.0 +10 23 CO
IRC+10133 6 39 34 + 7 26 36 IRC+10249 12 01 44 + 5 12 12 IRC+10366 18 35 56 + 8 47 24

B-38



NAME RA (1950} DEC _OSREF NAME RA (1950) DEC _ REF NAME RA _1950) DEC Ipo5 REF

IRC+I0367 18h37mlO+II'48 06 IRC+I0484 21h00m40_ +14"31'36 IRC+20057 3h20m02' +20"42 24
1Rc+i0368 183734+ 95530 1RC+I0485 210203+ 51800 IRC+200S8 3210s+194330IRC+I0369 183918+ 62312 1RC+I0486 210338+ 73742 IR¢+2DO59 32120+243206
IRC+10370 18 39 33 + 6 46 30 IRC+10487 21 05 59 + 6 47 DO IRC+2DO60 3 22 20 +21 01 54
IRC+10371 18 40 10 +13 58 00 IRC+10488 21 0948 +11 34 24 IRC+2DO61 3 2400 +24 39 00
IRC+I0372 184040 + 643 36 IRC+104.89 211317 + 50254 1RC+20062 33226 +184412
1RC+10373 18 40 50 +12 20 36 IRC+10490 21 13 17 + 9 04 12 IRC+2DO63 3 44 35 +23 57 06
1RC+10374 18 41 17 +13 54 30 IRC+I0491 21 15 49 + 7 32 30 IRC+2DO64 3 45 08 +24 50 24
IRC+10375 18 41 32 +10 51 30 IRC+10492 21 1626 +10 59 42 IRC+2DO65 3 5008 +20 03 42
IRC+10376 18 42 50 +12 53 24 IRC+10493 21 17 40 +12 45 06 IRC+2DO66 3 50 59 +22 58 12
IRC+10377 184317 + 84106 IRC+10494 211835 + 70824 IRC+20067 35106 +152754
IRC+10378 18 44 31 + 9 22 00 IRC+10495 21 24 55 +13 53 54 IRC+20068 4 01 22 +23 57 42
IRC+10379 184453 + 52406 1RC+10496 212555 +75830 IRC+20069 40124 +190442
IRC+10380 18 46 58 + 8 32 30 IRC+10497 21 28 23 +12 45 06 IRC+20070 4 01 46 +21 56 54
IRC+10381 18 48 26 +10 54 30 IRC+10498 21 28 38 +10 56 12 IRC+20071 4 0508 +17 12 54
IRC+10382 18 49 50 +14 02 42 IRC+10499 21 30 37 + 6 55 36 IRC+20072 4 05 16 +21 25 30
IRC+10383 18 51 04 + 9 35 42 IRC+I05DO 21 36 44 + 8 04 24 IRC+2DO73 4 12 24 +23 56 54
IRC+10384 18 52 05 +10 34 24 IRC+10501 21 36 57 + 9 02 30 IRC+2DO74 4 16 56 +15 30 12
IRC+10385 18 52 34 + 8 11 24 IRC+10502 21 39 43 + 5 27 06 IRC+20075 4 19 29 +20 42 30
IRC+10386 18 5302 + 6 33 12 IRC+I0503 21 41 43 + 9 38 54 IRC+2DO76 4 2005 +17 26 00
IRC+10387 18 54 51 + 6 38 12 IRC+I0504 21 4240 +12 28 12 IRC+2DO77 4 2044 +22 50 42
IRC+10388 18 5607 +12 54 42 IRC+I0505 21 5834 + 5 52 12 IRC+2DO78 4 2505 +15 55 12
1RC+10389 18 56 14 +14 17 30 IRC+10506 21 58 39 + 8 00 54 IRC+2DO79 4 25 35 +16 14 30
IRC+I0390 18 5646 +10 19 24 IRC+I0507 21 5923 + 6 02 30 IRC+2DO80 4 25 42 +19 04 12
IRC+I0391 18 56 59 + 5 18 30 IRC+10508 22 02 38 +14 34 30 IRC+2DO81 4 25 43 +15 50 42
IRC+10392 18 57 19 +14 59 54 IRC+10509 22 0438 +11 31 36 IRC+20082 4 2607 +24 37 36
IRC+10393 18 57 47 + 9 45 30 IRC+10510 22 04 52 +11 39 12 IRC+2DO83 4 27 15 +16 04 {30
1RC+I0394 18 58 37 +12 39 36 IRC+10511 22 06 27 +12 17 36 IRC+2DO84 4 28 15 +23 14 24
IRC+10395 18 58 59 + 8 15 06 IRC+10512 22 06 50 +12 42 36 IRC+2DO85 4 29 50 +22 33 30
IRC+10396 18 59 23 + 7 44 36 IRC+10513 22 08 12 +11 22 42 IRC+2DO86 4 32 09 +17 06 24
1RC+10397 18 59 50 +10 10 00 IRC+I0514 22 09 50 +14 18 36 IRC+2DO87 4 33 04 +16 24 36
IRC+10398 18 59 59 + 8 16 06 IRC+I0515 22 15 53 +13 21 30 IRC+2DO88 4 38 46 +24 33 30
IRC+10399 19 {3015 + 8 23 06 IRC+I0516 22 22 13 + 9 32 42 IRC+20089 4 40 59 +20 40 42
IRC+I04DO 19 00 50 +12 10 12 IRC+10517 22 23 59 +11 07 12 IRC+20090 4 41 04 +17 52 42
IRC+I0401 19 00 53 + 7 26 00 IRC+10518 22 26 39 + 8 52 12 IRC+20091 4 42 10 +24 37 24
IRC+I0402 19 01 I1 + 8 17 36 IRC+I0519 22 28 01 +12 50 54 IRC+20092 4 44 50 +22 03 30
1RC+10403 19 01 43 +10 41 36 1RC+10520 22 34 35 +12 19 00 IRC+20093 4 46 52 +I5 49 24
IRC+10404 19 03 03 +13 46 24 IRC+10521 22 40 20 + 6 24 06 IRC+2DO94 4 47 47 +15 42 30
IRC+I0405 19 03 28 +12 08 00 IRC+10522 22 44 13 +11 54 36 IRC+2DO95 4 50 28 +22 41 24
IRC+104.06 19 03 58 + 8 09 06 IRC+10523 22 51 40 + 8 37 54 IRC+20096 4 53 10 +18 20 42
IRC+10407 19 04 33 + 7 04 36 IRC+10524 22 54 32 +14 09 24 IRC+20097 4 54 28 +17 05 12
IRC+10408 19 05 32 + 6 13 06 IRC+10525 '22 59 37 +10 20 DO IRC+2DO98 4 59 56 +15 14 42
IRC+I0409 19 07 52 +10 58 06 IRC+10526 23 02 17 +14 56 06 IRC+20099 5 05 23 +21 58 30
1RC+I0410 19 08 38 + 5 06 06 IRC+10527 23 04 07 +10 16 24 IRC+20100 5 06 44 +22 58 DO
IRC+I0411 19 10 12 + 6 48 DO 1RC+10528 23 04 29 + 9 08 30 IRC+20101 5 08 17 +24 20 06
IRC+I0412 19 12 00 +11 37 36 IRC+10529 23 06 56 + 8 24 36 IRC+20102 5 08 47 +15 59 24
IRC+I0413 19 1241 +14 34 24 IRC+10530 23 1030 + 8 41 30 IRC+20103 5 1059 +17 23 54
1RC+10414 19 14 38 + 9 58 54 IRC+I0531 23 14 17 +10 19 06 IRC+20104 5 15 57 +24 41 54
IRC+10415 19 15 22 +12 03 42 IRC+10532 23 17 44 + 5 06 30 IRC+20105 5 16 17 +22 02 54
IRC+10416 19 17 58 + 9 07 42 IRC+10533 23 17 58 + 8 39 24 IRC+20106 5 24 17 +23 04 (30
IRC+10417 19 18 35 + 5 01 24 IRC+10534 23 20 33 +12 02 06 IRC+20107 5 25 08 +17 12 DO
IRC+10418 19 18 50 + 9 43 30 IRC+10535 23 25 26 + 6 06 24 IRC+20108 5 27 04 +16 06 12
IRC+10419 19 23 29 + 8 06 24 IRC+10536 23 26 37 +12 29 00 IRC+20109 5 27 16 +22 30 12
IRC+I0420 19 24 26 +11 15 12 IRC+10537 23 31 15 + 6 01 24 IRC+20110 5 28 06 +20 09 06
IRC+10420 19 2427.0+11 15 03 IRC+10538 23 3254 + 8 14 36 IRC+20111 5 2808 +18 31 30
IRC+10421 19 24 55 +11 23 42 IRC+10539 23 37 23 + 5 21 24 IRC+20112 5 29 16 +18 33 42
IRC+10422 19 25 47 +11 40 42 IRC+10540 23 40 52 +10 0254 IRC+20113 5 34 38 +21 06 42
1RC+10423 19 2547 + 5 25 54 IRC+10541 23 4849 + 9 02 06 IRC+20114 5 35 10 +21 52 12
IRC+10424 19 2604 + 9 31 30 IRC+10542 23 49 13 + 8 46 30 IRC+20115 5 35 12 +22 47 42
IRC+10425 19 2643 +10 31 36 IRC+10543 23 51 34 +14 12 06 IRC+20116 5 35 26 +24 58 06
IRC+10426 19 3001 + 9 54 12 IRC+10544 23 53 22 +14 57 06 IRC+20117 5 35 56 +16 54 42
IRC+10427 19 30 56 + 6 09 24 IRC+10545 23 56 46 + 6 35 24 IRC+20118 5 38 28 +17 29 54
IRC+10428 19 31 17 + 5 22 12 1RC+20_I 0 0320 +24 17 30 IRC+20119 5 3902 +18 31 00
IRC+10429 19 31 38 +11 39 24 IRC+20002 0 07 30 +24 54 42 IRC+20120 5 42 10 +24 24 24
1RC+10430 19 31 41 + 7 16 42 IRC+2DO03 0 09 38 +22 16 36 IRC+20121 5 42 40 +20 40 30
IRC+10431 19 32 20 + 7 01 30 IRC+20004 0 12 02 +19 55 54 IRC+20122 5 44 52 +24 40 54
IRC+10432 19 35 10 + 5 10 24 IRC+2DO05 0 14 40 +22 18 36 IRC+20123 5 45 59 +24 33 24
1RC+10433 19 3543 +11 36 30 IRC+2DO06 0 15 17 +19 57 12 IRC+20124 5 48 50 +23 22 54
1RC+10434 19 36 16 +10 57 12 1RC+2DO07 0 25 28 +17 36 42 IRC+20125 5 50 I1 +18 57 00
IRC+10435 19 41 42 +14 09 42 IRC+20008 0 25 38 +16 10 24 IRC+20126 5 51 25 +20 16 12
1RC+10436 19 41 56 +14 35 54 IRC+20DO9 0 29 20 +19 22 00 IRC+20127 5 52 51 +20 10 24
IRC+10437 19 42 16 +13 06 54 IRC+2DO10 0 29 55 +18 31 00 IRC+20128 5 53 58 +20 17 06
IRC+10438 19 4305 + 7 39 54 IRC+2DOII 0 37 16 +21 09 36 IRC+20129 5 5405 +22 50 00
IRC+10439 19 43 53 +10 29 06 IRC+2DOI2 0 43 56 +15 12 42 IRC+20130 6 (30 13 +16 24 30
IRC+10440 19 45 44 +14 43 DO IRC+2DO13 0 44 37 +23 59 42 IRC+20131 6 01 05 +23 16 06
IRC+10441 19 48 20 + 8 44 24 IRC+2DOI4 0 52 31 +24 17 24 IRC+20132 6 01 05 +21 14 (30
IRC+10442 19 51 51 + 8 20 DO IRC+2DOI5 0 54 30 +23 09 06 IRC+20133 6 06 32 +22 12 06
1RC+10443 19 52 40 +11 28 30 IRC+20016 1 02 16 +15 58 54 IRC+20134 6 08 52 +21 53 12
IRC+10444 19 52 53 + 6 16 54 IRC+20017 1 02 35 +18 55 42 IRC+20135 6 08 55 +23 13 24
IRC+10445 19 5428 +11 58 06 IRC+2QO18 I 0731 +15 25 (30 IRC+20136 6 09 16 +22 55 D0
IRC+10446 19 57 26 +10 23 DO IRC+2DO19 I 07 59 +23 12 24 IRC+20137 6 10 06 +20 39 12
IRC+10447 19 58 37 + 8 25 DO IRC+2DO20 08 42 +20 45 36 IRC+20138 6 10 26 +18 33 42
IRC+10448 20 01 43 + 7 08 06 IRC+20021 11 01 +24 18 36 IRC+20139 6 11 50 +22 31 42
IRC+10449 20 0441 +13 10 36 IRC+20022 2043 +20 12 12 IRC+20140 6 12 31 +17 46 06
IRC+10450 20 04 45 +12 48 06 IRC+2DO23 21 47 +23 41 00 IRC+20141 6 12 46 +18 18 54
IRC+10451 20 05 16 + 5 54 12 IRC+20024 23 06 +22 50 54 IRC+20142 6 13 30 +17 I1 42
IRC+10452 20 05 44 +13 20 54 IRC+20025 25 08 +16 26 42 IRC+20143 6 13 32 +16 41 42
IRC+10453 20 0725 +14 35 12 IRC+20026 2847 +15 05 12 IRC+20144 6 1958 +22 32 42
IRC+10454 20 08 44 + 6 12 00 IRC+20027 29 07 +15 21 36 IRC+20145 6 23 17 +19 06 06

IRC+10455 20 08 52 +14 39 24 IRC+2DO28 3206 +18 12 12 IRC+20146 6 24 56 +20 35 241RC+10456 12008 55 + 8 34 w 1RC+20029 43 52 +18 49 36 IRC+20147 6 2607 +16 38 24
IRC+10457 20 09 35 + 7 32 06 IRC+20030 44 40 +21 09 36 IRC+20148 6 27 17 +15 00 36
IRC+10458 20 10 24 +12 50 54 IRC+2DO31 51 54 +20 33 54 IRC+20149 6 27 54 +23 29 30
1RC+10459 20 12 31 + 8 56 30 IRC+20032 52 49 +16 57 00 IRC+20150 6 29 41 +23 08 42
IRC.-I-10460 20 13 O5 +12 54 54 IRC+20033 1 53 02 +23 20 06 IRC+20151 6 30 20 .4-15 52 06
IRC+I0461 20 1327 + 7 31 06 1RC+2DO34 5437 +17 34 30 IRC+20152 6 31 32 +16 07 12
IRC+10462 20 14 32 + 6 54 36 IRC+20035 58 46 +17 42 42 IRC+20153 6 34 08 +21 09 12
IRC+104.63 20 17 10 +13 03 30 IRC+20036 5941 +16 02 30 IRC+20154 6 3449 +16 26 42
IRC+10464 20 2040 + 8 17 36 IRC+20037 00 59 +18 01 12 IRC+20155 6 3602 +19 17 30
IRC+10465 20 20 49 + 7 47 54 IRC+2DO38 04 20 +23 14 06 IRC+20156 6 37 02 +20 31 42
IRC+104.66 20 2208 +14 48 12 IRC+20039 05 17 +15 34 36 IRC+20157 6 38 38 +21 54 12
IRC+10467 20 23 21 + 9 53 36 IRC+2_O40 05 25 +24 34 36 IRC+20158 6 40 40 +22 59 DO
IRC+10468 20 23 41 +13 44 42 IRC+20041 07 51 +19 15 36 IRC+20159 6 44 46 +21 44 36
IRC+10469 20 26 25 +11 54 42 IRC+2DO42 09 46 +23 56 06 IRC+20160 6 48 22 +15 08 30
IRC+10470 20 27 DO + 9 44 00 IRC+20043 10 19 +15 02 36 IRC+20161 6 48 58 +23 39 24
IRC+I0471 20 31 10 + 9 20 54 IRC+20044 1822 +23 12 12 IRC+20162 6 4946 +18 41 30
IRC+10472 20 32 17 + 5 03 54 IRC+2DO45 27 02 +15 50 12 IRC+20163 6 57 23 +16 08 42
IRC+10473 20 35 13 +14 25 06 IRC+2DO46 32 I1 +22 15 00 IRC+20164 6 59 02 +19 25 30
IRC+10474 20 36 20 +13 08 12 IRC+2DO47 37 43 +20 58 12 IRC+20165 6 59 23 +24 15 54
IRC+10475 20 39 16 +11 41 54 IRC+2DO48 40 54 +17 20 30 IRC+20166 6 59 31 +17 49 30
IRC+10476 20 39 31 + 8 07 30 IRC+20049 45 33 +17 17 54 IRC+20167 6 59 38 +16 44 30
IRC+10477 20 44 15 + 6 16 42 IRC+2DO50 45 45 +18 04 24 1RC+20168 6 59 46 +17 33 42
IRC+10478 20 4725 +1! 25 12 IRC+20051 53 01 +18 07 12 IRC+20169 7 01 lO +20 38 36
IRC+10479 20 47 56 + 5 54 24 IRC+20052 58 43 +21 36 06 IRC+20170 7 04 17 +24 14 54
IRC+I0480 20 53 I1 +13 31 36 1RC+2DO53 05 31 +18 35 30 IRC+20171 7 04 19 +22 46 30
IRC+10481 20 5405 + 8 38 42 IRC+20054 0844 +19 32 06 IRC+20172 7 05 10 +24 10 54
IRC+10482 20 56 25 +14 06 06 IRC+2DO55 I1 05 +18 47 00 IRC.20173 7 08 12 +24 44 42
IRC+10483 20 57 52 +13 22 36 IRC+20056 19 55 +20 34 06 IRC+20174 7 09 58 +17 43 54

B-39



NAME HA. (1950) DEC POSREI NAME HA (1950) DEC POSRE NAME RA (19S0) DEC POSHE,

1RC+20175 7h10m30' +16"14 30 IRC+20293 16h05m48' +17°11'30 IRC+20411 19h28"34s +18"37'06
IRC+20176 7 11 38 +24 58 36 IRC+20294 16 0929 +23 37 06 IRC+20412 19 2902 +23 24 12
1RC+20177 7 17 10 +22 04 36 IRC+20295 16 11 37 +16 33 42 IRC+20413 19 31 09 +23 32 36
IRC+20178 7 18 57 +20 32 12 IRC+20296 16 1943 +19 16 (30 IRC+20414 19 31 35 +16 45 CO
IRC+20179 7 2441 +22 14 36 IRC+20297 16 2302 +19 21 24 IRC+20415 19 3234 +23 46 42
IRC+20180 7 26 20 q-22 53 36 IRC4-20298 16 23 35 4-19 (30 24 IRC4-20416 19 32 56 4-18 53 54
1RC+20181 7 28 13 -t-20 39 CO IRC+20299 16 24 08 4-23 08 54 IRC4-20417 19 33 32 4-22 12 36
IRC4-20182 7 28 58 -t-17 I1 42 IRC+203CO 16 28 04 +21 35 54 IRC+20418 19 34 13 4-23 31 36
IRC+20183 7 30 56 4-18 26 30 IRC+20301 16 28 20 -t-20 34 42 IRC.20419 19 34 50 4-21 36 54
IRC4-20184 7 31 59 4-24 23 54 IRC4-20302 16 2906 4-22 18 06 IRC4-20420 19 36 13 4-21 15 42
IRC4-20185 7 36 38 -t-17 47 36 IRC+20303 16 35 31 +22 32 42 IRC+20421 19 36 37 +15 37 12
1RC+20186 7 37 59 +23 08 12 IRC+20304 16 38 56 +24 57 30 IRC+20422 19 37 05 4-20 04 CO
IRC+20187 7 38 II 4-20 32 42 IRC+20305 16 3925 +16 03 06 IRC4-20423 19 3706 +17 03 42
IRC4-20188 7 41 26 +24 30 36 IRC+20306 16 43 05 +15 50 24 IRC+20424 19 37 10 +16 27 36
IRC+20189 7 43 16 +18 37 54 IRC+20307 16 49 38 4-15 01 30 IRC+20425 19 37 37 4-21 54 42
1RC+20190 7 51 18 +21 14 00 IRC+20308 16 49 40 +24 44 12 IRC+20426 19 37 52 +17 53 42
IRC+20191 7 5409 4-15 55 30 IRC+20309 16 53 12 +18 30 42 IRC+20427 19 3847 4-17 21 36
IRC4-20192 7 54 14 +21 27 IX) IRC+20310 16 58 51 4-22 42 24 IRC+20428 19 40 55 4-23 24 30
IRC+20193 7 55 39 +16 39 06 IRC4-20311 17 CO29 +20 47 36 IRC+20429 19 41 43 +23 04 24
IRC4-20194 7 57 56 4-17 26 42 IRC+20312 17 01 43 +19 45 24 IRC4-20430 19 42 19 4-18 28 06
IRC+20195 8 03 19 4-22 46 42 IRC+20313 17 04 09 +22 08 54 IRC4-20431 19 43 39 4-20 27 30
IRC4-20196 8 07 10 4-17 09 36 IRC+20314 17 07 18 +18 44 36 IRC4-20432 19 45 09 +21 39 12
IRC+20197 8 08 26 4-19 17 54 IRC4-20315 17 II 36 4-18 04 12 IRC+20433 19 45 I0 +18 24 36
IRC+20198 8 11 44 -t-24 53 24 IRC+20316 17 12 57 4-24 53 36 IRC4-20434 19 46 04 4-22 38 36
1RC4-20199 8 19 37 -t-15 09 36 IRC+20317 17 12 58 4-17 52 CO IRC+20435 19 46 26 .21 33 06
IRC+202CO 8 28 45 +18 15 00 IRC+20318 17 13 38 +23 47 30 IRC+20436 19 47 18 4-21 27 24
1RC+20201 8 29 47 4-20 36 42 IRC+20319 17 15 31 4-23 08 30 1RC+20437 19 47 47 4-21 45 CO
IRC4-20202 8 35 52 +21 19 42 IRC+20320 17 18 07 +18 06 36 IRC+20438 19 48 05 4-24 48 CO
IRC4-20203 8 38 50 4-16 30 42 IRC4-20321 17 19 22 -t-16 46 54 IRC+20439 19 50 23 +22 19 42
IRC+20204 8 40 22 4-20 47 06 IRC+20322 17 19 36 4-22 58 (30 IRC+20440 19 50 49 4-16 17 24
1RC+20205 8 41 52 +18 18 54 IRC+20323 17 23 38 +16 57 24 IRC+20441 19 53 42 4-15 29 36
IRC4-20206 8 52 36 +17 25 54 IRC4-20324 17 26 12 +15 54 24 IRC+20442 19 54 52 4-17 10 24
1RC+20207 8 53 49 +20 02 30 IRC+20325 17 29 10 +19 33 42 IRC4-20443 19 55 14 4-24 07 42
1RC4-20208 8 5625 +18 18 54 IRC4-20326 17 2942 4-17 47 36 IRC4-20444 19 56 16 +15 52 30
IRC+20209 9 12 30 +15 09 06 IRC+20327 17 33 20 4-20 44 36 IRC+20445 19 56 31 +19 21 30
IRC4-20210 9 24 53 4-23 32 54 IRC+20328 17 33 26 +15 36 54 IRC+20446 19 57 49 4-17 23 CO
1RC+20211 9 28 53 4-23 II IX) IRC4-20329 17 40 26 4-24 35 12 IRC4-20447 19 58 44 4-18 14 42
1RC4-20212 9 31 08 4-23 40 12 IRC+20330 17 40 53 +17 42 12 IRC+20448 19 58 55 -t-15 08 54
IRC+20213 9 34 19 4-16 40 06 IRC4-20331 17 42 49 4-21 31 06 IRC+20449 20 01 01 4-18 21 30
IRC+20214 9 38 44 +24 04 12 IRC+20332 17 43 32 +18 52 12 IRC+20450 20 01 30 +21 21 30
IRC+20215 9 42 59 +24 CO06 IRC+20333 17 46 55 +22 33 24 IRC+20451 20 01 43 4-20 55 00
IRC+20216 I0 03 I1 +18 20 30 IRC+20334 17 47 26 +20 39 06 IRC4-20452 20 02 53 +20 30 CO
IRC.20217 10 05 29 -t-17 36 06 IRC+20335 17 48 41 -t-24 CO42 IRC+20453 20 02 56 + 19 50 54
1RC+20218 10 13 55 +23 40 06 IRC+20336 17 49 20 4-19 03 54 IRC+20454 20 03 11 4-15 20 12
IRC+20219 I0 17 I1 +20 05 36 IRC+20337 17 53 46 4-22 28 06 IRC+20455 20 03 37 -t-19 06 00
IRC+20220 10 26 37 +23 18 30 IRC+20338 17 55 07 4-15 55 CO IRC+20456 20 04 27 +24 17 12
IRC+20221 10 41 59 +19 41 12 IRC+20339 17 55 46 4-15 24 36 IRC+20457 20 05 49 4-16 31 06
IRC+20222 10 43 44 4-19 09 30 IRC+20340 17 5747 4-16 45 06 IRC+20458 20 0901 4-18 19 54
IRC+20223 10 53 36 4-22 36 54 IRC420341 17 58 CO 4-23 35 24 IRC+20459 20 11 16 4-16 06 12
IRC4-20224 11 04 04 4-18 CO24 IRC+20342 17 58 17 -t-17 06 06 IRC+20460 20 11 59 +16 51 30
IRC+20225 I1 06 17 +20 31 36 IRC+20343 17 59 23 4-21 35 36 IRC4-20461 20 13 20 4-23 21 06
1RC4-20226 11 11 28 +20 47 42 IRC-I-20344 18 CO33 4-20 58 24 IRC4-20462 20 18 05 4-17 38 06
IRC4-20227 11 12 34 4-23 22 12 IRC4-20345 18 0046 -t-15 CO 12 IRC4-20463 20 19 20 4-22 42 CO
IRC4-20228 I1 21 03 4-17 07 12 IRC4-20346 18 01 09 +19 33 30 IRC+20464 20 2008 4-16 45 12
IRC+20229 11 25 16 4-15 24 42 IRC4-20347 18 02 44 4-16 54 24 IRC4-20465 20 21 02 4-18 12 12
1RC+20230 11 27 06 +15 40 24 |RC4-20348 18 03 56 4-22 12 36 IRC4-20466 20 22 18 4-15 58 42
IRC+20231 11 27 53 4-18 40 54 IRC+20349 18 04 23 +20 15 42 IRC4-20467 20 22 57 +16 49 42
IRC+20232 I1 29 28 -t-18 26 12 IRC+20350 18 05 07 +15 13 36 IRC+20468 20 23 07 4-23 50 12
IRC+20233 11 38 I1 4-21 37 42 IRC4-20351 18 10 19 4-21 43 42 IRC+20469 20 25 26 4-22 04 36
IRC+20234 11 45 25 4-20 30 06 IRC4-20352 18 10 44 +22 48 42 IRC4-20470 20 26 53 + 16 06 24
IRC4-20235 I1 53 38 +15 59 42 IRC+20353 18 I1 11 +21 52 06 IRC4-20471 20 29 52 +18 27 36
IRC4-20236 I1 5731 4-19 41 54 IRC4-20354 18 1242 +15 32 06 IRC4-20472 20 31 35 4-20 37 30
IRC4-20237 12 01 41 4-19 03 24 IRC+20355 18 1249 4-16 15 12 IRC4-20473 20 32 02 4-19 21 36
IRC+20238 12 06 38 +17 28 12 IRC+20356 18 15 43 4-17 57 54 IRC+20474 20 35 38 4-18 05 54
IRC4-20239 12 07 47 -4-19 47 30 IRC+20357 18 16 CO 4-21 23 30 IRC4-20475 20 37 56 + 19 17 42
IRC4-20240 12 13 49 4-24 12 54 IRC420358 18 16 03 4-23 16 24 IRC4-20476 20 40 44 4-21 52 12
IRC+20241 12 18 12 +18 04 12 IRC4-20359 18 16 16 4-24 20 24 IRC+20477 20 40 44 +16 54 30
IRC+20242 12 27 38 +18 IO 12 IRC4-20360 18 17 10 4-24 25 30 IRC4-20478 20 41 41 4-17 23 24
IRC+20243 12 31 04 +24 42 54 IRC+20361 18 18 12 +21 56 06 IRC4-20479 20 41 43 +19 03 30
1RC+20244 12 32 38 +18 39 12 IRC+20362 18 20 03 4-23 15 24 IRC+20480 20 43 01 4-16 13 06
IRC4-20245 12 32 39 4-22 09 30 IRC+20363 18 20 37 +17 48 CO IRC+20481 20 43 14 +17 54 24
IRC+20246 12 34 28 -t-17 21 36 IRC+20364 18 21 33 +21 44 24 IRC4-20482 20 44 17 4-15 56 42
IRC4-20247 12 4408 4-16 50 54 IRC4-20365 18 2759 +16 36 CO IRC+20483 20 45 04 4-15 36 36
IRC+20248 12 45 49 4-19 35 54 IRC4-20366 18 30 43 4-23 34 42 IRC4-20484 20 45 31 4-19 08 36
[RC4-20249 12 49 44 +17 20 36 IRC4-20367 18 32 16 +15 I1 24 IRC+20485 20 45 34 4-22 04 54
IRC4-20250 12 50 51 4-21 31 00 IRC4-20368 18 36 01 +22 40 12 IRC4-20486 20 46 37 +22 48 36
IRC+20251 12 5628 +17 40 36 IRC-I-20369 18 3635 4-18 22 36 IRC4-20487 20 4747 4-16 48 CO
IRC-t-20252 13 0044. 4-24 05 42 IRC+20370 18 39 41 4-17 37 36 IRC4-20488 20 49 37 4-23 08 42
IRC+20253 13 01 32 4-19 58 24 IRC+20371 18 42 32 4-17 27 12 IRC+20489 20 5041 4-24 43 24
IRC4-20254 13 03 56 +22 52 54 IRC+20372 18 43 31 4-20 29 24 IRC4-20490 20 50 48 4-23 11 CO
1RC4-20255 13 05 27 +23 53 CO IRC+20373 18 44 24 4-22 29 06 1RC4-20491 20 51 10 4-20 44 24
IRC4-20256 13 07 20 +17 06 36 IRC4-20374 18 44 31 4-18 38 42 IRC4-20492 20 52 36 4-17 26 42
IRC4-20257 13 07 43 4-24 51 54 IRC4-20375 18 45 48 4-24 44 12 IRC4-20493 20 54 50 4-16 03 12
IRC4-20258 13 12 43 4-19 10 30 IRC+20376 18 46 07 +19 03 30 IRC4-20494 20 56 02 +22 07 54
IRC+20259 13 28 22 +19 55 06 IRC+20377 18 4621 4-15 46 24 1RC4-20495 20 5603 +23 42 00
IRC4-20260 13 34 37 +24 51 54 IRC+20378 18 48 20 +24 02 12 IRC4-20496 20 56 50 4-22 09 54
IRC4-20261 13 40 14 +23 33 54 IRC+20379 18 48 38 +23 43 36 IRC4-21M97 20 58 I1 4-19 08 12
IRC4-20262 13 41 24 4-22 57 30 IRC+20380 18 52 38 4-22 34 42 IRC+20498 20 59 34 +18 47 54
IRC+20263 13 4703 +16 02 30 IRC+20381 18 5608 +16 42 42 1RC+20499 21 0022 +15 46 CO
1RC+20264 13 47 21 +21 30 54 IRC+20382 18 57 52 4-22 44 30 IRC+20500 121 CO58 4-24 15 06
IRC+20265 13 50 08 +16 58 30 IRC+20383 18 59 34 +22 48 54 IRC+20501 121 (31 17 +23 47 42
IRC4-20266 13 51 34 +17 31 36 IRC4-20384 19 0040 4-20 39 00 IRC4-20502 21 01 57 4-22 19 Co
IRC4-20267 13 52 20 4-18 38 36 IRC+20385 19 03 01 4-17 43 12 IRC+20503 21 12 52 +18 24 36
IRC+20268 13 5446 4-21 11 54 IRC4-20386 19 03 19 4-17 16 12 IRC4-20504 21 1701 4-23 16 CO
IRC+20269 14 04 05 +17 12 36 IRC+20387 19 04 03 +24 16 06 IRC+20505 121 19 45 +19 35 42
IRC+20270 14 13 23 4-19 26 30 IRC+20388 19 06 31 +24 06 06 IRC4-20506 !21 20 14 4-21 47 O6
IRC4-20271 14 15 06 4-15 29 30 IRC4-20389 19 08 53 4-21 54 42 IRC4-20507 21 21 04 4-23 15 42
IRC4-20272 14 17 23 4-16 32 CO IRC+20390 19 12 50 4-21 59 30 IRC4-20508 21 21 09 4-23 02 06
IRC+20273 14 18 47 4-19 24 24 IRC+20391 19 13 21 +18 25 12 IRC+20509 21 21 19 +24 05 24
IRC+20274 14 42 55 4-17 10 30 IRC4-20392 19 13 47 4-22 53 54 IRC+20510 121 26 05 4-24 24 54
IRC4-20275 14 43 41 +15 20 24 IRC4-20393 19 1449 4-21 50 CO IRC4-20511 !21 2643 +21 57 36
1RC+20276 14 4905 +19 18 24 IRC+20394 19 16 15 +15 25 42 IRC+20512 21 2740 +23 25 12
IRC+20277 15 09 47 +19 09 54 IRC+20395 19 17 10 +16 46 (30 IRC+20513 21 29 59 4-24 15 30
IRC+20278 15 09 50 4-22 30 00 IRC+20396 19 17 19 +17 06 42 IRC4-20514 21 3606 W24 42 00
IRC4-20279 15 12 34 4-21 31 00 IRC+20397 19 17 21 +22 57 06 IRC+20515 12138 43 +21 58 12
1RC+20280 15 23 30 4-15 36 12 IRC+20398 19 17 24 4-22 28 42 IRC4-20516 121 40 19 +21 28 36
IRC4-20281 15 25 32 +19 44 06 IRC+20399 19 19 29 +17 34 30 IRC4-20517 21 40 26 4-22 15 24
IRC4-20282 - 15 3409 +15 15 30 IRC+204CO 19 22 25 4-17 39 54 IRC+20518 21 42 08 4-17 07 12
IRC4-20283 15 36 07 +24 41 06 IRC+20401 19 22 39 +21 23 06 IRC+20519 21 43 46 +22 43 12
IRC+20284 15 46 31 4-18 17 42 IRC+20402 19 23 17 +19 41 36 IRC4-20520 21 44 53 4-23 37 12
IRC4-20285 15 48 22 4-15 17 (30 IRC+20403 19 23 43 +21 23 30 IRC+20521 21 49 56 4-21 02 06
IRC+20286 15 4905 4-21 07 24 IRC4-20404 19 2402 4-16 34 36 IRC+20522 21 51 18 4-18 56 30
IRC4-20287 15 51 05 4-17 25 42 IRC+20405 19 24 19 +19 47 42 IRC4-20523 21 54 01 4-22 37 42
IRC+20288 15 52 23 +20 27 24 IRC+20406 19 24 52 +23 29 42 IRC+20524 21 54 04 4-21 00 12i c4-202891554084-154854 ,R.207 11926414-24 42 ,R.205255452.173130IRC+20290 15 58 58 +17 57 12 IRC+20408 19 26 56 +23 36 IRC+20526 57 30 +23 42 00
IRC+20291 16 02 29 4-22 46 36 IRC+20409 19 27 10 4-15 04 54 IRC+20527 22 04 18 4-24 43 36
IRC+20292 16 05 13 +21 57 06 IRC4-20410 19 27 46 +22 36 24 IRC4-20528 22 05 05 +17 45 30

B-40



NAME RA (1950) DEC )SREF NAME RA (1950) DEC )SREF NAME RA (1950) DEC POSREF

1RC+20529 22h09_34s +23"31' 42 IRC+30089 4h32_06s +29"37' 24 IRC+30207 9h01_21" -F29"28' 06
IRC+20530 22 09 46 +24 42 06 IRC+30090 4 32 52 +28 24 42 IRC+30208 9 07 01 +25 27 00
IRC&20531 22 16 58 +15 17 24 1RC+30091 4 34 28 +32 31 30 IRC+30209 9 07 38 +31 10 03
IRC+20532 22 31 37 +24 18 36 IRC+30092 4 40 59 +25 14 42 IRC+30210 9 17 59 +34 36 24
IRC+20533 22 36 33 +20 52 06 IRC+30093 4 42 03 +32 49 30 IRC+30211 9 21 46 +26 24 06
IRC+20534 22 39 19 +20 54 24 IRC+30094 4 43 53 +25 32 00 IRC+30212 9 28 13 +25 16 06
IRC+20535 22 41 17 +22 55 24 IRC+30095 4 45 53 +28 37 42 IRC+30213 9 33 46 +31 23 36
IRC+20536 22 44 08 +23 18 06 IRC+30096 4 46 01 +31 21 36 IRC+30214 9 38 38 +31 30 24
IRC+20537 22 47 33 +24 20 12 IRC+30097 4 47 15 +28 01 24 IRC+30215 9 42 35 +34 44 12
IRC+20538 22 48 53 +17 51 12 IRC+30098 4 48 24 +28 26 36 IRC+30216 9 44 24 +33 00 42
IRC+20539 22 52 08 +16 41 00 IRC+30099 4 48 52 +28 55 12 IRC+30217 9 47 52 +31 37 30
IRC+20540 22 52 16 +24 06 54 IRE+30100 4 53 45 +33 05 24 IRC+30218 9 49 53 +26 14 54
IRC+20541 22 52 34 +19 17 54 IRC+30101 4 56 53 +27 07 36 IRC+30219 10 13 12 +30 49 24
IRC+20542 22 55 23 +17 45 30 IRC+30102 5 03 10 +34 47 30 IRC+30220 10 19 37 +25 45 24
IRC+20543 22 55 37 +21 14 42 IRC+30103 5 04 10 +32 50 24 IRC+30221 10 21 17 +33 58 24
IRC+20544 22 56 34 +24 38 06 IRC+30104 04 17 +30 43 00 IRC+30222 10 21 26 +34 25 42
IRC+20545 22 58 02 +19 08 24 IRC+30105 08 28 +29 50 42 IRC+30223 10 35 53 +32 14 00
IRC+20546 23 08 14 +17 20 24 IRC+30106 14 17 +31 46 06 1RC+30224 10 39 21 +31 57 00
IRC+20547 23 19 19 +20 21 54 IRC+30107 14 53 +33 19 24 IRC+30225 10 43 57 +34 59 36
IRC+20548 23 22 53 +23 07 30 IRC+30108 15 57 +30 25 (30 IRC+30226 10 50 31 +34 29 00
IRC+20549 23 29 57 +23 34 30 IRC+30109 18 16 +34 08 36 IRC+30227 10 50 51 +26 28 24
IRC+20550 23 31 00 +22 13 30 IRC+30110 18 34 +32 27 42 IRC+30228 10 52 58 +33 46 30
IRC+20551 23 31 23 +20 35 06 IRC+30111 18 59 +34 37 24 IRC+30229 11 15 29 +31 48 30
IRC+20552 '23 33 26 +24 17 30 IRC+30112 23 08 +28 33 42 1RC+30230 I1 15 46 +33 22 06
IRC+20553 23 39 13 +22 09 36 IRC+30113 23 37 +32 00 36 1RC+30231 11 28 18 +28 43 12
IRC+20554 23 49 50 +21 23 30 IRC+30114 23 47 +34 06 54 IRC+30232 11 41 37 +25 30 06

IRC+20555 i_ 49 56 +18 50 42 IRC+30115 23 58 +29 53 00 IRC+30233 11 44 24 +27 17 12IRC+20556 54 08 +22 22 12 IRC+30116 24 18 +34 26 24 IRC+30234 12 01 01 +29 56 54
IRC+20557 i3 55 11 +24 51 54 IRC+30117 25 37 +32 25 42 IRC+30235 12 09 17 +26 08 54
IRC+20558 13 57 34 +19 58 _ IRC+30118 27 25 +31 28 130 IRC+30236 12 14 00 +33 20 30

IRC+30001 0 02 23 +26 23 _ IRC+30119 27 29 +32 45 24 IRC+30237 12 14 26 +28 01 06IRC+30002 0 03 53 +26 48 IRC+30120 30 30 +32 43 00 IRC+30238 12 24 28 +28 32 30
IRC+30003 0 04 34 +34 34 42 IRC+30121 32 48 +27 38 130 IRC+30239 12 27 44 +31 46 36
IRC+30004 0 05 49 +28 49 130 IRC+30122 34 49 +30 51 30 IRC+30240 12 31 13 +33 31 00
IRC+30005 0 07 52 +28 22 24 IRC+30123 36 52 +28 40 42 IRC+30241 12 34 26 +27 19 54
IRC+30(X)6 0 08 09 +31 58 00 IRC+30124 37 29 +31 53 30 IRC+30242 12 34 29 +32 52 06
IRC+30007 0 12 27 +31 15 24 IRC+30125 37 53 +28 04 24 IRC+30243 12 56 38 +34 49 06
IRC+30008 0 18 08 +32 38 06 IRC+30126 38 55 +32 01 06 IRC+30244 12 57 54 +31 02 54
IRC+30009 0 19 47 +26 42 42 IRC+30127 44 59 +30 36 24 IRC+30245 13 04 49 +27 53 30
IRE+30010 0 24 28 +30 53 36 IRC+30128 47 41 +27 39 36 1RC+30246 13 09 35 +28 08 CO
IRC+30011 0 28 21 +28 29 00 IRC+30129 48 13 +32 06 24 1RC+30247 13 16 10 +34 21 36
IRC+30012 0 29 43 +25 45 00 IRC+30130 48 34 +28 18 00 IRC+30248 13 27 29 +27 55 42
IRC+30013 0 35 50 +29 02 00 IRC+30131 49 23 +33 54 06 IRC+30249 13 42 10 +33 45 54
IRC+30014 0 36 38 +30 35 12 IRC+30132 5 52 48 +32 07 54 IRC+30250 13 48 56 +34 54 36
IRC+30015 0 44 34 +32 24 54 IRC+30133 5 55 31 +27 51 00 IRC+30251 13 49 34 +34 41 12
IRC+30016 0 49 10 +32 05 42 IRC+30134 5 56 55 +28 07 36 IRC+30252 13 54 17 +27 44 30
IRC+30017 0 54 04 +26 04 06 IRC+30135 5 58 18 +34 50 06 1RC+30253 13 57 25 +28 01 36
IRC+30018 0 54 08 +31 37 30 IRC+30136 6 01 08 +28 29 24 IRC+30254 14 20 03 +29 35 42
IRC+30019 0 55 05 +28 43 42 IRC+30137 6 03 10 +29 30 36 IRC+30255 14 21 41 +27 30 00
IRC+30020 07 36 +25 !1 24 1RC+30138 6 05 41 +25 40 00 IRC+30256 14 21 47 +27 38 12
IRC+30021 08 30 +30 22 00 IRC+30139 6 05 44 +34 54 (30 IRC+30257 14 21 58 +25 55 54
IRC+30022 08 53 +29 50 00 IRC+30140 6 06 12 +26 32 30 IRC+30258 14 26 32 +26 04 30
IRC+30023 11 08 +26 52 06 IRC+30141 6 06 44 +31 24 54 IRC+30259 14 29 41 +30 35 30
IRC+30024 I1 20 +28 16 00 IRC+30142 6 06 57 +33 36 36 IRC+30260 14 35 01 +26 57 30
1RC+30025 13 18 +25 30 36 IRC+30143 6 07 47 +26 01 30 IRC+30261 14 37 08 +32 45 06
IRC+30026 14 38 +26 01 54 IRC+30144 6 09 03 +32 42 24 IRC+30262 14 39 05 +31 47 24
IRC+30027 18 20 +28 29 06 IRC+30145 6 10 41 +33 15 30 IRC+30263 14 41 14 +26 44 30
IRC+30028 20 06 +31 35 130 IRC+30146 6 12 09 +29 30 30 IRC+30264 14 42 50 +27 16 54
IRC+30029 42 18 +28 29 24 IRC+30147 6 12 19 +25 21 06 IRC+30265 14 43 08 +32 59 54
IRC+30030 45 58 +33 53 12 IRC+30148 6 13 54 +33 13 30 IRC+30266 14 59 56 +25 12 12
IRC+30031 50 14 +29 20 36 IRC+30149 6 14 32 +34 03 12 [RC+30267 15 00 26 +31 52 54
IRC+30032 54 54 +27 34 00 IRC+30150 6 20 56 +25 02 42 IRC+30268 15 02 20 +27 08 30
IRC+30033 55 12 +30 54 06 IRC+30151 6 23 27 +29 21 06 IRC+30269 15 06 14 +26 29 24
IRC+30034 06 34 +34 45 30 IRC+30152 6 27 41 +32 50 24 IRC+30270 15 12 03 +31 58 24
IRC+30035 08 19 +25 41 30 IRC+30153 6 27 52 +27 28 54 IRC+30271 15 13 28 +33 30 00
IRC+30036 09 28 +30 05 42 IRC+30154 6 30 04 +31 37 30 IRC+30272 15 19 19 +31 32 36
IRC+30037 15 02 +28 47 36 IRC+30155 6 30 38 +30 17 12 IRC+30273 15 24 20 +34 30 30
IRC+30038 15 38 +31 54 24 IRC+30156 6 30 48 +28 19 54 IRC+30274 15 25 30 +25 16 30
IRC+30039 17 04 +32 05 54 IRC+30157 6 31 31 +29 24 42 IRC+30275 15 32 32 +26 53 00
IRC+30040 20 26 +28 30 06 IRC+30158 6 32 46 +31 30 54 IRC+30276 15 34 55 +32 44 54
IRC+30041 22 07 +33 38 42 1RC+30159 6 34 35 +27 39 00 ]RC+30277 15 42 26 +32 18 00
IRC+30042 2409 +26 48 00 IRC+30160 6 3625 +26 11 24 IRC+30278 15 4604 +31 53 30
IRC+30043 32 43 +34 28 54 IRC+30161 6 37 53 +25 22 (30 IRC+30279 15 47 31 +26 13 24
IRC+30044 33 58 +34 03 06 IRC+30162 6 38 46 +28 00 24 IRC+30280 15 55 31 +27 01 06
IRC+30045 35 33 +27 18 30 IRC+30163 6 38 54 +31 30 24 IRC+30281 16 03 42 +31 03 24
1RC+3CO.46 37 58 +30 59 30 IRC+30164 6 40 52 +25 10 54 IRC+30282 16 05 14 +32 30 36
IRC+30047 38 24 +34 18 36 IRC+30165 6 41 37 +29 00 42 IRC+30283 16 08 07 +25 12 00
IRC+30048 39 I1 +32 12 30 IRC+30166 6 43 55 +30 20 12 1RC+30284 16 10 25 +25 01 30
IRC+30049 40 04 +25 51 36 IRC+30167 6 46 29 +32 39 24 IRC+30285 16 11 06 +26 39 24

IRC+30050 44 55 +29 02 30 IRC+30168 6 50 28 +34 50 24 IRC+30286 16 18 43 +34 _0_30IRC+30051 2 48 27 +34 51 42 IRC+30169 6 52 56 +34 31 24 IRC+30287 16 20 09. +31 30
IRC+30052 2 4841 +32 55 06 IRC+30170 6 5622 +26 07 06 1RC+30288 16 2028 +33 55 00
IRC+30053 2 52 40 +30 50 54 IRC+30171 6 58 27 +30 36 12 1RC+30289 16 20 35 +33 49 12
1RC+30054 2 55 56 +34 59 36 IRC+30172 6 59 28 +31 25 06 IRC+30290 16 21 08 +30 58 06
1RC+30055 2 56 39 +29 38 24 IRC+30173 7 02 34 +31 28 00 IRC+30291 16 23 07 +29 21 54
IRC+30056 3 14 58 +32 44 24 IRC+30174 7 03 47 +31 40 12 IRC+30292 16 25 59 +34 54 36
IRC+30057 3 15 04 +27 13 54 IRC+30175 7 04 07 +34 05 06 IRC+30292 16 25 59.0 +34 54 36
IRC+30058 3 15 38 +34 02 30 IRC+30176 7 04 15 +28 22 30 IRC+30293 16 35 47 +27 08 30
IRC+30059 3 16 45 +28 59 30 IRC+30177 7 04 47 +29 45 00 IRC+30294 16 39 23 +31 41 30
IRC+30060 3 16 48 +32 58 00 IRC+30178 7 07 59 +30 19 30 IRC+30295 16 40 04 +33 01 06
IRC+30061 3 16 59 +31 50 30 IRC+30179 7 12 51 +27 59 30 IRC+30296 16 41 01 +26 09 06
IRC+30062 3 17 19 +28 52 (30 IRC+30180 7 17 04 +31 27 06 IRC+30297 16 48 43 +29 53 42
IRC+30063 3 19 25 +32 03 42 IRC+30181 7 17 36 +31 34 00 IRC+30298 16 57 52 +27 23 12
IRC+30064 3 24 59 +33 18 12 IRC+30182 7 17 54 +25 05 36 IRC+30299 16 58 16 +26 19 00
1RC+30065 3 28 07 +28 32 24 IRC+30183 7 22 37 +27 53 42 1RC+30300 17 02 49 +28 44 36
IRC+30066 3 44 56 +33 37 06 IRC+30184 7 23 00 +33 28 12 IRC+30301 17 08 28 +29 13 54
IRC+30067 3 45 11 +27 31 00 IRC+30185 7 23 16 +26 03 12 IRC+30302 17 08 38 +27 39 12
IRC+30068 3 50 59 +31 44 06 IRC+30186 7 26 43 +28 01 24 IRC+30303 17 15 35 +28 57 54
IRC+30069 3 5641 +28 40 00 IRC+30187 7 30 44 +30 37 12 IRC+30304 17 16 25 +32 44 24
IRC+30070 4 01 41 +26 04 06 IRC+30188 7 31 25 +32 00 00 IRC+30305 17 17 24 +27 20 06
IRC+30071 4 05 29 +26 43 00 IRC+30189 7 31 41 +28 51 30 IRC+30306 17 21 03 +25 28 06
IRC+30072 4 06 28 +33 21 42 IRC+30190 7 32 50 +27 (30 12 IRC+30307 17 28 43 +26 09 00
IRC+30073 4 07 47 +33 27 06 IRC+30191 7 40 15 +29 00 06 1RC+30308 17 34 18 +31 27 36
IRC+30074 4 08 40 +29 15 36 IRC+30192 7 40 19 +32 34 12 IRC+30309 17 34 22 +27 35 54
IRC+30075 4 09 50 +32 24 (30 IRC+30193 7 41 03 +25 54 24 IRC+30310 17 38 03 +31 13 42
IRC+30076 4 10 08 +33 19 30 IRC+30194 7 42 14 +28 08 42 IRC+30311 17 41 06 +29 40 36
IRC+30077 4 10 16 +28 59 36 IRC+30195 7 42 19 +30 54 00 IRC+30312 17 44 29 +27 44 42
IRC+30078 4 I0 39 +26 17 36 IRC+30196 7 44 16 +33 32 CO IRC+30313 17 45 48 +28 24 12
IRC+30079 4 12 22 +33 42 06 IRC+30197 7 5611 +34 48 30 1RC+30314 17 45 49 +28 46 12
IRC+30080 4 13 47 +31 14 30 IRC+30198 8 00 26 +27 56 24 IRC+30315 17 45 53 +30 22 30
IRC+30081 4 15 32 +31 50 54 IRC+30199 8 23 27 +28 03 06 IRC+30316 17 46 49 +25 38 36
IRC+30082 4 16 58 +31 49 36 IRC+30200 8 31 25 +26 24 24 IRC+30317 17 48 59 +30 06 30
IRC+30083 4 17 11 +34 27 _0 IRC+30201 8 43 41 +28 56 12 IRC+30318 17 50 14 +26 31 06
IRC+30084 4 17 15 +27 13 12 IRC+30202 8 49 29 +28 27 00 IRC+30319 17 50 35 +30 45 12
IRC+30085 4 18 08 +27 13 30 IRC+30203 8 51 13 +30 46 12 IRC+30320 17 54 27 +31 08 12
IRC+30086 4 21 18 +28 54 42 IRC+30204 8 52 38 +28 07 30 IRC+30321 17 54 54 +26 59 12
IRC+30087 4 28 01 +27 23 06 IRC+30205 8 55 16 +33 23 36 IRC+30322 17 55 26 +29 46 36
IRC+30088 4 29 14 +31 00 30 IRC+30206 8 56 30 +32 36 42 IRC+30323 17 55 34 +33 48 12
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NAME RA (1950) DEC POSREF NAME P.A (1950) DEC POSRE NAME RA (1950) DEC POSREF

IRC+30324 17h55"50' +29"15' 06 IRC+30442 20h35m26' +30"50 42" IRC+40038 2hlSm44' +36"51' 36
IRC+30325 17 58 47 +33 12 36 IRC+30443 20 35 53 +33 36 36 IRC+40039 2 22 47 +36 47 30
1RC+30326 117 59 46 +33 18 12 IRC+30444 20 37 00 +30 08 06 IRC+40040 2 22 50 +37 53 24

1RC+30327 ]18 05 23 +34 49 _ IRC+30445 20 40 15 +27 18 00 IRC+4004! 2 24 I1 +36 44 06IRC+30328 18 1002 +31 24 IRC+30446 20 41 15 +27 04 30 IRC+40042 2 27 16 +37 58 12
IRC+30329 18 1046 +25 05 00 1RC+30447 20 41 32 +31 57 00 IRC+40043 2 2901 +35 55 36
IRC+30330 18 12 32 +30 I1 (30 IRC+30448 20 42 44 +25 06 (30 IRC+40044 2 30 24 +41 34 24
IRC+30331 118 15 49 +34 54 24 IRC+30449 20 43 32 +32 17 36 IRC+40045 2 32 31 +37 05 12
IRC+30332 18 17 56 +29 39 00 IRC+30450 20 43 35 +30 32 00 IRC440046 2 34 07 +38 45 42
IRC+30333 18 18 09 +25 50 12 IRC+30451 20 44 12 433 47 O0 IRC+40047 2 36 51 +39 37 12
IRC+30334 18 18 39 +31 44 12 IRC+30452 20 44 29 +29 58 42 IRC+40048 2 38 35 +44 47 12
IRC+30335 18 25 56 +31 10 24 IRC+30453 20 45 13 +34 II 06 IRC+4(D49 2 40 44 +36 02 42
IRC.+30336 18 29 09 .+25 07 54 IRC.+30454 20 46 II .+28 03 54 IRC.+40050 2 54 52 438 24 42
IRC.+30337 18 36 43 .+30 24 36 IRC.+30455 20 46 59 .+31 40 12 IRC+40051 2 56 26 .+40 50 06
IRC.+30338 18 38 58 .+31 38 36 IRC+30456 20 47 12 .+33 02 24 IRC+40052 2 56 50 .+43 56 36
IRC.+30339 18 39 31 .+28 45 54 IRC.+30457 20 48 12 .+33 59 54 IRC.+40053 3 01 18 435 40 42
IRC+30340 18 4007 +28 54 30 IRC.+30458 20 49 56 +26 53 42 IRC+40054 3 01 56 .+38 39 12
IRC+30341 18 41 06 +29 45 30 IRC+30459 20 50 21 .+26 59 06 IRC+40055 3 04 54 .+40 46 00
IRC.+30342 18 4402 .+26 36 12 IRC.+30460 20 51 12 .+25 23 36 IRC+40056 3 0540 +36 50 30
IRC.+30343 18 48 12 .+33 17 54 IRC.+30461 20 51 51 .+33 14 30 IRC+40057 3 06 08 +44 40 00
IRC.+30344 18 50 28 +33 27 06 IRC+30462 20 52 26 .+27 52 12 IRC+40058 3 08 04 +39 25 06
IRC+30345 18 51 I1 .+30 34 06 IRC+30463 20 52 55 +33 34 06 IRC+40059 3 08 13 .+37 52 30
IRC.+30346 18 52 16 .+27 50 36 IRC.+30464 20 53 00 .+30 13 24 IRC.+40060 3 14 25 .+39 22 36
IRC.+30347 18 53 59 .+30 05 24 IRC+30465 20 57 56 .+32 18 06 IRC.+40061 3 24 52 .+44 12 42
IRC.+30348 18 56 30 +25 10 36 IRC+30466 21 00 II .+34 34 30 IRC.+40062 3 27 13 .+39 29 00
IRC+30349 18 57 44 .+26 10 (30 IRC+30467 21 00 34 +26 19 30 IRC+40063 3 29 28 +43 35 (30
IRC+30350 18 58 07 +32 04 30 IRC+30468 21 01 10 .+27 07 54 IRC.+40064 3 37 26 .+38 52 36
IRC+30351 19 01 28 +29 04 12 IRC+30469 21 02 47 +27 12 06 IRC+40065 3 38 49 .+37 18 06
IRC+30352 19 01 28 +34 20 24 IRC.+30470 21 03 42 .+30 01 06 IRC+40066 3 39 08 +36 21 (30
1RC+30353 19 03 02 .+31 40 06 IRC+30471 21 03 52 +29 12 24 IRC.+40067 3 41 36 +44 37 06
IRC+30354 19 03 03 +30 39 36 IRC+30472 21 1048 +30 01 24 IRC+40068 3 41 49 .+42 24 36
IRC+30355 19 03 14 +27 03 06 IRC+30473 21 32 36 +28 03 36 IRC+40069 3 47 01 +42 26 06
IRC.+30356 19 03 29 +31 29 54 IRC+30474 21 34 07 .+34 47 06 IRC+40070 3 48 55 +39 43 42
IRC+30357 19 03 50 .+29 51 00 IRC+30475 21 34 08 +32 17 42 IRC+40071 3 49 05 .+44 55 36
IRC+30358 19 05 16 +30 06 54 IRC+30476 21 34 26 +31 53 06 IRC+40072 3 50 44 +36 23 30
IRC+30359 19 06 08 +30 32 54 IRC+30477 21 40 16 +33 50 24 IRC+40073 4 04 29 +42 05 24
IRC+30360 19 07 07 +29 34 54 IRC+30478 21 42 24 +25 25 (30 IRC+40074 4 04 29 +42 54 00
IRC+30361 19 0808 +32 19 42 IRC+30479 21 4501 +25 19 42 IRC+40075 4 0443 +42 17 36
IRC+30362 19 09 44 +32 31 42 IRC+30480 21 47 33 +34 01 12 IRC+40076 4 05 53 +36 17 54
IRC+30363 19 12 01 432 27 54 IRC+30481 22 01 41 +28 06 30 IRC+40077 4 06 56 .+42 02 06
IRC.+30364 19 13 29 .+30 26 12 IRC+30482 22 02 57 +26 26 24 IRC.+40078 4 07 26 +42 05 36
IRC+30365 19 14 15 +29 15 06 IRC+30483 22 03 31 +29 40 30 IRC440079 4 11 28 440 21 42
IRC+30366 19 14 47 .+31 03 (30 IRC+30484 22 03 37 .+33 15 42 IRC+40080 4 12 41 +41 32 30
IRC.+30367 19 17 05 .+27 10 12 IRC+30485 22 04 41 .+25 05 54 IRC.+40081 4 14 32 .+42 36 36
IRC.+30368 19 19 11 .+27 56 30 IRC.+30486 22 08 00 .+32 02 36 IRC.+40082 4 16 35 .+40 56 54
IRC.+30369 19 22 29 +28 25 06 IRC+30487 22 10 35 +34 21 30 IRC.+40083 4 16 51 +36 28 06
IRC+30370 19 28 45 .+27 51 12 IRC.+30488 22 11 18 .+25 10 36 IRC+40084 4 16 52 +37 05 06
IRC.+30371 19 29 53 .+31 46 00 IKC.+30489 22 15 29 .+26 41 36 IRC.+40085 4 19 20 +43 59 54
IRC.+30372 19 31 56 .+30 01 42 IRC.+30490 22 18 41 .+26 41 42 IRC.+40086 4 20 04 .+36 06 12
IRC.+30373 19 32 10 +25 14 24 IRC+30491 22 21 37 .+31 (30 36 IRC+40087 4 21 05 .+35 07 54
IRC+30374 19 32 12 .+2"/ 57 00 IRC.+30492 22 23 16 +30 13 12 IRC+40088 4 21 22 439 11 24
IRC.+30375 19 32 49 .+30 39 42 IRC.+30493 22 25 28 .+31 36 06 IRC.+40089 4 26 19 +39 45 42
IRC+30376 19 33 04 +33 41 00 IRC+30494 22 26 34 .+27 34 12 IRC+40090 4 26 20 .+38 42 00
IRC.+30377 19 34 48 .+25 13 12 IRC.+30495 22 30 04 .+30 36 30 IRC.+40091 4 26 59 .+35 10 12
IRC.+30378 19 35 48 .+34 54 24 IRC.+30496 22 38 17 .+26 29 (30 IRC+40092 4 32 54 .+44 53 00
IRC+30379 19 36 59 +28 23 42 1RC+30497 22 39 07 .+30 42 36 1RC+40093 4 33 14 .+41 10 00
IRC+30380 19 37 24 .+30 02 12 IRC+30498 22 40 35 .+27 53 36 IRC.+40094 4 33 17 +36 57 12
IRC+30381 19 38 53 .+28 55 24 IRC.+30499 22 40 43 .+29 57 54 IRC+40095 4 38 01 +40 06 (30
IRC.+30382 19 39 02 +32 29 54 IRC+30500 22 41 52 .+29 20 42 IRC+40096 4 38 14 .+40 24 12
IRC+30383 19 39 46 .+30 42 06 IRC+30501 22 44 22 +25 04 24 IRC+40097 4 41 46 .+43 41 24
IRC.+30384 19 40 02 .+26 30 42 IRC.+30502 22 46 41 .+27 05 42 IRC+40098 4 43 54 .+35 45 (30
IRC.+30385 19 41 42 .+34 22 06 IRC+30503 22 59 07 .+32 20 54 IRC.+40099 4 46 32 .+37 24 30
IRC.+30386 19 41 53 .+27 (30 42 IRC.+30504 23 01 22 .+27 48 36 IRC.+40100 4 47 20 +39 20 24
IRC+30387 19 42 00 .+27 39 00 IRC+30505 23 03 04 .+28 42 42 IRC+40101 4 49 11 .+38 25 12

IRC.+30388 19 42 44 .+34 17 42 1RC.+30506 23 04 40 .+25 11 _ IRC440102 4 49 14 .+36 37 30IRC+30389 19 42 46 .+30 34 36 IRC+30507 ]23 07 45 .+33 30 _, IRC.+40103 4 51 38 +40 40 06
IRC+30390 19 43 31 +31 21 12 IRC.+30508 123 14 54 +29 35 36 IRC+40104 4 51 40 +43 20 36
IRC+30391 19 43 46 +30 07 30 IRC+30509 23 17 22 +26 (30 24 IRC+40105 4 52 29 +43 25 06
IRC+30392 19 46 41 +26 (30 30 IRC+30510 23 18 22 .+30 08 54 IRC440106 4 55 29 .+44 37 24
IRC+30393 19 47 13 +30 17 12 IRC+3051I 23 19 58 .25 38 36 IRC.+40107 4 56 56 +39 35 06
IRC+30394 19 48 17 +26 13 42 IRC+30512 !23 31 08 +30 44 42 IRC440108 4 57 12 +40 09 36
IRC+30395 19 48 37 +32 47 12 IRC+30513 23 31 28 +31 03 24 IKC.+40109 4 58 22 +43 45 00
IRC+30396 19 50 18 +25 51 30 IRC+30514 23 31 35 +29 36 (30 IRC.+4.0110 4 58 58 .+41 01 (30
IRC+30397 19 51 05 +29 31 30 IRC+30515 23 36 53 .+32 03 12 IRC+40111 5 02 39 +44 48 00
IRC+30398 19 51 28 .+33 49 06 IRC.+30516 23 41 28 +29 05 0(3 IRC+40112 5 02 55 +38 39 54
IRC+30399 19 52 14 +33 39 00 IRC+30517 23 44 22 .+28 08 12 IRC+40113 5 03 10 +35 19 36
IRC+30400 19 53 41 .+32 37 54 IRC+30518 23 44 50 +25 51 06 IRC+40114 5 05 14 .+42 31 (30
IRC+30401 19 54 28 +34 56 54 IRC+30519 23 45 56 +30 14 30 IRC+40115 5 05 38 +38 56 12
IRC+30402 19 55 10 +25 35 06 IRC+30520 23 49 I0 +29 28 30 IRC+40116 5 06 23 +44 16 54
IRC+30403 19 56 22 +25 12 54 IRC+30521 23 54 25 .+32 03 06 IRC+4Ol17 5 06 54 +37 14 30
IRC+30404 19 56 28 .+31 20 54 IRC+30522 23 57 34 .+25 36 36 IRC.+4OII8 5 11 42 +40 04 42
IRC.+30405 19 57 21 .+30 16 42 IRC.+40001 01 44 +39 50 30 IRC.+40119 5 14 41 .+42 44 36
IRC.+30406 19 59 18 .+33 47 24 IRC+40002 01 56 .+41 50 42 IRC.+40120 5 15 52 .+35 45 12
IRC+30407 19 59 55 +33 22 24 IRC+40003 02 01 .+43 16 30 IRC+40121 5 16 49 .+35 44 36
IRC+30408 20 00 31 +30 38 06 1RC+40004 04 17 +42 47 54 IRC+40122 5 17 36 +35 02 42
IRC.+30409 20 01 38 .+30 19 54 IRC.+40005 09 41 +43 32 24 IRC.+40123 5 19 13 .+38 49 36
IRC.+30410 20 01 56 +29 (30 54 IRC.+40006 17 14 .+44 25 54 IRC440124 5 19 13 .+36 30 06
IRC.+30411 20 02 09 +29 40 06 IRC+40007 19 25 .+43 52 00 IRC.+40125 5 21 16 .+37 20 42
IRC.+30412 20 03 42 .+25 27 30 IRC+40008 20 18 .+38 28 36 IRC.+40126 5 21 22 +36 10 00
1RC+30413 20 03 44 .+27 59 06 IRC.+40009 21 23 +38 18 00 IRC+40127 5 23 31 .+36 51 36
IRC+30414 20 07 38 428 10 12 1RC.+40010 24 53 .+35 19 12 IRC.+40128 5 23 36 .+35 25 24
IRC430415 20 08 01 +26 08 30 IRC+40011 33 58 .+44 12 30 IRC.+40129 5 24 42 .+43 50 36
IRC.+30416 20 08 18 .+29 II 30 1RC+40012 36 53 .+37 56 36 IRC.+40130 5 25 32 .+39 (30 (30
IRC.+30417 20 08 39 .+33 18 30 IRC.+40013 39 59 +41 00 24 IRC.+40131 5 28 (30 .+38 16 42
IRC.+30418 20 09 44 .+26 40 06 IRC.+40014 41 54 .+40 24 54 IRC+40132 5 29 03 .+41 26 00
IRC.+30419 20 10 31 .+33 13 36 IRC.+40015 49 53 .+44 51 36 IRC.+40133 5 30 46 .+41 05 42
IRC.+30420 20 I1 04 +32 05 00 IRC+40016 56 34 .+42 35 00 IRC.+40134 5 32 42 .+37 59 54
IRC.+30421 20 11 08 .+25 05 24 IRC+40017 56 40 .+39 20 54 IRC.+40135 5 36 44 .+37 36 36
IRC.+30422 20 13 02 .+29 36 36 IRC.+40018 01 14 .+38 24 54 IRC+40136 5 38 27 .+38 54 42
IRC.+30423 20 13 33 .+30 55 (30 IRC+40019 06 53 +35 21 00 IRC+40137 5 40 49 .+37 58 36
IRC.+30424 20 13 41 .+27 39 24 IRC+40020 14 11 .+44 38 30 IRC+40138 5 41 56 +35 41 00
IRC.+30425 20 15 59 .+33 55 36 1RC+40021 14 46 .+44 22 12 IRC.+40139 5 42 22 .+37 38 24
IRC+30426 20 1635 .+34 13 24 IRC+40022 3103 +35 21 00 IRC.+40140 5 4403 +43 I1 36
IRC.+30427 20 16 43 +26 50 12 1RC.+40023 32 13 +37 55 42 IRC+40141 5 45 05 +44 53 36
1RC.+30428 20 19 20 .+30 42 06 IRC.+40024 33 51 +41 08 42 IRC.+40142 5 45 44 439 10 06
IRC.+30429 20 20 35 .+31 05 36 IRC+40025 36 22 .+44 08 24 IRC.+40143 5 47 40 .+37 17 54
IRC.+30430 20 21 52 .+32 02 00 IRC+40026 39 12 .+39 07 36 IRC.+40144 5 48 01 .+39 08 00
IRC+30431 20 22 18 .+30 53 12 IRC.+40027 47 58 .+42 28 24 IRC.+40145 5 50 53 .+39 30 06
1RC.+30432 20 23 58 .+26 (34 42 IRC+40028 48 I0 .+37 46 12 |RC+40146 5 53 32 435 34 30
IRC.+30433 20 25 53 +25 53 42 IRC.+40029 48 40 .+39 Ol 06 IRC+40147 5 54 58 .+43 29 30
IRC.+30434 20 27 19 .+30 11 54 IRC+40030 48 41 +38 53 54 IRC+40148 5 55 51 +44 56 42
IRC+30435 20 27 38 +33 40 06 IRC+40031 50 17 +40 29 24 IRC.+40149 5 55 58 +38 26 12
IRC+30436 20 29 13 .+29 33 12 IRC+40032 51 24 .+36 53 06 IRC.+40150 5 56 20 .+37 12 42
1RC+30437 20 29 38 +32 22 36 IRC+40033 53 01 +3.7 01 36 IRC+40151 5 57 38 +39 40 24
IRC+30438 20 32 29 .+28 06 06 IRC+40034 (3049 .+42 05 24 IRC.+40152 6 02 08 .+44 41 42
IRC+30439 20 32 49 .+34 42 54 IRC.+40035 02 52 .+40 29 24 IRC.+40153 6 11 48 +39 57 42
IRC.+30440 20 33 03 .+28 23 54 IRC.+40036 10 04 .+44 00 00 IRC.+40154 6 14 17 .+39 29 12
IRC.+30441 20 34 16 .+34 57 12 IRC+40037 14 21 .+44 04 12 IRC.+40155 6 14 43 .+35 37 36
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NAME RA {1950) DEC 'OSREF NAME RA (1950) DEC OSREF NAME RA (1950) DEC POS REF

IRC+40156 6h29m45_ +40"44 54 IRC+40274 !5h49_21_ +35"48' 30 IRC+40392 20h09_05_ +36"25' 30
IRC+40157 6 31 08 +42 32 06 1RC+40275 15 52 56 +43 16 54 IRC+40393 20 09 14 +35 58 06
1RC+40158 6 33 07 +38 28 42 1RC+40276 15 56 38 +36 09 30 IRC+40394 20 09 32 +35 33 42
IRC+40159 6 35 11 +39 26 06 IRC+40277 15 57 07 +36 46 42 !RC+40395 20 11 29 +41 18 06
IRC+40160 6 35 44 +42 32 12 IRC+40278 16 07 08 +36 37 06 IRC+40396 20 11 31 +37 35 36
IRC+40161 6 39 27 +44 34 36 IRC+40279 16 09 56 +41 57 54 IRC+40397 20 11 34 +38 34 12
IRC+40162 6 40 48 +40 40 24 IRC+40280 16 09 59 +36 33 00 IRC+40398 20 1201 +43 13 24
IRC+40163 6 41 31 +36 52 42 IRC+40281 16 1008 +42 30 00 IRC+40399 20 12 03 +44 27 54
IRC+40164 6 46 24 +37 34 00 IRC+40282 16 18 29 +37 05 54 IRC+40400 20 12 08 +39 14 42
IRC+40165 6 47 17 +41 50 24 IRC+40283 16 27 01 +41 59 24 IRC+40401 20 15 08 +40 13 00
IRC+40166 6 49 42 +35 51 IX) IRC+40284 16 29 10 +35 19 30 IRC+40402 20 15 46 +42 33 36
IRC+40167 6 53 58 +37 27 30 IRC+40285 16 33 29 +37 27 00 IRC+40403 20 16 44 +37 17 54
IRC+40168 6 55 38 +38 06 42 IRC+40286 16 34 43 +36 08 00 IRC+40404 20 17 08 +38 50 36
IRC+40169 6 59 55 +44 58 36 IRC+40287 16 41 12 +39 00 42 IRC+40405 20 17 29 +36 34 24
IRC+40170 7 08 15 +39 24 00 IRC+40288 16 43 36 +43 18 30 1RC+40406 20 19 21 +35 27 36
IRC+40171 7 14 32 +39 11 54 IRC+40289 16 45 44 +42 19 42 IRC+40407 20 19 26 +38 02 42
IRC+40172 7 15 00 +38 08 30 IRC+40290 17 01 44 +35 28 54 IRC+40408 20 19 29 +36 46 36
IRCq-40173 7 17 03 +42 39 42 IRC+4029| 17 07 55 +40 50 30 IRC+40409 20 19 47 +37 22 06
IRC+40174 7 18 43 +36 50 54 IRC+40292 17 08 41 +40 45 06 IRC+40410 20 19 48 +40 17 30
IRC+40175 7 20 40 +40 46 12 IRC+40293 17 12 40 +36 25 54 IRC+40411 20 20 28 +40 06 (30
IRC+40176 7 21 11 +37 41 36 IRC+40294 17 12 45 +39 10 36 IRC+40412 20 20 59 +40 52 130
IRC+40177 7 25 05 +41 04 36 IRC+40295 17 13 17 +36 51 36 IRC+40413 20 21 14 +36 41 54
IRC+40178 7 25 39 +40 47 {30 IRC+40296 17 17 02 +41 35 36 IRC+40414 20 23 36 +40 42 36
IRC+40179 7 28 46 +35 42 42 IRC+40297 17 17 11 +43 39 36 1RC+40415 20 2407 +38 11 00
IRC+40180 7 33 54 +40 08 12 IRC+40298 17 34 21 +35 25 12 1RC+40416 20 24 16 +40 58 24
1RC+40181 7 34 45 +38 22 06 IRC+40299 17 40 07 +40 00 30 IRC+40417 20 24 53 +38 05 12
1RC+40182 7 3608 +36 54 42 IRC+40300 17 41 37 +44 06 42 IRC+40418 20 25 16 +36 23 12
IRC+40183 7 36 55 +38 28 00 1RC+40301 17 45 07 +36 06 06 1RC+40419 20 25 35 +35 56 24
IRC+40184 7 40 46 +38 57 00 IRC+40302 17 46 12 +36 34 24 IRC+40420 20 25 36 +40 55 00
IRC+40185 7 42 04 +42 12 42 IRC+40303 17 50 27 +40 00 00 IRC+40421 20 25 40 +35 23 06
IRC+40186 7 43 22 +37 38 24 IRC+40304 17 51 02 +38 49 42 IRC+40422 20 26 37 +37 37 06
IRC+40187 7 46 47 +39 53 30 IRC+40305 17 51 40 +40 01 00 IRC+40423 20 26 43 +41 42 42
1RC+40188 7 47 57 +37 13 12 1RC+40306 17 54 31 +37 15 12 IRC+40424 20 2700 +39 49 12
IRC+40189 7 48 52 +36 17 54 IRC+40307 18 02 17 +41 21 30 IRC+40425 20 28 35 +36 41 30
IRC+40190 7 56 34 +36 13 12 IRC+40308 18 05 17 +43 26 42 1RC+40426 20 28 55 +44 45 30
1RC+40191 7 58 40 +35 32 54 IRC+40309 18 06 01 +43 27 30 IRC+40427 20 29 41 +40 29 06
IRC+40192 8 13023 +36 29 130 IRC+40310 18 06 17 +41 42 36 IRC+40428 20 29 47 +39 42 36
IRC+40193 8 11 34 +37 49 06 1RC+40311 18 06 18 +36 23 12 IRC+40429 20 30 14 +35 17 12
IRC+40194 8 17 59 +35 29 42 IRC+40312 18 06 26 +42 13 00 1RC+40430 20 30 49 +41 04 42
1RC+40195 8 19 26 -t-43 21 00 IRC+40313 18 18 05 +36 02 36 IRC+40431 20 31 07 +40 35 06
IRC+40196 8 21 20 +42 09 54 IRC+40314 18 22 15 +38 42 00 IRC+40432 20 31 50 +38 30 00
IRC+40197 8 48 37 +43 55 06 IRC+40315 18 22 16 +39 33 36 1RC+40433 20 31 57 +35 05 00
IRC+40198 8 53 57 +41 31 54 1RC+40316 18 22 29 +43 52 54 IRC+40434 20 32 14 +42 15 12
1RC+40199 8 57 21 +37 47 54 IRC+40317 18 23 46 +39 02 24 IRC+40435 20 35 03 +37 42 06
IRC+40200 8 57 23 +41 58 06 IRC+40318 18 27 26 +41 01 42 IRC+40436 20 35 39 +36 40 12
IRC+40201 9 00 37 +38 56 42 IRC+40319 18 28 50 +36 12 36 IRC+40437 20 36 58 +37 42 42
IRC+40202 9 03 22 +38 39 30 IRC+40320 18 29 10 +38 36 06 IRC+40438 20 37 15 +44 55 06
IRC+40203 9 06 38 +38 53 06 1RC+40321 18 30 35 +36 57 42 IRC+40439 20 37 43 +39 01 30
IRC+40204 9 12 35 +44 54 30 IRC+40322 18 35 13 +38 44 12 1RC+40440 20 39 24 +40 55 42
IRC+40205 9 25 30 +36 22 54 IRC+40323 18 36 28 +39 38 00 IRC+40441 20 40 39 +38 31 30
IRC+40206 9 27 43 +44 54 00 1RC+40324 18 38 20 +40 17 12 IRC+40442 20 41 36 +43 01 00
IRC+40207 9 28 30 +35 19 12 IRC+40325 18 41 06 +36 54 30 IRC+40443 20 41 46 +37 58 54
IRC+40208 9 31 10 +36 37 12 IRC+40326 18 41 36 +39 14 54 IRC+40444 20 41 59 +44 17 36
IRC+40209 9 31 58 +39 50 12 IRC+40327 18 42 24 +38 28 30 IRC+40445 20 43 07 +40 14 06
IRC-/-40210 9 46 29 +36 58 54 IRC+40328 18 43 40 +43 34 54 1RC+40446 20 43 28 +42 09 00
IRC+40211 9 47 11 +39 51 42 IRC+40329 18 51 40 +40 55 54 IRC+40447 20 44 20 +44 41 42
IRC+40212 9 49 31 +35 45 42 IRC+40330 18 51 54 +42 50 12 IRC+40448 20 44 33 +39 56 06
1RC+40213 9 51 40 +36 19 12 IRC+40331 18 52 44 .+36 49 54 IRC.+40448 20 44 33.0 .+39 56 06
IRC.+40214 10 00 26 .+41 32 30 IRC.+40332 18 52 57 .+42 27 36 IRC.+40449 20 45 02 .+39 41 30
IRC+40215 10 02 29 .+43 04 36 IRC.+40333 18 53 17 .+41 32 06 IRC.+40450 20 45 35 .+35 41 54
IRC.+40216 10 08 16 .+37 38 24 IRC.+40334 18 53 47 .+43 52 54 IRC.+40451 20 46 53 .+40 49 00
IRC.+40217 I0 14 20 .+41 43 00 IRC.+40335 18 57 45 .+41 33 36 IRC.+40452 20 47 14 .+38 22 42
IRC.+40218 10 19 21 .+41 45 06 IRC.+40336 18 58 41 .+40 37 06 IRC.+40453 20 47 53 +38 21 54
IRC+40219 10 24 59 +36 57 30 IRC+40337 19 02 23 .+40 02 30 IRC.+40454 20 48 10 .+37 18 54
IRC4-40220 I0 45 46 .+36 33 36 IRC+40338 19 06 32 .+39 04 36 IRC+40455 20 48 38 -t-36 52 42
IRC.+40221 10 56 46 .+36 21 30 IRC.+40339 19 I0 40 .+41 10 12 IRC.+40456 20 48 49 .+39 38 12
IRC+40222 11 06 34 +36 35 00 IRC+40340 119 13 19 +40 17 30 IRC+40457 20 51 23 4-39 15 12
1RC+40223 11 06 50 +43 28 30 IRC.+40341 19 14 36 .+38 02 42 IRC.+40458 20 56 06 .+44 35 30
IRC.40224 I1 06 52 .+44 46 00 1RC+40342 19 15 28 +38 56 12 IRC+40459 20 57 23 .+36 33 30
IRC.+40225 11 20 06 .+43 45 06 IRC.+40343 19 15 50 .+37 31 30 IRC.+40460 21 00 02 .+40 15 06
IRC.+40226 11 32 51 .+35 08 24 IRC+40344 19 18 10 .+40 41 42 IRC.+40461 21 00 05 .+35 07 06
IRC.+40227 11 43 02 +36 10 12 IRC+40345 19 18 22 .+37 47 06 IRC.+40462 21 00 21 .+44 12 36
IRC.+40228 11 44 37 .+43 44 42 IRC.+40346 19 23 10 .+35 55 36 IRC.+40463 21 03 26 .+39 18 30
IRC+40229 11 52 03 +37 25 12 IRC+40347 19 24 10 +36 05 12 IRC+40464 21 0035 +44 35 36
1RC.+40230 11 52 40 .+37 01 36 IRC+40348 19 29 40 .+43 31 42 IRC+40465 21 02 19 +37 38 42
IRC+40231 12 12 07 +39 37 00 IRC+40349 19 31 07 +36 43 54 IRC.+40466 21 02 43 +37 04 36
IRC+40232 12 13 38 +40 56 24 IRC+40350 19 31 14 +43 19 12 1RC.+40467 21 02 44 +42 14 24
IRC+40233 12 21 25 +40 59 30 IRC.+40351 19 31 32 +43 34 30 IRC+40468 21 03 05 .+43 43 36
IRC.+40234 12 23 23 +39 17 06 IRC+40352 19 35 34 .+43 07 06 IRC.+40469 21 04 44 .+38 31 06
IRC.+40235 12 29 32 .+43 44 54 IRC.+40353 19 37 03 .+37 53 30 IRC.+40470 21 05 01 .+37 35 06
1RC.+40236 12 31 21 .+41 37 42 IRC.+40354 19 37 48 .+43 08 30 IRC.+40471 21 05 10 .+38 22 00

IRC.+40237 12 41 10 .+41 31 54 IRC.+40355 19 38 29 .+43 47 00 IRC.+40472 21 08 24 .+39 28 24
1RC.+40238 12 44 57 .+38 38 24 IRC.+40356 19 39 05 .+42 57 30 IRC.+40473 21 08 58 .+43 59 12
IRC+40239 12 53 41 .+38 35 06 IRC.+40357 19 39 10 +36 36 36 1RC.+40474 21 09 41 .+39 49 54
IRC.+40240 13 01 37 .+43 16 36 IRC.+40358 19 39 51 +40 02 36 IRC.+40475 21 12 47 .+37 49 54
IRC+40241 13 11 19 .+37 09 12 IRC+40359 19 4005 .+42 05 36 IRC.+40476 21 1449 .+36 37 36
IRC.+40242 13 11 28 .+40 25 06 IRC.+40360 19 42 04 .+41 38 42 1RC.+40477 21 14 57 .+40 50 54
IRC.+40243 13 12 58 .+42 31 36 1RC.+40361 19 42 28 .+37 13 54 1RC.+40478 21 20 35 .+42 10 30
IRC.+40244 13 18 04 .+40 24 54 IRC+40362 19 43 07 .+40 36 06 IRC.+40479 21 20 53 .+40 43 12
IRC+40245 13 21 38 .+37 17 24 IRC.+40363 19 43 46 .+42 24 36 IRC.+40480 21 21 06 .+35 01 54
IRC.+40246 13 29 04 .+36 44 42 IRC.+40364 19 48 47 .+38 35 42 IRC.+40481 21 24 11 .+39 58 30
1RC.+40247 13 35 30 +42 27 12 IRC.+40365 19 48 59 .+37 41 54 IRC+40482 21 24 12 .+35 37 36
IRC.+40248 13 46 49 +39 47 36 IRC.+40366 19 50 25 .+36 18 30 IRC.+40483 21 25 23 .+36 29 00
IRC.+40249 13 49 39 +39 55 00 IRC.+40367 19 54 52 .+40 16 130 IRC.+40484 21 31 20 .+43 41 36
1RC.+40250 13 51 02 .+40 35 12 IRC.+40368 19 55 36 +44 07 54 IRC+40485 21 32 05 .+38 51 00
1RC.+40251 13 57 25 .+37 26 24 IRC+40369 19 56 29 .+42 23 06 IRC+40486 21 32 45 +38 18 06
IRC+40252 13 58 13 +38 06 12 IRC+40370 19 58 38 .+36 59 24 IRC+40487 21 37 37 +44 57 24
IRC.+40253 14 05 55 .+44 05 !30 IRC.+40371 19 58 39 .+36 38 12 1RC.+40488 21 38 13 .+43 02 42
IRC.+40254 14 12 04 +35 50 00 IRC+40372 19 58 50 +40 02 42 IRC+40489 21 39 56 +35 17 12
IRC+40255 14 15 52 .+35 44 42 IRC.+40373 19 59 43 +43 04 30 IRC.+40490 21 41 06 +40 55 24
IRC.+40256 14 1947 .+44 13 06 1RC.+40374 20 0002 .+44 35 42 IRC.+40491 21 41 11 .+37 46 54
1RC.+40257 14 27 44 +39 05 00 IRC+40375 20 00 08 .+43 58 42 IRC.+40492 21 42 46 .+43 11 30
IRC.+40258 ' 14 30 05 +38 31 42 IRC.+40376 20 01 41 .+35 48 30 IRC.+40493 21 44 40 .+37 25 24
IRC+40259 ] 14 32 37 +36 50 06 IRC+40377 20 01 52 +35 11 130 IRC+40494 21 45 59 +36 21 00
IRC+40260 I 14 36 17 +43 51 00 IRC.+40378 20 01 59 .+44 34 24 IRC./-40495 21 46 08 +42 06 24
IRC+40261 14 41 48 +40 40 30 IRC+40379 20 02 37 +40 18 06 IRC+40496 21 46 41 +44 00 42
IRC+40262 14 48 31 +37 28 42 IRC+40380 20 02 38 +36 40 12 IRC+40497 21 46 47 +39 42 54
IRC+40263 15 00 04 +40 35 06 IRC+40381 20 03 20 +44 40 24 IRC+40498 21 55 09 +39 40 54
1RC.+40264 15 12 21 .+42 21 06 IRC.+40382 20 03 33 +41 25 00 IRC.+40499 21 56 52 .+35 22 30
IRC+40265 15 15 19 +36 32 36 1RC.+40383 20 05 37 +36 25 130 1RC+40500 22 0003 +36 45 00
IRC+40266 ]5 20 45 .+39 45 30 IRC.+40384 20 06 05 .+41 30 42 IRC.+40501 22 03 29 +35 06 00
IRC.+40267 15 29 06 .+41 00 12 IRC.+40385 20 06 19 .+36 31 36 IRC.+40502 22 03 59 .+44 46 24
IRC.+40268 15 33 23 .+39 10 30 1RC.+40386 20 06 22 .+41 45 30 1RC.+40503 22 05 20 .+37 29 54
IRC.+40269 15 34 34 +37 32 30 IRC.+40387 20 06 53 .+36 00 06 IRC.+40504 22 09 37 .+38 10 00
IRC.+40270 15 37 47 +42 51 12 IRC.+40388 20 07 19 .+36 47 00 IRC.+40505 22 10 29 .+38 18 42
IRC.+40271 15 39 35 .+38 42 54 IRC+40389 20 08 01 +41 21 24 IRC.+40506 22 11 43 .+39 28 12
IRC.+40272 15 44 53 .+38 28 24 IRC.+40390 ,20 08 14 .+36 07 24 IRC.+40507 22 13 48 .+37 30 06
IRC.+40273 15 47 43 .+39 43 12 IRC.+40391 20 08 31 .+35 47 54 IRC+40508 22 22 13 .+36 05 24
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NAME RA (1950) DEC POSRE_ NAME RA (1950) DEC POSREF NAME RA (1950) DEC ?OSREF
I

IRC+40509 122h24m48' +44°30_ IRC+50079 2h53ml7' +51"04' 30 IRC+50196 9623m32' +49"54' 12
IRC+40510 :22 25 57 +43 51 54 IRC+50080 2 53 19 +54 26 24 IRC+50197 9 25 37 +50 15 30
IRC+40511 22 26 01 +35 18 06 IRC+50081 2 57 02 +48 25 00 IRC+50198 9 29 29 +51 53 42
IRC+40512 22 26 50 +40 04 24 IRC+50082 2 58 54 +47 54 24 IRC+50199 9 39 23 +51 29 24
IRC+4.0513 [22 28 10 +37 17 06 IRC+50083 3 00 13 +48 02 54 IRC+50200 9 40 42 +53 59 12
IRC+40514 22 33 50 +36 30 30 IRC+50084 3 01 08 +53 18 54 IRC+50201 9 46 I1 +53 47 00
IRC+40515 22 37 53 +40 24 42 IRC+50085 3 01 31 +52 26 06 IRC+50202 9 53 01 +54 28 30
IRC+40516 22 38 19 +44 [30 42 IRC+50086 3 05 28 +49 25 12 IRC.+50203 10 17 34 +49 21 12
IRC+40517 22 38 46 +36 00 36 IRC+50087 3 08 59 +47 32 06 IRC+50204 10 35 59 +53 55 42
IRC+4.051g 22 39 32 +42 17 00 IRC4-500g8 3 lO 14 +47 39 O0 IKC+50205 I0 f_332 +54 51 00
IRC+40519 22 41 49 +39 12 12 IRC+50089 3 I1 25 +54 41 54 IRC+50206 10 57 23 +45 47 42
IRC+40520 22 41 51 +41 33 30 IRC+50090 3 11 48 +46 24 00 IRC+50207 I1 02 55 +54 06 54
IRC+40521 22 42 38 +38 56 06 IRC+50091 3 12 38 +50 45 42 IRC+50208 I1 04 45 +49 26 42
IRC+40522 22 47 41 +40 47 42 IRC+50092 3 12 41 +45 09 42 IRC+50209 II 06 23 +51 39 00
IRC+40523 22 49 46 +43 02 42 IRC+50093 3 15 40 +51 14 24 IRC+50210 11 21 50 +48 52 54
IRC+40524 22 50 38 +38 21 12 IRC+50094 3 17 l0 +46 30 24 IRC+50211 I1 25 08 +45 27 30
IRC+40525 22 51 04 +36 14 12 IRC+50095 3 20 44 +49 41 24 IRC+50212 II 26 00 +49 49 54
IRC+40526 22 55 07 +42 44 42 IRC+50096 3 22 59 +47 21 30 IRC+50213 11 43 26 +48 03 00
IRC+40527 22 57 56 +35 38 36 IRC+50097 3 25 38 +48 35 30 IRC+50214 11 48 13 +51 41 36
IRC+40528 23 01 21 +37 34 54 IRC+50098 3 27 01 +47 49 54 IRC+50215 I1 51 07 +53 57 54
IRC+40529 23 03 49 +36 03 42 IRC+50099 3 32 39 +52 46 06 IRC+50216 12 14 58 +53 2"130
IRC+40530 23 07 51 +39 55 42 IRC+50100 3 37 48 +51 20 54 IRC+50217 12 17 21 +49 15 30
IRC+40531 23 12 23 +40 31 36 IRC+50101 3 40 31 +48 22 12 IRC+50218 12 21 37 +51 50 24
IRC+40532 23 13 59 +36 47 36 IRC+50102 3 41 31 +48 51 00 IRC+50219 12 42 46 +45 42 42
IRC+40533 23 15 28 +40 35 06 IRC+50103 3 42 19 +53 44 54 IRC+50220 12 44 18 +47 38 42
IRC+40534 23 17 29 +41 48 36 IRC+50104 3 43 20 +52 54 42 1RC+50221 12 5t 01 .+46 55 30
IRC+40535 23 18 13 +39 20 36 IRC+50105 3 43 22 +52 31 06 IRC+50222 12 52 39 +47 28 06
IRC+40536 23 21 16 +39 27 24 IRC+50106 3 44 58 +50 42 06 IRC+50223 13 ()028 +45 39 00
IRC+40537 23 21 46 +41 20 12 IRC+50107 3 45 14 +53 01 30 IRC+50224 13 03 37 +45 31 42
IRC+40538 23 27 10 +38 22 12 IRC+50108 3 45 51 +50 55 36 IRC+50225 13 08 07 +47 18 12
IRC+40539 23 28 50 +38 57 30 IRC+50109 3 46 37 +48 34 42 IRC+50226 13 17 14 +45 47 00
IRC+40540 23 3201 +43 16 30 IRC+50110 4 II 14 +48 16 54 IRC+50227 13 2057 +47 15 42
IRC+40541 23 32 18 +37 44 42 IRC+50111 4 11 18 +53 35 12 IRC.+50228 13 28 03 +45 59 36
IRC+40542 23 38 13 +44 31 36 IRC+50112 4 11 23 +52 50 12 IRC+50229 13 35 15 +52 50 24
IRC+40543 23 39 45 +44 42 36 IRC+50113 4 II 27 +46 42 30 IRC+50230 13 35 41 +50 58 12
IRC+40544 23 42 08 +41 47 12 IRC+50114 4 11 57 +48 03 06 IRC+50231 13 38 49 +54 55 54
IRC+4.0545 23 42 34 +43 38 30 IRC+50II5 4 12 48 .+50 30 24 IRC+50232 13 45 10 +47 59 00
IRC+40546 23 49 35 +37 34 (30 IRC+50116 4 13 26 +50 45 12 IRC+50233 13 45 33 +49 33 36
IRC+40547 23 50 29 +41 04 42 IRC+50117 4 14 45 +49 44 54 IRC+50234 13 51 27 .+52 34 (30
IRC+40548 23 58 27 .+38 13 30 IRC+50118 4 1902 +47 32 .54 IRC+50235 13 56 46 +46 50 12
IRC+50O01 07 31 +54 35 54 IRC+50119 4 26 32 +45 50 42 IRC+50236 13 57 08 .+45 43 ()0
IRC+50002 09 25 +47 53 06 IRC+50120 4 29 24 +52 42 06 IRC+50237 14 06 26 +49 41 36
IRC+50003 13 28 +46 44 12 IRC+50121 4 29 47 +48 36 42 IRC+50238 14 23 30 +52 04 42
IRC+50004 14 13 +49 11 00 IRC+50122 4 30 34 .+47 08 06 IRC+50239 14 32 53 +49 35 06
IRC+SO005 18 45 +50 40 06 IRC+50123 4 32 07 +45 06 54 IRC+50240 15 04 53 +54 45 36
IRC+50006 20 31 +51 29 42 IRC.+50124 4 35 56 +52 58 54 IRC+50241 15 08 01 +53 30 24
IRC+50O07 26 14 +48 08 06 IRC+50125 4 40 26 +48 40 12 IRC+50242 15 09 59 .+50 05 30
IRC+.50008 28 5.5 +52 33 42 IRC+50126 4 44 01 +45 54 O0 IRC+50243 15 16 32 +45 48 00
IRC+50009 30 02 +50 53 24 IRC+50127 4 44 25 +47 33 06 IRC+50244 15 26 32 +53 11 00
IRC+50010 3401 +48 40 36 IRC+50128 4 46 48 +50 19 36 IRC+50245 15 37 23 +47 05 06
IRC+50011 34 34 +53 25 30 IRC+50129 4 47 11 +52 09 06 IRC+50246 15 49 18 +48 37 54
IRC+50012 34 50 +45 19 54 IRC+50130 4 50 25 +49 49 06 IRC+50247 16 (3048 +53 03 12
[RC+SOOI3 36 22 +49 04 36 IRC+50131 4 5204 +46 03 30 IRC.+50248 16 OI 08 +47 22 24
IRC+50014 43 31 +47 58 24 IRC+50132 4 54 19 +48 29 06 IRC+50249 16 05 20 +48 50 06
IRC+50015 45 19 +53 16 54 IRC+50133 4 55 46 +53 04 .54 IRC+50250 16 I1 37 +48 13 24
IRC+50016 49 53 +47 08 36 IRC+50134 4 59 29 +47 05 24 IRC+50251 16 17 47 +49 09 06
IRC+50017 5001 +49 26 06 IRC+50135 4 59 30 +50 33 36 IRC+50252 16 24 46 +47 56 00
IRC+SO018 50 38 +52 25 (30 IRC+50136 5 01 54 +53 48 42 IRC+50253 16 37 20 .+49 00 24
IRC+50019 50 40 +48 15 06 IRC+50137 5 07 19.7 +52 48 53 IRC+50254 16 41 19 +48 30 24
IRC+50020 52 13 +48 24 06 IRC+50137 5 07 20 +52 48 42 IRC+50255 16 41 50 +54 59 42
IRC.+50021 54 10 +48 25 42 IRC+50138 5 12 07 +49 29 30 IRC+50256 16 51 55 .+47 29 30
IRC+50022 57 58 +46 39 36 IRC+50139 5 12 58 +45 56 24 IRC+50257 16 52 27 +49 02 24
IRC+50023 (30 13 +52 52 00 IRC+50140 5 13 I1 +47 24 24 IRC+50258 16 53 33 +46 21 24
IRC+50024 O020 .+4.5 36 06 IRC.+50141 .5 13 16 .+53 31 30 IRC+.50259 16 .5450 +50 06 42
IRC+50025 01 08 +52 14 06 IRC+50142 5 19 27 +46 58 12 IRC+50260 16 54 59 +53 30 (30
IRC+50026 03 10 +49 35 06 IRC+50143 5 19 39 +50 11 (30 IRC+50261 16 58 36 +52 23 30
IRC+50027 04 07 +53 14 00 IRC+50144 5 23 10 +50 05 [30 IRC+50262 17 10 13 +45 23 130
IRC+50028 04 II +49 08 36 IRC+50145 5 23 46 +48 40 36 IRC+50263 17 13 02 +45 14 42
1RC+50029 04 32 +45 20 30 IRC+50146 5 24 04 +48 I1 54 IRC+50264 17 18 56 .+46 17 42
1RC+50030 08 04 +53 28 00 IRC+50147 5 31 31 +54 52 54 IRC+50265 17 20 41 +53 28 06
IRC+.50031 08 16 +45 56 00 IRC.+50148 5 32 29 .+54 24 00 IRC+50266 17 29 15 +52 20 30
IRC+50032 09 38 +45 04 00 IRC+50149 5 36 08 +46 43 42 IRC+50267 17 32 55 +53 59 30
IRC+50033 19 20 +45 16 12 IRC+50150 5 37 40 +51 38 30 IRC+50268 17 34 17 +48 51 12
IRC+50034 19 29 +51 31 24 IRC+50151 5 46 49 +47 26 30 IRC+50269 17 35 19 .+48 36 30
IRC+.50035 23 30 +.54 53 54 IRC+50152 5 .5132 +.53 27 06 IRC+50270 17 35 58 .+45 56 24
IRC+50036 25 34 +51 25 42 IRC+50153 5 53 22 .+45 30 36 IRC+50271 17 37 52 +46 11 06
IRC+50037 26 35 +46 24 12 IRC+50154 5 53 35 +48 22 36 IRC+50272 17 47 22 .+45 43 06
IRC+50038 27 02 +46 45 12 IRC+50155 5 55 26 +54 17 06 IRC+50273 17 55 22 +45 21 36
IRC+50039 30 14 +54 41 24 IRC+50156 5 56 14 +45 56 06 IRC+50274 17 55 25 +51 29 42
IRC+50040 30 32 +46 15 54 IRC+50157 5 57 53 +48 57 36 IRC+50275 17 58 17 +51 50 42
IRC+50041 34 55 +48 22 24 IRC.+50158 5 59 47 .+50 37 (30 IRC+50276 17 58 29 .+45 30 24
IRC.+50042 37 02 .+53 36 30 IRC+50159 6 06 07 +46 34 36 IRC.+50277 18 10 13 +47 38 36
IRC+50043 40 03 +48 16 12 IRC+50160 6 06 34 +47 44 36 IRC+50278 18 19 43 +50 29 54
IRC+50044 4027 .+51 16 30 IRC.+50161 6 II 14 +53 35 30 IRC.+50279 18 20 17 +49 05 36
1RC+50045 41 24 +45 53 24 IRC.+50162 6 17 34 +52 32 54 IRC+50280 18 26 25 +49 16 06
IRC+50046 47 16 +53 29 42 1RC+50163 6 20 26 .+51 05 30 IRC+50281 18 32 50 +52 19 24
IRC+50047 50 33 +53 59 54 IRC+50164 6 21 02 +49 18 54 IRC+50282 18 33 23 .+51 44 24
IRC+50048 51 33 +50 03 00 IRC.+50165 6 23 41 +46 18 (30 IRC+50283 18 39 02 +46 02 42
IRC+50049 55 35 +45 11 42 IRC+50166 6 23 43 +53 44 00 IRC.+50284 18 47 45 +47 27 30
IRC+50050 56 16 .+54 34 24 IRC+50167 6 26 20 .+46 43 00 IRC+50285 18 49 49 +46 40 42
IRC.+5(_51 56 24 +45 54 54 IRC.+50168 6 29 0.5 .+46 56 30 1RC+50286 18 51 89 +50 38 30
IRC.+50052 59 46 +54 59 36 IRC+50169 6 29 35 .+47 14 36 IRC.+50287 18 59 34 +46 25 24
IRC+50053 00 54 .+49 28 24 IRC+50170 6 31 55 .+45 39 54 IRC.+50288 19 07 17 +52 20 30
IRC+50054 05 23 +51 34 12 IRC+50171 6 34 08 +51 14 54 IRC+50289 19 I1 47 +46 53 54
1RC+50055 07 46 .+48 42 54 IRC+50172 6 43 50 +48 50 30 IRC.+50290 19 14 45 .+50 04 12
IRC+50056 10 11 .+52 49 30 IRC.+50173 6 53 22 .+47 39 54 IRC+50291 19 15 58 .+53 16 42
1RC+50057 14 04 +48 15 00 IRC+50174 7 08 08 +49 52 12 IRC+50292 19 16 16 +51 15 (30
IRC+50058 15 51 +51 02 06 IRC+50175 7 09 29 +51 30 42 IRC+50293 19 18 05 +48 52 42
IRC+50059 21 04 +49 47 42 IRC+50176 7 10 43 .+46 30 12 IRC+50294 19 23 14 .+50 08 42
IRC.+50060 22 15 +50 03 42 IRC+50177 7 14 29 .+48 36 42 IRC.+50295 19 27 20 .+45 56 12
IRC+50061 23 28 +51 53 54 IRC+50178 7 20 45 +47 16 36 IRC+50296 19 28 35 +48 53 42
IRC+50062 25 03 +51 03 24 IRC+50179 7 21 05 +.51 58 54 IRC+50297 19 28 44 +46 02 42
IRC+50063 25 21 +48 17 30 IRC+50180 7 24 34 +46 06 30 IRC+50298 19 29 10 +50 31 12
IRC+50064 25 23 +47 39 24 IRC+50181 7 24 59 +48 01 24 IRC+50299 19 29 59 +50 11 54
IRC+50065 27 07 +47 38 30 IRC+50182 7 27 19 +50 09 06 IRC+50300 19 32 19 +49 09 12
IRC+50066 28 43 +49 58 06 IRC+50183 7 30 31 .+46 15 42 IRC+50301 19 35 26 +50 05 06
IRC+50067 28 59 .+54 04 54 IRC+50184 7 32 56 +46 17 54 IRC.+50302 19 36 09 +48 40 42
IRC+50068 30 16 +45 26 06 IRC+50185 - 7 42 25 +51 08 54 IRC+50303 19 36 25 +54 50 06
IRC+50069 32 38 .+53 16 06 IRC+50186 7 51 03 .+47 41 06 IRC+50304 19 39 28 .+48 40 42
IRC.+50070 34 47 .+50 17 24 IRC+50187 8 02 09 +51 49 54 IRC+50305 19 39 59 .+47 12 42
IRC.+50071 36 49 +51 55 54 IRC+50188 8 09 57 +47 24 06 IRC+50306 19 42 12 +48 39 42
IRC+50072 40 48 .+49 01 24 IRC+50189 8 12 37 +46 56 54 IRC+50307 19 42 25 +50 56 36
IRC.+50073 43 .55 +45 51 (30 IRC+50190 8 14 27 +54 17 36 IRC+50308 19 43 21 .45 00 30
IRC+50074 44 17 .+52 06'54 1RC.+50191 8 21 54 .+52 26 30 IRC+50309 19 45 59 +47 46 42
IRC.+50075 47 19 +51 52 30 IRC+50192 8 33 07 +49 32 42 IRC+50310 19 49 22 +52 51 12
IRC.+50076 48 52 +53 48 24 IRC+50193 8 37 35 .+46 00 12 IRC.+50311 19 52 19 +49 27 42
IRC.+50077 50 41 +52 33 36 IRC+50194 8 55 49 +48 14 06 IRC+50312 19 58 34 .+52 00 42
IRC+50078 51 41 +46 35 12 IRC+50195 9 18 26 +53 51 00 IRC+50313 19 59 56 .+49 57 54
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_,_E _ a_so) DEC _S _ _ t_ (19so)DECPOSREF N,.ME SA a9so) DEC POSREF

IRC+50314 20h00_01' +49"56 06 IRC+50432 22h26_43' +49"52' 30 IRC+60066 47_40' +64"36 30

1RC+50315 i20 03 46 +51 41 36 IRC+50433 22 27 26 +47 27 12 IRC+60067 50 32 +59 54 36IRC+50316 20 07 58 +47 43 IRC+50434 22 27 44 +45 34 54 IRC+60068 52 49 +61 57 24
IRC+50317 i20 09 I1 +52 13 30 IRC+50435 22 3025 +52 57 54 IRC+60069 5308 +59 01 06
IRC+50318 20 II 20 +49 18 (30 IRC+50436 22 32 27 +46 42 30 IRC+6O070 54 56 .+59 Ol 12
IRC+50319 20 11 40 +48 41 36 IRC+50437 22 34 08 +47 59 54 IRC+60071 57 50 +63 54 (30
IRC.+50320 20 1202 +46 35 24 IRC+50438 22 3450 +52 21 54 IRC+60072 5825 +61 39 54
IRC+50321 20 13 57 +54 (30 (30 IRC+50439 22 37 31 .+46 48 24 IRC.+60073 04 41 +59 01 30
IRC+50322 20 13 57 .+47 33 42 1RC+50440 22 38 35 +49 44 30 IRC+60074 06 49 +56 19 24
IRC+50323 20 14 53 +51 02 36 IRC+50441 22 40 19 +53 38 30 IRC+60075 08 40 .+63 56 06
IRC+50324 20 18 01 +47 44 12 IRC+50442 22 42 07 +49 08 24 IRC+60076 12 08 +63 (30 42
IRC+50325 20 19 13 +53 25 36 IRC+50443 22 42 43 +52 15 30 IRC+60077 14 22 +63 38 36
IRC+50326 20 21 13 +51 51 12 IRC+50444 43 05 +46 56 30 IRC+60078 15 22 +57 11 54

20 21 38 +48 40 00
22

IRC+S0327 IRC+504.45 22 44 10 +45 57 24 IRC+60079 15 43 .+58 43 36
IRC+50328 20 22 15 +50 01 36 IRC+50446 22 45 39 +54 54 00 IRC+60080 15 43 +63 56 00
IRC+50329 20 25 50 +53 40 12 IRC+50447 22 46 O! +49 19 00 IRC+60081 16 45 +59 26 42
IRC+50330 20 26 59 +48 45 (30 IRC+50448 22 49 26 +52 04 36 IRC+60082 16 57 +56 45 42
1RC+50331 20 29 48 +49 03 06 IRC+50449 22 49 50 ,+50 42 24 IRC+60083 l? 35 +56 56 12

IRC+50332 20 31 17 +54 46 42 IRC+50450 22 50 28 +50 26 (30 IRC+60084 18 01 +60 40 361RC+50333 20 31 43 +54 17 IRC+50451 22 53 04 +54 55 12 IRC+60085 18 05 +57 38 (30
IRC+50334 20 32 03 +46 49 00 IRC+50452 22 $4 14 .+49 27 42 IRC.+60086 18 35 +56 22 42
IRC.+50335 20 36 08 +51 24 36 IRC+50453 22 56 59 ,+52 22 54 IRC+60087 18 56 .+56 52 24
IRC+50336 20 37 38 ,+53 21 (30 IRC+50454 22 58 38 ,+46 14 42 IRC+60088 19 16 ,+58 21 30
IKC+50337 20 39 35 `+45 06 12 IRC,+50455 22 59 31 ,+45 37 12 IRC.+60089 19 45 +56 59 00
IRC+50338 20 39 41 +47 57 12 IRC+50456 22 59 37 +50 35 42 IRC,+60090 21 46 ,+57 13 00
IRC+50339 20 44 00 +46 01 IX) IRC+50457 23 01 55 +49 47 06 IRC+60091 23 45 +60 27 54
IRC,+50340 20 45 06 +45 52 06 IRC`+50458 23 05 19 `+46 07 30 IRC+60092 31 43 +64 56 36

IRC`+50341 20 45 37 +45 23 _ IRC`+50459 23 09 16 +52 36 54 IRC+60093 34 48 ,+56 49 36IRC,+50342 20 46 10 +47 39 IRC+50460 23 09 21 `+48 44 (30 IRC`+60094 36 03 +59 23 00
IRC,+50343 20 47 49 +50 20 36 1RC+50461 23 15 07 +50 33 24 IRC,+60095 42 43 +62 48 06
IRC,+50344 20 47 58 ,+50 35 24 IRC+50462 23 15 28 ,+48 44 00 IRC+60096 46 08 ,+60 49 36
IRC,+50345 20 48 05 +49 56 24 IRC+50463 23 17 21 `+48 23 00 IRC,+60(Y:)7 46 53 .+56 46 54
IRC+50346 20 48 34 ,+45 13 54 IRC+50464 23 23 16 `+52 42 00 IRC+60098 47 (30 .+60 32 42
IRC+50347 20 50 10 `+47 10 06 IRC+50465 23 26 59 `+50 57 (30 IRC`+60099 47 02 `+55 41 12
IRC+50348 20 50 28 +51 06 12 1RC+50466 23 27 11 `+51 24 30 IRC+60100 47 19 +57 39 06
IRC+50349 20 50 37 +46 35 00 IRC`+50467 23 27 42 `+48 51 24 IRC`+60101 47 19 ,+59 01 24
1RC,+50350 20 51 08 ,+49 40 36 IRC.+50468 23 30 32 ,+45 51 00 IRC+60102 47 22 +63 13 24
IRC,+50351 20 56 15 ,+46 16 36 IRC+50469 23 33 21 .+50 59 0(3 IRC+60103 51 38 ,+60 01 54
IRC+50352 20 56 46 ,+47 27 30 IRC+50470 23 34 56 `+46 50 CO IRC+60104 52 19 .+64 07 54
IRC,+50353 20 59 10 "+45 11 24 1RC`+50471 23 35 10 `+46 11 00 IRC+60105 52 31 .+62 24 24
IRC+50354 20 59 31 `+49 56 24 IRC,+50472 23 35 13 ,+45 49 30 IRC+60106 53 07 +57 21 12
1RC+50355 21 00 54 ,+47 49 42 IRC,+50473 23 35 19 ,+51 57 42 IRC+60107 55 18 ,+62 54 06
IRC+50356 21 01 16 ,+46 17 54 1RC,+50474 23 36 37 ,+51 58 36 IRC,+60108 56 01 ,+57 28 30
IRC,+50357 21 03 34 ,+51 36 42 IRC,+50475 23 37 23 ,+45 09 36 IRC+60109 0! 46 ,+56 31 36

IRC,+50358 21 03 50 +45 48 12 1RC,+50476 23 37 54 ,+51 04_30 IRC,+60110 03 07 ,+55 32 06IRC,+50359 21 04 53 ,+47 27 00 IRC+50477 23 43 35 ,+46 36 IKC+60111 03 39 ,+60 18 24
IRC+50360 21 05 45 ,+53 12 0030 IRC,+50478 23 43 55 ,+54 12 54 IRC+60112 04 1! ,+58 50 54
IRC.5036! 21 0828 +48 30 54 IRC+50479 23 48 19 `+47 13 42 IRC`+b0JI3 0729 ,+57 43 06
IRC.+50362 21 08 39 ,+52 38 36 IRC,+50480 23 48 42 .+48 41 54 IRC,+60114 08 43 ,+55 58 00
IRC,+50363 21 08 42 +47 26 54 1RC`+50481 23 51 09 `+53 18 24 IRC+60115 09 29 `+55 31 (30
IRC,+50364 21 11 21 ,+50 25 06 IRC+50482 23 51 49 ,+53 03 30 IRC+60116 12 32 +64 34 36
IRC,+50365 21 I1 24 +50 13 30 IRC,+50483 23 52 50 +48 21 12 IRC+60117 20 16 `+64 24 30
IRC`+50366 21 13 37 `+46 12 12 IRC-[-50484 23 55 53 ,+51 06 36 IRC+60118 20 24 +56 03 06
1RC,+50367 21 14 14 +53 49 12 IRC`+60001 00 44 `+55 24 24 IRC+60119 22 25 +55 57 54
IRC+50368 21 15 14 `+49 46 12 IRC-l-60002 01 40 `+64 52 06 IRC+60120 25 54 +58 41 42
1RC+50369 21 15 33 ,+45 29 54 IRe,+60003 03 36 ,+60 47 06 IRC.+60121 26 23 .+55 12 24
IRC+50370 21 15 47 ,+45 51 42 IRC+60004 06 32 ,+58 52 06 IRC+60122 31 43 +63 05 30
IRC+50371 21 16 59 -I-49 52 24 IRC+60005 06 47 `+63 40 12 IRC`+60123 37 03 `+61 40 12
IRC`+50372 21 17 43 ,+50 35 42 IRC,+60006 09 25 +60 59 30 IRC`+60124 37 31 +62 29 54
IRC`+50373 21 18 08 ,+48 55 12 IRC+60007 17 59 ,+61 35 54 IRC+60125 37 45 ,+63 03 36
IRC+50374 21 18 36 +49 08 12 IRC,+60008 18 37 ,+59 40 0030 IRC+60126 38 29 +59 49 (30
IRC,+50375 21 1941 ,+47 57 (30 1RC+60009 2028 ,+55 30 12 IRC+60127 41 40 +63 11 12
IRC+50376 21 21 52 ,+52 19 00 IRC,+60010 22 59 ,+57 41 12 IRC+60128 43 59 +59 25 54
IRC+50377 21 23 01 `+48 48 30 IRC`+60011 33 20 `+62 24 54 IRC+60129 46 15 +63 33 42
IRC,+50378 21 24 42 ,+49 29 54 IRC+60012 34 05 `+62 50 42 IRC`+60130 47 51 ,+63 50 00
IRC,+50379 21 26 13 ,+45 34 (30 IRC+60013 35 06 +63 36 54 IRC+60131 49 19 +63 14 36
IRC+50380 21 27 42 ,+46 44 24 IRC,+60014 35 42 ,+60 02 36 IRC+60132 51 00 +62 05 12
IRC+50381 21 27 46 +47 08 24 IRC.+60015 36 17 `+59 24 0030 IRC,+60133 51 51 .+57 31 30
|RC+50382 21 28 58 ,+47 27 00 IRC,+60016 37 32 ,+59 13 54 IRC+60134 52 56 +60 58 00
IRC,+50383 21 31 13 +54 05 42 IRC+60017 37 36 `+56 15 30 IRC+60135 55 03 `+61 37 06
IRC`+50384 21 31 25 `+45 38 00 IRC,+60018 42 56 ,+57 46 42 IRC+60136 57 14 +55 09 42
IRC+50385 21 32 08 ,+45 22 12 IRC,+60019 46 04 ,+57 33 06 IRC,+60137 00 26 ,+55 4"/ 36
IRC,+50386 21 34 10 +45 09 12 IRC,+60020 46 12 +64 39 36 IRC+60138 01 28 ,+61 39 36
IRC,+50387 21 35 31 +50 50 36 IRC,+60021 46 13 ,+56 48 24 IRC+60139 04 58 ,+55 01 12
IRC,+50388 21 38 22 ,+45 13 36 IRC+60022 48 15 `+61 32 12 IRC+60140 13 15 ,+62 13 42
IRC,+50389 21 38 47 ,+51 31 36 IRC,+60023 48 23 ,+62 39 06 IRC+60141 17 27 .+60 36 54
IRC+50390 21 38 58 +54 05 42 IRC+60024 49 25 +59 27 24 IRC+60142 26 09 +64 20 42
IRC,+50391 21 38 59 +49 36 00 IRC+60025 51 17 ,+63 17 0(3 IRC+60143 26 29 +57 18 12
IRC+50392 21 40 13 +45 32 24 IRC+60026 51 48 +58 17 30 IRC+60144 30 49 +62 10 12
IRC+50393 21 4030 +54 35 42 IRC+60027 51 56 +58 42 12 IRC+60145 44 35 +61 25 42
IRC,+50394 21 40 30 ,+52 50 12 IRC,+60028 52 14 .+57 00 54 IRC,+60146 45 05 .+59 37 00
IRC,+50395 21 41 51 ,+45 24 12 IRC,+60029 53 I1 ,+57 43 30 IRC.+60147 47 26 +63 25 06
IRC+50396 21 42 44 ,+45 06 24 IRC,+60030 53 38 ,+58 53 54 IRC+60148 52 43 .+55 44 36
IRC,+50397 21 43 27 ,+52 02 24 IRC.+60031 53 39 .+60 27 12 IRC,+60149 52 53 .+59 02 24
IRC+50398 21 44 10 +49 42 06 IRC+60032 54 43 +58 08 06 IRC+60150 56 44 +56 06 54
IRC,+50399 21 44 53 ,+52 19 36 IRC.+60033 57 51 ,+56 20 54 IRC+60151 58 57 +60 22 12
1RC+50400 21 46 55 +52 40 (30 IRC+60034 59 35 ,+61 35 30 IRC+60152 Ol 56 +61 06 24
IRC+50401 21 47 30 ,+52 I1 12 IRC+60035 00 10 ,+62 48 54 IRC+60153 01 58 +56 34 30
IRC,+50402 21 49 10 +46 22 06 IRC,+60036 00 31 ,+58 38 24 IRC+60154 15 05 +63 12 54
IRC,+50403 21 50 03 ,+54 51 42 IRC+60037 02 II +62 06 00 IRC,+60155 15 38 +62 36 06
1RC,+50404 21 5003 ,+48 12 06 IRC+60038 04 43 ,+62 22 54 IRC.+60156 19 12 +60 40 12
IRC+50405 21 53 02 `+51 14 30 IRC`+60039 05 09 ,+63 18 06 IRC+60157 25 26 ,+63 01 30
1RC+50406 21 53 05 ,+49 56 00 IRC.+60040 07 08 +62 15 DO IRC+60158 41 19 +64 45 00
IRC+50407 21 53 12 ,+47 59 30 IRC+60041 I0 32 ,+62 41 30 IRC+60159 49 02 +63 (3O06
IRC,+50408 21 53 21 .+_4 14 42 IRC+60042 14 32 +59 02 36 IRC+60160 50 09 +64 58 24
IRC,+50409 21 53 22 ,+50 15 30 IRC,+60043 15 04 .+57 32 36 IRC,+60161 02 11 .+60 30 24
IRC+50410 21 53 55 ,+52 17 06 IRC,+60044 16 18 +56 04 00 IRC`+60162 05 37 +58 55 54
IRC+50411 21 5605 +52 38 36 IRC+60045 1648 +57 15 42 IRC+60163 0645 +60 27 42
IRC+50412 21 56 35 ,+54 19 36 IRC,+60046 16 48 ,+57 59 42 IRC,+60164 11 16 +60 00 54
IRC+50413 21 57 37 ,+48 17 42 IRC+60047 16 54 +63 45 42 IRC+60165 12 I0 ,+56 45 24
IRC,+50414 21 59 14 +48 17 12 IRC,+60048 21 47 .+60 48 30 IRC+60166 13 19 +61 32 (30
IRC,+50415 21 59 58 +48 29 06 1RC+60049 22 II ,+57 22 54 IRC+60167 22 29 ,+58 26 06
IRC,+50416 22 (3030 ,+54 28 12 IRC,+60050 22 33 ,+59 58 30 IRC,+60168 25 02 .+6/ 34 36
1RC+50417 22 03 17 +46 30 12 IRC+60051 2605 +61 30 06 IRC+60169 3002 +60 58 54
IRC+50418 22 04 44 ,+48 13 (30 IRC,+60052 26 07 ,+64 47 12 IRC+60170 3024 +55 24 (30
IRC+50419 22 05 37 +47 29 42 IRC+60053 28 34 +62 04 24 IRC+60171 30 26 +64 07 54
IRC+50420 22 05 42 +50 43 42 IRC+60054 30 09 -I-61 18 36 IRC+60172 36 21 +59 54 54
1RC,+50421 22 06 16 +49 32 30 IRC+60055 30 16 ,+58 03 42 IRC+60173 38 47 +55 32 06
IRC+50422 22 10 59 ,+49 07 30 IRC+60056 30 16 .+57 29 30 IRC+60174 40 12 +56 58 42
IRC+50423 22 I1 16 .+53 22 42 IRC+60057 30 37 ,+58 58 36 IRC+60175 40 14 +57 58 12
IRC,+50424 22 14 57 ,+49 50 42 IRC+60058 34 25 .+62 31 54 1RC.+60176 49 I1 ,+61 04 42
IRC.+50425 22 18 40 +49 08 12 IRC.+60059 34 53 +57 43 42 IRC+60177 6 52 56 +57 37 30
IRC+50426 22 19 14 +51 04 24 IRC+6_60 36 32 +60 39 24 IRC+60178 6 53 03 +58 28 06
IRC+50427 22 19 21 +45 23 54 IRC+60061 39 49 +56 15 24 IKC+60179 6 57 14 +55 24 24
IRC+50428 22 21 36 +51 58 36 IRC+60062 40 17 +58 33 00 IRC,+60180 7 03 49 +61 19 24
IRC+50429 22 23 04 +51 00 54 IRC+60063 42 36 +60 45 00 1RC-1-60181 7 I1 32 +59 43 06
IRC+50430 22 24 53 +45 09 06 IRC+60064 43 37 +60 07 36 1RC+60182 7 18 09 +55 54 42
IRC+50431 22 25 35 +52 59 36 IRC+60065 43 41 +62 19 06 1RC+60183 7 36 47 +57 11 54

B45



NAME RA _|9._0)DEC POSRE NAME RA [1951})DEC POSR] NAME RA 0950) DEC POS REF

IRC+60184 7h51_€+57"2d5_ mc+60302 20"58%'+59"14'2_ IRC+_20 23"42_25'+56"n'o_
XRC+60185 S0320+605154 mc+60303 210056+593100 IR¢+_421 234344+601100
1RC+60186 8 06 01 +58 24 06 IRC+60304 21 06 53 +58 33 42 IRC+60422 23 44 35 +57 10 12
IRC+60187 8 26 10 +60 53 36 IRC+60305 21 11 30 +59 53 42 IRC+60423 23 44 38 +58 22 06
IRC+60188 8 35 55 +64 29 54 IRC+60306 21 12 40 +61 39 24 IRC+60424 23 45 46 +60 45 42
IRC+60189 8 57 03 +62 44 54 IRC+60307 21 13 08 +56 41 06 IRC+60425 23 47 43 +60 49 24
IRC+60190 9 01 20 +60 29 06 IRC+60308 21 15 44 +55 35 12 IRC+60426 23 48 11 +61 36 06
IRC+60191 9 01 55 +64 58 30 1RC+60309 2t 16 47 +55 03 24 IRC+60427 23 49 39 +61 32 06
IRC+60192 9 12 08 +56 57 12 IRC+60310 21 17 15 +62 22 54 IRC+60428 23 50 26 +60 43 36
IRC+60193 9 18 04 +56 54 42 IRC+60311 21 17 19 4460 58 36 IRC+60429 23 51 52 +57 13 06
IRC+60194 9 21 44 +64 09 00 IRC+60312 21 17 20 4463 20 54 IRC4460430 23 54 46 4460 45 06
IRC+60195 9 27 38 +63 17 00 IRC+60313 21 17 53 +58 24 42 IRC+60431 23 55 26 +56 12 36
IRC+60196 9 35 24 4458 45 00 IRC+60314 21 18 02 +62 12 06 1RC+60432 23 57 43 +60 04 36
IRC+60197 9 42 56 +57 21 36 IRC+60315 21 18 10 +55 14 30 IRC+60433 23 58 43 4460 04 30
IRC+60198 9 47 25 4459 15 24 IRC+60316 21 19 02 4456 09 54 IRC+60434 23 59 41 4460 25 42
IRC+60199 9 5626 +57 03 24 IRC+60317 21 2425 +62 21 36 IRC+70001 0 0001 +73 45 06
IRC+60200 10 05 29 +64 11 36 IRC+60318 21 26 01 .59 31 54 IRC+70002 0 01 17 4466 26 12
IRC+60201 I0 I0 58 +59 38 54 IRC+60319 21 28 53 +64 03 54 1RC+70003 0 03 34 +69 46 36
IRC+60202 10 11 17 +56 36 00 IRC+60320 21 29 16 +61 29 42 IRC4470004 0 07 58 +71 01 12
IRC+60203 10 11 41 +60 13 54 IRC4460321 21 33 50 4460 41 06 IRC+70005 0 I1 21 4473 06 54
IRC+60204 10 43 18 +57 37 54 IRC+60322 21 38 43 +59 22 12 IRC+70006 0 12 19 +66 20 54
IRC+60205 10 48 13 4459 34 36 IRC+60323 21 40 57 4464 30 24 IRC4470007 0 15 05 4474 19 30
IRC+60206 10 58 49 +56 38 42 IRC+60324 21 41 16 +61 31 42 IRC+70008 0 22 13 +69 51 54
IRC+60207 I0 59 13 4458 56 00 IRC+60325 21 41 56 +58 32 36 IRC+70009 0 32 29 +70 14 36
IRC+60208 11 00 37 +62 01 12 IRC+60326 21 43 59 +60 53 12 IRC4470010 0 32 40 +67 39 06
IRC+60209 I1 18 08 4455 06 00 IRC+60327 21 44 41 +57 49 24 IRC+70011 0 35 25 4468 18 06
IRC+60210 11 34 35 +62 27 24 IRC+60328 21 45 38 4464 22 00 IRC4470012 0 42 50 +68 54 36
IRC+60211 II 38 59 +55 26 36 IRC+60329 21 45 55 +60 27 42 IRC+70013 0 50 02 4469 41 24
IRC+60212 I1 44 14 +55 54 24 IRC+60330 21 47 47 4461 02 24 IRC+70014 0 50 47 +73 52 06
IRC+60213 11 53 55 +58 08 42 IRC+60331 21 50 52 +55 44 54 IRC+70015 0 54 46 +67 25 36
IRC+60214 12 09 16 4457 20 00 IRC+60332 21 53 52 +61 18 36 IRC+70016 01 04 4474 34 30
IRC+60215 12 18 08 +61 35 12 IRC+60333 21 55 11 4463 23 12 IRC+70017 03 14 +65 31 42
IRC+60216 12 18 25 +58 08 12 IRC+60334 21 56 20 +56 30 54 IRC+70018 07 07 4465 51 00
IRC+60217 12 2240 +57 02 54 IRC+60335 21 5720 +62 27 54 IRC+70019 1002 +67 32 36
IRC+60218 12 25 I1 +55 59 06 IRC+60336 21 58 12 +57 07 36 IRC+70020 11 51 4466 24 12
IRC4460219 12 3407 +59 46 12 IRC+60337 22 0008 +56 44 12 1RC4470021 1224 4471 28 54
IRC4460220 12 38 02 4456 07 24 IRC+60338 22 02 23 +62 52 30 IRC+70022 12 27 +69 59 54
IRC+60221 12 49 I1 +57 59 54 IRC+60339 122 03 28 +62 32 30 1RC+70023 13 01 4474 55 54
IRC4460222 12 51 50 4456 13 42 IRC4460340 22 03 41 4462 49 54 IRC4470024 15 53 +72 21 24
IRC+60223 13 09 57 4456 38 54 IRC+60341 22 03 52 4462 15 42 IRC+70025 17 38 +67 10 06
IRC+60224 13 21 52 +55 11 06 IRC+60342 22 04 49 +59 14 42 IRC+70026 18 40 4466 35 00
IRC4460225 13 48 11 4455 06 54 IRC+60343 22 06 53 4459 18 36 IRC+70027 22 25 +67 52 24
IRC+60226 13 49 54 +64 57 42 IRC+60344 22 09 05 +57 57 12 IRC+70028 24 08 +65 49 12
IRC4460227 14 12 07 4458 20 30 IRC+60345 22 09 43 +56 47 42 IRC+70029 31 15 +65 32 54
IRC+60228 14 30 57 +55 37 00 1RC+60346 22 10 23 +60 30 30 IRC+70030 35 28 +65 15 42
IRC4460229 14 40 50 +55 01 06 IRC+60347 22 10 49 4463 02 42 IRC4470031 50 23 4468 56 00
IRC+60230 14 42 35 +56 18 42 1RC+60348 22 12 14 +57 45 42 IRC+70032 52 25 +69 57 30
IRC+60231 14 50 11 +59 30 00 IRC+60349 22 16 30 +62 34 12 IRC4470033 58 23 4471 03 12
IRC+60232 15 21 49 +63 30 30 IRC+60350 22 18 16 4455 47 24 IRC+70034 12 38 4467 04 24
IRC+60233 15 23 48 4459 08 12 IRC+60351 22 18 25 4461 55 30 IRC4470035 25 35 4469 01 30
IRC4460234 15 26 53 4460 50 30 IRC+60352 22 20 08 +55 03 30 IRC+70036 31 57 4467 44 54
IRC+60235 15 37 44 +57 37 24 IRC4460353 22 21 14 +55 42 36 IRC+70037 33 28 4465 31 54
IRC+60236 15 45 23 4455 37 42 IRC+60354 22 24 03 +63 04 30 IRC+70038 43 17 +71 45 36
IRC.+60237 15 47 49 +61 35 42 IRC+60355 22 26 26 4458 58 36 IRC+70039 50 16 4474 06 42
IRC+60238 16 00 55 +58 42 12 IRC+60356 22 27 19 +58 08 54 IRC+70040 08 52 4474 03 24
IRC+60239 16 02 16 4459 32 36 IRC+60357 22 28 17 +56 45 06 1RC+70041 09 50 +65 21 24

IRC+60240 116 07 23 +62 22 _ IRC+60358 22 30 37 +58 21 36 IRC+70042 19 34 +74 50 06IRC+60241 '16 1624 +59 52 IRC+60359 22 3040 +55 10 54 IRC+70043 2505 +71 41 30
IRC+60242 16 23 19 +61 37 30 IRC+60360 22 31 39 +56 22 42 IRC+70044 28 05 +70 40 12
IRC+60243 16 34 17 4460 34 12 IRC+60361 22 31 43 4458 38 06 IRC+70045 34 42 4465 03 42
IRC+60244 16 36 24 +63 10 30 IRC+60362 22 34 34 +58 09 36 IRC+70046 44 52 4465 22 24
IRC+60245 16 36 59 +56 06 54 1RC+60363 22 36 41 4456 32 06 IRC+70047 46 13 +67 28 24
IRC+60246 16 40 36 +64 40 30 IRC+60364 22 41 16 +59 29 30 IRC+70048 50 19 4469 24 42
IRC+60247 16 46 45 +63 36 12 IRC+60365 22 42 18 +61 28 00 1RC+70049 01 05 +68 32 54
IRC+60248 16 47 24 +57 54 24 IRC+60366 22 45 51 +61 00 24 IRC+70050 05 17 4468 34 00
IRC+60249 17 08 05 +64 22 42 IRC+60367 22 47 14 +59 02 42 IRC+70051 08 40 +74 46 12
IRC+60250 17 12 04 +57 55 06 1RC+60368 22 47 41 +55 38 30 IRC+70052 09 27 +66 25 30
IRC+60251 17 36 13 +57 45 36 IRC+60369 22 47 55 4459 23 30 IRC4470053 24 40 +69 15 54
IRC4460252 17 40 18 +62 34 12 IRC+60370 22 48 06 4460 01 42 IRC4470054 35 08 4466 03 12
IRC+60253 17 52 44 +56 54 12 IRC+60371 22 48 58 +63 59 00 IRC4470055 4 45 59 +68 05 00
IRC+60254 17 52 54 +57 05 30 1RC+60372 22 48 59 +61 30 36 IRC+70056 4 48 43 +74 13 00
IRC+60255 17 55 39 +58 13 36 IRC+60373 22 51 04 +59 50 12 IRC+70057 4 56 02 +74 11 36
IRC+60256 18 04 36 4462 38 42 IRC+60374 22 51 19 4461 01 12 IRC4470058 4 58 04 4473 41 42
IRC+60257 18 26 46 +58 26 12 IRC+60375 22 52 31 +60 33 12 IRC4470059 5 05 25 +68 36 24
IRC+60258 18 40 14 +56 44 12 IRC+60376 22 54 01 +62 09 54 IRC+70060 5 06 18 +66 59 12
IRC+60259 18 50 26 4459 19 36 IRC+60377 22 54 37 +61 15 24 IRC+70061 5 18 43 4473 40 00
IRC+6O260 19 00 40 4457 45 12 IRC+60378 22 56 11 4456 42 36 IRC4470062 5 29 27 +72 26 12
IRC+60261 19 01 17 4460 03 00 IRC+60379 22 58 00 +56 40 42 1RC+70063 5 29 29 +65 01 24
IRC4460262 19 02 I1 +63 01 42 IRC4460380 22 59 23 +56 50 00 IRC+70064 5 35 40 +68 46 00
IRC+60263 19 10 41 +56 46 30 IRC+60381 22 59 25 +61 18 06 1RC4470065 5 37 23 4465 40 30
IRC+60264 19 1257 4457 37 12 IRC4460382 23 0002 +59 33 06 IRC+70066 5 41 16 4469 56 54
IRC+60265 19 19 17 +57 33 06 IRC4460383 23 02 17 4456 11 24 IRC+70067 5 55 59 4474 31 00
IRC4460266 19 31 31 +58 48 24 IRC+60384 23 02 28 +58 18 00 IRC+70068 5 57 11 +66 54 24
1RC4460267 19 31 32 +63 01 00 IRC4460385 23 02 33 4464 29 36 IRC4470069 6 07 47 +65 44 12
IRC+60268 19 32 19 +60 02 42 IRC+60386 23 05 49 4460 03 24 IRC+70070 6 40 45 +71 24 36
IRC+60269 19 40 56 +55 20 36 IRC4460387 23 05 51 +55 26 36 IRC+70071 6 55 44 +70 53 00
IRC4460270 19 42 00 4455 45 12 IRC4460388 23 07 59 +60 58 24 IRC4470072 6 57 21 +69 16 00
IRC4460271 19 43 I1 4458 13 36 IRC+60389 23 09 31 4459 25 54 IRC4470073 7 00 14 +70 48 54
IRC+60272 19 43 53 +55 43 00 IRC+60390 23 10 38 4463 40 06 IRC+70074 7 05 06 4466 01 24
IRC+60273 19 54 01 +60 28 36 1RC+60391 23 11 34 +60 51 00 IRC+70075 7 09 35 +68 53 30
IRC+60274 19 54 56 +58 42 24 IRC+60392 23 12 47 +63 55 54 IRC+70076 7 25 46 +68 34 36
IRC+60275 19 55 25 +59 36 42 IRC+60393 23 13 52 +62 04 54 IRC+70077 7 30 41 +67 34 06
IRC+60276 19 59 17 +55 39 36 IRC4460394 23 14 14 +60 41 36 IRC+70078 7 31 08 +66 35 06
IRC+60277 20 {3026 +62 14 54 IRC+60395 23 14 44 +60 10 06 IRC4470079 7 54 07 +67 57 00
IRC+60278 20 00 58 +64 40 24 IRC+60396 23 16 16 +58 16 06 IRC+70080 7 54 16 4474 03 12
IRC+60279 20 0444 +61 51 24 IRC+60397 23 17 13 4462 28 06 IRC+70081 8 01 59 4466 38 24
IRC+60280 20 06 II +56 50 24 IRC4460398 23 17 31 +56 58 12 IRC+70082 8 06 25 4465 22 24
IRC+60281 20 06 52 4456 25 36 IRC4460399 23 18 04 4461 42 00 IRC4470083 8 15 11 +72 34 24
1RC+60282 20 09 17 4463 03 12 IRC+60400 23 18 19 4461 56 06 IRC4-70084 8 16 03 4467 41 12
IRC+60283 20 09 25 +61 12 36 1RC+60401 23 20 13 4459 51 30 IRC+70085 8 29 49 4467 21 42
IRC+60284 20 12 32 4460 29 12 IRC4460402 23 20 20 4459 02 06 IRC+7(XJ86 8 46 37 +70 29 12
1RC+60285 20 13 31 +59 35 36 IRC+60403 23 21 13 4455 53 24 IRC+70087 8 58 03 4467 49 30
IRC4460286 20 20 26 4463 49 12 IRC+60404 23 22 32 4462 00 42 IRC4470088 9 04 04 4467 04 42
IRC4460287 20 20 36 +63 16 12 IRC+60405 23 25 49 +59 04 12 IRC+70089 9 04 30 4469 24 54
1RC4460288 20 21 31 4462 43 42 IRC+60406 23 26 36 +59 28 00 1RC+70090 9 30 04 +70 02 36
IRC+60289 20 22 45 +55 03 00 IRC4460407 23 26 54 4456 23 06 IRC4470091 9 35 26 4467 30 24
IRC4460290 20 23 07 4458 39 36 IRC+60408 23 27 49 +59 08 36 IRC4-70092 38 22 +72 29 12
IRC+60291 20 25 25 +55 34 54 IRC4460409 23 27 53 +60 01 54 IRC4470093 42 07 4465 51 30
IRC+60292 20 30 31 4462 46 36 IRC+60410 23 28 10 4457 42 06 IRC+70094 10 30 34 +69 48 42
IRC4460293 20 30 34 +56 36 06 IRC+60411 23 28 25 4459 58 06 IRC+70095 10 30 35 4470 01 30
IRC+60294 20 33 42 +61 09 30 IRC+60412 23 30 05 +61 50 00 IRC4-70096 10 38 20 +68 42 12
IRC+60295 20 34 12 +61 37 54 IRC+60413 23 32 38 4458 16 42 IRC+70097 10 38 31 4465 58 54

IRC+60296 20 38 03 +59 21 30 IRC4460414 23 34 49 4455 36 12 IRC+70098 10 39 31 +69 20 06IRC+60297 20 43 09 +56 18 36 IRC+60415 23 36 01 +61 38 _ 1RC+70099 10 41 10 +69 02
IRC+60298 20 44 16 +61 39 00 IRC+60416 123 39 59 +64 13 _ IRC+70100 10 41 37 4467 40 24IRC+60299 20 45 46 +58 13 54 IRC+60417 23 41 41 +61 31 IRC+70101 10 44 14 +65 52 54
IP.C+60300 ?0 _4 23 ,4-5q 49 30 IRC+60418 23 42 07 +56 18 00 IRC+70102 I0 52 06 +72 08 30
IRC+60301 20 58 08 4458 41 42 IRC+60419 23 42 14 +55 06 42 IRC4470103 0 53 5 4474 36 06

B-46



NAME RA (1950) DEC POSREF NAME RA (1950) DEC POSREF NAME RA (19S0) DEC POS REF

IRC+70104 10h55_8 ' +70"15' 42 IRC+80020 10h30mS0' +75'58' 00 IRC--ICOSI 5h05m20' -- 5"08'42
IRC+70105 11 08 47 +71 52 00 IRC+80021 10 51 12 +77 21 12 IRC_I0082 5 05 30 --12 39 12
IRC+70106 11 17 57 +65 37 24 IRC+80022 II 06 05 +78 03 24 IRC-ICO83 5 07 16 _ 5 34 54
IRC+70107 11 28 25 +69 36 24 IRC+8CO23 I1 12 38 +75 24 42 IRC_10084 5 09 02 --I1 54 30
IRC+70108 1} 3308 +69 35 42 IRC+8CO24 11 3438 +77 52 00 IRC-1CO85 5 12 07 -- 8 15 30
IRC+70109 11 37 23 +68 30 CO IRC+80025 13 33 53 +76 47 36 IRC--10086 5 19 53 _ 8 43 06
IRC+70110 11 39 44 +67 01 30 IRC+80026 14 08 32 +77 46 54 IRC--10087 5 20 43 _ 7 04 06
IRC+70!II 12 03 05 +69 02 06 IRC+80027 14 18 49 +77 21 54 IRC--10088 5 20 54 -- 9 21 42
IRC+70112 12 1240 +70 28 12 IRC+8CO28 14 2729 +75 55 00 IRC--ICO89 5 21 32 -- 7 51 12
IRC+70113 12 27 52 +69 28 30 IRC+80029 14 55 20 +75 04 54 IRC-ICO90 5 2200 -10 23 36
]RC+70114 12 32 34 +70 17 36 IRC+SCO30 15 31 21 +78 48 12 IRC--lco91 5 22 08 _ 6 II 24
IRC+70115 12 45 34 +67 04 06 IRC+8CO31 15 32 50 +77 31 00 IRC--It_92 5 22 41 --10 22 24
1RC+70116 12 5433 +66 16 24 IRC+8CO32 17 23 29 +80 11 CO IRC-1CO93 5 32 50 _ 5 24 42
IRC+70117 12 58 04 +66 53 00 IRC+80033 17 52 59 +78 18 42 IRC--ICO94 5 36 34 --14 04 12
IRC+70118 13 24 47 +72 39 12 IRC+8CO34 17 55 28 +80 38 54 IRC-10095 5 37 19 -- 8 11 24
IRC+70119 13 33 35 +73 41 06 IRC+80035 18 32 01 +77 30 06 IRC_ICO96 5 39 26 _ 8 55 36
IRC+70120 13 35 58 +71 29 54 IRC+8CO36 19 23 14 +76 28 00 IRC_ICO97 5 44 55 --12 49 24
IRC+70121 13 3743 +74 33 12 1RC+8CO37 19 53 20 +78 29 36 IRC--ICO98 5 45 23 -- 9 40 30
IRC+70122 14 0042 +68 54 (30 IRC+8CO38 20 0058 +76 20 42 IRC--ICO99 5 4909 _12 47 36
IRC+70123 14 11 04 +69 39 42 IRC+8CO39 20 14 08 +80 01 42 IRC_I01CO 5 49 22 _10 32 30
IRC+70124 14 16 12 +67 Ol 36 IRC+80040 20 24 53 +75 05 00 IRC-I0101 5 52 23 -ll 46 42
1RC+70125 14 5047 +74 21 54 IRC+8CO41 20 42 II +80 19 54 IRC--10102 5 54 11 _14 10 24
1RC+70126 14 56 47 +66 08 00 1RC+8CO42 20 50 02 +80 22 06 IRC--10103 5 55 15 -- 6 05 36
1RC+70127 15 07 34 +65 58 42 IRC+80043 21 10 07 +75 40 54 IRC--10104 5 56 43 --I0 53 42
IRC+70128 15 17 02 +72 CO06 IRC+8CO44 21 16 13 +76 48 12 IRC--10105 5 59 12 -- 5 20 36
1RC+70129 15 20 46 +72 CO30 IRC+8CO45 21 20 45 +77 38 24 IRC-10106 5 59 38 -- 5 07 54
IRC+70130 15 2953 +70 33 30 ]RC+80046 21 2050 +75 58 24 ]RC--10107 6 0332 -- 5 52 24
IRC+70131 15 37 29 +69 26 30 IRC+80047 21 21 45 +79 33 24 IRC--10108 6 03 50 -- 7 05 24
IRC+70132 15 42 16 +67 13 42 IRC+8CO48 21 35 54 +78 24 06 IRC--10109 6 03 53 -- 5 42 42
IRC+70133 16 21 54 +69 13 30 IRC+8CO49 21 41 34 +76 09 42 IRC--10110 6 07 20 --14 34 54
IRC+70134 16 28 13 +67 09 36 IRC+8CO50 21 46 38 +78 47 06 IRC--10111 6 08 58 -- 7 14 00
IRC+70135 16 30 38 +72 23 12 IRC+80051 21 52 55 +79 18 54 IRC--10112 6 10 25 -- 7 17 12
IRC+70136 16 32 32 +66 51 36 IRC+8CO52 21 55 24 +80 04 24 IRC--10113 6 12 25 -- 6 15 30
IRC+70137 16 41 30 +72 46 24 IRC+8CO53 21 57 18 +76 23 54 IRC--10114 6 16 29 -- 9 22 24
1RC+70138 17 19 24 +67 20 42 IRC+80054 22 35 46 +77 20 42 IRC-10115 6 16 32 --15 00 00
IRC+70139 17 24 02 +71 54 54 IRC+80055 22 36 11 +75 06 54 IRC--10116 6 16 55 -- 9 44 30
IRC+70140 17 32 14 +68 09 54 IRC+80056 23 0621 +75 06 36 IRC--10117 6 1658 --12 35 24
IRC+70141 17 36 51 +68 30 36 IRC+8CO57 23 37 19 +77 21 24 IRC--10118 6 18 44 --I1 48 CO
IRC+70142 18 09 35 +71 33 36 IRC--lco01 0 01 54 --10 47 24 IRC-10119 6 19 19 -- 8 12 54
IRC+70143 18 19 50 +67 24 86 IRC--10002 0 02 41 -- 5 59 24 1RC-10120 6 21 16 - 9 50 36
IRC+70144 18 21 55 +72 42 36 IRC--lco03 0 03 43 --11 03 24 IRC--10121 6 21 49 --I1 30 36
IRC+70145 18 25 48 +65 32 00 IRC--10004 0 10 13 --I1 18 00 IRC-10122 6 22 41 - 9 06 06
IRC+70146 18 38 55 +74 17 CO IRC--10005 0 I1 35 -- 8 03 30 IRC--10123 6 2423 -- 7 53 06
IRC+70147 18 54 59 +71 13 54 IRC-10CO6 0 16 55 - 9 06 CO IRC--10124 6 26 53 -- 8 03 54
IRC+70148 19 09 53 +66 01 06 IRe--10007 0 21 32 -- 9 37 24 IRC--10125 6 26 58 -- 9 53 CO
1RC+70149 19 10 03 +67 11 54 IRC--ICO08 0 22 01 --10 10 24 IRC--10126 6 27 50 --10 02 30
IRC+70150 19 12 32 +67 34 42 IRC--10009 0 24 35 -- 6 52 54 IRC--10127 6 29 05 --12 21 24
IRC+70151 19 13 25 +73 48 54 IRC--10010 0 25 32 --I1 56 24 IRC--10128 6 29 28 -- 8 07 30
IRC+70152 19 13 45 +67 26 42 IRC--10011 0 3928 -- 9 55 06 1RC--10129 6 29 29 --14 52 42
IRC+70153 19 16 29 +73 16 24 IRC--ICOI2 0 41 43 --10 52 36 IRC--10130 6 30 44 -- 9 56 CO
IRC+70154 19 23 40 +68 55 12 IRC--10013 0 46 57 --13 50 30 IRe--10131 6 33 23 -- 5 19 54
IRC+70155 19 2345 +65 32 42 IRC-ICOI4 0 53 11 - 7 37 12 IRC-10132 6 3428 --13 16 30
IRC+70156 19 2'*20 +71 35 42 IRC--ICOI5 0 53 29 --11 32 12 IRC--10133 6 34 42 --12 03 C30
IRC+70157 19 31 26 +70 52 12 IRC--ICOI6 0 5801 --12 27 30 IRC--10134 6 3610 -- 9 16 30
IRC+70158 19 32 31 +69 34 24 IRC--ICOI7 (3032 -- 5 06 30 IRC--10135 6 36 57 --14 06 06
IRC+70159 19 35 34 +69 41 30 IRC--ICOI8 06 05 --10 26 54 IRC--10136 6 37 53 -- 6 17 54
IRC+70160 19 48 20 +70 08 12 IRC--lcoI9 08 46 --13 46 12 IRC--10137 6 39 34 -- 9 07 (30
IRC+70161 20 02 35 +67 44 00 IRC--ICO20 19 59 -- 5 12 06 IRC--10138 6 40 18 --14 24 24
1RC+70162 20 04 39 +67 53 12 IRC--10021 21 30 -- 8 26 30 IRC--10139 6 45 12 -- 8 56 36
IRC+70163 20 12 26 +66 05 36 IRC--ICO22 23 12 --14 51 36 IRC--10140 6 51 51 --11 58 24
IRC+70164 20 15 15 +72 27 12 IRC--10023 41 24 -- 5 (30 30 IRC--10141 6 53 52 --13 58 30
IRC+70165 20 1724 +66 51 12 IRC--ICO24 43 28 -- 5 58 54 1RC--10142 5447 -- 8 59 54
IRC+70166 20 19 51 +68 43 12 IRC--lco25 47 24 -- 5 06 12 IRC--10143 55 41 -- 8 57 12
IRC+70167 20 36 28 +68 23 (30 IRC--1CO26 47 50 --13 08 (30 IRC--10144 58 26 --14 16 42
IRC+70168 21 08 52 +68 17 24 1RC--1(3027 49 Ol --10 35 (30 IRC--10145 59 26 -- 5 38 54
IRC+70169 21 23 13 +65 21 30 IRC--1CO28 55 58 -- 7 19 (30 IRC--10146 01 38 -- 5 15 24
IRC+70170 21 26 13 +70 (30 12 IRC--1CO29 57 04 --14 07 (30 IRC--10147 02 04 -- 8 52 36
IRC+70171 21 26 59 +71 36 06 1RC--10030 57 57 -- $ 45 54 IRC--10148 02 05 -- 9 53 (30
IRC+70172 21 38 10 +65 34 24 IRC-10031 01 46 -12 05 54 IRC--10149 04 31 -- 7 28 30
IRC+70173 21 38 16 +68 I1 36 IRC--10032 2 03 37 --10 27 00 IRC-10150 04 54 -11 54 30
IRC+70174 21 4008 +73 55 (30 IRC--1CO33 2 1544 --14 21 36 IRC--10151 0526 --10 39 30
1RC+70175 21 41 09 +71 04 36 IRC--10034 2 20 IS --10 25 42 IRC--10152 05 42 --I1 50 30
IRC+70176 21 42 26 +72 05 12 IRC--10035 2 31 18 --13 22 06 IRC--10153 10 19 -- 7 50 06
IRC+70177 21 4405 +73 24 36 IRC--ICO36 2 32 14 -- 8 04 30 IRC--10154 1047 --I1 09 42
IRC+70178 21 45 15 +67 24 42 IRC-10037 2 33 31 -- 8 02 42 IRC--10155 11 02 -14 29 36
IRC+70179 21 48 29 +65 (30 06 IRC--10038 2 41 38 -- 6 37 (30 IRC--10156 I1 47 --14 31 (30
IRC+70180 21 5606 +65 54 06 IRC--lco39 2 43 02 --14 11 54 IRC--10157 11 58 -- 9 51 54
IRC+70181 21 57 22 +74 45 54 IRC--ICO40 2 45 32 --12 39 54 IR(2--10158 15 07 -- 6 35 42
IRC+70182 21 58 43 -+65 II 42 IRC-ICO41 2 49 49 -- 8 28 (30 IRC--10159 16 54 --11 22 24
1RC+70183 22 0642 +74 29 24 IRC--10042 2 5342 -- 6 13 36 IRC--10160 16 56 --10 48 42
IRC+70184 22 07 28 +72 31 30 IRC-10043 2 54 CO -- 9 05 42 IRC--10161 16 57 -- 8 41 12
IRC+70185 22 08 52 +72 05 36 IRC--1CO44 3 01 25 --14 24 36 IRC--10162 18 37 --10 16 36
IRC+70186 22 1808 +66 34 30 lRC-ICO45 3 0401 -- 6 16 30 IRC--10163 23 19 -- 5 44 24
IRC+70187 22 24 41 +70 30 42 IRC--10046 3 13 48 -- 5 55 24 IRC-10164 24 05 -- 8 49 42
IRC+70188 22 31 31 +66 40 (30 IRC-10047 3 22 47 --12 31 24 IRC--10165 25 29 -- 9 28 06
IRC+70189 22 4346 +65 28 00 IRC--ICO48 3 30 34 -- 9 37 36 IRe--10166 26 56 --10 13 24
1RC+70190 22 4757 +65 56 36 IRC-1OM9 3 38 56 --10 55 00 IRC--10167 7 2746 -- 9 16 12
IRe-i-70191 23 00 40 +70 48 36 IRC--ICOS0 3 40 52 -- 9 55 24 IRC-10168 7 28 37 --10 00 (30
IRC+70192 23 01 40 +66 56 42 IRC--1CO51 3 43 47 --12 15 06 1RC--10169 7 31 29 --14 24 54
IRC+70193 23 11 04 +66 48 36 IRC--10052 3 46 17 -- 7 09 30 IRC--10170 7 33 56 -- 8 12 (30
IRC+70194 23 16 36 +67 50 06 IRC--10053 3 49 31 --12 06 30 IRC-10171 7 3447 -14 13 (30
IRC+70195 23 27 27 +65 16 54 IRC--10054 3 54 07 --13 44 06 IRC--10172 7 35 35 -- 5 35 42
IRC+70196 23 31 25 +70 05 30 IRC--1CO55 3 5540 --13 38 30 IRC--10173 7 3633 -- 8 59 36
IRC+70197 23 31 31 +68 12 24 IRC--10056 3 57 07 --12 42 42 IRC--10174 7 38 52 -- 9 25 42
IRC+70198 23 32 50 +71 21 42 IRC--10057 3 57 48 -- 6 31 (30 IRC--I0175 7 39 55 --10 45 54
IRC+70199 23 38 14 +70 09 30 IRC--10058 4 (3055 -- 7 03 (30 IKC--10176 7 43 32 -- 6 39 12
IRC+702CO 23 40 52 +73 43 36 IRC--10059 4 03 32 --10 26 (30 IRC--10177 7 45 19 --I1 50 06
IRC+70201 23 4641 +68 23 12 IRC--lco60 4 0426 -- 7 48 36 IRC--10178 7 4721 --13 57 24
IRC+70202 23 49 41 +66 18 24 IRC--10061 4 06 29 -- 8 14 06 IRC--10179 7 47 25 -- 8 27 12
IRC+SCO01 0 11 10 +75 44 54 IRC--10062 4 I1 08 --10 30 54 IRC--10180 7 47 43 -- 9 03 (]0
IRC+80CO2 0 2901 +76 18 06 IRC--1CO63 4 1202 --10 23 06 IRC--10181 7 5044 --I1 29 30
IRC+8CO03 I 26 45 +79 23 54 IRC--1CO64 4 12 55 -- 7 44 36 IRC--10182 7 50 49 -- 7 55 24
IRC+SCO04 I 55 50 +75 42 54 IRC--ICO65 4 15 23 --I0 13 30 IRC--10183 7 51 20 -- 6 19 06
IRC+80005 2 1441 +78 32 06 IRC--1CO66 4 2005 -- 5 36 54 IRC--10184 7 58 28 --12 41 54
IRC+8CO06 2 2909 +76 29 36 IRC--ICO67 4 23 20 --10 02 12 IRC-10185 7 59 50 -12 52 24
IRC+80CO7 2 59 20 +79 13 24 1RC--1CO68 4 31 CO --10 53 36 1RC--10186 8 0047 --12 04 54
IRC+8CO08 3 01 52 +75 36 42 IRC--ICO69 4 31 47 -- 6 56 12 IRC-10187 8 08 07 -- 9 27 12
IRC+8CO09 3 41 42 +60 10 (30 IRC--lco70 - 4 31 49 -- 8 20 12 IRC--10188 8 08 58 --12 46 36
IRC+SCOI0 4 18 23 +80 41 30 IRC--10071 4 31 49 -- 9 04 24 IRC-10189 8 13 17 -13 28 (30
IRC+8(3011 5 33 04 +75 01 12 IRC--10072 4 33 47 -- 5 22 (30 IRC--10190 8 16 47 -- 7 23 54
IRC+80012 5 58 19 +75 35 54 IRC--10073 4 35 50 --14 24 (30 IRC--10191 8 16 52 --11 22 (30
IRC+80013 6 1042 +76 42 06 IRC--1CO74 4 3657 --14 26 54 IRC--10192 8 1928 -- 9 30 24
IRC+8CO14 6 32 48 +78 02 12 IRC--ICO75 4 38 I1 --14 17 24 IRC--10193 8 20 27 -- 7 23 (30
IRC+8CO15 6 41 23 +77 02 30 IRC--lco76 4 39 25 -- 8 02 54 IRC--10194 8 22 04 -- 8 21 30
IRC+8CO16 6 52 52 +77 02 42 IRC--ICO77 4 4201 --12 45 30 IRC--10195 8 2422 --12 22 06
IRC+SCOI7 7 24 07 +75 I0 (30 IRC--ICO78 4 51 41 --12 32 06 IRC--10196 8 27 13 - 6 09 (30
IRC+8CO18 8 44 01 +79 09 (30 IRC--lco79 4 56 01 -- 6 08 54 IRC--10197 8 31 22 -- 9 49 24
IRC+80019 8 4420 +78 20 36 IRC--ICO80 4 5722 --14 52 36 IRC--10198 8 3328 --11 07 24

B-47



I
NAME RA (19_0) DEC IPOSRE_ NAME RA (1950) DEC POSRE_ NAME RA (1950) DEC ?O5REF

IRC--10199 8h37m18' -- 9"24' 30 IRC--10317 15hlbm39' -- 8°58 _ IRC-10435 18h30m31' --14°08 ' 36
1RC--10200 8 37 41 --12 17 54 IRC--10318 15 16 59 --10 27 06 IRC-10436 18 31 24 -13 06 54
IRC--10201 8 3744 --14 51 36 IRC--10319 15 20 14 --14 57 30 IRC--10437 18 3208 -- 7 43 24
IRC-10202 8 38 04 --14 38 12 IRC--10320 15 22 32 -- 5 44 42 IRC--10438 18 32 28 -- 8 16 54
IRC--10203 8 39 23 -- 5 25 42 IRC--10321 15 24 55 --14 46 30 IRC--10439 18 32 49 -- 8 44 12
IRC--10204 8 41 15 -- 7 02 54 IRC--10322 15 31 28 -- 9 54 12 IRC--10440 18 33 35 -- 8 55 24
IRC--10205 8 4344 --1049 36 IRC--10323 15 3243 --14 37 36 IRC--10441 18 3423 -- 7 39 00
IRC--10206 8 43 46 --10 38 54 IRC--10324 15 38 19 --12 06 12 IRC--10442 18 35 13 -- 6 54 54
IRC--10207 8 43 59 --13 21 42 IRC--10325 15 44 39 --10 08 30 IRC--I0442 A 18 35 12.5 -- 6 55 10
IRC--10208 8 51 07 --11 13 00 IRC--10326 15 51 44 --10 43 36 IRC--10442 AI 18 35 13 -- 6 55 10
IRC--I0209 8 52 13 --11 11 36 IRC--I0327 15 52 49 --12 43 00 IRC--10442 A2 18 35 16 -- 6 55 29
IRC--10210 8 53 12 -- 8 57 00 IRC--10328 15 55 41 --13 17 30 IRC--10442 A3 18 35 14 -- 6 55 20
IRC--10211 9 01 20 --12 29 (30 IRC--10329 15 57 39 --12 12 12 IRC--10442 A4 18 35 12 6 55 25
IRC-10212 9 07 55 -11 24 30 IRC--10330 16 01 39 --11 43 24 IRC--10442 B 18 35 16.5-- 6 56 24
IRC--10213 9 14 16 -- 6 09 06 IRC-10331 16 08 53 -13 51 12 IRC--10443 18 35 18 --12 24 54
IRC--10214 9 17 23 --11 46 06 IRC--10332 16 1023 --14 59 24 IRC--10444 18 35 41 --14 53 06
IRC--10215 9 1802 -- 9 21 12 IRC--10333 16 1029 --10 12 30 IRC--10445 18 3543 --1003 06
IRC-10216 9 21 29 - 5 14 42 IRC--10334 16 1105 --11 43 00 IRC--10446 18 3601 --13 49 00
IRC--10217 9 25 10 -- 8 26 36 IRC--10335 16 16 10 --14 45 12 IRC--10447 18 36 41 - 6 03 24
IRC-10218 9 2545 -- 7 30 12 IRC--10336 16 1702 -14 31 36 IRC--10448 18 3649 --I1 13 42
IRC--10219 9 26 55 --13 31 06 IRC--10337 16 18 43 -- 7 35 24 IRC--10449 18 37 19 -- 7 50 00
IRC--10220 9 30 31 --13 17 30 IRC--10338 16 20 17 -- 7 05 36 IRC--I0450 18 37 35 5 45 42
IRC--10221 9 3206 -- 5 41 00 IRC--10339 16 23 56 --12 19 06 IRC--10451 18 3801 --14 33 12
IRC--10222 9 33 05 --14 28 00 IRC-10340 16 25 02 -- 7 29 00 IRC--10452 18 38 20 -- 5 42 36
IRC--10223 94015 -- 7 52 12 IRC--10341 16 30 43 --14 03 12 IRC--10453 18 38 38 -- 62442
IRC--10224 9 43 56 -- 5 48 00 IRC--I0342 16 30 43 --12 27 30 IRC--10454 18 39 26 5 04 42
IRC--10225 9 45 3"/ -- 7 55 36 IRC-10343 16 34 25 --10 28 12 IRC--10455 18 39 38 -- 7 23 30
IRC--10226 9 4909 --14 36 36 IRC--10344 16 3606 -- 8 31 06 IRC--10456 18 4045 --11 23 24
IRC--10227 9 49 13 --II 06 42 IRC--10345 16 38 24 --11 44 24 IRC--10457 18 40 49 -- 8 20 06
IRC--10228 10 01 14 -- 9 20 00 IRC--10346 16 41 52 --13 59 30 IRC--10458 18 41 59 -- 6 35 12
IRC--I0229 10 03 07 --12 20 30 IRC--10347 16 43 54 --11 33 06 IRC--10459 18 41 59 -- 9 17 12
IRC--10230 10 05 16 -- 7 23 12 IRC--10348 16 49 26 --12 52 06 IRC--10460 18 43 04 -- 5 38 42
IRC--10231 10 06 58 --13 07 {30 IRC--10349 16 51 36 -- 6 38 06 IRC--10461 18 44 50 5 46 06
IRC--10232 10 07 17 --14 31 06 IRC--10350 16 51 50 -- 7 29 06 IRC--10462 18 44 56 --12 23 00
IRC--I0233 10 08 II --12 06 24 IRC--10351 16 51 58 -- 6 04 12 IRC--10463 18 45 30 --12 26 00
IRC--10234 10 08 22 -- 8 09 36 IRC--10352 16 54 02 --10 19 24 IRC--10464 18 46 37 -- 9 48 12
IRC--10235 10 09 50 --10 04 42 IRC--10353 16 55 09 -- 9 28 00 IRC--10465 18 46 59 5 57 54
IRC--10236 10 14 34 --14 24 30 IRC--10354 16 56 53 -- 7 32 00 IP.C--10466 18 47 07 -- 9 42 42
IRC--10237 10 18 37 -- 5 I1 06 IRC--10355 16 57 29 --10 32 42 IRC--10467 18 47 38 -- 7 58 06
IRC--10238 10 20 13 -- 9 08 54 IRC--10356 17 03 26 --10 25 00 IRC--I0468 18 47 42 --13 37 42
IRC--10239 I0 23 15 -- 6 48 54 IRC--10357 17 08 02 -11 41 54 IRC--10469 18 48 11 -- 6 48 24
IRC--10240 102808 --10 32 54 IRC-10358 17 1013 -14 46 30 IRC-10470 18 48 37 -12 41 24
IRC-10241 10 28 26 - 7 23 42 IRC--10359 17 10 17 --10 31 06 IRC--10471 18 49 47 -- 5 24 24
IRC-10242 10 3503 --13 07 12 1RC--10300 17 I1 19 --14 56 30 IRC--10472 18 51 03 --12 41 30
IRC--10243 I0 35 22 --II 45 36 IRC--I0361 1-/ 12 20 -- 9 53 36 IRC--10473 18 52 01 -- 5 07 24
IRC-10244 10 4001 --13 43 06 IRC--10362 17 1501 --11 56 24 IRC-10474 18 5225 -12 48 06
IRC--10245 l0 42 31 -- 6 34 24 IRC-10363 17 15 33 - 9 42 24 IRC--10475 18 5244 -- 8 15 00
IRC--10246 10 46 19 -- 8 44 12 IRC--10364 17 16 11 -- 9 21 00 IRC--10476 18 53 05 --10 26 12
IRC--10247 10 57 46 --13 49 12 IRC-10365 17 18 50 -14 33 30 IRC--104-/7 18 53 12 --II 02 54
IRC--10248 11 03 24 -- 8 52 54 IRC-10366 17 19 14 --13 05 54 IRC--10478 18 53 25 --14 19 54
IRC--10249 II 05 10 --12 19 06 IRC--10367 17 21 53 -- 6 55 12 IRC--I0479 18 53 49 --10 35 36
IRC--10250 I1 II 39 -- 8 03 30 IRC--10368 17 2440 -- 6 I1 12 IRC--10480 18 5424 -- 5 54 36
IRC--10251 11 12 51 --11 18 54 IRC--I0369 17 26 33 -- 7 25 24 IRC--10481 18 54 37 9 49 54
IRC--10252 11 13 I0 --12 19 30 IRC--10370 17 32 I1 -- 7 12 42 IRC--10482 18 58 39 --12 49 54
IRC--10253 I1 1646 --14 30 30 IRC--10371 17 3236 --11 30 24 IRC--t0483 18 5901 -- 5 48 36

iso-,o -04 30IRC--10255 11 23 25 --13 29 00 IRC--10373 35 23 --10 54 IRC--10485 19 01 14 --10 19 42
IRC-10256 11 29 10 --12 06 30 IRC--10374 35 37 --14 04 36 IRC--10486 01 43 -- 5 45 36
IRC--10257 II 30 17 -- 7 33 06 IRC--10375 17 39 07 -- 6 26 12 IRC--10487 19 02 21 -- 7 12 42
IRC--10258 I1 48 33 --10 56 00 IRC--10376 17 41 16 -- 6 15 42 IRC--10488 19 02 43 --12 46 24

, c-10 5 115012-71900 , c-,0377 "29 12 1-10.89 119o614-122624IRC--10260 II 5747 -- 9 54 30 IRC--10378 41 51 -- 49 54 IRC--10490 19 08 46 -- 9 32 42
IRC--10261 12 00 18 -- 7 24 00 IRC-10379 17 43 01 -14 00 36 IRC--10491 I19 09 14 --11 47 24
IRC--10262 12 03 01 -- 5 33 54 IRC-10380 17 46 13 - 9 07 30 IRC--10492 119 I0 23 --10 48 00
IRC--10263 12 0441 -- 6 29 24 IRC--10381 17 48 28 -- 8 0042 IRC--10493 19 1029 --12 21 36
IRC--10264 12 12 01 -- 5 45 30 IRC--10382 17 49 57 -- 6 07 36 IRC--10494 19 11 04 --11 18 36
IRC--10265 12 17 47 -- 8 43 12 IRC-10383 17 50 14 --13 16 54 IRC--10495 [19 I1 09 -- 5 34 54
IRC--10266 12 18 16 --12 34 30 IRC--10384 17 51 49 --10 14 24 IRC--10496 I19 I1 27 9 39 00
IRC--10267 12 18 20 --13 17 12 IRC--10385 17 52 43 --13 37 06 IRC--10497 19 12 41 -- 7 08 36
IRC-10268 12 2046 --II 31 54 IRC--10386 17 53 14 --12 52 24 IRC--10498 19 1340 --11 39 36
IRC--10269 12 3642 -- 7 43 06 IRC--10387 17 56 17 -- 9 46 36 IRC--10499 19 14 33 -- 7 56 42
IRC--10270 12 3833 -- 8 58 12 IRC--10388 17 5620 -- 6 38 36 IRC--10500 19 1527 -- 5 30 12
IRC--I0271 12 39 22 -- 7 13 30 IRC--10389 17 56 40 -- 6 06 36 IRC--10501 19 17 25 -- 6 43 36
IRC--10272 12 4708 --14 48 36 IRC--10390 17 58 37 --12 54 06 IRC--10502 19 17 37 -- 8 07 36
IRC-10273 12 50 23 --14 20 30 IRC--10391 17 59 31 -12 19 12 IRC-10503 19 17 38 --I0 3900
IRC--10274 12 51 44 -- 9 15 54 IRC--10392 17 59 37 --14 30 00 IRC-10504 19 17 48 - 7 08 06
IRC--10275 12 5434 --I1 48 12 IRC--10393 18 (}045 --13 15 30 IRC-10505 19 1754 -- 5 30 30
IRC--I0276 13 05 16 --10 28 06 IRC--10394 18 01 34 --12 44 36 IRC--10506 19 19 49 --10 22 00
IRC--10277 13 05 58 -- 8 43 00 IRC--10395 18 03 59 -- 8 13 24 IRC--10507 19 20 23 -- 7 29 36
IRC--10278 13 0653 -- 9 27 06 IRC--I0396 18 0405 -- 9 42 12 IRC--10508 19 2050 --11 13 30
IRC--10279 13 07 07 --10 04 00 IRC--10397 18 04 10 --14 37 24 IRC--10509 19 21 27 -- 9 32 00
IRC--10280 13 0842 --10 14 36 IRC--10398 18 06 53 --13 56 54 IRC--10510 19 22 14 -- 8 56 42
IRC--10281 13 1008 -- 8 42 54 IRC--10399 18 06 59 --11 43 54 IRC--10511 19 22 21 --13 32 36
IRC--10282 13 1205 --10 06 06 IRC--10400 18 07 39 -- 6 52 12 1RC--10512 19 22 33 --13 59 54
IRC--10283 13 1807 --11 II 24 IRC--10401 18 0740 --10 34 54 IRC--10513 19 23 12 -- 9 06 42
IRC--10284 13 19 29 --14 09 24 IRC--10402 18 0742 -- 7 19 42 IRC-10514 19 23 19 -- 7 18 36
IRC--10285 13 19 30 --12 19 24 IRC-10403 18 08 00 -- 6 06 24 IRC--10515 19 28 48 --10 54 00
IRC--I0286 13 22 31 --10 54 24 IRC--10404 18 09 03 -- 7 27 00 IRC--10516 19 32 20 --10 40 12
IRC--10287 13 2404 --12 26 42 IRC--10405 18 0906 --14 55 24 IRC--10517 19 33 28 -- 5 29 24
IRC--10288 13 2921 -- 5 59 54 IRC--I0406 18 1030 --10 29 54 IRC--I0518 19 3405 --10 15 36
IRC--10289 13 30 19 -- 9 54 42 IRC--10407 18 1137 -- 6 57 36 IRC--10519 19 41 21 --11 47 42
IRC--10290 13 30 24 -- 6 56 06 IRC--10408 18 12 21 -- 6 48 00 IRC--10520 19 42 09 --10 41 30
IRC--10291 13 36 04 --I1 13 {30 IRC--10409 18 15 31 --13 27 24 IRC--10521 19 4408 --12 16 00
IRC--10292 13 38 44 --10 12 06 IRC-10410 18 1"/02 -12 19 36 IRC--10522 19 46 04 --12 26 12
1RC--10293 13 38 58 -- 8 27 12 IRC--10411 18 17 34 --14 0g 24 1RC--10523 19 46 50 --11 06 12
IRC--10294 13 4432 -- 9 27 24 IRC--10412 18 17 56 --13 46 54 IRC--10524 19 47 20 -- 7 44 12
IRC--I0295 13 53 10 -- 9 19 00 1RC--10413 18 19 31 --I1 36 54 IRC--10525 19 48 55 --13 09 06
IRC-10296 13 56 17 --13 42 12 IRC--10414 18 2028 --13 44 06 IRC--10526 19 51 25 -- 8 42 06
IRC--1029"/ 14 03 57 --13 57 42 IRC--10415 18 20 35 --12 42 36 IRC--10527 19 56 19 -- 8 01 00
IRC--10298 14 05 58 -- 8 37 12 IRC--10416 18 20 51 --12 53 42 IRC--10528 20 07 23 --10 40 42
IRC--10299 14 08 38 --10 14 12 IRC--10417 18 20 55 -- 8 57 06 IRC--10529 20 07 46 -- 6 24 42
IRC--10300 14 10 13 --10 02 12 IRC-10418 18 22 19 -- 6 53 00 IRC--10530 20 09 28 --II 22 06
IRC--10301 14 1025 --13 37 12 IRC-10419 18 2247 -13 4"/ 54 IRC-10531 20 1401 --13 33 36
IRC--10302 14 13 23 -- 5 45 54 IRC--10420 18 23 35 --10 04 54 IRC--10532 20 14 I1 -- 7 15 54
IRC--10303 14 15 19 --14 28 12 IRC-10421 18 23 52 - 7 48 24 IRC-10533 20 14 13 8 28 36
IRC-10304 14 1627 -13 11 54 IRC--10422 18 2448 -12 29 42 IRC--10534 20 14 52 --12 39 06
IRC--10305 14 16 33 --14 l0 24 IRC--10423 18 24 52 -- 7 44 30 1RC--I0535 20 15 18 --12 42 06
IRC-10306 14 2604 - 6 40 36 IRC-10424 18 25 01 - 8 42 24 IRC--10536 20 1747 -- 6 31 24
IRC--10307 14 5405 --I1 12 24 IRC-10425 18 25 17 -13 05 00 IRC--10537 20 18 I1 --14 86 24
IRC--10308 14 55 05 --12 13 30 IRC--10426 18 26 16 --ll 34 06 IRC--10538 20 23 09 -- 8 46 36
IRC--10309 14 57 49 --II 41 30 IRC--10427 18 26 26 -- 9 28 42 IRC--10539 20 25 08 -- 5 49 30
IRC--10310 15 0056 -- 7 22 42 IRC--10428 18 2656 --11 11 54 IRC--10540 20 3048 -- 6 23 36
IRC--10311 15 02 10 -- 7 49 42 IRC--10429 18 27 29 -- 8 14 06 IRC--10541 20 32 19 -- 7 37 06
IRC-10312 15 0441 --14 28 54 IRC--10430 18 28 22 -- 8 27 12 IRC--10542 20 3601 -- 9 51 24
IRC--10313 15 11 35 --14 01 30 IRC-10431 18 28 26 - 9 24 36 IRC-I0543 20 36 28 - 9 33 42
IRC-10314 ,15 12 11 - 5 18 42 IRC--10432 18 29 36 -- 9 57 36 IRC--10544 20 37 24 --14 11 30
IRC--10315 15 14 18 -- 9 12 06 IRC--10433 18 29 49 --14 54 00 IRC--10545 20 39 16 --5 48 24
IRC-10316 18 15 29 -- 9 57 24 IRC-10434 18 30 30 -- 7 29 00 IRC--10546 20 41 46 -- 5 01 00

B-48



NAME RA (19S0) DEC POSRE1 NAME RA (1950) DEC POSREI NAME RA (1950) DEC POS REF

IRC--I0547 20h41_49' --14"21' 54 IRC--20056 4h19_521 --22"48' 00 1RC--20174 8_39_25' --15"45' 42
IRC-10548 20 45 07 -- 5 12 42 IRC-20057 4 21 01 -25 00 00 IRC-20175 8 52 59 --18 03 12
IRC-10549 20 46 38 - 8 58 36 IRC-20058 4 29 50 --20 48 42 IRC-20176 8 53 25 --19 01 42
IRC--10550 20 48 41 --I1 17 (30 IRC-20059 4 38 12 -19 45 54 IRC-20177 8 53 26 -24 05 54
IRC--10551 20 49 20 -- 6 29 12 IRC--20060 4 39 25 --24 04 06 IRC--20178 8 54 14 -16 31 00
IRC--10552 20 5003 - 7 56 06 IRC-20061 4 42 57 -21 22 30 IRC-20179 8 56 16 -24 19 12
IRC--10553 20 54 14 - 9 53 06 IRC-20062 4 43 04 -23 57 00 IRC--20180 8 56 35 --15 47 36
IRC--10554 20 5643 --14 59 O0 IRC--20063 4 47 59 --16 18 12 IRC--20181 8 5648 --23 05 00
IRC--10555 20 59 53 --10 I1 36 IRC--20064 4 56 07 --16 47 24 IRC--20182 9 07 01 --24 38 24
IRC--10556 21 06 22 -- 5 17 00 IRC--20065 5 00 41 --22 51 42 IRC--20183 9 08 04 --19 42 06
IRC--10557 21 06 51 --11 34 42 IRC-20066 5 02 43 --21 58 24 IRC--20184 9 11 18 --23 10 42
IRC--10558 21 1000 --14 35 54 IRC-20067 5 03 22 -22 26 06 IRC--20185 9 13 30 --15 29 06
IRC--10559 21 13 37 -- 9 25 24 IRC--20068 5 15 46 --18 39 12 IRC--20186 9 17 10 --15 37 36
IRC--10560 21 19 58 -- 5 50 42 1RC--20069 5 17 42 --17 55 24 1RC--20187 9 20 55 --20 49 30
IRC--10561 21 20 13 -- 9 31 42 IRC--20070 5 19 46 -24 48 42 IRC--20188 9 23 34 --23 48 00
1RC--10562 21 20 20 -- 6 27 00 IRC--20071 5 26 10 --20 47 30 IRC-20189 9 23 38 -23 33 42
IRC--10563 21 20 26 -- 7 19 00 IRC--20072 5 30 29 --16 21 00 IRC-20190 9 25 02 -22 07 36
IRC--10564. 21 27 55 --14 23 54 IRC--20073 5 30 31 --17 51 (30 IRC--20191 9 26 53 --20 31 54
IRC--10565 21 28 53 -- 5 47 30 IRC--20074 5 32 00 --18 49 54 1RC-20192 9 27 31 --23 07 30
IRC--10566 21 29 39 --12 29 36 IRC-20075 5 38 59 -16 53 54 IRC-20193 9 30 55 --20 53 12
IRC--10567 21 33 29 --14 06 12 IRC--20076 5 39 23 --20 48 (30 IRC--20194 9 35 50 --16 29 30
IRC--10568 21 34 38 --I1 41 (30 IRC--20077 5 40 31 --23 43 06 IRC--20195 9 37 56 --16 07 30
IRC--10569 21 42 19 -- 9 17 54 IRC-20078 5 42 22 --22 27 42 IRC--20196 9 42 44 --23 46 54
IRC--10570 21 43 37 -- 9 30 12 IRC--20079 5 44 I1 --23 39 30 IRC--20197 9 42 56 --21 48 06
IRC--10571 21 53 22 --14 16 12 IRC--20080 5 45 04 --21 33 12 IRC--20198 9 43 19 --23 39 30
IRC--10572 21 53 48 -- 9 49 30 IRC--20081 5 49 I1 -20 53 12 IRC--20199 9 48 46 --22 47 12
IRC--10573 21 54 17 --14 20 54 IRC--20082 5 51 25 --23 07 36 IRC--20200 9 51 03 --17 41 24
IRC--10574 21 5635 -- 9 12 36 IRC--20083 5 5941 --21 06 12 IRC-20201 9 52 31 --18 46 30
IRC--10575 22 0440 --10 41 30 IRC--20084 6 0245 --16 28 54 IRC-20202 9 53 13 --17 14 30
IRC--10576 22 09 35 --11 18 54 IRC--20085 6 03 42 --24 I1 00 IRC-20203 9 53 39 --19 43 06
IRC--10577 22 14 06 --13 05 42 IRC-20086 6 04 52 -21 48 30 IRC--20204 10 04 44 --16 54 (30
IRC--10578 22 14 14 -- 8 02 06 IRC--20087 6 05 32 --19 09 24 IRC--20205 10 05 11 --22 15 100
IRC--10579 22 1902 --12 48 12 IRC--20088 6 12 11 --19 30 12 IRC--20206 10 08 56 --18 42 36
IRC-10580 22 1907 - 7 51 42 IRC-20089 6 1258 -20 15 36 IRC--20207 10 11 49 -23 33 54
IRC--10581 22 19 11 -- 6 26 O0 IRC--20090 6 15 31 --16 47 54 IRC--20208 10 17 28 -22 42 30
IRC--10582 22 33 43 -- 5 24 30 IRC-20091 6 17 35 --22 04 54 IRC--20209 10 23 13 --16 29 12
IRC--10583 22 34 38 --10 31 24 IRC--20092 6 20 34 --17 56 00 IRC-20210 10 23 46 -16 35 00
IRC-10584 22 35 56 -14 17 30 IRC--20093 6 21 28 --15 02 42 IRC--20211 10 25 32 --21 28 30
IRC--10585 22 39 31 -- 5 21 42 IRC--20094 6 22 57 --23 26 42 IRC-20212 10 25 37 --21 08 54
IRC--10586 22 43 37 --11 26 06 IRC--20095 6 28 01 --19 10 36 IRC--20213 10 31 37 --23 29 00
IRC--10587 22 46 58 --13 51 36 IRC--20096 6 34 30 --19 12 42 IRC--20214 10 33 52 --16 05 03
1RC--10588 22 50 03 -- 7 50 42 IRC--20097 6 34 50 --22 13 12 IRC--20215 10 34 45 --23 37 42
IRC-10589 22 5220 -- 9 38 42 IRC--20098 6 3540 --18 11 24 IRC--20216 10 36 10 -16 37 12
1RC--10590 22 57 00 --13 20 30 IRC--20099 6 36 19 --19 50 24 IRC--20217 10 47 11 --15 55 54
IRC-10591 22 5847 -- 7 19 54 IRC--20100 6 3647 --18 08 06 IRC--20218 10 49 12 --20 59 12
IRC--10592 22 59 56 -- 6 50 42 IRC-20101 6 39 08 --22 14 00 IRC-20219 10 49 34 -24 06 06
IRC--10593 23 11 43 -- 6 19 (30 IRC--20102 6 40 19 --18 57 36 IRC-20220 10 57 00 --16 05 06
IRC--10594 23 12 00 --10 57 36 IRC--20103 6 40 53 --20 06 36 IRC-20221 10 57 22 --18 01 54
IRC--10595 23 12 14 -- 7 58 24 IRC--20104 6 42 08 --22 25 06 IRC--20222 l0 58 09 --18 03 36
IRC--10596 23 13 17 -- 9 21 42 IRC--20105 6 42 57 --16 38 54 IRC--20223 11 10 35 --16 58 24
IRC-10597 23 14 17 -- 8 00 00 IRC--20106 6 43 56 --21 50 06 IRC-20224 11 10 54 --21 45 54
IRC--10598 23 2009 --ll 05 24 IRC-20107 6 45 10 -20 16 12 IRC-20225 11 15 18 -21 52 36
IRC--10599 23 23 14 --11 26 00 IRC--20108 6 4644 -20 22 (30 IRC--20226 11 19 25 -24 43 42
IRC--10600 23 24 50 --13 12 00 IRC--20109 6 48 07 --17 01 30 IRC-20227 11 21 23 --19 38 00
IRC--10601 23 25 27 --12 28 54 IRC-20110 6 49 37 --18 58 24 IRC-20228 11 26 21 --16 19 24
IRC--10602 23 26 25 -- 9 32 24 IRC--20111 6 51 05 --21 54 24 IRC-20229 I1 27 27 --17 30 06
IRC--10603 23 2940 --I1 49 30 IRC--20112 6 5204 --24 07 12 IRC--20230 11 3720 --16 20 30
IRC--10604 23 35 26 -- 8 13 06 IRC--20113 6 53 27 --16 48 06 IRC--20231 I1 42 10 --18 04 30
IRC--10605 23 45 59 -- 6 39 12 IRC--20114 6 54 41 --23 53 42 IRC--20232 11 43 38 --24 35 36
IRC--10606 23 47 50 --14 42 54 IRC--20115 6 59 33 --23 25 06 IRC--20233 12 07 34 --22 20 42
IRC-10607 23 50 14 --12 17 12 IRC--20116 7 00 15 -15 34 24 IRC--20234 12 08 02 -24 49 24
IRC--10608 23 5922 -- 6 17 30 IRC--20117 7 01 56 --16 31 30 IRC--20235 12 13 14 -17 16 03
IRC--10609 23 59 33 --14 57 24 IRC--20118 7 02 44 --20 45 12 IRC--20236 12 15 50 -20 31 54
IRC--20001 05 55 --17 51 24 IRC--20119 7 04 15 --24 32 24 IRC--20237 12 17 08 --18 56 54
IRC--20002 06 19 --22 27 12 IRC--20120 7 04 17 --23 (30 42 IRC--20238 12 27 13 --16 14 06
IRC--20003 08 26 --18 50 54 IRC--20121 7 06 16 --17 29 06 IRC--20239 12 27 42 --23 25 00
IRC--20OM 09 28 --24 50 30 IRC--20122 7 08 01 --16 11 06 IRC--20240 12 31 44 --23 07 06
IRC-20005 0941 --18 12 12 IRC--20123 7 11 15 --22 35 06 IRC--20241 12 32 19 --20 33 54
IRC--20O06 12 09 --19 12 24 1RC--20124 7 12 55 --22 41 00 IRC--20242 12 34 29 --17 15 24
IRC-20007 19 12 --20 20 12 IRC--20125 7 14 29 --23 13 36 IRC--20243 12 34 59 -16 59 42
IRC--20008 2027 --16 12 30 IRC--20126 7 1440 --19 17 12 IRC--20244 12 4033 --24 43 00
IRC--20009 23 50 --18 58 12 IRC-20127 7 16 I1 --17 10 12 IRC--20245 12 46 03 --19 14 30
IRC--20010 41 05 --18 15 36 IRC-20128 7 19 34 --24 07 42 IRC--20246 12 51 56 --19 50 12
IRC--20011 45 13 --18 20 06 IRC--20129 7 20 11 --20 24 36 IRC--20247 13 06 23 --22 50 42
IRC-20012 50 14 --24 16 12 IRC--20130 7 23 34 --20 53 12 IRC--20248 13 13 17 --19 40 30
IRC--20013 56 19 --19 54 12 IRC--20131 7 27 01 --19 21 24 IRC--20249 13 16 13 --22 54 12
IRC--20014 20 55 --18 11 30 IRC--20132 7 27 22 --17 28 36 IRC--20250 13 18 20 --24 12 06
IRC--20015 31 59 --19 13 36 IRC--20133 7 3026 --20 32 42 IRC--20251 13 2029 --18 04 42
IRC--20016 33 30 --15 39 24 1RC-20134 7 33 00 --23 52 24 IRC--20252 13 20 36 -24 23 24
IRC--20017 37 37 --23 10 06 IRC-20135 7 33 47 --19 46 06 IRC--20253 13 24 43 -15 42 30
IRC--20018 41 40 --16 11 00 IRC--20136 7 36 07 --15 56 00 IRC--20254 13 26 58 --23 01 24
IRC-20019 4809 --17 53 30 IRC--20137 7 37 10 --16 43 42 IRC-20255 13 3008 --15 05 12
IRC-20020 49 23 --15 53 54 IRC--20138 7 37 27 --15 43 24 IRC-20256 13 32 41 --22 21 42
IRC-20021 54 21 --22 46 06 IRC--20139 7 38 08 --15 08 42 1RC--20257 13 39 40 --19 08 30
IRC--20022 5451 --17 54 36 IRC-20140 7 3846 --23 58 12 IRC--20258 13 4440 --17 36 54
IRC--20023 57 23 --21 04 06 IRC--20141 7 39 14 --22 13 12 IRC--20259 13 45 00 --20 53 36
IRC--20024 57 35 --21 19 12 IRC--20142 7 44 17 --21 25 24 IRC--20260 13 45 13 --18 19 36
IRC--20025 01 28 --17 45 00 IRC--20143 7 45 02 --19 16 42 IRC--20261 13 47 08 --17 53 06
IRC--20026 02 23 --17 31 42 IRC--20144 7 45 28 --15 52 36 IRC--20262 13 54 40 -22 46 12
IRC--20027 06 25 --18 00 36 IRC--20145 7 47 08 --24 43 54 IRC--20263 14 05 23 --17 35 24
IRC--20028 09 16 --17 58 400 IRC--20146 7 47 13 --22 26 (30 IRC--20264 14 06 13 --19 (30 24
IRC--20029 09 27 --23 55 (30 IRC--20147 7 47 25 --17 06 06 IRC-20265 14 08 04 --16 04 00
IRC--20030 13 16 --23 35 54 IRC-20148 7 51 55 --18 11 54 IRC-20266 14 14 15 --16 12 42
IRC--20031 13 39 --20 45 00 IRC--20149 7 54 36 --20 17 36 IRC--20267 14 27 32 --21 16 42
IRC--2GO32 16 32 --19 45 54 IRC--20150 7 54 45 --22 44 54 IRC--2026g 14 44 23 --21 07 (30
IRC--20033 28 14 --22 45 42 IRC--20151 7 55 22 --15 04 06 IRC--20269 14 45 31 -21 12 30
IRC--20034 30 18 --16 56 06 IRC--20152 7 55 42 --20 17 24 IRC-20270 14 46 29 -24 02 12
IRC--20035 36 13 --20 39 30 IRC--20153 7 56 58 --23 10 42 IRC--20271 14 48 07 --15 50 06
1RC--20036 39 47 --22 48 42 IRC-20154 8 02 15 --17 31 12 IRC-20272 14 48 15 --24 41 30
IRC-20037 48 40 --21 13 24 IRC--20155 8 03 08 --16 58 30 IRC-20273 14 51 28 -24 26 30
IRC--20038 55 53 --23 48 00 IRC--20156 8 05 20 --22 46 00 IRC--20274 14 52 29 --21 47 42
IRC--20039 09 03 --23 52 30 IRC--20157 8 05 28 --24 09 54 IRC--20275 14 54 32 --21 12 06
IRC--20040 16 08 --22 42 00 IRC--20158 8 05 30 --20 32 12 IRC--20276 14 55 44 --19 31 12
IRC--20041 17 18 --21 56 36 IRC--20159 8 08 25 --15 10 36 IRC--20277 14 57 37 --22 39 00
IRC--20042 17 25 --24 18 06 IRC--20160 8 10 59 --15 37 54 IRC--20278 14 58 41 --18 36 30
IRC--20043 31 55 --16 19 42 IRC--20161 8 12 50 --21 47 24 IRC--20279 15 03 51 --16 03 36
IRC-20044 46 24 -21 03 24 IRC-20162 8 15 58 -23 04 24 IRC-20280 15 05 59 -22 52 06
IRC--20045 51 14 --15 07 24 IRC--20163 8 17 16 --19 55 30 IRC--20281 15 07 01 --23 47 36
IRC--20046 5243 --15 02 42 IRC--20164 8 17 53 --23 17 54 IRC--20282 15 09 22 --18 56 06
IRC--20047 53 01 --24 10 36 IRC--20165 8 20 25 --15 45 24 IRC-20283 15 13 27 --22 13 06
IRC--20048 01 22 --24 35 30 IRC--20166 8 22 52 --23 53 06 IRC-20284 15 19 11 -23 52 36
IRC--20049 02 02 --15 51 30 IRC--20167 8 27 56 --20 44 06 IRC--20285 15 19 29 --18 29 42
IRC--20050 10 40 --23 57 06 IRC--20168 8 28 46 --15 49 12 IRC--20286 15 21 26 --22 44 06
IRC--20051 11 45 --16 06 00 IRC--20169 8 30 52 --17 48 12 IRC--20287 15 25 27 --16 32 30
IRC--20052 15 42 --18 37 24 IRC--20170 8 31 30 --18 36 42 IRC--20288 15 29 19 --23 42 42
IRC--20053 16 04 --20 49 30 IRC--20171 8 34 36 --17 47 12 IRC--20289 15 30 26 -15 09 30
IRC--20054 17 47 --18 51 54 IRC--20172 8 36 24 --19 33 42 IRC--20290 15 34 50 --16 09 06
IRC--20055 18 29 --16 56 36 IRC-20173 8 37 37 --17 07 24 IRC--20291 15 37 19 --23 39 24

B-49



NAME RA (1950) DEC POSREF NAME RA (1950) DEC POSREI NAME RA (1950) DEC POS REI

IRC--20292 15h39_05' --19"31' 30 IRC--20410 17h57_05' -20"21' 42 IRC--20527 18h52_03° --16"35' 36
IRC--20293 15 40 47 --21 40 30 IRC--20411 17 57 13 --24 02 00 IRC--20528 18 52 07 --22 44 06
IRC--20294 15 44 55 --19 33 ()0 IRC--20412 17 57 59 --22 54 30 IRC--20529 18 53 49 --18 23 24
IRC--20295 15 45 58 --20 17 36 IRC-20413 17 58 11 -20 31 36 IRC--20530 18 54 46 --21 10 42
IRC--20296 15 50 59 --16 34 42 IRC--20414 17 58 25 --15 21 42 IRC--20531 18 55 33 --19 14 36
IRC--20297 15 51 03 --18 48 06 IRC--20415 17 5828 --17 09 12 1RC--20532 18 5629 --19 21 00
IRC--20298 15 51 58 --20 40 42 IRC--20416 17 58 50 --22 44 54 IRC--20533 18 58 36 --22 46 CO
IRC--20299 15 52 42 --18 38 36 IRC--20417 17 59 01 --23 37 36 IRC--20534 19 0043 --22 47 06
IRC--203CO 15 53 27 --18 09 24 IRC--20418 17 59 22 --23 28 06 IRC--20535 19 01 09 --19 28 24
IRC--20301 15 54 14 --15 53 24 IRC--20419 17 59 26 -17 08 00 IRC-20536 19 01 41 --21 48 54
IRC--20302 15 55 21 --15 18 30 IRC--20420 17 59 26 --19 10 42 IRC--20537 19 02 07 --21 01 42
IRC--20303 15 57 21 --22 29 00 IRC--20421 17 59 28 --22 55 36 IRC--20538 19 04 46 --17 06 24
IRC--20304 16 ()0 55 --24 35 24 IRC--20422 17 59 53 --22 CO54 IRC--20539 19 05 50 --19 01 42
IRC--20305 16 02 32 --19 40 06 IRC--20423 18 00 28 --21 49 12 IRC--20540 19 05 56 -22 19 12
IRC--20306 16 03 05 --21 36 12 IRC--20424 18 00 580--20 19 12 IRC--20540 19 05 560 --22 19 12
IRC-20307 16 03 59 --20 39 30 IRC--20424 18 13059 --20 19 30 IRC--20541 19 06 28 --15 07 24
IRC--20308 16 04 32 --20 44 54 IRC--20425 18 01 02 --16 56 06 IRC--20542 19 06 46 --21 06 24
IRC--20309 16 05 19 --23 39 36 IRC--20426 18 01 56 --15 42 24 IRC-20543 19 08 00 -15 09 36
IRC--20310 16 16 51 --22 10 06 IRC-20427 18 02 38 --21 14 O0 IRC--20544 19 08 56 -20 23 CO
IRC--20311 16 17 38 --24 03 06 IRC--20428 18 03 47 --22 04 CO IRC--20545 19 10 37 --18 12 30
IRC-20312 16 1743 --21 43 42 1RC--20429 18 0437 --19 18 12 IRC--20546 19 II 02 --18 56 30
IRC-20313 16 17 46 --23 43 12 IRC--20430 18 04 52 --17 09 36 IRC--20547 19 11 39 --18 55 24
1RC-20314 16 20 22 -23 21 36 IRC-20431 18 05 05 -22 14 (30 IRC--20548 19 13 22 --17 03 36
IRC--20315 16 20 53 --22 15 42 IRC-20432 18 05 20 -23 52 00 IRC--20549 19 13 50 -19 24 06
IRC--20316 16 21 I1 --19 55 24 IRC--20433 18 05 20 --20 03 1)0 IRC--20550 19 1445 --19 01 CO
IRC--20317 16 26 32 --19 14 12 1RC-20434 18 05 25 -18 33 36 IRC--20551 19 15 28 --19 27 CO
IRC--20318 16 28 17 --16 30 24 IRC--20435 18 05 50 --21 24 42 IRC--20552 19 15 46 --16 26 24
IRC-20319 16 3050 -16 02 06 IRC--20436 18 0622 -17 22 54 IRC-20553 19 1609 -15 37 54
1RC--20320 16 32 26 --24 51 06 IRC--20437 18 06 34 --23 07 42 IRC--20554 19 16 17 --16 (30 24
IRC--20321 16 36 16 --21 46 24 IRC--20438 118 06 52 --15 17 36 1RC--20555 19 16 43 --21 01 06
IRC--20322 16 36 43 --20 46 54 IRC--20439 118 07 14 --24 00 54 IRC--20556 19 17 36 --17 08 24
IRC--20323 16 37 35 --20 18 00 IRC--20440 18 07 37 --23 40 06 IRC--20557 19 17 56 --18 17 36
IRC--20324 16 38 19 --19 52 06 IRC--20441 18 08 05 --18 53 06 IRC--20558 19 18 52 --16 03 12
IRC--20325 16 38 42 --17 38 30 IRC--20442 18 08 43 --21 18 12 IRC--20559 19 22 30 --24 03 12
IRC--20326 16 41 43 --22 59 30 1RC--20443 18 08 44 --23 42 36 IRC--20560 19 23 19 --21 52 12
IRC--20327 16 42 35 --19 02 54 IRC--20444 m18 09 06 -18 52 54 IRC-20561 19 23 28 -21 21 00
IRC--20328 16 42 46 --19 46 12 IRC--20445 18 09 22 --21 07 36 IRC--20562 19 24 09 --18 36 42
IRC--20329 16 43 13 --16 48 54 IRC--20446 18 09 51 --17 25 36 IRC--20563 19 24 49 --17 22 24
IRC--20330 16 43 40 --16 29 42 IRC--20447 18 09 58 --16 19 24 IRC--20564 19 26 50 --16 15 24
IRC--20331 16 45 12 --24 26 00 IRC--20448 18 09 58 --24 53 42 IRC--20565 19 27 16 --19 29 24
IRC--20332 16 4604 --20 22 12 IRC--20449 ,18 1047 --19 15 06 IRC--20566 ,19 30 26 --16 42 30

IRC--20333 16 46 06 --19 23 06 IRC--20450 18 10 50 --17 10 06 IRC--20567 ! 19 31 07 --22 44 541RC-20334 16 46 38 --21 46 30 IRC--20451 18 I1 18 --21 44 CO IRC-20568 19 31 26 -16 29 (30
IRC-20335 16 50 18 --21 35 30 IRC--20452 18 II 31 --22 47 ()0 IRC--20569 19 31 31 --23 57 42
IRC--20336 16 52 I0 --21 53 30 IRC--20453 18 12 36 --18 56 30 IRC--20570 19 34 28 --22 04 06
IRC--20337 16 53 37 --15 24 36 IRC--20454 18 13 31 --16 40 (30 IRC--20571 19 37 51 --16 24 42
IRC--20338 16 53 52 --lS 51 42 1RC--20455 18 13 31 --17 40 24 IRC--20572 119 43 25 --19 53IRC--20339 16 54 31 --23 15 12 IRC--20456 18 14 17 --17 23 30 IRC--20573 119 43 41 --16 19
IRC--20340 16 5456 --19 42 30 IRC--20457 18 1447 --15 18 24 IRC--20574 19 44 17 --17 I1
IRC--20341 17 (30 13 --20 29 54 IRC-20458 18 14 59 --17 50 36 IRC-20575 19 45 45 -16 16 42
IRC--20342 17 00 20 --20 04 00 IRC--20459 18 15 14 --24 19 54 IRC--20576 19 48 41 --19 20 12
IRC--20343 17 (3025 --21 45 06 IRC--20460 18 15 32 --18 29 06 IRC--20577 19 53 09 --19 21 (30
IRC--20344 17 (3051 --24 46 30 IRC--20461 18 15 34 --15 20 36 IRC--20578 19 57 21 --16 40 54
1RC--20345 17 03 31 --23 50 36 IRC--20462 18 15 51 --15 13 00 IRC--20579 19 58 28 --15 I1 (30
IRC--20346 17 03 55 --16 42 42 IRC--20463 18 16 22 --15 46 36 IRC--20580 20 CO12 --22 15 36
IRC--20347 17 04 54 --16 01 36 IRC--20464 18 16 29 -15 38 06 IRC-20581 20 CO22 -23 50 30
IRC--20348 17 07 34 --15 39 54 IRC--20465 18 17 16 --15 51 24 IRC--20582 20 05 58 --15 34 12
IRC--20349 17 07 46 --24 18 00 IRC--20466 18 17 35 --16 12 24 IRC--20583 20 II 23 --16 03 30

IRC--20350 17 12 26 --21 23 00 1RC--20467 18 18 08 --15 15 54 IRC--20584 [20 13 43 --18 34 3_0IRC-20351 17 13 27 --15 10 30 IRC--20468 18 18 22 --24 56 30 IRC--20585 20 14 05 --21 28
IRC--20352 17 1408 --17 37 30 IRC--20469 18 1900 --23 34 30 IRC--20586 20 1609 --16 01 06
IRC--20353 17 14 55 --24 13 30 IRC--20470 18 19 42 --19 24 42 IRC--20587 20 16 31 --19 16 42
IRC--20354 17 15 26 --16 15 54 IRC--20471 18 20 22 --20 40 42 IRC--20588 20 25 26 --15 52 ()0
IRC--20355 17 16 34 --18 54 12 IRC--20472 18 20 34 --21 41 30 IRC--20589 20 26 37 --22 33 36
1RC--20356 17 16 55 --21 40 42 1RC--20473 18 20 37 --23 03 54 IRC--20590 20 29 43 --21 51 42
IRC-20357 17 18 20 --21 30 54 IRC--20474 18 21 07 --19 24 12 IRC--20591 20 31 II --23 25 06
IRC-20358 17 18 55 --20 31 36 IRC--20475 18 21 43 --19 45 30 IRC--20592 20 37 14 --18 19 24
IRC--20359 17 21 23 --22 20 30 IRC--20476 18 21 59 --16 18 12 IRC--20593 20 41 43 --19 13 30
IRC--20360 17 23 21 --20 41 12 IRC--20477 18 22 04 --18 33 54 IRC--20594 20 46 29 --18 13 06
IRC-20361 17 23 40 -21 25 42 IRC-20478 18 22 23 -20 34 24 IRC--20595 20 5201 --18 07 06
1RC--20362 17 2431 --18 54 54 IRC--20479 18 2302 --19 43 06 IRC--20596 21 0429 --16 37 30
IRC--20363 17 25 52 --23 24 06 IRC-20480 18 23 12 -21 51 36 IRC-20597 21 12 48 -20 51 42
IRC--20364 17 2647 --19 25 36 IRC--20481 18 23 22 --18 08 36 IRC--20598 21 12 56 --15 22 24
IRC--20365 17 26 53 --24 53 42 IRC--20482 18 23 31 --22 08 06 IRC--20599 21 19 26 --17 02 54
IRC--20366 17 28 09 --23 37 06 IRC--20483 18 23 46 --21 08 42 IRC--20600 21 20 10 --22 52 54
IRC--20367 17 28 13 --20 13 12 1RC--20484 18 25 08 --16 47 24 IRC--20601 21 21 17 --21 04 (30
1RC--20368 17 30 08 --22 23 42 IRC--20485 18 25 10 --21 16 06 IRC--20602 21 23 52 --22 37 54
IRC-20369 17 31 08 --24 50 30 IRC--20486 18 25 38 --19 48 42 IRC--20603 21 24 25 --21 25 24
IRC--20370 17 31 47 --23 41 54 IRC--20487 18 26 07 --17 49 06 IRC--20604 21 25 55 --22 01 36
IRC--20371 17 33 18 --22 25 42 IRC--20488 18 27 31 --16 55 42 IRC-20605 21 3721 -16 53 36
IRC--20372 17 34 31 --16 19 12 IRC--20489 18 27 32 --20 05 24 IRC--20606 21 39 06 --23 29 36
IRC--20373 17 34 40 --15 23 00 IRC--20490 18 28 28 --21 17 12 IRC--20607 21 39 51 --19 05 36
1RC--20374 17 35 13 --20 50 24 IRC--20491 18 29 05 --24 59 24 IRC-20608 21 44 16 -16 21 42
IRC-20375 17 35 58 -21 39 (30 IRC--20492 18 29 37 --23 16 00 IRC--20609 21 48 13 --20 25 06
IRC--20376 17 37 15 --24 40 06 IRC--20493 18 30 08 --19 48 36 IRC--20610 21 52 39 --23 31 42
IRC--20377 17 38 52 --16 45 12 IRC--20494 18 30 14 --20 08 30 IRC--20611 21 52 48 --21 22 54
IRC--20378 17 38 56 --20 46 06 IRC--20495 18 30 50 --24 03 54 IRC--20612 21 55 52 --21 25 36
IRC--20379 17 3908 --20 23 42 IRC--20496 18 31 55 --19 33 30 IRC--20613 21 5604 --15 22 06
IRC-20380 17 39 53 --17 27 12 IRC--20497 18 3228 --19 18 42 IRC--20614 21 5645 --18 14 (30
IRC--20381 17 41 34 --22 55 54 IRC--20498 18 33 22 --23 55 06 IRC--20615 21 59 08 --15 38 30
IRC--20382 17 42 01 --18 38 12 IRC--20499 18 33 44 --23 48 12 IRC--20616 22 15 52 -21 04 36
IRC--20383 17 42 59 --16 05 30 IRC--205CO 18 33 47 --19 56 24 IRC--20617 22 18 49 --21 51 36
IRC--20384 17 44 46 --22 27 12 IRC--20501 18 33 55 --15 59 12 IRC--20618 22 20 32 --22 18 30
IRC--20385 17 45 01 --24 45 30 IRC--20502 18 34 10 --19 14 54 IRC--20619 22 25 07 --22 07 36
IRC--20386 17 45 23 --22 01 06 IRC--20503 18 35 24 --24 40 24 IRC--20620 22 40 55 --19 05 36
IRC--20387 17 45 34 --24 37 12 IRC-20504 18 35 29 --18 24 42 IRC--20621 22 42 47 --15 51 12
IRC--20388 17 45 41 --19 45 54 IRC-20505 18 36 10 --15 05 00 IRC-20622 22 44 55 -19 51 12
IRC--20389 17 45 46 --23 13 30 IRC--20506 18 37 23 --15 16 30 IRC--20623 22 51 26 --19 26 (30
IRC--20390 17 46 57 --23 19 54 IRC--20507 18 37 24 --18 35 42 IRC--20624 22 54 27 -20 36 12
IRC--20391 17 47 01 --21 30 54 1RC--20508 18 38 25 --17 07 36 IRC-20625 23 01 37 --16 17 06
IRC--20392 17 47 16 --22 23 24 IRC--20509 i18 39 57 --15 58 36 IRC--20626 23 02 34 --17 21 (30
1RC--20393 17 47 52 --21 46 06 IRC--20510 !18 39 58 --19 19 54 IRC--20627 23 02 44 --22 46 (30
IRC--20394 17 48 31 --22 10 ()0 IRC--20511 18 40 53 --15 19 30 IRC--20628 23 03 58 --24 01 ()0
IRC--20395 17 49 56 --24 12 06 IRC--20512 18 41 04 --21 45 12 IRC--20629 23 06 47 --21 26 30
IRC--20396 17 5000 --18 08 06 IRC--20513 18 42 13 --20 30 30 IRC--20630 23 07 16 --22 43 54
IRC--20397 17 51 23 --23 13 30 IRC--20514 18 42 59 --17 21 06 IRC--20631 23 15 51 --19 06 54
IRC--20398 17 51 51 --23 29 12 IRC--20515 18 43 04 --19 39 36 IRC--20632 23 16 50 --18 21 36
IRC--20399 17 51 53 --23 58 30 IRC--20516 18 43 19 --22 26 42 IRC--20633 23 20 19 --20 22 12
IRC--20400 17 52 29 --24 06 12 IRC--20517 18 44 18 --20 25 36 IRC--20634 23 21 47 --17 35 30
IRC-20401 17 53 02 --17 27 06 IRC--20518 18 44 33 --23 59 54 IRC-20635 23 23 26 --20 55 ()0
IRC--20402 17 53 02 --21 07 (30 IRC-20519 18 45 07 -16 50 00 IRC--20636 23 32 I1 --15 31 42
iRC--20403 17 5402 --19 20 54 IRC--20520 18 45 16 --19 15 36 IRC--20637 23 38 33 --24 26 06
IRC--20404 17 54 02 --19 31 30 IRC--20521 18 45 31 --22 33 12 IRC--20638 23 38 57 --18 18 06
1RC--20405 17 5405 --23 55 42 IRC--20522 18 45 35 --23 16 06 IRC--20639 23 39 09 --20 01 54
IRC--20406 17 55 26 --22 32 42 IRC--20523 18 4643 --20 23 12 IRC--20640 23 39 11 --18 06 24
IRC-20407 17 5549 --16 35 36 IRC-20524 18 50 13 -21 32 30 IRC-20641 23 3949 -15 43 (30
IRC--20408 17 56 20 --21 25 36 IRC-20525 18 51 05 --21 25 12 IRC--20642 23 41 12 --15 34 06
IRC--20409 17 56 53 --23 31 06 IRC--20526 18 51 10 --22 48 12 IRC--20643 23 50 11 --16 39 (30
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NAME RA (1950) DEC POSRE! NAME RA (1950) DEC POSREI_ NAME RA (1950) DEC POSREF

IRC--20644 23 53_32J --22"16 12 IRC--30118 8h02_361 --29°49' 24 IRC--30236 15h30_1" --27°00 54
IRC--30COI 0401 --32 52 30 IRC--30119 8 03 16 --26 37 24 IRC--30237 15 31 35 --27 52 42
IRC--3CO02 05 01 --25 46 30 IRC--30120 8 09 50 --28 09 30 IRC-30238 15 33 09 -28 50 CO
IRC--3CO03 09 05 --28 04 24 IRC--30121 8 15 06 --31 16 54 IRC-30239 15 34 CO -27 58 CO
IRC--3CO04 11 11 --26 17 54 IRC--30122 8 17 56 --29 11 24 IRC-30240 15 38 26 -29 08 06
IRC--3CO05 11 14 --26 33 42 IRC--30123 8 19 22 --32 54 06 IRC-30241 15 40 54 --30 42 36
IRC-3CO06 12 49 -32 19 06 IRC-30124 8 2002 -25 28 06 IRC-30242 15 42 47 -25 20 42
IRC--30007 13 35 --31 43 24 IRC--30125 8 22 55 --30 13 06 IRC--30243 15 47 30 --29 23 30
IRC--3CO08 20 53 --30 07 30 IRC--30126 8 26 56 --30 36 54 IRC-30244 15 47 32 --26 08 42
IRC--3CO09 31 16 --29 49 36 IRC--30127 8 27 45 --30 23 24 IRC-30245 15 48 53 --30 02 54
IRE--30010 33 19 --25 09 12 IRC--30128 8 28 29 --31 59 30 IRC--30246 15 49 44 --25 56 54
IRC--3COII 36 20 --25 23 CO IRC--30129 8 30 01 --31 48 24 IRC-30247 15 55 32 --30 35 24
IRC--3CO12 53 30 --28 02 42 IRC--30130 8 32 23 --26 56 24 IRC-30248 15 58 11 --31 44 36
IRC--30013 03 04 --31 57 42 IRC--30131 8 37 38 --29 22 42 IRC--30249 15 58 31 --25 03 00
IRC--3CO14 21 11 --31 11 36 IRC--30132 8 41 47 --25 25 30 IRC--30250 15 59 00 --28 50 54
IRC--3COI5 24 40 --32 48 CO IRC--30133 8 43 25 --28 01 06 IRC--30251 15 59 28 --26 CO 36
IRC-30016 27 59 -26 28 00 IRC--30134 8 44 32 --29 32 36 IRC--30252 16 CO20 --25 43 12
IRC--3COI7 32 04 --28 29 24 IRC--30135 8 46 09 --28 27 30 IRC--30253 16 05 06 --26 11 36
IRC--3COI8 39 52 --32 34 30 IRC--30136 8 48 26 --27 31 54 IRC--30254 16 05 38 --32 42 54
IRC-3COI9 42 38 -28 58 06 IRC--30137 8 57 37 --27 59 CO IRC--30255 16 07 17 --29 09 30
IRC--3CO20 00 10 --31 38 O3 IRC--30138 8 58 59 --27 19 12 IRC--30256 I6 07 57 -29 17 24
IRC--3CO21 26 58 --26 19 06 IRC--30139 9 CO45 --27 59 54 IRC--30257 16 10 19 -32 13 CO
IRC--3CO22 28 27 --31 29 42 IRC-30140 9 02 31 -32 14 CO IRC--30258 16 11 33 --32 15 24
IRC--3CO23 35 08 --27 11 24 IRC--30141 9 05 22 --26 02 06 IRC-30259 16 15 41 -28 37 12
IRC--3CO24 40 47 --26 19 24 IRC--30142 9 05 52 --25 39 24 IRC--30260 16 18 08 --25 28 06
IRC--3CO25 42 13 --29 24 36 IRC--30143 9 05 55 --27 06 36 IRC--30261 16 18 32 --27 48 06
IRC-3CO26 47 01 -32 37 CO IRC-30144 9 07 36 -27 58 42 IRC-30262 16 19 13 -31 53 12
IRC--30027 06 26 --26 38 06 IRC--30145 9 10 22 --26 17 42 IRC--30263 16 21 01 -28 08 CO
IRC--30028 09 53 --29 10 54 IRC--30146 9 I1 13 --29 27 42 IRC--30264 16 24 14 -31 11 42
IRC--30029 30 20 --25 49 12 IRC--30147 9 12 37 --29 57 12 IRC--30265 16 26 20 -26 19 24
IRC--3CO30 41 09 --31 10 36 IRC--30148 9 15 01 --31 31 36 IRC--30266 16 33 28 --31 08 06
IRC--3CO31 48 19 --32 25 12 IRC--30149 9 16 09 --32 49 06 IRC--30267 16 36 59 --28 51 24
IRC--3CO32 01 31 --25 58 12 IRC--30150 9 19 17 --25 45 CO IRC--30268 16 37 25 --32 17 06
IRC--3CO33 09 21 --25 15 54 IRC--30151 9 21 03 --28 36 12 1RC--30269 16 38 44 --27 CO36
IRC-3CO34 21 37 --27 56 30 IRC--30152 9 25 16 --29 14 06 IRC--30270 16 49 23 --30 16 06
IRC-30035 25 58 -29 19 24 IRC-30153 9 27 44 -26 22 12 IRC-30271 16 53 26 --30 29 36
IRC--3CO36 31 30 --29 52 CO IRC--30154 9 33 51 --25 42 06 IRC--30272 16 53 32 --32 54 42
IRC--3CO37 33 37 --30 39 30 IRC--30155 9 39 44 --32 16 42 IRC-30273 16 54 37 -32 30 24
IRC--3CO38 34 32 --27 40 36 IRC--30156 9 48 54 --29 39 24 IRC--30274 16 56 55 --25 01 06
IRC--30039 37 26 --30 33 12 IRC--30157 9 51 56 --25 41 30 IRC--30275 16 57 50 --29 36 06
IRC--3CO40 41 12 --30 51 24 IRC--30158 9 52 47 --25 07 42 IRC--30276 16 59 07 -29 31 06
IRC--30041 CO10 --26 20 30 IRC--30159 9 54 14 --32 COCO IRC--30277 16 59 31 --32 39 24
1RC--3CO42 10 56 --27 13 36 IRC--30160 10 09 50 --32 20 36 IRC--30278 17 02 40 --29 36 54
IRC--30043 17 26 --25 10 30 IRC--30161 10 13 34 --26 14 12 IRC--30279 17 04 20 --31 46 06
IRC--30044 27 29 --30 59 30 IRC--30162 10 13 38 --31 55 36 IRC--30280 17 05 07 --30 59 24
IRC--30045 31 CO --25 23 36 IRC--30163 10 13 41 --30 43 CO 1RC--30281 17 06 40 --31 18 54
IRC--30046 33 50 --25 46 CO IRC-30164 10 24 52 --30 48 54 IRC-30282 17 08 02 --32 15 54
IRC--3CO47 36 06 --27 14 24 IRC--30165 10 24 58 --25 17 30 IRC--30283 17 08 58 -29 15 12
IRC--3CO48 39 02 --27 58 06 IRC--30166 10 27 12 --29 24 30 IRC--30284 17 09 43 -32 43 54
IRC--3CO49 45 05 --31 42 54 IRC--30167 10 34 53 --27 09 24 IRC--30285 17 10 28 --31 47 24
IRC--30050 47 14 --32 20 54 IRC--30168 10 45 12 --31 20 12 IRC--30286 17 1047 -31 24 12
IRE--30051 48 37 --29 12 36 IRC--30169 10 48 56 --28 21 30 IRC-30287 17 12 01 --30 29 12
IRC-3CO52 53 38 --28 57 36 IRC--30170 11 CO50 -31 41 12 IRC--30288 17 12 14 --26 32 12
IRC--3CO53 01 16 --26 16 36 IRC--30171 11 09 50 --32 09 54 IRC--30289 17 13 05 --31 25 24
IRC--3CO54 08 26 --31 34 36 IRC--30172 11 09 52 --29 30 42 IRC--30290 17 14 58 --25 31 42
IRC--3CO55 14 07 --27 29 30 IRC--30173 11 12 13 --25 48 30 IRC--30291 17 20 13 --28 05 42
IRC--3CO56 15 16 --31 01 CO IRC--30174 I1 1625 --30 11 54 IRC--30292 17 2038 --28 26 06
IRC--3CO57 16 50 --26 08 36 IRC--30175 11 23 53 --25 29 12 IRC--30293 17 20 50 --29 16 54
IRC--3CO58 18 54 --30 37 06 IRC--30176 11 29 54 --26 28 30 IRC--30294 17 22 27 --26 48 24
IRC--3CO59 21 27 --26 21 CO IRC--30177 11 30 23 --30 48 36 IRC--30295 17 22 34 -25 20 36
IRC--30060 21 40 -27 02 30 IRC--30178 11 30 34 --31 35 CO IRC--30296 17 23 06 --32 58 36
IRC--30061 21 56 --25 32 54 IRC--30179 II 3745 --28 13 CO IRC--30297 17 23 45 --31 03 12
IRC--3CO62 27 11 --26 05 12 IRC--30180 11 37 46 --29 58 54 IRC-30298 17 24 22 --31 04 30
IRC-3CO63 29 31 -32 49 54 IRC-30181 11 39 10 --32 13 24 IRC--30299 17 25 18 --29 01 30
IRC--3CO64 3007 --27 07 06 IRC--30182 I1 46 13 --26 28 36 IRC--303CO 17 26 53 --26 25 42
IRC--3CO65 31 32 --29 36 CO IRC--30183 I1 47 20 --27 18 36 IRC--30301 17 27 19 --26 43 06
IRC--30066 31 50 --30 32 54 IRC--30184 11 51 40 --30 37 54 IRC--30302 17 27 47 -27 16 54
IRC--3CO67 34 23 --30 32 06 IRC--30185 11 53 07 --28 11 36 IRC-30303 17 32 16.4 -31 59 17
IRC--3CO68 35 56 --32 17 36 1RC--30186 11 56 47 --29 47 06 IRC--30303 17 32 17 -31 59 CO
IRC-3CO69 41 08 --26 04 24 IRC--30187 12 01 03 --32 07 42 1RC--30304 17 33 36 --32 14 CO
IRC-3CO70 50 56 --26 53 54 IRC-30188 12 08 56 --26 47 54 IRC-30304 17 33 36.5 --32 13 53
IRC--3CO71 56 38 --28 53 54 IRC--30189 12 12 56 --31 24 54 IRC-30305 17 34 52.2 --32 07 40
IRC--3CO72 59 46 --27 51 24 IRC--30190 12 17 18 --26 27 54 IRC--30305 17 34 55 --32 07 24
IRC--3CO73 03 32 --25 01 54 IRC--30191 12 21 12 --30 03 12 IRC--30306 17 35 CO --30 39 30
IRC--30074 03 58 --30 49 24 IRC--30192 12 34 44 --27 46 24 IRC--30307 17 35 04 --28 CO 54
IRC--3CO75 05 10 --29 27 42 IRC--30193 12 38 35 --27 38 CO IRC--30308 17 35 27 -31 55 42
IRC-3CO76 06 18 --26 19 CO IRC--30194 12 41 22 --28 02 42 IRC--30309 17 3602 --31 41 30
IRC--3CO77 07 44 --27 47 54 IRC--30195 12 45 01 --29 31 12 IRC--30310 17 36 36.3 --31 26 58
IRC--3CO78 09 07 --29 02 24 IRC--30196 12 48 I1 --29 34 30 IRC--30310 17 36 38 --31 26 12
IRC--3CO79 10 35 --31 53 24 IRC--30197 12 49 05 --30 48 42 IRC--30311 17 37 26 --29 12 12
IRC--3CO80 10 51 --31 41 36 IRC--30198 12 50 06 --25 44 06 IRC-30312 17 37 29 --31 56 36
IRC--3CO81 I1 56 --26 01 CO IRC--30199 12 56 14 --29 43 24 IRC-30312 17 37 29.0--31 56 51
IRC--3CO82 1249 --26 57 24 IRC--30200 13 0252 --25 45 06 IRC--30313 17 3743 --32 11 12
IRC--3CO83 14 37 --27 47 42 IRC--30201 13 05 21 --32 08 06 IRC--30314 17 38 06 --30 17 42
IRC--3CO84 16 50 --26 30 24 IRC--30202 13 05 48 --32 50 42 IRC--30315 17 39 26 -25 16 CO
IRC--3CO85 19 01 --25 48 CO IRC--30203 13 14 04 --31 14 54 IRC--30316 17 39 30 -30 04 54
IRC--30086 19 18 --29 12 24 IRC--30204 13 25 13 --26 09 CO IRC-30317 17 40 18 --32 38 12
IRC--3CO87 20 53 -25 40 24 IRC--30205 13 26 05 --31 44 12 IRC--30318 17 40 58 --30 24 06
IRC--3CO88 20 59 --25 22 30 1RC--30206 13 38 37 --26 17 12 IRC--30319 17 42 02 --28 18 12
IRC-3CO89 21 12 --29 16 42 IRC-30207 13 46 13 --28 07 06 IRC-30320 17 42 02 --28 09 30
IRC--3CO90 21 28 --27 44 24 IRC-30208 13 52 30 --26 10 54 IRC-30321 17 42 31 --28 58 CO
IRC--3CO91 22 10 --29 12 30 IRC--30209 13 54 07 --26 54 42 IRC--30322 17 42 37 -28 38 CO
IRC--30092 22 50 --31 42 54 IRC--30210 13 54 51 --30 49 30 IRC--30323 17 43 56 --26 57 30
IRC--30093 26 02 --26 43 42 IRC--30211 13 55 56 --32 33 CO IRC--30324 17 44 25 --27 49 12
IRC--30094 28 51 --30 51 30 IRC--30212 13 59 32 --27 I1 06 IRC--30325 17 46 50 --28 59 42
IRC--3CO95 34 37 --31 12 54 IRC--30213 14 03 33 --26 26 12 IRC--30326 17 48 51 --28 00 42
IRC-3CO96 35 40 --26 18 CO IRC-30214 14 06 58 --30 23 54 IRC-30327 17 48 58 -29 37 12
IRC-3CO97 37 31 --27 35 12 IRC--30215 14 08 42 --28 38 24 IRC--30328 17 49 31 -28 38 24
IRC--3CO98 41 34 --28 17 36 IRC--30216 14 09 50 --27 01 36 IRC--30329 17 5004 --31 43 12
IRC--3CO99 41 48 --28 50 06 IRC--30217 14 10 37 --29 40 30 IRC--30330 17 50 58 --28 19 54
IRC--301CO 44 38 --32 11 06 IRC--30218 14 16 13 --26 54 54 IRC--30331 17 52 02 --27 59 30
IRC--30101 48 17 --27 50 42 IRC--30219 14 17 14 --31 16 30 IRC--30332 17 52 10 --29 06 42
IRC--30102 49 46 --30 19 CO IRC--30220 14 20 13 --27 31 36 1RC--30333 17 52 47 --28 01 24
1RC--30103 51 52 --26 13 CO IRC--30221 14 22 45 --27 17 54 IRC--30334 17 53 43 --25 16 36
IRC--30104 52 35 --27 56 42 IRC--30222 14 27 59 --29 52 24 IRC--30335 17 53 49 -26 26 54
IRC--30105 53 40 --28 31 06 IRC--30223 14 38 13 --25 04 12 IRC--30336 17 53 52 --27 19 06
IRC--30106 53 47 --29 20 54 IRC--30224 14 39 02 --28 43 36 IRC--30337 17 53 55 --31 18 30
IRC--30107 54 16 --30 08 42 IRC--30225 14 44 50 --32 02 36 IRC-30338 - 17 54 03 --25 48 30
IRC--30108 56 52 --32 26 06 IRC--30226 14 47 20 --27 45 30 IRC--30339 17 54 26 --30 09 06
IRC--30109 58 22 --32 34 42 IRC--30227 14 53 26 --32 26 30 1RC--30340 17 54 27 --29 51 54
IRC--30110 58 24 --29 58 30 IRC--30228 15 01 08 --25 05 12 IRC--30341 17 55 54 --30 14 42
IRC--30111 59 29 --31 39 24 IRC--30229 15 06 02 --26 18 30 IRC--30342 17 56 03 --26 38 06
IRC--30112 00 13 --26 05 54 IRC-30230 15 07 38 -30 57 CO IRC-30343 17 56 35 --31 17 42
IRC--30113 01 09 --32 20 CO IRC--30231 15 14 46 --29 57 42 IRC--30344 17 58 03 --25 CO42
IRC--30114 01 47 --31 18 12 IRC--30232 15 15 21 --27 44 54 IRC--30345 17 59 07 --29 17 06
IRC--30115 02 16 -32 31 54 IRC--30233 15 18 38 --28 30 06 IRC-30346 17 59 46 --27 49 36
IRC--30116 0226 --25 33 12 IRC--30234 15 1904 --32 CO54 IRC--30347 18 0008 --25 13 54
IRC--30117 02 28 --27 44 24 IRC--30235 15 22 08 --26 34 30 IRC--30348 18 01 37 --26 02 24
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IRC-30349 18h01_47' --26"07' 00 IRC--30467 23h14_4 ' --28"42' 42 ISS #106 15h40"19' -37'01' °
IRC--30350 18 01 51 --28 02 54 IRC--30468 23 16 07 --32 48 12 ISS #107 17 46 27 --37 03
IRC-30351 18 01 51 -29 35 12 IRC--30469 23 16 21 --28 39 42 ISS #108 17 30 13 --37 06
IRC-30352 18 02 27 --27 04 54 1RC--30470 23 52 05 --31 03 06 ISS #109 13 04 00 -37 12
IRC--30353 18 02 35 --30 25 30 IRC--30471 23 54 38 --26 54 24 1SS #110 20 23 15 --37 16
IRC--30354 18 02 38 --25 14 54 IRC--30472 23 56 49 --29 46 00 ISS #111 18 37 51 --37 31
IRC-30355 18 02 55 --25 27 06 IRS2 Y'N,Y'E 17 42 29.2 --28 59 20 ISS #112 22 22 42 -37 50
IRC-30356 18 03 45 --27 51 00 IRS7 2.4"'S,2E 17 42 29.4--28 59 15 ISS #113 17 18 40 -37 52
IRC--30357 18 04 19 --26 24 42 IR12.9-0.3 18 I1 44.3 --17 53 02 ISS #114 15 48 25 --38 01
IRC--30358 18 04 28 --29 26 42 IR34.3+0.2 18 50 46.3 + I 11 12 ISS #115 20 00 04 --38 05
IRC--30359 18 04 56 --28 27 42 IR35,2--1.7 118 59 13.6 + I 09 01 ISS #116 20 35 40 --3_, 06

IRC--30360 18 05 05 --31 00 36 IR35,6--0.0 [ 18 53 51.7 + 2 16 30 ISS #117 14 30 46 --38 15IRC--30361 18 05 27 -31 13 00 IR40.6--0.1 19 03 35.5 + 6 56 ISS #118 21 36 50 --38 16
IRC--30362 18 05 38 --30 37 12 ISS #I 12 56 45 --29 44 ISS #119 20 29 30 --38 18
1RC-30363 18 05 49 --26 16 24 ISS #2 14 28 01 --29 52 ISS #120 19 15 20 --38 20
IRC--30364 18 06 I1 --27 40 54 ISS #3 7 54 23 -30 09 ISS #121 18 59 12 --38 22
IRC--30365 18 07 21 --26 52 24 ISS #4 8 27 40 --30 25 ISS #122 12 49 55 --38 31
1RC--30366 18 08 01 --25 46 12 ISS #5 16 53 16 --30 30 ISS #123 17 16 50 --38 35
IRC-30367 18 08 59 -29 52 24 ISS #6 I1 51 30 --30 41 ISS #124 17 33 06 --38 38
IRC--30368 18 10 04 -29 26 12 ISS #7 II 30 25 --30 49 ISS #125 13 37 12 --38 44
IRC-30369 18 11 47 --28 41 00 ISS #8 13 5440 --30 49 ISS #126 14 2600 --38 48
IRC--30370 18 I1 52 --29 50 30 ISS #9 l0 25 00 --30 50 ISS #127 17 22 20 --38 51
IRC-30371 18 12 06 -26 19 54 ISS #I0 12 49 10 --30 50 ISS #128 17 00 20 --39 00
IRC--30372 18 1325 --3001 42 ISS #11 12 1405 --3104 ISS #129 173902 --3900

1RC--30373 I_ 14 43 --27 22 42 ISS #12 7 58 30 --31 07 ISS #130 16 20 07 --39 04IRC--30374 14 53 --27 03 42 ISS #13 16 33 28 -31 08 ISS #131 16 01 35 --39 05
IRC-30375 18 15 50 -29 47 00 ISS #14 10 44 30 -31 20 ISS #132 13 28 08 -39 09
IRC--30376 18 17 46 --29 50 54 ISS #15 14 36 28 --31 26 ISS #133 20 14 25 --39 14
IRC--30377 18 18 35 --26 49 36 ISS #16 9 30 50 --31 32 ISS #134 19 20 30 --39 17
1RC-30378 18 1909 --32 14 00 ISS #17 12 1245 --31 32 ISS #135 14 25 10 --39 19
IRC--30379 18 2020 --26 00 24 ISS #18 11 3032 --31 35 ISS #136 19 0636 --39 26
IRC--30380 18 20 59 --29 07 36 ISS #19 12 33 30 --31 41 ISS #137 22 48 12 --39 26
1RC-30381 18 21 49 --30 47 24 ISS #20 18 13 00 -31 46 ISS #138 13 23 14 --39 30
IRC--30382 18 21 55 --25 58 06 ISS #21 19 17 20 --31 55 ISS #139 13 36 44 --39 32
IRC--30383 18 22 18 --32 10 12 ISS #22 15 19 12 --32 O1 ISS #140 12 5441 --39 32
IRC-30384 18 23 52 --25 42 54 ISS #23 17 34 25 --32 07 ISS #141 17 II 30 -39 35
IRC-30385 18 2449 --27 39 36 ISS #24 12 01 20 -32 08 ISS #142 17 I0 56 --39 41
IRC-30386 18 24 54 --25 27 00 ISS #25 11 09 50 --32 08 ISS #143 23 56 20 --39 44
IRC--30387 18 29 49 --28 56 36 ISS #26 17 37 35 --32 I1 ISS #144 18 58 40 --39 49
1RC-30388 18 30 20 --28 08 30 ISS #27 11 39 14 --32 13 ISS #145 22 03 40 --39 49
IRC-30389 18 32 25 --27 23 12 ISS #28 17 07 55 --32 15 ISS #146 13 36 50 -39 50
1RC--30390 18 33 05 --32 22 130 ISS #29 16 37 20 --32 17 ISS #147 15 30 40 --39 56
IRC--30391 18 33 06 -28 02 12 ISS #30 18 33 15 --32 21 ISS #148 15 34 27 --39 57
1RC-30392 18 36 38 --28 41 54 ISS #31 7 57 00 -32 26 ISS #149 18 04 12 -39 58
IRC--30393 18 37 49 --26 07 54 ISS #32 10 09 55 -32 27 ISS #150 20 50 25 -40 00
IRC--30394 18 43 40 --29 41 12 ISS #33 14 16 35 --32 28 ISS #151 17 44 05 --40 06
IRC-30395 18 51 04 --32 31 36 ISS #34 14 53 28 --32 28 ISS #152 0 25 59 --40 II
1RC--30396 18 52 10 --26 21 30 ISS #35 g 02 19 --32 32 ISS #153 14 27 18 --40 13
IRC--30397 18 5322 --29 38 12 ISS #36 11 3200 --32 32 ISS #154 15 0735 --40 13
IRC--30398 18 5604 --29 54 30 ISS #37 7 58 18 -32 33 ISS #155 15 36 17 -40 14
1RC--30399 18 59 23 --29 56 36 ISS #38 14 56 05 --32 34 ISS #156 17 32 30 --40 16
IRC--30400 18 59 39 --25 10 36 ISS #39 13 20 20 --32 56 ISS #157 12 44 25 -40 17
IRC--30401 19 03 48 --27 44 36 ISS #40 9 16 20 --32 58 ISS #158 18 25 40 --40 17
IRC--30402 19 04 25 --28 42 54 ISS #41 8 19 52 --33 02 ISS #159 17 06 35 -40 17
IRC-30403 19 04 26 -28 56 06 ISS #42 17 40 00 -33 02 ISS #160 17 17 40 -40 20
IRC--30404 19 09 19 --32 56 12 ISS #43 12 48 I0 -33 05 ISS #161 22 40 30 --40 22
IRC--304.05 19 I0 12 --25 59 30 ISS #44 18 33 05 --33 05 ISS #162 15 24 10 --40 32
IRC-30406 19 11 23 -29 54 54 ISS #45 19 17 50 --33 06 ISS #163 15 33 28 --40 32
IRC--30407 19 12 29 --25 20 36 ISS #46 16 53 55 --33 I1 ISS #164 19 04 52 --40 36
IRC--30408 19 16 37 --31 48 30 ISS #47 17 54 50 --33 11 ISS #165 15 01 30 --40 40
IRC-30409 19 17 14 --31 54 42 ISS #48 19 51 45 --33 11 ISS #166 20 26 00 --40 41
IRC--30410 19 19 13 -32 01 42 ISS #49 18 24 30 --33 21 ISS #167 15 04 05 --40 43
IRC--30411 19 1948 --29 09 42 ISS #50 17 11 32 --33 23 ISS #168 17 4802 --40 46
IRC-30412 19 26 45 --27 05 24 ISS #51 17 32 40 -33 25 ISS #169 22 08 55 -40 48
IRC--30413 19 29 19 --30 58 30 ISS #52 17 22 30 --33 32 ISS #170 15 02 32 --40 52
IRC-30414 19 29 55 --30 28 06 ISS #53 17 31 55 -33 34 ISS #171 23 07 28 -40 52
IRC--30415 19 37 53 --29 02 06 ISS #54 18 59 45 --33 35 ISS #172 14 56 24 --40 55
IRC-30416 19 5002 --32 13 06 ISS #55 18 2250 --33 36 ISS #173 20 1830 --40 55
IRC-30417 19 50 44 -31 03 06 ISS #56 16 32 12 -33 37 ISS #174 21 20 35 -40 55
IRC-30418 19 52 46 -26 25 54 ISS #57 17 28 30 --33 40 ISS #175 13 01 59 --40 56
IRC--30419 19 52 50 --29 19 06 ISS #58 12 10 36 --33 51 ISS #176 15 53 32 --40 56
IRC--30420 19 53 05 --28 l0 06 ISS #59 19 29 15 --33 51 ISS #177 20 22 27 --40 59

IRC--30422 19 55 56 --26 19 54 ISS #61 15 27 45 --33 52 ISS #179 i11227 17 --41 28
IRC--30423 19 59 34 --27 51 06 ISS #62 17 29 33 --34 02 ISS #180 14 41 40 --41 32
IRC--30424 20 Ol 09 --32 12 O0 ISS #63 16 38 00 --34 03 ISS #181 36 59 --41 37
1RC-30425 20 03 51 --27 22 06 ISS #64 17 28 {30 --34 03 ISS #182 19 03 20 --41 38
IRC--30426 20 04 45 --30 52 42 ISS #65 17 47 53 --34 03 ISS #183 21 26 03 --41 38
1RC--30427 20 06 52 --25 44 42 ISS #66 14 34 15 --34 04 1SS #184 17 18 55 --41
IRC--30428 20 12 47 --30 08 06 ISS #67 19 37 00 -34 05 ISS #185 !22 40 36 -41
IRC--30429 20 22 17 --30 08 36 ISS #68 16 46 55 -34 12 ISS #186 17 54 14 --41 42
IRC--30430 20 24 52 --28 25 36 ISS #69 13 46 32 --34 12 ISS #187 12 18 50 --41 45
IRC--30431 20 27 29 --27 10 12 ISS #70 15 54 15 --34 14 ISS #188 13 13 00 --41 45
IRC--30432 20 33 20 --30 53 12 ISS #71 10 49 12 --34 15 ISS #189 17 17 35 --41 50
IRC-30433 20 35 43 -28 15 06 [SS #72 12 30 50 --34 22 ISS #190 20 07 15 --41 52
IRC--30434 20 38 17 --31 46 42 ISS #73 !18 20 50 --34 23 ISS #191 21 22 25 --41 55
IRC--30435 20 43 41 --27 25 30 ISS #74 18 46 30 --34 32 ISS #192 14 32 19 --41 56
IRC--30436 20 4741 --32 14 54 ISS #75 17 5000 -34 54 ISS #193 19 55 15 --41 59
IRC--30437 20 48 52 --27 06 06 ISS #76 I0 02 30 -34 55 ISS #194 19 51 49 --42 00
IRC--30438 20 51 07 --28 06 24 ISS #77 14 40 36 --34 58 ISS #195 18 05 25 --42 01
IRC--30439 20 58 13 --32 27 00 1SS #78 19 06 55 --34 59 ISS #196 14 37 30 --42 02
IRC--30440 21 03 22 --32 32 36 ISS #79 18 0405 --35 02 ISS #197 18 09 10 --42 06
IRC-30441 21 04 11 --25 12 36 ISS #80 14 53 08 --35 09 ISS #198 16 51 08 --42 16
1RC-30442 21 07 04 --29 55 42 ISS #81 16 33 05 --35 09 ISS #199 21 20 00 --42 17
IRC--30443 21 10 18 --27 49 06 ISS #82 20 20 05 --35 10 ISS #200 20 38 130 --42 19
IRC--30444 21 18 49 --30 21 54 ISS #83 12 21 25 --35 23 ISS #201 18 29 56 --42 21
IRC--30445 21 26 36 --29 13024 ISS #84 18 03 05 --35 35 ISS #202 15 34 41 --42 24
1RC--30446 21 26 51 --32 41 12 ISS #85 17 44 20 --35 43 ISS #203 0 23 49 --42 35
IRC--30447 21 36 22 --30 31 54 ISS #86 11 46 17 --35 44 ISS #204 12 43 00 --42 36
IRC-30448 21 39 I1 --26 05 12 ISS #87 11 23 04 --35 47 ISS #205 21 29 15 --42 38
IRC--30449 22 00 27 --31 41 24 ISS #88 11 08 30 --35 54 ISS #206 12 52 38 --42 40
IRC--30450 22 Ol 31 --30 09 24 ISS #89 I1 13 32 --36 02 ISS #207 12 27 10 --42 44
IRC--30451 22 05 59 --32 43 54 ISS #90 15 18 38 --36 05 ISS #208 16 50 09 --42 58
1RC--30452 22 37 37 --30 55 30 ISS #91 14 03 44 --36 07 ISS #209 17 33 43 --42 58
IRC--30453 22 39 35 --29 37 36 ISS #92 17 32 10 --36 10 ISS #210 19 56 58 -43 10
IRC--30454 22 40 36 --30 45 06 ISS #93 12 46 40 --36 16 ISS #211 18 361X) --43 14
IRC-30455 22 49 26 --25 34 12 ISS #94 23 04 50 --36 24 ISS #212 17 39 O0 --43 40
1RC--30456 22 52 33 --29 52 54 ISS #95 13 17 47 --36 27 ISS #213 18 44 40 --43 40
IRC--30457 22 53 11 --32 48 36 ISS #96 14 45 31 --36 27 ISS #214 17 40 00 --43 42

1RC--30458 22 54 53 --29 53 30 ISS #97 14 16 56 --36 38 ISS #215 15 54 35 --43 49IRC--30459 12255 05 --26 26 vv ISS #98 20 18 16 --36 38 ISS #216 20 53 31 --43 50
IRC-30460 122 57 23 -25 25 54 ISS #99 20 13 06 --36 38 ISS #217 19 20 18 --43 51
IRC-30461 22 58 35 --29 07 30 ISS #1130 18 14 15 --36 46 ISS #218 22 26 46 --44 130
IRC-30462 23 00 56 --27 05 30 ISS #101 18 17 16 --36 46 ISS #219 15 38 20 --44 05
IRC--30463 23 04 10 -30 34 36 ISS #102 17 00 50 --36 48 ISS #220 20 52 35 --44 16

IRC--30464 23 04 42 --25 52 _ ISS #103 17 39 27 --36 56 ISS #221 15 32 16 --44 17IRC-.0465 23 06 25 --30 24 _v ISS #104 14 54 30 --36 58 ISS #222 17 22 00 --44 25
IRC--3M66 23 07 03 --28 21 30 ISS #105 18 05 42 --36 59 ISS #223 17 07 05 --44 29
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NAME RA (1950) DEC OS REF NAME RA 11950) DEC _'OSREF NAME RA (1950) DEC
• • h _ •

iss #224 20h12_00' -44"31' iss #342 12h51_1' -50"28' KUWANOOBJECT2019011+21'2_ 43"
ISS #225 17 16100 -44 39 ISS #343 20 38 30 -50 28 K2-8 17 02 45.3 -10 01 40
ISS #226 20 03 30 -44 40 ISS #344 13 36 46 -50 29 K3 NOM. 0 22 42 -73 04
ISS #227 20 30 29 --44 41 ISS #345 14 49 10 --50 29 K3 W24
1SS #228 17 16 30 -44 43 ISS #346 17 38 10 --50 29 K3 1
ISS #229 16 28 40 --44 46 ISS #347 11 13 40 -50 30 K3 2
ISS #230 16 55 21 -44 46 ISS #348 15 49 09 -50 31 K3 24
ISS #231 21 05 35 -44 47 ISS #349 19 14 25 -50 31 K3 50
ISS #232 16 45 I1 -44 48 ISS #350 17 22 10 -50 31 K3 54
ISS #233 22 39 (30 --44 50 ISS #351 13 39 46 --50 32 K3--1 18 20 52.7+ 3 34 56
ISS #234 18 47 25 -45 00 ISS _352 14 19 59 -50 33 K3-2 18 22 24.6 -- I 32 36
ISS #235 16 5200 --45 01 ISS !353 6 48 42 --50 33 K3-6 18 30 43.8+ 009 32
ISS #236 21 30 10 -45 04 ISS !354 12 53 50 --50 34 K3--7 18 31 37.0 -- 2 29 59
ISS #237 21 16 40 --45 I4 ISS _355 13 43 29 --50 35 K3--8 18 32 25.5 4- 5 02 21
ISS #238 17 33 15 --45 29 ISS _356 19 08 54 --50 36 K3--9 18 37 40.3 -- 8 46 36
ISS #239 18 12 45 --45 35 ISS _357 23 58 46 --50 36 K3--10 18 37 49.5 +14 08 57
ISS #240 18 33 20 --45 35 ISS _358 10 25 35 --50 37 K3-12 18 42 18.7 + 6 03 56
ISS #241 18 28 10 --45 44 ISS _359 17 22 10 --50 39 K3--14 18 46 11.4 +10 32 38
ISS #242 16 43 05 --45 44 ISS !360 11 04 14 --50 41 K3--15 18 46 10.6 + 9 50 46
ISS #243 16 43 05 -45 46 ISS _361 15 28 40 -50 42 K3--16 18 50 42.0 +12 12 17
ISS #244 16 4305 --45 47 ISS !362 15 30 45 --50 42 K3--19 18 59 01.3- 1 23 20
ISS #245 16 43 00 --45 48 ISS !363 18 13 50 --50 44 K3-20 18 59 34.1 -- 1 53 03
ISS #246 18 39 35 -45 48 ISS !364 11 25 12 -50 46 K3--22 19 07 06.3 +ll 55 54
ISS #247 17 20 10 -46 15 ISS _365 20 16 20 -50 48 K3--23 19 07 22.2 +11 00 25
ISS #248 17 15 15 --48 08 ISS _366 7 25 05 -50 50 K3-25 19 11 02.0 + 2 13 03
ISS #249 16 36 46 -48 13 ISS _367 13 53 30 -50 50 K3-28 19 12 50.0 + 2 27 48
ISS #250 19 31 31 -48 14 ISS _368 14 1750 --50 50 K3-29 19 13 12.4 +13 58 33
ISS #251 0 44 40 -48 16 ISS _369 20 18 00 -50 54 K3--30 19 13 59.4 + 5 07 58
ISS #252 22 06 16 -48 17 ISS _370 11 02 24 -50 55 K3--31 19 16 50.6 +18 56 51
ISS #253 22 16 15 -48 17 1SS _371 16 15 45 --50 55 K3--32 19 17 29.0 +22 29 03
ISS #254 0 17 35 --48 18 ISS _372 7 33 33 --51 (30 K3-33 19 20 04.2 +10 35 36
ISS #255 23 19 35 --48 20 ISS _373 10 14 37 -51 130 K3--37 19 31 41.0 +24 25 54
ISS #256 18 33 25 --48 21 ISS _374 10 26 00 --51 00 K3-39 19 33 49.0 +24 48 10
ISS #257 18 51 25 --48 21 ISS _375 17 28 I1 -51 02 K3--40 19 34 14.7 +23 33 05
ISS #258 18 35 20 --48 24 ISS _376 16 12 00 --51 05 K3--41 19 37 00.0 +16 13 49
ISS #259 16 17 42 --48 24 ISS _377 19 13003 --51 05 K3--44 19 38 41.0 +18 37 51
ISS #260 17 30 35 --48 26 ISS _378 18 53 30 --51 09 K3--47 19 48 23.8 +28 03 41
ISS #261 17 13040 --48 25 ISS _379 6 45 41 --51 12 K3--48 19 50 05.6 +27 10 49
ISS #262 19 48 20 -48 27 ISS _380 19 21 15 -51 12 K3--49 19 52 05.9 +33 14 20
ISS #263 2 35 40 -48 29 ISS _381 12 I1 15 -51 15 K3-50 19 59 50.1 +33 24 19
ISS #264 12 39 49 --48 34 ISS _382 14 53 30 --51 14 K3--50 19 59 50.1 +33 24 27
ISS #265 22 33 50 --48 34 ISS _383 8 38 37 --51 17 K3--50 19 59 50.4 +33 24 27
ISS #266 17 06 10 --48 37 ISS _384 13 43 29 --51 17 K3-50 20 130 +33 24
ISS #267 9 22 50 --48 40 ISS _385 18 45 20 --51 17 K3-50 #1 19 59 50 +33 24 18
ISS #268 12 50 16 --48 40 ISS 1386 22 43 41 --51 19 K3--50 #2 19 59 54 +33 26 24
ISS #269 12 38 45 --48 42 ISS _387 6 59 29 --51 20 K3--50 A 19 59 50.1 +33 24 19
ISS #270 13 11 46 --48 42 ISS _388 12 25 15 --51 20 K3--50 (21 19 59 58.4 +33 25 49
ISS #271 17 07 50 --48 49 ISS _389 20 38 55 --51 20 K3--50 C2 19 59 59.7 +33 25 52
ISS #272 7 34 50 --48 50 ISS _390 17 18 30 --51 22 K3-50 IRS 19 59 50.1 +33 24 19
ISS #273 7 09 27 --48 50 ISS _391 21 01 45 --51 29 K3-50 IRSI
ISS #274 11 32 33 --48 52 ISS _392 23 I1 15 --51 31 K3-51 20 13020.6 +17 28 23
ISS #275 9 11 50 --48 54 ISS _393 20 02 00 --51 32 K3-52 20 01 11.3 +30 24 09
ISS #276 15 03 50 --48 54 ISS 1394 22 45 32 --51 36 K3--53 20 01 18.0 +26 52 28
ISS #277 8 26 45 --48 59 ISS 1395 3 05 40 --51 38 K3-54 20 02 52.0 +25 18 04
ISS #278 3 46 00 --49 00 ISS _396 17 49 25 --51 39 K3-56 20 05 18 +44 06
ISS #279 12 44 00 --49 00 ISS _397 6 22 51 --52 40 K3--59 20 23 28.6 +43 42 54
ISS #280 10 37 51 --49 01 ISS _398 5 48 55 -56 11 K3-60 21 25 57.9 +57 26 05
ISS #281 23 16130 -49 01 ISS #399 9 29 42 --65 49 K3-62 21 30 08.8 +52 20 37
ISS #282 13 55 24 --49 03 ISS #400 12 28 23 --56 50 K3-66
ISS #283 15 48 02 --49 03 ISS _401 9 14 47 --57 20 K3--67
ISS #284 15 59 32 --49 05 ISS _402 8 21 30 --59 21 K3--69
ISS #285 19 04 24 --49 05 ISS #403 12 18 39 --60 08 K3--81 21 20 16.2 +37 54 24
ISS #286 14 44 00 --49 06 ISS #404 10 15 25 --61 05 K4-1 18 14 00.6 + 1 52 02
ISS #287 18 24 59 --49 06 ISS #405 9 30 59 --62 34 K4--2 18 29 49.4 + 7 11 50

ISS #288 I18 06 14 --49 07 ISS #406 9 12 40 --69 31 K4--3 18 31 22.7 + 5 50 49ISS #289 22 20 -49 07 ISS #407 23 59 03 --77 20 K4--4 18 41 44.6 + 6 43 46
ISS #290 16 06 06 --49 07 ISS #408 0 42 09 --77 23 K4-5 18 42 54.1 -- 6 21 42
ISS #291 10 25 59 --49 09 ISS #409 6 39 40 --77 30 K4--7 18 45 52.4 - 6 43 58
ISS _292 23 58 31 --49 09 ISS #410 9 28 00 -77 30 K4--8 18 51 36.1 -- 8 57 22
ISS !293 10 44 37 -49 09 ISS #411 7 38 00 --77 31 K4-9 18 51 42.1 +28 28 27
ISS _294 15 26 20 --49 12 ISS #412 0 23 09 -77 32 K4--10 18 56 53.7 +20 32 52
ISS _295 16 20 13 --49 14 ISS #413 10 38 15 --77 42 K4--11 19 01 08.9 + 8 39 35
ISS _296 1 29 10 -49 17 ISS #414 0 33 49 -77 44 K4--12 19 01 32.1 +16 21 49
ISS _297 9 18 38 -49 19 IV ZW 67 21 00 16 +36 30 00 K4-13 19 01 48.3 +10 06 18
ISS !298 15 32 12 --49 19 JMI 5 39 26.2 -- I 51 44 780514 K4--14 19 02 07.0 + 1 17 48
ISS !299 15 38 59 --49 19 J320 5 02 48.6 +10 38 25 739909 K4--15 19 02 20.4 + 0 15 46
ISS !300 I1 24 50 --49 26 J900 6 23 01.8 +17 49 15 " K4--16 19 02 36.0 +15 43 03
ISS _301 16 10 10 --49 27 KAPTEYNS STAR 5 09 41.4--44 59 53 CSI 79 K4-17 19 06 49.4- 1 13 52
ISS _302 19 50 20 --49 35 KE 56 17 45 31 --28 CO36 K4-18 19 09 38.0 + 2 32 56
ISS !303 14 1905 -49 36 KEPLER SN 17 2740 --21 26 ED K4--19 19 1054 + 3 20
ISS _304 15 1445 --49 39 KEPLER SNR 17 2734 -21 25 30 K4-20 19 1107.0+ 7 21 19
ISS _305 13 36 54 -49 42 KEPLER SNR 17 27 37 --21 26 36 K4-21 19 21 06 +10 46
ISS _306 19 56 58 --49 45 KEPLER SNR 17 27 38 -21 26 24 K4-22 19 15 17.0 + 2 43 42
ISS _307 8 33 12 -49 46 KEPLER SNR 17 27 40 -21 25 06 K4--23 19 16 17.4 +14 54 17
ISS _308 17 53 05 -49 48 KEPLER SNR i17 27 41 --21 27 18 K4--24 19 18 56.2 +14 13026
ISS _309 11 29 10 --49 50 KEPLER SNR 17 27 43 --21 26 136 K4--25 19 19 51.5 + 0 06 56
ISS _310 7 54 56 --49 51 KEPLER SNR 17 27 45 --21 28 30 K4-26 19 21 01.2 + 0 32 45
ISS _311 17 28 02 --49 51 KEPLER SNR 17 27 46 --21 27 06 K4--27 19 27 57.5 +11 17 22
ISS _312 7 12 18 --49 52 KKH 21 18 06 20 +67 38 K4--28 19 27 58.7 +14 40 57
ISS 1313 16 25 30 --49 52 KL 5 32 46.7 - 5 24 28 K4-29 19 28 31.3 +22 57 16
ISS 1314 16 50 05 -49 52 KL NEB. IRCI 5 32 46.7 - 5 24 17 K4-30 19 31 00.7 +22 52 02
ISS 1315 20 24 {_0 -49 54 KL NEB. IRC2 5 32 47.0 -- 5 24 23 K4--31 19 34 45.6 +13 34 42
ISS _316 23 04 16 -49 55 KL NEB. IRC2 5 32 47.0-- 5 24 24 731102 K4--32 19 40 01.6 +24 23 06
ISS _317 16 13 16 --49 56 KL NEB. IRC3 5 32 46.5 -- 5 24 24 K4--33 19 43 42.0 +28 30 53
ISS _318 12 10 49 -49 56 KL NEB. IRC3 5 32 46.7- 5 24 25 K4--34 19 44 10.0 +16 53 43
ISS #319 0 57 15 --50 Ol KL NEB. IRC4 5 32 46.8 -- 5 24 28 K4--35 19 46 41.5 + 19 59 20
ISS :320 15 32 12 -50 02 KL NEB. IRCA 5 32 46.8 -- 5 24 29 K4--36 19 47 05.6 + 5 11 08
ISS #321 20 21 40 -50 02 KL NEB. IRC5 5 32 46.7 -- 5 24 33 K4-37 19 49 02.4 +30 54 48
ISS g322 8 12 07 --50 03 KL NEB. IRC5 5 32 46.9- 5 24 33 K4--38 19 49 08.0 4-19 49 54
ISS _323 16 35 27 --50 03 KL NEB. IRC6 5 32 46.7 -- 5 24 20 K4--39 19 50 56.8 +23 05 55
ISS 1324 16 16 05 --50 03 KL NEB. IRC7 $ 32 46.9- 5 24 24 K4-40 19 52 06 +24 50
ISS #325 17 33 34 --50 03 KL NEB. IRC8 5 32 47.3 -- 5 24 29 K4-41 19 54 37.0 +32 14 13
ISS #326 20 21 03 --50 03 KL NEB. IRC9 5 32 46.4-- 5 23 53 K4--42 20 04 34.0 +24 51 38
ISS #327 2 52 10 --50 05 KL NEB. IRE2 5 32 46.7 -- 5 24 34 670701 K4--43 20 25 57.3 +22 41 26
ISS _328 22 22 50 --50 05 KL NEBULA 5 32 46.3 -- 5 24 28 K4-45 21 33 41.0 +53 33 46
ISS #329 23 53 50 --50 05 KL NEBULA 5 32 46.7 -- 5 24 34 670701 K4--46 23 07 07.3 +54 28 36
ISS #330 21 17 51 --50 08 KL NEBULA 5 32 46.8 -- 5 24 28 K4--47
ISS #331 19 57 21 --50 17 KL NEBULA 5-32 46.9 -- 5 24 24 K4--48
ISS #332 12 53 30 --50 19 KL NEBULA I'N 5 32 46.7 -- 5 23 34 ED K4--49
ISS #333 18 49 26 --50 20 KL NEBULAI0"S 5 32 46.7 -- 5 24 44 "" K4--50
ISS #334 I1 58 50 --50 22 KL NEBULA30"N 5 32 46.7-- 5 24 28 K4-51 20 10 33 +40 36
ISS #335 16 46 15 --50 22 KL REGION A 5 32 46.4- 5 24 17 K4--54 20 41 12.0 +45 45 42
ISS #336 19 06 57 --50 23 KL REGION B 5 32 46.8 -- 5 24 22 K4--56 20 54 06 4-46 22
ISS #337 19 19 25 --50 24 KL REGION (2 $ 32 46.8 - 5 24 28 K4-57 22 46 34.8 .+58 13 12
ISS #338 14 49 05 -50 24 KL REGION D 5 32 46.8 -- 5 24 33 K4--58 22 47 16.2 +66 45 48
ISS #339 13 35 20 -50 25 KM 12 15 15 19.9 --17 48 46 779905 K4-59 1 27 14.4 +60 15 54
ISS #340 11 45 20 --50 28 KS 15 18 59 09.1 --37 02 29 ED L 1517 #1 4 52 34.4 +30 28 22
ISS #341 12 05 32 --50 28 KS 15E 18 59 10.7 --37 02 45 " L 1517 #2 4 52 47.8 +30 29 19
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L 1517 #3 4 52 44.5 +30 31 38 GAM LEO B 10 17 13.3 +20"05' 38 " LKHA 167 20h50_19' +44'26 12
L 1517 #4 4 52 42.5 +30 33 48 GAM 1 LEO 10 17 13.0 +20 05 42 " LKHA 168 20 50 20 +44 05 54
L 1517 #5 4 52 36.6 +30 35 49 MUU LEO 9 49 55.3 +26 14 34 " LKHA 169 20 50 21 +43 52 24 589902
L 1517 #6 4 52 45.4 +30 36 37 PI LEO 9 57 34.3 + 8 17 05 " LKHA 170 20 50 27 +44 10 04 729902
L 1517 #7 4 52 23.9 +30 29 55 R LEO 9 44 52.2 + 11 39 40 " LKHA 172 20 50 41 +44 05 47
L 1517 #8 4 52 22.4 +30 28 39 RHO LEO 10 30 10.7 + 9 33 51 " LKHA 174 20 50 45 +44 08 54
L 1517 #9 4 52 21.1 +30 33 56 RS LEO 9 40 38.9 +20 05 31 " LKHA 175 20 50 48 +44 06 18
L 1517 #10 4 52 16,2 +30 28 38 S LEO 11 07 58.7 + 6 27 01 " LKHA 183 20 53 25 +44 51 30 589902
L 1517 #11 4 52 11.1 +30 33 24 V LEO 9 57 17.4 +21 29 43 " LKHA 185 20 56 12 +43 41 48
L 1517 #12 4 51 59.5 +30 35 44 VY LEO 10 53 25.7 + 6 27 08 " LKHA 186 20 56 32 +43 42 18
L 1517 #13 4 51 42.6 +30 27 41 W LEO 10 51 02.7 + 13 59 05 " LKHA 187 20 56 34 +43 42 06
L 1551 #1 4 28 44,4 +18 07 37 6 LEO 9 29 16.7 + 9 56 12 " LKHA 188 20 56 37 +43 41 35 729902
L 1551 #2 4 28 46,1 + 18 07 36 37 LEO 10 13 59,7 +13 58 41 " LKHA 188 GI 20 56 33 +43 42 17 ED
L 1551 #3 4 28 31.2 + 18 09 55 39 LEO 10 14 29.7 +23 21 26 " LKHA 188 G2 20 56 32 +43 42 17
L 1551 #4 4 28 54.4 + 18 02 42 46 LEO 10 29 31.7 +14 23 39 " LKHA 188 G3 "
L 1551 #5 4 28 39.7 + 18 01 52 54 LEO I0 52 54.5 +25 00 59 " LKHA 188 G4 20 56 31 +43 42 17
L 1551 #6 4 27 56.4 + 17 59 02 56 LEO 10 53 25.7 + 6 27 08 " LKHA 188 G5 20 56 30 +43 42 03
L 1630 #1 5 44 10.9 + 0 04 17 72 LEO I1 12 32.7 +23 22 04 " LKHA 188 IRS2 20 50 10.4 +44 12 16
L 1630 #2 5 44 02.9 + 0 05 17 75 LEO 11 14 42,9 + 2 17 07 " LKI-IA 188 IRS3 20 56 15.0 +43 39 02
L 1630 #3 5 44 16,9 + 0 03 32 87 LEO 11 27 45.4 -- 2 43 37 " LKHA 188 IRS4 20 56 21.6 +43 43 21
L 1630 #4 5 44 06.9 + 0 03 52 ALF LEP 5 30 31,3 --17 51 22 " LKHA 188 IRS5 20 56 22.4 +43 41 04
L 1630 #5 5 44 04.9 + 0 04 40 ETA LEP 5 54 07.5 -- 14 10 30 " LKHA 188 IRS6 20 56 29.9 +43 40 05
L 1630 #6 5 44 00.9 + 0 05 47 GAM LEP 5 42 22.6 --22 27 46 " LKHA 189 20 56 36 +43 42 18 589902
L 1630 #7 5 43 56.9 + 0 05 47 R LEP 4 57 19.7 -- 14 52 46 " LKHA 190 20 57 06 +44 03 49 GCVS
L 1630 #8 5 44 00.9 + 0 03 17 RX LEP 5 09 02.7--I1 54 34 " LKHA 191 20 57 18 +43 45 20 729902
L 1630 #9 5 44 11.6 + 0 01 37 S LEP 6 03 41.7 -24 11 22 " LKHA 192 20 57 30 +44 06 06 589902
L 1630 #10 5 44 04.9+ 00047 TLEP 5 02 43.1 --21 58 18 " LKHA 197 00757.3+58 33 25 729902
L 1630 #I1 5 44 02.9 + 0 00 12 17 LEP 6 02 45.1 --16 28 45 " LKHA 198 0 08 44 +58 33 08
L 1630 #12 5 44 15.6 + 0 01 17 LF 24 3 42 30.3 +32 17 04 " LKHA 198 40"E 0 08 47 +58 33 08 ED
L 1630 #13 5 43 58.9 + 0 01 47 LF'I" 526 LKHA 198 40"W 0 08 41 +58 33 08 "
L 1630 #14 5 44 12.9 + 0 08 12 LFT 1081 13 12 06 -- 3 03 18 LKHA 198--2 0 08 31 +58 31 14
L 1630 #15 5 44 01.6+ 007 47 LFT 1086 LKHA 198--3 00857 +58 30 38
L 1630 #16 5 43 58.9 + 0 07 47 LF'r 1427 18 39 03 + 0 53 24 LKHA 198--4 0 09 20 +58 31 26
L 1630 #17 5 44 24.9 + 0 04 37 LFT 1597 LKHA 202 0 41 00 +61 59
L 1630 #18 5 44 22.9 + 0 04 17 LHA 483--41 19 24 34 +23 48 00 820108 LKHA 208 6 04 53.2 + 18 39 55 729902
L 1630 #19 5 44 09.6 -- 0 00 13 LHA 61 6 38 28 + 9 29 07 729902 LKHA 209 6 05 12.1 +18 38 57
L 1630 #20 5 44 30.9 + 0 10 17 LHA 70 6 38 36 + 9 36 30 LKHA 215 6 29 54 +10 12
L 1630 #21 5 44 33.2+ 0 18 17 LHA 79 6 38 59 + 9 43 48 LKHA 215 6 29 56 +10 11 24
L 1630 #22 5 44 31.2 + 0 17 32 LHS 69 22 51 09 -- 7 02 18 799901 LKHA 218 7 00 24 --I1 21
L1630#23 54440.2+00802 LHS239 74732 +72054 " LKHA220 70148 --1121
L 1630 #24 5 44 35.6 + 0 09 17 LHS 240 7 47 33 + 7 20 42 " LKHA 224 20 18 43.6 +41 11 59 ED
L 1630 #25 5 44 33.9 + 0 16 47 ALF 2 LIB 14 48 06.3 --15 50 05 2SI 79 LKHA 225 20 18 44.5 +41 I1 56
L 1630 #26 5 44 37.6 + 0 18 07 AP LIB 15 14 45.3 --24 11 22 _09908 LKHA 228 20 23 08 +42 19 43 729902
L 1630 #27 5 44 37.2 + 0 16 57 BET LIB 15 14 18.7 -- 9 I1 57 _SI 79 LKHA 230
L 1630 #28 5 44 41.2 + 0 17 32 DEL LIB 14 58 17.7 -- 8 19 17 "" LKHA 231
L 1630 #29 5 44 45.6 + 0 18 22 FS LIB 15 57 37 --12 12 35 3CVS LKHA 232
L 1630 #30 5 44 43.6 + 0 17 27 NUU LIB 15 03 49.9 -- 16 03 49 2SI 79 LKHA 233 22 32 30 +40 23
L 1630 #31 5 44 40.9 + 0 10 47 R LIB 15 50 45.7 --16 05 18 " LKHA 234 21 41 48 +65 54
L 1630 #32 5 44 55.2 + 0 12 22 RR LIB 15 53 27.9 -- 18 09 54 " LKHA 234 21 41 57.5 +65 53 03 781207
L 1630 #33 5 44 08.6 + 0 I1 07 RS LIB 15 21 24.6 --22 43 44 " LKHA 245 21 51 34 +46 58 43 729902
L 1630 #34 5 44 11.6 + 0 15 47 RT LIB 15 03 37.3 --18 32 44 " LKHA 257 21 52 23 +46 57 27
L 1630 #35 5 44 10.6 + 0 16 52 RU LIB 15 30 29.6 -- 15 09 16 " LKHA 257 21 52 24 +46 58
L 1630 #36 5 44 53.9 + 0 19 47 RW LIB 15 20 07.7 --23 52 51 " LKHA 259 23 56 10 +66 09 30 729902
L 1630 #37 54436.9+02017 SLIB 15 18 31.1--20 12 31 " LKHA 262 2 53 17.4+19 51 19
L 1630 #38 5 44 23.6 + 0 18 57 SIG LIB 15 01 08.2 --25 05 10 " LKHA 263 2 53 17.8 +19 51 33
L 1630 #39 5 44 08.6 + 0 19 07 T LIB 15 07 53.9 -- 19 49 55 " LKHA 264 2 53 46.9 + 19 53 34
L 1630 #40 5 44 30.6+ 0 22 12 ULIB 15 39 07.9 --21 01 10 " LKHA 266 4 29 03.6+18 15 16
L 1630 #41 5 44 31.4 + 0 20 57 UW LIB 14 28 08.3 --16 35 19 " LKHA 270 3 26 11.9 +31 12 28
L 1630 #42 5 44 38.9 + 0 21 17 UZ LIB 15 29 41.2 -- 8 21 58 " LKHA 271 3 26 16.2 +31 05 19
L 1630 #43 5 44 39,0 + 0 23 37 V LIB 14 37 34.7 --17 26 34 " LKHA 272 3 45 43.2 +36 47 I0
L 1630 #44 5 43 40.6 + 0 22 57 X LIB 15 33 19.4 --21 00 18 " LKHA 273 3 45 56.9 +38 47 31
L 1630 #45 5 44 46.6 + 0 02 57 Y LIB 15 09 02.3 -- 5 49 27 " LKHA 274 6 28 24 + I0 28 18
L 1630 #46 5 44 32.9 -- 0 00 13 18 LIB A 14 56 11.0 --I0 56 37 " LKHA 274 6 28 24.1 +10 28 14 729902
L 1630 #47 5 44 40.4-- 0 00 53 42 LIB 15 37 19.1 --23 39 24 " LKHA 295 5 43 18 -- 0 13 730001
L 1630 #48 5 43 44.9 -- 0 01 23 48 LIB 15 55 23.0 --14 08 10 " LKHA 298 5 43 31.2 + 0 03 42 760501
L 1630 #49 5 43 44.9 + 0 02 22 LII 2.2 17 48 -27 02 ED LKHA 300 5 43 44.9 + 0 02 22
L 1630 #50 5 43 32.9 + 0 01 07 LII 32.3 18 48 -- 0 37 " LKHA 301 5 43 45.6 -- 0 06 33
L 1630 #51 5 43 31.2 + 0 03 42 LII 358.3 17 38 --30 22 " LKHA 302 5 43 49 -- 0 09 42 639901
L 1630 #52 5 43 50.9 + 0 04 37 LILLER 1 17 30 07.2 --33 21 54 LKIIA 303 5 43 54 + 0 23 48
L 1630 #53 5 43 42.9 + 0 06 07 LKHA 21 6 37 56 + 9 57 06 ;49902 LKHA 308 5 44 33.2 + 0 18 17 760501
L 1630 #54 5 43 44.9 + 0 05 57 LKHA 25 6 38 00 + 9 51 LKHA 310 5 44 37.6 + 0 18 07
L 1630 #55 5 43 52.4 + 0 08 17 LKHA 79 6 38 59 + 9 43 48 ;49902 LKHA 321 21 00 26 +49 40 729902
L 1630 #56 5 43 40.4 + 0 07 47 LKHA 86 3 40 36.4 +31 58 51 LKHA 324 21 02 20 +50 03 "
L 1630 #57 5 43 34.9 -- 0 03 13 LKHA 87 3 40 50.0 +32 08 01 LKHA 325 3 25 46 +30 33 "
L 1630 #58 5 43 22.6 -- 0 01 23 LKHA 88 3 40 50,5 +32 02 01 LKHA 326 3 27 52 +30 23 "
L 1630 #59 5 43 31.6 - 0 15 23 LKHA 89 3 40 50,6 +32 04 54 LKHA 327 3 30 29 +31 00
L 1630 #60 5 43 34.2 -- 0 15 23 LKHA 92 3 41 17,8 +31 55 06 LKHA 328 3 30 53 +31 04 "
L 1630 #61 5 43 34.9 -- 0 12 28 LKHA 93 3 41 21,3 +32 01 16 LKHA 329 3 42 27.9 +32 16 36
L 1630 #62 5 43 34.2 -- 0 17 33 LKHA 95 3 41 29,5 +31 58 39 LKHA 329 3 42 28.0 +32 16 39 729902
L 1630 #63 5 43 35.6 -- 0 11 03 LKHA 97 3 41 36.4 +31 54 39 LKHA 330 3 42 39.4 +32 14 54 "
L 1630 #64 5 43 45.6 -- 0 06 33 LKHA 98 3 41 4%7 +31 59 53 LKHA 330 3 42 39.5 +32 14 53
L 1630 #65 5 43 26.9 -- 0 09 23 LKHA 101 4 26 57,3 +35 09 56 LKHA 331 4 28 22.4 +24 04 30 729902
L 1630 #66 5 43 15.3 -- 0 13 45 LKHA I01 4 27 CO +35 10 42 40903 LKHA 332 4 39 04.2 +25 17 33 '"
L 1630 #67 5 43 54.9 -- 0 04 58 LKHA 101 40"E 4 27 03 +35 I0 42 ED LKHA 332 GI 4 39 03.8 +25 17 26 ED
L 1630 #68 5 43 48.9 -- 0 10 03 LKHA 101 40"N 4 27 00 +35 11 22 " LKHA 332 G2 4 38 46.2 +25 17 19
L 1630 #69 5 43 48.6-- 0 16 13 LKHA 101 40"S 4 27 00 +35 10 02 " LKHA 334 5 51 06 + 1 37 39 729902
L 1630 #70 5 44 16.6-- 004 48 LKHA 101 40"W 4 26 57 +35 I042 " LKHA 335 5 51 23 + I 43 31

AR LAC 22 06 39.4 +45 29 46 _79907 LKHA 101 80"E 4 27 05 +35 10 42 " LKHA 337 5 52 01 + 1 28 59
BET LAC 22 21 35.3 +51 58 40 ;SI 79 LKHA 101 80"N 4 27 00 +35 12 02 " LKHA 338 6 08 20.6 -- 6 12 06

BL LAC 22 (3039.4 +42 02 09 :09908 LKHA 101 80"S 27 (30 +35 09 22 " LKHA 339 6 08 28.0 -- 6 13 57
CT LAC 22 04 40 +48 13 (30 .]CVS LKHA 101 80"W 26 55 +35 10 42 " LKHA 340 6 27 34.5 +10 33 55
EV LAC 22 44 38.5 +44 04 32 79907 LKHA 101 120E 27 08 +35 10 42 '" LKHA 341 6 28 04 +10 35 24
EW LAC 22 54 51.5 +48 25 00 " LKHA 108 18 00 48 --24 22 LKHA 341 6 28 04.1 +10 35 19 729902

R LAC 22 41 02.1 +42 06 29 " LKHA 120 20 59 31 +50 10 29902 LKHA 342 6 28 44 +10 34 45
RT LAC 21 59 28.6 +43 38 56 " LKHA 123 17 59 24 --23 02 30001 LKHA 343 6 29 19.4 + 10 27 32
RX LAC 22 47 40.8 +40 47 10 " LKHA 127 18 06 34 --23 26 06 LKHA 344 6 29 20.0 + 10 38 41

S LAC 22 26 49.2 +40 03 33 " LKHA 131 20 44 51 +43 33 30 LKHA 349 21 35 45 +57 03 04
SW LAC 22 51 22.6 +37 40 19 '" LKHA 132 20 44 56 +43 35 48 LKHA 349C ....

U LAC 22 45 39.7 +54 53 40 '" LKHA 133 20 44 59 +43 34 06 LMC BW I 5 06 47.5 --69 10 23 809910
4 LAC 22 22 28.9 +49 13 20 _SI 79 LKHA 134 20 46 18 +43 36 LMC BW 2 5 06 56.0 --69 06 17
5 LAC 12227 26.4 +47 27 _ " LKHA 135 20 46 36 +43 29 LMC BW3 5 07 05.3 --6911 41

10 LAC _22 37 00.7 +38 47 _ " LKHA 137 20 48 51 +44 07 12 LMC BW 4 5 07 16.1 --69 05 10LALL 21185 '11 00 36.5 +36 18 '" LKHA 138 20 48 51 +44 09 36 LMC BW 9 5 07 27.2 --69 07 I1
LB 8741 8 47 38.7 + 19 05 03 LKHA 141 20 49 07 +44 05 30 LMC BW 10 5 07 29.1 --69 16 01

LB 8775 8 48 53.7 +16 23 40 09908 [ LKHA 142,3 20 49 08 +44 10 00 LMC BW 11 5 07 29.4 --69 15 36LB 9612 15 17 08.2 +23 56 53 LKHA 144 20 49 10 +44 06 36 LMC BW 19 5 07 58.5 --69 13 31
LB 9707 15 23 08.8 +21 24 36 LKHA 145 20 49 13 +44 06 18 LMC BW 21 5 07 59.3 --69 12 06
LB 9743 15 25 45.7 +22 43 25 09908 LKHA 146 20 49 16 +44 04 24 LMC BW 24 -- 5 08 03.7 --69 14 31
LB 9743 15 25 45.8 +22 43 24 LKHA 147 20 49 16 +43 38 18 LMC BW 25 5 08 05.1 --69 13 43
LDS 749B LKHA 149 20 49 19 +44 12 30 29902 LMC BW 34 5 08 22.6 --69 08 16

AB LEO 9 30 32.3 +20 04 47 'SI 79 LKHA 150 20 49 29 +44 07 1130 LMC BW 42 5 08 37.6 --69 19 32
AD LEO l0 16 53.9 +20 07 18 " LKHA 151 20 49 30 +44 03 21 LMC BW 44 5 08 40.3 --69 07 26

ALF LEO 10 05 42.6 + 12 12 43 " LKHA 152 20 49 31 +44 11 42 LMC BW 48 5 08 46.9 --69 20 38
BET LEO 11 46 30.5 + 14 51 04 " LKHA 153 20 49 35 +44 15 (30 LMC BW 50 5 08 49.8 --69 06 41
CW LEO 9 45 15 +13 30 39 ICVS LKHA 154 20 49 37 +44 09 48 LMC BW 53 5 08 56.3 --69 08 30
EPS LEO 9 43 00.9 +24 00 18 :SI 79 LKHA 157 20 49 47 +44 12 30 LMC BW 54 5 08 58.5 --69 01 20

ETA LEO 10 04 36.4 +17 00 24 " LKHA 161 20 49 56 +44 04 48 LMC BW 61 5 09 08.2 -68 59 09
GAM LEO A I0 17 13.0 +20 05 42 " LKHA 166 20 50 18 +44 26 12 LMC BW 68 5 09 21.0 --69 14 01

B-54



NAME RAhm (19S0), • DEC,• 'OSREF NAME RAhm (1950)s• DEC,• _ REF NAME P.A (|9_) DEC• _{)SREF

LMC BW 78 5 09 39.3 -69 08 40 " Y LYN 7 24 33.5 +46 05 35 " MACC SHI5 0bl0_43' +65" 19
LMC BW 83 5 09 47.5 --69 17 50 15LYN 6 52 57.1 +58 29 26 MAFFEI 1 2 32 36 +59 25 4g 740903
LMC BW 85 5 09 49.0 --69 19 18 LYNGA 8 IRSI 16 15 15.3 --50 13 06 MAFFEI 2 2 38 10.1 +59 23 32 729905
LMC BW 104 5 1046.6--69 06 57 LYNGA 8 IRS2 16 15 16.3 -50 15 42 MARK I I 13 19.7 +32 49 36 789906
LMC BW 105 5 10 46.6 -69 08 45 LYNGA 8 IRS3 16 15 28.3 -50 17 11 MARK 3 6 09 48.1 +71 03 00 739901
LMC BW 108 5 10 52.5 --69 06 55 " ALF LYR 18 35 14.6 +38 44 09 ?,SI 79 MARK 6 6 45 43.4 +74 29 07
LMC C7 BET LYR 18 48 14.0 +33 18 12 Y79..907 MARK 9 7 32 42.0 +58 53 00
LMC C11 BET LYR A .... MARK 10 7 43 07.4 +61 03 23
LMC C20 , DEL LYR 18 52 45.2 +36 50 02 MARK I1 7 43 17.0 +74 27 30
LMC C38 DEL 2 LYR MARK 13 7 51 56.8 +60 26 17
LMC C4.8 EP LYR 19 16 19.0 +27 45 31 .?.SI79 ] MARK 14 8 05 21.7 +72 56 33
LMC NOVA 0537--7013 779903 I GAM LYR 185704.3+323710 " I MARK 19 91253.5+595853

7LMC NI59 KI 40 21.4 --69 46 52 HK LYR 18 41 05.6 +36 54 29 T7.9_)0 MARK 25 10 00 22.2 +59 43
LMC N159 K2 40 26.4 --69 46 54 KP LYR 18 29 10.9 +38 36 15 MARK 33 10 29 22.2 +54 23
LMC N159 K3 40 19.0 --69 47 57 MV LYR 19 05 44.3 +43 56 22 MARK 34 I0 30 52.2 +60 17 20
LMC N159 K4 40 23.0 --69 47 43 R LYR 18 53 48.7 +43 52 46 " MARK 35 10 42 16,4 +56 13 20
LMC NI59 K5 40 20.4 --69 47 03 RR LYR 19 23 52.1 +42 41 10 " MARK 36 I1 02 15.6 +29 24 34
LMC N159 K6 40 16.8 --69 47 20 RS LYR 19 II 06.9 +33 17 29 2S!. 79 MARK 40 I1 22 48.0 +54 39 26
LMC O 2 22 25.8 --69 48 06 809910 ' RT LYR 18 59 29.2 +37 26 35 MARK 42 11 51 05.3 +46 29 20
LMC O 3 5 22 26.8 --69 49 20 " RY LYR 18 43 03.6 +34 37 22 779907 I MARK 49 12 16 36.4 + 4 08 07
LMC O 7 5 22 46.4 -69 51 46 " S LYR 19 I1 08.6 +25 55 15 7,SI 79 I MARK 50 12 20 50.9 + 2 57 20
LMC O 13 5 23 03.2 --69 50 37 " T LYR 18 30 36.1 +36 57 37 " MARK 52 12 23 08.9 + 0 51 00
LMC O 16 5 23 14.1 --69 49 42 " THE LYR 19 14 37.7 +38 02 36 " MARK 54 12 54 32.0 +32 43 07
LMC O 17 5 23 14.6 --69 40 29 " [ U LYR 19 18 19.0 +37 46 48 T79907 [ MARK 59 12 56 38.2 +35 06 50
LMC O 26 5 23 34.2 --69 55 47 " V LYR 19 07 07.9 +29 34 00 ,?,SI79 MARK 67 13 39 39.4 +30 46 17
LMC O 33 5 23 48.7 -69 54 00 " W LYR 18 13 11.7 +36 39 12 779907 MARK 69 13 43 51.3 +29 53 03
LMC O 40 5 24 00.7 --69 48 53 " XY LYR 18 36 27.3 +39 37 23 " MARK 78 7 37 55.9 +65 17 43
LMC O 42 5 24 02.3 --69 57 37 " Z LYR 18 57 48.1 +34 53 03 " MARK 79 7 38 46.9 +49 55 47
LMC O 43 5 24 02.6_69 58 04 " ZET ILYR 18 43 02.9 +37 33 04 .?SI 79 I MARK 86 8 09 43.1 +46 08 33
LMC O 47 5 24 10.1 --70 02 11 " LI 064 0 01 32 --73 45 ED MARK 101 9 01 00.7 +51 48 46
LMC O 57 5 24 31.9 --69 55 17 " LI NOM. " " MARK 102 9 08 18.1 +46 50 33
LMCO 75 5 24 58.2 -69 39 39 " LI I .... MARK 106 9 16 18.4 +55 34 21
LMC O 86 5 25 20.4 -70 01 16 " LI 2 " MARK I10 9 21 44.4 +52 30 14
LMC O 97 5 25 47.5 --69 56 54 " LI 3 .... MARK 114 9 26 36.8 +56 04 20
LMC O I10 5 26 17.9 --69 49 16 " LI 4 .... MARK 124 9 45 24.3 +50 43 26
LMC O 114 5 2636.7-69 50 55 " LI 5 .... MARK 132 9 5808.0+55 09 10
LMC RC 2 5 18 10.6 -68 54 29 " LI 64 .... MARK 133 9 57 52.0 +72 21 53
LMC RC 12 5 18 50.2 --69 02 37 " LI 143 .... MARK 139 10 12 46.1 +44 02 10
LMC RC 13 5 18 50.9 --68 48 06 " Lll 1 MARK 141 10 15 38.7 +64 13 14
LMC RC 38 5 20 23.6--69 03 39 " LII 2 MARK 142 I0 22 23.1 +51 55 40
LMC RC 45 5 21 03.1 --68 56 26 " LII 3 MARK 151 10 39 15.3 +48 01 40
LMC RC 48 5 21 11.1 --69 02 17 " L27 1 MARK 155 10 48 24.0 +44 50 07
LMC RC 51 5 21 17.8 --69 04 12 " L27 2 MARK 158 10 56 01.6 +61 47 46
LMC RC 53 5 21 25.8 --69 01 04 " L63 #1 16 47 10 -18 02 ED MARK 161 I0 59 07.3 +45 29 47
LMC RC 54 5 21 27.0 --69 {3030 " L63 #2 16 46 10 -17 40 " MARK 171 I1 25 44.2 +58 50 23 769909
LMC W 40 4 5900 --65 57 42 789909 L63 #3 16 44 50 --17 31 " MARK 171A
LMC W 46 5 00 24 --70 15 48 " L63 #4 16 47 30 --17 55 " MARK 171B II 25 41.8 +58 50 (30
LMC W 47 5 00 26 --65 02 30 " LII3 NOM. 1 48 40 --73 58 36 749907 MARK 176 I1 29 54.0 +53 13 27 739901
LMC W 56 5 0204 --70 53 18 " LII3 1 .... MARK 188 II 4453.9 +56 14 57
LMC W 64 5 02 43 --65 II 06 " LI13 2 .... MARK 190 , 11 49 10.1 +48 57 34
LMC W 65 5 02 47 -66 26 30 " LI34N #1 15 51 20 - 2 54 ED MARK 198 [12 06 43.2 +47 20 07 "
LMC W 67 5 0311 --66 02 54 " LI34N #2 15 51 40 -- 2 46 " MARK 201 112 1139.9+54 48 20 "
LMCW 78 5 05 06 --70 27 42 " LI34N #3 15 50 50 2 53 " MARK 205 12 19 31.8 +75 35 10
LMC W 84 5 07 05 -69 58 12 " LI34N #4 15 50 50 2 46 " MARK 206 12 21 58.8 +67 43 01
LMC W 105 5 1142 --65 16 06 " LI34N #5 15 52 00 - 2 39 " MARK 207 12 22 48.0 +54 46 53
LMCW 106 5 1144 -66 52 42 " L183 15 51 30 - 2 43 31 MARK 213 12 29 00.9 +58 14 20 "
LMCW 107 5 1150 -65 09 48 " L183 2'N 15 51 30 -- 2 43 29 ED MARK 231 12 54 05.0 +57 08 37 "
LMC W 108 5 12 06 --65 47 36 " LI83 2'S 15 51 30 2 43 33 " MARK 236 12 58 18.0 +61 55 27 "
LMC W 112 5 12 55 --65 43 18 " LI014 21 22 22 +49 46 10 MARK 266 13 36 14.7 +48 31 53 "
LMC W 131 5 17 I0 --64 48 30 " L1147 #1 20 39 40 +67 07 ED MARK 267 13 37 28.5 +43 18 17 "
LMC W 137 5 19 45 --65 04 12 " LI147 #2 20 40 20 +67 10 " MARK 268 13 38 54.2 +30 37 47 "
LMC W 157 5 26 04 --73 19 48 " LI147 #3 20 40 20 +67 08 " MARK 270 13 39 40.7 +67 55 33 "
LMC W 186 5 35 10 -71 01 24 " Ll147 #4 20 39 40 +67 12 " MARK 273 13 42 51.2 +56 08 20 "
LMC W 190 5 38 00 --70 49 06 " Lll47 #5 20 39 20 +67 06 " MARK 279 13 51 51.9 +69 33 13 "
LMC W 196 5 39 19 --72 10 24 " LII47 #6 20 39 I0 +67 05 " MARK 281 13 55 (30.6+42 05 20 "
LMC W 214 5 51 45 --72 30 42 " L1147 #7 20 39 (30 +67 10 " MARK 290 15 34 45.4 +58 04 (30 "

LMC W 231 6 07 09 --73 28 12 " L1147 #8 20 40 30 +67 19 " MARK 291 15 52 54.1 +19 20 20 "LMC W 239 6 09 14 --73 50 06 " L1147 #9 20 40 40 +67 04 " MARK 297 16 03 01.2 +20 40 "
LMCW 256 6 13 44 --67 28 24 " LI147 #10 20 4110 +67 13 " MARK 298 16 03 21.7+17 56 03 "
LMC W 272 6 17 07 -68 13 12 " L1235 #1 22 1310 +73 I0 " MARK 304 22 14 45.2 +13 59 27 "
LMC W 300 6 29 34 --70 55 30 " L1235 #2 22 12 40 +73 08 " MARK 307 22 33 31.4 +20 03 53 "
LMC 49 LI235 #3 22 11 50 +73 08 " MARK 315 23 01 35.6 +22 21 10 "
LMC II0 LI235 #4 22 14 10 +73 08 " MARK 316 23 11 09.9 +13 44 57 "
LMC 120 L1235 #5 22 09 10 +73 09 " MARK 319 23 16 10.3 +24 57 27 "
LMC 141 L1235 #6 22 I1 50 +73 03 " MARK 321 23 17 37.0 +23 56 40 "
LMC 153 LI253 #1 23 54 50 +58 14 " MARK 330 23 40 29.3 +19 08 47 "
LMC 430 LI253 #2 23 54 30 +53 09 " MARK 332 23 56 52.1 +20 28 33 "

R LMI 9 42 34.6 +34 44 33 CSI 79 LI253 #3 23 54 50 +58 21 " MARK 335 0 03 45.3 +19 55 30 789906
R LMI 9 42 35.0 +34 44 18 L1253 #4 23 54 50 +58 08 " MARK 341 0 34 13.5 +23 42 34 739901

RW LMI 10 13 19 +30 49 07 GCVS L1253 #5 23 54 10 +58 21 " MARK 343 0 35 46.8 +14 45 53
S LMI 9 50 44.6 +35 09 41 779907 LI253 #6 23 54 10 +58 19 " MARK 347 0 45 17.0 +22 06 07

LP 44--113 L1253 #7 23 54 30 +58 20 " MARK 348 0 46 04.9 +31 41 04 789906
LP 101--48 LI253 #8 23 54 40 +58 20 " MARK 352 0 57 08.8 +31 33 30
LP 131-66 12 47 56 +55 04 30 799901 LI253 #9 23 54 30 +58 18 " MARK 353 I 00 35.0 +22 04 26 739901
LP 380-5 13 45 48 +23 49 36 " L1253 #10 23 54 10 +58 13 " MARK 358 1 23 45.3 +31 21 16 789906
LP 543--32 7 47 32 + 7 20 54 " L1253 #11 23 53 50 +58 12 " MARK 359 I 24 50.1 +18 55 07 739901
LP 543-33 74733 + 7 20 42 " LI253 #12 23 5410 +58 09 " MARK 360 I 41 13.9+1648 47
LP 658--2 5 52 39.9-- 408 46 CSI 79 LI257 #1 23 55 10 +59 22 " MARK 363 I 48 12.0 +21 45 00
LP 701--29 22 51 09 -- 7 02 18 799901 L1257 #2 23 55 20 +59 20 " MARK 372 2 46 31.1 +19 05 57 789906
LS 9 14 02 01 -64 21 689903 LI257 #3 23 55 00 +59 24 " MARK 373 6 50 42.7 +50 25 (30 739901
LS 13 17 13 52 -45 28 " LI257 #4 23 54 30 +59 28 " MARK 374 6 55 33.9 +54 15 53
LS 15 18 36 28 --10 09 " L1257 #5 23 54 20 +59 28 " MARK 376 7 10 35.8 +45 47 07
LSV+20 16 6 06 01.4 +20 38 58 ED L1257 #6 23 55 10 +59 26 " MARK 382 7 52 03.2 +39 19 07
LSV+20 17 6 06 20.8 +20 38 55 " LI257 #7 23 54 40 +59 30 " MARK 391 8 51 32.3 +39 43 40
LSV+20 19 6 06 40.9 +20 29 51 " LI257 #8 23 54 20 +59 30 " MARK 401 9 27 19.5 +29 45 33 "
LSV+20 20 6 06 51.3 +20 37 42 "" L1257 #9 23 54 40 +59 32 " MARK 421 I! 01 40.6 +38 28 43 I809908
LSV+20 21 6 06 56.4 +20 39 09 " LI262 23 23 47 +74 01 30 MARK 423 11 24 07.6 +35 31 17 739901

EX LUP 15 59 41.9 --40 10 06 CSI 79 LI283-23 18 07 40 +17 35 30 MARK 439 12 22 07.7 +39 39 33
GI LUP 15 03 03 -41 16 44 GCVS L1363--3 MARK 463 13 53 39.8 +18 36 40
R LUP 15 50 13.1 --36 09 02 CSI 79 LI407 #1 4 25 40 +54 07 ED MARK 464 13 53 45.1 +38 48 54

RS LUP 14 20 07.9 --47 17 47 " LI407 #2 4 25 30 +54 08 " MARK 465 13 59 14.8 +37 02 27
RT LUP 14 27 24.4 --48 28 08 " L1407 #3 4 26 10 +54 12 " MARK 471 14 20 46.9 +33 04 37
RU LUP 15 53 22.9 --37 40 57 L1407 #4 4 25 30 +54 15 " MARK 474 14 33 06.0 +48 52 47

RW LUP 14 23 10.2--43 55 39 CSI 79 LI407 #5 4 26 00 +54 16 " MARK 477 14 39 03.0 +53 42 53
RY LUP 15 56 04.9 --40 13 28 " LI40"/ #6 4 26 10 +54 16 " MARK 478 14 40 04.6 +35 38 53

S LUP 14 50 07.9 -46 24 26 " L1407 #7 4 26 50 +54 16 " MARK 486 15 35 21.5 +54 43 04
T LUP 14 18 59.0 --49 37 49 " LI512--34B MARK 489 15 42 36.0 +41 14 26

TAU 2 LUP 14 22 57.1 --45 09 15 " L1544 #1 5 01 (30 +25 II ED MARK 493 15 57 16.6 +35 10 13
U LUP 15 57 35.9 --29 46 57 " L1544 #2 5 01 (30 +25 13 " MARK 501 16 52 12.3 +39 50 22 769909

UU LUP 14 46 52 --47 14 09 GCVS L1544 #3 5 01 20 +25 10 " MARK 504 ,16 59 10.4 +29 28 47 739901
V LUP 14 56 10.2 --53 12 10 CSI 79 LI544 #4 5 01 30 +25 10 " MARK 506 17 20 45.6 +30 55 30
Z LUP 14 32 41.3 --43 09 14 " LI551 IRS5 4 28 31.6 +17 59 52 MARK 509 20 41 26.4--10 54 16 789901

ALF LYN 9 18 00.7 +34 36 17 " L1551 IRS5 4 28 40.2 +18 01 45 MARK 518 21 56 09.3 + 11 47 53 "
R LYN 6 57 10.8 +55 24 07 779907 L745--46A 7 38 00.4--17 17 20 CSI 79 MARK 529 23 11 47.8 -- 3 (3000 "
S LYN 6 40 15.4 +57 57 44 " MACC H5 23 56 48 +66 06 30 729902 MARK 531 23 21 22.2 + 9 23 37 769909

ST LYN 8 25 32.3 +38 49 28 " MACC H9 0 1048 +65 19 38 " MARK 533 23 25 24.8 + 8 30 17 789901
TLYN 8 19 32.9 +33 40 49 " MACCHI0 0 1013 +65 17 28 " MARK 534 23 26 13.6+ 3 14 09 "
U LYN 6 36 19.2 +59 54 49 " MACC H12 0 04 26 +65 21 55 " MARK 538 23 33 41.2 + I 52 42 "
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NAME RAhm *(1950) DEC POSRE NAME RA (1950) DEC POSREF NAME RAhm •(1950) DEC POScsIR]7,MARK 541 23 53 28.2 + 7"14 36 " MON RI #5 6h28m31' +10"24 48 MWC 674 0 39 28.3 +63"44 36
MARK 543 23 59 52.9+ 3 04 26 " MON R2 6 05 19 -- 6 22 17 MWC 778 5 47 09 +23 53 [MW€

MARK 545 007 18.6 +25 38 42 " MON R2 6 05 20 -- 6 22 ED MWC 790 6 04 12 +30 I1 I "MARK 575 I 45 52.8+12 21 51 " MON R2 #1 60520 -- 6 22 30 MWC 819 6 41 59 + I 23
MARK 609 3 22 57.9-- 6 18 58 " MON R2 #2 605 18 -- 6 22 25 MWC 922 18 18 26.3--13 03 06 174050_
MARK 612 3 28 09.9-- 3 18 35 " MON R2 #3 6 05 40 -- 6 20 50 MWC 930 18 23 42 -- 7 14 !MWC
MARK 617 4 3135.5-- 8 40 42 " MON R2 #4 60510 -- 620 50 MWC 939 18 31 24 --17 38 /
MARK 618 4 34 DO.0--10 28 36 789906 MON R2 #5 6 05 07 -- 6 23 20 MWC 957 18 43 32 --23 30 06 / 81991(
MARK 632 I0 41 07.9 +16 09 14 789901 MON R2 IRSI 6 05 19.8 -- 6 22 38 MWC 1032 20 50 23.7 +44 14 42 !CSI 7!
MARK 668 14 04 45.9 +28 41 35 " MON R2 IRSI 6 05 20.0 -- 6 22 38 ED MWC 1055 22 06 35.0 +53 58 40 /"
MARK 684 14 28 53.1 +28 30 29 " MON R2 IRSI 6 05 20.0-- 6 22 40 " MWC 1080 23 15 10 +60 35 | MWC
MARK 691 15 44 43.2 + 18 02 22 " MON R2 IRS2 6 05 19.4 -- 6 22 24 MWC 1080 20"S ....

J
ED

MARK 693 15 51 53.5 +23 16 41 " MON R2 IRS2 6 05 19.5 -- 6 22 24 ED MWC 1080 40"N 23 15 10 +60 36
MARK 699 16 22 05.0 +41 I1 42 " MON R2 IRS3 6 05 21.5 -- 6 22 26 MWC 1080 40"S 23 15 I0 +60 34
MARK 700 17 01 21.1 +31 31 26 " MON R2 IRS3 6 05 21.8 -- 6 22 25 ED MXB 1730--335 17 30 07.2 --33 21 19
MARK 704 9 15 39.5 +16 30 59 809902 MON R2 IRS3 6 05 21.8 -- 6 22 26 790510 MXB 1730--335 17 30 08 --33 21 16
MARK 710 9 52 10.2 + 9 30 32 " MON R2 IRS3 6 05 21.9 -- 6 22 26 ED MY 129
MARK 716 10 07 27.5 +23 21 19 " MON R2 IRS4 6 05 18.5 -- 6 22 56 MYCN 18 13 35 54.4 --67 07 33 /76991C
MARK 734 11 19 10.9 + 12 13047 " MON R2 IRS4 6 05 18.8 -- 6 22 57 ED MYCN 26 16 52 39.6 --26 47 03
MARK 744 II 37 04.7 +32 I1 13 " MON R2 IRS5 6 05 19.2 -- 6 22 II MZ 3 16 13 23.3 --51 51 44
MARK 766 12 15 55.5 +30 05 27 " MON R2 IRS5 6 05 19.5 -- 6 22 10 ED MI 5 31 30 +21 59 /RNGC
MARK 769 12 22 53.9 +16 44 49 " AX MON 6 27 52.3 + 5 54 06 CSI 79 MI--1 1 34 13 +50 12 57 1709904
MARK 771 12 29 33.1 +20 26 02 " BET MON 6 26 23.9 - 7 00 00 " MI--2 I 55 33 +52 39 15 /---MARK783 13 (30 30.4 +16 40 34 " BET MON A " MI--4 3 37 59.1 +52 07 26 |749905
MARK 817 14 34 58.0 +59 13040 819906 BET MON ABC " MI-5 5 43 46.0 +24 20 59 [739909
MARK 830 14 49 07.3 +58 52 04 " BN MON 6 19 12.2 + 7 21 47 " M1--6 6 33 IL0 + 0 03 II 17699113
MARK 841 15 01 36.4 +10 37 59 " BX MON 7 22 54 -- 3 30 01 GCVS M1--7 6 34 17.8 +24 03 12 /MARK 845 150612.5+513841 " CLMON 65252.9+ 62658 CS179 MI--8 65056.5+ 3 12 11
MARK 849 15 17 50.9 +28 45 26 " CZMON 6 42 01.4+ 3 22 08 " MI--9 7 02 42.5+ 2 51 35 1739909
MARK 871 16 06 15.6 + 12 27 41 " DF MON 6 45 04.4 + 0 43 55 " MI--11 7 09 05.4 --19 45 55

JMARK 876 16 13 36.2 +65 50 37 " DK MON 6 48 06 + 1 47 37 GCVS MI-- 12 7 17 12.0 --21 38 17
MARK 883 16 2748 +24 32 769902 FUMON 6 1949.6+ 3 27 44 CSI 79 Ml--14 7 2546.0--20 06 58
MARK 926 23 02 07.2 -- 8 57 19 789906 GY MON 6 50 42.7 -- 4 30 46 " Ml--15 7 29 36.0 --19 21 00
MARK 1092 5 01 57.6 --10 08 40 819906 HH MON 6 52 47.9 -- 7 21 35 " MI--16 7 34 54.9 -- 9 31 55
MARK 1095 5 13 38.0-- 0 12 17 819908 IO MON 6 38 14 + 9 33 44 GCVS MI--17 7 38 01.0--11 25 02
MARK 1239 9 49 46.3 -- 1 22 35 819907 IP MON 6 38 16 + 9 35 32 " MI--19 17 00 30 --33 25 42 1789908
MARK 1298 11 26 43.6- 4 07 34 " KV MON 6 36 57 + 9 49 07 " M1--20 17 26 00.7--19 13 31 1819914
MAYALL 44 KW MON 6 37 33 + 9 31 58 " MI--21 17 31 20.5 --19 07 23 |
MC 1 0 04 21 +65 21 KY MON 6 37 39 + 9 36 58 " MI--26 17 42 45.0--30 11 02 [739909
MC 12.8+0.5 18 08 29.6 --17 32 04 LL MON 6 37 41 + 9 53 46 " M1--30 17 49 39 --34 37 48 [819916
MC4 0 13 58 +65 28 LMMON 6 37 52 + 9 53 57 " M1--31 17 49 40.2 --22 21 18 1769910
MCG 2--58--22 22 47 48 +11 22 MCG LR MON 6 38 02 + 9 52 26 " MI--37 18 02 15 --28 22 18 1789908
MCG 8--11-11 5 51 09.9 +46 25 55 789906 LU MON 6 38 12 + 9 40 44 " MI--38 18 02 55.6 --28 40 54 1769910
MCG--2--58--22 23 02 07.2-- 8 57 19 " LX MON 6 38 20 + 9 51 13 " MI--39 18 13442 --13 29 ! P-K

MCG-2--58-22 23 02 18 -- 9 00 MM MON 6 38 28 + 9 55 37 " MI--44 18 13 09.5 --27 05 37 1769910MCG--5-23--16 9 45 28 --30 43 130 809909 MO MON 6 3847 + 9 29 53 " M1--45 _18 20 11.0--19 18 41
MCG--5-23--16 9 45 28 --30 43 33 " MQ MON 6 39 24 + 9 44 20 " M1--55 18 33 34 -21 51 30 [819917
MCG-5--23--16 9 45 28 -30 43 36 " NOVA MON 1976 6 20 11.2- 0 19 10 769904 MI--56 18 3452.2--17 08 25 [769910
MCG-6-30-15 13 33 02 --34 02 24 " NW MON 6 37 55 + 9 37 57 GCVS. MI--59 18 40 36 -- 9 08 1 P--K

R MEN 5 44 20.9--75 16 14 _SI 79 NX MON 6 37 56 + 9 36 51 " MI--60 lg 40 48.0--13 47 51 L769910
U MEN 4 14 01.4--81 58 53 " OY MGN 6 38 55 + 9 43 22 " MI--61 18 43 03.6--14 31 01 [819914

WMEN 5 27 07.9 --71 13 28 " PTMON 6 37 47 + 9 52 28 " M1--62 18 47 25 -22 37 54 1819916
ME2-1 15 19 23.0--23 27 05 739909 PZ MON 6 45 45.9 + I 16 31 CSI 79 M1--64 18 48 12 +35 11 /P--K
ME2--2 22 29 36 +47 32 46 709904 R MON 6 36 25.3 + 8 48 130 " M1--65 18 54 11.9 + 10 48 14 |769910
MHA 328--116 19 55 19.9 +39 41 38 _-SI 79 R MON 6 36 26.4 + 8 47 12 MI-66 18 55 50.3- 1 07 39 1819914

S MIC 21 23 46.4 --30 04 08 R MON 40"N 6 36 25.3 + 8 48 40 ED M1--67 19 09 16,7 + 16 46 29 _739909
T MIC 20 24 52.4 --28 25 37 " R MON 40"S 6 36 25.3 + 8 47 20 " M1--69 19 I1 24.0 + 3 32 33 1769910
UMIC 20 25 56.3 --40 35 14 " RRMON 7 14 58.9+ I 11 48 CSI 79 MI--72 19 39 19.3 +17 38 14
VMIC 21 2035.5--40 55 18 RVMON 6 5540.7+ 6 14 07 " M1--74 19 4001.3+15 01 57 1739909
W MIC 21 19 49.3 --42 11 20 RY MON 7 04 31.0 -- 7 28 40 " M1--76 20 14 34 +36 56 48 1709904
YMIC 21 0401.1--34 28 49 SMON 6 38 13.3+ 9 56 36 " M1--77 21 17 18 +46 06 _P--K

MIRA 2 16 49.0-- 3 12 12 SS MON 6 38 21 +10 29 25 GCVS MI--78 21 19 05 +51 40 41 709904
MON #1 62828.9+ 9 52 37 SUMON 7 39 55.3--1045 37 CSI 79 M1--82 #1 5 37 31 +35 39 55 ED
MON #2 6 28 52.0 + 9 47 00 T MON 6 22 30.9 + 7 06 51 " MI--82 #2 5 37 47 +35 48 40 "
MON #3 6 28 54.2 +11 08 20 U MON 7 28 24.2- 9 40 14 " MI--82 #3 5 37 51 +35 49 30
MON #4 6 28 56.2 +10 52 21 V MON 6 20 12.3 -- 2 10 08 " M1--82 IRS2 5 37 36 +35 49
MON #5 6 29 51.9 + 9 01 18 VY MON 6 28 21 +10 28 18 820108 MI--92 19 34 18 +29 26 730001
MON #6 6 29 53.3 +10 27 40 V360 MON 6 38 21 + 9 39 19 GCVS M1--99 20 25 33.0 +37 12 50 760902

MON #7 30 15.2 -4- 9 34 47 V365 MON 6 38 29 + 9 29 DO " M2--4 16 57 48 --34 45 18 | 789908MON H8 30 19.7 + 9 29 42 V372 MON 6 39 08 + 4 27 27 " M2-6 17 01 06 --30 49 24 809909
MON #9 30 46.3 + 10 36 42 V419 MON 6 38 09 + 9 36 20 " M2--9 17 02 52.5 --10 04 31 739909
MON #10 31 12.1 + 9 09 51 V432 MON 6 38 34 + 9 36 48 "' M2--9 17 02 52.6 --10 04 31 ED
MON #11 31 39.8+ 9 07 32 WZMON 6 47 43 -- 7 38 40 " M2--9 17 03 --10 04
MON #12 32 32.2 +10 01 45 X MON 6 54 48.3 -- 8 59 47 CSI 79 M2-9 17 02 52.6 --10 04 31 ED
MON #13 32 33.7 + 9 40 15 XY MON 6 49 52 -- 3 25 13 GCVS M2--9 g"E 17 02 53.1 --10 04 31
MON #14 3241.1 +10 53 02 YMON 6 5404.6+11 18 16 CSI 79 M2--9 8"E,8"N 17 0253.1 --10 04 24
MON #15 33 24.7 + 8 55 09 12 MON 6 29 39.9 + 4 53 35 " M2--9 8"E,8"S 17 02 53.1 --10 04 39
MON #16 33 30.8 +10 48 18 13 MON 6 30 11.9 + 7 22 15 '" M2--9 8"N 17 02 52.6 --10 04 23
MON #17 33 48.0 + 9 28 12 15 MON 6 38 13.3 + 9 56 36 " M2--9 8"S 17 02 52.6 -- 10 04 39
MON #18 34 01.1 + 9 34 16 MR 62 16 37 37 --47 55 689903 M2--9 8"W 17 02 52.1 --10 04 31
MON #19 34 51.7 +10 06 55 MR 66 16 58 58 --45 55 " M2--10 17 10 54 --31 16 18 789908
MON #20 3450.5 +I0 53 50 MR 112 20 3406 +41 10 629902 M2--11 17 1723.1 --28 57 40 769910
MON #21 34 51.5 + 9 50 29 MR 114 22 09 19.9 +57 40 45 CSI 79 M2-- 12 17 20 55.6 --25 56 40
MON #22 35 I0.0 +10 24 09 MR 119 22 58 08 +60 40 629902 M2--13 17 25 44.6--13 23 49 819914
MON #23 35 27.9 + 9 13 05 MR 2251--178 22 51 25.9 --17 50 54 809908 M2--14 17 38 54 --24 09 48 789908
MON #24 35 23.9 + 8 42 09 MSB 57 9 11 15 --23 I1 549905 M2--18 17 50 21 --32 58 18 819916
MON #25 35 51.2 + 9 02 24 MSH 03--19 M2--21 17 54 57.8 --29 44 06 769910
MON #26 3601.0 + 9 04 23 MSH 14-121 14 53 12.2 -10 56 40 809908 M2-27 18 13038.1 -31 17 55
MON #27 36 26.1 + 8 46 55 MT 41 M2--30 18 09 24.9 --27 59 01
MON #28 36 41.1 +11 27 05 EPS MUS 12 14 50.9 -67 40 56 CSI 79 M2-31 18 10 I0 -25 31 130 819916
MON #29 37 04.7 + 10 15 41 R MUS 12 39 00.3 -69 08 00 " M2--32 18 I1 34 --32 38 06
MON #30 37 07.9 + 9 18 25 RR MUS I1 37 11.2 --72 16 35 " M2--35 18 14 22 --31 56 54 809909
MON #31 37 10.9+ 9 37 16 RS MUS 12 20 21.3 -75 13 32 " M2-39 18 18 57.5 -24 12 09 769910
MON #32 37 18.6 + 8 56 00 SY MUS 11 29 49.4 --65 08 30 " M2--43 18 24 03.0 -- 2 44 47 739909
MON #33 37 22.8 + 9 20 51 T MUS 13 17 19.4 --74 10 47 " M2--49 21 41 29.9 +50 11 29 819914
MON #34 37 42.4 +I0 20 15 MVP3 5 32 04 -- 5 14 35 M2--53 22 30 24 +55 55 P--K
MON #35 37 50.2 +I0 41 18 MVP4 5 32 50 -- 5 14 32 M2--54 22 49 29.0 +51 34 44 819914
MON #36 3801.1 +11 23 37 MVPll 5 3252 -- 5 17 50 M2-56 23 5406.6+70 31 31
MON #37 38 13.4+ 9 56 37 MVPI2 5 32 51 -- 5 19 26 M3--3 7 24 06.3 -- 5 16 00 739909
MON #38 38 25 + 9 32 30 MVPI7 5 33 16 -- 5 19 16 M3--10 17 24 11.0 --28 25 22 769910
MON #39--1 38 25.0 + 9 02 05 MWC 17 1 44 12 +60 27 MWC M3--13 17 38 35 --22 11 36 819917
MON #40 38 30.6 +I1 03 05 MWC 43 2 19 44.5 +57 17 50 CSI 79 M3--17 17 53 12 --31 04 130 789908
MON #41 38 53.3 + 10 56 29 MWC 56 2 38 51.0 +61 03 05 " M3--18 17 54 15.6 --21 41 09 769910
MON #42 39 14.0 + 9 41 04 MWC 84 4 15 39.3 +55 52 45 " M3--20 17 56 09.7 --28 13 38
MON #43 39 55.8 +10 22 54 MWC 137 6 15 54 +15 18 MWC M3--21 17 59 08.0--36 38 55 739909
MON #44 41 11.1 +I0 19 10 MWC 297 18 25 00.9 -- 3 51 39 771005 M3--27 18 25 3L6 +14 27 II 769910
MON #45 42 11.9 + 9 53 58 MWC 300 18 26 41 - 6 07 MWC M3--28 18 29 55.6 --10 08 05
MON #46 42 21.4 + 9 05 30 MWC 342 20 21 14.6 +39 20 09 CSI 79 M3--31 18 41 04 -- 19 58 00 819917
MON #47 42 23.4 + 10 04 50 MWC 345 20 24 14.7 +54 31 10 " M3--32 18 41 38 --25 24 42 819916
MON #48 42 41.4 + 9 49 10 MWC 349 20 31 00 +40 29 MWC M3--38 17 17 54.0 --29 00 03 769910
MON #49 42 41.5 +10 08 50 MWC 349A " M3--54 18 30 13.7 --13 46 34 819914
MON #50 42 40.5 + 10 53 19 MWC 349B '" M4--3 17 07 35 --27 05 00 819916
MON #51 42 45.6 + 9 43 49 MWC 445 2 17 06.2 +57 04 58 CSI 79 M4--8 18 09 23.0 -- 10 43 38 769910
MON #52 42 52.6 + 9 34 53 MWC 448 2 19 50 +57 05 MWC M4--10 18 31 24.1 --13 14 43
MON #53 43 48.5 + 9 15 33 MWC 553 7 14 55 -- 7 29 " M4--18 4 21 31 +60 13025 709904
MON #54 34 40.6 + 9 50 46 MWC 574 7 45 43 --13 59 " M2 #11 21 30 55 -- 1 03 RNGC
MON #55 28 21.0 +10 28 14 MWC 623 19 54 33.2 +30 58 12 CSI 79 M2 NOM.
MON RI #1 27 57 + 9 53 48 MWC 645 21 51 41 +52 46 MWC M3 AA 13 39 57 +28 38 RNGC

B-56



NAME RA (19S0) DEC NAME RA (1950) DEC POSRE: NAME RA (1950) DEC POSI_EF

h m s • , • h m s * , h ms • , •
M3 BI .... MI7 D' 18 18 18 --16 09 30 M31 KOWAL 21'7 ....
M3 I--III--28 " MI7 IR 18 17 26.5 --16 14 54 731101 M31 KOWAL 2"9 "
M3 1--21 " MI7 IREI 18 17 34 --16 13 30 M31 KOWAL 222 "
M3 II--18 " M17 IRS ]8 17 26.5--16 14 54 M31 KOWAL 230 ....
M3 II--46 " MI7 IRSI 731101 M31 KOWAL 233 "
M3 II1--28 " MI7 NE 18 17 51 -16 11 25 M31 KOWAL 234 "
M3 111--77 " MI7 NORTHERN 18 17 37.5 --16 10 30 M31 KOWAL 244 "
M3 IV--25 " MI7 POS 1 18 17 30 --16 13 ED M31 KOWAL 256 "
M3 95 " MI7 POS I 18 17 34.4-16 13 23 CSI 79 M31 KOWAL 263
M3 193 "' MI7 POS 2 18 17 34.4 --16 14 53 ED M31 KOWAL 272 "
M3 216 " MI7 POS 3 18 17 34.4 --16 16 23 ' M31 KOWAL 276 -
M3 297 " MI7 POS 4 18 17 28.4-16 13 23 ' M31 KOWAL 279 "
M3 1397 " MI7 POS 5 18 1740.4--16 13 23 ' M31 KOWAL 280 "
M5 1-68 15 1602 + 2 16 MI7 POS 6 18 17 30.4--16 14 23 ' M31 KOWAL 301
M5 1--71 " M17 POS 7 18 1734.4--16 11 53 ' M31 KOWAL 302
M5 1V--81 " M17 POS 8 18 17 52.5--16 I1 53 ' M31 KOWAL 315 "
M5 1--68 " MI7 POS 9 18 17 34.4 --16 10 23 ' M31 KOWAL 327
M5 3--3 " M17 POS 10 18 1740.4--16 10 23 ' M3! VAR A-I
M5 3-78 " MI7 POS 11 18 17 40.4--16 I1 53 ' M31 VAR 15
M5 4--19 " MI7 POS 12 18 1746.4--16 II 53 ' M32 0 39 58.0 +40 35 33 769909
M5 4--47 " MI7 POS 13 18 17 28.4 --16 11 53 ' M33 I 31 04.6 +30 23 40
M8 18 0033 --24 23 24 MI7 POS 14 18 1734.4--1608 53 ' M33 D I 3106 +30 24 RNGC
M8 18 (30 35 --24 23 (30 M17 SOURCE1 18 17 35 --16 13 30 M33 E
M8 18 00 36.3 --24 22 49 MI7 SOURCE2 18 17 37 - 16 12 03 M33 NOM.
M8 18 00 37.7 --24 22 44 MI7 SOURCE3 18 17 33 -16 12 30 M33 VAR A RNGC
M8 18 01 12 --24 19 30 M17 SOURCE4 18 17 29 --16 10 30 M33 VAR B
M8 18 01 15 -24 24 MI7 SOURCE5 18 17 30 -1609 30 M33 VAR C
M8 (PEAK) 18 (30 35.6 --24 23 07 MI7 SOURCE6 18 17 33 --16 10 30 M33 VAR 83
M8 #1 17 57 57 -23 5100 M17 SOURCE7 18 17 35 --16 15 0(3 M42 5 32 46.5-- 5 24 40 ED
M8 #1 18 0036 --24 23 48 MI7 SOURCE8 18 1747 -16 11 00 M42 5 3246.6- 5 24 00
M8 #2 17 57 55 --23 50 24 MI7 SOURCE9 18 17 42 --16 11 30 M42 5 32 48 - 5 25
M8 #2 18 01 07 --24 28 18 MI7 SOURCEI0 18 17 43 --16 12 00 M42 5 32 48.5 -- 5 25 17

M8 #3 17 57 48 --23 49 42 MI7 SOUTHERN 18 17 34.2--16 13 20 M42 5 32 48.9- 5 24 53 EDM8 #3 18 01 14 --24 25 12 MI7 SW 18 17 26.5 --16 14 731101 M42 5 32 49.6-- 5 25 16
M8 #4 17 57 23 --23 18 06 MI7 SW IRSI ' M42 5 32 50 -- 5 25
M8#4 180153 --242754 MIT I'E 181738 --161324 ED M42 53250 -- 52500
M8 IRSI 17 59 29.8 --24 15 16 MI7 I'E,I'N 18 17 38 --16 12 24 M42 5 32 52 -- 5 25 RNGC
M8 IRS3 17 59 33.2 -24 10 24 MI7 I'E,1'S 18 17 38 --16 14 24 ' M42 C 5 32 46.9-- 5 24 30 ED
MSE 18 01 12 --24 19 30 MI7 I'N 18 17 34 --16 12 24 ' M42 E 5 32 50.8- 5 24 30 "
MSE #1 18 01 52.6--24 27 50 MI7 I'S 18 17 34 --16 14 24 ' M42 IREI 5 32 52 -- 5 25 RNGC
MSE #2 18 0143.8--24 29 04 MI7 I'W 18 17 30 --16 13 24 M42 1RE2 5 33 46 -- 5 24 45
MSE #3 18 01 46.4 --24 27 22 MI7 I'W,I'N 18 17 30 --16 12 24 M42 IRE3 5 32 52 -- 5 25 RNGC
MSE #4 18 0203.5--24 30 18 M17 2"E 18 1742 --16 13 24 ' M42 N 5 3246.9-- 5 23 30 ED
MSE #5 180155.1--24 25 06 M172'N 18 1734 --16 11 24 ' M42 S 5 32 46.9-- 5 25 30 "
MSE IRSI 18 0152.6--24 27 50 MI7 2"S 18 17 34 --16 15 24 ' M42 W 5 32 42.5-- 5 24 30 "
MI011--24 16 54 29 -- 402 MI7 2'W 18 17 26 --16 13 24 M43 5 33 04 -- 5 18 RNGC
M10 II--50 MI7 4 18 16 47.0--15 59 22 MSI 13 27 46.9 +47 27 16 769909
MI0111--16 MI7 17 18 1710.0--16 03 25 M51 $3 13 27 39 +47 21 ED
M13 1--2 16 39 54 +36 33 MI7 165 18 17 29.5 --16 09 58 MSI $4 13 27 52 +47 21 "
MI3 1--13 M17 225 18 17 32.8--16 09 55 MS1 9MFU 13 27 46.9 +47 27 16 769909
MI3 1--18 M17 229 18 17 32.8 --16 12 17 MSI 11MFU ....
MI3 1--23 M17 234 18 17 33.0--16 11 39 MSI 15"E 13 27 48.4 +47 27 16 ED
MI3 1--24 M17 286 18 17 36.7--16 12 07 M51 15"W 13 27 45.4 +47 27 16 "
MI3 1--48 MI7 349 18 1741.4--16 I1 34 M51 120"N 13 2746.9.47 29 16 "
M13 II-67 M17 360 18 17 42.5-16 12 17 M67 1-17 8 48 20 +12 00 RNGC
M13 11--76 M17 373 18 17 42.7--16 17 17 M67 11--22 ....
M13 II-90 M17 483 18 17 53.0--16 00 43 M67 III--34 "
Ml3 111--18 MIT/KW IRS 18 17 26.5--16 14 54 731101 M67 IV--20 ....
M13 III--56 M17C 18 17 30 --16 01 30 M67 IV--68 "
MI3 III--63 MI7C 18 17 34 --16 01 30 M67 1V--77 "
MI3 111--72 MITC 18 17 38 --16 00 00 M67 IV--81 ....
MI3 III--73 MI7C 18 17 38 --16 01 00 M67 NOM. "
M13 IV--25 M17C 18 17 38 --16 02 00 M67 84 8 48 28.2 +12 03 54 CSI 79
MI5 21 27 35 +11 57 MI7C 18 17 38 --16 03 00 M67 94 8 48 31.0 +12 01 27
MI6 18 1607 --13 50 MITC 18 17 38 --16 04 00 M67 105 8 48 32.7 +I1 59 28
MI6 I 18 15 16 --13 47 04 MI7C 18 17 42 --1601 30 M67 108 8 48 33.3+11 56 35
MI6 I1 18 16 04 --13 54 30 MITC 18 17 46 --16 01 30 M67 115 8 48 34.2 + 12 00 34
MI6 Ill 18 1535 -134424 MI7N 18 1742.0--160944 M67 117 84834.3+11 58 15
M16 IRSI 18 15 55.0-13 53 58 MI7N 18 17 45 -16 10 16 M67 141 8 4837.3+11 59 21
MI6 IRS2 18 16 02.6--13 52 49 MI7S 18 17 30.7--16 14 34 M67 151 8 48 41.7 +12 05 04
MI6 IRS3 18 16 03.8 -13 49 50 M17S [18 17 32.7 -16 13 03 M67 164 8 48 44.6 +12 01 47
MI6 IRS4 18 15 53.2--13 52 29 MITS 118 1734 --16 13 18 721005 M67 170 8 4845.7+11 58 34
MI7 18 17 29.0 -16 14 00 MITS #1 18 17 26.5 -16 13 25 M67 193 8 48 51.3 +12 04 19

MI7 18 17 34 -16 13 24 M17S #2 18 17 27.5-16 13 25 M67 223 8 48 59.3 +12 07 56M17 18 17 34.5 --16 13 MI7S #3 18 17 28.5 --16 13 25 M67 224 8 48 59.3 +11 55 41
MI7 18 17 35 --16 I1 MITS #4 11817 29.5 --16 13 25 M67 227 8 49 00.5 +11 58 00
MI7 18 17 35 --16 11 03 MITS #5 I8 I730.5--16 I3 25 M67 231 8 4900.7+11 59 01
M17 18 17 51 -16 12 MI7S #6 18 17 31.5 -16 13 25 M67 244 8 49 06.0 +11 57 22
MI7 18 18 --16 18 MI7S #7 18 1732.5--16 13 25 M67 1465 8 4820 +12 00 RNGC
MI7 (I) 18 17 32.2 -16 13 21 M17S #8 18 17 33.5 --16 13 25 M71 A2 19 51 29 +18 39
MI7 (2) 18 17 32 --16 12 53 M17S #9 118 17 34.5--16 13 25 M71 A3 "
M17 #1 18 1732.7--16 13 03 M17S #10 18 1735.5--16 13 25 M71 A4 "
MI7 #2 18 17 37.4 --16 11 40 MITS #11 18 17 36.5 --16 13 25 MTI A5 "
MI7 #3 18 1742.1--16 10 16 MI7S #12 18 1737.5--16 13 25 M71 A6 "
MI7 #4 18 1746.9--16 08 52 MITS #13 18 1738.5--16 13 25 M71 A7
M17 #5 18 1728.0--16 14 28 MI7S #14 18 1739.5--16 13 25 M71 A9 "
M17 #6 18 1723.3--16 15 52 M17S IRS2 18 1727.5--16 13 25 760101 MTI B "
MI7 #7 18 1748.0--16 11 24 M20 17 59 18.5--23 02 12 MTI (2 "
M[7 #8 18 1753.8--16 12 32 M20 IRS2 17 5927 --22 57 16 M71 N "
MI7 #9 18 17 59.6--16 13 40 M20 IRS4 17 59 33.9-22 58 28 MT1 S "
MI7 #10 18 17 36.3 --16 09 08 M20 IRS5 17 59 32.9 --22 59 46 MTI T "
MI7 #11 18 17 30.5--16 08 (30 M22 III--106 18 33 21 --23 56 54 819916 MTI X "
MI7 #12 18 17 26.9--16 11 56 M31 0 40 00.3 +41 00 03 769909 MTI 18 "
MI7 #13 18 1738,5--16 14 12 b._31 BA289 0 4002 +41 00 RNGC M71 19 "
MI7 #14 18 1744.4--16 15 20 M31 BA519 M71 21 "
MI7 A 18 17 51 --16 12 M31 KOWAL 1 M71 29 "
NIl7 A" 18 1728.9--16 14 0D M31 KOWAL 33 MTI 30 "
MI7 ANON STAR 18 17 36.0--16 12 06 M31 KOWAL 41 " MTI 45 "
MI7 B 18 17 57 -16 13 M31 KOWAL 58 M71 46 "
MI7 B' 18 1737.3-16 09 48 M31 KOWAL 64 M71 49 "
MI7 C' 18 1738.5-16 03 12 M31 KOWAL 72 M71 75 "
MI7 CS 18 17 51 -16 12 M31 KOWAL 73 " M71 76 "
MI7 C1 " M31 KOWAL 76 M71 77 "
MI7 CI8 " M31 KOWAL 78 M71 78 "
MI7 (224 " M31 KOWAL 87 M71 79
MI7 C26 " M31 KOWAL 90 " M71 113 "
MI7 C27 " M31 KOWAL 96 M78 #1 5 43 54.9 + 0 01 47
MI7 C31 " M31 KOWAL 108 M78 #2 5 43 58.9 + 0 01 47
MI7 C33 M31 KOWAL 114 " M78 #3 5 4400.9+ 0 03 17
MI7 C34 '" M31 KOWAL 119 " M78 #4 5 4400.9+ 0 05 47
MI7 C35 " M31 KOWAL 127 " M78 #5 5 44 02.9 + 0 05 17
MI7 C37 " M31 KOWAL 148 M78 #6 5 4406.9+ 0 03 47
MI7 C40 " M31 KOWAL 150 M78 #7 5 44 08.9 + 0 01 17
MI7 C43 *' M31 KOWAL 172 " M78 #8 5 4409.5 + 0 03 33
MI7 C47 " M31 KOWAL 199 '" M78 #9 5 44 10.9 + 0 04 17
M17 C57 " M31 KOWAL 205 M78 #10 5 44 10.9 + 0 (30 17
MI7 C61 " M31 KOWAL 208 M78 #11 5 44 11.5 + 0 01 38
MI7 C102 " M31 KOWAL 213 " M78 #12 5 44 14.9 . 0 02 57
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NA_E _ a9S0_DECVOSREF N_E _ a9S0_DECPOSRE _AME _ _9S0_DECPOSR_V

M78 #13 5h44_16_9+ 0"03' 32 NGC 361 A1--9 00m41, --71"51' 30 ED NGC 1097POS26 2h44mll_7 --30"29' 09 "
M78 H--H 5 43 34 -- 0 I1 17 NGC 361 A1-16 00 34 --71 52 00 NGC 1097POS27 2 44 11.3 --30 29 03
M78 NOM. 5 44 13 + 0 02 NGC 361 AI--40 (3037 --71 51 40 NGC 1097POS28 2 44 11.1 -30 29 12
M78 104 " RNGC NGC 361 A1--45 00 32 --71 53 20 NGC 1097POS29 2 44 12.1 -30 29 10
M78 106 .... NGC 362 (30 32 --71 07 00 749907 NGC 1097POS30 2 44 11.8 --30 28 58
M78 107 .... NGC 404 06 39.3 +35 27 10 769909 NGC 1097POS31 2 44 12.1 --30 29 02
M78 108 .... NGC 411 NOM. 06 21 --72 02 06 749907 NGC 1097POS32 2 44 11.3 --30 29 16
M78 109 5 43 58.9 + 0 01 47 NGC 411 I NGC 1097POS33 2 44 10.9 --30 29 02
M78 111 5 43 51 -- 0 03 ED NGC 411 2 " NGC I097POS34 2 44 11.4 --30 29 12
M78 121 5 44 13 + 0 02 RNGC NGC 416 LEI 06 41 -72 37 ED NGC 1167 2 58 35.3 +35 00 31 769909
M78 122 .... NGC 416 LE2 06 37 --72 37 NGC 1169 3 00 10.9 +46 II 26
M78 125 .... NGC 419 A4-13 06 59 --73 08 NGC 1171 3 0040.4 +43 12 11
M78 127 .... NGC 419 A5--15 0653 --73 09 NGC 1187 SN 3 0023 -23 04 RNGC
M78 128-9 .... NGC 419 LEI6 06 31 --73 09 NGC 1232 3 07 30.0--20 46 13 759903
M78 140 5 43 41 -- 0 15 ED NGC 419 LEI8 06 53 --73 09 NGC 1249 3 08 35.0--53 31 24
MSI 9 51 27.6 +69 18 13 769909 NGC 419 LE20 06 40 --73 09 NGC 1253 3 11 38.0 -- 3 00 28
M81 NUCLEUS 9 51 32 +69 18 NGC 419 LE21 06 41 --73 09 NGC 1255 3 11 22.5 --25 54 41
M82 9 51 32.0 +69 55 00 ED NGC 419 LE22 06 51 --73 09 NGC 1275 3 16 29.9 +41 19 55 769909
M82 9 51 32.4 +69 55 04 " NGC 419 LE23 " NGC 1291 3 15 28 --41 17 24 789907
M82 9 51 42 +69 55 06 NGC 419 LE25 06 45 --73 09 NGC 1292 3 16 07.6-27 47 34 759903
Mg2 9 51 43.5 +69 55 03 NGC 419 LE27 06 49 --73 09 NGC 1297 3 16 58.6 --19 16 48
M82 9 51 43.8 +69 55 02 NGC 419 LE29 06 50 --73 08 NGC 1300 3 17 25.3 -- 19 35 30
M82 9 51 43.9 +69 55 01 NGC 419 LE35 06 46 --73 09 NGC 1302 3 17 42.3 --26 14 25 759903
M82 9 51 44.0 +69 55 04 NGC 419 LE37 06 55 --73 09 NGC 1313 3 17 39 --66 40 42 749906
M82 9 51 45.3 +69 55 11 769909 ' NGC 419 NOM. 06 47 -73 09 819916 NGC 1316 3 20 47 -37 23 12 789908
M82 #1 9 51 38.7 +69 54 53 ED NGC 419 W54 06 56 -73 10 ED NGC 1316 SN 3 20 45 --37 24 52 ED
M82 #2 9 51 40.7 +69 54 57 " NGC419 W71 06 51 -73 10 NGC 1316 SN 3 21 06 --37 23 32
M82 #3 9 51 45.8 +69 55 10 " NGC 419 W72 06 47 --73 10 NGC 1316 SNI "
M82 #4 9 51 47.5 +69 55 15 " NGC 419 W82 " NGC 1316 SN2 3 20 45 --37 24 52
M82 IR A 9 51 31.8 +69 55 01 " NGC 419 W91 06 40 --73 09 NGC 1325 3 22 12.3 --21 43 12
M82 IR B 9 51 32.2 +69 55 05 " NGC 419 WI08 06 47 --73 08 NGC 1326 3 22 01.0--36 38 27 821013
M82 IR B 9 51 32.3 +69 55 05 " NGC 419 WI09 06 45 --73 08 NGC 1332 3 24 03.6--21 30 30 759903
M82 PERIPHERY 9 51 43 +69 55 RNGC NGC 419 WI15 06 34 --73 08 NGC 1332 SN 3 24 30 --21 28 ED
M83 12 22 31.5 +13 09 51 769909 NGC 419 W135 06 35 -73 08 NGC 1333 3 25 58.2 +31 05 47

M87 122817.8+123958 ED I NGC 419 135 0647-7309 819916 NGC 1333 #1 32614.1+311433M87 JET 12 28 16.9 +12 40 03 NGC 419 4--133 0705 --73 29 ED NGC 1333 #2 3 26 12.1 +31 12 13

M92 I1--12 117 15 50 +43 16 " NGC 419 5--3 06 44 --73 10 NGC 1333 #3 326 04.8 +31 I1 33M92 II--70 17 15 40 +43 " NGC 419 5-7 06 48 -73 10 NGC 1333 #4 3 26 20.1 +31 16 12
M92 III--4 17 15 50 +43 18 " NGC 419 5--8 06 50 --73 09 NGC 1333 #5 3 26 15.1 +31 08 03
M92 Ill--13 ,17 15 50 +43 17 " NGC 419 5--14 06 52 --73 09 NGC 1333 #6 3 26 22.1 +31 16 33
M92 III-65 17 15 40 +43 15 " NGC 419 5-15 06 53 -73 09 NGC 1333 #7 3 26 04.1 +31 12 33
M92 III--82 .... NGC 419 6--1 06 47 --73 09 NGC 1333 #8 3 25 58.8 +31 12 03
M92 IV--2 17 15 30 +43 05 " NGC 434 10 13 --58 30 42 789907 NGC 1333 #9 3 25 38.1 +31 07 03
M92 IV--10 ,17 15 30 +43 06 " NGC 474 17 31.7 + 3 09 17 769909 NGC 1333 #10 3 25 46.1 +31 08 03
M92 IV--II4 17 15 30 +43 08 " NGC 488 19 11.2 + 4 59 36 NGC 1333 #11 3 25 51.8 +31 08 03
M92 VII--18 17 15 20 +43 10 780507 NGC 493 19 35.0 + 0 41 04 NGC 1333 #12 3 25 56.1 +31 09 48
M92 VIII--43 17 15 30 +43 09 ED NGC 520 21 59.4 + 3 32 13 769909 NGC 1333 #13 3 25 58.1 +31 05 33
M92 X--49 17 15 40 +43 10 " NGC 524 22 10.1 + 9 16 45 NGC 1333 #14 3 2600.1 +31 06 18
M92 XI--19 17 15 50 +43 09 " NGC 526A 21 39 --35 19 RNGC NGC 1333 #15 3 25 51.1 +31 06 03
M92 XII-8 17 15 50 +43 I0 " NGC 578 28 05.7 --22 55 29 NGC 1333 #16 3 25 53.7 +31 05 26
MI00-CH 1 12 20 50 +16 05 NGC 584 28 50.1 -- 7 07 33 759903 NGC 1333 #17 3 25 42.1 +31 06 43
MI00--CH 2 12 19 14 +16 01 NGC 595 30 42 +30 26 RNGC NGC 1333 #18 3 25 48.1 +31 06 33
MI00-CH 4 12 20 32 +16 I1 NGC 596 30 21.6-- 7 17 20 759903 NGC 1333 #20 3 26 16.1 +31 05 03
M101 SI0 14 01 26.6 +54 35 25 769909 NGC 598 31 04.6 +30 23 40 769909 NGC 1333 #21 3 25 40.1 +31 06 03
MI01 S13 " NGC 604 31 41 +30 32 RNGC NGC 1333 #22 3 26 24.1 +30 58 28
MI01 1970(3 .... NGC 604 B/C 31 42.7 +30 31 40 ED NGC 1333 #23 3 26 02.1 +31 00 23
NA I 17 10 13.8 -- 3 12 27 769910 NGC 604 D 31 43.6 +30 31 40 , NGC 1333 #24 3 25 40.1 +30 59 08
NAB 0024+22 0 24 38.4 +22 25 23 809908 NGC 604 E 31 44.0 +30 31 37 NGC 1333 #25 3 26 21.4 +30 57 33
NAB 0024+224 0 24 38,5 +22 25 23 NGC 604 F 31 44,4 +30 31 30 NGC 1333 HHII 3 25 58.5 +31 05 34
NAB 0205+02 2 05 14.5 + 2 28 43 809908 NGC 604 G 31 44.0 +30 31 24 NGC 1333 IRS 3 26 00.5 +31 06 21
NAB 0205+024 .... NGC 604 J 31 45.0 +30 31 24 NGC 1333 IRI4 3 26 00.1 +31 06 18
NAB 0205+024 2 05 14.6 + 2 28 43 NGC 604 K 31 45.7 +30 31 09 NGC 1333 NH3 3 2601.0 +31 04 45
NEW SOURCE 18 45 45 -- 4 45 NGC 612 31 41 --36 45 NGC 1333 VLA 3 24 35.7 +31 13 26
NEY--ALLEN 5 32 48.5 -- 5 25 12 740903 NGC 613 31 58.7 --29 40 19 759903 NGC 1337 3 25 39.7 -- 8 33 36
NEY--ALLEN I .... NGC 628 34 (30.7+ 15 31 55 769909 NGC 1344 3 26 17.8 --31 14 27 759903
NGC 24 0 07 23.8 --25 14 33 NGC 662 41 39.4 +37 26 43 NGC 1350 3 29 10 --33 47 54 789908
NGC 40 0 10 16 +72 14 39 709904 NGC 701 48 35.2 -- 9 57 01 NGC 1351A 3 26 52 --35 21 00
NGC 45 0 11 32.0--23 27 34 NGC 755 53 54.0- 9 18 20 NGC 1358 3 31 10.5 - 5 15 30 759903
NGC 100 0 21 27.1 +16 12 34 NGC 772 56 35.0 +18 45 58 NGC 1365 3 31 41 --36 18 24 789908
NGC 121 1--23 0 24 36 --71 48 48 749907 NGC 779 57 12.4 + 6 12 28 NGC 1371 3 32 52.7 --25 05 54 759903
NGC 121 LEI " NGC 784 58 24.9 +28 35 46 NGC 1379 3 34 08 --35 36 18 789908
NGC 121 NOM. '" " NGC 803 01 01,5 +15 47 30 NGC 1380 3 34 32 --35 08 24
NGC 121 T-V8 " NGC 891 19 24.5 +42 07 13 NGC 1385 3 35 20.0 -24 39 50
NGC 121 TI " NGC 908 20 46.1 --21 27 35 NGC 1386 3 34 52 --36 09 48 789908
NGC 121 "1"56 " " NGC 918 23 03.9 +18 16 16 NGC 1387 3 35 02 --35 40 12
NGC 121 T64 .... NGC 925 24 16.8 +33 21 16 NGC 1395 3 36 19.2 --23 II 25 759903
NGC 121 T68 .... NGC 936 25 04.7- I 22 42 769909 NGC 1398 3 36 45.0--26 29 55
NGC 121 T73 " NGC 949 27 44.5 +36 54 53 NGC 1399 3 36 34 --35 36 42 789908
NGC 121 VI .... NGC 959 29 21.1 +35 16 30 NGC 1400 3 37 15.4--18 50 56 759903

NGC 134 0 27 53.2 --33 31 16 759903 NGC 984 31 51.2 +23 I1 40 769909 NGC 1404 3 36 57 --35 45 18 789908NGC 148 0 31 47.6 --32 03 40 NGC 986 31 3,_ -39 15 54 789907 NGC 1406 3 37 22.6 --31 28 59 759903
NGC 150 0 31 46.6 --28 04 46 821013 NGC 1003 36 06.1 +40 39 29 NGC 1407 3 37 56.2 --18 44 22
NGC 152 BII 0 30 55 --73 23 30 819916 NGC 1023 37 15.5 +38 50 56 769906 NGC 1415 3 38 46.0--22 43 25
NGC 152 C19 .... NGC 1035 37 01.4- 8 20 52 NGC 1421 3 40 08.8-13 38 56
NGC 152 El8 .... NGC 1052 38 37.0-- 8 28 05 759903 NGC 1425 3 4009.4--30 03 11 759903
NGC 152 F28 .... NGC 1055 39 I1.0 + 0 13 44 NGC 1433 3 40 27 --47 22 48 789907
NGC 152 H--A33 .... NGC 1058 SN 40 27 +37 08 RNGC NGC 1448 3 42 53.2 -44 48 04
NGC 152 H-A66 " " NGC 1068 4006 -- 0 01 42 NGC 1487 3 5405 --42 30 42 789907
NGC 152 H23 .... NGC 1068 40 06.5 -- 0 13 32 769909 NGC 1494 3 56 15.0 --49 03 00
NGC 152 NOM. " " NGC 1073 4105.6 + I 09 55 NGC 1497 3 59 08.6 +22 59 41 769909
NGC 152 I .... NGC 1084 43 31.8 -- 7 47 08 759903 NGC 1499 4 (3004 +36 17 RNGC
NGC 152 2 .... NGC 1090 44 00.6 -- 0 27 22 NGC 1501 4 02 42 +60 47 00 709904
NGC 152 3 .... NGC 1097 44 11.5 -30 29 06 759903 NGC 1507 4 01 55.7 -- 2 19 21
NGC 152 4 .... NGC 1097POS1 "' NOC 1514 4 06 08 +30 38 42 709904
NGC 185 0 36 12.0 +48 03 50 769909 NGC 1097POS2 2 44 11.7--30 29 06 ED NGC 1527 4 06 56 --48 01 42 759905
NGC 205 0 37 38.7 +41 24 44 " NGC 1097POS3 2 44 11.9 --30 29 06 NGC 1535 4 11 57.0 --12 51 42 739909
NGC 221 0 39 58.0 +40 35 33 " NGC I097POS4 2 44 12.1 --30 29 06 NGC 1543 4 11 44 --57 51 48 759905
NGC 224 0 4000.3 +41 00 03 " NGC 1097POS5 2 44 12.3 --30 29 06 NOC 1546 4 13 32 --56 11 06 749907
NGC 224 NOM. 0 40 02 +41 00 NGC 1097POS6 2 44 12.5 --30 29 06 NGC 1549 4 14 39 --55 42 54
NGC 225 0 40 32 +61 31 RNGC NGC 1097POS7 2 44 11.3 --30 29 06 NGC 1553 4 15 05 --55 54 12
NGC 246 0 44 35.3 --12 09 03 739909 NGC 1097POS8 2 44 11.1 --30 29 06 NGC 1559 4 1701.0-62 54 18
NGC 247 0 44 39.8 -21 01 58 759903 NGC 1097POS9 2 44 10.9 -30 29 06 NOC 1560 4 27 07.6 +71 46 34
NGC 253 0 45 05.6-25 33 38 NGC I097POS10 2 44 10.7 --30 29 06 NGC 1566 4 18 53.3 --55 03 23 789906
NGC 253 0 45 05.6 --25 33 39 NGC 1097POS11 2 44 10.5 --30 29 06 NGC 1574 4 20 59 --57 05 24 749907
NGC 253 0 45 05.7 --25 33 40 ED NGC 1097POSI2 2 44 11.5 --30 29 03 NGC 1587 4 28 05.2 + 0 33 17 769909
NGC 253 0 45 05.8 --25 33 39 NGC 1097POSI3 2 44 11.5 --30 29 CO NGC 1588 4 28 09.5 + 0 33 30
NGC 253 0 45 07.6 --25 33 39 759903 NGC 1097POS14 2 44 11.5--30 28 57 NGC 1596 4 26 32 --55 08 12 749907
NGC 253 0 45 20.0 --25 22 15- NGC 1097POS15 2 44 11.5 --30 28 54 NGC 1600 4 29 12.0 -- 5 11 27 759903
NGC 253 8"NE 0 45 06.0 --25 33 36 ED NGC 1097POS16 2 44 11.5 --30 28 51 NGC 1614 4 31 35.7 -- 8 40 56
NGC 254 0 45 02.2 --31 41 38 759903 NGC 1097POSI7 2 44 11.5 --30 29 09 NGC 1617 4 30 33 --54 42 24 749907
NGC 281 0 49 26.2 +56 17 48 NGC 1097POSI8 2 44 11.5 --30 29 12 NGC 1637 4 38 57.5 -- 2 57 11 759903
NGC 339 GI51 0 56 08 --74 44 36 819916 NGC 1097POS19 2 44 11.5 --30 29 15 NGC 1651 2421 4 37 45 --70 40 40 ED
NGC 339 LEI .... NGC I097POS20 2 44 11,5 --30 29 18 NGC 1651 3304 4 37 51 --70 41 10
NGC 339 LE2 .... NGC 1097POS21 2 44 11.5 --30 29 21 NGC 1651 4325 4 38 04 --70 41 I0 "
NGC 339 LE4 .... NGC 1097POS22 2 44 11.5 --30 29 24 NGC 1651 4328 4 38 05 --70 41 10 "
NGC 339 NOM. " " NGC I097POS23 2 44 11.7 --30 29 03 NGC 1651H2421 4 37 45 --70 40 40
NGC 339 87 .... NGC 1097POS24 2 44 11.4 --30 29 03 NGC 1651H3304 4 37 51 --70 41 10
NGC 339 151 .... NGC 1097POS25 2 44 11.3--30 29 09 NGC 1651H4325 4 38 04 --70 41 10 "
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NGC 1651H4328 4h38m05' --70"41' 1(3 " NGC 1962 29 h,, _ , ""' " " NGC 2190 LE3 6;'02"27_ --74"43' 00 ED
NGC 1651H4402 4 37 58 --70 42 00 " NGC 1964 5 31 14.8 --21 58 46 NGC 2190 NOM. 6 02 35 --74 43 24 789907
NGC 1652 NOM. 4 38 30 -68 46 12 319916 NGC 1976 5 32 52 - 5 25 _.NGC NGC 2190 1417
NGC 1652 1 " NGC 1976 HI 5 32 49.0- 5 27 14 ED NGC 2190 4324
NGC 1652 2 " NGC 1976 #2 5 32 49.0 -- 5 23 14 " NGC 2193H1307 6 06 11 --65 05 10 ED
NGC 1652H2406 4 38 21 -68 45 40 ED NGC 1976 #3 5 32 45.0 -- 5 20 14 " NGC 2193H2201 6 06 07 --65 05 10
NGC 1652H3210 4 38 29 -68 46 30 " NGC 1978 HI--8 5 28 41 --66 17 130 " NGC 2193H4303 6 06 13 --65 05 40
NGC 1672 4 44 55 --59 20 18 T59905 NGC 1978 H2-7 5 28 36 -66 16 10 " NGC 2209 LE3 6 1002 --73 49 40
NGC 1685 4 50 03 -- 3 01 _,NGC NGC 1978 1--18 5 28 45 -66 17 10 " NGC 2209 NOM. 6 09 50 --73 49 36 749907
NGC 1700 4 54 28.1 -- 4 56 30 159903 NGC 1978 1--25 5 28 42 --66 16 30 r49906 NGC 2209 W9
NGC 1718 NOM. 4 52 23 --67 07 54 149906 NGC 1978 LEI 5 28 41 --66 16 50 ED NGC 2209 W46 6 09 55 --73 49 40 ED
NGC 1718 1 .... NGC 1978 LE3 5 28 40 -66 16 10 " NGC 2209 W50 6 09 43 --73 49 40
NGC 1718 2 .... NGC 1978 LE4 5 28 39 --66 16 20 " NGC 2209 5 6 09 51 --73 50 20
NGC 1718 3 .... NGC 1978 LE6 5 28 41 --66 16 10 " NGC 2209 46 6 09 55 --73 49 40
NGC 1718 4 .... NGC 1978 LE7 5 28 43 --66 16 50 " NGC 2209 50 6 09 43 --73 49 40
NGC 1718 5 .... NGC 1978 LE8 " NGC 2213 LEI 6 11 21 --71 30 20
NGC 1744 4 57 55.6 --26 05 42 NGC 1978 LE9 5 28 45 --66 16 50 " NGC 2213 LE2 6 I1 30 --71 30 40
NGC 1751 LEI 4 54 33 --69 53 06 789907 NGC 1978 LEll 5 28 38 --66 16 00 " NGC 2213 LE3 6 I1 29 --71 31 50
NGC 1751 LE2 .... NGC 1978 NOM. 5 28 42 -66 16 30 r49906 NGC 2213 11 6 11 24 --71 30 50
NGC 1751 LE3 .... NGC 1978H1--12 " NGC 2213 12 6 11 31 --71 30 50
NGC 1751 LE4 .... NGC 1978H1--14 " NGC 2217 6 19 40.3--27 12 31 759903
NGC 1751 LE5 .... NGC 1978H1--15 5 28 44 -66 17 10 ED NGC 2244 2 6 29 16.0 + 4 58 46 CSI 79
NGC 1751 NOM. " '" NGC 1978H1--18 5 2845 --66 17 10 " NGC 2244 3 6 2929.9.+ 4 51 37
NGC 1783 G6 4 59 00 --66 04 24 T49906 NGC 1978HI--25 5 28 42 --66 16 30 r49906 NGC 2244 4 6 29 12.9 + 5 04 10
NGC 1783 07 4 59 07 -66 05 130 ED NGC 1978HI-35 5 28 46 --66 16 30 ED NGC 2244 5 6 28 58.7+ 5 03 46
NGC 1783 G12 4 59 13 --66 04 24 " NGC 1978H2--10 5 28 38 --66 16 10 " NGC 2244 6 6 28 41.4 .+ 4 52 13
NGC 1783 G13 4 59 06 --66 04 33 " NGC 1978H2--13 5 28 36 --66 16 00 " NGC 2244 7 6 29 30.9 + 5 13013
NGC 1783 G14 4 59 08 --66 04 24 " NGC 1978H2-15 5 28 38 -66 16 00 " NGC 2257 C27 6 29 57 -64 17 18 789997
NGC 1783 G30 4 58 53 --66 03 49 " NGC 1978H2--16 5 28 37 --66 16 50 " NGC 2257 H23
NGC 1783 032 4 58 47 --66 04 08 " NGC 1978H2--18 5 28 38 --66 16 50 " NGC 2257 H62
NGC 1783 G39 4 59 00 -66 04 24 149906 NGC 1984 NOM. 5 28 01 --69 10 24 r89907 NGC 2257 LE4 6 29 57 --64 17 20 ED
NGC 1783 G40 4 58 57 --66 05 37 ED NGC 1984 16 " NGC 2257 LE7 6 29 57 --64 18 30
NGC 1783 G85 4 59 00 --66 04 24 749906 I NGC 1987LE1-1-2 5 27 53 --70 46 40 ED NGC 2257 LE8 6 30 03 --64 18 40
NGC 1783 G108 " NGC 1987 LE3 5 28 05 --70 47 20 " NGC 2257 LEll 6 30 07 --64 16 20
NGC 1783 LEI " ',i I NGC 1987 LE4 5 28 130 --70 47 30 " NGC 2257 NOM. 6 29 57 --64 17 18 789907
NGC 1783 LE2 NGC 1987 LE5 5 27 58 --70 46 40 " NGC 2257H4503 6 29 57 --64 18 3U ED
NGC 1783 LE4 " NGC 1994 NOM. 5 28 42 -69 10 48 T89907 NGC 2257H4621 6 30 07 -64 18 10

.... NGC 1994 2 .... NGC 2257H4709 6 3003 --64 18 40NGC 1783 LE5 ,, INGC 1783 LE7 NGC 1994 4 .... NGC 2261 6 36 26 .+ 8 46 RNGC
NGC 1783 LE8 " NGC 1994 5 .... NGC 2264 6 38 24.9 + 9 32 29 720302
NGC 1783 LE9 .... NGC 2019 2 5 32 31 --70 11 20 ED NGC 2264 6 38 25.3 + 9 32 25
NGC 1783 LEI0 " NGC 2019 5 5 32 28 --70 11 30 " NGC 2264 IR 6 38 24.9 + 9 32 29 720302
NGC 1783 LEll " NGC 2021 NOM. 5 33 37 --67 29 06 _89907 NGC 2264 IRS
NGC 1783 NOM. " " NGC 2021 22 .... NGC 2264 IRS4 6 38 24.1 +10 02 35
NGC 1783 30 4 58 53 -66 03 49 ED NGC 2022 5 39 20.0 + 9 03 54 739909 NGC 2264 VI 6 36 58 + 9 47 ED
NGC 1784 5 03 06.8 --11 56 18 NGC 2023 5 39 07 -- 2 17 42 NGC 2264 V2 6 36 58 + 9 38
NGC 1792 5 03 31.0--38 02 49 NGC 2023 NOM. 5 39 14 -- 2 15 NGC 2264 VI8 6 37 20 + 9 35
NGC 1795 NOM. 5 00 09 -69 52 24 789907 _ NGC 2023 101 " _.NGC NGC 2264 V20 6 37 21 + 9 39
NGC 1795 1 .... NGC 2023 102--4 .... NGC 2264 VI16 6 38 18 + 9 26Noc17952 ,, :: Noc2023105 .... 22,,v193 63856.+9_.,
NGC 1806 LEI 5 02 18 --68 02 12 I NGC 2023 106 .... NGC 2264 W20 6 36 42.3 + 9 44 49 CSI 79
NGC 1806 LE2 .... NGC 2023 108 " NGC 2264 W30 6 37 08.3 -4- 9 30 48
NGC 1806 LE3 .... NGC 2023 110 " NGC 2264 W33 6 37 12 + 9 37 i ED
NGC 1806 LE4 .... I NGC 2023 112 .... NGC 2264 W36 6 37 18.9 + 9 37 19 CSI 79
NGC 1806 LE5 .... NGC 2024 5 39 -- 55 NGC 2264 W43 6 37 36.4 + 9 44 40
NGC 1806 NOM. " " NGC 2024 5 39 06.3 56 10 741007 NGC 2264 W46 6 37 39.5 -4- 9 48 57
NGC 1806 9 .... NGC 2024 5 39 08 -- 55 03 NGC2264 WS0 6 37 43,3.+ 9 51 53
NGC 1808 5 05 59 --37 34 36 " NGC 2024 5 39 12 -- 55 42 NGC 2264 W67 6 37 52 .+ 9 50 36 740903
NGC 1831 NOM. 5 06 12 --64 59 00 749906 NGC 2024 5 39 J3 - 55 48 NGC 2264 W68 6 37 51.7+ 9 57 42 CSI 79
NGC 1831 1 .... NGC 2024 5 35 ;4 -- 57 00 ED NGC 2264 W73 6 37 53.0 +10 00 34
NGC 1831 2 .... NGC 2024 5 39 14.0 -- 57 00 NGC 2264 W83 6 37 57.3 + 9 42 12
NGC 1831 3 .... NGC 2024 5 39 19 -- 55 42 NGC 2264 W84 6 37 57.1 + 9 36 29
NGC 1841 095 4 52 59 --84 04 54 819916 NGC 2024 5 39 26 -- 51 NGC 2264 W88 6 37 58.0 + 9 48 51
NGC 1841 G113 " NGC 2024 (1) 5 39 14.5 -- 57 48 NGC 2264 W90 6 37 59.0 + 9 50 47
NGC 1841 G117 .... NGC 2024 #1 5 39 06.3 - 56 I0 NGC 2264 WI_3 6 38 03.7 4- 9 54 13
NGC 1841 G129 .... NGC 2024 #1 5 39 24 -- 51 52 ED NGC 2264 WI04 6 38 04.1 .+ 9 55 51
NGC 1841 G142 " NGC 2024 #2 5 39 14.3 -- 55 59 NGC 2264 WI07 6 38 05.7 +10 04 34
NGC 1841 LEI " NGC 2024 #2 5 39 20 -- 51 52 ED NGC 2264 WI08 6 38 06.3 + 9 47 42
NGC 1841 NOM. '" " NGC 2024 IRSI 5 39 06.3 - 56 10 741007 NGC 2264 W109 6 38 06.3 + 9 54 41
NGC 1841 67 " NGC 2024 IRS2 5 39 14.3 -- 55 59 " NGC 2264 Wll0 6 38 07 + 9 46 ED
NGC 1841 142 " NGC 2024 SW 5 39 07.5 -- 57 30 NGC 2264 WlI2 6 38 06.7 + 9 41 54 CSI 79
NGC 1841H1301 4 53 23 -84 04 52 ED NGC 2024 1 5 39 26.2 -- 51 44 NGC 2264 WI25 6 38 11.3 + 9 51 20
NGC 1841H2413 4 52 29 --84 04 37 " NGC 2071 5 44 30.1 .+ 0 20 40 NGC 2264 WI31 6 38 13.3 + 9 56 36
NGC 1846 HI 5 07 43 --67 31 130 " NGC 2071 5 44 30.2 + 0 20 42 790114 NGC 2264 W132 6 38 12.5 + 9 36 50
NGC 1844 t112 5 07 30 --67 22 41 " NGC 2071 5 44 30.8 + 0 20 43 NGC 2264 WI37 6 38 15.9 + 9 55 19
NGC 1844 HI4 5 07 31 --67 22 54 "' NGC 2071 5 44 31.2 + 0 20 48 NGC 2264 W138 6 38 16.0 + 9 27 02
NGC 1846 H21 5 07 38 -67 31 18 789907 NGC 2071 5 44 30 + 0 16 ED NGC 2264 W139 6 38 16 .+ 9 34 ED
NGC 1846 t138 5 07 35 --67 32 00 ED NGC 2071 IRS 5 44 30.1 + 0 20 40 NGC 2264 W145 6 38 16.0 + 9 30 56 CSI 79
NGC 1846 t139 5 07 38 -67 31 18 789907 NGC 2071 IR.S 5 44 30.2 + 0 20 42 NGC 2264 WISI 6 38 17.2 + 9 50 27
NGC 1846 H58 5 07 31 --67 31 10 ED NGC 2071 IRS 5 44 31.2 .+ 0 20 45 NGC 2264 W154 6 38 17.2 + 9 34 20 "
NGC 1846 LE4 5 07 43 --67 31 20 " NGC 2071 IRSI 5 44 30.6 .+ 0 20 42 NGC 2264 W157 6 38 17.9 + 9 36 130
NGC 1846 LE5 5 07 41 --67 31 20 '" NGC 2071 IRS2 5 44 31.2 + 0 20 48 NGC 2264 W158 6 38 18.9 + 9 57 44 "
NGC 1846 LE8 5 07 36 --67 31 40 " NGC 2071 IRS3 5 44 30.6 .+ 0 20 48 NGC 2264 WI65 6 38 19.1 + 9 25 48 "
NGC 1846 LEII 5 07 31 -67 31 20 " NGC 2071 IRS4 5 44 31.2 .+ 0 20 54 NGC 2264 W177 6 38 23.1 .-/-10 19 42 "
NGC 1846 LEI3 5 07 34 --67 31 130 "' NGC 2076 5 44 35 --16 47 RNGC NGC 2264 W178 6 38 24.7 + 9 30 48 "
NGC 1846 LE15 5 07 29 --67 29 50 " NGC 2090 5 46 3,k0 --34 14 32 NGC 2264 Wl79 6 38 24.7 + 9 55 49 "
NGC 1846 LEI7 5 07 44 -67 30 50 " NGC 2107 NOM. 5 43 49 --70 39 36 749907 NGC 2264 WI81 6 38 25.1 .+ 9 55 45 "
NGC 1846 NOM. 5 07 38 --67 31 18 789907 NGC 2107 1 " NGC 2264 W187 6 38 28.0 + 9 38 42 "
NGC 1846 1302 .... NGC 2110 5 49 47 -- 7 18 RNGC NGC 2264 W188 6 38 31 + 9 39 ED
NGC 1846 4403 .... NGC 2121 LEI 5 48 56 --71 29 40 ED NGC 2264 W189 6 38 28.3 + 9 30 12 CSI 79
NGC 1846 4508 .... NGC 2121 LE2 5 49 01 --71 29 50 " NGC 2264 WI90 6 38 34 .4. 9 59 ED
NGC 1852 2 5 09 31 --67 50 130 ED NGC 2121 LE4 5 49 01 --71 29 40 " NGC 2264 W192 6 38 34 .+ 9 43 "
NGC 1852 3 5 09 30 --67 50 10 " NGC 2121 LE5 5 49 06 --71 28 40 " NGC 2264 W206 6 38 36.9 .+ 9 46 45 CSI 79
NGC 1852 4 5 09 29 -67 50 30 " NGC 2121 LE6 5 48 52 --71 30 10 " NGC 2264 W209 6 38 38.7 + 9 36 49 "
NGC 1852 5 5 09 27 --67 50 20 " NGC 2133 1 5 52 11 --71 10 50 NGC 2264 W212 6 38 42.0 + 9 54 09
NGC 1852 6 5 09 25 --67 50 20 " NGC 2134 I 5 52 35 --71 07 10 "' NGC 2264 W215 6 38 44.9 + 9 52 41 "
NGC 1872 1 5 13 19 --69 21 30 " NGC 2134 2 5 52 35 --71 06 20 NGC 2264 W220 6 38 47.9 4- 9 21 44
NGC 1872 2 5 13 23 --69 22 40 " NGC 2134 3 5 52 41 --71 05 20 NGC 2264 W222 6 38 48.9 + 9 54 15
NGC 1872 3 5 13 30 -69 22 20 " NGC 2134 4 5 52 28 --71 05 20 NGC 2264 W224 6 38 52.0 + 9 23 48
NGC 1872 4 5 13 36 --69 22 30 '" NGC 2134 5 5 52 35 -71 06 20 NGC 2264 W226 6 38 55.9 .+ 9 50 I1
NGC 1892 5 16 55.0 --65 00 48 NGC 2146A 6 15 52.6 .+78 33 17 NGC 2264 W228 6 38 58.3 + 9 46 15
NGC 1893 1 5 19 11.9 +33 27 59 CSI 79 NGC 2154 LEI 5 57 42 --67 16 10 ED NGC 2264 W229 6 38 57.9 .+10 04 59
NGC 1903 NOM. 5 17 43 --69 23 12 789907 NGC 2154 LE2 5 57 44 -67 15 50 NGC 2264 W231 6 39 04.9 + 9 33 24
NGC 1903 1 " NGC 2154 LE3 5 57 44 --67 16 40 NGC 2264 W237 6 39 29.7 + 9 35 29
NGC 1903 2 .... NGC 2162 I 6 00 12 -63 43 10 NGC 2264 W238 6 39 37 +10 16 ED
NGC 1916 CORE 5 18 58 --69 27 20 "' NGC 2162 2 6 00 13 --63 43 130 NGC 2264 W239 6 39 38 +10 16
NGC 1916 LEI 5 18 56 --69 27 20 ED NGC 2170 IRSI 6 05 20.0-- 6 22 38 NGC 2264 2 6 38 24.9 + 9 32 29 720302
NGC 1916 4 5 18 58 --69 27 20 " NGC 2170 IRS3 6 05 21.9 _ 6 22 26 760905 NGC 2264A 6 38 22 + 9 25 42
NGC 1917 LEI 5 19 19 --69 03 20 " NGC 2173 H45A 5 59 04 --72 59 51 ED NGC 2264B 6 38 25 + 9 32 30
NGC 1917 LE2 5 19 18 --69 03 20 '" NGC 2173 LEI 5 59 04 --72 59 00 NGC 2264C 6 38 34 + 9 27 42
NGC 1917 LE3 5 19 22 --69 02 50 " NGC 2173 LE4 5 59(30 --72 58 37 NGC 2268 7 0047.6 +84 27 41
NGC 1917 LE4 5 19 15 --69 03 130 " NGC 2173 LE5 5 59 01 --72 58 00 NGC 2273B 6 42 02.8 +60 23 38
NGC 1947 5 26 28 -63 48 06 749906 NGC 2173 1401 5 59 26 --72 58 36 NGC 2280 6 42 50.0 --27 35 12
NGC 1952 5 31 30 +21 59 RNGC NG(2 2173 4306 5 59 09 --72 59 23 NGC 2300 7 15 45.1 .+85 48 31 769909
NGC 1953 LE1 5 25 46 --68 53 00 ED NGC 2173H1401 5 59 26 --72 58 36 NGC 2329 7 05 21.7 +48 41 48
NGC 1953 LE2 5 25 41 -68 52 20 " NGC 2173H4306 5 59 09 --72 59 23 NGC 2332 7 05 43.3 +50 15 48
NGC 1953 3 5 25 46 --68 52 50 " NGC 21735TARA 5 59 03 --72 58 48 bIGC 2336 7 18 28.0 +80 16 35
NGC 1962 NOM. 5 26 35 --68 52 42 789907 NGC 2175 6 05 33.0.+20 39 06 NGC 2346 7 06 49.2 -- 0 43 24 739909
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NGC 2357 71439.9 +232649 NGC 3368 104406.9 +12"05' 05" 769,909 NGC 4151 12h08_CO_8+39"41' 11"
NGC 2366 72334.2 +691842 769909 NGC 3377 I04502.6 +141451 NGC 4157 120834.6 +504551
NGC 2366 72338.0 +6919 15 NOC 3379 104511.3 +125048 [ :', NGC 4168 120943.5 +132905
NGC 2371/2 72225.5 +293523 749905 NGC 3384 104538.7 +125341 NGC 4178 121013.1 +110830
NGC 2392 72613.2 +210051 739909 NGC 3430 104924.7 +331300 NGC 4179 121018.5 + 13441
NGC 2403 73205.5 +654240 769909 NGC 3432 104942.0 +365258 NGC 4183 121047.2 +435835
NGC 2419 7 3448 +39 00 RNGC NGC 3443 I0 5020.1 +17 50 24 I NGC 4192 12 II 15.4+15 10 23
NGC 2427 7 3501.0 --47 31 18 NGC 3486 10 5740.0 +29 14 40 769909 NGC 4194 12 I141.7 +54 48 21
NGC 2434 7 3459 --69 10 18 789907 NGC 3495 10 5841.1 + 3 53 48 NGC 4206 12 1243.7 +13 18 10
NGC 2438 7 3932.5 --14 36 56 739909 NGC 3501 11 0008.1 +18 15 36 NGC 4214 12 1308.8 +36 36 19
NGC 2440 7 3941.5 --18 05 26 " NGC 3504 I1 (3028.1 +28 14 35 769909 NGC 4216 12 1320.3 +13 25 38
NGC 2440 6"NW 7 3941.2 --18 05 22 ED NGC 3510 11 0100.8 +29 09 12 NGC 4217 12 1321.7 +47 22 12
NGC 2452 7 4524.7 --27 12 43 739909 NGC 3516 11 0322.6 +72 50 25 769909 NGC 4235 12 1435.7 + 7 28 II

NGC 2541 8 I101.8 +491253 NGC 3521 110315.1 + 001358 " NGC 4236 121423.8 +694352NGC 2549 8 1456.6 +57 57 35 769909 NGC 3521 I1 03 15.5 + 14 12 NGC 4244 12 1500.4 +38 05 12
NGC 2562 8 1728.6 +21 17 27 " NGC 3528 11 0450 --19 12 06 819917 NGC 4254 12 16 16.9 +14 41 46
NOC 2563 8 1740.7 +21 13 40 " NGC 3549 11 0802.8 +53 39 30 NGC 4258 12 1629.7 +47 34 55
NGC 2591 83043.2 +781154 NGC 3556 I10836.8 +555633 769909 NGC 4261 121649.5 + 60615
NGC 2610 8 3105.0--15 58 39 739909 NGC 3557 11 0735 --37 16 CO 789908 NGC 4264 12 1702.4 + 6 07 30
NGC 2613 831 ILl -22 4801 NGC 3568 110826 --371024 " NGC 4270 121715.4 + 54431
NGC 2634 8 4256.0 +74 09 06 769909 NGC 3576 11 0946.3 --61 02 09 NGC 4272 12 17 17.5 +30 36 55
NGC 2655 8 4909.1 +78 24 53 " NGC 3576 II 0947 -61 02 NGC 4278 12 1736.5 +29 33 26
NGC 2672 84631.3 + 191540 " NGC 35761 II 0946.0 --610210 ED NGC 4283 121750.3 +293518
NGC 2683 8 4934.8 +33 36 23 NOC 3576 2 11 0943.6 --61 02 15 " NGC 4294 12 1844.8 + II 47 18
NGC 2701 8 5526.0 +53 57 53 NGC 3576 3 I1 0943.2 --61 02 48 " NGC 4303 12 1921.4 + 4 44 58
NGC 2749 9 0232.4 + 18 30 53 769909 NGC 3576 4 11 0941.1 --61 02 50 " NGC 4321 12 2023.2 +16 06 CO
NGC 2768 9 0745.2 +60 14 40 " NGC 3576 5 I1 0952.3 --61 02 10 " NGC 4321 SN 12 2041 + 1605
NGC 2770 90630.3 +331942 NGC 35766 II 0955 -610224 " NGC 4359 122142.0 +314756
NGC 2782 9 I054.0 +40 19 18 769909 NGC 3576 7 I1 0947 -61 02 NGC 4361 12 21 54.7 - 18 30 29
NGC 2784 91005.7--235756 759903 NGC 3585 II 1050.0--262848 769909 NGC 4365 122155.0 + 73543
NGC 2792 9 1033.7 --42 13 08 739909 NOC 3587 11 11 51 +55 18 RNGC NGC 4370 12 2221.9 + 7 43 15
NGC 2808 9 II 04 --643930 779907 NGC 3600 I11306.5 +415150 NGC 4371 122222.8 +115853
NGC 2818 91359)4 -362458 739909 NGC 3603 II 1251.1 --605938 NGC 4374 122231.5 +130951
NGC 2831 9 1643.3 +33 57 20 739910 NGC 3603 II 1255.7 --60 59 21 NGC 4377 12 2240.6 +15 (32 28
NGC 2832 91643.7 +335745 769909 NGC 3603 111259 --610(3 ED NGC 4380 122249.6 +101733
NGC 2835 91536.6 -220845 NGC 3603 E 111258.5 --61 CO20 " NGC 4382 122253.2 +182803
NGC 2841 9 1834.9 +51 11 19 769909 NGC 3603 IRS1 II 1250.8 -60 59 37 NGC 4385 12 2309.2 + 0 50 53
NGC 2867 9 2000.8 --58 05 57 769910 NGC 3603 IRSI 11 1251.5 --60 59 38 ED NGC 4387 12 2309.6 +13 05 18
NGC 2867 5"E 9 2001.4--58 05 57 ED NGC 3603 IRS4 I1 1252.3 --60 58 08 NGC 4388 12 23 14.8 +12 56 18
NGC 2883 92309 --3353 RNGC NGC 3603 IRS4 I11254.3 --605758 NGC 4406 122339.7 +131325
NGC 2903 9 29 19.9+21 43 19 769909 NGC 3603 1RS5 11 1240.4 --60 57 38 NGC 4414 12 2358.0 +31 29 54
NGC 2907 92914.8 --1631 CO 759903 NGC 3603 IRS6 111314.3 -605726 NGC 4435 122508.6 +132123
NGC 2911 93105.5 +102230 769909 NGC 3603 IRS6 111316.5 --605719 NGC 4438 122513.5 +1317 I1
NGC 2968 9 3922 -- 8 23 ED NGC 3603 IRS7 I1 1248.6--61 03 07 NGC 4442 12 2531.3 +10 04 53
NGC 2974 94001.8 - 32808 759903 NOC 3603 IRS8 111257.9 -605943 NGC 4449 122545.2 +442215
NGC 2976 9 43 10.0 +68 08 43 769909 NGC 36031RS8+9 11 1305 --61 {30 20 NGC 4450 12 2558.0 +17 21 40
NGC 2986 9 41 56.8 --21 02 53 759903 NGC 3603IRS8A I1 1301.8 -60 59 48 NGC 4455 12 2613.5 +23 05 53
NGC 2992 9 43 17.6-14 05 45 " NGC 36031RS8B " NGC 4458 12 2625.9 +13 31 10
NGC 2993 94324.2 --140813 " NGC 3603 IRS9 I11259.4 --61 (3025 NGC 4459 122628.3 +141520
NGC3003 94537.9+333916 NGC3603 IRS9 111302.8-610021 NGC4461 122631.1+132743
NGC3026 94800.8+284707 NGC36031RS12 111247.1--610058 NGC4464 122648.1+ 82605
NGC 3027 95116.8+722627 NOC 3603IRS13 Ill 1242.8--610214 NGC 4468 122659.6+141933

NGC3031 95127.6+691813 769909 NGC3603IRSI4 111251.2--605922 NGC4472 12122713'9 + 81632Noo3034 95145.3+695511Noc36031 s15111313.7_605545 4 73 2717.0+134223
NGC 3034 NE 95143+6955 [7.NGC NGC 36031RSI5 111315.7--605541 NGC 4476 122726.7+123727
NGC 3034 NOM. NGC 36031RS16 111308.1 --605828 NGC 4478 [122745.5 + 123618
NGC 3077 95921.9 +685833 769909 NGC 3603 W I11253.0 _605930 ED NGC 4479 122746.8 +135115
NGC 3078 95608.1 --264113 759903 NGC 3607 111416.1 +181935 769909 ] NGC 4486 122817.8 +123958
NGC 3079 95835.4 +5555 I1 NGC 3608 I11420.7 +182520 NGC 4486A !122826 +1233
NGC 3081 95710.0--223509 759903 NGC 3613 111542.4 +581629 " NGC 4486B 1228 CO +1246 CO
NGC 3115 100244.4-- 72832 " NGC 3621 II 1550.4 --323225 NGC 4490 122810.5 +415456
NGC 3125 I00418.0 -294130 " NGC 3623 I11618.6 +1322 (30 NGC 4494 122854.8 +260258
NGC 3132 100455.1 --401129 739909 NGC 3627 111737.9 + 131608 769909 NGC 4498 122908.8 + 170746
NGC 3136 100427 --6708 ?..NGC NGC 3628 I11739.6 +135148 NGC 4501 122928.1 + 144150
NGC 3153 10 I009.5 +1255 CO NGC 3640 111832.3 + 33035 769909 NGC 4507 123254.5--393802
NGC 3158 101052.6 +390(348 769909 NGC 3665 I12200.9 +390216 " NGC 4517A 122954.5 + 03956
NGC 3159 101055.1 +385405 739910 NGC 3666 112149.7 +113703 NGC 4519 123058.1 + 85548
NGC 3190 101520.7 +220503 719904 NGC 3675 112324.2 +435136 NGC 4522 123107.8 + 92702
NGC 3193 I0 1539.5+22 08 45 769909 NGC 3690 112544,2+58 50 23 769909 NGC 4526 12 3130.4+ 7 5g 33
NGC 3198 1101651.7+45 48 07 NGC 3699 112540 --5940 54 779909 NGC 4532 123146.7+ 6 44 43
NGC 32011117 I0 1524 +46 05 ED NGC 3705 112732.2+ 9 33 II NGC4535 12 3147,9+ 8 28 25
NGC 32011309 I0 1512 +46 08 " NGC 3717 II2903.6--3001 52 NGC 4536 12 3153.5+ 2 27 50
NGC 32011312 101518 +4607 " N(3C 3726 113038.3 +471813 NGC 4536 SN 123156.5 + 22827
NGC 32011314 .... NGC 3733 I13216.9 +550739 NGC 4545 123219.8 +634801
NGC 32011315 .... NGC 3735 II 3304.8 +704842 NGC 4546 123254.9- 33104
NGC 32011410 101518 +4608 " NGC 3755 113354.1 +364115 NGC 4550 123259.3 +122948
NGC 32011501 101518 +4609 " NGC 3756 I13404.7 +543422 NGC 4552 123308.4 +124956
NGC 32011626 101530 +4608 " NGC 3782 113640.2 +464726 I NGC 4559 123328.9 +281423
NGC 32012321 101524 +4612 " NGC 3783 I13633.0--372741 789906 [ NGC 4565 123351.3 +261535
NGC 32012405 101518 +4609 " NGC 3811 NOM. 113836.5 +475808 769909 NGC 4565 123351.8 +261550
NGC 32012608 I01524 +4609 " NGC 3811 SN .... NGC 4565 123352.1 +261544
NGC 32013204 101536 +4613 " NGC 3813 I13840.0 +364928 NGC 4566 123341.1 +542943
NGC 32013217 I01542 +4612 " NGC 3842 114126.4 +201340 769909 NGC 4569 123418.7 +132618

NGC 32013218 " NGC 3877 I14329.4 +474618 " NGC 4578 123458.7 + 9 _ 48NGC 32013304 101536 +4612 " NGC 3879 II 4404.3 +693940 NGC 4583 123535 +33
NGC 32013401 101530 +4611 " NGC 3893 114601.1 +485920 769909 NGC 4592 123644.5 - 01517
NGC 32013405 101536 +46 II " NGC 3894 II 4611.4 +594141 " NOC 4593 123704.7 -- 50416
NGC 32013414 101542 +4610 " NGC 3904 114641.4--285954 759903 NGC 4594 123722.8--112100

NGC 32013504 101530 +4610 " NGC 3917 114807.7 +5250_414 NGC 4621 123931.2 +115515NGC 32013522 101536 +4610 " NGC 3918 I14750.1 --56 10 769910 NGC 4631 123941.5 +324854
NGC 32013616 .... NGC 3923 II 4829.7 -283140 759903 NGC 4631 A 123944.7 +324916
NGC 32014318 101536 +4606 " NGC 3936 114947.7 -263740 NGC 4631 PEAK 123940.9 +324919

NGC 32014319 101530 +4606 " NGC 3949 I15105.2 +480816 NGC 4636 124016.6 + 25743NGC 32014403 101542 +4609 " NGC 3953 115112.9 +523620 NOC 4643 124046.9 + 1506
NGC 32014507 101536 +4608 " NGC 3956 115128.0 --201718 NGC 4649 124109.0 +114923
NGC 32014524 101530 +4607 " NGC 3962 II 5206.7 --134148 759903 NGC 4651 124112.5 +164005
NGC 3225 I02152.1 +582415 NGC 3972 115310.0 +553548 769909 NGC 4654 124125.7 + 132358
NGC 3226 102043.5 +200907 T69909 NGC 3976 II 5323.2 + 70138 NGC 4660 124201.1 + 112751
NGC 3227 102047.6 +2007 (30 " NGC 3992 II 5500.7 +533915 NGC 4670 124249.8 +272358
NGC 3242 I02221.3 --182323 Y39909 NGC 3992 115501.0 +533913 769909 NGC 4697 124600.7- 53139
NGC 3247 102210 --573030 NGC 3998 I15521.4 +554357 " NGC 4698 124551.8 + 84537
NGC 3250 102421 --394118 T89908 NGC 4010 II 5603.2 +473220 " NGC 4705 124650.2 -- 45526
NGC 3254 102631.3 +294450 NGC 4013 I15557.1 +441330 " NGC 4713 124725.3 + 53459
NGC 3256 102543 --4339 (30 T79909 NGC 4051 12 (3035.9 +444848 76909 NGC 4725 124759.9 +254620
NGC 3264 102908.1 +562030 NGC 4062 120130.6 +321033 NGC 4725 SN
NGC 3281 10 29 36 --34 35 48 T89908 NGC 4085 12 02 50.5 +50 37 56 769909 NGC 4736 12 48 32.4 +41 23 28
NGC 3294 10 33 23.7 +37 35 01 NGC 4088 12 03 03.1 +50 49 13 " NGC 4742 12 49 11.7 -10 11 01
NGC 3308 10 34 01.2 --27 10 43 r59903 NGC 4094 12 03 19.7 -14 14 53 NOC 4754 12 49 46.9 +11 35 06
NGC 3309 103414.5 --271533 " NGC 4096 120328.4 +474520 NGC 4758 125014.8 + 160710
NGC 3310 103540.3 +534545 r69909 NGC 4100 120336.4 +495136 769909 NGC 4760 125031.0 -- 101325
NGC 3311 103421.6 --271608 !59903 NGC 4116 120503.2 + 25813 NGC 4762 125025.5 +113005
NOC 3319 103614.7 +415650 NGC 4124 120535.8 + 103927 769909 NGC 4800 125220.6 +464806
NGC 3320 103637.1 +473931 NGC 4125 120537.7 +652703 " NGC 4808 125316.4 + 43429
NGC 3320 103637.4 +473925 r69909 NGC 4127 120601.3 +770457 NGC 4826 125416.9 +215718
NGC 3338 10 39 28.2 + 14 (30 34 NGC 4142 12 07 (30.0+53 22 57 NGC 4874 12 57 10.5 +28 13 45
NGC 3351 I04119.6 + I 158 CO r69909 NGC 4144 120728.3 +464407 NGC 4881 125733.0 +283052
NGC 3359 104320.5 +632914 NGC 4145 120730.3 +400941 NGC 4883 125731 +281806
NGC 3365 104338.2 + 20438 NGC 4147 120738 +1849 _NGC NGC 4886 125739.5 +281516
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NGC 4889 12 57 43.6 +28" 14 48 NGC 6070 16 07 25.7 + 0"50 22 NGC 6402 F 17h34_7 ' -- 3"14
NGC4906 12 5815 +28 I1 30 769914 NGC6093 16 1404 --2251 12 81991_ NGC 6402 G 17 3500 - 3 15
NGC 4921 12 5901.8+28 09 20 7699_ NGC 6106 16 1621,4+ 7 31 56 NGC 6402 H "

NGC4923 125907 +280_54 769914 NGC6118 161912.4--21001 NGC6402I 173455 --314NGC 4939 13 01 37.6-10 22 NGC 6121 NOM. 16 20 31 -26 24 42 81991_ NGC 6402 J 17 35 03 - 3 15
NGC4951 13 02 31.8-- 6 13 38 NGC 6121 219 .... NGC6402 K 17 35 05 -- 3 16
NGC 4958 13 03 11.9- 7 45 04 759902 NGC 6121 243 " NGC 6402 L 17 35 02 -- 3 15

NGC 4976 13 05 42 --49 14 18 77990_ NGC 6121 398 " NGC 6402 M 17 35 _ -- _ 16NGC 5005 13 08 37.6 +37 19 25 76990_ NGC 6121 515 " NGC 6402 N 17 35 16
NGC 5018 13 10 19.9--19 15 12 759902 NGC 6121 516 " NGC 6402 O 17 35 05 - 3 16
NGC 5023 13 09 58.0 +44 18 13 NGC 6121 522 " NGC 6402 p 17 34 57 -- 3 16
NGC 5024 13 10 29 +18 26 RNGC NGC 6121 529 " NGC 6402 Q 17 34 58 - 3 16
NGC 5033 13 II 09.6 +36 51 27 NGC 6121 571 " NGC 6412 17 31 22.9 +75 44 26 769909
NGC 5033 13 11 09.7 +36 51 30 769905 NGC 6153 16 28 05.0-40 08 58 739909 NGC 6439 17 45 26.0-16 27 44 739909
NGC 5042 13 12 47.9 --23 43 10 NGC 6171 E 16 29 42 - 12 56 RNGC NGC 6440 17 45 54 -20 20 48 819917
NGC 5055 13 13 34.9 +42 17 55 NGC 6171 NOM. NGC 6441 17 46 49 -37 02 12 789908
NGC 5055 SN 76990_ NGC 6171 217 RNGC NGC 6445 17 46 17.2 -19 59 41 739909
NGC 5061 13 15 20.1 --26 34 23 759903 NGC 6171 273 " NGC 6454 17 44 02 +55 43 RNGC
NGC 5102 13 19 07 --36 22 12 789908 NGC 6181 16 30 09.4 +19 55 48 769909 NGC 6503 17 49 58.7 +70 09 26 769909
NGC 5107 13 19 09.3 +38 47 57 NGC 6181 16 30 09,6 +19 55 50 NGC 6514 130 17 59 26.4-22 55 58
NGC 5128 13 22 31.8 --42 45 30 NGC 6193 16 36 14.6 --48 45 53 NGC 6522 18 00 23 -30 02 12 789908
NGC 5128 13 22 33 -42 45 24 779909 NGC 6193 IRSI 16 37 23 --48 39 08 NGC 6522 A3 "
NGC 5128 #1 13 22 35.4 -42 45 57 NGC 6193 IRS3 16 37 26 --48 36 50 NGC 6522 A29 "
NGC 5128 #2 13 22 34.5 -42 45 50 NGC 6193 IRS4 16 37 53 --48 37 34 NGC 6522 B74 ....
NGC 5128 #3 13 22 33.6 --42 45 44 NGC 6205 16 39 54 +36 33 RNGC NGC 6522 B143 ....
NGC 5128 #4 13 22 30.9 --42 45 23 NGC 6205 SW .... NGC 6522 B159 ....
NGC 5128 #5 13 22 30.2 -42 45 21 NGC 6205 2 .... NGC 6522 D3 ....
NGC 5128 #6 13 22 29.1 --42 45 10 NGC 6205 3 ...... NGC 6522 D9 ....
NGC 5128 #7 13 22 28.2-42 45 03 NGC 6205 4 .... NGC 6522 DI1 ....
NGC 5128 #8 13 22 27.3 -42 44 56 NGC 6205 5 .... NGC 6522 I202 ....
NGC 5128 #9 13 22 26.3 -42 44 49 NGC 6210 16 42 23.5 +23 53 17 739909 NGC 6522 31 ....
NGC 5161 13 26 24.0--32 54 56 NGC 6217 16 35 05.1 +78 18 05 769909 NGC 6522 32 ....
NGC 5170 13 27 07.3 -17 42 24 NGC 6221 16 48 26 --59 09 00 759905 NGC 6522 51 18 (30 19 --29 49 42 GCVS

NGC 5189 13 29 59.5 -65 43 1_6 769910 NGC 6229 16 45 36 +47 37 RNGC NGC 6522 56 18 00 23 --30 02 12 789908NGC 5194 13 27 46.9 +47 27 769909 NGC 6231 NOM. 16 50 40 -41 44 36 779909 NGC 6522 64
NGC 5195 13 27 52.4 +47 31 48 " NGC 6231 91 " NGC 6522 86 "
NGC 5204 13 27 44.5 +58 40 42 739910 NGC 6231 92 16 50 55 --41 51 17 ED NGC 6522 103 18 01 30 --29 51 18 GCVS
NGC 5205 13 28 18.6 +62 46 12 NGC 6240 16 50 27,8 + 2 29 03 719904 NGC 6522 107 18 00 23 -30 02 12 789908
NGC 5236 13 34 10.2 -29 36 49 759903 NGC 6254 I--2 16 54 29 -- 4 02 RNGC NGC 6522 120 18 01 22 --29 54 37 GCVS
NGC 5248 13 35 02.4 + 9 08 23 769909 NGC 6254 I124 .... NGC 6522 133 18 00 23 -30 02 12 789908
NGC 5253 13 3705,2 --31 23 21 759903 NGC 6254 NOM. " NGC 6522 138 "
NGC 5253 SN .... NGC 6254II121 " RNGC NGC 6522 142 "
NGC 5272 13 39 57 +28 38 RNGC NGC 6255 16 53 00,8 +36 34 51 NGC 6522 179 "
NGC 5272 AA .... NGC 6284 17 01 25 --24 41 42 809909 NGC 6522 181 17 59 28 --29 54 09 GCVS
NGC 5272 II46 .... NGC 6302 17 10 21,1 --37 02 38 739909 NGC 6522 200 17 59 02 --29 56 53
NGC 5272 297 " NGC 6304 NOM. 17 11 21 --29 24 18 789908 NGC 6522 205 18 00 23 --30 02 12 789908
NGC 5272 1397 " NGC 6304 1208 .... NGC 6522 207 "
NGC 5289 13 43 01.0 +41 45 13 NGC 6304 1232 .... NGC 6522 228 17 59 51 --29 57 37 GCVS
NGC 5290 13 43 11.6 +41 57 48 NGC 6304 2236 .... NGC 6522 289 18 00 23 --30 02 12 789908
NGC 5300 13 45 44.3 + 4 12 (30 NGC 6304 3238 .... NGC 6522 313 18 01 32 --29 59 36 GCVS
NGC 5301 13 44 21.4 +46 21 28 769909 NGC 6304 4203 .... NGC 6522 320 18 01 15 --30 01 31
NGC 5307 13 4751 --505730 779909 NGC 63044223 .... NGC 6522340 1801 15 --3005 07
NGC 5315 13 50 12.7 --66 16 06 769910 NGC 6304 4238 .... NGC 6522 403 18 (3023 --30 02 12 789908
NGC 5320 13 48 13,7 +41 36 49 NGC 6304 9054 .... NGC 6522 426 "
NGC 5348 13 51 40.4 + 5 28 19 NGC 6308 17 09 54.0 +23 26 23 769909 NGC 6522 434
NGC 5350 13 51 15.1 +40 36 35 769909 NGC 6309 17 I1 14.9 -12 51 11 739909 NGC 6522 435
NGC 5353 13 51 19.8 +40 31 47 " NGC 6334 17 17 21.1 --35 46 29 NGC 6522 574 18 01 24 -30 13 31 GCVS
NGC 5354 13 51 19.6 +40 33 00 " NGC 6334 17 17 28 --36 03 12 789908 NGC 6522 575 18 0023 --30 02 12 789908
NGC 5363 13 53 36.3 + 5 29 58 " NGC 6334 I 17 17 32.5 --35 44 00 NGC 6522 590
NGC 5371 13 53 34.2 +40 42 23 " NGC 6334 I(N) 17 17 32.5 -35 42 30 NGC 6522 644 "
NGC 5408 14 00 18 --41 08 16 779909 NGC 6334 V 17 16 36.0 -35 54 45 NGC 6522 652 17 59 50 -30 12 19 GCVS
NGC 5447 14 (3043 +54 31 RNGC NGC 6334(B) 17 17 28 -36 03 12 789908 NGC 6522 721 18 (3046 --29 52 46
NGC 5448 14 00 56.1 +49 24 48 769909 NGC 6334/1 17 17 32.5 --35 42 (30 791002 NGC 6522 745 18 (3024 --29 53 53 "
NGC 5455 14 01 13 +54 26 RNGC NGC 6334/1 17 17 32.5 --35 43 48 NGC 6522 826 18 01 38 --29 54 00 "
NGC 5457 14 01 26.6 +54 35 25 769909 NGC 6334/I 17 17 34 --35 44 30 NGC 6522 830 18 01 35 --30 04 12 "
NGC 5461 14 01 55 +54 33 RNGC NGC 6334/1(N) 17 17 32.5 --35 42 (30 NGC 6522111106 18 CO23 --30 02 12 789908
NGC 5462 14 02 07 +54 36 " NGC 6334/11 17 17 21 --35 46 25 NGC 6522 4-41
NGC 5471 14 02 49 +54 38 " NGC 6334/II 17 17 22.6 --35 48 (30 NGC 6522 5-24A "
NGC 5485 14 05 27.9 +55 14 21 769909 NGC 6334/11I 17 17 07 --35 49 11 NGC 6523 18 01 12 -24 19 30 819916
NGC 5486 14 05 41.6 +55 20 23 NGC 6334/III 17 17 07.8 -35 48 12 NGC 6528 18 01 37 -30 03 36 789908
NGC 5496 14 09 03.6-- 0 55 24 NGC 6334/IV 17 16 59 --35 51 49 NGC 6530 7 18 O048.3 --24 21 47 CSI 79
NGC 5506 14 10 38.7-- 2 58 27 759903 NGC 6334/V 17 16 37 --35 55 00 NGC 6530 45 18 01 I1.I -24 11 08 "
NGC 5506 14 10 38.7- 2 58 29 ED NGC 6334/VI 17 16 39 --36 06 43 NGC 6530 65 18 01 21.7 --24 23 21 "
NGC 5523 14 23 35.0 +25 33 01 NGC 6334AIRSI 17 16 59.8 --35 51 58 NGC 6530 118 18 02 06.4 -24 24 09 "

NGC 5529 14 13 27.5 +36 27 30 NGC 6334AIRS2 17 16 58.2 --35 51 _ NGC 6537 18 02 15.5 - 19 50 30 739909NGC 5548 14 15 44.0 +25 22 01 769909 NGC 6334AIRS3 17 16 57.5 --35 51 NGC 6541 18 04 25 --43 18 779909

NGC 5566 14 17 49.4 + 4 09 42 " NGC 6334B IR 17 16 36.7 --35 54 _ NGC 6543 17 58 36 +66 38 RNGCNGC 5577 14 18 41.5 + 3 39 48 NGC 6334C IR 17 16 56.6--35 52 NGC 6567 18 1048.2--19 05 13 739909
NGC 5585 14 18 12.9 +56 57 32 769909 NGC 6334C IRC 17 16 10.5 -35 48 21 NGC 6570 18 08 50.3 +14 04 52

NGC 5592 14 21 00.2 --28 27 41 759903 NGC 6334C 2.2 17 16 11.7 -35 48 _ NGC 6572 18 09 40.6 + 6 50 25NGC 5626 14 26 44 -29 32 El:) NGC 6334CSTAR 17 16 11.3 --35 48 NGC 6572 18 09 41.7 + 6 50 37 739909
NGC 5630 14 25 37.2 +41 28 51 NGC 6334D IR 17 17 24.0 -35 45 56 NGC 6574 18 09 34.7 +14 58 03 769909
NGC 5634 14 26 59 -- 5 45 RNGC NGC 6334D 3.6 17 16 22.3 -35 46 13 NGC 6578 18 13 18.6 -20 28 04 739909
NGC 5673 14 29 45.9 +50 10 48 NGC 6334E IR 17 17 31.6 --35 42 36 NGC 6611 1 18 15 46.2 -13 49 16 CSI 79
NGC 5676 14 31 01.4 +49 40 37 NGC 6334F IRC 17 16 32.9 --35 44 02 NGC 6618 18 17 51 --16 12 RNGC
NGC 5690 14 35 09.4 + 2 30 23 NGC 63341RSV-I 17 16 36.6--35 54 46 NGC 6624 18 20 28 -30 23 14
NGC 5701 14 36 41.5 + 5 34 50 769909 NGC 6334IRSV1E 17 16 39.2 --35 54 49 NGC 6626 A 18 21 23 -24 51 ED
NGC 5705 14 37 15.4 - 0 30 15 NGC 6334IRS1 17 17 32.5 -35 44 07 NGC 6626 B ....
NGC 5713 14 37 37.6- 0 04 35 769909 NGC 6334VIRS2 17 16 37.0 -35 54 37 NGC 6626 C 18 21 22 -24 51
NGC 5728 14 39 36.8-17 02 22 759903 NGC 6339 17 15 29.6 +40 53 52 NGC 6626 D 18 21 27 -24 52
NGC 5740 14 41 52.1 + 1 53 25 NGC 6342 17 18 13 -19 32 18 B09909 NGC 6626 E 18 21 25 -24 52
NGC 5746 14 42 24.2 + 2 09 53 769909 NGC 6357 17 21 24.1 -34 08 24 NGC 6626 F 18 21 20 -24 52
NGC 5792 14 55 47.9 -- 0 53 28 NGC 6357 ,17 21 25 --34 09 24 789908 NGC 6626 G 18 21 22 --24 53

NGC 5798 14 55 31.2 +30 10 07 NGC 6357 /A) 17 21 26.9 --34 07 45 NGC 6626 H 18 21 24 -24 53NGC 5806 14 57 28.1 + 2 05 22 NGC 6357 B) 17 21 25.4 --34 06 29 NGC 6629 18 22 41.2 --23 13 45 739909
NGC 5813 14 58 38.9 + I 53 57 769909 NGC 6357 A 17 21 21 --34 07 NGC 6637 1--12 18 28 03 --32 23 ED
NGC 5824 15 00 54 --32 52 30 779909 NGC 6357 A 17 22 22 --34 17 36 NGC 6637 1-30 "
NGC 5846 15 03 57.0 + 1 47 57 769909 NGC 6357 B 17 21 29 --34 (30 36 NGC 6637 1--42 18 28 01 --32 23
NGC 5861 15 06 32.7--I1 07 54 NGC 6366 1--68 17 25 04 -- 5 02 _.NGC NGC 66371-40* 18 28 02 -32 24
NGC 5866 15 05 07.8 +55 57 16 769909 NGC 6366 1--73 NGC 66371--43" 18 28 03 --32 25
NGC 5873 15 09 38 -37 56 12 789908 NGC 6366 NOM. NGC 663711-14 18 28 01 -32 23
NGC 5879 15 08 29.2 +57 11 25 769909 NGC 6366II--70 :[NGC NGC 663711--35 18 28 02 --32 22
NGC 5882 15 13 24.9--45 27 56 769910 NGC 6366III50 .... NGC 6637II-53 18 28 03 -32 23
NGC 5894 15 10 32.3 +59 59 42 NGC 63661V--50 " NGC 6637II19" 18 27 58 -32 22
NGC 5904 15 16 02 + 2 16 gNGC NGC 63661V--70 " NGC 66371137" 18 28 03 -32 22
NGC 5907 15 14 34.8 +56 30 33 NGC 6368 17 24 51.6 +11 35 06 NGC 6637111-3 18 28 06 -32 23
NGC 5921 15 19 27.2 + 5 14 53 769909 NGC 6369 17 26 17.9 --23 43 12 T39909 NGC 663711126 18 28 08 -32 22

NGC 5949 15 27 18.6 +64 56 2_77 _ NGC 6369 10"N 17 26 17.9 --23 43 02 ED NGC 663711141 18 28 10 --32 23NGC 5951 15 31 23.6 +15 10 NGC 6383 17 31 27 --32 33 00 789908 NGC 663711143 "
NGC 5962 15 34 14.1 +16 46 23 769909 NGC 6384 17 29 59.0 + 7 05 43 NGC 66371V-I1 18 28 04 -32 24
NGC 5970 15 3608.1 +12 20 53 " NGC 6384 $N " T69909 NGC 66371V--20 18 28 05 --32 23
NGC 5979 15 43 26.0--61 03 48 769910 NGC 6388 17 32 34 --44 43 _.NGC NGC 66371V--27 18 28 06 --32 23
NGC 5982 15 37 38.5 +59 31 03 769909 NGC 6395 17 27 10.6 +71 08 10 NGC 6643 18 21 12.6 +74 32 40
NGC 5984 15 40 33.1 +14 23 28 NGC 6402 A 17 35 03 -- 3 15 ED NGC 6643 18 21 13.3 +74 32 43 769909
NGC 5987 15 38 52.3 +58 14 33 169909 NGC 6402 B 17 35 01 -- 3 14 NGC 6644 18 29 30 --25 10 (30 819916
NGC 6012 15 51 54.5 +14 44 55 " NGC 6402 C " NGC 6652 18 32 29 --33 02 00 809909

NGC 6015 15 50 40.1 +62 27 34 NGC 6402 D 17 35 07 -- 3 14 NGC 6654 18 25 14.4 +73 09 I1 769909NGC 6058 16 02 50 +40 49 _NGC NGC 6402 E 17 34 59 13 " NGC 6656 NOM. 18 33 21 --23 56 54 819916

B-61



NAME HA (19501 DEC POSRE NAME RA (1950) DEC POSREF NAME RA (1950) DEC

h m • • ' " h m s o ' • h m
NGC 6656II--14 ...... NGC 7129 21 42 01.2 +65 50 02 NOC 7538 B 23 11 24,1 +61' 12'43
NGC 665611--15 ' " NGC 7129 #1 21 41 14.9 +65 56 49 NGC 7538 C 23 11 36.6 +61 1148
NGC 6656II-26 .... NGC 7129 ,#2 21 41 31.6 +65 56 20 NGC 7538 D 23 12 13 +61 13 54
NGC 665(111-67 .... NGC 7129 ,#3 21 41 29.5 +65 54 42 NGC 7538 E 23 11 52.8 +61 10 58
NGC 665611-80 .... NGC 7129 ,#4 21 41 18.2 +65 53 57 NGC 7538 E 23 11 53 +61 l0 40
NGC 6656111--3 .... NOC 7129 ,#5 21 41 36.2 +65 50 48 NGC 7538 E 23 12 53 +61 18 54
NGC 665611112 " " NGC 7129 ,#6 21 41 50.4 +65 50 48 NGC 7538 Hll 23 11 23 +61 12 50
NGC 665611126 .... NGC 7129 ,#7 21 41 41.1 +65 52 49 NGC 7538 IRS1 23 11 36.5 +61 11 50
NGC 66561V--17 " " NGC 7129 #8 21 41 49.4 +65 52 23 NGC 7538 IRSI 23 11 36.7 +61 11 48
NGC 66561V--97 .... NGC 7129 #9 21 41 34,2 +65 58 42 NOC 7538 IRS1 23 11 36.7 +61 11 49
NGC 66561V102 " "' NGC 7129 ,#10 21 41 38.3 +65 57 04 NGC 7538 IRSI 23 11 36.8 +61 I1 49
NGC 6656 V--9 " " NGC 7129 ,#11 21 41 46.4 +65 57 55 NGC 7538 IRSI 23 11 36.8 +61 11 58
NGC 6674 18 36 31.1 +25 19 55 769909 NGC 7129 ,#12 21 41 57.5 +65 53 07 NGC 7538 1RS2 23 I1 36.8 +61 11 56
NGC 6681 18 39 57 -32 20 24 809909 NGC 7129 #13 21 41 52.5 +65 53 22 NGC 7538 IRS2 23 I1 37 +61 11 50
NGC 6689 18 35 22.3 +70 28 57 NGC 7129 ,#14 21 42 21.9 +65 56 06 NGC 7538 IRS2 23 11 37.0 +61 11 58
NGC 6702 18 45 30.9 +45 39 03 769909 NGC 7129 ,#15 21 42 27.0 +65 57 44 NGC 7538 IRS3 23 11 34.9 +61 11 52
NGC 6712 B--66 18 $0 20 -- 8 47 RNGC NGC 7129 #16 2l 42 19,7 +65 49 49 NGC 7538 IRS3 23 11 35.0 +61 11 51
NGC 6712 LM 5 .... NGC 7172 21 59 06.3 --32 06 27 759903 NGC 7538 IRS4 23 11 24.1 +61 12 43
NGC 6712 LM 8 .... NGC 7177 21 58 18.5 +17 29 50 769909 NGC 7538 IRS5 23 11 21.7 +61 13 50
NGC 6712 LMI0 " NGC 7184 21 59 53.3 --21 03 18 NGC 7538 IRS6 23 11 25.8 +61 13 54
NGC 6712 NOM. " NGC 7205 22 05 10.0 --57 41 18 NGC 7538 IRS7 23 11 28.2 +61 14 19
NGC 6715 18 51 51 -30 32 42 809909 NGC 7213 22 0609 --47 24 42 759905 NGC 7538 IRS8 23 11 18.8 +61 14 29
NGC 6720 18 51 40 +32 58 RNGC NGC 7225 22 10 19 --26 23 42 819916 NGC 7538 IRS9 23 11 52.8 +61 10 58
NGC 6741 19 0002.0- 0 31 12 739909 NGC 7307 22 30 57 --41 11 30 759905 NGC 7538 IRS9 23 11 52.8 +61 10 59
NGC 6744 19 05 01 -63 56 12 759905 NOC 7307 22 30 57.0--41 11 30 NfiC 75381RS9B 23 II 53.0 .61 10 42
NGC 6751 19 03 15.0-- 6 04 07 739909 NGC 7314 22 33 00.4 --26 18 31 NGC 75381RS9P 23 11 48.8 +61 10 44
NGC 6752 19 06 27 --60 03 54 759905 NGC 7320 22 33 45.8 +33 41 21 NGC 75381RS9R 23 I1 51.3 +61 10 53
NGC 6753 19 07 11 --57 07 54 779909 NGC 7331 22 34 47.7 +34 09 35 769909 NGC 75381RS10 23 11 57.8 +61 11 37
NGC 6764 19 07 01.3 +50 51 09 NGC 7331 4.8E 22 34 48.1 +34 09 35 ED NGC 75381RS11 23 11 35.2 +61 l0 37
NGC 6764 19 07 01.5 +50 51 03 769909 NGC 7331 4.8N 22 34 47.7 +34 09 40 " NGC 7538 N 23 11 36 +61 11 55
NGC 6769 19 13 57 --60 35 30 759905 NGC 7331 4.85 22 34 47.7 +34 09 30 " NGC 7538 N 23 11 36.9 +61 12 130
NGC 6778 19 15 49,4 - 1 41 24 739909 NGC 7331 4.8W 22 34 47.3 +34 09 35 NGC 7538 PTA 23 11 50.5 +61 10 50
NGC 6790 19 20 24.5 + 1 25 02 " NGC 7331 9.5E 22 34 48.5 +34 09 35 " NGC 7538 PTB 23 11 52.8 +61 10 42
NGC 6803 19 28 53.5 + 9 57 00 " NGC 7331 9.5N 22 34 47.7 +34 09 45 " NGC 7538 S 23 11 36 +61 10 30
NGC 6807 19 32 06.0 + 5 34 28 " NGC 7331 9.55 22 34 47.7 +34 09 25 " NGC 7538 S OH 23 11 34 +61 I0 40
NGC 6808 19 38 28 --70 45 06 779909 NGC 7331 9,5W 22 34 46.9 +34 09 35 NGC 7538 VES1 23 11 36.9 +61 11 52
NGC 6810 19 39 21 --58 46 30 " NOC 7331 14.3E 22 34 48.9 +34 09 35 " NGC 7538 VES2 23 I1 36.9 +61 12 00
NGC 6814 19 39 55.4 -- 10 26 37 759903 NGC 7331 14.3N 22 34 47.7 +34 09 49 " NGC 7538 I'N 23 12 02 +61 14
NGC 6818 19 41 09.0--14 16 21 739909 NGC 7331 14,35 22 34 47.7 +34 09 21 " NGC 7538 I'W 23 11 58 +61 13
NOC 6822 19 42 06.4 --14 55 23 759903 NGC 7331 14.3W 22 34 46,5 +34 09 35 NGC 7552 23 13 24.9 --42 51 27
NGC 6823 NO.2 19 41 03.0 +23 10 32 CSI 79 NGC 7331 19.1E 22 34 49.2 +34 09 35 " NGC 7552 23 13 25 -42 51 24
NGC 6826 19 43 31 +50 24 RNGC NGC 7331 19.1N 22 34 47.7 +34 09 54 " NGC 7557 23 13 08 + 6 25
NGC 6833 19 48 17 +48 50 " NGC 7331 19.15 22 34 47.7 +34 09 16 " NGC 7562 23 13 25.1 + 6 24 53
NGC 6838 A4 19 51 29 +18 39 " NGC 7331 19.1W 22 34 46.2 +34 09 35 NGC 7582 23 15 38,3 -42 38 39
NGC 6838 NOM. NGC 7331 23.8E 22 34 49.6 +34 09 35 '" NGC 7583 23 15 20 + 7 08
NGC 6838 21 RNGC NGC 7331 23.8N 22 34 47.7 +34 09 59 " NGC 7585 23 15 27.3 -- 4 55 20
NGC 6838 45 " NOC 7331 23,85 22 34 47.7 +34 09 11 " NGC 7590 23 16 10 --42 30 42
NGC 6838 46 "' NGC 7331 23.8W 22 34 45.8 +34 09 35 NOC 7603 23 16 22.6 -- 0 01 39
NGC 6838 113 " NGC 7331 28,6E 22 34 50.1 +34 09 35 " NGC 7611 23 17 04.9 + 7 47 24
NGC 6857 19 59 56 +33 23 " NGC 7331 28,6N 22 34 47.7 +34 10 04 " NGC 7612 23 17 12.2+ 8 18 09
NGC 6864 20 03 08 --22 04 00 819917 NGC 7331 28,65 22 34 47,7 +34 09 06 " NGC 7619 23 17 42.6 + 7 55 57
NGC 6868 20 06 16 --48 31 36 779909 NGC 7331 28,6W 22 34 45.4 +34 09 35 " NGC 7623 23 17 58.0 + 8 07 20
NGC 6871 IRSI 20 01 14.9 +35 51 43 NGC 7331 33,3E 22 34 50.4 +34 09 35 " NGC 7625 23 18 00.6 + 16 57 15
NGC 68'Vl IRS2 20 01 24.5 +35 57 07 NGC 7331 33,3N 22 34 47.7 +34 10 08 " NGC 7626 23 18 10.3 + 7 56 35
NGC 6871 IRS3 20 01 40,6 +35 48 23 NGC 7331 33.35 22 34 47.7 +34 09 02 NGC 7635 23 18 26.9 +60 55 13
NGC 6871 IRS4 20 01 16 +35 48 01 NGC 7331 33.3W 22 34 45.0 +34 09 35 NGC 7640 23 19 42.8 +40 34 11
NGC 6879 20 08 09.9 +16 46 24 739909 NGC 7331 38.1E 22 34 50.8 +34 09 35 NGC 7648 23 21 22.2 + 9 23 37
NGC 6881 20 08 59 +37 16 RNGC NGC 7331 38.1N 22 34 47.7 +34 10 13 NGC 7662 23 23 30 +42 16
NGC 6884 20 08 49 +46 19 "" NGC 7331 38,1S 22 34 47,7 +34 08 57 NGC 7662 6"NE
NGC 6886 20 10 29.6 +19 50 16 739909 NGC 7331 38,1W 22 34 44.6 +34 09 35 NGC 7662 6"NW
NGC 6888 20 10 59 +38 10 RNGC NGC 7331 42,9N 22 34 47.7 +34 10 18 NGC 7683 23 26 32 +11 10
NGC 6890 20 14 49 -44 57 48 779909 NGC 7331 42,9S 22 34 47.7 +34 08 52 NGC 7702 23 32 44 -56 17 12
NGC 6891 20 12 48.0 +12 32 54 739909 NGC 7331 47.6N 122 34 47.7 +34 10 23 NGC 7714 23 33 40.5 + 1 52 46
NGC 6905 20 20 08.5 +19 56 39 " NGC 7331 47,65 22 34 47.7 +34 08 47 NGC 7721 23 36 14.2-- 6 47 40
NGC 6910 3 20 21 23.9 +40 42 46 CSI 79 NGC 7331 52,4N 22 34 47.7 +34 I0 27 NGC 7722 23 36 09.4 + 15 40 38
NGC 6923 20 28 33.7 -31 00 05 759903 NGC 7331 52,45 22 34 47.7 +34 08 43 NGC 7727 23 37 19.1 -12 34 09
NGC 6925 20 31 13.9 --32 09 11 NGC 7331 57.1N 122 34 47.7 +34 10 32 NGC 7742 23 41 43.1 +10 29 25
NGC 6934 20 31 40 + 7 14 RNOC NGC 7331 57.15 22 34 47.7 +34 08 38 NGC 7743 23 41 48.6 + 9 39 25
NGC 6935 20 34 39 --52 17 06 779907 NGC 7331 61.95 22 34 47.7 +34 08 33 NGC 7769 23 48 31.5 + 19 52 25
NGC 6942 20 36 52 --54 28 54 779909 NGC 7331 66.75 22 34 47.7 +34 08 28 NGC 7793 23 55 15.0 --32 52 06

NGC 6946 20 33 48.8 +59 58 50 769909 NGC 7332 122 35 01.2 +23 32 16 769909 NGC 7814 0 O341.1 +15 52 03NGC 6951 20 36 37.7 +65 55 48 " NGC 7354 38 28 +61 01 RNGC NGC 7817 0 01 24.9 +20 28 18
NGC 6958 20 45 30 --38 10 54 789908 NGC 7361 22 39 31.0--30 19 14 759903 NIS ,#1 3 27 31 +22 28 43
NGC 7000 ANON 20 52 06.5 +44 12 39 NGC 7368 22 42 40.3 --39 36 22 NIS #2 3 48 21 + 15 36 29

NGC 7(306 20 59 08 +16 00 RNGC NGC 7377 122 45 05.0--22 34 34 759903 NIS #3 4 08 34 +51 02 46NGC 7006 I--I 20 59 09 +16 00 ED NGC 7380 2 22 44 54.2 +57 49 12 CSI 79 _ NIS #4 4 22 50 +16 27 21
NGC 700611-46 20 59 07 +16 01 " NGC 7410 22 52 11 --39 55 42 789908 i NIS ,#5 6 07 14 +17 33 I0
NGC 700611103 20 59 12 +15 59 " NGC 7418 22 53 48 --37 17 48 " I NIS #6 7 05 23 + 7 35 19
NGC 700611140 20 59 11 +16 01 " NGC 7419 A 22 52 18 +60 34 RNGC N1S #7 7 27 40 +28 14 11
NGC 7130611146 20 59 12 +15 59 " NGC 7419 C " N/S #8 20 33 51 +40 48 41
NGC 7006 VI9 20 59 08 +16 00 RNGC NGC 7419 D " NIS #9 20 43 2! +41 04 55
NGC 7006 V54 20 59 08 +15 59 ED NGC 7419 E " NIS ,#10 20 43 26 +39 03 25
NGC 7009 21 01 27.6 --11 33 54 739909 NGC 7419 G " NIS ,#11 20 45 33 +40 46 47
NGC 7009 6"E 21 01 28,0--11 33 54 ED NGC 7419 NOM. " NIS #12 23 0737 +50 56 31
NGC 7009 6"W 21 01 27.2 --11 33 54 " NGC 7432 22 55 33 +12 52 RNGC NIS ,#13 23 10 32 +56 20 24
NGC 7009 7"E 21 01 28.1 --I1 33 54 " NGC 7448 122 57 34.9 +15 42 50 769909 GAM 1 NOR 16 13 15.6 --49 56 42
NGC 7009 7"W 21 01 27.1 -I1 33 54 " NGC 7456 122 59 22 -39 50 18 789908 KT NOR 16 24 06 -56 14 55
NGC 7020 21 07 13 -64 13 48 759905 NGC 7462 122 59 58 -41 06 12 R NOR 15 32 20.9 --49 20 31

NEAR NGC 7023 20 45 25.0 +67 46 44 NGC 7469 23 00 44.4 + 8 36 19 769909 RT NOR :16 20 02.9 --59 14 01
NGC 7026 21 (3438 +47 39 RNGC NGC 7496 23 06 59 --43 42 00 819917 RZ NOR 6 28 40 --53 09 37
NGC 7027 21 05 09 +42 02 03 NGC 7497 23 06 34.6 + 17 54 23 S NOR 16 14 42.4 --57 46 41
NGC 7027 21 05 09.4 +42 02 03 749905 NGC 7531 23 12 02 --43 52 18 819917 T NOR 15 40 11.6 -54 49 43
NGC 7027 21 05 09.4 +42 02 05 "' NGC 7538 23 11 22 +61 13 48 V NOR 16 06 19.6 --49 06 20
NGC 7027 21 05 09.5 +42 02 03 ED NGC 7538 23 II 22.9 +61 13 50 W NOR 16 12 50.9 --52 28 58
NGC 7027 CEN 21 05 09.3 +42 02 03 NGC 7538 23 11 36.8 +61 12 19 NORTHERN SPUR 23 30 +63 36
NGC 7027 E 21 05 09.6 +42 02 03 NGC 7538 23 12 02 +61 13 RNGC NP 0532 5 31 31.7 +21 59 29
NGC 7027 S 21 05 09.3 +42 01 59 NGC 7538 (1) 23 11 21.8 +61 13 45 N9 0 41 42 --73 19
NGC 7027 W 21 05 09.0 +42 02 03 NGC 7538 (2) 23 11 36.4 +61 12 01 NI3 A 0 43 36 --73 39
NGC 7027 4"'E 21 05 09.8 +42 02 03 ED NGC 7538 (3) 23 11 26.0 +61 14 14 N25 0 46 24 --73 31
NGC 70272"$2W 21 05 09.2 +42 02 01 "' NGC 7538 (4) 23 11 30.1 +61 14 43 N46 NW 0 50 06 --73 07
NGC 70273"$2E "' NGC 7538 #1 23 11 32.4 +61 12 36 El) N46 SE
NGC 7027Y'S2E 21 05 09.6 +42 02 00 " NGC 7538 ,#2 23 11 33.2 +61 12 15 N64 A 0 56 48 --72 56
NGC 70275"$2W " NGC 7538 #3 23 11 33.6 +61 11 57 N81 I 07 48 --73 28
NGC 7029 21 08 26 --49 29 18 759905 NGC 7538 #4 23 11 36.4 +61 13 15 N159 FIELD 5 40 21.4 --69 46 52
NGC 7049 21 15 37 -48 46 30 "' NGC 7538 #5 23 11 36.5 +61 12 48 N159 PS 5 40 26.4 --69 46 54
NGC 7059 21 23 35.0--60 13 54 NGC 7538 ,#6 23 11 36.4+61 12 21 OA 129 4 2043.5 -- 1 27 28
NGC 7070A 21 28 36 --43 04 00 779909 NGC 7538 ,#7 23 11 36.4 +61 11 57 R OCT 5 41 09.7 --86 25 13
NGC 7078 21 27 35 +11 57 RNGC NGC 7538 ,#8 23 11 36.6 +61 tl 30 TW OCT 19 37 41.3-77 22 33
NGC 7083 21 31 50.0--64 07 42 NGC 7538 ,#9 23 11 36.4+61 10 54 UOCT 13 1759.3 --8357 51
NGC 7090 21 32 59.0 --54 46 54 NGC 7538 ,#10 23 11 36.0 +61 10 35 X OCT 10 28 01.2 --84 05 32
NGC 7096 21 37 27 --64 08 24 759905 NGC 7538 ,#11 23 11 36.6 +61 09 50 OE 110 3 06 21.1 +10 17 48
NGC 7098 21 39 16 --75 20 30 " NGC 7538 #12 23 11 40.3 +61 12 54 OH 471 6 42 53.1 +44 54 31
NGE 7099 21 37 32 --23 24 24 819917 NGC 7538 #13 23 11 40,3 +61 12 27 OH0739--14 7 39 58,9 --14 35 44

NGC 7129 212141 53.2+65 50 02 NGC 7538 ,#14 23 11 39.4+61 11 57 OH0739--14 7 3958.9 -14 35 45

NGC 7129 21 41 57.2 +65 50 02 NGC 7538 #15 23 11 44.2 +61 12 27 Ol10739--14 N 7 39 58.9--14 35 40
NGC 7129 21 41 57.2 +65 50 32 NGC 7538 #16 23 11 48.0 +61 10 35 OH5.0+1.5 17 48 25 --23 50 36
NGC 7129 21 41 57.8 +65 53 04 NGC 7538 #17 ,23 11 51.6 +61 10 54 OH12.8--1.9 18 17 40 --18 48 37
NGC 7129 41 58 +65 52 50 NGC 7538 A 23 10 36 +61 08 30 OH12.9-0.3 18 11 44.3 --17 53 02

B-62



NAME RA (1950) DEC POSREI NMvlE _ (1950) ]DEC POS RE'F NAME _ {1950) DEC POSI_EF

h m .
OH18.3+0.1 18h20_8 ' -12"51' 48 OMC-I U 5h32_47_4- 5"24' 26 OPH #86 16 37 53.1 -26"31' 0,_
OHI9.1-1.0 18 26 40 -12 39 54 OMC-I V 5 32 47.5- 5 24 33 OPH #87 16 38 27.0--23 34 49
OH20.2--0.1 18 25 26.5--11 18 {30 OMC--I W 5 32 47.8- 5 24 25 OPH A 16 23 28.5--24 18 55
OH20.7+0.1 18 25 40 --10 52 06 OMC--I X 5 32 47.8 -- 5 24 31 OPH DC #1 16 22 17.8 -24 20 03
OH21.5+0.5 18 2545.5--10 00 14 OMC--I Y 5 3247.9-- 5 24 09 OPH DC #3 16 2220.6--24 23 25
OH23.7+1.2 18 27 25 -- 7 39 00 OMC-I Z 5 32 47.9- 5 24 19 OPH DC #4 16 22 22.8 -24 21 07
OH26.2--0.6 18 38 32.5-- 6 18 06 OMC--2 5 32 59 -- 5 II 37 OPH DC #10 16 23 01.7 -24 16 50
OH26.4-1.9 18 43 44 -- 643 44 OMC-2 5 32 59 - 5 12 10 OPH DC #14 16 23 15.8 --24 13 37
OH26.4--2.0 18 43 45 -- 6 43 54 OMC--2 $ 32 59 -- $ 12 I1 ED OPH DC #16 16 23 22.0 --24 14 15
OH26.5+0.6 18 34 51 -- 5 26 23 OMC--2 5 32 59.5 -- 5 12 30 OPH DC #31 16 24 48.3 --24 19 02
OH26.5+0.6 18 34 51.6-- 5 27 24 749902 OMC-2 5 33 00 - 5 12 18 OPH DC #34 16 25 02.2 --24 19 54
OH26.5+0.6 18 34 52,5-- 5 26 42 OMC--2 IRSI 5 32 57,0- 5 12 15 ED OPH FIR #1 16 23 09 --24 19
OH26.5+0.6 18 34 52.6-- $ 26 37 771109 OMC--2 IRS3 5 32 59.1 -- 5 12 10 OPH FIR #2 16 23 05 --24 17
OH28.6--0.6 18 43 10 -- 4 04 06 OMC--2 IRS3 5 32 59.5 -- 5 12 10 740801 OPH FIR #3 16 23 31 --24 19
OH30.1--0.2 18 44 33.0-- 2 38 56 771109 OMC-2 IRS3 5 32 59.5 - 5 12 30 " OPH FIR #4 16 23 09 --24 22
OH30.1--0.7 18 46 05.0-- 2 53 57 OMC-2 IRS4 5 32 59.5 - 5 11 30 ED OPH FIR #5 16 22 48 -24 19
OH30.7+0.4 18 4316.5-- 1 5000 OMC-2 1RS4 5 32 59.6- 5 I1 32 OPH FIR #6 16 22 26 -24 19
OH31.7--0,8 18 49 26 -- I 30 24 OMC--3 5 32 42.3-- 4 56 55 OPH S1 116 23 32.8 --24 1644
OH32.8--0,3 18 49 48 -- 0 18 00 ON I 20 08 10 +31 23 ED ALF OPH 17 32 36.6 +12 35 41 Z.SI79
OH32.8--0.3 18 49 48,0 -- 0 17 55 ON I--IRS1 20 08 09.3 +31 22 41 BET OPH 17 41 00.0 + 4 35 11 "
OH45,07+0,13 19 11 00,4 +10 45 44 ON I--IRS2 20 08 09,8 +31 19 40 BF OPH 17 02 59.3 --26 30 48 "

OH45.10+0,12 19 11 07.0 +10 46 42 ON I--IRS3 20 08 13.5 +31 18 00_ CHI OPH 16 24 07.2 --18 20 38 "OH45.4+0.0 19 12 04.4 +11 04 15 ON 3 19 59 58.7 +33 26 DEL OPH 16 11 43.3 -- 3 34 00 "
OH45.47+0.05 " ON 3 C 20 0000 +33 26 (30 ED DEL OPH 16 11 47 -- 3 33 55
OH45.47+0.13 19 I1 46.1 +11 07 06 ON 3 CI 19 59 59 +33 25 SO " IX OPI'I 17 06 40 --27 13 09 GCVS

ON 3 C2 201X)/30 +33 25 50 " KKOPH 17 0701 --27 I1 38 "OH45.5+0.1 19 II58.3+11 05 20
OH45.5--0.0 19 II 59.5 +11 05 30 ON 231 12 19 01.1 +28 30 36 809908 PHI OPH 16 28 16.3 --16 30 17 CSI 79
OH48.6+0.2 19 17 35 +13 54 ED ON 231 I 12 1901 +28 30 30 ED R OPH 17 04 53.3 --16 01 38 "
OH69.54--0.98 20 08 09.8 +31 22 41 ON 231 II 12 19 00 +28 30 20 " RHO OPH 16 23 30.8 --24 20 00
OH75.78+0.34 20 19 52.0 +37 17 04 ON 325 12 15 21,1 +30 23 40 809908 RHO OPH #I 16 23 32.0 --24 16 53
OH231.8+4.2 7 39 58.9--14 35 44 740203 0(3 2284 2 19 d457 ED RHO OPH #2 16 23 29.0 --24 17 20
OH284.2--0.8 10 19 44.4 --57 50 40 OP 313 13 08 07.6 4432 36 41 809908 RHO OPH #3 16 23 29.0 --24 16 40
OH284,2--0.8 10 19 44.7 --57 50 42 OPH #I 16 14 12.9 -24 56 56 RHO OPH #4 16 18 39.0 --23 56 44
OH308.9+0.1IR 13 39 34.4 -61 53 45 OPH #I 16 23 30 -24 17 20 RHO OPH #4 16 23 28.0 -24 16 53
OH309.8+0.511 13 47 12.7 --61 20 17 OPH #2 16 15 29.0 -23 43 42 RHO OPH #5 16 23 28.0 -24 16 26

16OH309.8+0.512 13 4702.3--61 20 14 OPH #3 18 10,7-23 36 25 RHO OPH #6 16 23 26.1 --24 16 53
OH309.8+0,513 13 47 13.7 --61 20 05 OPH #4 16 18 12,9 -24 38 05 RHO OPH #7 16 19 09.2 -24 02 O6
OH327.4--0.1 15 47 39.4 --54 00 01 OPH #5 16 20 40.0 --25 36 35 RHO OPH #7 16 23 24.1 --24 17 20
OH327.4-0.6 15 50 17.6 --54 24 33 OPH #6 16 22 17.8 -24 20 03 RHO OPH #8 16 19 26.8 --23 49 04
OH328.2+0.0 15 51 31.1 --53 23 24 OPH #7 16 22 18.6--24 22 28 RHO OPH #8 16 2240.0--24 19 oOH328.4--0.2 15 53 31.8--53 28 53 OPH #8 16 22 20.6--24 23 25 RHO OPH #9 16 22 40.0--24 20
OH328.7-0.2 15 55 15.9 --53 16 31 OPH #9 16 22 22.8 -24 21 07 RHO OPH #10 16 20 21.9 -23 21 05
OH330.4+0.1 16 01 59.7--51 57 44 OPH #10 16 22 31.4--23 47 15 RHO OPH #11 16 19 51.0--23 58 48
OH331.6-0.3 16 09 40.6 --51 22 45 OPIt #11 16 22 33.9 --24 27 13 KHO OPH #12 16 19 56.8 --24 11 55
OH33Z3-0.2 16 3401.9--47 17 33 OPH #12 16 22 36.7-24 06 56 RHO OPH #13 16 19 49.7-24 29 47
OH337.4-0.1 16 33 45.0 --47 13 12 OPH #13 16 22 54.8 -24 14 01 RHO OPH #14 16 20 37.2 -24 30 32
OH337.5.+0.1 16 33 30.1 --46 54 19 OPH #14 16 23 01.7--24 16 50 RHO OPH #15 16 20 25.7--24 18 33
011337.9+0.3 16 34 02.0 --46 34 40 OPH #15 16 23 04.0 -24 36 09 RHO OPH #16 16 21 02.3 -23 41 24
OH338.0--0.1 16 36 18.8 --46 44 44 OPH #16 16 23 07.7 --24 27 26 RHO OPH #17 16 21 J4.8 --24 25 54
O1t338.5440.I 16 37 30.1 --46 13 10 OPH #17 16 23 11.6--23 11 54 RHO OPH #20 16 22 23.7--23 48 22
OH338.5+0.11R 16 37 15.2 --46 14 20 OPH #18 16 23 15.5 --24 15 38 RHO OPH #21 16 22 28.1 --23 39 38
OH338.5--0.2 16 38 16.4 --46 26 51 OPH #19 16 23 15.8 --24 13 37 RHO OPH #22 16 22 05.8 --24 25 37
OH.351.8--0.54A 17 23 20.5 --36 06 45 OPH #20 16 23 17.5 --24 12 33 RHO OPH #23 16 22 48.8 --24 32 27
OH351.8--0.54B 17 23 21.7 --36 06 44 ED OPH #21 16 23 19.9 --24 16 18 RHO OPH #24 16 22 59.9 --23 54 06
OI 061 7 36 42.5 44 1 44 00 809908 OPH #22 16 23 22.0 --24 14 15 RHO OPH #25 16 23 21.8 --24 36 28
OI 090.4 7 54 22.6 -4-10 04 39 " OPH #23 16 23 22.6 --24 18 04 RHO OPH #27 16 23 45.2 --24 05 16
OI 158 7 35 14.1 4417 49 11 " OPH #24 16 23 22.9 -24 09 29 RHOOPH #29 16 2407.7 --24 30 40 780902
OJ 287 8 51 57 4420 17 59 OPH #25 16 23 32.8 -24 16 44 RHO OPH #30 16 24 08.3 --24 38 50
OJ 287 8 51 57.3 +20 17 59 809908 OPH #26 16 23 41.5 --24 13 47 RHO OPH #31 16 24 08.9 --24 12 30
OK 222 9 12 53.5 4429 45 55 " OPH #27 16 23 43.3 --24 16 24 RHO OPH #34 16 25 02.1 --24 19 54
OL 133 10 20 12.5 4419 08 37 " OPH #28 16 23 56.5 --24 38 53 RHO OPH #35 16 25 08.9 --24 09 23
OM 280 I1 47 44.0 +24 34 35 " OPH #29 16 24 07.7 --24 30 40 RHO OPH #37 16 25 46.1 --23 57 30
OMC CENTRAL 5 32 46.5 -- 5 24 15 OPH #30 16 24 08.9 --24 12 31 RHO OPH #38 16 25 43.9 --24 41 21
OMC NORTHERN 5 32 46.3 -- 5 24 10 OPH #31 5 24 25.4 -24 24 34 RHO OPH #39 16 25 57.2 --24 42 35
OMC PEAK 2 5 32 48.3-- 5 24 33 OPH #32 5 24 26.9--24 20 37 RHO OPH #40 16 26 52.9--23 55 08
OMC POS I 5 32 46.2- 5 23 28 OPH #33 5 24 28.6--24 21 00 RHO OPH #41 16 26 43.6--24 13 20
OMC POS I 5 32 46.2 -- 5 24 01 ED OPH #34 6 24 38.8 --24 15 24 RHO OPH #42 16 26 11.2 --24 17 22
OMC POS 2 5 3246.2- 5 23 44 OPH #35 6 24 45.2 --24 16 43 RHO OPH #46 16 2803.1 -23 58 07
OMC POS 2 5 32 48.2-- 5 24 33 ED OPH #36 6 24 48.3 -24 19 02 RHO OPH #47 16 27 57.8 -23 32 35
OMC POS 3 5 32 45.2-- 5 23 50 OPH #37 6 25 02.2 --24 19 54 RHO OPH #52 16 28 05.2 --24 44 27
OMC POS 3 5 32 47.2 -- 5 24 29 ED OPH #38 5 25 07.8 --24 16 44 RHO OPH #53 16 28 10.0 --24 56 35
OMC POS 4 5 32 44.9-- 5 24 05 OPH #39 6 25 46.9 -25 40 01 RHO OPH #54 16 28 32.8 --24 59 38
OMC POS 4 5 32 46.2 -- 5 24 28 ED OPH #40 6 26 21.8 -25 46 13 RHO OPH #55 16 28 32.5 -25 02 09
OMC POS 5 5 32 46.4 -- 5 23 50 " OPH #41 6 27 01.5 --23 44 40 RHO OPH #61 16 29 14.6 --24 44 34
OMC POS 5 5 32 47.3-- 5 24 00 OPH #42 6 28 17.4 --24 31 02 RHO OPH #65 16 29 34.6 -24 16 28
OMC POS 6 5 32 46.3 -- 5 23 56 OPH #43 6 29 44.1 -26 16 48 RHO OPH #66 16 29 23.4 --23 53 53
OMC POS 6 5 32 47.2 -- 5 24 00 ED OPH #44 30 00.8 -24 16 24 RHO OPH #73 16 30 06.7 --24 44 59
OMC POS 7 5 3245.8- 5 24 05 OPH #45 16 3020.5--23 44 06 RHO OPH #74 16 3007.7--24 11 01
OMC POS 7 5 32 45.8 -- 5 24 14 ED OPH #46 16 34 46.5 -24 20 09 RHO OPH #76 16 31 01.4 --24 36 43
OMC POS 8 5 32 45.8 -- 5 23 50 " OPH #47 16 35 53.0 --24 05 26 RHO OPH #78 16 31 00.1 --23 36 I1
OMC POS 8 5 32 45.8- 5 24 13 OPH #48 16 36 48.9--24 00 19 RHO OPH #79 16 30 57.4--23 37 34
OMC POS 9 5 3246.2 -- 5 24 05 OPH #49 16 37 16.4--23 47 56 RHO OPH #80 16 31 25.0-24 07 32
OMC POS 9 5 32 46.8 -- 5 24 45 ED OPH #50 16 38 04.6 --24 03 26 RHO OPH #81 16 31 47.0 --24 41 33
OMC POS I0 5 32 46.2 -- 5 24 13 OPH #51 16 14 14.0 --25 54 55 RHO OPH #83 16 32 32.0 --24 37 41
OMC POS 10 5 32 46.7 -- 5 24 Ig ED OPH #52 16 14 49.8 --23 16 38 RHO OPH #85 16 31 49.5 --24 17 57
OMC POS 11 5 3247.0-- 5 24 13 OPH #53 16 15 12.1--25 33 58 RHO OPH #86 16 3202.3--23 15 38
OMC POS 11 5 32 47.1 -- 5 24 23 ED OPH #54 16 15 25.4 --25 57 05 RHO OPH #87 16 33 06.7 --24 41 41
OMC POS 12 5 32 46.2-- 5 24 30 OPH #55 16 16 39.5 --25 27 31 RHO OPH #95 16 34 23.0 --24 26 43
OMC IOS 13 5 32 47.3-- 5 24 29 OPH #56 16 16 41.7--23 15 22 RHO OPH #96 16 36 36.2--24 23 07
OMC POS 14 5 32 48.3-- 5 24 37 OPH #57 16 16 52.1 --23 58 19 RHO OPH #98 16 38 01.9 --24 09 38
OMC 46.3--2406 5 32 46.3 -- 5 24 06 OPH #58 16 17 37.4 --24 03 02 KHO OPH #100 16 40 37.0 --24 05 42
OMC 48.3--2436 5 32 48.3 -- 5 24 36 OPH #59 16 17 44.0 --23 43 37 RHO OPH #101 16 41 40.1 --24 02 42
OMC--I 5 32 46.7 -- 5 24 19 OPH #60 16 17 45.4 --25 28 42 RHO OPH #102 16 42 45.7 --23 55 22
OMC--1 5 32 47 -- 5 24 30 OPH #61 16 lg 08.7--25 28 28 RHO OPH #104 16 43 52.6--23 46 15
OMC--1 5 32 47 -- 5 24 50 ED OPH #62 16 19 23.2 --23 34 47 RHO OPH #105 16 43 17.2 --23 44 25
OMC--I A 5 3245.7 -- $ 24 09 OPH #63 16 1927.5--22 59 30 RHOOPH //106 16 4149.2--23 50 50
OMC--I B 5 3245.8 -- 5 24 15 OPH #64 16 20 12.4--24 32 24 RHOOPH #107 16 4049.7 --24 00 44
OMC--I C 5 3245.9-- 5 24 20 OPH #65 16 2022.0--23 21 06 RHOOPH #109 16 38 34.7--23 50 58
OMC--1 D 5 3246.1 -- 5 24 32 OPH #66 16 21 55.4--23 09 02 RH(DOPH #111 16 3447.3--24 04 06
OMC--I E 5 3246.1 -- 5 24 14 OPH #67 16 22 35.0--23 20 01 RHO OPH #112 16 3402.4--24 17 10
OMC-- 1 F 5 32 46.3 -- 5 24 27 OPH #68 16 24 28.5 --25 22 57 RHO OPH AB 16 22 34.9 --23 19 56 CSI 79
OMC--1 G 5 3246.4-- 5 24 17 OPH #69 16 25 17.5 --26 29 01 RHO OPH C 16 2234.9 --23 17 29
OMC--I II 5 32 46.4-- 5 24 01 OPH #70 16 25 20.3 --26 21 57 RHO OPH D 16 22 24.0--23 20 46
OMC--1 1 5 3246.4-- 5 24 25 , OPH #71 16 2527.7--26 06 57 RROPH 16 4607.6--19 22 28
OMC--I IRSI 5 32 46.2-- 5 24 33 179o607 OPH #72 16 25 32.0--25 05 19 RS OPH 17 47 29.3- 6 41 04
OMC--1 IRS2 5 3246.2 -- 5 23 44 ' -- OPH #73 16 2547.4 --23 30 25 RTOPH 17 54 11.3 +11 10 30
OMC--I J 5 3246.6-- 5 24 33 OPH #74 16 2620.2--26 19 22 RUOPH 17 3029.4+ 9 27 23

-'- OMC--I K 5 32 46.6 -- 5 24 30 OPH #75 16 26 36.7 --23 43 37 RY OPH 18 14 07.3 + 3 40 26
OMC--1 L 5 3246.9 -- 5 24 14 OPH #76 16 2709.9 --25 {30 24 SOPH 16 31 22.3 --17 03 25
OMC--I M 5 3246.9-- 5 23 58 OPH #77 16 2809.3--24 33 13 SIG OPH 17 2401.9+ 4 I0 55
OMC--I N 5 3246.9-- 5 24 27 OPH #78 16 28 18.4--26 25 50 SSOPH 16 55 18.4-- 2 40 48
OMC-I N 5 32 47 - 5 24 20 ED OPH #79 16 28 43.8-23 37 32 TOPH 16 30 52.0-1601 42
OMC--I P 5 3246.9 -- 5 24 31 OPH #80 16 30 16.7 --23 17 34 "rr OPH 16 4706.1 -t- 3 43 03
OMC--I Q 5 3247.0- 5 24 10 OPH #81 16 31 39.4-24 18 13 TWOPH 17 2644.7-19 26 36
OMC--I R 5 3247.0-- 5 24 25 OPH #82 16 3207.5--26 22 49 TXOPH 17 01 31.9+ 5 03 08
OMC-- 1 S 5 32 46 -- 5 25 50 ED OPH #83 16 32 26.1 --24 50 40 TY OPH 18 28 52.5 44 4 20 54
OMC-- 1 S 5 32 47.2 -- 5 24 01 OPH #84 16 33 06.7 -24 41 40 UZ OPH 17 19 31.5 q- 6 57 25
OMC--I T 5 3247.2 -- 5 24 28 OPH #85 16 3625.3 --24 49 27 VOPH 16 23 56.5 --12 18 54

t
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NAME RA (1950) DEC POSREI NAME RA (1950) DEC POSREI NAME RA (1950) DEC POSREF

h m _ h m
V426 OPH 18h05m25' + 5"51' 25 GCVS V ORI 5 03 25.0 + 4"02' 12 CSI 79 ORION POS25 5 32 47.8 -- 5"24' 26 "
V446 OPH 16 43 53 --II 33 33 " VV ORI 5 30 59.0- 1 11 21 ORION POS26 5 32 48.8- 5 24 35 '"
V453 OPH 17 24 12.6-- 2 21 48 CSI 79 VY ORI 5 31 08 -- 5 03 31 GCVS ORION POS28 5 32 45.0-- 5 23 55 "
V551OPH 17 37 44.2 -27 22 12 " VZORI 5 31 18 -- 5 32 49 ORION POS29 5 32 46.6- 5 23 40 "
V564OPH 17 49 36.7+ 7 57 08 " V346ORI 5 22 07.9+ 1 40 57 CSI 79 ORION POS30A 5 32 46.4-- 5 23 55 "
V679 OPH 18 39 31.1 + 6 46 09 " V350 ORI 5 37 49 -- 9 43 42 GCVS ORION POS30B ....
V853 OPH 16 25 43 --24 19 47 GCVS V359 ORI 5 33 05.2 -- 4 52 06 CSI 79 ORION POS31 5 32 45.0 -- 5 24 10 "

Villi OPH 18 34 57 +10 22 27 " V360 ORI 5 33 05 - 5 11 21 GCVS ORION POS33 5 32 45.6 -- 5 24 05
VII21 OPH 16 46 26 --14 18 22 " V361 ORI 5 33 03.9 -- 5 27 07 CSI 79 ORION POS34 5 32 46.3 -- 5 23 40

WOPH 16 18 42.5-- 7 35 03 CSI 79 V370ORI 5 27 3.9 +12 10 29 29902S ORION POS35 5 32 45.2- 5 24 15
X OPH 18 35 57.4 + 8 47 18 " V372 ORI 5 32 19.6 -- 5 36 09 CSI 79 ORION POS39 5 32 45.4 -- 5 23 57

XX OPH 17 41 15.3 -- 6 14 50 " V380 ORI 5 33 59.1 -- 6 44 47 ORLON POS44 5 32 47.6 -- 5 24 30
YOP}t 17 49 57.7-- 6 07 58 "' V380ORI 5 34 00.9-- 6 44 33 CSI 79 OT081 17 49 10.4+ 9 39 43 809908
Z OPtt 17 17 01.7 + 1 33 41 " V384 ORI 5 30 43 -- 5 44 17 GCVS OV--236 19 21 --29 18 ED

ZET OPH 16 34 24.1 -- 10 28 02 " V386 ORI 5 31 18 -- 5 33 07 OX 169 121 41 13.8 +17 30 02 809908
12 OPH 16 33 42.9 -- 2 13 01 " V390 ORI 5 33 32 -- 5 00 35 OY 091 !22 54 46.0 + 7 27 10
27 OPH 16 55 17.9 + 9 27 03 " V442 ORI 5 26 45.5 + 12 54 01 829902 P 0735+ 178 7 35 14.1 + 17 49 11
67 OPH 17 58 08.3 + 2 55 55 " V447 ORI 5 27 47.4 + 12 34 42 PAL 12 STAR13
70 OPH 18 02 55.5 + 2 30 33 " V448 ORI 5 28 03.5 +12 06 20 PAL 12 STAR14

OQ 100 14 00 21.5 +16 14 22 809908 V451 ORI 5 28 40.1 +10 59 12 PAL 12 STARI5
OQ 172 14 42 50.6 +10 11 13 " V452 ORI 5 28 54.8 +12 28 21 PAL 12 STAR20
OQ 530 14 18 00.0 +54 40 00 " V453 ORI 5 29 00.5 + 12 29 50 PARSAMYAN 1

AA ORI 5 32 43 -- 5 48 26 GCVS V466 ORI 5 30 35 -- 5 28 29 GCVS PARSAMYAN 3
AB OR[ 5 32 47 -- 5 45 14 " V486 ORI 5 32 45 -- 5 45 14 PARSAMYAN 4
A[ OR[ 5 33 00 -- 5 13 03 " V573 ORI 5 33 17 -- 6 36 40 PARSAMYAN 5 6 03 37.0--15 39 01

AL OR[ 5 33 03 -- 4 57 09 " V577 ORI 5 33 32 - 6 44 41 PARSAMYAN 7
ALFORI 5 52 27.7+ 7 23 56 CSI 79 V586OR1 5 34 32 -- 6 11 04 PARSAMYAN 8
ALF ORI 5 52 32 + 7 23 44 V614 ORI 5 38 51.2 + 9 06 50 829902 PARSAMYAN 10

AR ORI 5 33 27 -- 5 06 05 GCVS V625 ORI 5 40 36.5 + 9 04 55 PARSAMYAN 11
AV ORI 5 33 34 -- 6 44 23 " V630 ORI 5 41 32.6 + 9 09 43 PARSAMYAN 12
AZ ORI 5 33 26.9 -- 5 13 29 CSI 79 V631 ORI 5 41 57.2 + 8 55 46 PARSAMYAN 14
BDORI 5 34 06 -- 6 21 08 GCVS V649ORI 5 26 36.4+11 49 37 PARSAMYAN 15 6 42 15.5+ 3 01 18
BE OR1 5 34 34 -- 6 35 10 " W ORI 5 02 48.5 + 1 06 37 CSI 79 PARSAMYAN 16

BETORI 5 12 07.9-- 8 15 27 CSI 79 WXORI 5 31 40 -- 5 15 45 GCVS PARSAMYAN 17 6 55 37.6-- 7 52 35
BFORI 5 34 46.3- 6 36 11 " XXORI 5 3210 -- 607 29 PARSAMYAN 18 6 57 16.7-- 741 54
BL ORI 6 22 36.9 + 14 45 03 " YY ORI 5 32 21 -- 5 59 54 PARSAMYAN 19
BN ORI 5 33 47.7 + 6 48 10 " YZ ORI 5 32 26 -- 5 05 24 PARSAMYAN 20
BO ORI 5 33 14 -- 4 26 46 GCVS ZET ORI 5 38 13.9 -- I 58 00 CSI 79 PARSAMYAN 21 19 26 37.5 + 9 32 24
CE ORI 5 33 20 -- 5 03 28 " ZET I ORI " PARSAMYAN 22 20 22 44.7 +42 04 16

CHI 10RI 5 51 25.1 +20 16 06 CSI 79 16 ORI 5 06 34.3 + 9 45 59 PARSAMYAN 23
CHI 20RI 6 00 56.9 +20 08 27 " 25 ORI 5 22 08.7 + 1 48 08 AR PAV 18 15 23.9 --66 05 57 CSI 79

CO ORI 5 24 50.7 +11 23 15 " 29 ORI 5 21 32.1 -- 7 51 07 DEL PAV 20 03 50.3 --66 18 42 "
CY OR[ 6 12 02.9 + 9 35 52 "' 40 OR[ 5 34 09.3 + 9 15 53 R PAV 18 08 04.9 --63 37 42

DEL ORI 5 29 26.9 -- 0 20 01 " 42 ORI 5 32 55.0 -- 4 52 09 RT PAV 18 30 55.5 --69 55 30
DEL ORI A " ORI IRA+IRB 5 32 48 -- 5 24 X PAV 20 07 37.7 --60 05 24

DLORI 5 3901 - 8 07 23 GCVS ORLON #1 5 32 46.2-- 5 24 02 YPAV 21 19 47.0-69 56 55
DL ORI/G1 5 38 29 -- 8 05 42 ORION #2 5 32 48.3 -- 5 24 34 Z PAV 19 30 54.4 --62 52 06 "
DL ORI/G2 5 38 27 -- 8 04 22 ORION #3 5 32 47.3 -- 5 24 26 PB 2 8 19 03.3 --46 10 39 769910
DLORI/G3 5 38 26 -- 8 07 10 ORION #4 5 32 46.2-- 5 24 27 PB 5 9 14 21.0 --45 16 12 739909
DL ORI/G4 5 38 27 -- 8 05 I I ORION #5 5 32 46.4- 5 23 50 PB 8 11 30 57.5 --56 49 43 769910
DL ORI/G5 5 38 28 -- 8 04 44 ORION A 5 32 49.7 -- 5 25 12 PB 10 19 25 54.4 +12 13 35

EPSORI 5 3340.4-- 113 54 CSI79 ORIONA 53250 -- 5 2500 ED PC 11 163337.1--553625
ETA ORI 5 21 57.6 -- 2 26 27 "' ORION A 5 32 50.8 -- 5 25 40 PC 12 16 40 54 --18 51 P--K
ETA ORI AB .... ORION AREA I1 5 32 38.2 -- 5 25 08 PC 13 16 47 06 --30 14 48 809909

EZ ORI 5 31 48.9 -- 5 06 52 " ORLON AREAIII 5 32 45.8 -- 5 25 08 PC 18 17 37 20 --47 01 54 759905
FU ORI 5 42 38.9 + 9 02 57 " ORION AREA IV 5 32 49.0 -- 5 26 00 PC 19 18 22 13.6 + 2 27 48 769910
FU ORI NNE 5 42 40.8 + 9 03 45 ED ORION AREA V 5 32 52.2 -- 5 25 08 PC 20 18 40 29.3 + 0 19 37
FU ORI NNW 5 42 37.0 + 9 03 45 '" ORION AREA VI 5 32 55.4 -- 5 25 08 PC 23 19 49 57.2 +32 51 33 819914
FU ORI SSE 5 42 40.8 + 9 02 09 " ORION AREAVII 5 32 59.0 -- 5 24 30 PEAKI 4"NW 5 32 46.2 -- 5 23 58 ED
FU OR[ SSW 5 42 37.0 + 9 02 09 '" ORION B + B' 5 32 48.5 -- 5 24 12 PEAKI 4"SE 5 32 46.4 -- 5 24 06
FU OR[ 56"E 5 42 42.6 + 9 02 57 " ORION H2 5 32 46.2 -- 5 24 02 PEAKI 4"SW 5 32 46.3 -- 5 24 04
FU OR[ 56"W 5 42 35,1 + 9 02 57 '" ORION H2 PKJ " 780708 PEAKI 8"SE 5 32 46.5 -- 5 24 09

GAM ORl 5 22 26.7 + 6 18 21 CSI 79 ORION H2 PK2 5 32 48.3 -- 5 24 34 PEAK1 8"SW 5 32 46.1 -- 5 24 09
GI ORI 6 I0 25 +18 33 33 GCVS ORION H2 PK5 5 32 46.4- 5 23 50 PEAK2 Y'W 5 32 48.1 -- 5 24 33

GKORI 6 14 58.3+ 8 32 28 CSI 79 ORION IRC2 5 32 47.1-- 5 24 23 ED AGPEG 21 48 36.1+12 23 26 CSI 79
GP ORI 4 59 59.1 + 15 15 32 " ORION IRS2 5 32 46.5 -- 5 23 55 AK PEG 23 00 40.5 + I1 05 21

GW ORI 5 26 20.7 + I I 49 51 "' ORION KL 5 32 46.7 -- 5 24 15 ALF PEG 23 02 16.0 + 14 56 08
GX ORI 5 27 14.0+ 12 11 17 829902 ORION NEB #1 5 32 55.0 -- 5 26 50 ED BET PEG 23 01 20.7 +27 48 39
HI ORI 5 28 35.7 + 12 07 31 " ORION NEB #2 5 32 56.5 -- 5 26 17 CHI PEG 0 12 00.6 +19 55 42

HK ORI 5 28 39.9 + 12 06 54 CSI 79 ORION NEB #3 5 32 54.2 -- 5 26 47 DS PEG 21 39 54.4 +35 16 53 779907
HTORI 5 30 33 -- 609 04 GCVS ORLON NEB #4 5 32 52.2-- 5 27 02 El PEG 23 19 14.6+12 19 16 CSI 79

lOT ORI 5 32 59.1 -- 5 56 27 CSI 79 ORION NEB. A 5 32 47.2 -- 5 25 34 EPS PEG 21 41 43.7 + 9 38 40
IU ORI 5 32 08.9 -- 5 43 45 " ORION NEB. B 5 32 49.0 -- 5 25 10 EPS PEG 21 41 47 + 9 38 34
IX ORI 5 32 13 -- 5 24 36 GCVS ORION NEB. C 5 32 48.0-- 5 24 37 EQ PEG 23 29 18.9 +19 39 43 CSI 79

RAP ORI 5 45 22.9 -- 9 41 07 CSI 79 ORION NEB. 1 5 32 48.0 -- 5 25 40 ETA PEG 22 40 39.2 +29 57 32
KNORI 5 32 30 -- 5 13 31 GCVS ORLON NEB. 2 5 32 45.0-- 5 25 10 EZPEG 23 14 26 +25 26 48 GCVS
KP OR[ 5 32 29 -- 5 43 19 " ORION NEB. 3 5 32 47.0 -- 5 24 25 GAM PEG 0 10 39.3 + 14 54 19 CSI 79
KX ORI 5 32 36.5 -- 4 45 47 CSI 79 ORION NEB. 4 5 32 49.0 -- 5 25 16 IOT PEG 22 04 40.7 +25 06 00

LAM ORI 5 32 22.9 + 9 54 I0 " ORION NEB. 5 5 32 50.2 -- 5 25 16 NUU PEG 22 03 09.3 + 4 48 47
LP ORI 5 32 42.4 -- 5 29 45 " ORLON NEB. 6 5 32 52.4 -- 5 26 46 PHI PEG 23 49 56.3 +18 50 32
LX ORI 5 32 46 -- 5 41 26 GCVS ORION NEB. 7 5 32 43.0 -- 5 23 16 R PEG 23 04 08.0 +10 16 22
LZ ORI 5 32 48.9 -- 4 43 34 CSI 79 ORLON NEBULA 5 32 45.9 -- 5 24 04 R PEG 23 04 08.2 +10 16 20 CSI 79

MX ORI 5 32 53.5 -- 5 11 01 " ORLON NEBULA 5 32 46 -- 5 24 00 RR PEG 21 42 15.9 +24 46 40
NUORI 5 33 03.7-- 5 17 53 " ORLON NEBULA 5 32 46 -- 5 24 05 RSPEG 22 09 49.6+14 18 43
NV ORI 5 33 04.1 -- 5 34 53 '" ORION NEBULA 5 32 46.1 -- 5 24 05 RT PEG 22 0l 59.3 +34 52 45 779907

OME ORI 5 36 32.5 + 4 05 38 " ORION NEBULA 5 32 46,5 -- 5 24 26 RV PEG 22 23 17.3 +30 13 09 CSI 79
OTORI 5 33 23 -- 5 18 23 GUVS ORION NEBULA 5 32 46.7-- 5 24 28 RWPEG 23 0138.5+15 05 44

PHI IORI 5 32 04.3+ 9 27 25 CSI 79 ORION NEBULA 5 32 47 -- 5 24 20 ED RZPEG 22 03 39.l +33 15 41 779907
PI 10RI 4 52 08.3 +10 04 22 "" ORLON NEBULA 5 32 47.5 -- 5 24 30 S PEG 23 18 00.9 + 8 38 40 CSI 79
P[ 3 OR/ 4 47 07.3 + 6 52 31 " ORION NEBULA 5 32 48 -- 5 24 35 SV PEG 22 14 31.0 +35 06 39
PI 40RI 4 48 32.3 + 5 31 15 " ORLON NEBULA 5 32 48 -- 5 25 12 " SX PEG 22 47 57.9 +17 37 43 CSI 79

PQ ORI 5 33 50 --2 12 49 GCVS ORION NEBULA 5 32 48.0 -- 5 25 26 T PEG 22 06 27,3 + 12 17 41
R ORI 4 56 18.5 + 8 03 45 CSI 79 ORION NEBULA 5 32 48.5 -- 5 25 17 TU PEG 21 42 39.1 + 12 28 05

RT ORI 5 30 31.6 + 7 07 09 " ORION NEBULA 5 32 48.5 -- 5 25 31 ED TW PEG 22 01 41.0 +28 06 30
RY OR[ 5 29 44.3 -- 2 51 46 " ORION NEBULA 5 32 49.0 -- 5 25 46 " TW PEG 22 01 43.2 +28 06 19 CSI 79

S OR[ 5 26 32.6 -- 4 43 50 " ORION PEAK1 5 32 46.3 -- 5 24 02 " UU PEG 21 28 39 + 10 56 02 GCVS
SIG ORI 5 36 13.9 - 2 37 36 " ORION PEAK3 5 32 47.4 -- 5 24 27 V PEG 21 58 30.1 + 5 52 18 CSI 79
SIG ORI E 5 36 16.3 - 2 37 16 " ORION PEAK5 5 32 46.5 -- 5 23 50 W PEG 23 17 15.2 +26 00 21
SW OR[ 5 31 49 -- 6 38 10 GCVS ORION PKI 5 32 46.3 -- 5 24 01 X PEG 21 17 39.4 + 13 41 57
SY ORI 5 32 41 -- 4 29 32 " ORION PK2 5 32 48,3 -- 5 24 33 " Y PEG 22 09 13.6 + 14 06 41

T ORI 5 33 23.1 -- 5 30 17 CSI 79 ORION PK3 5 32 47.4 -- 5 24 28 Z PEG 23 57 32.7 +25 37 41
THE ORI 5 32 48.9 - 5 25 13 " ORION PK5 5 32 46.5 -- 5 23 49 ZET PEG 22 38 57.9 + 10 34 10
THE ORI 5 32 48.5 -- 5 25 12 740903 ORION POS A 5 32 53.3 -- 5 26 04 2 PEG 21 27 40.7 +23 25 06
THE ORI A 5 32 48.3 -- 5 25 22 CSI 79 ORION POS 2 5 32 56.8 -- 5 26 13 9 PEG 21 42 08.4 +17 07 10
THE ORI B 5 32 48.6-- 5 25 29 " ORION POS 3.5 5 32 53.5 -- 5 26 52 12 PEG 21 43 46.1 +22 43 02
THE ORI C 5 32 48.9 -- 5 25 13 " ORION POS 4 5 32 52.4 -- 5 27 04 25 PEG 22 05 29.2 +21 27 30
THE ORI D 5 32 49.7- 5 25 01 " ORION POS1 5 32 46.2- 5 24 01 ED 31 PEG 22 19 03.3 + 11 57 08
THE 2 ORI 5 32 55.3 -- 5 26 49 .... ORION POS3,25 5 32 54,0 -- 5 26 47 51 PEG 22 55 00,3 +20 30 00
THE 20RI A .... ORION POS6 5 32 45.0-- 5 24 10 ED 55 PEG 23 04 28.9 + 9 08 19
THE 2ORI B 5 32 58.9-- 5 26 51 " ORION POSI3 5 32 45.5-- 5 24 01 57 PEG 23 06 59.9+ 8 24 20

'IT ORI 5 32 49 -- 4 47 38 GCVS ORION POS14 5 32 46.7 -- 5 24 07 85 PEG 23 59 33.1 +26 49 02
TV OR[ 5 33 08.6- 5 03 02 CSI 79 ORION POSI5 5 32 45.7- 5 23 41 PEG(A2326) 23 26 +14 ED
TW ORI 5 33 05 -- 6 47 15 GCVS ORION POSI6 5 32 45.6 -- 5 23 52 AC PER 3 41 36.9 +44 37 25 CSI 79

U ORI 5 52 50.9 +20 10 05 CSI 79 ORION POSI7 5 32 47.1 -- 5 24 20 AD PER 2 16 57.0 +56 45 51 779907
U ORI 5 52 51.0 +20 I0 24 ORION POSI9 5 32 47.7 -- 5 23 55 ALF PER 3 20 44.3 +49 41 05 CSI 79

UPS ORI 5 29 30.5 -- 7 20 11 CSl 79 ORION POS20 5 32 47.0 -- 5 23 55 AX PER 1 33 05.3 +54 00 19
UU ORI 5 38 22 -- 8 06 02 GCVS ORION POS21 5 32 46.2 -- 5 24 05 BET PER 3 04 54.4 +40 45 52 779907
UX ORI 5 02 01 -- 3 51 26 "" ORION POS23 5 32 45.7 -- 5 23 35 BS PER 2 23 28.0 +51 53 41 CSI 79
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NAME RA (1950) DEC POS RE] NAME RA (19S0) DEC POSR'. NAME I]A (1950) DEC IPOSREF
h m s * ' * h m * ,

BU PER 2 15 20.9 +57 11 29 779907 PKS 0736+01 7 36 42.5 + 1"44 00 " PI455 5h31_7 ' - 5"23' 779904
CF PER 2 0004 +57 27 32 GCVS PKS 0837--12 8 3728.0--12 03 54 " P1469

DEL PER 3 39 21.2 +47 37 45 CSI 79 PKS 0837-120 " P1492
EO PER 2 46 56 +57 07 45 GCVS PKS 0859--14 8 59 54.8-14 03 38 " P1507 5 32 06.6- 5 04 56 CSI 79

EPS PER 3 54 29.3 +39 52 01 CSI 79 PKS 0925-203 9 25 33.6 -20 21 45 " PI511 5 32 02.9- 5 44 45
ETA PER 2 47 01.9 +55 41 22 " PKS 1004+13 10 04 45.1 +13 03 38 " P1538 5 32 13.6 -- 4 26 50 749908

FZ PER 2 17 27.1 +56 55 47 779907 PKS 1004--217 10 04 25.4 --21 44 44 " P1539 5 32 10 -- 5 12 779904
IO PER 3 03 03 +55 33 03 GCVS PKS 1011-282 10 I1 12.2 -28 16 32 " P1540

IOT PER 3 05 26,7 +49 25 25 CSI 79 PKS 1050--184 10 50 06.9 --18 29 21 " P1553
IP PER 3 37 38.4 +32 22 17 779907 PKS 1055+01 10 55 55.5 + I 49 42 " P1562 5 32 15.5 -- 5 09 46 CSI 79
IS PER 1 28 56 +53 59 30 GCVS PKS 1101--325 I1 01 08.2 --32 35 05 " P1575 5 32 15 -- 6 01 779904

KAP PER 3 06 06.7 +44 40 08 CSI 79 PKS 1103--006 11 03 58.1 -- 0 36 38 " P1585 5 32 18 -- 5 08 48 829909
KK PER 2 06 48.4 +56 19 24 779907 PKS 1144-379 II 44 --37 54 ED P1586 5 32 18 - 5 12 42 GCVS
KSPER 4 45 19,9+43 11 19 " PKS 1217+02 12 1738,44- 2 2021 80990_ P1605 5 3219.6-- 5 3609 CSI 79

MUU PER 4 11 12.9 +48 17 02 CSI 79 PKS 1302-102 13 02 55.8--10 17 17 " P1623 5 32 22.4- 5 20 32
OMI PER 41 10.5 4-32 07 53 779907 PKS 1308+32 13 08 07.6 +32 36 41 " P1649 5 32 24.9 -- 5 34 56
PHI PER 40 30.7 +50 26 15 CSI 79 PKS 1327--21 13 27 23.4--21 26 34 " P1657 5 32 26 -- 6 00 779904
PP PER 13 34.1 +58 17 55 779907 PKS 1354+19 13 54 42.1 4-19 33 44 " P1659 5 32 28 - 5 25 07 GCVS
PR PER 18 08.1 +57 38 06 " PKS 1355--41 13 55 57.3--41 38 19 " P1660 5 32 27.1 -- 5 31 47 CSI 79
PSI PER 32 55.4 +48 01 40 CSI 79 PKS 1424--11 14 24 56.0--11 50 26 " P1683 5 32 34 -- 5 07 779904

R PER 26 51.7 +35 30 02 779907 PKS 1448--232 14 48 09.2 --23 17 11 " P1684 5 32 32 -- 5 24 55 GCVS
RHO PER 01 57.9 +38 38 52 " PKS 1451--375 14 51 18.3 --37 35 23 " P1685 5 32 32 -- 5 27 13

RR PER 25 06.1 +51 02 55 " PKS 1508--05 15 08 15.0 -- 5 31 49 " P1691 5 32 36 -- 6 21 ED
RS PER 18 51.3 +56 52 55 " PKS 1510-08 15 I0 09.0-- 8 54 48 " P1693 5 32 34 -- 5 I1 25 GCVS
RZ PER 26 37.3 +50 35 54 CSI 79 PKS 1656+053 16 56 05.7 4- 5 19 47 " P1703

S PER 19 15.1 +58 21 34 779907 PKS 1934--63 19 34 --63 ED P1712 5 32 34 -- 5 08 779904
S PER 19 16.0 +58 21 30 PKS 2115--30 21 15 11.2--30 31 50 80990_ P1724

SU PER 18 35.2 +56 22 35 779907 PKS 2126--15 21 26 26.7 --15 51 52 " P1736
SY PER 12 46,6 +50 30 I1 CSI 79 PKS 2126-158 .... P1744 5 32 38.4 - 5 I4 08 CS[ 79
T PER 15 45.7 +58 43 54 779907 PKS 2135--14 21 35 01.2 -14 46 27 " P1746 5 32 38 -- 5 27 13 GCVS

TX PER 44 53.5 +36 45 32 " PKS 2135--147 .... P1750
TZ PER 10 20 +58 08 51 GCVS PKS 2145+06 21 45 36.1 + 6 43 41 " P1762 5 32 41 -- 5 07 49 GCVS

U PER 56 14.7 +54 34 50 779907 PKS 2154--18 21 54 --18 P1764 5 32 42 -- 5 08 43
W PER 46 55,4 +56 46 38 " PKS 2155-304 21 55 58.2 --30 27 52 809908 P1768 5 32 40.6 - 5 54 01 CS[ 79
X PER 52 15.1 +30 53 59 CSI 79 PKS 2158--380 21 58 17.2 --38 0(3 51 P1772 5 32 42.4-- 5 29 45

XI PER 55 42.7 +35 38 55 " PKS 2204--573 22 04 30.4 --57 22 15 809908 P1784 5 32 43 -- 5 25 38 GCVS
XX PER 59 47.2 +54 59 33 779907 PKS 2216--03 22 16 16.0 -- 3 50 36 " P1785 5 32 43 -- 5 28 14
XY PER 46 17.4 +38 49 50 " PKS 2251+II 22 51 40.6 +11 20 39 " P1789 5 32 39 -- 6 04 779904

Y PER 24 18.0 +44 00 12 " PKS 2300-683 23 (3028.5 -68 23 56 " P1795 5 32 44.7 - 4 37 33 CSI 79
YZ PER 34 46.9 +56 49 49 " PKS 2310--322 23 10 27.5 --32 14 07 " P1799 5 32 44 -- 5 18 50 GCVS

ZET PER 50 58.9 +31 44 I1 CSI 79 PKS 2344+09 23 44 03.7 + 9 14 05 " P1817 5 32 47.0-- 4 46 37 729902
5 PER 07 58.9 +57 24 38 " PKS 2344+092 P1828 5 32 46 -- 5 41 26 GCVS
9 PER 18 51.1 +55 37 05 " PKS 2349-01 23 49 22.3 - 1 25 54 789906 P1870 5 32 48 - 5 25 44

10 PER 21 43.0 +56 23 03 " POINT SOURCE 5 32 46.8 -- 5 24 17 P1885 5 32 49 -- 5 23 38
24 PER 55 57.2 +34 59 02 " ALF PSA 22 54 53.4 -29 53 14 CSI 75 P1898 5 32 49 - 5 41 06 829909
48 PER 4 05 01.3 +47 34 51 " R PSA 22 15 09.7 -29 51 15 " PI902 5 32 48.9 - 6 10 09 749908
49 PER 4 04 56.5 +37 35 53 " RX PSA 22 10 21 --27 31 07 GCVS PI905 5 32 50.2 - 5 05 46 CSI 79

PEI-7 16 26 48.1 --45 56 22 769910 S PSA 22 00 51.9 --28 17 34 CSI 75 PI910 5 32 50 -- 5 24 38 GCVS
PE2--1 8 02 23 --44 21 (30 789907 V PSA 22 52 34.9 --29 52 42 " PI922 5 32 51 -- 5 22 26 "
PE2-2 9 07 14 --44 05 30 " BET PSC 23 01 19.7 + 3 33 01 " P1931 5 32 50.9 -- 6 (30 20 729902
PE2--3 9 08 27 --44 12 18 " NUU PSC 1 38 49.5 + 5 14 06 " P1937 5 32 52 -- 5 22 50 GCVS
PE2--7 10 39 18 --55 54 P-K R PSC 1 28 03.3 + 2 37 26 " P1946 5 32 54.3 -- 4 30 44 729902
PE2--9 16 21 14 --48 36 42 779909 RZ PSC 1 06 56.9 +27 41 30 " P1952 5 32 54 -- 5 08 56 GCVS
PE2--15 18 42 45.4 -- 7 00 01 819914 S PSC 1 14 57.3 + 8 40 03 " P1953 5 32 53.5 -- 5 11 01 CSI 79
PE2--16 18 51 31.0-- 4 42 41 769910 "IV PSC 25 26.2 4-17 36 58 " P1955 5 32 51 -- 5 14 779904
PG 0026+ 12 0 26 38.1+12 59 30 809908 TXPSC 23 43 50.0+ 3 12 32 " P1956 5 32 53.2- 5 23 29 CSI 79
PG 0026+129 " U PSC 1 20 20 +12 36 25 GCVS P1971
PG 0906+48 9 06 45.3 +48 25 56 809908 X PSC I 09 29.2 4-21 56 59 3SI 79 P1988 5 32 55.7 - 5 12 45 740801
PG 0906+484 9 06 45.1 +48 25 56 Z PSC I 13 20.9 4-25 30 18 " P1993 5 32 55.3 -- 5 26 49 CSI 79
PG 0906+484 9 06 45.3 +48 25 56 809908 19 PSC 23 43 50.0 4- 3 12 32 " P2001 5 32 56 -- 5 32 38 GCVS
PG 1001+05 10 01 43.3 + 5 27 35 '* 29 PSC 23 59 15.5 -- 3 18 19 " P2006 5 32 57.9 -- 5 11 45 740801
PG 1001+054 " " 30 PSC 23 59 23.7- 6 17 30 " P2007 5 32 57.7- 5 12 40
PG 1211+ 14 12 11 + 14 ED 54 PSC 0 36 45.3 4-20 58 51 " P2020 5 32 59 -- 5 10 33 GCVS
PG 1307+08 13 07 + 8 " 109PSC 1 4211.64-19 5001 " P2021 5 3258 -- 5 1703
PG 1351+64 13 51 46.3 +64 00 28 809908 AC PUP 8 20 25.7 --15 45 16 " P2029 5 33 (30 - 5 13 03
PG 1351+640 13 51 46.2 +64 00 29 AR PUP 8 01 09.2 --36 26 46 " P2030
PG 1358+04 13 58 00.6 + 4 19 27 809908 FK PUP 8 07 20 --36 08 03 3CVS P2031 5 32 58.9 -- 5 26 51 CSI 79
PG 1413+01 14 13 03.6 + 1 31 13 FW PUP 7 30 26 --12 39 21 " P2032 5 32 59 - 5 27 33 GCVS
PG 1519+22 15 19 +22 ED GO PUP 7 4522 --I1 48 20 " P2033
PG 1550+191 15 50 33.1 +19 05 18 GT PUP 7 12 44.2 --37 58 33 _SI 79 P2068 5 33 04 - 5 06 06 829909

PSI PHE 1 51 38.5 --46 32 48 =SI 79 KQ PUP 7 31 30.0 -14 24 50 " P2074 5 33 03.7 - 5 17 53 CSI 79
RPHE 23 53 51.9 -50 03 54 " L2PUP 7 1200.6--44 33 26 " P2084 5 33 05 - 5 11 21 GCVS

RTPHE 1 51 34 --49 14 54 3CVS OMIPUP 7 46 (30.3--25 48 42 " P2085 5 33 03.9-- 5 27 07 CSI 79
RUPHE 23 25 26 --47 43 30 " RPUP 7 38 56.2 -31 32 35 " P2086 5 33 04.1- 5 34 53

S PHE 23 56 29.6 --56 51 12 2SI 79 RHO PUP 8 05 24.7 -24 09 31 " P2100
ST PHE 0 33 45.9 --56 05 59 " RS PUP 8 I1 08.9 --34 25 35 " P2118 5 33 08.2 -- 5 14 04 CSI 79
SY PHE 1 28 20.4 --42 57 51 " RT PUP 8 03 32.0 --38 37 56 " P2119 5 33 09 -- 5 14 16 GCVS
SZ PHE 1 31 54.5 --43 29 50 " RU PUP 8 05 20.0 --22 45 59 " P2133 5 33 10 -- 5 28 28
T PHE 0 28 01.5 --46 41 22 " RV PUP 6 40 57.7 --42 19 49 " P2143

"IT PHE 1 43 24.4 --42 10 40 " RW PUP 6 07 56.3 --50 I1 47 " P2164
TU PHE 23 32 39 --55 19 26 3CVS RX PUP 8 12 25.9 --41 32 58 " P2167 5 33 14 -- 5 30 04 GCVS

V PHE 23 29 43.6 -46 15 26 2SI 79 ST PUP 6 47 12.9 -37 12 58 " P2171 5 33 16 - 5 07 34
W PHE 1 17 52.2 --56 10 45 '" SU PUP 7 54 35 --44 (30 34 3CVS P2172 5 33 16 -- 5 I1 10 GCVS

PHL 658 VV PUP 8 12 51,9 --18 53 52 P2173
PHL 909 0 54 31.9 + 14 29 59 W PUP 7 44 17.7 --42 04 21 ",SI 79 P2174
PHL 938 Z PUP 7 30 28.3--20 33 12 " P2181 5 33 17 -- 5 09 10 GCVS
PHL 957 I 0033.4+13 O0 11 109908 ZPUP 7 3029.0--20 32 49 P2208
PHL 1027 I 30 31.6 + 3 23 41 " ZET PUP 8 01 49.5 --39 51 40 ",SI79 P2216
PHL 1070 3 PUP 7 41 47.9 --28 50 02 " P2243 5 33 24 -- 5 08 59 GCVS
PHL 1092 1 37 19.0 + 6 04 11 109908 R PYX 8 43 23.7 --28 01 03 " P2244 5 33 24 -- 5 10 00 829909
PHL 1377 2 32 36.6 -- 4 15 10 " S PYX 9 02 53.9 --24 52 49 " P2247 5 33 23.1 -- 5 30 17 CSI 79
PIC A V PYX 8 51 25.6 --34 37 43 " P2252

R PIC 4 44 49.2 --49 20 05 ",SI79 P0828+411 8 28 +41 06 ED P2257
RR PIC 6 35 10.3 --62 35 48 " Pl153.433 11 53 +43 18 " P2271 5 33 26.9 -- 5 38 49 CSI 79

S P[C 5 09 37.2 --48 34 00 " P837 5 29 38.9 -- 5 26 32 49908 P2279 5 33 30 -- 5 14 48 829909
T PIC 5 13 41.3 --46 58 30 " P967 5 30 11.2 -- 5 33 23 "" P2284 5 33 30.9 -- 5 24 20 CSI 79
V PIC 6 12 36.5 --59 53 51 " P972 5 30 13.4-- 5 06 29 " P2292 5 33 32.0 -- 5 41 50 749908
W PIC 5 41 50.1 --46 28 30 " PI139 5 30 49.0-- 6 08 30 ;SI 79 P2305 5 33 34.3-- 5 19 27 "
YPIC 50944.3--45 38 13 " PI196 5 3102.5-- 60540 " P2317 5 3336.6-- 50905 "

PICTOR A 5 18 24.1 -45 49 45 ED PI207 5 31 05.0 -- 5 35 34 29902 P2340
P1SMIS 171RS1 10 59 14.8 --59 32 34 P1212 5 31 16 -- 5 07 79904 P2346 5 33 44.5 -- 4 23 26 749908
PISMIS 171RS2 P1241 5 31 16 -- 5 03 " P2404 5 34 04.7-- 5 25 33 "
PKS 0046-315 0 46 57.9 --31 32 48 :09908 P1270 5 31 19.7 -- 5 59 13 29902 P2441 5 34 22.8 -- 4 27 27 729902
PKS 0106+01 06 04.5 + 1 19 01 " P1281 5 31 22.3 -- 5 34 06 "SI 79 P2445 5 34 22.9 -- 5 01 20 749908
PKS 0122-00 22 55.8 -- 0 21 34 '19903 P1322 P2576 35 10.5 -- 6 04 14
PKS 0159--11 59 30.4 --11 47 (30 109908 P1372 Q0122-379 22 02.2 -38 00 04 809908
PKS 0237--23 2 37 52.7 -23 22 09 " P1374 5 31 41.9 - 5 24 57 ',SI 79 Q0420-388 20 30.1 -38 51 50
PKS 0312--77 3 12 55.7 --77 03 01 " P1391 5 31 46.9 -- 5 13 45 - " Q1101-264 I1 00 59.9 -26 29 05 809908
PKS 0349--27 3 49 --27 ED P1393 5 31 47 -- 5 30 18 29909 Q1246-057 12 46 28.9 - 5 42 58 "
PKS 0402--362 4 02 02.2 --36 13 16 :09908 PI394 5 31 46.9 -- 5 38 45 ',SI 79 Q1309-056 13 09 00.7 - 5 36 43
PKS 0405--12 4 05 27.5 --12 19 32 " PI397 31 47.7-- 5 48 44 29902 R 15 IRS5 10 42 23 -58 58 56
PKS0414--06 4 14 49.2-- 601 04 " PI403 31 50 -- S 06 I0 }CVS R 136 5 39 03.4 -69 07 34 CSI 79
PKS 0521--36 5 21 --36 ED PI404 31 49.3 -- 8 38 44 29902 R 627 11 21 39 +21 38 06 781106
PKS 0537--441 5 37 --44 06 " P1409 31 48.9 -- 5 06 52 ',SI 79 RB 37 12 57 12 +28 16 679901
PKS 0548--322 5 48 --32 12 PI410 RB 38 12 57 12 +28 15
PKS 0622--441 6 2202.7--44 11 24 09908 P1423 RB 40 12 57 18 +28 13
PKS 0637--75 6 37 23.4 --75 13 38 " PI428 5 31 _4.7-- 4 32 11 49908 RB 42 12 57 18 +28 14
PKS 0735+178 7 35 14.1 +17 49 I1 " P1429 RB 48 12 57 18 +28 16
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NAME RA (1950) DEC POSRE$ NAME RA (1950) DEC POSRE] NAME RA (1950) DEC POSREF

• , • h m • • ,
RB 46 12h57"18' +28"14 ROA 425 h,m , ,, S 88B 19 4440 +25 05 30
RB 74 12 57 42 +28 18 ROA 447 S 88B 19 44 41.8 +25 05 18 770711
RB 85 12 57 48 +28 20 ROA 451 " S 93 19 52 56.5 +27 04 55 "/59901
RCW 36 IRI 8 57 34.9 --43 32 16 ROA 461 S 104 413
RCW 36 IR2 8 57 38.6 --43 33 47 ROA 462 S 106 20 25 34 +37 12 45 ED
RCW 36 IR3 8 57 39.1 --43 33 08 ROA 464 S 106 #3 PEAK 20 25 33.0 +37 12 56
RCW 36 IR4 8 47 39.7 --43 34 17 ROA 465 " $10643 15"N6E 20 25 33.5 +37 13 I1
RCW 36 IR5 8 47 40.8 --43 32 34 ROA 472 $10643 2"SIOW 20 25 32.2 +37 12 54 "
RCW 38 8 57 20.9 --47 18 50 ROA 480 S10643 7"NSE 20 25 33.7 +37 13 03
RCW 38 8 57 24.2 --47 18 50 ROA 483 S10643 7"SI7W 20 25 31.6 +37 12 49
RCW 38 IRSI 8 57 23.5 -47 18 37 ROA 505 S10643 7"'$8E 20 25 33.7 +37 12 49
RCW 38 1RS2 8 57 24.2 --47 18 50 ROA 509 " $10643 7"'$8W 20 25 32.3 +37 12 49
RCW 39 IR 9 01 43,5 --48 14 18 ROA 513 S 106 A 20 25 33.8 +37 12 54 "
RCW 42 9 22 45.5 -51 46 27 ROA 537 S 106 B 20 25 33.8 +37 13 02 "
RCW 57 II 09 43.9 -61 02 09 ROA 557 S 106 C 20 25 32.4 +37 13 04 "
RCW 57 IRSI I1 09 45.9-6I 02 06 ROA 577 " S 106 C 20 25 34.3 +37 13 07
RCW 97 15 49 12.9 --54 26 27 ROA 3598 " S 106 FIELD 1 20 25 25 +37 12 30
RCW 108 16 36 14.2 --48 45 54 ROA 5941 " S 106 FIELD 2 20 25 42 +37 13 00
RCW 108 16 36 14.6 --48 45 53 ROA 6113 " S 106 FIELD 3 20 25 29 +37 07 30
RCW ll0B 16 50 40.3 --45 12 32 ROB 29 S 106 IR 20 25 35 +37 13 51 599901
RCW 113 16 53 24 --40 16 36 ROBERTS 22 I0 19 44.6 --57 50 41 S 106 IRSI 20 25 32.2 +37 12 36
RCW 117 17 05 36 --41 32 24 ROBERTS 80 17 59 01 --23 37 36 IRC S 106 IRS2 20 25 32.5 +37 13 00
RCW 117 17 06 01.5 --41 32 20 ROBERTS 89 18 38 39 -- 4 30 629902 S 106 IRS3 20 25 32.8 +37 12 45
RCW 121 17 14 57.3 --39 16 16 ROBERTS 93 19 26 12 +19 29 " S 106 IRS4 20 25 32.8 +37 12 50
RCW 121 17 14 38.0--39 16 05 ED ROSETTE IRS 6 31 59.0 + 4 15 09 731003 S 106 IRS5 20 25 33.9 +37 12 59
RCW 121 IRSI 17 14 57.6 --39 16 16 ROSETI'E bIEB 6 31 58.7 + 4 15 17 S 106 IRS6 20 25 34.1 +37 12 29
RCW 122 17 16 39.9 --38 54 15 ROSS 248 23 39 25.9 +43 55 12 CSI 79 S 106 IRS7 20 25 34.5 +37 12 41
RCW 122 17 16 40.1 -38 54 18 ROSS 627 11 21 39 +21 38 06 S 106 IRS8 20 25 34.6 +37 13 03
RCW 122 17 1640.6--38 54 18 ROSS 640 S 106 IRS9 20 25 33.7 +37 11 14
RED RECTANGLE 6 17 36.7--10 36 42 ED R20 0 58 58 --72 27 609903 S 106 PS 20 25 33.8 +37 12 52
RED RECTANGLE 6 17 36.9--I0 36 51 CSI 79 R29 I 01 35 --72 23 " S 106 SOUI_CEI 20 25 32.4 +37 12 40 ED
RED RECTANGLE 6 17 37.0--10 36 59 ED R59 4 54 26.5--69 17 13 CSI 79 S 106 SOURCEI 20 25 33.0 +37 12 50
RED RECTANGLE 6 17 37.0--10 37 01 " R67 4 59 50.9 --70 15 40 " S 106 SOURCE2 20 25 33.6 +37 12 50 ED

GAM RET 4 00 10.0--62 17 54 CSI 79 R69 5 00 23 --68 31 609903 S 106 SOURCE2 20 25 34.3 +37 13 07
R RET 4 33 01.0 --63 07 54 " R71 5 02 50.1 --71 24 20 CSI 79 S 106 SOURCE3 20 25 33.6 +37 13 10 ED

RX RET 3 47 16.2 --66 50 47 " R76 5 06 01.9 --67 57 04 " S 106 SOURCE3 20 25 33.8 +37 12 52 760902
RG 0044--2958 0 44 26.2 --29 58 49 R92 5 20 54.6 --65 50 51 " S 106 SI 20 25 33.0 +37 12 45 ED
RG 0050--2722 0 50 28.4 --27 22 17 R94 5 21 38.6 --65 47 58 " S 106 $2 20 25 34.5 +37 13 08
RGO 53 13 23 48 --47 13 36 779909 RI08 5 30 38 --67 19 609903 S 106A 20 25 30 +37 12 50
RGO 55 " Rl17 5 32 41.9 --67 43 58 CSI 79 S 130 20 42 27.8 +63 02 35 759901
RGO 70 " RI43 5 39 12.7 --69 09 49 780108 S 138 22 3047 +58 13 599901
RGO 73 " RIS0 5 40 41.7--69 41 05 CSI 79 S 140 22 17 40.6 +63 03 41
RGO 153 " " S 27 #1 18 13 11.0-19 53 39 S 140 22 1741.3 +63 03 49
RGO 382 100946.3-- 3 29 39 CSI 79 S 27 #2 18 13 46.8--19 53 39 S 140 22 17 41.6 +63 03 46 780202
RGO 393 102623.4+ 1 06 28 S 27 #3 18 13 50.5--19 53 08 S 140 22 17 42 +63 03 45
RGO 402 10 48 18.9 + 7 05 06 S 27 #4 1408.9 --19 52 59 S 140 #1 22 19 23.2 +62 56 15

13 42 39 +18 03 42 700903 S 27 #5 13 26.3 --19 49 00
18

RGO 525 18 S 140 #2 22 19 30.4 +62 57 50
RGO 543 14 16 36 -- 703 48 S 27 #5 18 14 27.4--19 52 36 S 140 #3 22 19 25.8 +63 0005
RGO 567 145107 +192112 $2746 18 13 42.0--19 52 05 S 140 44 221725.1+630810
RGO581 151652.2--73220 CS179 $2747 181420.4--195209 SI4045 221719 +630440
RGO 625 16 24 13.9 +54 25 06 S 27 #8 18 14 31.9 --19 52 00 S 140 #6 22 17 27 +63 03 00
RGO 643 16 5245.0-- 8 13 47 S 27 #8 18 1439o7--19 48 51 S 140 IR 22 1741.3+63 03 49
RGO 644AB 16 52 48.3- 8 14 39 " S 27 #9 18 13 32.1 --19 51 47 S 140 IR 22 17 42 +63 03 50
RGO 673 17 23 15.7 + 2 10 12 S 27 410 18 14 18.7 --19 51 51 S 140 IRSI 22 17 41.2 +63 03 44
RGO 699 17 55 22.9 + 4 33 18 S 27 #11 18 14 46.0 --19 51 24 S 140 IRSI 22 17 41.3 +63 03 49 780203
RGO 701 18 0228.3-- 3 01 51 S 27 412 18 1320.3--19 50 53 S 140 IRS2 22 1741.1 +63 04 02
RGO 740 18 5533.6+ 5 51 23 S 27 413 18 14 18.6--19 50 57 S 140 IRS3 22 1742.7+63 03 47
ROO 745A 19 04 58.6 +20 48 56 " S 27 414 18 14 39.2 --19 50 57 S 146 IRSI 22 47 29.7 +59 38 55
RGO 745B 19 05 04.9 +20 48 05 S 27 415 18 13 23.7 --19 50 21 S 152 22 56 34 +58 31 599901
RGO 820B 21 04 38.3 +38 29 29 S 27 416 18 13 24.7--19 50 03 S 156 23 03 05.5 +59 58 13 759901
RGO 9371 11 37 33 +67 36 24 709903 S 27 417 18 14 20.5--19 50 21 S 156A 23 03 04.6 +59 58 29 ED
RGO 9653 19 17 50.9 -- 7 45 16 CSI 79 S 27 418 18 13 50.7--19 49 54 S 157A 23 13 52 +59 46 599901
RNO 54 5 3918 +22 36 S27 419 18 14 10.6 --19 49 54 S 157B "
RNO 90 16 31 00 --15 41 800101 S 27 #20 18 14 26.6--19 49 54 S 158A 23 I1 21.7 +61 13 50 740203

RNO 91 16 31 36 --15 44 S 27 421 18 13 40.5--19 49 41 S 158G 23 1134 +61 12 EDROA 40 13 23 --47 13 36 779909 S 27 #22 18 14 14.7--19 49 45 S 159 23 13 23 +60 50 36 760601
ROA 43 S 27 #23 18 14 34.5--19 49 45 S 159A 23 13 22.8 +60 50 24 739902
ROA 46 " S 27 #24 18 14 18.7 --19 49 36 S 162AI 23 18 30 +(_3 53 599901
ROA 48 " S 27 #25 18 14 21.4--19 49 36 S 186 / 05 37.5 +62 51 40 759901
ROA 49 " S 27 #26 18 13 22.1 --19 49 18 S 208 4 15 40.2 +52 51 39
ROA 53 S 27 #27 18 1326.0--19 49 18 S 228 5 1000.4+37 23 41
ROA 55 " S 27 #28 18 14 10.4 -19 49 18 S 228 5 10 11 +37 23 43 599901
ROA 56 " S 27 #29 18 14 31.7--19 49 18 S 235 IRSI 5 37 31 +35 39 55 ED
ROA 58 " S 27 #30 18 13 53.4 --19 49 09 S 235 IRSI 5 3745.1 +35 48 09
ROA 61 .... $27 431 18 13 30.9--19 49 00 $235 IRS2 5 37 47 +35 48 40 ED
ROA 62 " S 27 #32 18 1430.3--19 49 00 S 235 IRS2 5 3748.9+35 48 34
ROA 70 .... S 27 #33 18 13 30.4--19 49 09 S 235 IRS3 5 37 31.3 +35 40 49
ROA 74 .... S 27 #34 18 13 21.7 --19 49 (30 S 235 IRS3 5 37 51 +35 49 30 ED
ROA 84 .... S 27 #36 18 13 35.9 --19 48 51 S 235 IRS4 5 37 30.9 +35 40 01
ROA 90 " S 27 #37 18 1421.5--I9 48 51 S 235 IRS5 5 37 I8.7+35 43 14
ROA 91 " S 27 #39 18 13 12.8 --19 48 47 S 235 IRS6 5 38 14.8 +35 49 50
ROA 96 .... S 27 POSI 18 13 51 --19 45 00 ED S 235 IRS7 5 38 24.4 +35 51 08
ROA 102 " S 27 POS2 18 13 51 --19 4600 S 235 IRS8 5 37 56.5 +35 42 41
ROA 124 " S 27 POS3 18 13 51 --19 47 00 " S 235 IRS9 5 37 29.7 +35 44 42
ROA 132 " S 27 POS4 18 13 56 --19 45 30 " S 235 IRSI0 5 37 53.3 +35 57 01
ROA 139 " S 27 POS5 18 13 56 --19 46 30 " S 235 IRSII 5 37 38.7 +35 49 00
ROA 150 " " S 27 POS6 18 13 56 --19 47 30 " S 235 1RS12 5 37 12.8 +35 49 00
ROA 155 " S 27 POS7 18 13 58 --19 48 20 " S 235A 5 37 21 +35 49 $99901
ROA 159 " $27POS8 18 1358 -195420 " $235A 53731.2+354044
ROA 161 " S 27 POS9 18 14 00 --19 46 20 " S 235B 5 37 31 +35 39 55 ED
ROA 162 " S 27 POSI0 18 14 00 -19 47 20 " S 235B 5 37 32 +35 40
ROA 171 " S 27 POSII 18 1400 --19 48 00 " S 237 5 2807 +34 14 599901
ROA 179 " S 27 POSI2 18 1402 --19 48 20 S 252 H--ALPHA 6 0654.0+20 30 50 ED
ROA 180 " S 27 POSI3 18 1402 --19 50 00 " S 252A "
ROA 201 " S 27 POSI4 18 1402 --19 53 20 " S 252C
ROA 213 " S 27 POSI5 18 1402 --19 55 00 " S 255 6 09 58._ +18 130 15 599901
ROA 219 " S 27 POSI6 18 1406 --19 47 20 S 255 6 09 58.6 +18 (30 12
ROA 23| " S 27 POSI7 18 14 06 --19 49 00 S 255 #1 6 09 49.5 +17 59 56
ROA 234 " S 27 POSI8 18 1406 --19 50 40 " S 255 #2 6 09 54.5 +18 02 32
ROA 248 " S 27 POSI9 18 1406 --19 52 20 " S 255 #3 6 1004.6+18 03 20
ROA 253 " S 27 POS20 181406 --195400 " S 255 44 61028.3+180220
ROA 256 '" S 27 POS21 18 14 06 --19 55 40 S 255 #5 60940.7+17 56 55
ROA 269 " S 27 POS22 18 14 10 -- 19 48 00 S 255 #6 6 09 30.5 + 17 54 50
ROA 270 " S 27 POS23 18 14 10 --19 49 40 " S 255 IR 6 09 58.4 +18 (30 12
ROA 272 " S 27 POS24 18 14 10 -19 53 00 " S 255 IRSI .... 771004
ROA 279 " S 27 POS25 18 14 10 --19 54 40 S 255/257 6 09 59.4 +17 59 48
ROA 287 " S 27 POS26 18 14 14 --19 48 40 S 266 6 15 55.3 +15 18 00 759901

_ROA 297 " S 27 POS27 18 14 14 --19 53 40 S 269 (I) 6 11 50.3 +13 50 33
ROA 300 " S 27 POS28 18 13 57 --19 48 10 " S 269 (2) 6 1147.1+13 50 33
ROA 312 " S 27 POS29 18 1€(Y3 --19 47 30 S 269 IRS1 6 It 46,0+13 50 44 ED
ROA 320 S 27 POS30 18 1400 --19 48 10 S 269 IRS2 6 11 47.0+13 50 32 740203
ROA 357 S 27 POS31 18 1400 --19 49 10 S 270 6 07 13 +12 50 599901
ROA 364 " S 27 POS32 18 1405 --19 48 10 S 288 7 06 10.0-- 4 14 12 759901
ROA 371 " S 71 18 59 28.0 + 2 04 56 739909 S 307 7 33 16.6--18 39 20
ROA 394 " S 88 P 19 44 41.0 +25 05 20 ED S--R 3 16 23 07.7 --24 27 26
ROA 402 " S 88 S 19 44 42.5 +25 05 10 S--R 4 16 22 54.8 --24 14 01 729902
ROA 415 " S 88 STAR I 19 44 40.0 +25 05 40 S--R 9 16 24 38.8 --24 15 24
ROA 421 " S 88 STAR 5 19 44 38.5 +25 05 50 S--R 10 16 24 53.9 --24 19 39
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NAME RA (1950) DEC POSRE NAME RA (1950) DEC POSRE] NAME RA (1980) DEC ?OS REF

h m + h m s * ' * h m .
S--R 12 16 24 17.6 -24°3,_ 59 " R SER 15 48 23.2 + 15 17 01 CSI 79 SGR A #55 17 42 30.1 --28"59' 26
S-R 13 16 25 43.6--24 21 43 " RT SER 17 37 03.5 -11 55 09 " SGR A #56 17 42 30.3 --28 59 23
S--R 17 16 29 20 --24 34 599902 S SER 15 19 18.9 + 14 29 33 '" SGR A #57 17 42 30.3 --28 59 26
S--R 20 T SER 18 26 17.4 + 6 07 43 " SGR A #58 17 42 30.6 --28 59 20
S--R 22 16 22 22.8 -24 22 55 729902 TAU 4 SER 15 34 09.0 + 15 15 54 " SGR A #59 17 42 30.6 --28 59 23
S--R 24 16 23 56.5 --24 38 53 " U SER 16 04 53.0 + 10 03 47 " SGR A #60 17 42 30.6 --28 59 26
S--R 24 N .... VV SER 18 26 14 + 0 06 37 OCVS SGR A #61 17 42 30.9 --28 59 20
S--R 24 S " W SER 18 06 58.3 --15 33 36 CSI 79 SGR A #62 17 42 30.9 --28 59 23
S--1 16 23 32.7 --24 16 44 730903 WX SER 15 25 31.7 +19 44 20 " SGR A #63 17 42 30.9 --28 59 26
S--2 16 23 22.5 --24 18 13 " WX SER 15 25 32.0 + 19 44 06 SGR A IRS I 17 42 29.7 --28 59 18
S--3 16 22 18.8 --24 22 38 " ZET SER 17 57 50.3 -- 3 41 18 CSI 79 SGR A IRS 2 17 42 29.I --28 59 23
S--4 16 22 20.5 --24 23 39 " 16 SER 15 34 05.2 + 10 10 32 " SGR A IRS 4 17 42 30.4 --28 59 24
S-16 16 22 35.4 --24 27 14 " SERPENS #1 18 27 29.3 + 13 10 SGR A IRS 6 17 42 28.8 --28 59 17
S--26 16 23 08.9 --24 14 13 " SERPENS #2 18 27 24.2 + 12 45 SGR A IRS 8 17 42 29.6 --28 58 50
S--28 16 23 19.7 --24 16 14 " SERPENS #3 18 27 17.0 + 09 27 SGR A IRS 9 17 42 29.7 --28 59 25
S--29 16 23 21.4 --24 14 13 " SERPENS #4 18 27 25.2 + 10 31 SOR A IRS 10 17 42 29.7 --28 59 14
SAN I 5 29 42 -- 3 08 729902 SERPENS #5 18 27 19.5 + 08 27 SGR A WEST 17 42 28.6 --28 59 30 ED
SAN 2 5 31 20 -- 1 1! " SERPENS #6 18 27 39.7 + 14 35 SGR A WEST 17 42 29.3 --28 59 17
SAN 4 5 37 08 -- 2 32 42 '" SERPENS #7 18 27 37.2 + 12 31 SGR A WEST 17 42 29.5 -28 59 17 730902
SAN 5 5 3901 -- 8 07 23 " SERPENS #8 18 27 39.2+ 13 31 SGR A WEST 17 42 30.2 --28 59 16
SANDULEAK 5 46 02.7 --71 17 13 SERPENS #9 18 27 13.2 + 16 31 SGR A WEST NE
SAO 062852 12 05 35.5 +39 56 01 CSI 79 SERPENS #10 18 27 17.7 + 07 11 SGR A WEST SW 17 42 28.3 --28 59 39
SAO 062869 12 07 22.0 +39 42 41 '" SERPENS #11 18 27 23.2 + 07 01 SGR A WEST SW 17 42 28.3 --28 59 49
SAO 76704 4 38 03.8 +25 53 50 SAO SERPENS #12 18 27 38.8 + 06 27 SGR A WEST(C) 17 42 29.8 --28 59 16 ED
SA29--130 SERPENS #13 18 27 28.2 + 17 34 SGR A WEST(E) 17 42 31+1--28 59 16

R SCL 1 24 39.9 --32 48 05 CSI 79 SERPENS #14 18 27 00.7 + 15 14 SGR A WEST(N) 17 42 29.0 --28 59 20 780303
S SCL 0 12 51.0 --32 19 21 " SERPENS #15 18 27 27.5 + 19 52 SGR A WEST(N) 17 42 29.8 --28 58 55 ED

SY SCL 0 04 25 --29 53 30 GCVS SERPENS #16 18 27 26.0 + 18 22 SGR A WEST(S) 17 42 27.5 --29 00 04
SCL 0 14 24 --30 30 31 " SERPENS #17 18 27 16.5 + 20 36 SGR A WEST(S) 17 42 29.8 --28 59 34 ED

U SCL 1 09 12.2 --30 22 46 CSI 79 SERPENS #18 18 27 09.2 + 10 31 SGR A WEST(W) 17 42 27.8 --28 59 16
X SCL 0 47 06 --35 11 25 GCVS SERPENS #19 18 27 25.2 + 08 49 SGR A WEST(l) 17 42 30.4 --28 59 16
Y SCL 23 06 22.9 --30 24 17 CSI 79 SERPENS #20 18 27 25.2 + 12 01 SGR A WEST(2) 17 42 29.8 --28 59 09

SCO X--I 16 17 04 --15 31 15 GCVS SERPENS DC 18 27 25 + 12 40 SGR A WEST(3) 17 42 29.8 --28 59 16 "
AH SCO 17 08 01.9 --32 18 51 CSI 79 SERPENS OBJ. 18 27 24.5 + 12 40 SGR A WEST(4) 17 42 29.8 --28 59 24 '"
AK SCO 16 51 23.0 -36 48 27 " SEX A/AIO09 10 09 -- 4 ED SGR A WEST(5) 17 42 29.0 --28 59 14

ALF SCO 16 26 20.1 --26 19 21 " S SEX 10 32 22.3 -- 0 04 59 CSI 79 SGR A WEST(6) 17 42 29.1 -28 59 21
ALF SCO 16 26 21 --26 19 27 Z SEX 10 08 24.1 q- 2 48 17 " SGR A WEST#1 17 42 30.1 --28 59 20
BETSCO A 16 02 31.4-19 40 10 CSI 79 ALFSGE 19 37 51.5+17 53 49 " SGR A WEST#2 17 42 31.3 --28 58 56
BET SCO AB " FG SGE 20 09 42.9 +20 11 130 769910 SGR A WEST#3 17 42 30.8 --28 59 08
BET SCO C .... HM SGE 19 39 41 + 16 37 33 ED SGR A WEST#4 17 42 30.2 -28 59 18
BM SCO 17 37 42.7 --32 11 20 " GAM SGE 19 56 31.9 + 19 21 17 CSI 79 SGR A WEST#5 17 42 29.6 --28 59 28

DEL SCO 15 57 22.3 -22 28 49 " R SGE 20 11 46.6 + 16 34 25 " SGR A WEST#6 17 42 28.9 --28 59 36
LAM SCO 17 30 12.6 -37 04 08 " S SGE 19 53 44.9 +16 30 03 " SGR A WEST#7 17 42 28.1 -28 59 43
NUU SCO 16 09 05.0 -- 19 19 54 "" U SGE 19 16 37.0 + 19 31 03 " SGR A WEST#8 17 42 27.4 --28 59 49
OMI SCO 16 17 37.3 -24 03 00 '" X SGE 20 02 52.6 +20 30 16 "' SGR A WEST#9 17 42 26.6 --28 59 53

PI SCO 15 55 49.3 --25 58 17 " SGR A 17 42 27 --29 03 (30 ED SGR A WEST#10 17 42 31.7 -28 58 44
R SCO 16 14 40.3 -22 49 07 " SGR A 17 42 29 --28 58 48 SGR A WEST#12 17 42 28.7 --28 59 12

RR SCO 16 53 26.3 --30 30 06 "' SGR A 17 42 29 --28 59 20 SGR A WEST#13 17 42 29.4 -28 59 15
RS SCO 16 51 59.7 --45 01 22 '" SGR A 17 42 29.7 --28 59 17 SGR A WEST#14 17 42 30.2 --28 59 18
RT SCO 17 00 09.6 --36 51 30 " SGR A 17 42 29.9 --28 59 15 SGR A WEST#IS 17 42 30.9 -28 59 21
RU SCO 17 38 42.9 --43 43 47 "' SGR A 17 42 30 --28 59 03 ED SGR A WEST#16 17 42 31.7 -28 59 24
RW SCO 17 11 34.3 --33 22 43 " SGR A 17 42 32 --28 59 42 SOR A WEST#17 17 42 27.8 --28 59 09
RZ SCO 16 01 35.0 --23 58 25 '" SGR A 17 42 32.5 --28 59 22 SGR A 45"N 17 42 32 --28 58 57 ED

S SCO 16 14 41.6 --22 46 06 '" SGR A 17 42 40 --29 02 00 SGR A 45"S 17 42 32 --29 00 27 "
SIG SCO 16 18 08.6 -25 28 27 " SGR A #1 17 42 28.4 --28 59 17 SOR B 17 44 13 -28 23 06
ST SCO 16 33 22.7 --31 08 20 " SGR A #1 17 42 29.6 -28 59 17 750903 SGR B2 17 44 I0.0 --28 22 00 ED
SU SCO 16 37 25.2 --32 17 130 " SGR A #2 17 42 28.4 --28 59 20 SGR B2 17 44 10.7 --28 21 53 '"
SX SCO 17 44 06.4--35 41 02 '" SGR A #2 17 42 29.0--28 59 21 750903 SGR 132 17 44 11 -28 21 30

TAU SCO 16 32 45.9 --28 06 49 " SGR A #3 17 42 28.6 --28 59 14 SGR B2 17 44 11 --28 22
V381 SCO 17 43 40.9 --35 45 54 " SGR A #3 17 42 28.9 --28 59 14 750903 SGR B2 17 44 I1 --28 22 00
V407 SCO 17 49 07.9 --35 00 58 " SGR A #4 17 42 28.6 --28 59 17 SGR B2 17 44 11 --28 22 30
V450 SCO 17 39 02.4 --35 13 44 " SGR A #5 17 42 28.6 --28 59 20 SGR B2 17 44 11.0 --28 22 (30
V635 SCO 17 18 50.3 --41 41 47 " SGR A #5 17 42 29.9 --28 59 07 750903 SOR B2 17 44 12 --28 21 44
V636 SCO 17 19 05.3 --45 33 59 " SGR A #6 17 42 28.6 --28 59 23 SGR B2 17 44 12 --28 22 12 ED
V644 SCO 17 24 11.9 --39 57 57 " SGR A #7 17 42 28.8 --28 59 14 SGR B2 17 44 13 -28 22 O0
V861 SCO 16 53 06.7 -40 44 43 " SGR A #7 17 42 29.2 --28 59 12 750903 SGR B2 17 44 13.1 --28 22 49 ED
V861 SCO 16 53 07 --40 44 44 SGR A #8 17 42 28.8 --28 59 17 SGR B2 17 44 14.4 -28 22 34
V866 SCO 16 08 41 -18 31 00 GCVS SGR A #8 17 42 29.4 -28 58 48 750903 SGR B2 17 44 21 --28 21 54

WSCO 16 08 49.7 --20 (30 33 CSI 79 SGR A #9 17 42 28.8 --28 59 20 SGR B2 H20 17 44 08 --28 22 06
X SCO 16 05 35.2 -21 23 57 "' SGR A #9 17 42 29.6 --28 59 23 750903 SGR B2 IRS 1 17 44 04.7 --28 21 18
Y SCO 16 26 31 --19 14 19 GCVS SGR A #10 17 42 28.8 --28 59 23 SGR B2 IRS 2 17 44 05.5 --28 21 02
Z SCO 16 03 02.3 --21 36 19 CSI 79 SGR A #10 17 42 29.8 -28 59 12 750903 SGR B2 IRS 3 17 44 09.6 --28 22 35

22 SCO 16 27 09.9 --25 00 24 '" SGR A #11 17 42 28.4 --28 59 06 " SGR B2 IRS 4 17 44 10.5 --28 20 34
FR SCT 18 20 35 -12 42 36 GCVS SGR A #11 17 42 28.8 --28 59 26 SGR B2 IRS 5 17 44 10.9 -28 23 56

NOVA SCT 1970 18 43 00 -- 8 36 SGR A #12 17 42 28.9 --28 59 25 750903 SGR B2 IRS 6 17 44 14.7 --28 21 30
R SCT 18 44 48.7 -- 5 45 35 CSI 79 SGR A #12 17 42 29.0--28 59 19 SGR B2 NIR 1 17 44 10 --28 21 (20

RX SCT 18 34 24.4 -- 7 38 40 " SGR A #13 17 42 29.0 --28 59 22 SGR B2 NIR 2 17 44 10 --28 22 24
RY SCT 18 22 42.6--12 43 07 '" SGR A #14 17 42 29.1 --28 59 11 SGR B2 RADIO 17 44 09 --28 21 30
RZ SCT 18 23 48.9 -- 9 13 55 '" SGR A #15 17 42 29.1 --28 59 14 SGR B2 I'N 17 44 14.4 --28 21 34

S SCT 18 47 37.0- 7 57 58 " SGR A #16 17 42 29.1 --28 59 17 SGR C
UY SCT 18 24 48.0 - 12 30 02 " SGR A #17 17 42 29.1 --28 59 20 SGR D

SCULPTOR BMI 0 57 37 -34 11 ED SGR A #18 17 42 29.1 --28 59 23 SOR E
SCULPTOR BM3 0 58 04 --34 05 "' SGR A #19 17 42 29.1 --28 59 26 SGR #1 17 56 15 --29 03 36
SCULPTOR BM4 0 58 03 --34 02 '" SGR A #20 17 42 29.1 --28 59 29 SGR #2 17 56 31 --29 05 00
SCULPTOR BM5 0 58 14 -34 01 " SGR A #21 17 42 29.3 --28 59 19 SGR #3 17 56 34 --29 04 46
SCULPTOR BM6 0 58 25 --34 01 " SGR A #22 17 42 29.3 --28 59 22 SGR #4 17 56 45 --29 04 35
SCULPTOR BM7 0 57 40 --34 03 " SGR A #23 17 42 29.3 --28 59 25 SGR #5 17 56 46 -29 04 43
SCULPTOR BM8 0 57 30 --34 05 " SGR A #24 17 42 29.4 --28 59 11 SGR #6 17 56 50 -29 04 29
SCULPTOR BM9 0 57 29 -34 06 " SGR A #25 17 42 29.4 --28 59 14 SGR #7 17 56 59 -29 04 24
SCULPTOR BMI0 0 57 36 --34 01 " SGR A #26 17 42 29.4 -28 59 17 SGR #8 17 56 59 --29 04 35
SCULPTOR BMII 0 57 37 --34 0<3 " SGR A #27 17 42 29.4 --28 59 20 SGR #9 17 57 130 -29 03 42
SCULPTOR BMI2 0 57 51 --33 58 " SGR A #28 17 42 29.4 --28 59 23 SGR #10 17 57 11 --29 03 53
SCULPTOR BMI3 0 57 55 -33 56 " SGR A #29 17 42 29.4 -28 59 26 SGR #11 17 57 16 --29 04 35
SCULPTOR BMI4 0 57 58 --33 57 " SGR A #30 17 42 29.4 --28 59 29 SGR #12 17 57 16 --29 03 43
SCULPTOR BMI5 0 57 25 --33 59 '" SGR A #31 17 42 29.5 --28 59 19 SGR #13 17 57 18 --29 03 30
SCULPTOR BMI6 0 57 20 -34 01 " SGR A #32 17 42 29.5 --28 59 22 SGR #14 17 57 18 --29 03 40
SCULPTOR BMI7 0 56 55 --33 58 " SGR A #33 17 42 29.5 --28 59 25 SGR #15 17 57 21 --29 03 57
SCULPTOR BMI8 0 57 04 --33 53 '° SGR A #34 17 42 29.6 --28 59 11 SGR D6 17 55 15 --28 54 lO GCVS
SCULPTOR BMI9 0 57 23 -33 53 " SGR A #35 17 42 29.6--28 59 14 SGR D7
SCULPTOR BM20 0 57 45 --33 52 "' SGR A #36 17 42 29.6 --28 59 17 SGR DI0
SCULPTOR BM21 0 5744 --33 56 " SGR A #37 17 4229.6--28 59 20 SGR DII
SCULPTOR BM22 0 57 14 -33 56 " SGR A #38 17 42 29.6 --28 59 23 SGR DI3 17 57 17 --28 53 13 GCVS
SCULPTOR BM23 0 57 40 --34 03 " SGR A #39 17 42 29.6--28 59 26 SGR DI4 17 57 33 --28 54 06 "
SCULPTOR BM24 0 57 09 --34 130 '" SGR A #40 17 42 29.6 --28 59 29 SGR DI6 17 56 52 --28 56 51 "
SCULPTOR BM25 0 58 07 --34 08 " SGR A #41 17 42 29.7 --28 59 19 SOR D]7
SCULPTOR V544 0 57 36 -33 46 " SGR A #42 17 42 29.7 --28 59 22 SGR DIS 17 56 35 --28 59 34 GCVS

ALF SER 15 41 48.1 + 6 34 52 CSI 79 SGR A #43 17 42 29.7 --28 59 25 SGR DI9 17 56 27 -28 57 34 "
BG SER 15 41 01 -- 1 33 12 GCVS SGR A #44 17 42 29.9 --28 59 11 SGR D20 17 55 20 --28 57 45
BQ SER 18 33 47.1 + 4 21 20 CSI 79 SGR A #45 17 42 29.9 --28 59 14 SGR D21 17 55 31 --29 01 15
CV SER 18 16 19.7 --11 39 14 " SGR A #46 17 42 29.9 --28 59 17 SOR D26 17 57 05 -29 00 26 "
DR SER 18 44 50.7 + 5 24 30 " SGR A #47 17 42 29.9 --28 59 20 SGR D30 17 57 01 --29 04 20

ETA SER 18 18 43.2 - 2 54 47 " SGR A #48 17 42 29.9 --28 59 23 SGR D32 17 55 24 --29 03 33
EU SER 18 16 19 --13 51 55 GCVS SGR A #49 17 42 29.9 --28 59 26 SGR D35 17 56 54 -29 07 03 '"

GAM SER 15 54 08.3 +15 49 23 CSI 79 SGR A #50 17 42 30.1 --28 59 11 SGR D36 17 57 11 --29 08 43
KAP SER 15 46 29.2 +18 17 39 " SGR A #51 17 42 30.1 --28 59 14 SGR D43 17 56 58 --29 13 26
LAM SER 15 44 00.7 + 7 30 29 " SGR A #52 17 42 30.1 --28 59 17 SGR D44 17 56 05 -29 15 06

NOVA SER 1970 18 28 17 + 2 34 40 GCVS SGR A #53 17 42 30.1 --28 59 20 SGR D45
NOVA SER 1978 17 48 59.7 --14 43 08 ED SGR A #54 17 42 30.1 --28 59 23 SGR D47
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SGR I D49 17h56_3 ' --29"01' 0_ CVS SK--67--12 TAU #23 4h29_13_5+24"22'

SOR I D54 17 56 14 --29 02 _ " SK--67--110 TAU #24 29 28.9 +24 13 38SGR I D56 17 55 23 -29 03 " SK--67--120 TAU #25 4 29 30.1 +24 13 44
SGR 1 D57 17 56 35 --29 03 16 " SK--67--159 TAU #26 4 30 04.7 +24 03 18
SGR 1 D59 17 57 13 --29 03 55 " SK--67--224 TAU #27 4 30 32.3 +24 15 04
SGR I D61 SK--68--14 TAU #28 4 30 32.7 +24 14 54
SGR I D65 SK--68--107 TAU #29 4 34 12.0 +25 I1 30
SGR I D68 17 55 14 --29 I1 22 _CVS SK--68--135 TAU #30 4 40 30.7 +25 06 03
SGR 1 D71 17 57 42 --29 10 59 " SK--68--140 TAU A 5 31 30 +21 59
SGR I D74 SK--68--177 TAU--AUR STAR4 4 38 13 +28 34 16
SGR I D77 17 55 22 -28 56 03 ;CVS SK-68-179 AATAU 4 31 54 +24 22 46
SGR 1 DSI SK--69--104 ALF TAU 4 33 02.9 +16 24 36
SGR 1 D87 SK--69--51 ALFTAU 4 3303 +16 24 41
SGR I D95 SK--69--68 BET TAU 5 23 07.7 +28 34 00
SGR I DIDO SK--69--108 BP TAU 4 16 08.9 +28 59 01
SGR I DI03 17 57 37 -28 49 53 ;CVS SK-69-213 BWTAU 4 30 31 + 5 15 03
SGR I DI06 17 57 09 --28 48 49 " SK--69--215 CETAU 5 29 16.7 +18 33 31
SGR I DII7 SK--69-228 CI TAU 4 30 52 +22 43 50
SGR 1 DI33 SK-69-247 CQTAU 5 32 54,1 +24 43 02
SGR 1 DI39 17 57 36 --29 15 53 ;CVS ] SK-69--253 CT TAU 5 55 41.7 +27 04 38
SGR IRA 17 42 30 --28 59 ] SK--69--254 CW TAU 4 II I1 +28 03 20
SGR IRB 17 44 24 --28 22 SK--69--274 CX TAU 4 11 44 +26 40 54
SGR IRC 17 41 24 --29 26 SK--69--279 CY TAU 4 14 30 +28 13 31

AO SGR 18 09 01.4 -29 52 20 _I 79 I SK-70-32 CZ TAU 4 15 27 +28 09 45
AQ SGR 19 31 27.0--16 29 0l " SK--70--116 DD TAU 4 15 27 +28 09 09
AR SGR 18 56 39.7-23 46 36 " SK-71--17 DDTAU IRS 4 15 35 +28 I1
AX SGR 18 05 31.9--18 33 47 " SLS 1267 10 --50 15 ED DE TAU 4 18 49 +27 48 02

EPS SGR 18 20 51.1 --34 24 35 " SLS 2778 2 50 --62 36 " DEL TAU 4 20 02.7 + 17 25 35
ETA SGR 18 14 14.6--36 46 40 " SLS 3981 7 10 --40 17 " DF TAU 4 2400 +25 35 42

F'N SGR 18 50 57.2 --19 03 35 " SMC B 2 0 46 02.4 --73 38 32 _9910 DG TAU 4 24 00.9 +25 59 36
GAMSGR 18 02 35.6 -30 25 34 " SMC B 5 04630.1--73 37 32 " DHTAU 4 26 37 +26 26 31

GUSGR 18 21 11.6 -24 16 51 " SMC B 8 04635.2--73 29 30 " DITAU 42638 +26 26 19
KW SGR 17 48 50.9 --28 00 49 " SMC B 10 0 46 53.6 --73 29 01 " DK TAU 4 27 40.4 +25 54 59

MUUSGR 18 1046.3--21 04 24 " SMC B 13 04703.9-73 30 21 " DLTAU 4 30 36 +25 14 22
MV SGR 18 41 33 --21 00 24 }CVS ' SMC B 18 0 47 20.6--73 24 18 " DM TAU 4 30 57 + 18 03 37

NOVA SGR 1977 18 35 11.8 --23 25 28 ED SMC B 22 0 47 31.3 --73 38 46 " DN TAU 4 32 25 +24 08 56
NOVA SGR 1978 18 30 14.9 -20 08 11 80412 SMC B 23 0 47 33.3 --73 24 42 " DO TAU 4 35 25 +26 04 56
HULl I SGR 18 51 09.0 -22 48 28 :SI 79 SMC B 24 0 47 35.0 -73 38 05 " DO TAU/EAST

PISGR 19 06 47.3 --21 06 16 " SMC B 25 04736.4--73 31 13 " DPTAU 39 34 +25 1003
R SGR 19 13 45.7 --19 23 48 " SMC B 28 0 47 39.3 --73 28 23 " DQ TAU 43 59 + 16 54 38

RR SGR 19 52 48.9 --29 19 16 " SMC B 30 0 47 46.3 --73 34 10 " DR TAU 44 12 + 16 53 19
RT SGR 20 14 25.6 --39 16 55 " SMC B 31 0 47 47.0 --73 24 59 " DS TAU 4 44 39 +29 20 00
RV SGR 18 24 41.3 --33 21 25 " SMC B 36 0 47 53.9 --73 24 38 " DV TAU 5 28 10.3 + 18 31 25
RW SGR 19 10 59.0 --18 56 51 " SMC B 39 0 48 07.4 --73 29 03 " EPS TAU 4 25 41.5 + 19 04 15
RX SGR 19 11 37.4 -18 54 02 " SMC B 40 0 45 16.8 --73 29 49 " ETA TAU 3 44 30.3 +23 57 07
RYSGR 19 13 16.9 --33 36 39 " SMC B 45 04829.0--73 29 03 " FMTAU 4 1107 +28 05 14
RZ SGR 20 11 59.5 -44 34 05 " SMC B 47 0 48 37.5 --73 39 06 " FN TAU 4 11 24 +28 21 43

SSGR 19 16 31.5-1906 42 " SMC B 52 04902.5--73 44 01 " FPTAU 4 1143 +26 38 36
ST SGR 18 58 42.3 -12 49 56 " SMC B 65 0 49 39.8 --73 39 24 " FX TAU 4 27 13 +24 19 41
SZ SGR 17 42 00.1 --18 38 13 " SMC B 74 0 50 25.9 --73 30 50 " GAM TAU 4 16 56.6 +15 30 29
T SGR 19 13 23.2 --17 03 54 " SMC N76B KI 1 01 23.0 --72 22 04 GO TAU 4 29 37 +17 25 25
U SGR 18 28 56.4 --19 09 41 " SMC N76B K2 01 29.7 --72 22 35 GH TAU 4 30 04.7 +24 03 18

UPS SGR 19 18 51.7 --16 03 01 " SMC N76B K3 01 29.5 --72 22 26 GI TAU 4 30 32.3 +24 15 04
UW SGR 19 43 32.5 -18 16 29 " SN 1 16 18 30.2-- 0 09 13 119914 GK TAU 4 30 32.7 +24 14 54
VV SGR 17 54 06 --19 19 56 3CVS SN 1972E 13 37 05.2--31 23 21 '59903 GOTAU 4 40DO +25 14 37
VXSGR 18 05 00.9 --22 13 50 _SI 79 SN 1975A 6 14 16 --21 19 ED HKTAU 4 28 31 +24 18 36
VXSGR 18 05 03.0 --22 13 56 SOURCEQ 4 36 22.6 +25 47 22 HKTAU G1 4 29 41 +24 12
VX SGR 18 05 05.0 --22 14 00 SOURCE 1 16 23 32.7 --24 16 44 HK TAU G2 4 29 18 +24 16

V348 SGR 18 37 18.3 --22 57 29 _SI 79 SOURCE 2 16 23 22.5 -24 18 13 HL TAU 4 28 44.4 + 18 07 37
V348SGR 18 37 24 --23 03 SOURCE 3 16 22 18.8 -24 22 38 HNTAU 4 30 41 +17 52 27
V350 SGR 18 42 19.0 --20 42 00 "_.Sl79 SOURCE 4 16 22 20.5 -24 23 39 HO TAU 4 32 05 +22 26 21
V540 SGR 17 56 42.0-35 55 32 " SOURCE 16 16 22 35.4--24 27 14 r30903 tip TAU 4 32 48 +22 48 18
V585 SGR 18 01 12 --35 43 44 .3CVS SS 7 7 31 00.5 -I1 42 08 r39903 HP TAU GI 4 32 52.4 +22 48 53
V659 SGR 18 0g 32 --36 25 06 " SS 29 II 06 27.3 --65 31 02 " HP TAU G2 4 32 54.2 +22 48 10
V745 SGR 17 52 07 --29 07 29 " SS 65 16 47 53.3 --37 12 59 " HP TAU G3 4 32 53.7 +22 48 06
V758SGR 17 46 49 --29 DO04 " SS 73 17 03 30.3 --45 2008 " IKTAU 3 50 39 +11 15 01
V774 SGR 17 51 24 --23 13 38 " SS 76 17 05 47.1 --27 08 44 " IK TAU 3 50 46.0 + I1 15 42
V781 SGK 17 52 47.9 --28 01 24 ?_SI79 SS 78 17 06 57.7 --32 55 05 " IQ TAU 4 26 54 +26 CO42

VI017 SGR 18 28 53 --29 26 01 ,._CVS SS 96 17 38 04.8 --36 46 14 " IS TAU 4 30 46 +26 (30 27
V1921 SGR 18 35 44 --21 46 13 " SS 110 17 51 06.2 --34 26 28 " RAP TAU 4 22 23.0 +22 10 50
V1942 SOR 19 16 17.7 --16 D0 02 .?,SI79 SS 117 17 59 0%6 --31 59 14 " NML TAU 3 50 40 +11 15
V1943SGR 20 03 51 --27 22 06 3CVS SS 123 18 0145.5-21 51 43 " RTAU 4 25 33.4+I003 07
V2464 SGR 17 56 35 --29 03 18 SS 125 18 02 34.8 --24 30 57 " R TAU 4 25 36.0 + 10 03 30
V2467 SGR 17 56 36 -29 03 59 SS 141 18 08 53,9 -33 II 27 " RR TAU 5 36 23.3 +26 20 56
V2478SGR 17 5701 -29 04 29 SS 166 EAST 18 26 16.7--17 29 14 " RUTAU 5 49 44 +15 57 33
V3876 SGR 18 30 14.9 -20 08 I1 SS 166 WEST .... RV TAU 4 44 01.9 +26 05 26

W SGR 18 01 49,4 --29 35 01 ,_SI 79 SS 167 18 28 40.7 -- 18 17 40 " RX TAU 4 35 30.4 + 8 14 12
X SGR 17 44 24.6 --27 48 48 " SS 170 18 31 38.4 -- 0 28 45 " RY TAU 4 18 50.8 +28 19 35
YSGR 18 18 26.4 --18 53 01 " SS433 19 09 18 + 4 53 54 RYTAU40"E 4 18 51.9 +28 19 29
Z SGR 19 16 45.9 --21 01 41 " SS 433 19 09 21.3 + 4 53 54 _09912 RY TAU 40"N 4 18 50.8 +28 20 15
9 SGR 18 (3048.3 --24 21 47 " ST 3 20 19 46 +37 14 569904 RY TAU 40"S 4 18 50.8 +28 18 55

22 SGR 18 24 53.0--25 27 03 " STELLAR OBJ 13 50 40 --61 59 18 RY TAU 40"W 4 18 50.1 +28 19 35
SH 255 60958.4+18 DO 12 771004 STEPANIAN 15 35 44 +1901 30 _09911 STAU 4 26 27.9+ 9 49 56
SH2-71 18 59 28.0 + 2 04 56 739909 STRAND 58 ST TAU 5 42 13,3 + 13 33 23
SH2--106 20 25 34.1 +37 12 42 SW 77 II 23 +26 ED SU TAU 46 11.9 +19 03 (30

SH2--106#2 202533.7+371247 ED SWST 1 I_ 1258.8-3053 1440 769910 SWTAU 42154.7+40032SH2-106 #3 20 2S 33.7 +37 12 37 " T ANON IRSI I1 36 50,4 --58 20 SZ TAU 4 34 20.1 + 18 26 33
SH2--106 #4 20 25 34.5 +37 12 37 " T ANON IRS2 10 36 44.1 -58 20 47 T TAU 4 19 04.1 +19 25 05
SH2-- 106 #5 20 25 34.5 +37 12 47 " T ANON IRS3 10 36 44.2 --58 22 09 T TAU N
SH2--106 #6 20 25 34.1 +37 12 55 " T ANON IRS5 10 36 35.6 --58 25 06 T TAU S
SH2-- 106 #7 20 25 33.0 +37 12 42 " T 6B T TAU 5"E 4 19 04.4 + 19 25 06
SH2--106 #8 20 25 34.1 +37 12 29 " T 23 TTAU 5"N 4 19 04.1 +19 25 11
SH2--149 IR 22 54 20 +58 15 T 29 TTAU 5"S 4 19 04.1+19 25 01
SH2--149 IRS " 780711 T 69 T TAU 5"W 4 19 03.8 +19 25 06
SH2--149A .... T 90 TTAU 40"E 4 1906,7+19 25 06

SH2--157.1 23 13 +59 13 729906 T 258 T TAU 40"N 4 19 04.1 + 19 25 46SH2--266 15 55.3 +15 18 00 "/59901 TAU #1 4 15 34.6 +28 12 01 T TAU 40''S 4 19 04.1 + 19 24 26
SIMEIS 130 TAU #2 4 18 50.8 +28 19 35 T TAU 40"W 4 19 01.6 + 19 25 06
SIMEIS 188#2B 18 06 56 --24 07 36 TAU #3 4 20 22.6 +24 53 13 T TAU 70"W 4 18 59.4 + 19 25 06
S[RIUS 6 42 56,7 --16 38 45 CSI 79 TAU #4 4 22 37.4 +24 01 03 THE I TAU 4 25 42.9 + 15 51 09
SK 14-67 TAU #5 4 2400.9+25 59 36 THE 2TAU 4 2548.2+15 45 40
SK 52-68 TAU #6 4 2605.7 +24 37 17 TFTAU 4 48 22.9 +28 26 34
SK 107--68 TAU #7 4 26 22.0 +24 26 29 TU TAU 5 42 09.7 +24 24 DO
SK 108--69 TAU #8 4 27 40.4 +25 54 59 TX TAU 4 05 08.3 +26 28 08
SK 116-69 TAU #9 4 2909.6+24 27 17 UXTAU 4 2709.9 +18 07 21
SK 120-69 TAU #10 4 29 37.7 +23 52 07 UX TAU A "
SK 152-69 TAU #11 4 29 39.2 +25 46 14 UXTAU B "
SK 213--69 TAU #12 4 30 05.2 +24 03 39 - UZ TAU 4 29 39.0 +25 46 31
SK 228--67 TAU #13 4 30 21,7 +26 09 18 UZ TAU F,P 4 29 39.2 +25 46 14
SK 256--69 TAU #14 4 35 53.4 +26 25 14 V TAU 4 49 08.3 +17 27 17
SK 280-69 TAU #15 4 36 22.8 +25 47 08 VY TAU 4 36 18 +22 42 04
SK--65--9 TAU #16 4 36 34.4 +26 05 35 V410 TAU 4 15 23 +28 20 40
SK--65--10 TAU #17 4 3640.6+25 10 I1 WTAU 4 2502.7+15 55 55
SK--65--I1 TAU 418 4 36 51.8 +25 39 13 W%VTAU 3 58 34.5 +30 06 56
SK--65--40 TAU #19 4 41 14.3+25 19 20 XZTAU 4 2846.1 +18 07 36
SK--66--12 TAU #20 4 44 01.9 +26 05 26 Y TAU 5 42 40.4 +20 40 32
SK--66--137 TAU 421 4 4544.1 +25 32 59 ZTAU 5 49 32.1 +15 47 03
SK--67--2 TAU #22 4 15 40.9 +28 12 53 ZET TAU 5 34 39.2 +21 06 49
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10TAU 3 34 19.0+ 0"14 38 " 47TUC #2603 0h19_43' -72"27 " UCL 41 17h13m06' --37"54 54
17TAU 3 41 54.0 +23 57 26 " 47TUC #2605 0 19 44 -72 25 " UCL42 17 08 45 --38 31 30
20TAU 3 42 50.7 +24 12 46 " 47TUC #3407 0 18 30 --72 18 " UCL43 17 08 18 --39 06 24
23 TAU 3 43 21.1 +23 47 38 " 47 TUC #3410 0 18 50 --72 19 " UCL 43A 17 07 54 --39 05 42
27 TAU 3 46 10.9 +23 54 06 " 47 TUC #3501 0 19 (30 --72 21 "" UCL 44 17 02 54 --40 49 O6
28TAU 3 46 12.3 +23 59 07 " 47TUC #3512 0 19 40 -72 17 " UCL45 17 0100 -40 43 06
45 TAU 4 08 40.3 + 5 23 38 " 47 TUC #4411 0 21 10 --72 07 " UGC 94 0 07 51.3 +25 33 16 769909
46 TAU 4 10 51.3 + 7 35 22 " 47 TUC #4415 0 21 30 -72 07 " UGC 98 0 08 05.9 +32 42 18 '"
57 TAU 4 17 08.4 + 13 54 57 " 47 TUC #4417 .... UGC I00 0 08 I1.5 +33 04 24 "
58TAU 4 17 45.9+14 58 36 " 47TUC #4418 0 21 40 --72 06 " UGC 238 0 22 25.6 +31 04 04 "
63 TAU 4 20 32.6 + 16 39 42 " 47 TUC #4503 0 20 20 -72 12 " UGC 255 0 24 10.5 +31 25 35 "
64TAU 4 21 12.5+17 19 46 " 47TUC #4603 02146 -72 I1 " UGC 279 0 2536.6+30 31 33 "
68TAU 4 22 35.5+17 48 54 " 47TUC #5309 02400 --72 06 " UGC 433 0 38 18 +31 27 UGC
76 TAU 4 25 33.2 + 14 37 51 " 47 TUC #5312 0 24 30 --72 07 " UGC 562 0 52 24.6 +31 16 15 769909
90 TAU 4 35 21.5 + 12 24 42 " 47 TUC #5404 0 22 10 --72 07 " UGC 711 1 06 03.3 + I 22 27

105 TAU 5 04 55.9 +21 38 24 " 47TUC #5406 0 22 30 -72 06 " UGC 927 I 20 22.2 +33 16 04 769909
111 TAU 5 21 30.2 +17 20 18 " 47 TUC #5422 0 24 00 -72 08 " UGC 979 I 22 31.0 +33 45 55 "
119 TAU 5 29 16.7 +18 33 31 " 47 TUC #5427 0 24 10 --72 ! 1 " UGC 1577 2 02 32.2 +30 56 20
139 TAU 5 54 53.3 +25 56 58 " 47 TUC #5527 0 23 30 --72 10 " UGC 1835 2 19 46.9 +28 01 50

TC 1 17 41 52.6--46 04 10 769910 47 TUC #5529 0 23 40 --72 11 " UGC 2082 2 33 22.7 +25 12 24
BLTEL 19 02 43.9-51 29 41 CSI 79 47 TUC #5627 0 23 06 -72 I1 " UGC 2134 2 35 56.1 +27 38 02 769909
BR TEL 20 20 13.9 --53 01 53 " 47 TUC #5739 0 22 54 --72 15 " UGC 2274 2 45 12.3 +34 12 41
NTTEL 19 18 56 --50 29 47 TUC #6407 0 25 10 -72 14 " UGC 3137 4 39 21.3 +76 19 36
RRTEL 20 00 18.9 --55 51 30 CSI 79 47 TUC #6408 0 25 00 --72 15 " UGC 3580 6 50 02.4 +69 37 38
RS TEL 18 15 06.9 -46 34 05 " 47 TUC #6502 0 24 10 -72 13 " UGC 3691 7 05 10.0 +15 15 30
RX TEL 19 03 17.9 --46 02 53 " 47 TUC #6509 0 24 (30 -72 14 " UGC 4238 8 05 08.4 +76 34 11
SV TEL 18 52 27.9 --49 32 03 " 47 TUC #7320 0 25 30 -72 23 " UGC 4329 8 16 12 +21 20 UGC
V TEL 19 14 21.1 --50 32 54 " 47TUC #7502 0 24 (30 --72 29 " UGC 4334 8 16 51.9 +22 11 18 769909

TERZAN 2 17 24 20.8 --30 45 36 47 TUC #7507 0 23 50 --72 27 " UGC 4354 8 18 30 +21 05 UGC
TERZAN 5 17 45 (30.1--25 45 52 719901 47 TUC #7525 0 24 (30 --72 31 " UGC 4386 8 21 06 +21 12

NEAR TERZAN 5 17 44 56.1 --25 44 52 ED 47 TUC #8406 0 22 40 --72 35 " UGC 4399 8 23 12 +21 37
TH2--B 13 25 16 --63 33 48 759905 47 TUC #8416 0 24 20 --72 33 " UGC 4514 8 35 54.3 +53 38 00
TH3-1 17 02 40 -25 21 00 809909 47 TUC #8517 0 23 10 --72 33 " UGC 4559 8 41 04.2 +30 18 01
TH3_3 17 14 10 --28 56 18 789908 47 TUC #8518 0 23 19 --72 33 " UGC 5459 10 04 53.8 +53 19 45
TH3--4 17 15 38 --31 36 00 " 47 TUC A8 0 21 53 --72 21 RNGC UGC 6399 11 20 36 +51 12
TH3--5 17 15 51 --30 51 06 " 47TUC A19 .... UGC 6667 11 3945.1 +51 52 30
TH3--6 17 16 07 --31 09 45 " 47 TUC R10 " " UGC 6818 11 48 10.2 +46 05 08
TH3--7 17 17 51.7 --29 19 54 769910 47 TUC RI7 .... UGC 6923 I1 54 14.0 +53 26 20
TH3--8 17 19 37.4--32 I1 17 " 47 TUC RIB .... UGC 6983 11 56 36 +52 59
TH3--9 17 20 45 --30 59 06 789908 47 TUC R23 .... UGC 7089 12 03 24 +43 25
TH3--10 17 21 27 --30 49 12 47 TUC R26 " UGC 7513 12 23 09.9 + 7 29 36 769909
TH3--11 17 21 05 --31 40 48 47 TUC R32 .... UGC 7699 12 30 21.2 +37 53 47
TH3--12 17 21 55 --29 42 42 " 47 TUC R36 .... UGC 7737 12 32 06 +15 29 UGC
TH3--13 17 22 06 --30 38 06 47 TUC V1 " UGC 7774 12 33 58.3 +40 16 48
TH3--14 17 22 37 --26 55 12 819916 47 TUC V2 .... UGC 7941 12 43 54.8 +64 50 31
TH3--16 17 24 13 --29 18 48 789908 47 TUC V3 .... UGC 8146 13 00 03.3 +58 58 06
TH3--17 17 24 21 --29 _0 36 " 47 TUC V4 .... UGC 8246 13 07 44.8 +34 26 48
TH3--18 17 25 17 --28 36 18 47 TUC V5 " UGC 8918 13 57 42 + 9 13 UGC
TH3--19 17 25 32 --28 25 06 47TUC V6 .... UGC 8938 13 59 18.0 + 9 43 53 769909
TH3--20 17 25 55.0 --29 41 01 769910 47 TUC V7 .... UGC 8942 13 59 35.7 + 10 10 08
TH3--24 17 27 39 --30 15 (30 819916 47TUC V8 ...... UGC 8944 13 59 43.3 + 9 40 45
Tt13--25 17 27 39 --27 03 42 789908 47 TUC Vll " UGC 8948 14 (3006 + 9 19 UGC
TH3-27 17 32 54.6-24 23 30 769910 47 TUC VI3 .... UGC 8950 14 (30 12 + 9 25
TH3--30 17 30 34 --28 05 36 819916 47 TUC VI5 .... UGC 8951 14 00 18 + 9 01
TH3--31 17 31 06 --29 27 36 47 TUC VI6 .... UGC 8967 14 01 00 + 9 43
TH3-34 17 34 30 -32 13 42 47 TUC V17 " UGC 9023 14 04 24 + 9 34
TH3-55 17 27 45 -30 58 54 47 TUC V18 .... UGC 9764 15 09 49.7 +65 05 10
TH4--3 17 45 36.0--22 15 53 769910 , 47 TUC VI9 .... UGC 9858 15 24 52.0 +40 44 16
TH4--6 17 48 00.8--18 46 (30 47 TUC V21 .... UGC 9977 15 39 26.6 + 0 52 22
TH4--7 17 49 22.0--21 50 33 47 TUC V25 .... UGC 10288 16 11 51.0- 0 04 54
TH4-8 17 49 42.0--21 14 00 47TUC V28 .... UGC 11093 17 5926.0+ 6 58 01
TH4--10 17 54 I1 --18 06 24 819917 I 47 TUC W3 .... UGC 11651 20 55 05.0 +25 46 29
TON 153 13 17 34.2 +27 43 52 47 TUC W12 " UGC 11707 21 12 20.2 +26 31 39
TON 155 13 18 53.7 +29 03 30 809908 47 TUC WI2A " UGC 12417 23 I0 18 + 5 31 UGC
TON 156 13 18 54.8 +29 03 01 47 TUC W76 .... UGC 12423 23 10 36 + 6 08
TON 157 13 21 00.0 +29 25 45 47 TUC W77 .... UGC 12442 23 12 01.9 + 4 13 33 769909
TON 157 13 21 00.3 +29 25 45 809908 47 TUC W78 " UGC 12447 23 12 10.3 + 4 15 43 "
TON 202 14 25 21.9 +26 45 38 47 TUC WSI .... UGC 12454 23 12 36 + 9 24 UGC
TON 256 16 I2 08.7 +26 II 46 47TUC W3_0 ...... UGC 12472 23 14 12 + 8 37
TON 490 10 I1 05.6 +25 04 10 TYCHO SNR 0 23 03 +63 50 06 UGC 12486 23 15 43.7 + 6 18 45 769909
TON 490 10 11 05.7 +25 04 11 809908 T1032-283 10 32 --28 18 ED UGC 12494 23 16 24 + 6 35 UGC
TR 14 IRS2 10 42 18.5 --59 18 45 TI038--290 10 38 --29 00 " UGC 12497 23 16 36 + 7 25
TR 15 IRSI 10 43 11.0--59 07 07 T1238--364 12 38 --36 24 " UGC 12498 23 16 36 + 7 50
TR 15 IRS3 10 42 47.8 --59 03 05 T1350--383 13 50 --38 18 " UGC 12539 23 18 54.6 + 7 56 38 769909
TR 15 IRS4 10 42 39.1 --59 08 29 T1351--375 13 51 17.3 --37 31 51 789906 UGC 12666 23 31 12.2 +32 06 26
TR 16 IRS3 10 43 14.2 --59 24 18 UCL I 5 32 54 -- 5 24 54 UKS 1751--241 17 51 23.5 --24 08 12
TR 16 IRS4 10 42 58.6 --59 22 14 UCL 2 5 39 (30 -- I 55 (30 ED UMA #1 10 42 +48 15
TR 16 IRS5 104252.1--59 21 06 UCL4 2 22 (30 +61 52 30 UMA #2 10 52 +45 I0
TR 16 IRS7 10 42 47.2--59 22 29 UCL 4 2 22 00 +61 52 54 UMA #3 11 16 +43 01
TR 16--100 UCL 4A 2 23 18 +61 39 12 UMA #4 12 00 +46 12
TR 24 IRS4 16 53 33.6 --40 24 25 UCL4B 2 23 06 +62 02 30 UMA #5 1201 +51 08
TR 24 IRS5 16 53 36.6 --40 21 09 UCL 7 20 30 34 +40 04 24 UMA II CLI
TR 24 IRS7 16 53 23.1 --40 19 56 UCL 8 18 {3033 --24 23 24 ALF UMA 11 00 39.5 +62 01 15 CSI 79
TR 24 IRS9 16 53 11.0--40 26 29 UCL9 17 57 30 --24 04 18 ANUMA I1 01 33 +45 20 52 GCVS
TR 24 IRSI0 16 53 23.6 --40 17 14 UCL 10 17 27 15 --34 39 42 AZ UMA I1 44 36.1 +43 44 57 779907
TR 27 I 17 32 54 --33 27 739904 UCL 11 #1 17 21 29 --34 0600 BETUMA 10 58 50.2 +56 39 02 CSI 79
TR 27--28 17 33 29 --33 24 10 UCL 11 #2 17 22 22 --34 17 36 CHIUMA 11 43 24.9 +48 03 22

RV TRA 15 27 53.9 --62 22 56 CSI 79 UCL 12 17 25 55 --36 39 06 DEL UMA 12 12 57.5 +57 18 35
V TRA 16 44 53.9 --67 41 42 UCL 13 17 19 52 --35 51 42 EPS UMA 12 51 50.2 +56 13 51 779907
X TRA 15 09 29.0 --69 53 34 UCL 14 #1 17 17 26 --35 43 54 ETA UMA 13 45 34.3 +49 33 43 CSI 79

TRAPEZIUM 5 32 48.5 -- 5 25 12 740903 UCL 14 #2 17 17 08 --35 47 42 GAM UMA I1 51 12.5 +53 58 21
TRAPEZIUM 5 32 48.5 -- 5 25 17 UCL 14 #3 17 16 50 --35 51 48 MUU UMA 10 19 21.4 +41 45 05
TRAPEZIUM #1 5 32 47.0 -- 5 24 20 ED UCL 15 17 14 02 --36 16 54 NUU UMA 11 15 46.9 +33 22 02
TRAPEZIUM #2 5 32 49.7-- 5 25 01 CSI 79 UCL 16 17 1642 --38 57 42 OMIUMA 8 26 07.6 +60 53 13
TRAPEZIUM #3 5 32 48.2 -- 5 24 20 ED UCL 17 17 05 48 --41 31 36 R UMA 10 41 07.5 +69 02 23 779907
TRAPEZIUM I'S 5 32 48.5- 5 24 12 UCL 18 16 56 02 -40 07 36 RHOUMA 8 58 03.9 +67 49 34 CSI 79

R TRI 2 33 59.8 +34 02 52 779907 UCL IgA 16 57 02 --40 32 06 RS UMA 12 36 41.2 +58 45 28 779907
RW TRI 2 22 42 +27 52 20 GCVS UCL 19 16 37 29 --46 26 54 RU UMA I1 3902.0 +38 45 08
EPS TUC 23 57 19.9 -65 51 17 CSI 79 UCL 20 16 37 31 --47 03 48 RY UMA 12 18 04.0 +61 35 14

S TUC 0 20 47.3 --61 57 19 UCL 21 16 33 00 --47 22 42 S UMA 12 41 45.6 +61 22 01
TTUC 22 37 16.7-61 48 53 UCL 22 16 18 39 -49 55 54 STUMA I1 25 06.8 +45 27 38
U TUC 0 55 44.9--75 15 42 UCL 23 16 18 06 --50 15 06 SU UMA 8 08 05 +62 45 28 GCVS
47 TUC 0 21 53 --72 21 RNGC UCL 24 16 17 38 --50 28 12 SV UMA 10 43 27.8 +55 17 57 779907
47 TUC #1406 0 19 40 --72 32 ED UCL 25 16 16 59 --50 30 42 T UMA 12 34 07.3 +59 45 44
47 TUC #1407 .... UCL 26 16 16 35 --50 45 48 UX UMA 13 32 41.9 +52 22 49 CSI 79
47 TUC #1414 0 20 30 --72 34 UCL 27 16 16 15 --50 54 06 VY UMA 10 41 37.2 +67 40 27 779907
47TUC #1421 0 20 50 --72 38 UCL 28 16 12 55 --51 09 48 WUMA 9 40 15.4 +56 10 56
47 TU€ #1425 0 21 40 --72 37 " UCL 29 16 08 14 --51 20 00 X UMA 8 37 14.1 +50-18 54
47 TUC #1505 0 2040 --72 29 " UCL 30 16 07 30 --51 22 06 XI UMA 11 15 31.1 +31 48 39 CSI 79
47 TUC #1510 0 19 40 -72 32 UCL 31 16 05 44 --51 49 24 Y UMA 12 38 04.4 +56 07 15 779907
47 TUC #1513 0 20 40 --72 30 UCL 32 16 06 21 --52 01 00 Z UMA I1 53 54.3 +58 08 59
47 TUC #1518 0 20 40 --72 32 " UCL 33 15 55 08 --53 37 36 15 UMA 9 05 21.3 +51 48 27 CSI 79
47 TUC #1602 0 21 32 --72 32 '" UCL 34 15 49 51 --54 26 48 61 UMA I1 38 25.2 +34 29 01
47 TUC #1603 0 21 28 --72 32 UCL 34A 15 49 00 --54 25 12 83 UMA 13 38 50.5 +54 56 01
47TUC #1604 0 21 23 -72 33 UCL 35 9(3005 -47 31 42 ALFUMI I 48 48.7 +8901 42
47TUC #2416 0 1910 --72 28 UCL 36 8 57 21 -47 17 42 BETUMI 14 50 49.6 +74 21 35
47 TUC #2426 0 19 30 --72 29 UCL 37 8 57 42 --43 35 54 R UMI 16 30 37.8 +72 23 10 779907
47TUC #2525 0 2010 -72 28 UCL 39 19 08 27 + 9 01 30 RRUMI 14 56 46.7 +66 07 52
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NAME RA (1950) DEC POSREF: NAME RA (1950) DEC POSREF NAME RA (1950) DEC IPosREF

h m • h m i
S UMI 15 31 27.1 .1.78"48'08. "' VE 27 8 h50_17_ --46"06' 48" 789907 V VUL 20 34 241 +26"25' 45"

TUMI 133338.3.1.734038 CS179 I VEGA 183514.6+384409 CSI79 WWVUL 192349.4.1.210625 I "
THE UMI 115 32 51.2 +77 30 58 " VEL X--I 9 00 --40 VV 1--4 6 12 05.0 +12 22 22 1739_U UMI 14 16 14.2 +67 01 28 779907 AI VEL 8 12 26.2 --44 25 21 CSI 79 VV 1--7 7 39 00.9 --18 52 17

U0052--326 0 52 --32 36 ED [IL VEL 8 07 04 --46 22 08 GCVS VV 8 1 55 33 +52 39 15 709904
U0147-270 1 47 --27 G0 " [IN VEL 8 11 37.3 -47 57 57 CSI 79 VV 80 16 13 23.3 -51 51 44 769910
U01511498 1 51 -49 48 " CM VEL 10 05 41.3 --53 00 54 " VV 144 I
U0219-345 2 19 --34 30 "' FP VEL 9 51 39 --52 16 25 GCVS VY 1-1 0 16 02 +53 35 41 709904
U0418-583 4 18 --58 18 " GAM VEL 8 07 59.3-47 11 17 CSI 79 VY I-2 17 52 24 +28 00 P--K
U0532--527 5 32 --52 42 '" GAM 2 VEL .... VY 2--1 18 24 53.2 --26 08 36 769910
U0547--245 5 47 --24 30 '" GS VEL 10 43 36 --56 19 46 GCVS VY 2-2 19 21 59.0 + 9 47 59 739909
U0632-629 6 32 -62 54 "' LAM VEL 9 06 09.3 -43 13 46 CSI 79 VY 2-3 23 20 24 .1.46 38 P--K
U1310-302 13 10 --30 12 " MUU VEL 10 44 36.7 -49 09 18 " WALKER 67 6 37 52 .1. 9 50 36 740903
U1352--336 13 52 --33 36 '" RS VEL 9 22 09.2-48 38 47 " WOLF--LN/A2359 23 59 --15 ED
U28 130 12 51 41 +27 35 '" RW VEL 9 18 37.2 -49 18 37 " WRAY 813 I1 26 40 --65 25 24 709901
V 569 SS VEL 10 50 48.5 --53 09 52 " WRAY 1763 17 39 58 --36 37 00
VA 51 4 10 18.7 .1.16 38 26 CSI 79 T VEL 8 3603.3 --47 11 09 " WU 0138--29.8 1 38 --29 48
VA 52 4 10 20 + 14 36 42 699902 TV VEL 10 32 28.9 --53 59 25 " WU 1059,1,1,67.6 10 59 .1.67 36 ED
VA 60 4 I1 39.9 +12 18 35 CSI 79 UU VEL 9 33 51 --53 50 23 GCVS WU 1428+40.3 14 28 +40 18
VA 68 4 12 04 .1.12 55 42 699902 W VEL 10 13 22.6-54 13 44 CSI 79 WU 1506+01.2 15 06 + 1 12
VA 72 4 1222 ,1,14 16 18 " WYVEL 9 2020.9--52 20 59 " WU 2035--29.3 20 35 --29 18
VA 76 4 12 43 +16 38 06 "" WZ VEL 10 15 31.7 --47 41 47 " WU 2101--24.3 21 01 -24 18 "
VA 79 4 12 55.7 +15 16 36 CSI 79 X VEL 9 53 23.1 --41 20 58 " WU 2143.1.01.0 21 43 + 1 00
VA 108 4 14 46.5 +16 49 33 " XZ VEL 10 15 29 -49 50 46 GCVS WU 2225-30.7 22 25 -30 42 "
VA 123 4 15 07.9 +18 08 07 " Y VEL 9 27 20.7-51 57 38 CSI 79 WU 2240--15.9 22 40 --15 54
VA 135 4 15 29 +17 17 54 699902 Z VEL 9 51 09.4--53 56 32 " WU 2314--08.9 23 14 -- 8 54
VA 146 4 15 59 +13 14 36 " VII ZW 403 11 2_,42 +79 17 MCG WU 2338--15.4 23 38 --15 24
VA 156 4 16 14.9 +17 24 16 CSI 79 AL VIR 14 08 26.7 --13 04 31 CSI 79 WU 2357+04.8 23 57 + 4 48
VA 179 4 17 02.9 + 16 24 12 " ALF VIR 13 22 33.3 - 10 54 01 " W3 2 21 53 ,1,61 52 20
VA 182 4 17 08.4 ,1,13 54 57 " ALF VIR A+B .... W3 2 21 53.0 .1.61 52 21 ED
VA 201 4 18 03.7 + 13 44 45 " BET VIR 11 48 05.3 + 2 02 46 " W3 2 22 00 +61 52 30
VA 208 4 18 33 +11 55 24 699902 [IK VIR 12 27 48.0 .1. 4 41 33 '" W3 2 22 49 .1.61 51 ED
VA 215 4 18 45.1 +14 17 32 CSI 79 DEL VIR 12 53 04.9 + 3 40 06 " W3 A 2 21 +61 50
VA 229 4 19 14.2 + 13 57 36 " EPS V1R 12 59 41.2 +11 13 37 " W3 A 2 21 55.0 +61 52 130
VA249 41953.7,1,145624 " EQVIR 133206.5-80505 '" W3A 22156.3.1.615255
VA 272 4 20 32.6 + 16 39 42 '" GAM VIR AB 12 39 07.3 -- I 10 30 " W3 A 2 22 00 +61 52
VA 276 4 20 35 +15 38 42 699902 KAP VIR 14 10 13.3 --I0 02 29 " W3 A 2 22 57 +61 52 40
VA 279 4 20 42.3 .1.14 33 17 CSI 79 NUU VIR 11 43 17.3 .1. 6 48 34 " W3 A IRSI 2 21 56.3 +61 52 55
VA 282 4 20 52 +15 45 42 699902 OME VIR 11 35 52.9 .1. 8 24 38 " W3 A IRSI,2 2 21 57 +61 52 48
VA 294 4 21 06 + 13 56 (30 " PHI VIR 14 25 37.3 - 2 00 15 " W3 B 2 22 50.3 +61 52 17
VA301 42112.5-1-171946 CS179 PSI VIR 125144.9--91602 " W3 B IRS3 22150.7+615221
VA 308 4 21 22.3 + 14 38 36 "' R VIR 12 35 57.6 + 7 15 45 '" W3 BS4 2 23 46.5 +61 42 30
VA310 42122.9+175322 " RRVIR 140213.6--85721 " W3C 22314 .1.613857
VA 315 4 21 29.4 +16 57 52 " RS VIR 14 24 45.0 ,1, 4 53 54 W3 C IRS4 2 21 43.4 +61 52 49
VA319 42135.7+164618 " RSVIR 142446.5,1,45426 CS179 W3CIRS4 22144 +615248
VA 334 4 21 57 +15 45 30 699902 RT VIR 13 00 05.0 + 5 27 06 W3 CONT OHIR 2 21 46.5 +61 52 22
VA 351 4 22 21 +17 09 06 " RT VIR 13 (3005.6 + 5 27 14 CSI 79 W3 tt20 2 21 53 .1.61 52 20
VA 354 4 22 32 + 17 47 54 " RU VIR 12 44 28.9 + 4 25 49 " W3 IRSI 2 21 55.4 +61 52 21
VA 355 4 22 35.5 + 17 48 54 CSI 79 RV VIR 13 05 16.5 --12 53 51 " W3 IRSI 2 21 56.0 +61 52 43
VA 360 4 22 45.7 + 15 49 40 "' S VIR 13 30 23.4 -- 6 56 17 " W3 IRSI 2 21 56.3 +61 52 55
VA 363 4 22 54 +17 54 00 699902 SS VIR 12 22 46.0 + 1 13428 " W3 IRSI 7"N 2 21 55.4 +61 52 28
VA 368 4 23 00 + 14 53 12 '" SU VIR 12 02 33.5 .1.12 39 17 '" W3 IRSI 7"S 2 21 55.4 +61 52 14

VA 384 4 23 14.7 .1.15 24 42 CSI 79 SW VIR 13 11 29.7 -- 2 32 31 i: I W3 IRSI 14"N 2 21 55.4 +61 52 35VA 388 4 23 29.5 + 15 30 22 "' T VIR 12 12 02.5 45 27 W3 IRS1 21"N 2 21 55.4 +61 52 42
VA 389 4 23 31.9 + 16 44 28 " THE VIR 13 07 21.4 -- 5 16 19 °' W3 IRSI 28"N 2 21 55.4 .1.61 52 49
VA400 42347.6.1.163806 " TYVIR 114916.7--52859 " W3 IRSI 35"N 22155.4+615256
VA 404 4 23 56 + 12 34 18 699902 U VIR 12 48 33.4 + 5 49 29 i', [ W3 IRSI 42"N 2 21 55.4 +61 53 03
VA 407 4 24 07 .1.13 01 24 " V VIR 13 25 13.0- 2 54 49 W3 IRS2 2 21 56.8 +61 52 42
VA 435 4 24 36 .1.14 08 48 " W VIR 13 23 26.9 -- 3 07 07 '" W3 IRS2 IY'E 2 21 58.6 +61 52 42
VA444 42442 +151506 " YVIR 123118.1--40845 :i [ W3 IRS2 IY'N 22156.8,1,615255
VA 446 4 2* 44.7 .1.15 28 42 CS[ 79 Z VIR 14 07 39.3 - 13 04 07 I W3 IRS2A 2 21 56.0 ,1,61 52 45
VA 459 4 24 52.3 .1.14 18 00 " 70 VIR 13 25 58.9 + 14 02 42 *' W3 IRS3 2 21 50.1 +61 52 22

VA 472 4 25 15.1 + 13 45 27 " 74 VIR 13 29 21.7 -- 5 59 52 :i I W3 IRS3 2 21 50.3 +61 52 21VA 485 4 25 33.2 + 14 37 51 " 82 VIR 13 38 59.0 -- 8 27 04 i W3 IRS4 2 21 43.4 +61 52 49
VA 491 4 25 48.2 +15 45 40 " 109 VIR 14 43 43.0 .1. 2 06 07 "' W3 IRS4 2 21 43.5 +61 52 49
VA 495 4 25 55.0 .1.17 10 32 " VMA 2 W3 IRS5 2 21 53.1 .1.61 52 20

VA 500 4 25 59 + 16 10 36 699902 R VOL 7 06 32.3 --72 56 07 CSI 79 i W3 IRS5 2 21 53.2 +61 52 21VA 502 4 26 Ol +15 52 12 '" T VOL , 6 57 49.2 --67 03 08 '" W3 IRS6 2 21 53.9 +61 52 16
VA 504 4 26 01.9 +12 56 17 CSI 79 X VOL 7 57 29 --65 09 28 GCVS W3 IRS7 2 21 57.9 ,1,61 52 11
VA 512 4 2608 .1.16 14 00 699902 VS 1 16 23 16.7 -24 21 29 W3 IRS8 2 21 46.5 .1.61 52 18
VA 544 4 26 36.5 +17 45 16 CSI 79 VS 1 16 23 17.5 --24 12 33 780902 W3 IRS8 2 23 16.7 +61 38 56

VA 547 4 26 37.6 + 17 47 04 '" VS 2 116 23 40.7 --24 13 _4 W3 IRS9 2 22 +61 53VA 548 4 26 39 +16 08 (30 699902 VS 3 16 23 47.0 --24 13 W3 IRSI0 2 21 42.4 +61 53 02
VA 560 4 27 05.1 +16 33 54 CSI 79 VS 4 16 23 36.7 -24 16 22 W3 N 2 23 00 +62 02
VA 569 4 27 17.3 +15 31 48 " VS 5 16 23 52.0 --24 19 39 W3 N 2 23 01.8 +62 02 I1
VA 575 4 27 31 +17 23 18 699902 VS 6 16 23 52.7 --24 15 44 W3 OH 2 23 16.7 +61 38 56
VA 584 4 27 41.7 .1.16 05 11 CSI 79 VS 7 16 23 53.4 -24 13 44 W3 OH 2 23 16.8 +61 38 53
VA 587 4 27 43.3 +15 37 36 " VS 8 16 24 00.7 --24 14 54 W3 OH 2 23 17 ,1,61 38 55
VA 589 4 27 47.4 .1.15 35 04 "' VS 9 16 24 00.7 --24 12 14 W3 OH IRS8 2 21 46.5 +61 52 18
VA 591 4 27 48.2 + 13 37 GO " VS 10 16 23 50.7 --24 08 04 W3 OH SOURCEI 2 21 46.4 +61 52 17
VA 597 4 27 54.7 + 16 02 29 '" VS 11 16 23 42.7 --24 09 44 W3 OH SOURCE2 2 21 54 +61 51 58
VA 622 4 28 36 +17 36 36 699902 VS 12 16 23 14.8 --24 15 21 W3 SOURCE 1 2 21 58 .1.61 52 24
VA 625 4 28 40.0 +13 47 49 CSI 79 VS 13 16 24 44.8 --24 16 39 W3 SOURCE 2 2 23 24 +61 39 06
VA 627 4 28 40.9 + 17 35 39 " VS 13 16 24 45.2 --24 16 43 780902 W3 SOURCE 3 2 23 10 .1.62 02 54
VA 644 4 2900.1 .1.15 44 43 "' VS 14 16 2448.3 --24 19 02 '" W3 SOURCE 4 2 23 50 .1.61 42 18
VA 645 4 29 02 +15 23 24 699902 VS 14 16 24 48.8 --24 18 54 W3 SOURCE 5 2 24 37 .1.61 14 42
VA 677 4 29 38 .1.13 00 18 '" VS 15 16 25 07.8 --24 16 46 W3 SOURCE 6 2 22 17 +61 51 24
VA 684 4 29 58.3+15 54 03 CSI 79 VS 16 16 25 02.8 --24 19 54 W3(OH) 2 23 30 .1.61 40
VA 692 4 30 07.7 +15 42 51 " VS 17 16 24 28.8 --24 20 54 750401 W5 EAST #1 2 57 23.9 +60 17 28
VA 712 4 30 45.2 +16 39 30 " VS 18 16 24 26.8--24 20 34 W5 EAST #2 2 57 27.5 +60 17 28
VA 725 4 31 00.3 .1.14 44 26 " VS 19 16 22 56.8 -24 11 01 W5 EAST #3 2 57 31.1 +60 17 28
VA 727 4 31 07.7 + 15 03 35 '" VS 20 16 23 06.8 --24 08 01 W5 EAST #4 2 57 34.7 +60 17 28
VA 747 4 31 40.4 +15 43 28 " VS 21 16 24 02.8 --24 13 24 W5 EAST #5 2 57 38.3 +60 17 28
VA 748 4 31 43.9 + 15 24 06 "' VS 22 16 24 20.8 --24 11 24 W5 EAST #6 2 57 41.9 +60 17 28
VA 751 4 31 48.3 + 17 38 43 "' VS 23 16 24 08.8 --24 12 24 W5 EAST #7 2 57 34.7 +60 18 52
VA 771 4 32 46.7 .1.11 59 54 " VS 24 16 24 12.8 --24 11 34 W5 EAST #8 2 57 34.7 +60 18 24
VA 778 4 33 13.7 + 15 34 58 " VS 25 16 24 25.7 -24 24 36 W5 EAST #9 2 57 34.7 +60 17 56
VB 8 16 52 55 -- 8 18 06 709903 VS 26 16 24 17.0--24 22 01 W5 EAST #10 2 57 34.7 .1.60 17 00
VB 17 4 I1 35.9 +14 29 58 CSI 79 VS 27 16 23 28.7 --24 16 14 WS EAST #11 2 57 34.7 +60 16 32
VB 49 4 21 20.9 +16 15 51 " VS 28 16 23 44.7 --24 16 24 W5 EAST/IRSI 2 57 34.7 +60 17 28
VB 96 IRSI 7 17 43.6 --23 51 04 VSB 67 W28 A2 (1) 17 57 27 --24 03 55
VBH 24 8 53 20.6 --43 16 28 CSI 79 VSB 165 W28 A2 (2) 17 57 26.9 --24 03 23
VBH 25A 8 54 42 --42 54 759902 VSB 205 W28 C 17 57 46.4 --23 20 48
VBt[ 25C 8 55 18.9 --43 03 46 VUL RI #2 19 44 20 -t-24 29 30 W28 C SOURCE3 17 58 55.4--23 13 00
VBH 25D 8 54 54 --43 05 759902 VUL RI #7 19 44 30 +24 04 18 W30 18 02 36 --21 37
VBH 28 g 56 36 --43 14 "' VUL RI #SN 19 44 41 +24 05 54 W31 18 06 00 --20 11
VBtl 46A 10 59 13.5 -59 34 24 VUL RI #85 19 44 40 .1.24 05 36 W31 18 06 31.1 --20 20 10
VBH 46BCD " VUL R1 #16 19 44 40 .1.24 07 30 ED W31 #1 18 02 17 --20 04
VDI--I 16 39 09 --38 48 48 779909 VUL R2 #16 19 19 23 .1.21 09 18 W31 #2 18 04 47 --20 20
VDI--2 16 43 21 --38 31 36 '" ALF VUL 19 26 37.3 +24 33 43 CSI 79 W31 #3 18 05 39 --19 52
VDI--5 16 48 06 -39 57 54 '" CG VUL 19 14 44.2 .1.21 49 11 " W31 #4 18 06 03 --20 05
VDI--6 16 51 02 --38 39 18 " CU VUL 19 46 25 +21 30 01 GCVS W31 #5 18 06 24 -20 20
VDI--7 16 5406 --37 01 18 789908 EP VUL 19 31 11 +23 32 42 " W31 #6 18 06 24 --20 08
VDI--8 17 01 I0 --37 49 06 779909 NOVA VUL 1976 19 27 06 .1.20 21 790115 W31 #7 18 07 31 --19 58
VE 2--45 17 59 01 --23 37 36 IRC I'4QVUL W33 18 10 24 --18 00
VE 2--57 RVUL 21 0209.3 +23 37 18 CSI 79 W33 18 11 18.1 --17 56 28
VE 22 8 57 30 -45 23 54 1789907 SV VUL 19 49 27.7 .1.27 19 51 '" W33 18 11 18.1 --17 56 30
VE 26 8 41 54 -45 55 P-K T VUL 20 49 20.7 .1.28 03 42 " W33 18 11 18.3 --17 57 30
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NAME RA (1950) DEC POSRE! NAME IRA (1950) DEC PO_REF NAME RA (1950) DEC POSREFb ms h m J
W33 A 18 11 43.7--17"53' 0:2 770104 W80 #9 20 53 54.8 +43 43 54 3C 6.1 0"13_351.0+79"00 I1" 769906
W33 A 18 II 44.1 --17 52 57 W475 A 13 06 36 +10 01 , LTT 3C 9 0 17 49,8 +15 24 17 809908

W33 A 18 1144.2--17 52 57 W489 13 34 12.9+ 3 56 59 iCSI 79 3C 13 0 31 32,7 +39 07 39 769906W33 A IR 18 II 44.2 --17 52 59 W1346 3C 16 0 3506 +12 50 ED
W33 B 18 1057.4 --18 02 47 WS0 #10 20 5403.3 +43 40 51 3C 17 0 3547.2 -- 2 24 11 769906
W33 CONT (I) 18 11 17.6--17 56 30 WS0 #11 20 5408.4+43 41 28 3C 19 0 38 13,8 +32 53 40
W33 CONT (2) 18 I119.3 -17 5648 X-RAY 1 42921 +17 55 24 819918 3C 22 04806 +50 57 ED
W33 IRSI 18 I1 19.6 --17 56 54 X--RAY 2 4 29 23 +18 13 54 " 3C 28 0 53 08.9 +26 08 23 769906
W33 IRS2 18 I1 19.0 --17 56 18 YALE 49A 0 15 30.9 +43 44 21 CSI 79 3C 31 1 04 39.2 +32 08 45
W33 IRS3 18 11 18.1 --17 56 38 770104 YALE 49B 0 15 33.9 +43 44 45 " 3C 33 1 06 14.5 +13 04 15
W35 18 1500 --I1 55 589903 YALE 392 1 5025.3 --22 40 50 " 3C 34 1 07 32 +31 30 ED
W35 #1 18 14 57 --I1 40 04 YALE 422 2 0009 + 5 28 24 709903 3C 41 I 23 55 +32 56
W35 #2 18 14 58 --11 43 34 YALE 450 2 09 53.7 + 3 22 45 CSI 79 3C 48 I 34 49.8 +32 54 20 809908
W35 #3 18 15 06 --11 42 14 YALE 642 3 03 50.0+ I 47 08 " 3C 49 I 38 28.4+13 38 20 769906
W35 #4 18 15 16 --11 41 29 YALE 742 3 3034,3-- 9 37 34 " 3C 57 I 5930.4--11 47 00 809908
W35 #5 18 15 21 --II 44 31 YALE 757 3 35 46 --I1 35 639902 3C 65 2 20 38 +39 48 ED
W35 #6 18 15 23 --I1 44 18 YALE 948.1 4 15 04 --26 II 30 709903 3C 66A 2 19 30.0 +42 48 30 i 809908
W35 #7 18 15 25 --II 46 29 YALE 1121 4 55 13.9 --61 13 53 CSI 79 3C 68.1 2 29 27.2 +34 10 34 ' "
W39 18 23 24 --12 40 589903 YALE 1181 5 09 41.4--44 59 53 " 3C 76.1 3 00 27.2 + 16 14 37 I769906
W40 18 28 51.7-- 207 33 780607 YALE 1255 5 28 55.3-- 3 41 03 " 3C 78 3 05 49.1+ 3 55 13
W40 18 29 36 -- 2 12 589903 YALE 1305 5 39 13,9 +12 29 18 " 3C 79 3 07 11.3 +16 54 37
W40 IRSI 18 28 51.7- 2 07 33 YALE 1430 6 08 28.1 --21 50 34 " 3C 84 3 16 29.6 +41 19 52
W40 IRS2 18 28 47.7-- 2 07 41 YALE 1609 6 51 34.9 +33 20 18 " 3C 88 3 25 18.3 + 2 23 20
W40 IRS3 18 28 47.6-- 206 19 YALE 1641.1 6 56 20.7--44 13 17 " 3C 94 3 50 04.0-- 7 19 56 809908
W41 18 31 48 -- 8 49 589903 YALE 1668 7 06 38.9 +38 37 23 " 3C 95 3 49 09.5--14 38 07
W42 18 33 36 -- 7 30 " YALE 1755 7 2442,9+ 5 22 42 " 3C 98 3 56 10.2+10 17 32 769906
W43 18 45 00.8 -- 1 59 48 ED YALE 1785C 7 31 26.1 +31 58 49 779907 3C 109 4 10 54.8 +11 04 41
W43 18 4501 - 1 59 48 " YALE 1809B 7 37 32.6-- 3 28 58 CSI 79 3C III 4 1501.1+37 54 37 729901
W43 18 4502.8-- 2 03 45 YALE 1827 7 4203.9 + 3 40 42 " 3C 120 4 3031,5 + 5 15 01 789906
W43 18 45 24 -- 2 02 589903 YALE 2267 9 28 51.5 --13 16 01 " 3C 133 4 59 55 +25 12 3CR
W43 MAIN 18 45 32.6-- 2 00 22 YALE 2299.1 9 37 49 --40 50 42 709903 3C 135 5 1133.8+ 0 53 08 769906
W44 18 53 36 + I 16 589903 YALE 2336.1 9 49 37 + 3 27 24 " 3C 138 5 18 16.7+16 35 26
W48 18 59 14,2 + 1 08 41 YALE 2390 10 08 19.0 +49 42 27 CSI 79 3C 147 5 38 43.6 +49 49 43
W48 IRSI 18 59 14.7 + I 08 53 YALE 2420 10 16 53,9 +20 07 18 " 3C 171 6 51 II.0 +54 12 48 "
W48 IRS2 18 59 12.2 + 1 08 20 YALE 2456 10 26 23.4 + 1 06 28 " 3C 175 7 10 15.3 +11 51 30 "
W49 19 0750 + 9 01 15 761003 YALE 2512 10 43 19 --18 50 30 709903 3C 184 7 3434 +70 20 3CR
W49 190756 + 903 YALE 2524 104818.9+ 70506 CS179 3C 192 80235.5 +241828 769906
W49 A 19 07 55.9 + 9 01 01 YALE 2576 11 00 36.5 +36 18 19 " 3C 196 8 09 59.4 +48 22 08 "
W49 A (I) 19 07 50.8 + 9 01 14 YALE 2582A 11 02 59.7 +43 47 01 " 3C 198 8 19 52.3 + 6 06 47 "
W49 A (2) 19 0750.4 + 9 02 20 YALE 2582B II 0301.9 +43 46 41 " 3C 200 8 2421.7 +29 28 41 "
W49 A--I OH 190749.9 + 90118 YALE 2631 II 1728.5 +660702 " 3C 206 83728.0--1203 54 809908
W49 A--2 OH 190758.3 + 90001 YALE 2654 112553 + 749 639902 3C 212 85555.6 +142124 769906

W49 B 190844 + 90048 YALE 2730 II 4508.9+ 106_2 CS179 3C 217 90555 +3804 EDW49 E 19 0758.2 + 8 59 58 ED YALE 2890AB 12 3050.9 + 9 17 " 3C 219 9 1750.7 +45 51 44 769906
W49 IRSI 19 0749.8 + 9 01 11 770208 YALE 2951 12 48 10 -- 0 29 24 709903 3C 227 9 4506.64- 7 39 17 "
W49 NW " YALE 3079 132726.6 . 103902 CS179 3C 232 95525.4 +323823 809908
W49 OH 19 0750 4- 9 01 10 ED YALE 3135 13 43 11.74-15 09 41 " 3C 234 9 58 57.4 +29 01 37 769906
W49 OH(I) 19 0749.8 + 9 01 16 YALE 3278 14 2618.9 --62 28 05 " 3C 249.1 I1 (3027.4 +77 15 08 809908
W49 OH(2) 19 07 58.2 + 9 00 03 YALE 3296 14 31 34.9 -- 12 18 33 " 3C 264 I1 42 29.6 + 19 53 03 769906
W49 W 19 07 49.9 + 9 01 18 760601 YALE 3375A 14 54 32.3 --21 11 27 " 3C 265 11 42 53.4 +31 50 25 "
W49 I'E 19 07 54 4- 9 01 15 ED YALE 3375B 14 54 31.0 --21 11 16 " 3C 273 12 26 + 2
W51 19 21 21.7+14 25 10 YALE 3458 15 16 52.2-- 7 32 20 " 3C273 12 26 33.4+ 2 19 42 809908
WSI 19 21 23.0 4-14 24 54 YALE 3501 15 29 03.1 --41 04 38 " 3C 273B ....
WSI 19 21 23.3 +14 24 52 YALE 3547 15 39 19.9 --19 18 34 " 3C 274 12 28 17.6 +12 40 02 769906
W51 19 21 25 +14 24 40 780407 YALE 3712A 16 16 36.9 +67 21 31 " 3C 277,3 12 51 46.3 4-27 53 50 '"
WSI 19 21 27 +14 24 30 YALE 3712B 16 16 39,3 +67 22 34 " 3C 279 12 53 -- 5
WSI 192128,84-142441 YALE 3746 162731.0 --123150 " 3C 279 125335.8 -- 53108 809908
W51 #1 19 21 II 4-14 25 12 YALE 3783.1 16 3717.9 --45 53 58 °' 3C 280 12 5441,4 +47 36 30 769906
WSI #13 19 20 21 4-14 01 54 YALE 3845 16 52 48.3 -- 8 14 39 " 3C 286 13 28 49.7 -t-30 45 58 809908
WSI #2 19 21 16 4-14 24 36 YALE 3845AB " 3C 287 13 28 16.1 +25 24 37 °'
W51#4 192122+142506 YALE 3878 170227.9-- 45839 " 3C289 134329+5001 ED

W51#5 192125+142448 YALE 3880 170238,2-- 50019 " 3C293 :i135003.4+314132769906
WS1 #6 192130 4-142718 YALE 3924C 171534.3 --345629 " 3C 295 0933.4 +522614 "
WS! #7 19 21 33 -4-I4 26 54 YALE 3958 17 24 50.2--46 49 51 3C 296 14 26.0 4-11 02 15
WSI #8 19 21 36 +14 29 54 YALE 3992 17 33 27.9 --44 16 33 " 3C 298 14 16 39.1 + 6 42 21 809908
WSI #9 19 2129 +14 25 06 YALE 4098 17 5522.9 + 4 33 18 " 3C 303 j14 41 24.8 +52 14 19 769906
WSI #10 19 2143 +14 23 42 YALE 4133 18 0228.3-- 3 01 51 " 3C 3051144817,6+63 28 36 "

WSI #11 19 2054 4-14 21 06 YALE 4266 18 3042.3 --I1 54_ 16 3C 309.1 14 5856.7 +71 52 11 809908WS1 #12 19 20 53 +14 10 24 YALE 4338 18 46 44.9 --23 28 3C 318 15 17 50.6 +20 26 53 76990_
WSI A 19 21 23 4-14 26 YALE 4398 18 55 33.6 + 5 51 23 3C 323.1 15 45 31.1 4-21 01 33
WSI A 19 21 23.9 +14 25 40 YALE 4472 19 09 35.2 4- 2 48 42 " 3C 324 15 47 37.3 +21 34 42
WSI A 19 21 24.5 4-14 24 42 YALE 4607 19 32 27.5 -I-69 34 33 3C 330,G2 16 09 14.1 +66 04 24
WS1 B 19 2050 4-14 20 YALE 4794 20 1019.3--45 18 46 3C 334 16 1807.4+17 43 31
WSI B 19 20 56 +14 2100 YALE 4924 20 38 42.6 --52 50 31 3C 336 16 2232.5+23 52 01
W5I C CO 19 20 03 4-14 0O 54 YALE 5077A 21 04 39.9 +38 29 58 3C 343.1 16 37 55.2 +62 46 35
WSI D 19 20 23 4-14 01 54 YALE 5077B 21 04 38.3 +38 29 29 3C 345 16 41 17.6 +39 54 II 809908
WSI E 192042.64-141000 YALE 5084 210629.9 -- 132840 3C 348 164840.0 + 50435 769906
WSI IRSI 19 2124.24-14 24 42 ED YALE 5117 121 1419.9 --39 03 41 3C 351 17 0403.5 +60 48 31 809908
WSI IRSIN 192124.5 +142451 YALE 5190 213014.2 --491234 3C 352 170918.0 +460506 769906

W51 IRSIS 19 21 24.04-14 24 40 YALE 5314 21 5933.0 --56 59 34_2 3C 356 17 2306 +51 01 EDWSI IRS2 19 2122.1 4-14 25 12 YALE 5358 22 0657.1 -- 4 52 3C 368 18 0242 +10 57
WSI IRS2 19 21 22.3 +14 25 15 YALE 5475 22 35 44,9 --15 35 35 3C 371 18 07 18.5 4-69 48 59 769906
W51 IRS2 19 21 22.4 +14 25 12 YALE 5546 22 50 31.3--14 31 00 3C 380 18 28 13.4 +48 42 39
W51 IRS2 19 21 22.5 4-14 25 16 ED YALE 5572 22 57 38.1 --22 47 37 3C 381 18 32 24.4 +47 24 39
WSI IRS2 EAST 19 21 22.5 4-14 25 13 820406 YALE 5584 23 02 38.6 --36 08 28 3C 382 18 33 12.1 +32 39 15
WSI IRS2 EAST 19 21 22.6 +14 25 14 YALE 5616 23 l0 51.7 +56 53 30 3C 390.3 18 45 37.8 4-79 43 03
WS1 IRS2 WEST 19 21 22.3 +14 25 17 YALE 5817 0 02 27.9 --37 36 I0 3C 401 19 39 38.8 +60 34 32
WSI IRS2N 19 21 22.3 +14 25 13 I ZW I 0 5100.04-12 25 00 809908 3C 405 19 5744.4 +40 35 45
W51 IRS2S 19 21 22.44-14 25 12 I ZW 92 14 3912 +53 44 ED 3C 427.1 21 0444.8 +76 21 I0
WSI I'E 19 21 29 4-14 24 40 ED I ZW 186 17 27 +50 18 3C 432 21 20 25.4 4-16 51 56
WSI I'E,I'S 19 21 29 +14 23 40 " I ZW 187 17 27 04.3 4-50 15 31 809908 3C 438 21 53 45.5 +37 46 14
WSI I'N 19 21 25 +14 25 40 " IZW 17274-50 17 27 06 4-50 15 ED 3C445 22 21 14.7- 2 21 27
WSI I'S 192125 +142340 " IIZW 23 44700 + 3 15 740903 3C446 222311.1-- 5 12 17 809908
WSI I'W 192121 4-142440 " IIZW40 55306 + 324 3C454.3 225129.5+155255
W54 18 00 17.0 --24 23 40 I1ZW 136 21 30 01.2 -t- 9 55 01 789906 3C 456 23 09 56.7 -b 9 03 08 769906

W58 C CO.OH 19 59 59 4-33 26 00 II ZW 05534-03 S 53 06 + 3 24 740903 3C 459 23 14 02.3 + 3 48W75 IRSI 20 3710 +42 12 05 IIIZW 2 00756.7+1041 48 809908 3C 460 23 1859.8+23 19
W75 IRSI 203710.0 +421209 800603 Ill ZW 55 33838.3 --101730 789906 3CR 33 10614.5 +130415
W75 IRSI 20 37 10.0 4-42 12 10 ED 111ZW 55 N " 3CR 34 1 23 55 +32 56 ED
W75 IRS2 20 37 11.7 4-42 09 14 740203 Ill ZW 77 16 22 06 +41 12 ED 3CR 46 I 32 34.5 4-37 38 46 769906
W75 IRS2 20 37 11,7.42 09 45 ED IVZW 67 21 0016 +36 3000 3CR 65 2 20 38 +39 48 ED
W75 IRS2 20 37 12 4-42 09 40 ZW0039.5 0 39 32.3 +40 03 10 789906 3CR 68.1 2 29 27.2 4-34 10 34 809908
W75 N 20 36 50,6 4-42 26 57 ED ZW0039,5+4003 " 3CR 68.2
W75 N 20 3651.1 +42 27 19 ZW0934+013 9 3426.5 + 1 19 14 3CR 98 3 5610.2 +10 17 32 769906
W75 N OH " ED ZI19--053 8 16 30 +21 13 _WICK' 3CR 109 4 10 54.8 +11 04 41
W75 S 20 37 13.5 +42 12 (30 " 7_.406-086 23 19 06 + 8 42 3CR 123
W75 S 20 37 13.7 4-42 12 00 Z1549+47 IS 49 40.9 +47 24 15 769909 3CR 171 6 51 11.0 +54 12 48 769906
W75 S OH 20 37 14 4-42 12 05 IE 1145.1-6141 11 45 06 -61 41 ED 3CR 192 8 02 35.5 +24 18 28

W75 S OH 20 37 14.9 +42 12 10 ED IE 2259+586 22 59 02.8 4-58 36 33 3CR 200 8 24 21.7 +29 28 41W75N 2037 +4220 " 2A 0311--227 1200.0--224649 799906 3CR 217 90555 +3804 ED
WS0 #1 20 53 54.0 +43 43 52 2A 1822--371 18 22 --37 06 ED 3CR 219 9 17 50.7 +45 51 44 769906
WS0 #2 20 49 05.3 +44 13 52 250921--630 9 21 --63 00 3CR 223 9 36 50.9 +36 07 35
WS0 #3 204914,44-442109 251702--363 1702 --3618 3CR 234 95857.4 +290137
WS0 #4 204849.04-441512 251728--337 #1 172841 --334739 3CR 236 100305.44-350849
W80 #5 20 56 40.4 +43 14 09 251728--337 #2 17 28 42 --33 47 46 3CR 239
W80 #6 20 58 52,8 .43 46 51 251728--337 #3 17 28 39 --33 48 01 3CR 241

W80 #7 20 52 57.5 +44 _ 38 251728--337 #4 17 28 40 --33 47 58 3CR 265 I1 42 53.4 +31 50 25 769906WS0 #8 120 53 54.5 +43 41 251728--337 #5 17 28 40 --33 48 09 3CR 274.1 12 32 57.1 +21 37 18
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NAME RA (1950) DEC bOSREF NAME lot (1950) DEC _)SREF NAME RA (1950) DEC IpOSREF
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3CR 277.3 12 51 46.3 +27"53' 50 " 0829+046 8 29 10.9 + 4"39' 51' 109908 1702--363 ZG .... ED
3CR 280 12 54 41.4 +47 36 30 " 0837--120 8 37 28.0--12 03 54 " 1702--363 4 "
3CR 284 13 08 41.4 +27 44 03 " 0840+42 8 40 +42 ED 1704+607 17 04 03,5 +60 48 31 809908
3CR 285 13 19 05.1 +42 50 57 " 0844+377 8 44 +37 42 " 1705--440 NOM. 17 05 --44 130
3CR 288 13 36 38.7 +39 06 23 " 0919+515 9 19 +51 30 " 1705--440 3 " ED
3CR 289 13 43 29 +50 01 ED 0919--260 9 19 16.7 --26 05 54 109908 1715-321 NOM. 17 15 --32 06
3CR 295 14 09 33.4 +52 26 14 /69906 0925--203 9 25 33.6 --20 21 45 " 1715--321 12 "
3CR 299 14 19 06.4 +41 58 30 " 0931-- 114 9 31 -- 11 24 1717+ 178 17 16 57.0 + 17 45 00 809908
3CR 318 15 17 50.6 +20 26 53 " 0948.9+4426 9 48 54 +44 26 ED 1722+119 17 22 +11 54 ED
3CR 349 16 58 04.9 +47 07 16 " 0949.9+4409 9 49 54 +44 09 " 1726+499 17 26 +49 54

" 0957+561 9 57 57.3 +56 08 23 _09908 1727+50 17 27 04.3 +50 15 3l 809908
3CR 352 117 09 18.0 +46 05 _93CR 381 18 32 24.4 +47 24 " 0957+561 A .... 1727+502
3CR 382 18 33 12.1 +32 39 15 " 0957+561 AB 9 57 57.3 +56 08 20 ED 1728--16 E 17 28 --16 ED
3CR 388 18 42 35.4 +45 30 22 " 0957+561 B 9 57 57.4 +56 08 17 109908 1728--16 NOM.

3CR 441 17 1011+250 10 I1 05.7 +25 04 I1 " 1728--247 GF 17 28 --24 42 ED
3U1636-53 H 16 36 -53 1028+313 I0 28 09.8 +31 18 21 " 1728-247 NOM. "
3U1758-20 A 58 --20 1032--199 10 32 --19 54 ED 1742--294 GI 17 42 --29 24
4(2 06.41 10 38 40.9 + 6 25 58 809908 1034--293 10 34 --29 Ig " 1742--294 G2
4C 13.41 10 04 45.1 + 13 03 38 " 1034--293 10 34 55.9 --29 18 27 309908 1742--294 NOM. "
4C 16.39 14 00 20.5 + 16 14 21 1049.4-0904 10 49 24 -- 9 04 ED 1749+096 17 49 10.4 + 9 39 43 809908
4C 25.40 12 23 09.1 +25 15 12 809908 1055+01 10 55 55.5 + 1 49 42 109908 1758--20 NOM. 17 58 --20
4C 29.68 23 25 42.3 +29 20 38 " 1059+730 10 59 +73 D0 ED 1758--205 G 17 58 --20 30
4C 31.30 7 42 30.7 +31 50 16 " 1100+223 11 00 +22 18 1758--205 NOM. "
4C 31.63 22 01 01.1 +31 31 10 " 1101--325 11 01 08.2 --32 35 05 309908 1758--250 G 17 58 --25 DO
4C 34.47 17 21 32.0 +34 20 42 " 1103-006 I1 03 58.1 -- 0 36 38 " 1758--250 G2 "
4C 37.43 15 12 46.9 +37 01 56 " 1104+167 I1 04 35.2 +16 44 06 " 1758--250 NOM. "
4C 39.25 9 23 55.3 +39 15 23 " 1107--187 11 07 --18 42 1758--250 4 "
4C 47.08 3 DO10.0 +47 04 33 " 1124--186 11 24 --18 36 ED 1758--250 8 "
4C--4.8 20 53 10.8 -- 4 25 18 RA42 1128--047 11 28 -- 4 42 " 1758--250 9 "
4U0115+634 15 +63 24 ED 1133+46 11 33 +46 " 1811--171 GI !18 I1 --17 06
4U0535+262 5 35 47.9 +26 17 17 U,SI 79 1143--245 I1 43 36.4 --24 30 53 _09908 1811--171 NOM. "
4U17DO-37 17 0032.6--37 46 28 " 1144--379 11 44 --37 54 ED 1813--14 18 13 --14 ED
0010+40 0 10 +40 ED 1145--071 II 45 -- 7 06 " 1845--024 O 18 45 -- 2 24
0015.9+1610 0 15 54 +16 I0 " 1145--61 11 45 --61 1845--024 NOM. "
0026+129 0 2638.1 +12 59 30 809908 1146--037 11 4623.9- 3 47 30 809908 1845--024 2 "
0026+34 0 26 34.8 +34 39 56 790910 1153+2341 11 53 +23 4l ED 1847+335 18 47 +33 30 ED
0031--076 0 31 -- 7 36 ED 1156--094 II 56 -- 9 24 " 1921--293 19 21 --29 18 "
(3031--077 0 31 -- 7 42 " 1157+46 I1 57 +46 " 1953--325 19 53 --32 30 "
0032--073 0 32 -- 7 18 '" 1203--261 12 03 --26 06 " 1954--388 19 54 39.0 --38 53 13 809908
0036--392 0 36 02.3 --39 16 13 809908 1218+304 12 18 51.8 +30 27 14 ?_09°A38 2005+40 20 0S 59.5 +40 21 02 "
0037+061 0 37 + 6 06 ED 1219+28 12 19 01.1 +28 30 36 " 2032+107 20 32 58.6 + 10 45 42 "
0040+51 0 40 +51 1223--62 12 23 --62 2044--168 20 44 30.8 --16 50 09 "
0044+030 0 44 31.2 + 3 03 35 809908 1225+317 12 25 55.9 +31 45 13 809908 2047+098 20 47 + 9 48
0046--315 0 46 57.9 --31 32 48 " 1226+023 12 26 33.4 + 2 19 42 " 2058-425 20 58 42.3 --42 31 05 809908
0047--832 0 47 10.8 --83 13 10 " 1232--249 12 32 59.4 --24 55 46 " 2106--413 21 06 --41 18 ED
0048--097 0 48 10.0 -- 9 45 24 " 1239+1852 12 39 +18 52 ED 2115--305 21 15 11.2 --30 31 50 809908
0100+020 I 00 + 2 DO ED 1239--599 NOM. 12 39 --59 54 2126--158 2l 26 26.7 --15 51 52 "
0102+48 I 02 +48 1239--599 6 2131--021 21 31 35.3 -- 2 06 36 "
0108+38 1 08 +38 1239--599 12 2134+00 21 34 05.3 + 0 28 25 "
0109+22 1 09 23.6 +22 28 45 809908 1243-072 12 43 28.8 -- 7 14 24 809908 2134+004
0109+224 .... 1244-255 12 44 06.7 --25 31 26 " 2135--147 21 35 01.2 --14 46 27 "
0118-272 1 18 --27 12 ED 1253+4422 12 53 +44 22 ED 2141+174 21 41 +17 24 ED
0120+092 I 20 + 9 12 " 1256--220 12 56 --22 00 " 2155--152 21 55 23.1 --15 15 21 809908
0121+034 I 21 + 3 24 " 1258--61 12 58 --61 2155--304 21 55 58.2 --30 27 52 "
0122--380 1 22 02.2--38 DO04 809908 1302--I02 13 02 55.8--10 17 17 809908 2201+171 22 01 02.9 +17 11 19
0135--247 I 35 17.2 --24 46 09 " 1304+3110 13 04 +31 10 ED 2204-408 22 04 33.0 --40 51 35
0139--097 1 39 -- 9 42 ED 1305+2952 13 05 +29 52 " 2207+020 22 07 00.3 + 2 03 56

0202+14 2 02 +14 " 1308+32 13 08 07.6 +32 36 41 809908 2212--299 22 12 25.1 29 59 200202--765 2 02 00.2--76 34 29 809908 1308+326 " 2215--037 22 15 -- 42 ED
0205--010 2 05 -- I 00 ED 1309--216 13 09 49.6 --21 40 30 " 2216--03 22 16 16.0 -- 3 50 36 809908
0215+015 2 15 13.5+ I 30 54 809908 1318.1+3157 18 06 +31 57 ED 2216--043 22 16 -- 4 18 ED22 27 45.2 --39 58 24 809908

13
0217--189 2 17 --18 54 ED 1327--214 13 27 23.4--21 26 34 809908 2227--399
0223+34 2 23 +34 1335--127 13 35 --12 42 ED 2233-148 22 33 --14 48 ED
0235+16 2 35 52.6 +16 24 05 809908 1339+053 13 39 + 5 18 " 2240-260 22 40 --26 DO
0235+164 .... 1346--03 13 4608.3- 3 38 3t 809908 2246--309 22 46 32.5 --30 55 DO 809908
0237--233 2 37 52.7 --23 22 09 " 1349--439 13 49 51.4 --43 57 49 '" 2251+15 22 51 29.5 +15 52 55

0240+007 2 40 + 0 42 ED 1352--104 13 52 --I0 24 ED 2251--178 22 51 25.9 17 50 540241+622 2 41 01.3 +62 15 27 809908 1354--152 13 54 --15 12 " 2254+074 22 54 46.0 _- 27 10
0254--334/2 2 54 43.8--33 27 29 " 1355--416 13 55 57.3--41 38 19 8090A38 2254--204 22 54 --20 24 ED
0256+075 2 56 + 7 30 ED 1402+044 14 02 30.0 + 4 29 55 " 2255+41 22 55 04.7 +41 38 14 : 790910
0300+47 3 00 10.0 +47 04 33 809908 1403+546 14 03 +54 36 ED 2255+416 '"
0300+471 .... 1406--076 14 06 17.9 -- 7 38 16 809908 2300--683 23 DO28.5 --68 23 56 809908
0301--243 3 01 --24 18 ED 1413+135 14 13 +13 30 ED 2310--322 23 1027.5 --32 14 07
0302--223 3 02 --22 18 " 1418+54 14 18 00.0 +54 40 00 809908 2329--384 23 29 18.9 --38 28 22
0312--770 3 12 55.7 --77 03 01 809908 1418+546 .... 2335+031 23 35 34.5 + 3 10 01
0318--196 3 18 --19 36 ED 1424--419 14 24 --41 54 ED 2344+184 23 44 +18 24 ED
0332+078 3 32 + 7 48 1431+3146 14 31 +31 46 " 2352--342 23 52 50.5 --34 14 20 809908
0337--21 3 37 --21 ED 1432+42 14 32 +42 " 2358+40 23 58 +40 ED
0341--256 3 41 --25 36 " 1442+101 14 42 50.6 +10 I1 13 809908 0.0+0.0 17 42 --28 55
0346--163 3 46 --16 18 " 1510--08 15 1009.0-- 8 54 48 " 0.02--0.06 17 42 43.5--28 55 58
0347--383 3 47 53.7 --38 19 30 809908 1510--089 .... 0.03--0.10 17 42 54.4 --28 56 28
0348+049 3 48 + 4 54 1511--1DO 15 I1 --10 00 ED 0.03-0.40 17 4405.5 --29 06 130
0351+026 3 51 + 2 36 ED 1514--241 15 1445.3--24 11 22 809908 0.04--0.25 17 43 30.5 --29 DO58
0355--483 3 55 52.6--48 20 50 809908 1519+279 15 19 +27 54 ED 0.04-0.57 17 44 45.5-29 11 02
0402--362 4 0202.2 --36 13 16 " 1519--273 15 19 --27 18 " 0.05--1.50 17 48 26.4 -29 39 15
0406+121 4 06 +12 06 1526+286 15 26 +28 36 " 0.08--0.19 17 43 22.2 --28 56 29
0406+121 4 13635.6 +12 09 50 790910 1532+016 15 32 + 1 36 " 0.11--0.36 17 44 05.7 --29 DO30
0420--01 4 2043.5 -- 1 27 28 809908 1534.4+3748 15 3424 +37 48 " 0.11--0.38 17 44 11.1 --29 01 00
0420--388 4 20 30.1 --38 51 50 780901 1538+149 15 38 30.6 +14 57 25 809908 0.12--0.19 17 43 28.5 --28 54 59
0422+004 4 22 12.5 + 0 29 17 809908 1538--522 G 15 38 --52 12 0.12--1.57 17 48 54.6 --29 37 46
0422-380 4 22 55.6 --38 03 02 " 1538--522 NOM. " 0.13-0.43 i17 44 26.2 --29 02 01
0442-18 4 42 --18 ED 1538--522 12 " 0.13-0.64 _17 45 13.6--29 08 32
0454--220 4 5402.2 --22 03 56 809908 1543+46 15 43 +46 ED 0.14--1.64 17 49 11.6 --29 38 47
0454--234 4 54 --23 24 ED 1543--47 15 43 --47 " 0.17--0.39 17 44 22.4 --28 58 31
0458+138 4 58 +13 48 1553--54 12 15 53 --54 " 0.17--1.70 17 4929.4--29 39 17
0506+101 5 06 +10 06 ED 1556--605 NOM. 15 56 --60 30 " 0.18--0.41 17 44 29.1 --28 58 31
0521--36 5 21 13.7 --36 30 12 809908 1556--605 24 " 0.18--1.80 17 49 55.5 --29 41 48
0521--365 " 1556--605 41 " 0.2+0.0 17 42 44,8 --28 44 08
0528+134 5 28 +13 24 ED 1557+272 15 57 +27 12 ED 0.20--0.60 17 45 15.2--29 03 32
0528-250 5 28 05.2--25 05 43 809908 1604.0+3935 16 04 DO +39 35 " 0.20--1.71 17 49 37.1 --29 37 48
0537--286 5 37 56.9 --28 41 27 " 1607.6+3953 16 07 36 +39 53 " 0.23-0.56 17 45 10.3 --29 01 02
0537--441 5 37 20.5 --44 06 40 " 1613+31 16 13 +31 " 0.23--0.76 17 45 58.0 --29 07 04
0539--057 5 39 -- 5 42 1617--155 16 17 --15 30 0.23--1.79 17 5000.8 --29 39 18
0548--322 5 48 50.3 --32 16 56 809908 1620+103 16 20 12.3 +10 20 12 809908 0.25--0.72 17 45 51.6 --29 04 33
0602+67 6 02 +67 1622-253 16 22 --25 18 ED 0.25-1.82 17 50 11.1 --29 38 49
0622--441 6 22 02.7--44 I1 24 80990_ 1623+26 16 23 44.8 +26 51 27 809908 0.26--0.54 17 45 10.2 --28 58 33
0659+44 6 59 +44 ED 1635+119 16 35 26.1 +11 55 41 " 0.26--0.61 17 45 26.6 --29 01 03
0727-11 7 27 --11 " 1640+396 16 40 +39 36 ED 0.27--0.59 17 45 23.1 --28 59 36

0735+17 7 35 14.1 +17 49 I1 _0990_ 1640+4,01 16 40 +40 _ " 0.27--0.65 17 45 37,7 --29 01 330735+178 ...... 1641+399 16 41 17.6+39 11 809908 0.27--1.92 17 5036.1 --29 40 50
0736+01 7 36 42.5 + I 44 00 " 1642--455 Ol 16 42 --45 30 0.27--1.93 17 50 39.3 --29 41 20
0739--14 7 39 59.3 --14 35 42 1642--455 G2 0.28--0.61 17 45 30.2 --29 DO 03
0754+100 7 54 22,6 +I0 04 39 I8_90l 1642--455 NOM. " 0.28--0.74 17 45 59.3--29 03 34
0818--128 8 18 36.2 --12 49 25 1647+43 16 47 +43 ED 0.28--0.77 17 4606.7 --29 05 04
0822+67 8 22 +67 ED 1653--40 16 53 --40 " 0.28--0.97 17 46 53.3 --29 11 07
0823+033 8. 23 + 3 18 " 1700--37 17 DO32.6--37 46 28 CSI 74 0.29--0.66 17 45 42.8 --29 01 03

0823--223 _23 --2218 I ;_R 1701+610 1701 +6100 ED 0.29--0.99 174701.3--2911070827+24 27 54.4 +24 21 07 68 1702--363 NOM. 17 02 --36 18 0.29--2.00 17 51 00.1 --29 42 21

B-72



NAME J RA 0950) DEC POSRE NAME RA (1950) DEC POSRE NAME RA (1950) DEC POSREF

h ms * s . h ms h m !
0.31--0.59 17 45 30.3--28 57 34 0.91-1.47 17 50 20.1 -28"54' 14 5.29+1.13 17 50 23.1 --23"48' 1_
0.31--1.91 17 50 40.6--29 38 50 0.91-1.48 17 50 23.3--28 54 44 5.31+1.32 17 49 41.3--23 41 46
0.31--2.02 17 51 06.2--29 41 51 0.91--1.55 17 50 40.3 --28 56 45 5.32+ 1.05 117 50 46.5 --23 49 18
0.31--2.06 175116.6--294321 0,92--1.58 175047.9--285715 5,36+1,03 1175054,3--234748
0.32--0.74 1174606.2--290134 0.92--1.71 175118.0--2910045 5.36+1.07 175046.2--234648
0.32--2.09 175124.2--294321 0.92--1.91 175205,6--290648 5.37+0.96 1751 I1.1--234919

0.33--0.56 17174524.3--285533 0.92--1.92 175208.5 -290717 5.4+1.2 1750 --2341 ED0.33--0.62 45 39.2 --28 57 34 0,93--1.94 17 52 15.7 --29 07 17 5.4--0,8 17 58 --24 41 "
0.33--2.01 17 51 07.9--29 40 21 0.94--1.78 17 51 38.0--29 02 17 5.40+1.12 17 50 39.9--23 43 18
0.34--0.67 17 45 51.6--28 58 34 0.94--2.03 17 52 38.1 --29 09 49 5.40+1.20 17 50 21.1 --23 40 47
0.34--1.97 175057.9--293851 0.95--1.57 175048.9--285515 5.41+1.05 175056.0--234449
0.35--0,65 117 4548,5 --28 57 34 0,96--1.70 17 51 22,6--28 58 16 5.41+1.10 17 5047.2 --23 43 18
0.35--0.94 174656.9 --290637 0.98--1.71 175128.5 --285747 5.43+1.15 175037.4--234048
0.35--2.10 175130.9--294222 0.98--1.85 175200.2--290218 5.44+0.89 175136,3 --234750
0.36--2.05 175121.2 --294021 0.99--1.79 175148.2 --285946 5.49+1.05 175108.3 --234049
0.37--0.90 i17 4651,0--29 04 07 0,99--2.03 17 5243,4--29 07 18 5.51+0.94 17 51 35,0--23 42 50
0.39--0.76 17 4621.2 --28 59 05 1.00--2,07 17 5256.5 --29 07 49 5.53+0.96 17 51 33.1 --23 41 20
0.39--0.79 174627.5 --285935 1.02--1.70 175129.5 --285517 5.56+0.80 175213.2 --234451
0.39--0.81 174631.9--29 (3005 1.03--1.80 175154.1 --285748 5.57+0.74 175229.6--234552
0,39--2.10 175136.1 --294022 1.03--1.90 175218.8 --290117 5.59+0,81 175215.0--234252
0.40--2.14 17 5148.3 --29 40 52 1.04--2.23 17 5338,4 --29 10 20 5.60+0.69 17 5242.4 --23 45 53
0.41--0.80 17 4631,0--28 59 06 1.05--1.82 17 5202,6--28 57 48 5,63+0.75 17 5233.5--23 42 22
0.41--2.11 175140.7 --293922 1.09--1.86 175218.5 --285648 5.65+0.60 175311.0 --234624
0.42--0.75 17 4620.9 --28 57 05 1.10--1.89 17 5226.8--28 56 49 5.68+0.76 17 5239.1 --23 39 52
0.42--0.86 17 4647.5 --29 00 05 1.10--1.92 17 5232.6 --28 57 49 5.74+0.39 17 54 10.3 --23 47 56
0.42--1.03 17 4728.3--29 06 07 1.11--1.94 17 5240.4--28 58 19 5.77+0.35 17 5424.3--23 47 26
0.43--0.83 17 4643.4--28 59 06 1.15--2.07 17 53 16.7--28 59 50 5.78+0.37 17 5420.0--23 46 26
0.43--2.14 17 51 50.9--29 39 22 1.16--2.04 17 53 10.9--28 58 20 5.81+0.37 17 54 23.8 --23 44 56
0.43--2.23 17 52 12.6 --29 41 53 1.16--2.17 17 53 41.2 --29 02 21 5.82+0.23 17 54 58.4 --23 48 27
0.44--0.78 17 46 32.4--28 56 36 1.16--2.29 17 5409.7--29 05 52 5.82+0.26 17 54 51.6--23 47 27
0.45--2.22 17 52 13.2 --29 40 23 1.18--1.97 17 52 57.1 --28 55 20 5.83+0.40 17 54 18.8 --23 42 56
0.46--0.72 17 46 20.1 --28 54 06 1.18--2.10 17 53 26.9--28 59 21 5.85+0.30 17 54 46.1 --23 44 57
0.46--0.76 17 46 31.6 --28 55 06 1.18--2.44 17 54 47.3 --29 09 54 5.86+0.33 17 54 39.0 --23 43 27
0.46--0.83 17 46 46.2 --28 57 06 1.20--2.48 17 54 59.6 --29 09 54 5.88+0.41 17 54 24.8 --23 39 56
0.47--2.16 17 52 02.1 --29 37 53 1.21--1.98 17 53 03.6--28 54 20 05.89--0.40 17 57 27.2--24 04 10
0.48--2.18 175207.6--293753 1.21--2.15 175342.1 --285922 5.9-0.4 175726.8-2404 I1
0.48--2.30 175236.8 -294124 1.21--2.33 175426.0 -290452 5,9-0.8 1759 --2415 ED
0.49--1.22 174821.6 -2908 l0 1.24--2.45 175457.0 -290654 5.90+0.38 175433.9 --233957
0.50--0.82 174651.6--285507 1.26-2.28 175422,0--290052 5.91+0.24 175508.4--234328
0.50--0.85 17 46 56.2--28 56 07 1.27--2.11 17 53 42.3 --28 54 52 5.91+0.30 17 54 54.3--23 41 57
0.50--1.20 17 48 18.9--29 07 09 1.28--2.14 17 53 49.9--28 55 22 5.91+0.33 17 5447.3 --23 40 57
0.51--0.88 17 47 04.9 --28 56 07 1.28--2.27 17 54 19.5 --28 59 23 5.92+0.05 17 55 50.6 --23 48 29
0.52--0.98 17 47 31.1 --28 59 08 1.30--2.17 17 5400.3--28 55 22 5.92+0.15 17 55 27.8--23 45 59
O.52--1.03 17 4741.8 --29 O0 37 1.30--2.19 17 5405.1 --28 55 52 5.96+0.07 I7 44 50.7--23 45 59
0.52--1.07 17 47 53.0--29 Ol 38 1.30--2.28 17 54 26.7--28 58 53 5.97+0.11 17 55 43.6--23 44 29
0.52--1.21 17 48 24.5 --29 06 09 1.30--2.38 17 54 49.1 --29 Ol 23 5.98+0.01 17 56 07.2 --23 47 O0
0.53--1.31 17 48 48.9--29 08 40 1.31--2.68 17 56 02.6--29 10 26 6.01+0.02 17 56 10.1 --23 45 00
0.54--1.22 17 48 30.2--29 05 39 1.32--2.21 17 54 13.3--28 55 23 6.03--0.13 17 5645.2 --23 48 31
0.54--1.25 17 48 36.9 --29 06 09 1.32--2.23 17 54 17.8 --28 55 53 6.04--0.15 17 56 51.7 --23 48 31
0.55--1.33 17 48 56.7--29 08 11 1.34--2.27 17 54 29.7--28 56 23 6.05--0.19 17 57 02.2--23 49 32
0.55--2.32 17 52 51.3 --29 38 55 1.34--2.73 17 56 19.8 --29 09 57 6.07+0.0 17 56 21.9 --23 42 30
0.56--1.09 17 48 02.1 --29 O0 38 1.35--2.44 17 55 12.6--29 00 54 6.07+0.05 17 56 10.5 --23 41 O0
0.56--1.42 17 49 19.2 --29 10 11 1.36--2.48 17 55 21.4 --29 01 24 6.08--0.29 17 57 28.9 --23 50 33
0.56--2.46 17 53 25.9--29 42 26 1.38--2.29 17 54 40.5--28 54 54 6.11--0.15 17 57 00.2--23 45 02
0.57--1.12 17 48 09.9--29 00 38 1.41--2.43 17 55 17.6--28 57 25 6.13--0.09 17 56 50.9 --23 42 02
0.57--1.19 17 4826.6 --29 02 40 1.41--2.85 17 5656.2 --29 09 59 6.24--0,30 17 5752.6 --23 42 34
0.59--0.99 174741.3--285538 1.41--2.86 175659.2--291028 6.28--0.31 175758.7--234104
0.59--0.99 17 4743.9 --28 55 38 1.42--2.54 17 5544.3 --29 00 25 6.34--0,44 17 5836.2 --23 41 35
0.60--0.95 17 4733.1 --28 54 08 1.42--2.87 17 5702.7 --29 09 59 6.37--0.49 17 5853.5 --23 41 36
0.60--2.45 175329.1 --293956 1.43--2.36 175503.3 --285424 6.38--0.68 175936.2 --234638
0.61--1.03 174755.7--285609 1.43--2.38 175506.9--285455 6.39--0.72 175948.4--234738
0.61--1.42 174927.5 --290812 1.43--2.46 175525.7 --285725 6.39--0.74 175951.4 --234808
0.62--2.51 17 5345.6 --29 40 27 1,43--2.48 17 5530,9 --28 57 55 6.43--0.75 17 5959.6 --23 46 08
0.63--1.09 I7 48 12.5 --28 56 40 1.44--2.59 17 55 59.2 --29 00 56 6.44--0.72 17 59 54.1 --23 45 08
0.63--1.17 17 48 31.5--28 59 10 1.45--2.61 17 56 06.2--29 O0 56 6.44--0.79 18 00 09.9--23 47 09
0.64--1.25 17 48 50.4 --29 01 10 1.45--2.64 17 56 11.5 --29 Ol 26 6.47--0.61 17 59 33.9 --23 40 07
0.64--1.48 17 49 44.1 --29 08 13 1.46--2.41 17 55 19.0--28 54 25 6.48--0.71 17 59 58.0 --23 42 38
0.65--1.11 17 48 19.7--28 56 10 1.47--2.67 17 56 22.5 --29 Ol 56 6.49--0.76 18 00 08.6 --23 43 39
0.65--2.54 17 53 59.2 --29 39 57 1.48--0.06 17 46 12.4 --27 41 01 6.55--1.10 18 01 35.9 --23 50 42
0.65--2.65 17 54 25.2 --29 43 28 1.48--2.51 17 55 44.6 --28 56 26 6.58--0.91 18 00 55.4 --23 43 10
0.67--1.35 17 49 19.0--29 02 42 1.51--2.50 17 55 46.9--28 54 26 6.60--1.09 18 01 39.3--23 47 42
0.68--1.65 17 50 31.3--29 I1 15 1.51--2.64 17 56 21.4--28 58 27 6.61--1.08 18 01 37.3 --23 46 42
0.69--1.61 17 50 24.3--29 09 44 1.54--2.55 17 56 03.3--28 54 27 6.64-0.96 18 01 15.6--23 41 41
0.70--1.40 17 49 33.6--29 02 43 1.54--2.77 17 56 54.9--29 00 58 6.67--1.33 118 02 42.9--23 50 44
0.71--1.60 17 50 22.1 --29 08 14 1.56--2.62 17 56 21.5--28 55 27 6.69--1.26 I18 02 30.6--23 47 44
0.73--1.26 17 49 05.1 --28 56 41 2.6--0.4 17 50 10.8 --26 55 58 6.69--1.36 18 02 53.0--23 50 45
0.73--1.56 17 50 17.2 --29 06 13 2.6--0.4 17 50 10.9 --26 56 00 6.70--1.09 18 01 51.7 --23 42 13
0.73--1.67 17 5042.7 --29 09 14 2.60--0.40 17 50 10.8 --26 55 58 6.71--1.07 18 01 49.9 --23 41 12
0.73--2.60 17 54 23.0 --29 37 58 4.31+2.85 17 41 44.5 --23 45 29 6.73--1.19 18 02 17.7 --23 43 43
0.74--1.18 17 48 47.9 --28 54 11 4.32+Z85 17 41 44.9 --23 44 29 6.74--1.31 18 02 48.4 --23 46 45
0.74--1.22 17 48 58.1 --28 55 I1 4.39+2,80 17 42 06.0--23 42 29 6.84--1.32 18 03 03.0--23 42 15
0.74--1.31 17 49 18.3 --28 58 12 4.41+2.87 17 41 53.2--23 39 29 6.86--1.30 18 03 01.1 --23 40 15
0.76--1.28 174914,8--285542 4.42+2.72 1174228.1 --234330 6.86--1.46 180338.0--234446
0.76--1.47 17 4958.6 --29 01 42 4,48+2,56 17 43 12.8 --23 45 32 6.94--1.59 18 0416.5 --23 44 48
0.77--1.27 174912.4--28 $512 4.53+2,67 174255.5--233931 6.96--1.48 180355.7--234017
0.77--1.36 174935.3--285813 4.54+2,44 174347.2--234603 6.97--1.49 180358.8--234017
0.77--1.39 174943.4 --285843 4.54+2.66 174257.8 --233931 6,98--1,52 180405,3 --234017
0.77--1.72 175100.5--290915 4.55+2,58 174317.1 --234132 7.00--1.75 180502.3--234619
0.77--1.74 17 5105.1 --29 09 15 4,57+2,30 17 4421.7 --23 49 04 7.01--1.56 18 04 18.3 --23 40 18
0.78--1.50 175009.0--290143 4.62+2,53 174338.8--233933 7.01--1.64 180439.1 --234219
0.78--1.67 175050,6--290645 4.65+2.31 174430.7--234435 7,02--1,88 180534.6--234851
0.79--1.69 175055.1 --290646 4.67+2,24 174448.8--234605 7.07--1.72 180504,0--234149
0.80--1.56 175025.5--290244 4.674-2.36 174422.8--234204 7,09--1.74 180509.4--234120
0.80--1.60 17 50 35.7--29 03 44 4.74+2,09 17 45 3114--23 47 07 7.10--1.83 18 05 31.7--23 43 20
0.80--2.79 17 55 17.8 --29 40 O0 4.77+2.09 17 45 35.4 --23 45 37 7.12--1.77 18 05 21.4 --23 40 20
0.81--1.47 17 5007.9--28 59 14 4.78+2,06 17 45 46.1 --23 46 07 7.15--2.07 18 06 33.6--23 47 53
0.81--2.89 17 55 43.4--29 42 31 4.79+2.09 17 45 38.6--23 44 37 7.16--1.87 18 05 48.7--23 41 21
0.82--1.35 17 49 40.6 --28 55 13 4.83+2.14 17 45 33.6 --23 40 37 7.16--2.16 18 06 57.2 --23 49 54
0.82--1.48 17 50 11.0--28 59 14 4.85+2,10 17 45 45.8--23 41 07 7,24--2.15 18 07 04,3 --23 45 24
0.82--1.55 17 50 27.7 --29 Ol 13 4.91+1,90 17 46 38.8 --23 44 09 7.5--t--0.06 17 59 11.9 --22 27 51
0.82--1.64 17 5047.4--29 03 44 4.92+1,69 17 47 28.3--23 50 11 8.74+2.99 17 51 05.0--19 53 34
0.82--1.66 17 50 53.8 --29 04 44 4.93+1,77 17 47 10.4--23 47 10 8.76+2.95 17 51 15.7--19 53 34
0.82--2.80 17 55 24.1 --29 39 130 4.93+1,91 17 46 39.6 --23 43 09 8.79+2.70 17 52 15,0 --20 O0 04
0.83--1.46 17 50 08.0--28 57 44 4.97+1,66 17 47 41.3--23 48 42 8.83+2.78 17 52 02.5--19 55 06

0.83--1.50 17 50 16.5--28 59 _ 4.98+1,70 17 47 32.8--23 46 41 8.84+2.75 17 52 09.9--19 56 030.84--1.61 17 5044.3 --29 01 4.99+1,61 17 47 55.7 --23 49 12 8.86+2.57 17 52 53.8 --20 O0 05
0.84--1.68 17 50 59.2--29 04 16 5.00+1.55 17 48 09.2--23 50 13 8.88+2.66 17 52 34.2--19 56 34
0.84--1.84 17 51 37.2--29 08 46 "-5.00+1.84 17 47 04.1 --23 41 10 8.90+2.72 17 52 23.4--19 53 37
0.84--1.86 17 51 42.4 --29 09 47 5.03+1,56 17 48 11.9 --23 48 43 8.98+2.38 17 53 50.4 --20 13007
0.85--1.47 17 50 13.1 --28 57 14 5.05+1,57 17 48 10.6 --23 47 13 8.98+2.43 17 53 38.9 --19 58 37
0.85--1.90 17 51 52.5 --29 10 17 5.07+1,54 17 48 21.3 --23 47 13 8.98+2.51 17 53 21,5 --19 56 06
0.85--2.96 17 5606.4--29 42 32 5.10+1,43 17 48 50.2--23 48 44 8.98+2.56 17 53 10.4--19 54 36
0.86--1.52 17 50 26.3--28 58 14 5.14+1.58 17 48 22.2--23 42 13 9.09+2.28 17 54 25.0--19 57 08
0.86--1.62 17 50 48.6--29 01 14 5.21+1.56 17 48 35.9--23 39 44 9.16+2.27 17 54 37.3--19 53 42
0.87--1.53 17 50 29.4--28 57 45 5.23+1,35 17 49 24.8--23 44 45 9.19+2.23 17 54 49.3--19 53 42
0.87--1.57 17 50 38.8 --28 59 15 5.24+1.27 17 49 46.1 --23 46 46 9.23+1.94 17 55 58.4 --20 00 12
0.87--2.87 17 55 47.2--29 39 01 5.26+1,19 17 5003.9--23 48 17 9.26+2.10 17 55 28.4--19 53 44
0.89--1.82 17 51 41.8 --29 05 46 5.26+1,36 17 49 26.7 --23 42 45 9.37+1.81 17 56 45.4 --19 56 43
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NAME RA (1950) DEC POSREF NAME RA (1950) DEC lOS REF NAME RA (1950) DEC POSREF

h m * h m t * ' •
9.49+1.66 17 57 34.4--19"55' 18 21.19+0.48 18 25 16.4--10 14 37 23.91--0.14 18h32m40_5- 8"07' 4_
9.49+1.68 17 57 30.0--19 54 45 21.20+0.37 18 25 41.5--10 17 04 23.92--0.16 18 32 44.7- 8 07 47
9.52+1.52 17 5807.8--19 57 46 21.22+0.35 18 25 50.1 --10 16 38 23.93--0.42 18 3342.9- 8 14 19
9.68+1.20 17 59 40.1 --19 58 50 21.23+0.45 18 25 29.1 --10 13 37 23.95--0.21 18 32 58.9- 8 07 17
9.7+0.7 18 02 --20 13 ED 21.24+0.12 18 2640.6--10 21 51 23.96--0.43 18 33 48.1 -- 8 12 49
9.81+0.92 18 00 58.9--20 00 23 21.26+0.10 18 26 48.3--10 21 40 23.97--0.15 18 32 49.8- 8 04 47
9.82+1.10 18 00 19.8--19 54 51 21.26+0.32 18 25 59.8--10 15 38 23.98--0.40 18 33 43.0- 8 11 19
9.83+1.11 18 00 19.1 --19 53 54 21.29+0.26 18 26 17.2 --10 15 39 23.99--0.27 18 33 16.2 -- 8 07 18
9.89+0.90 18 01 13.8--19 56 53 21.30+0.23 18 26 23.9--10 16 05 24.01--0.40 18 33 46.4- 8 09 19
10.03+O.67 18 02 23.2--19 56 26 21,31+0.22 18 26 28.2--10 15 39 24.02--0.40 18 33 48.3 -- g 09 19
10.04+0.59 18 02 41.2-19 58 26 21.33+0.02 18 27 13.5--10 20 I1 24.04--0.49 18 34 09.0- 8 10 20
10.08+0.52 18 03 01.1 --19 57 57 21,33+0.13 18 26 49.3--10 17 06 24.06--0.42 18 33 56.7- 8 07 20
10.I--0.1 18 05 18.2--20 16 46 21,35--0.07 18 27 33.8 --10 21 42 24.06--0.49 18 34 11.9- 8 09 20
10.15+0.54 18 03 07.5 --19 54 00 21.36--0.11 18 27 43.6--10 21 53 24.08--0.54 18 34 23.0- 8 09 50
10.16+0.47 18 03 22,8--19 55 31 21.37--0.08 18 27 39.2--10 20 42 24.12--0.54 18 34 29.5- 8 07 51
10.19+0.51 18 03 17.0--19 52 58 21.39--0,04 18 27 33.4--I0 18 42 24.12--0.61 18 34 43.8- 8 09 51
10.20+0.39 18 03 45.1 --19 55 32 21.39--0.14 18 27 54.0 --10 21 12 24.13--0.58 18 34 38.3 -- 8 08 21
10.22+0.28 18 04 13.5 --19 58 00 21.40--0.11 18 27 48.8--10 20 12 24.13--0.72 18 35 08.2- 8 I1 52
10.22+0.46 18 03 33.0--19 52 58 21.44--0.17 18 28 04.6--10 19 43 24.14--0.68 18 35 00.3 -- 8 10 22
10.24+0.39 18 03 51.3--19 54 02 21.48--0.10 18 27 55.7--10 15 42 24.17--0.80 18 35 30.0- 8 I1 53
10.24+0.42 18 03 42.9 --19 52 58 21.49--0.05 18 27 45.7 --10 13 42 24.18--0.87 18 35 46.1 -- 8 13 23
10.27+0.25 18 04 25.8--19 56 30 21.49--0.17 18 28 10.8--10 17 09 24.19--0.65 18 35 01.8- 8 06 52
10.28+0.23 18 04 31.5--19 56 30 21.51--0.31 18 28 45.0--10 19 44 24.21--0.91 18 35 58.4- 8 12 54
10,31+0,17 18 04 50,1 --19 56 31 21,59--0.52 18 29 39.4 --10 21 46 24.25--0.87 18 35 53.2 -- 8 09 54
10.33+0.06 18 05 15.0--19 58 32 21.60--0.34 18 2901.8--10 15 45 24.34--1.00 18 36 31.3- 8 08 55
10.34+0.13 18 05 01.5-19 56 31 21.60--0.50 18 29 36.9-10 20 16 24.38--1.03 18 36 42.7- 8 07 25
10.35+0.14 18 05 00.3 --19 55 34 21.62--0.59 18 29 56.4--10 21 58 24.38--1.15 18 37 10.2- 8 10 56
10.36+0.08 18 05 15,0--19 56 32 21.65--0.37 18 29 13.2--10 13 45 24.40--1.04 18 36 47.2- 8 06 56
10.36+0.20 18 04 47.2--19 53 01 21.68--0.45 18 29 33.4--10 14 46 24.44--1.37 18 38 03,4- 8 13 28
10.4+0.0 18 05 38.2--19 55 28 21.68--0.50 18 29 44.3--10 16 12 24.47--1.20 18 37 30.2- 8 07 27
10,4--0,2 18 06 --20 03 ED 21,69--0,47 18 29 39,3 --10 14 46 24.48--1,21 18 37 33.2 -- 8 07 27
10.40+0.01 18 05 35.0-19 56 33 21.70--0.78 18 30 48.3-10 22 49 24.48--1.28 18 37 48.7- 8 08 58
10,40+0.14 18 05 05.9--19 53 02 21.73--0.52 18 29 54.7--10 13 47 24.48--1.29 18 37 50.7- 8 09 28
10,48+0.0 18 05 47.3--19 53 03 21.73--0.65 18 30 21,3--10 17 48 24.49--1.45 18 38 27.0- 8 12 59
10.52--0.27 18 06 51.7 --19 58 35 21.74--0.74 18 30 43.2--10 19 19 24.53--1.26 18 37 49.4- 8 05 58
10.61--0.32 18 07 14.5 --19 55 06 21.75--0.58 18 30 10.1 --10 14 47 24.55--1.27 18 37 53.7 -- 8 04 58
10.77--0.67 18 08 51.6--19 57 10 21.75--0.83 18 31 03.5--10 21 19 24.55--1.54 18 38 51.3- 8 12 30
10,80--0.72 18 09 07.9--19 57 10 21.76--0.85 18 31 08.8--10 21 19 24,58--I,53 18 38 52,6- 8 10 30
10.81--0.73 18 09 12.0--19 56 40 21.78--0.75 18 30 51.0--10 17 49 24.62--1.54 18 38 59.4 -- 8 09 00
10.84--0.66 18 08 58.7 --19 53 10 21.8--0.4 18 30 --10 07 ED 24.66--1.68 18 39 33.7 -- 8 10 32
10,88--0.80 18 09 34.5 --19 55 11 21.81-0.74 18 30 51.4--10 15 49 24.67--1.59 18 39 17.0- 8 07 31
10.90--0.84 18 0947.4 --19 55 12 21.85--1.03 18 31 58.9 --10 22 02 24.74--1.84 18 4.018.3 -- 8 11 03
10.90--0.87 18 09 52.7--19 56 12 21.88--0.95 18 31 45.3--I0 18 21 24.75--1.76 18 4002.5- 8 08 03
10.92--0.91 18 1005.8--19 56 12 21.89--0.95 18 31 45.2--10 17 17 24.77--1.95 18 4044.8- 8 12 04
10.93--1.00 18 10 27.4--19 58 13 21.90--1.16 18 32 32.6--10 22 52 24.79--1.73 18 39 59,9- 8 05 03
10.96-- 1.07 18 10 44.7 -- 19 58 44 21.91-- 1.21 18 32 45.1 -- 10 23 34 24.79--2.01 18 40 59.0 -- 8 12 35
11.01--1.13 18 11 05.6 --19 57 45 21.92--1.07 18 32 16.1--I0 19 22 24.80--2.01 18 41 01.9 -- 8 12 05
11.02--1.15 18 I1 11.3--19 58 15 21.93--1.06 18 32 13.3 --10 18 22 24.81--2.03 18 41 06.3 -- 8 12 05
11.09--1.27 18 11 47.3 --19 57 46 22.04--1.27 18 33 11.9 --10 18 54 24.85--2,17 18 41 41.3 -- 8 13 36
11.09-- 1.34 18 12 02.7 -- 19 59 47 22.17-- 1.46 18 34 07,5 -- 10 16 56 24.95--2.30 18 42 21.4 - 8 12 08
11.10--1.22 18 I1 36.7--19 55 49 22.21--1.50 18 34 20.5--10 15 56 25.0+0.4 18 33 -- 6 55 ED
11.18--1.46 18 12 39.5--19 58 18 22.22--1.70 18 35 05.7--10 20 58 25.02+1.65 18 28 21,1 -- 6 18 30
11.26--1.65 18 13 32.2--19 59 50 22.23--1.69 18 35 03.2--10 19 58 25.07+1.61 18 28 36.1 -- 6 17 00
11.29--1.55 18 13 13.0--19 55 19 22.25-1.59 18 3443,8--10 15 57 25.09+1,40 18 29 23.0- 6 22 02
11.31--1.61 18 13 29.4--19 56 20 22.25--1.83 18 35 37.3--10 22 59 25.09+1.64 18 28 30.1 - 6 15 30
11.33--1.77 18 1408.4--19 59 51 22.25--1.86 18 35 44.3 --10 23 40 25.1--0.4 18 40 -- 7 I0 ED
11.40--1.83 18 1430.8--19 57 22 22.30--1.60 18 3453.1 --10 13 58 25.10-2.59 18 4339.7-- 8 12 10
11.57--2.26 18 16 27.1 --20 00 56 22.30--1.90 18 35 58.7--10 22 I1 25.10--2.68 18 43 58.7- 8 14 41
11.59--2.07 18 15 47.7--19 54 28 22.31--1.65 18 35 04.8--10 14 58 25.13+1.33 18 29 42.1 -- 6 21 33
11.6+0.1 18 0741.7--18 53 32 22.32--1.72 18 35 19.9--10 15 58 25.14+1.47 18 29 14,0- 6 17 32
11.60--2.11 18 15 56.7--19 54 55 22.34--1.77 18 35 33.7--10 16 25 25.19+1.43 18 29 27.0- 6 16 02
11.63--2.18 18 16 17.1 --19 55 26 22.34-1.93 18 3608.4--10 21 00 25.20+1.32 18 29 51.0-- 6 18 33
12.21--0.11 18 09 44.9 --18 25 09 22.38--1.95 18 36 18.1 --10 19 31 25.24+1.27 18 30 07.1 -- 6 17 34
12.91--0.26 18 11 44.2 --17 52 57 22.4+1.6 18 24 -- 8 39 ED 25.27+1.03 18 31 02.1 -- 6 22 36
14.17--0.06 18 13 32.6--16 40 58 22.40-1.99 18 3627.2--10 19 31 25.30+1.26 18 30 16.3-- 6 15 04
14.17-0.06 18 13 32.9 --16 40 43 22.71--2.63 18 39 21.8 --10 20 37 25.33+1.11 18 30 51.1 -- 6 17 35
15.1-0.7 18 18 --16 10 ED 22.74--2.81 18 4004.5 --10 23 50 25.34+0.97 18 31 23.2 -- 6 20 36
16.4-0.6 18 20 --14 59 "" 22.94+1.63 18 2430.8-- 8 09 29 25.34+1.02 18 31 II.0-- 6 19 06
17.1+0.9 18 16 --13 39 " 23.0+0.8 18 28 -- 8 30 ED 25.35+0.94 18 31 29.2 -- 6 21 07
17.4--0.6 18 22 --14 06 " 23.0--0.4 18 32 -- 9 03 " 25.36+1,08 18 31 02.1 -- 6 16 36
18.2--0.4 18 23 --13 18 " 23.02+1.59 18 2449.0-- 8 06 30 25.36+1.15 18 3045.3- 6 14 35
18.3+0.4 18 19 53.1 --12 49 I1 23.03+1.49 18 25 10.1 -- 8 08 30 25.37+0.95 18 31 31.2 -- 6 19 37
18.3+0.4 18 19 54.1 --12 48 54 23.15+1.23 18 2621.1 8 09 33 25.39+0.85 18 31 53.2 -- 6 21 37
18.4+1.8 18 15 --12 05 ED 23.16+1.18 18 26 33.0- 8 10 33 25.46+0.83 18 32 05.1 -- 6 18 08
19.2+0.4 18 22 --12 02 " 23.17+1.16 18 2637.1 -- 8 10 34 25.52+0.67 18 3246.1 -- 6 19 39
19.2--1.0 18 2640.1--12 39 57 23.19+1.05 18 2703.8-- 8 12 35 25.54+0.72 18 3237.9-- 6 17 09
19.60--0.23 18 2448.7--11 59 25 23.20+1.22 18 2628.4-- 8 07 33 25.56+0.55 18 33 16.1 -- 6 20 40
20.2--0.8 18 28 --II 43 ED 23.21+0.97 18 2721.6-- 8 14 05 25.57+0.44 18 3341.1 -- 6 23 11
20.3--0.1 18 2526.9--11 18 08 23.21+1.20 18 2632.7-- 8 07 33 25.57+0.58 18 33 11.1 -- 6 19 10
20.4--0.3 18 2648.5--11 17 56 23.23+0.95 18 2729.0-- 8 13 06 25.57+0.88 18 3208.7-- 6 11 10
20.60+1.48 18 20 34.5--10 17 26 23.25+1.03 18 27 14.5 -- 8 I0 05 25.58+0.53 18 33 24.1 -- 6 20 11
20.66+1.27 18 21 27.5--10 20 28 23.30+0.95 18 27 36.5- 8 09 36 25.59+0.61 18 33 07.0- 6 17 10
20.69+1.15 18 21 56.2--I0 22 29 23.31+1.10 18 2704.9-- 8 04 35 25.59+0.80 18 3228.3 -- 6 12 I1
20.7+0.1 18 25 41,6--10 52 22 23.32+0.90 18 27 50.0- 8 10 06 25,60+0,66 18 32 58.1 -- 6 15 40
20.7+0.1 18 25 41.9--10 52 33 23.34+0.87 18 27 59.1 -- 8 09 37 25.63+0.32 18 34 14.1 -- 6 23 12
20.70+1.26 18 21 33.9--10 18 29 23.34+0.95 18 2741.4- 8 07 36 25.66+0.53 18 33 32.2- 6 15 41
20.72+1.30 18 21 26.2--10 16 28 23.36+0.93 18 27 47.2- 8 07 06 25.69+0.41 18 34 01.1 -- 6 17 42
20.74+1.32 18 21 25.5 --10 14 28 23.39+0.91 18 27 55.1 -- 8 05 36 25.70+0.23 18 34 42.1 -- 6 22 14
20.75+1.35 18 21 20.8 --10 13 28 23.40+0.80 18 28 18.8 -- 8 08 37 25.70+0.37 18 34 I1.I -- 6 18 42
20.76+1.06 18 22 22.2--10 21 00 23.43+0.74 18 28 36.7- 8 08 38 25.74+0.16 18 35 00.1 -- 6 21 44
20.78+1.04 18 22 30.6--10 20 31 23.43+0.88 18 28 05.2- 8 04 37 25.74+0.25 18 34 41.1 -- 6 19 13
20.79+1.01 18 22 37.0--10 21 01 23.46+0.53 18 29 24.8- 8 12 40 25.76+0.09 18 35 19.0- 6 22 45
20.79+1.05 18 22 29.8--10 19 31 23.48+0.79 18 28 31.9- 8 04 38 25.76+0.26 18 3442.1 -- 6 18 14
20.8+I.5 18 21 --10 06 ED 23.50+0.47 18 2941.6-- 8 12 10 25.76+0.28 18 3437.2- 6 17 43
20.83+0.91 18 23 02.8 --10 21 32 23.52+0.37 18 30 06.2 -- 8 14 11 25.79+0.10 18 35 18.1 -- 6 21 15
20.85+1.05 18 22 35,9--I0 16 31 23.52+0.61 18 29 15.2- 8 07 09 25.81+0.30 18 34 39.3- 6 14 43
20.91+0.75 18 23 46.8 --10 21 33 23.54+0.59 18 29 20.1 -- 8 07 10 25.81+0.36 18 34 25.6 -- 6 12 45
20.91+1.01 18 22 52.7--10 14 31 23.55+0.52 18 29 37,7- 8 08 10 25,82+0.17 18 35 07,1 -- 6 17 14
20.93+0.72 18 23 54.6--10 21 45 23.56+0.32 18 30 20.7- 8 13 12 25.84+0.04 18 35 37.2- 6 20 15
20.94+0.90 18 23 19.1 --I0 15 58 23.58+0.31 18 3024.4-- 8 12 42 25.84+0,36 18 3428.1 -- 6 11 15
20.95+0.73 18 23 55.4--10 20 34 23.60+0.41 18 3006.8- 8 08 41 25.87+0.06 18 35 37.1 -- 6 17 45
20.95+0.85 18 2329.4--10 16 59 23.65+0.29 18 3036.9- 8 09 42 25.87+0.22 18 3502.7 -- 6 13 16
20.95+0.87 18 23 26.7--10 16 33 23.65+0.31 18 30 33.2- 8 09 12 25.88+0.02 18 35 46.1 -- 6 18 46
20.95+0.94 18 23 09.9--10 14 32 23.67+0.39 18 30 17.2- 8 05 42 25.88--0.08 18 36 07.1 -- 6 21 17
20.96+0.77 18 23 48.6--10 18 34 23.67+0.42 18 30 11.8- 8 04 41 25.90+0.12 18 35 27.2- 6 14 45
20.98+0.85 18 23 33.7--10 15 33 23.69+0.38 18 3022.1 -- 8 04 42 25.91--0.09 18 36 13.2- 6 19 47
20.99+0.75 18 23 57.9--10 17 34 23.7+1.2 18 27 24.2- 7 38 57 25.92+0.09 18 35 35.9- 6 14 17
21.00+0.84 18 23 38.3 --10 14 33 23.70+0.08 18 31 27.9 -- 8 12 44 25.93--0.05 18 3608.0- 6 17 47
21.01+0.68 18 24 12.7 --10 18 34 23.71+0.27 18 3049.5 -- 8 06 43 25.95+0.02 18 35 53.3 -- 6 14 46
21.03+0.56 18 24 42.4-10 21 05 23.73+0.30 18 30 44.1 -- 8 04 43 25.95--0.25 18 36 51.1 -- 6 22 18
21.05+0.74 18 24 06.8 --10 14 34 23.75+0.27 18 30 53.6 -- 8 04 43 25.96+0.13 18 35 32.8 -- 6 11 17
21.09+0.48 18 25 04.6--10 20 06 23.76+0.11 18 31 29.1 -- 8 08 44 25.96+1.54 18 30 29.7- 5 32 04
21.11+0.47 18 25 11.4--10 19 07 23.78--0.07 18 32 10.2-- 8 12 46 25.97--0.12 18 3626.1 -- 6 17 47
21.11+0.55 18 24 52,2 --10 17 02 23.8+0.2 18 31 06.8 -- 8 06 14 25.97--0.17 18 36 37.0 -- 6 18 48
21.12+0.44 18 25 18.9--10 19 37 23.82--0.13 18 3228.1- 8 12 16 25.98--0.02 18 3606.9-- 6 14 18
21.14+0.39 18 25 31.0 --10 19 37 23.83--0.18 18 32 39.1 -- 8 13 17 25.98--0.31 18 37 09.1 -- 6 22 19
21.15+0.45 18 25 20.6 --10 17 37 23.84--0.24 18 32 53.0 -- 8 14 17 25.98--0.34 18 37 15.1 -- 6 23 19
21.16+0.23 18 26 07.6--I0 23 20 23.85--0.12 18 32 29.5 -- 8 10 16 25.99--0.06 18 36 16.1 -- 6 15 17
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NAME RA (1950) DEC POSRE NAME RA (1950) DEC POSRE: NAME HA (1950) DEC POSEEF

_t m I h m s h m *
25.99--0.12 18 36 28.1 -- 6"16 1'_ 26.79+0.26 18 36 35.6- 5"23' 18 27.38--1.13 18 42 40.6- 5"30 31"
26.130--0.26 18 36 59.0 -- 6 19 48 26.80+0.24 18 36 42.7 -- 5 23 48 27.40+0.86 18 35 37.0 -- 4 34 17
26.01--0.11 18 3628.2-- 6 15 17 26.80--0.06 18 3745.6-- 5 31 50 27.40--1.02 18 42 16.6-- 5 26 30
26.02--0.07 18 3621.9-- 6 13 49 26.80--0.13 18 3759.6-- 5 33 51 27.40--1,13 18 4240.6-- 5 29 31
26.02--0.26 18 37 01,1 -- 6 18 49 26.81--0.02 18 37 39.5 -- 5 30 20 27.42+0.90 18 35 28.9 -- 4 32 17
26,02--0.30 18 37 11.1 -- 6 19 49 26.81--0.09 18 37 53.5-- 5 32 20 27.42--1.27 18 43 13.5 -- 5 32 02
26,04+1.54 18 3039.6-- 5 28 05 26.81--0.13 18 3801.6-- 5 32 51 27.43--1.10 18 42 37.6-- 5 27 O1
26.04--0.16 18 3642.2-- 6 15 18 26.81--0.15 18 3807.6-- 5 33 51 27.46--1.03 18 4227.8- 5 23 30
26.07--0.12 18 36 36.0- 6 12 20 26.82+0.03 18 37 27.6- 5 28 19 27.46--1,42 18 43 50.6- 5 34 03
26.08+1.31 18 31 32.7 -- 5 32 07 26.82--1.78 18 43 56.1 -- 6 18 33 27.47+0.63 18 36 34.0 -- 4 37 19
26.10--0.56 18 38 14.2 -- 6 22 51 26.84--0.14 18 38 07.6 -- 5 31 51 27.47+0,73 18 36 12.2 -- 4 34 18
26.11+1.30 18 31 37.7 -- 5 30 37 26.85+0.04 18 37 31.5 -- 5 26 20 27.48--1,30 18 43 27.7 -- 5 30 02
26.12+1.47 18 31 03.7- 5 25 36 26.85+0.15 18 3705.6- 5 23 19 27.49+0,72 18 36 15.7- 4 33 18
26.13+1.67 18 3021.8 5 19 36 26.85+0.33 18 3627,2 -- 5 18 19 27.49--1,07 ]8 42 38,6- 5 23 03
26.14+1.53 18 3053.1 -- 5 22 37 26.85--0.24 18 38 30.6- 5 33 52 27.51--1,11 18 4248,8- 5 23 01
26.14+1.62 18 3032.4-- 5 20 06 26.86--0.10 18 3800.5- 5 29 51 27.52+0,57 18 3651,7- 4 35 50
26.15--0.40 18 3746.2- 6 15 50 26.86--1.80 18 4404.2-- 6 16 34 27.52+0,75 18 36 13,3- 4 31 18
26.15--0.55 18 38 19.1 -- 6 19 51 26.88--0.12 18 3807.6-- 5 29 21 27.54+0.67 18 3633,0-- 4 32 19
26.15--0.64 18 38 38.2 -- 6 22 52 26.88--0.15 18 38 14.5 -- 5 29 51 27.56+0,47 18 37 17,1 -- 4 36 51
26.15--0.67 18 3845.1 -- 6 23 22 26.88--0.24 18 3832.7-- 5 32 22 27.56--1,37 18 4349,6-- 5 27 33
26.17+1.48 18 31 06.5- 5 22 38 26,89+0.15 18 37 10.7- 5 21 21 27,57+0,43 18 3728.2- 4 37 21
26.17--0.48 18 38 05.2- 6 16 51 26.89+0.21 18 36 58.9- 5 19 20 27.57+0.62 18 36 47.2- 4 32 20
26.17--0.58 18 38 27.1- 6 19 52 26.89--1.88 18 4425.2-- 6 17 34 27.58--1.16 18 4308,7- 5 21 04
26.18--0.52 18 38 15.2 -- 6 17 21 26.90+0.19 18 3703.7-- 5 19 51 27.58--1.65 18 4453,5 -- 5 34 05
26.19--0.31 18 3732.5- 6 11 22 26.90--0.21 18 3829.5-- 5 30 22 27.59+0.44 18 3727.9- 4 35 51
26.19--0.45 18 38 02.2- 6 15 21 26.90--0.28 18 38 43.7- 5 32 52 27.59+0.53 18 37 09.2- 4 33 20
26.19--0.66 18 3847.2-- 6 20 52 26.90--1.96 18 4444.1 -- 6 19 05 27.6--0.9 18 4201.4-- 5 12 23
26.2--0.6 18 38 33.3 -- 6 17 55 26.91+0.0 18 37 44.6 -- 5 24 20 27,60+0,49 18 37 18.9 -- 4 33 51
26.20+1.48 18 31 09.2 -- 5 20 38 26.91+0.14 18 37 15.5 -- 5 20 21 27.60+0.59 18 36 56.7 -- 4 31 20
26.21--0.71 18 38 59.2 -- 6 20 53 26.91--0.13 18 38 13.7 -- 5 27 51 27.63+0.32 18 37 57.6 -- 4 36 52
26.21--0.78 18 39 14.2 -- 6 23 23 26.92--0.33 18 38 56.6 -- 5 32 53 27.63+0.33 18 37 53.7 -- 4 36 52
26.22--0.69 18 38 56.1 -- 6 19 53 26.93--2.02 18 45 00.1 -- 6 19 06 27.64+0.50 18 37 19.4 -- 4 31 21
26.24+1.01 18 32 55.6 -- 5 31 40 26.95--0.10 18 38 11.6 -- 5 24 51 27.64--1.73 18 45 16.6 -- 5 33 06
26.25--0.43 18 38 03.8- 6 11 23 26.95--0.25 18 38 43.7- 5 28 52 27.65+0.42 i18 37 38.2- 4 33 21
26.25--0.60 18 38 41.4 -- 6 15 52 26.95--0.42 18 39 18.7 -- 5 33 53 27,66+0.48 118 37 27,0 -- 4 30 51
26.25--0.82 18 39 28.2 -- 6 22 24 26.96+1.69 18 31 49.0 -- 4 34 39 27.67--1.78 18 45 31.6 -- 5 33 07
26.26+1.22 18 32 11.6-- 5 25 08 26.96--0.37 18 3908.7-- 5 31 53 27.68+0.43 18 37 39.1 -- 4 31 22
26.26+1.26 18 3204.6-- 5 23 38 26.97+0.06 18 3740.1- 5 19 22 27.70+0.20 18 3829.9- 4 36 53
26.26--0.58 18 38 37.2 -- 6 14 52 26.97--0.10 18 38 12.7 -- 5 23 51 27.70+0.29 18 38 12.4 -- 4 34 23
26.26--0.64 18 38 50.3- 6 16 22 26.98+0.06 i18 37 41.4- 5 18 52 27.71--1.58 18 44 52.7- 5 25 35
26.27+1.29 18 31 58.8 -- 5 22 38 26.98--0.14 118 38 22.7 -- 5 24 21 27.71--1.75 18 45 29.7 -- 5 30 07
26.28--0.61 18 38 45.3 -- 6 14 52 26.99--0.10 I18 38 16.7 -- 5 22 51 27.72+0.32 18 38 08.1 -- 4 32 23
26.30--0.57 18 38 39.3- 6 12 24 26.99--0.29 18 38 56.6- 5 28 23 27.73+0.41 18 37 48.6- 4 29 22
26.30--0.67 18 3901.2- 6 15 23 27.00+1.74 18 31 42.8 -- 4 31 09 27.74--1.44 18 4426.2 -- 5 20 06
26.31--0.60 18 38 47.2 -- 6 12 54 27.00--0.16 18 38 30.8 -- 5 23 52 27.76+0.13 18 38 51.7 -- 4 35 24
26.32--0.89 18 3949.1 -- 6 20 25 27.t_O--0.20 118 3838.7-- 5 24 52 27.77--1.53 18 4449.3 -- 5 20 37
26.33+1.33 18 31 55.5 -- 5 18 09 27.01+0.02 18 3752.5 -- 5 18 22 27.78+0.25 18 3830.0-- 4 30 53
26.35--0.63 18 3857.0-- 6 I1 25 27.01+1.60 18 32 16.1 -- 4 34 40 27.80--0.01 18 3927.2 -- 4 37 25
26.35--0.69 18 39 09.9 -- 6 12 55 27.01--0.38 18 39 17.7 -- 5 29 23 27.82--0.02 18 39 31.1 -- 4 36 26
26.35--0.71 18 39 14.9 -- 6 13 55 27.01--0.51 18 39 45.6 -- 5 32 54 27.82--0.06 18 39 40.5 -- 4 37 26
26.35--0.72 18 39 18.5 -- 6 13 55 27.02--0.08 18 38 15.4 -- 5 20 23 27.83+0.16 18 38 53.1 -- 4 30 54
26.35--1.00 18 40 17.1 -- 6 21 26 27.03--0.31 18 3904.5 -- 5 26 23 27.84+0.22 18 3841.0- 4 28 54
26,37+0.73 18 34 10.7 -- 5 32 42 27.04+1.53 18 32 32.8 -- 4 34 40 27.84--1.65 18 45 21.0 -- 5 20 08
26.37+0.96 18 33 20.6 -- 5 26 11 27.05--0.40 18 39 27.7 -- 5 27 54 27.87+0.01 18 39 31.0 -- 4 32 56
26.37+1.19 18 32 31.7- 5 20 11 27.06+1.43 18 32 55.6- 4 36 41 27.87--0.11 18 39 56.2- 4 36 26
26.37--0.94 18 4006.0-- 6 18 55 27.06--0.08 18 38 18.4-- 5 18 23 27.88+0.04 18 3926.1 -- 4 31 25
26.38+0.85 18 3345.5-- 5 28 41 27.06--0.38 18 3924.6-- 5 26 54 27.88--0.15 18 4005.0-- 4 36 57
26.39+0.74 18 34 08.7- 5 31 12 27.07--0.11 18 38 26.4- 5 18 23 27.89--0.10 18 39 54.4- 4 34 56
26.4--1.9 18 43 45.2 -- 6 43 50 27.07--0.25 18 38 55.7 -- 5 22 53 27.89--0.17 18 40 10.2 -- 4 36 27
26.40+0,94 18 33 28,6- 5 25 11 27.07--0.45 18 39 39.6- 5 27 54 27.89--1.71 18 45 39.9- 5 19 39
26.40--0.85 18 39 49.3 -- 6 14 55 27.08--0.24 18 38 54.6 -- 5 21 54 27.91--0.15 18 40 08.9 -- 4 35 27
26.41+1.03 18 33 09.4- 5 22 12 27.08--0.51 18 39 52.7- 5 29 25 27.92--0.19 18 40 18.4- 4 35 57
26.41--1.00 18 4024.0-- 6 18 26 27.08--0.53 18 39 57.7- 5 29 55 27.96--0.12 18 4007.7- 4 31 27
26.45+0.65 18 34 33.7-- 5 30 43 27.09--0.16 18 38 39.7- 5 19 24 27.98--0.27 18 4041.7- 4 34 28
26.45--1.00 18 4027.2-- 6 16 26 27.09--0.28 18 3905.1 -- 5 22 25 27.99--0.17 18 4020.6-- 4 31 27
26.46-- 1.16 :18 41 03.0 -- 6 20 27 27.1--0.4 18 39 22.6 -- 5 23 48 27.99--0.31 18 40 50.6 -- 4 35 28
26.46--1.23 11841 19.0- 6 22 28 27,10--0.51 18 3956.6-- 5 28 25 27.99--0.40 18 41 10.7-- 4 37 29
26.47+0.90 18 33 42.6 -- 5 22 41 27.10--0.60 18 40 14.5 -- 5 30 55 28.0+1.4 18 35 -- 3 47 ED
26.48--1.11 18 4055.1 -- 6 17 57 27.11--0.18 18 3846.1 -- 5 18 24 28.01-0.33 18 4058.6- 4 34 59
26.49+0.50 18 35 12.6 -- 5 32 45 27.12-0.39 18 39 31.7 -- 5 23 54 28.02-0.36 18 41 06.7 -- 4 34 59
26.49+0.60 ' 18 34 49.7 -- 5 30 14 27.12-0.56 18 40 08.6 -- 5 28 55 28.02-0.44 18 41 21.7 -- 4 37 29
26.50+0.56 18 35 00.6 -- 5 30 44 27.13-0.25 18 39 03.2 -- 5 19 25 28.04--0.44 18 41 25.6 -- 4 36 30
26.50+0.83 18 34 02.7- 5 23 12 27.13--0.27 18 39 07.9- 5 19 55 28.05--0.22 18 40 39.6- 4 29 58
26.53+0.40 :18 35 37.7 -- 5 33 15 27.13-0,50 18 39 56,6 -- 5 26 25 28.07--0.29 18 40 55.9 -- 4 30 29
26.54+0.44 18 35 30.7 5 31 45 27.14-0.80 18 41 01.6 -- 5 33 57 28.07-0.47 18 41 34.3 -- 4 35 30
26.54-1.36 18 41 57.0-- 6 21 29 27.15+1.24 18 3347.8-- 4 37 13 28.08-0.36 18 41 11.5 -- 4 31 59
26.55+0.74 18 34 28.8 -- 5 22 43 27.15--0.69 18 40 39.5 -- 5 30 56 28.10-0.38 18 41 19.6 -- 4 31 29
26.56+0.38 18 3546.6-- 5 32 16 27.15-0.77 18 4057.6- 5 32 57 28.10--0.42 18 41 26.3- 4 32 30
26.56+0.79 18 34 17.2 -- 5 20 45 27.16-0.44 18 39 47.7 -- 5 22 54 28.10-0.45 18 41 33.4 - 4 33 30
26.57+0.31 18 36 00.6 -- 5 33 46 27.16-0.48 18 39 56.7 -- 5 24 25 28.12-0.52 18 41 50.7 -- 4 34 01
26.57+0.34 18 35 55.6 -- 5 32 46 27.16--0.60 18 40 22.7 -- 5 27 26 28.13-0,34 18 41 13.5 -- 4 28 59
26.57+0.45 18 35 32.6 -- 5 29 45 27.16-0.76 18 40 55.6 -- 5 31 57 28.15-0.59 18 42 09.7 -- 4 34 31
26.57+0.55 18 35 08.7 -- 5 27 14 27.17-0.30 18 39 18.2 -- 5 18 25 28.18--0.67 18 42 30.3 -- 4 35 02
26.57--1.29 18 41 45.1 -- 6 17 59 27.17-0.70 18 4044.6- 5 29 57 28.21--0.81 18 4304.4- 4 37 33
26.59+0.46 18 3531.8-- 5 28 17 27.17--0.74 18 4052.6-- 5 30 57 28.22-0.63 18 4226.7-- 4 32 02
26.60+0.27 18 36 13.6 -- 5 33 17 27.18--0.33 18 39 26.5 -- 5 18 56 28.25-0.59 18 42 20.5 -- 4 29 32
26.60--1.23 18 41 34.1 -- 6 14 58 27.19-0.37 18 39 35.4 -- 5 19 26 28.27-0.89 18 43 27.1 -- 4 36 34
26.61+0.35 18 35 57.6 -- 5 30 16 27.20-0.47 18 39 59.2 - 5 21 57 28,31-0.93 18 43 40.2 -- 4 35 34
26.62+0.43 18 35 41.6 -- 5 27 46 27.20--0.86 18 41 20.6 -- 5 32 28 28.31--0.97 18 43 48.4 -- 4 36 35
26.63+0.31 18 36 08.6 -- 5 30 47 27.21--0.39 18 39 43.0 -- 5 19 26 28.34-0.91 18 43 38.5 -- 4 33 34
26.63--1.37 18 42 08.2- 6 17 00 27.22+1.24 18 33 54.0- 4 33 13 28.38-1.13 18 44 30.6- 4 37 06
26.63--1.44 18 4222.1 -- 6 19 00 27.22-0.39 18 3942.4- 5 18 26 28.44--1.16 18 4442.8-- 4 35 07
26.64+0.72 18 3441.9- 5 18 45 27.22-0.69 18 4046.6- 5 26 57 28.46--1.02 18 44 16.2- 4 30 06
26.65+0.21 18 3631.6-- 5 32 17 27.22--0.73 18 4056.6-- 5 27 57 28.46-1.07 18 4426.4-- 4 31 06
26.65+0.56 18 35 16.8- 5 22 45 27.23-0.50 18 4007.9-- 5 21 27 28.49-1.05 18 4424.8-- 4 29 06
26.65+0.64 18 34 59.5- 5 20 16 27.24-0.49 18 4007.0-- 5 19 57 28.5--0.0 18 4047.8- 3 58 59
26.66+0.35 18 3602.6- 5 27 46 27.24--0.52 18 40 12.7- 5 20 57 28.53--1.33 18 45 30.0- 4 35 08
26.68-1.54 18 4249.2- 6 19 01 27.25--0.90 18 41 36.6- 5 30 58 28.55--1.34 18 45 33.5 -- 4 33 38
26.69+0,13 18 3654,6 -- 5 32 18 27.26-0.77 18 41 08.6-- 5 26 57 28.58-1.53 18 46 16.8 -- 4 37 40
26.69+0.31 18 36 15.6 - 5 27 17 27.27-0.97 18 41 53.5 -- 5 31 59 28.69--1.56 18 46 36.2 -- 4 32 41
26.69+0.37 18 36 00.6- 5 25 46 27.28-0.53 18 40 19.9- 5 19 28 28.7-0.2 18 42 -- 3 55 ED
26.70+0.48 18 35 38.4 -- 5 22 17 27.28--0.55 18 40 24.5 -- 5 19 58 28.7--0.6 18 43 10.2 -- 4 03 59
26.70+0.54 18 3527.1 -- 5 20 17 27.29+1.03 18 3447.8- 4 35 15 28.70--1.71 18 4709.6-- 4 36 12
26.71+0.35 18 3608.5 -- 5 25 17 27.29--0.97 18 41 54.5 -- 5 30 59 28.71--1.54 18 4634.0-- 4 30 41
26.72-t-0.02 18 3720.6-- 5 33 49 27.30--0.67 18 4053.3- 5 21 59 28.71--1.58 18 4643.1 -- 4 32 11
26.72+0.11 18 3659.6-- 5 31 18 27.30--0.85 18 41 30.6-- 5 26 58 28.73--1.62 18 4654.3-- 4 32 11
26.73--1.50 18 4245.1 -- 6 15 31 27.30--0.94 18 41 50.6- 5 29 29 28.73--1.76 18 47 23.5- 4 35 42
26.74--0.01 - 18 37 27.5 -- 5 33 49 27.30--0.98 18 41 58.6 -- 5 30 29 28.74--1.64 18 46 58.2 -- 4 32 12
26.74--1.54 18 42 56.3 -- 6 16 01 27.31--0.57 18 40 31.6 -- 5 18 28 28.75--1.60 18 46 50.7 -- 4 30 41
26.75+0.50 18 35 41.9- 5 18 47 27.32--1.10 18 42 25.6- $ 33 03 28.8+3.5 18 29 -- 2 07 ED
26.76+0.16 18 3654.6-- 5 27 48 27.33+0.98 18 3502.9 -- 4 34 46 28.80-1.67 18 47 11.5-- 4 29 42
26.76-0.07 18 3743.5- 5 33 50 27.34-0.85 18 41 33.6-- 5 24 58 29.21+1.31 18 3721.4-- 2 45 21
26.77+0.23 18 3640.6-- 5 25 18 27.35+1.00 18 3459.9-- 4 33 16 29,22+1,45 18 3652.0-- 2 41 20
26.77+0.32 18 3621.7- 5 22 47 27.36-0.95 18 41 59.6-- 5 26 29 29.22+1.51 18 3639.4-- 2 39 19
26.77--1.67 18 43 26.1 -- 6 18 02 27.37--1.18 18 42 49.6- 5 32 31 29.27+1.31 18 37 28.8- 2 42 21
26.78+0.23 18 3641.6-- 5 24 48 27.38+0.81 18 3545.1 -- 4 36 47 29.27+1.37 18 37 15.1 -- 2 40 21
26.78--1.61 18 43 16.1 -- 6 15 32 27.38--0.87 18 41 43.1 -- 5 23 01 29.27+1.52 I8 3643.3- 2 36 49
26.79+0.03 18 3726.5-- 5 29 49 27.38-0.97 18 4205.8-- 5 25 59 29.29+1.18 18 3758.4-- 2 44 52
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h m . h m .
29.35+1.37 18 37 25.4 -- 36 21" 39.60+0.60 18 59 04.1 + 6"07' 52 77.25+2.00 20h17"12' +39"26 06
29.37+ 1.15 18 38 13.1 -- 41 23 39,67+0.79 18 58 30.0 + 6 16 53 77,40+1.30 20 20 36 +39 09 24
29.38+1.04 18 38 37.8 -- 43 54 39.70+0.51 18 59 33.9 + 6 10 51 77.45+1.80 20 18 38 +39 29 06
29.38+1.15 18 38 16.1 -- 40 53 39.74+0.54 18 59 32.3 + 6 13 51 77.969--1.853 20 35 19 +37 45 06
29.4--0.8 18 45 12.3 -- 32 55 39.77+0.40 19 GO05.2 + 6 II 50 77.989+0.0124 20 30 50 +39 40 24
29.40+ 1.07 18 38 34.3 -- 41 53 39.80+0.29 19 O032.7 + 6 I0 19 78.054+ 1.748 20 20 39 +39 57 (30
29.43+1.09 18 38 32.1 -- 39 53 39.82+0.32 19 (3027.7 + 6 11 49 78.055+0.604 20 25 30 +39 17 12
29.45+0.83 18 39 29.5 -- 45 55 39,84+0.45 19 GO01.6 + 6 16 50 78.10+3.835 20 11 40 +41 12 24
29.53+0.76 18 39 53.8 -- 43 56 39,94+0.23 19 00 59.5 + 6 15 48 78.163--0.381 20 29 55 +38 47 30
29.55+0.64 18 40 22.4- 45 57 39.95--0.08 19 02 08.6 + 6 07 45 78.186+1.816 20 20 46 +40 05 48
29.55+0.99 183906.7-- 36 25 40,01+0.05 19Ol47.0+ 6 1446 78.2--0.4 20 30 +38 49
29.58+0.82 18 3947.2- 39 26 40.01--0.02 190203.2+ 6 1246 78.401+3.803 20 1245 +41 23 54
29.59+0.57 184040,9-- 45 58 40.02-0.19 190239.1+ 6 08 14 78.412+1.385 20 2317 +40 Ol 54
29.60+0.66 184023.9-- 42 57 40.04+0.01 19Ol58.3+ 6 14 46 78.45+I.I0 20 2437 +39 54O0
29.62+0.54 18 40 51.8 -- 45 28 40.08--0.13 19 02 31.6 + 6 13 15 78.455+2.718 20 17 41 +40 50 00
29.64+0.64 18 40 31.7 -- 40 58 40.09--0.24 19 02 57.9 + 6 10 44 78.464--0,844 20 32 52 +38 45 18
29.67+0.50 18 41 04.8 -- 43 29 40.10--0.13 19 02 36.2 + 6 14 14 78.5+ 1.4 20 24 +40 07
29.67+0.57 18 40 50.8 -- 41 28 40.16--0.23 19 03 02.9 + 6 14 43 78,70+0.70 20 27 04 +39 51 54
29.71+0.44 18 41 23.8- 43 00 40.17--0.26 19 03 10.7 + 6 14 13 78.744--1.432 20 3601 +38 37 24
29.71+0.68 18 40 32.2 -- 36 28 40.19--0.30 19 03 21.2 + 6 14 43 78.75--0.40 20 31 48 +39 15 00
29.72+0,33 18 41 46.3 -- 45 30 40.23--0.44 19 03 56.2 + 6 12 42 78,873+0.740 20 27 26 +40 01 42
29.73+0.39 18 41 34.8 -- 43 30 40.24--0.48 19 04 06.4 + 6 12 11 78.938+2.772 20 18 54 +41 15 36
29.78+0.27 18 42 05.4 -- 44 01 40.26--0.57 19 04 28.3 + 6 10 40 78.988+2.458 20 20 25 +41 07 18
29.82+0.15 184236.5-- 45 02 40.27--0.67 190449.5+ 6 08 40 79.051+3.603 20 1535 +41 4924
29,82+0.26 1842 13.6-- 42 Ol 40,29-0.37 190347,8+ 6 17 42 79.223+2.249 20 2203 +41 II 36
29.86+0.08 184254.5-- 45 03 40,30--0.49 1904 15.2+ 6 14 41 79,223+3.428 20 1653 +41 52 12
29.88+0.0 18 43 15.4 -- 46 04 40.34--0,58 19 04 37.8 + 6 14 40 79.343+0.287 20 30 48 +40 08 12
29,88+0.05 18 43 05.5 -- 45 03 40.36--0.50 19 04 23.1 + 6 17 41 79.350+ 1.304 20 26 30 +40 44 42
29.89+0.33 18 42 05.8- 36 31 40.37--0.68 19 05 02.5 + 6 13 39 79.366+1.635 20 25 08 +40 57 12
29.92+0.09 18 43 GO,5-- 41 33 40.39--0.71 19 05 11.0 + 6 13 39 79.371--0,123 20 32 49 +39 58 12
29.92+0.23 18 42 31.1 -- 38 02 40.42--0.71 19 05 14.8 + 6 15 09 79.4+3.8 20 16 +42 13
29.94+0.05 18 43 11.6 -- 41 33 40.43--0.79 19 05 34,0 + 6 13 38 79.4--0.2 20 33 +39 53
29.97+0,08 18 43 08.2 -- 39 03 40,47--0,77 19 05 32.3 + 6 16 08 79.442+0,995 20 28 07 +40 38 12
29.99+0.05 1843 16.7-- 39 04 40.48--0.98 1906 19.4+ 6 I037 79.55--1.35 20 3813 +39 18 36
29.99+0.11 184303.9-- 37 33 40.50--0,79 190541.2+ 6 17 08 79.737+1.170 20 2817 +40 5848
30.06+0.0 184336.3-- 36 34 40.50--I.10 190646.9+ 6 08 36 79.747+0.486 20 3113 +40 3448
30.07--0.35 184450.6-- 45 37 40,51--0.81 190546.6+ 6 17 38 79.920+2.339 20 2349 +41 48 48
30.08--0.30 184441.7- 44 07 40.54--0.92 190614.0+ 6 15 37 79.935+3,270 20 1945 +42 2148
30.1--0.4 18 45 46 ED 40.54--1.17 19 07 06.9 + 6 08 35 80.078+0.105 20 33 52 +40 36 54
30.10--0.07 18 43 54.6 -_ 36 35 40.59-- 1.13 19 07 05.0 + 6 12 35 80.120--2.554 20 44 54 +39 GO24
30.14--0.34 18 44 57.5- 41 37 40.60--1.31 19 07 42.9 + 6 08 04 80.223+1.436 20 28 41 +41 31 42
30.18-0.34 18 45 00.1 -- 39 37 40.62--1.23 19 07 29.2 + 6 11 04 80.323+2.637 20 23 46 +42 18 48
30.20--0.27 18 44 49.5 -- 36 37 40.66--1.12 19 07 10.0 + 6 16 35 80.381+0.425 20 33 30 +41 03 00
30.21--0.45 18 45 26.7 -- 41 08 40.68--1.31 19 07 53.1 + 6 12 33 80.4+2.0 20 26 +42 (30
30.24-0.44 18 45 30.3 -- 39 08 40.69--1.25 19 07 40.8 + 6 14 34 80.405+0.712 20 32 21 +41 14 30
30.30--0.48 18 45 43.6 -- 36 39 40,71--1.21 19 07 35.3 + 6 16 34 80.595--0.879 20 39 39 +40 25 30
30.33--0.60 18 46 13.2- 38 40 40.77--1.32 19 08 04.4 + 6 17 03 80.65+1.45 20 29 59 +41 52 48
30.34-0.58 18 46 10.5-- 37 40 40.88--1.70 19 09 37.3 + 6 12 GO 80.869+0.501 20 34 45 +41 29 06
30.37--0.60 18 46 16.4 -- 36 40 40,90--1,67 19 09 34.4 + 6 14 00 80.883--1.889 20 44 49 +40 01 06
30.39--0.85 18 47 12.6-- 42 42 42.3--0.1 19 06 43.8 + 8 I1 40 81.000-0,142 20 37 54 +41 11 42
30.44--1.05 18 48 01.2-- 45 14 42.4--0.4 19 08 + 8 09 ED 81.039+2.892 20 24 54 +43 02 36
30,49-LGO 18 47 57.2 -- 41 14 42.6+0,0 19 06 34.8 + 8 32 53 81.046+4.413 20 18 03 +43 55 06
30.53--1.06 18 48 13.7 -- 40 44 43.2+0.0 19 08 + 9 03 ED 81.20+1.55 20 31 19 +42 22 48
30.54--1.01 18 48 02.7 -- 38 44 44.17+1.65 19 03 49.1 +I0 40 12 81,337+1.884 20 30 18 +42 41 24
30.56--1,23 18 48 53.2 -- 43 46 44.20+1.40 19 04 46.6 +10 34 40 81.360+1.211 20 33 18 +42 18 18
30.68-1.44 18 49 50.6 -- 43 18 44.22+1.48 19 04 31.9 +10 38 10 81.472+0,554 20 36 29 +41 59 42
30.69--1.24 18 49 08.8- 37 16 44.29+ 1.35 19 05 08.1 +10 38 39 81.591--0.003 20 38 02 +41 44 48
30.7+0.4 18 43 16,6-- 49 57 44.29+ 1,45 19 04 47.8 + 10 41 10 81.639+2.179 20 30 00 +43 06 30
30.71--1.30 18 49 25.5 -- 37 47 44.39+1.07 19 06 20.8 +10 35 37 81.677+4.586 20 19 15 +44 32 24
30.71--1.45 18 49 56.0-- 41 48 44.44+1.18 19 0603.0+10 41 37 81.725+0.544 20 3722 +42 11 18
30.72--1,56 18 50 21,2-- 44 19 44.45+1.02 19 06 38.3 + 10 37 36 81,763+ 1.555 20 33 08 +42 50 GO
30.75--1.36 18 49 42.0- 37 17 44.63+0.69 19 08 10.0 +10 37 33 81.8+0.3 20 39 +42 06
30.77--1.38 18 49 48.2 -- 36 48 44.64+0.53 19 08 45.1 +10 34 01 81.871+0.816 20 36 41 +42 28 12
30.79--1.48 18 50 10,5 -- 38 48 44,68+0.64 19 08 26.7 +10 39 02 82,014--0,857 20 4403 +41 34 06
30.81--0.06 18 45 17.5 -- 59 14 44.70+0.72 19 08 11.3 +10 42 33 82.191+2.281 20 31 21 +43 36 42
30.84--1.74 18 51 13.0 -- 43 21 44.71+0.64 19 08 28.8 +10 41 02 82.484+2.315 20 32 10 +43 52 (30
30.87--1.68 18 51 03.3 -- 39 50 44.72+0.58 19 08 42.8 +10 39 32 82.55+1.15 20 37 30 +43 12 42
30.88--1.73 18 51 15.7 -- 40 51 44.74+0.62 19 08 38.3 + 10 42 02 82.609+0.412 20 40 53 +42 48 12
30.89--1.61 18 50 50.5- 36 50 44.82+0.19 19 10 18,4 +10 33 58 82.941+0.323 20 42 23 +43 00 30
30.9+0.1 18 45 09.0- 49 09 44.83+0.28 19 10 02.1 +10 36 59 83.050+2.690 20 32 23 +44 32 36
31.0+0.2 18 45 -- 41 ED 44.87+0.27 19 10 08.8 +10 38 59 83.364--0.020 20 45 18 +43 07 18
31.0--0.2 18 46 07.0 -- 51 30 44.93+0.17 19 10 36.3 +10 38 58 83.662+0.066 20 45 58 +43 24 30
31.0-0.2 18 4607.1 -- 51 27 44.97+0,13 19 1049.0+10 40 27 83.813+3.282 20 32 18 +45 30 30
31.5--0.1 18 46 29.9 -- 20 31 45.00+0.07 19 11 05.8 + 10 39 57 83.940+0.794 20 43 49 +44 04 54
31.7--0.8 18 49 26.5 -- 30 24 45.03--0.04 19 I1 32.1 +I0 38 56 84.292+0.885 20 44 39 +44 24 48
31,8--0,5 18 49 -- 18 ED 45.04-0.11 19 11 50.6 +10 37 25 84,567+0,446 20 47 32 +44 20 48
32.0+1.6 18 41 09 " 45.08--0.27 19 12 28.9 +10 34 54 84.60--1.800 20 57 06 +42 55 12
32.8--0.3 18 49 48.2 -- 17 54 45.15--0.15 19 12 10.2 +10 41 54 84.897+3.809 20 33 37 +46 41 24
33.0+0.6 18 47 + 17 ED 45.23--0.52 19 13 38.9 +10 35 51 85.0--1.0 20 47 +45 02
34.05+1.73 18 44 47.8 + 43 22 45.23-0.56 19 13 47.7 +10 34 21 85.012--0.245 20 52 05 +44 14 48
34.12+1.66 18 45 08.6 + 45 21 45.24--0.42 19 13 18.0 +10 39 22 85.073--3.428 20 05 03 +42 I! 06
34.15+ 1.54 18 45 39.2 + 43 50 45.26--0.42 19 13 21.8 +I0 40 22 86.067--2.061 21 03 33 +43 50 24
34A5+ 1.59 lg 45 29.2 + 45 21 4.5.29--0.54 19 13 49.6 + 10 38 21 86.279--1.165 21 GO38 +44 36 00
34.20+1.49 18 45 54.9 + 44 50 45.4+0.2 19 11 +11 05 ED 86.567+3.744 20 39 55 +47 58 18
34.26+1.36 18 46 30.0 + 44 49 45.45--0.84 19 15 12.5 +I0 38 18 86.987+0.585 20 55 49 +46 17 12
34.29+ 1.36 18 46 32.0 + 46 19 45.57--0.89 19 15 38.8 + 10 43 17 87.076+1.870 20 50 27 +47 11 18
34.37+1.23 18 47 08.9 + 46 47 45,61--0.96 19 15 58.3 + 10 43 16 93.8+2.8 21 14 +52 48
34.39+1.05 18 4749.5+ 43 16 45.62-1.09 19 1626.7+1040 15 94.2+1.6 21 22 +52 14
34A--0,2 18 52 + 09 ED 45,65--L1! 19 16 34,2 +10 41 15 99.0+3,5 21 37 +56 54
34.56+0.89 18 48 43.4 + 47 44 45.72--1.43 19 17 51.8 +10 35 43 267.94--1.06 8 57 22.3--47 18 59
34.80+0.31 18 51 13.6 + 44 08 45.78--1.64 19 18 42.8 +10 33 11 285.05+0.07 I0 28 43.3 --57 33 27
34.81+0.35 18 51 06.1 + 46 09 45.98--I,67 19 19 14.2 +I0 42 40 285.26--0.05 10 29 36.6 --57 46 50
34.92+0.10 18 52 09.9 + 45 06 45.99--1.81 19 19 45.4 + 10 39 39 286.50+0.06 10 39 59.7--58 17 41
34.98--0.08 18 52 55.7 + 43 05 46.6+0.8 19 12 +12 26 ED 291.27--0.7141 11 09 44.2--61 02 51
35.0+0.2 18 52 + 52 ED 49.5--0.3 19 21 +14 28 " 291.27--0.7142 II 0946.0--61 02 06
35.05--0.09 18 53 05.7 + 47 05 50.4+0.4 19 20 +15 35 " 291.27-0.7143 I1 09 48.3 --61 02 39
35.12--0.20 18 53 36.5 + 47 33 55.2--0.8 19 35 +19 12 " 291.57--0.43 11 12 55.7--60 53 16
35.20-0.33 18 54 14.9 + 48 02 55.6+0.6 19 30 +20 15 " 300.93--0.03 12 31 03.7 --62 33 20
35.26-0.48 18 54 53.0 + 47 01 59.4--0.2 19 41 +23 09 " 305.2+0.21 #1 13 07 58.0 --62 18 37
35.53-- 1.05 18 57 23.7 + 45 55 61.6+0.0 19 45 +25 09 " 305.2+0.21 #2 13 08 03.4 --62 18 32
35.56--1.19 18 57 55.4 + 43 24 64.8+1.4 19 47 +28 37 " 305.36+0.15 13 09 25.3 --62 12 58
35.71--1.44 18 59 06.1 + 44 22 70.8+1.2 20 03 +33 37 " 305.36+0.2141 13 09 21.8 --62 17 34
35.73--1.41 18 59 02.7 + 46 22 71.4+2.2 20 (30 +34 40 " 305.36+0.2142 13 09 22.7 --62 17 52
35.82--1.72 19 GO18.8 + 42 49 72.2+0.6 20 09 +34 28 " 305.4+0.2 13 09 22.0 --62 21 24
36.2--1.0 18 58 + 23 I ED 72.926-0.894 20 16 51 +34 13 48 305.91--1.91 13 15 46.6--64 21 4537.1--0.9 19 00 + I0 " 73.4-2.0 20 23 +33 59 ED 309.9+0.5 #1 13 47 01.6--61 20 18
37.6+2.2 18 50 + 06 " 74.900+0.500 20 16 42 +36 39 42 309.9+0.5 #2 13 47 11.2--61 20 19
38.65--1.55 18 4628.9 -- 34 40 , 75:242--L772 20 26 52 +36 36 54 309.9+0.5 #3 13 47 28.9 --61 19 06
38.8--0.4 19 01 + 58 I ED 75.358+0.113 20 19 36 +36 48 12 315.22+0.01 14 29 45.7 --60 10 23
39.09+1.79 18 53 51.6 + 14 03 I 75.406--2.500 20 30 13 +35 18 54 315.22+0.011 14 29 42.0 --60 10 08
39.18+1.62 18 5439.1+ 14Ol 75.860+0.407 20 1951 +37 23 24 315.22+0,0111 142944.3--6009 58
39.28+1.31 18 5555,1+ I029 76.074+I,951 20 1400 +38 26 06 316.81--0.06#I 144133.1--5936 59
39.31+L23 18 5617.1+ 09 58 76.218+0.I17 202204 +37 30 36 316.81-0.06#2 144136.2--5937 44
39,32+I.51 18 5517.2+ 18(30 76.327--1.887 20 3030 +36 25 24 316.81--0.06#3 144137,0--5936 41
39.50+0.78 18 58 14.4 + 07 54 76.413--0,582 20 25 30 +37 15 06 324.20+0.12 15 29 01.0 --55 46 08
39.51+0.94 18 57 39.5 + 12 25 77.(30--0.60 20 27 18 +37 43 30 324.20+0,12 15 29 01.9 --55 46 09
39.51+1.12 18 5701.3 + 17 56 77.041+0.177 20 24 14 +38 12 54 326.64+0.61 15 40 35.1 --53 56 27
39.54+0.84 18 58 05.5 + I1 24 77.05+2.10 20 16 11 +39 19 36 326.77--0,26IR 15 44 59.8--54 32 51
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NAME P,A (1950) DEC 'POSREI_ NAME IRA (1950) DEC ]DOSRE NAME RA (1950) DEC lOS REF
• * • ;_ m • * , • h m i • i

327.1--0.3 15 _0" ' --5420 I ED 348,57+0.50 170947.5--380749 353,93+0.40 172527.2 --334750
327.12+0.51 154342.0--534327 348,57+0.54 170938.1 --380619 353,93+0.45 172515.0 --334620
327.12+0.51 154343.6 --534336 348,67+0.39 171035.8 --380651 353,93+0.80 172350.3 --333452
327.29--0.57 15 4910.0--54 28 10 348.73--1.04 17 1640.6--38 54 18 353.94+0.46 17 25 14.8 --33 45 20
327.39+0.45 15 4529.2--53 36 06 348,73--1.0441 17 1640.6--38 54 15 353,94+ 1.06 17 2250.2 --33 25 19
327.39+0.454'1 15 4528.9 --53 36 11 348.74+0.27 17 11 17.2 --38 07 53 353,95+0.89 17 2334.7 --33 30 51
327.39+0.45#2 15 45 28.9--53 35 35 348,78+0.23 17 11 32.3--38 07 23 353,96+0.91 17 23 30.9--33 29 21
327.4--0.1 15 4740.4--,54 O001 348,85+0.16 17 1202.4--38 06 24 353,97+0.71 17 24 18.9--33 35 53
327.4--0.6 15 5017.3 --54 24 34 348,96+0.01 17 1258.6--38 06 26 353,97+1.03 17 2304.2 --33 24 50
328.2+0.0 155130.0 --532358 348,97--0.06 171319.5 --380757 353,99+0.85 172350.0 --333022
328.2+0.0 155132.8--532338 348.98--0.02 171312.2--380627 354,00+0.29 172606.7 --334822
328.24--0.541R 15 5411.1 -53 50 49 349.03-0.05 17 1328.4 --38 04 57 354.00+0.88 17 2344.2 -33 28 21
328.3+0.43 155017.0--530252 349.06-0.09 171342.5--380458 354.01+0.65 172440.0--333553
328.30+0.43 155017.3 --530306 349.09+0.11 171254.1 -375637 354.04+0.23 172627.3 -334822
328.4-0.2 15 5332.0 -53 28 54 349.09+0.1141 17 1259.3 --37 55 34 354,06+0.26 17 2620.2 -33 46 22
328.7-0.2 15 55 16.2--53 16 34 349.09+0.II42 14 1302.7--37 56 55 354.07+0.56 17 25 11.6--33 35 24
328.81+0,641R 15 52 00.4--52 34 16 349.09--0.13 17 1357.4--38 04 58 354.07+0.88 17 2356.1 --33 24 52
329.18--0.32IP,. 155759.4 --530346 349.09--0.18 171410,9 --380629 354,08+0.01 172725,8 --335355
330,4+0.1 160159.5 --515736 349.09--0.19 171413.8 --380659 354.09+0.51 172527.2 --333625
330.4+0.1 16 01 59.8 --51 57 40 349.09--0.21 17 14 17.1 --38 07 29 354.10+0.00 17 27 29.8 --33 52 55
330.88--0,36II 16 0631.0--51 58 06 349.11--0.17 17 14 10.7--38 04 59 354.I0+0.06 17 2717.2 --33 50 54
330.88--0,3613 16 0628.8451 58 16 349.13--0.22 17 1426.1 --38 05 59 354.10+0.66 17 2451.7--33 30 54
330,88--0,3614 16 06 29.4--51 58 30 349.15--0.26 17 14 39,6--38 06 30 354.13+0,13 117 27 04,9--33 47 24
331.13--0,25 160717.9 --514331 349.18+0.20 171251.6 --374847 354.13+0.43 172553.6 --333726
331.28--0.201R 160747.2 --513426 349.18+0.20 171252.2 --374853 354.15+0.03 172732.1 --334925
331.34--0,341R 160839.9--513854 349.21--0.38 171519.8 --380731 354.15+0,16 172659.9 --334524
331.51--0.1 #'1 160819.9--512018 349.27--0.39 171535.2--380502 354.15+0,73 172443,4--332623
331.51--0.1 #'2 160821.1 --512051 349.32--0.55 171623.3--380804 354.15--0.04 172748,8--33 5155
331.51--0.1 #'3 160822.7 --512002 349.36--0.20 171501.8 --375421 354.17+0,05 172731.6 --334755

331.51--0.1 44 16 08 30.1 --51 21 51 349.39--0.01 117 14 28.5 --37 _ 5"/ 354.17-0.10 17 28 04.6 --33 52 56331.51--0.10 16 08 21,1 --51 20 21 349.39--0.58 17 16 42.1 --38 354.18--0,06 17 27 59.3 --33 50 56
331.6-0.3 16 09 41.0 --51 22 23 349.47--0.69 17 17 24.7 --38 05 36 354.19+0,09 17 27 24.7 --33 45 25
332.65--0.63 [61552.4 --505647 349.50--0.52 171650.9 --375859 354.22+0.55 172538.4 --332825
332.65--0.63 161600.l--505849 349.50--0,75 171744.5--380636 354.23+0,32 172635.8--333557
333.13--0.43 i61715,4 _502855 349.52+0.25 171340.8 --373012 354.23--0,10 172814.5 --334956

333o13--0,434'1 1661711.4 _502749 349.54--0.82 171807.5 --380637 354.24-0,21 172844.0--335257333.13--0.4342 1713,0 _502803 349.70--1.09 171942.7--380811 354.24--0,24 172850.5 --335357
333.13--0.4343 1715.3 _502852 349.71--1.05 171936.0 --380610 354.26+0.49 172559.5 --332856

333.23--0.051R 161600.6 _5007{_ 349.81--0.32 171646.2--373613 354.27+0,58 172539.7--332455335.61--0.311R 162726.3 _4837 349.88--1.29 172104.5 --380614 354.29+0,19 172716.5 --333729
335.78+0.17 162604.6 _48 0952 349,88--1.35 172122.0 --380814 354.29-0.10 172824.6 --334657
336.36--0.151R 162949.4 _475735 349.93--1.41 172143.6--380745 354.29--0.26 172903.4--335158
336.99--0.03 163150.3 _472447 349.96--0.03 171605.2--371838 354.33+0,36 172640.7--332928
337.3--0.2 163402.1 _471725 349.97--1.41 172151.1 --380545 354.34--0,39 172944.8--3354 (30
337.4--0.1 1630 _4710 El3 350.07--1.61 172259,5 --380748 354.35+0,34 172650.3 --332858
337.4--0.4 #'1 1163505.1 _472232 350.22--1.80 172411.7 --380620 354.35-0,21 172902,7--334728
337.4--0.4 #'2 163508.8 _472259 350,55+0.06 171723.6 --364643 354.36+0A8 172730.0 --3334 (30
337.40--0.40IR 1163506,4 _472218 350.85+0,19 171746.8 --362759 354.36-0,29 17 29 23.7 --33 49 29
337.5+0.1A !1630 --47 O0 E/_ 350.85+0.19A 171747.2 --362749 354.36--0,34 172933.7 --335129
337.5+0.1B " 350.85+0.19B 171747.2--362736 354.38+0.28 172708.4-332929
337.5+0.1C .... 35{3,97+0.43 171711.9 -361226 354.40-0,34 172939.4 -334929
337.5+0.1D .... 351.14+0.08 171904.4--361555 354.40-0.45 173{305.9 -3353 (30
337.5+0.1NOM. " 351.16+0.70 17 16 34.5 --35 54 44 354,41+0.22 17 27 27.9 --33 30 29
337.61--0.06 163424.3--465901 351.16+0.704'1 171634.3--355352 354.41--0.24 1729 19.0--334529
337.71--0.05 163446.1 _465459 351.16+0.7042 171636.8--355447 354.41--0.32 172936.7--334759
337.86+0.26 163402.2--463439 351.16+0.7043 171638.8--355411 354.42+0.24 172723.3--332859
337.86+0.2641 16340LI --463442 351.22+0.25 171837.6--360613 354.42+0.31 172706.6--332659
337.86+0.26#2 163402.4 _463504 351.41+0.64 171732.0--354405 354.42--0.38 172954.{3--33493{3
337.9+0.3 163401.944.63445 351.41+0,64 171732.4--354402 354.44-0.36 172952.1 --334800
337.91--0.47 163721.3--470224 351,60+0.32 171920.1 --354625 354.46+0.04 172819.1 --333401
337.91--0,474'1 163726.1 --470211 351.78-0.541R 172321.2--360642 354.46+0.19 172741.8 -332830
337.91-0.4742 163726.6447 O105 352.52+2.77 171215.0 -333557 354.46+0.20 172738.9 -332830
337,99+0.14 163506.0 _463437 352.60+2.76 171230.6 --333257 354.46-0.03 172836.7 -333602
337.99+0.1441 163504.5 -463433 352.61--0.19 172413.9 -2513 10 354,46-0.03 172835.0 --333602
337.99+0.1442 163507.94463346 352.68+2.63 171312.7 --333329 354.47+0.0 172828.3 --333432
338.0--0.1 163613.7 _464432 352.74+2.75 171255.4 --332558 354.49+0.15 172758.8 --332831
338.0--0.1 163614.9 --464446 352,80+2.45 171416.6 --333331 354.50+0.07 172816.9 --333031

338.08+0.021R 163558.0--463445 352.80+2.61 171338.9--33283_2 354.50--0.39 173009.2--334600338.47+0.291R 163620.6-460708 352.86+2.43 171432.0-3331 354,51-0.51 173039,3 -334932
338,5+0.1 163727.0--461326 352.93+2.24 171526.3 --333433 354.52-0.59 173100.8 -335132
338.5+0,1 16 37 27.9 --46 13 34 352.96+2.16 17 15 51.9 --33 36 04 354.53+0.03 17 28 29.9 --33 30 21
338,5--0.2 16 38 16.2 --46 27 00 352.99+2.16 17 15 54,5 --33 34 34 354.$3.0.03 17 28 33.4 --33 30 05
338.5--0.2 16 38 19.1 --46 26 38 353.03+2,25 17 15 40.3 --33 29 34 354.53+0.17 17 27 59.9 --33 26 00
338.68--0.081R 163845.6--46 I149 353.05+2.04 171634.0--333536 354.56-0.11 172910.0--333333
338.88--0.081R 16 39 29.1 --46 03 44 353.05+2.10 17 16 20.0--33 33 35 354,56--0.44 17 30 31.3 --33 44 31
338.92+0.56 163655.2 --453619 353.06+2.29 171535.5 --332634 354.58--0.07 172904.6 --333103
339.62--0.12 164227.3--453120 353.11+2.15 171616.6--332905 354.,_9+0.05 172838.3--332702
339.62--0.12 164227.8--453118 353.15+0.09 172436.9--343722 354.59--0.25 172949.0--333634
339.93+0.37 164132.5 --445750 353.23--0.24 172609.5 --344442 354.60+0.03 72844.0--332702
339.98--0.19 164404.4--451753 353.31+1.35 1720 (30,1--334638 354.60+0.07 172833.6 --332532
340.00--0.51 164532.4--452909 353.32+1.64 171852.6--3336 I1 354.60+0.26. 172748.4--331919
340.00--0.51 164533.2 --452946 353,38+1,72 171845.3 --333041 354.60--0.59 173112.6 --334733
340.14--0.45 164549.8--451935 353.39+1.84 171817.8--332610 354.61--0.18 172935.1 --333334
340.24--0.06 164430.5 --450117 353.41--0.361R 172709.2 --343918 354.61--0.72 173145.9 --335104
340.42--0.01 164455.2--445110 353.43+1.73 171850.5--332741 354.62+0.471R 172703.7--33 I131
340.4240.01 164455.5--445123 353.43+1.75 171844.1--332711 354.62--0.28 173001.9--333605
341.12-0.00 164726.4 --441823 353.45+0.99 172147.8 --335212 354,63--0,83 173216.2 --335405
341.1240.00 164726.5--441831 353.45+1.53 171939.8--333343 354.64--0.09 172918.3 -332903
342.01+0.25 164931.1 --432744 353.48+1.04 172141.4 --334912 354.64--0.35 173022.4 --333736
343.38+0.25 165414.3 --422326 353.51+1,05 172144.3 --334712 354.67--0.40 1173039.1 --333736
344.8341.67 170721.3--422506 353.52+1.57 171943.7--332843 354.68--0.06 '172919.4--332603
344.93+0.01 17 (3028 --4120 ED 353.55+1.60 171942.0--332613 354,69-0.23 ,172959.5-333105

345.05--1.86 170849.0--422158 353.59+0.81 172254.5-335115 354,69-0.31 173019.1-333336345.41-0.94 170605.1 --413155 353.59+0.91 172232.3 -3347 354.69-0.36 ,1730 30.6 --333506
345.51+0.35 170053.8--404015 353.60+1.23 172116.0--333616 354.70--0.17 172948.4-332834
345.69--0.0941 170318.1 --404752 353.60--0.23 172708.1 --342531 354.70-0.44 173052.8--333737

345.69--0.0941 170324.3 --404735 353.60--0.23 172708.5 --342531 354.71-0.08 ,172926.3 --3325345.69--0.09#2 170323.0--404721 353.60--0.23A 172704,6 --342546 354,72--0.27 173013.1 --3331
345.69--0.09#2 170323.9 --404734 353.60--0.23B 172708.3 --342531 354.72--0.86 173237.0 --335036
345.6940.09#3 170323.9--404716 353.64+1.15 172141,7--333717 354.73--0.85 173235.3--334936
346.01+0.04 170349.6--402657 353.64+L25 172116.8--333346 354.73--0.93 173255.6--335206
346.18+0.02 170417.9 --401956 353.67+0.72 172327.6 --335016 354.74-0.30 173025.5 --333106
346.8640.81 170724.9 --395503 353.67+0,86 172255,0 --334515 354.75--0.06 172928.5 --332217
347.4+0.4 170636.6--390818 820308 353.70+1.43 172046.7 --332445 354.75--0.20 173003.0--332705
347.40+0.40 353.72+0.59 172406.7--335217 354.75--0.24 ,173011.4-332805
347.40+0.40 170640.7--390820 353.73+0,52 172425.9 --335348 354.75-0.45 173103.0--333507
347.57+0.11 170824.7--391012 353.77+L33 172119.4--332446 354.76-0.37 173043.5--333206

347.57+0.11 17 0827.8 --39 09 50 353.79+1.16 17172203,0 --33 _l_ 18 354.77--0.38 17 3048.9 --33 32 07347.61+1.82 17Ol 30.7 --380632 353.81+0,69 2358.9 --33 17 354.78--0.22 173012.2 --332635
347.63+0,151R 17 0824.6--39 05 45 353.81+LI0 17 2220.9--33 30 48 354.79-0.30 17 3032.5 --33 28 36
347.66+1.73 170203.4--380703 353.83+ 1.10 1172224,2 --332918 354.81--0.31 173040.2 -332736
347.67+1.71 170206.9 --380733 353.83+1.14 1172215.8 --332818 354.82--1.05 173339.3 --335108
347.83+1.55 17 0319.6--380536 353.86+0.51 _172450,0--334749 354,83--0.38 ,173056.9--332907
347.89+1.42 17 0358.6 --380737 353.88+0.40 172519,5 --33 50 5{3 354.83-0.92 173309.9 -334637

347.94+1.44 170405,3-380437 353.89+0.40 172521.0-33502{3 354.85-0.60 173153.3 -333509347.97+1.34 170432.6 -380638 353.90+0.30 25 46,8--335251 354.85-0.65 173207.7 --333639
348.13+1.09 170604.5 --380742 353.90+0.87 172331,4 --333351 35_.85-1.12 173401.5 --3352 O_
348.25+0.94 170702.6 --380744 353.91+0,86 ,172334,8 --333351 354.86--0.61 173159.5 -333599
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354.87--0.99 17 33 31.0--33 47 08 355.64+1.05 17 27 24.9--32°01 ' 29 356.97--1.06 17 39 10.0--32 02 55"
354.88--0.54 17 31 44.8 --33 31 38 355.64--1.91 17 39 15.9 --33 37 55 356.98--1.15 17 39 34.5 --32 05 26
354.88--0.54 17 31 45.1 --33 31 47 355.65+0.93 17 27 54.4 --32 04 30 356.98--1.21 17 39 47.8 --32 07 26
354.88--1.17 17 34 174--33 52 09 355.65--2.40 17 41 16.1 --33 52 55 357.04--1.17 '17 39 46.7--32 02 56
354.89--0.36 17 31 02.5 --33 25 07 355.67+0.87 17 28 12.2 --32 06 01 357.07--1.16 17 39 49.5 --32 00 56
354.89--0.48 17 31 32.2 --33 29 08 355.67+1.01 17 27 39.5 --32 01 00 357.07--1.28 17 40 18.3 --32 04 57
354.9--0.6 17 32 07.5 --33 36 40 355.67--2,46 17 41 36.2--33 53 25 357.08--1.14 17 39 47.8 --31 59 56
354.93--0.51 117 31 46.0--33 28 39 355.68+0.90 17 28 06.2 --32 04 31 357.12--1.24 17 40 18.9 --32 00 57
354.93--1.13 [ 17 34 15.9--33 48 39 355.68--1.65 17 38 17.1 --33 27 23 357.12--1.36 17 4044.5 --32 04 58
354.93--1.15 17 34 22.0--33 49 09 355.68--1.85 17 39 06.5--33 33 55 357.17--1.22 17 40 20.2--31 57 57
354.94--0.59 17 3206.8--33 30 10 355.69+0.92 17 2803.7--32 03 Ol 357.18--0.52 17 3734.1 --31 34 07
354.94--0.68 17 3226.7--33 33 10 355.69--1.71 17 3832.7--33 28 53 357.18--0.52 17 3735.0--31 34 52
354.94--0.72 17 3236.1 --33 34 41 355.70+0.96 17 2756,0--32 01 31 357.19--1.29 17 4039.0--31 58 58
354.95--0.75 17 32 47.5--33 35 II 355.70--1.73 17 38 40,0--33 28 54 357.19--1.52 17 41 34.7--32 06 30
354.95--1.23 17 3444.7--33 50 40 355.71--1.79 17 38 56,5--33 30 24 357.22--1.36 17 41 00.9--31 59 59
354.97--1.23 17 34 45.4 --33 49 40 355.72--1.93 17 39 31,7 --33 34 26 357.26--1.71 17 42 32.2 --32 08 32
355.00--0.88 117 33 27.0 --33 36 42 355.72--1.94 17 39 36.1 --33 34 26 357.29--L49 17 41 42.9 --32 00 31

355.01--0.56 ]]773210.5 --33254040 355.73-2.53 174200,8 -335226 357.31--1.51 174148.9 --32 (30Ol355.01--0.64 3229.7--3328 355.74--1.70 173840.4--332554 357.32--1.73 174245.6-320633
355.01--0.80 17 3306.9--33 33 42 355.75+0.96 17 2802.8--31 58 31 357.33+2.69 17 2525.2--29 42 25
355,0l--l,33 17 35 16,0 --33 50 41 355.75--2,09 17 40 16,6 --33 37 57 357,33+2.78 17 25 05.5 --29 39 24
355.02--0.71 [17 32 47.3--33 30 II 355.76--1.77 17 39 00.1 --33 26 54 357.36+2.71 17 25 26.6--29 39 55
355.02--0.84 17 33 18.9--33 34 12 355.77+0.62 17 29 27.2--32 09 04 357.37--1.75 17 42 56.8--32 04 33
355.02--1.45 17 35 46.3--33 54 12 355.78--2.04 17 40 09,4--33 34 27 357.38--1.70 17 42 46.2--32 02 33
355.03+0.17 17 29 17.4 --33 01 06 355.78--2.46 17 41 51.0 --33 47 56 357.39+2.73 17 25 28.3 --29 37 55
355.03--1.42 17 35 41.6--33 52 42 355.78--2.62 17 42 29.8--33 52 57 357.39--1.58 17 42 18.1 --31 58 02
355.04--0.69 17 32 47.3 --33 28 41 355.83+0.61 17 29 38.5 --32 06 04 357,42+2.68 17 25 43.0 --29 38 26
355.04--1.48 17 3559.0--33 54 13 355.83-2.44 17 41 54.4--33 44 56 357.46+2.61 17 2605.2--29 38 26
355.05--0.78 17 3308.9 --33 31 12 355.84+0.79 17 2858.0 --32 _0 03 357,47--2.05 17 4425.3 --32 08 36
355.05--0.81 17 33 15.5 --33 32 12 355.84-2.57 17 4227.1 --33 48 27 357,48+0.37 17 3449,1 --30 51 41
355.05--1.20 17 3451.0 --33 44 41 355,85+0,55 17 2955.8 --32 07 05 357,49+2.49 17 2637.8 --29 40 58
355.06--0.70 17 3251.3 --33 27 41 355.85+0.69 17 2924.1 -32 02 34 357,54+2.54 17 2633.5 --29 36 58
355.06--1.01 17 3407.2--33 37 44 355.86--1.89 17 3943.0--33 25 56 357.57+2.42 17 2705.3--29 39 29
355.06--1.41 17 3544.3--33 51 12 355.86-2.00 17 40 10.2 --33 28 57 357.59-2.15 17 4505,7--32 05 38
355.07--0.'/I 17 32 55.1 --33 27 41 355.89+0.44 17 30 27.1 --32 09 06 357.63--1.97 17 44 29.6--31 58 07
355.07--0.79 17 33 16.5 --33 30 12 355.90+0.69 17 29 31.1 --32 O0 04 357.64+2.29 17 27 45.3 --29 40 O0
355.08--1.31 17 35 22.6 --33 46 42 355.91--2.11 17 4044.5 --33 30 28 357.64--2.23 17 45 33.3 --32 05 39
355.08--1.48 17 36 04,1--33 52 13 355.91--2.61 17 42 49.2--33 45 58 357.68+2.16 17 28 21.7--29 42 31
355.09--0.75 17 33 08.0 --33 27 42 355.94+0.52 17 30 16.0 --32 03 35 357.68--0.06 17 37 00.9 --30 54 29
355.09--0.82 17 33 26.9--33 30 12 355.94--2.15 17 40 58,2--33 29 59 357.68--0.06 17 37 01.2--30 54 20
355.09--0.96 17 34 00.1 --33 34 44 355.94--2.37 17 41 54.3 --33 37 01 357,69--2,16 17 45 23.8 _32 00 39
355.1--0.7 17 32 51.2 --33 27 42 355.95+0.51 17 30 19.4 --32 03 36 357.71--0.27 17 37 53.4 --31 130 11
355.10--0.97 17 34 03.0 --33 34 44 355.95--0.05 17 32 33.4 --32 21 49 357.72+2.26 17 28 04,0 --29 37 Ol
355.10--1.45 17 3600.4--33 50 13 355.95--2.05 17 40 35.9--33 25 58 357.73+2.25 17 28 07.2--29 37 0|
355,10--1.58 17 36 30.8--33 54 14 355.98--2.75 17 43 32.6--33 46 30 357.73--2.34 17 46 12.8--32 04 10
355.12--1.09 17 34 34.5--33 37 45 356.00--2.43 17 42 16.6--33 35 32 357.73--2,38 17 46 21.5 --32 05 41
355.13--1.50 17 36 16.3 --33 50 14 356.01+0.55 17 30 21.5 --31 59 06 357.75+0.34 17 35 37.9 _30 38 35
355.14--0.85 17 33 40.9 --33 28 43 356.01--2.20 17 41 23.1 --33 28 00 357.77--0.15 17 37 32.3 --30 53 18
355.14--1.02 17 34 22.6 --33 34 14 356.01--2.26 17 41 36.6 --33 29 30 357.78+2.07 17 28 57,4 --29 40 03
355.15--1.01 17 34 19.8 --33 33 44 356.01--2.43 17 42 19.4 --33 35 02 357.78+2.09 17 28 52.8 --29 39 32
355.16+1.65 17 23 49.0--32 04 52 356.02+0.42 17 30 54.2 --32 03 07 357.78--2.56 17 47 11.9--32 08 42
355.17--0.84 17 33 42.6 --33 26 43 356.02+0.50 17 30 33.3 --32 13006 357.79--2.49 17 46 57.7 --32 06 12
355.17--0.87 17 33 48.8--33 27 43 356,04+0,31 17 31 21,1 --32 05 38 357.80+2,03 17 29 08,9 --29 40 33
355.17--0.94 17 34 08.5 --33 30 14 356.04--2.18 17 41 21.5 --33 26 00 357.81+2.13 17 28 47.2--29 37 02
355.18--0.90 17 33 58.3 --33 28 13 356,06--2,21 !7 41 31.7 --33 25 30 357.82--2.54 17 47 14.4 --32 05 43
355.18--0.98 17 34 16.9 --33 31 14 356.07+0.24 17 31 44.4 --32 06 39 357.83+2.92 17 25 50.1 --29 09 20
355.18--1.47 17 36 17.1 --33 46 44 356,07--2.58 17 43 04,9--33 36 33 357.84+3.03 17 25 26.4--29 05 19
355.19--1.49 17 36 23.9--33 47 14 356.08--2.46 17 42 37.8--33 32 32 357.86--2.41 17 46 49,8--31 59 42
355.21--0.88 17 33 56.9 --33 26 13 356.09--2.30 17 41 59.5 --33 27 01 357.87+2.91 17 25 57.7 --29 07 50
355.21--0.96 17 34 19.2--33 28 44 356.10--2.59 17 43 11.6--33 35 34 357.90+ 1.94 17 29 45.9 --29 38 34
355.23+1.44 17 24 49.5--32 08 54 356.12+0.16 17 32 09.3 --32 06 40 357.90+3.07 17 25 27.3 _29 01 20
355.23--0.98 17 34 26.3--33 28 45 356.13.0.42 17 3'1.10,8--31 57 38 357,92+L88 17 30 0L9--29 39 35
355.23--1.02 17 34 37.2--33 29 45 356.13--2.33 17 42 11.1 --33 26 01 357.93--2.47 17 47 13.2--31 58 12
355.26--1.00 17 34 35.6 --33 27 45 356.13--2,47 17 42 45.7 --33 30 33 357.94+1.94 17 29 52.0 --29 37 05
355.27--1.01 17 34 38.4--33 27 15 356.17--2,52 17 43 04.4--33 30 03 357,96+1,83 17 30 19.9--29 39 36
355.28--1.28 17 35 45.8--33 35 47 356.20+0.13 17 32 29.2--32 03 10 357.97+2.77 17 26 46.3 _29 07 52
355.28--1.64 17 37 12.8--33 47 16 356.22--0,01 17 33 06.1 --32 06 42 357.98+1.70 17 30 53.4 _29 42 37
355.28--1.67 17 37 21.3--33 48 16 356.22--0,03 17 33 09.6--32 07 42 357.98+3.03 17 25 48.6 _28 58 21
355.30--1.01 17 34 45.4--33 25 45 356.23+0,07 17 32 49.0--32 04 11 357.99+1,81 17 30 27.9 _29 38 36
355.30--1.14 17 35 14.9--33 30 16 356.23+0,21 17 32 15.1 --31 59 I0 357.99+2,67 17 27 12.3 --29 10 24
355.30--1.59 17 37 03.7--33 44 45 356.24--0.11 17 33 33.9--32 09 13 357.99+3.14 17 25 24,3 _28 54 20
355.31--1.15 17 35 19.9--33 30 17 356.24--2,49 17 43 07.0--33 25 33 358.01+2.63 17 27 25.0 _29 10 24
355.31--1.88 17 38 17.7--33 53 18 356.25+0,24 17 32 12.3 --31 57 40 358.01+2.90 17 26 21.8 --29 Ol 22
355.32--1.28 17 35 52.2--33 33 18 356.26--0.14 17 33 43.5--32 09 13 358,01+2.98 17 26 03.5--28 58 21
355.32--1.36 17 36 11.2--33 36 18 356.26--2.62 17 43 42.3 --33 28 35 358.02+ 1.73 17 30 54.3 _29 39 37
355,37.--1,73 17 37 43.4--33 4_. %7 356.2_,+0A9 17 32 28.5--31 57 40 358.02+1.74 17 30 50,6--29 39 07
355.32--1.92 17 38 29.4--33 54 18 356.28--0.04 17 33 22.8--32 05 12 358.03+2.74 17 27 01.8 _29 05 54
355.33--1.25 17 35 46.9 --33 32 17 356.33--0.19 17 34 07.2 --32 07 14 358.05+2.97 17 26 12.7 --28 56 52
355.35+1.55 17 24 42.1 --31 58 54 356.36--0.27 17 34 30,4--32 08 15 358.05+3.05 17 25 54,2 --28 54 21
355.36--1.82 17 38 10.5 --33 49 18 356.37--0.28 17 34 33.1 --32 08 15 358.06+1.66 17 31 14,5 --29 40 08
355.37+1.51 17 24 53.4--31 59 24 356.38--0.16 17 34 08.0--32 03 44 358.06+2,60 17 27 38.1 --29 08 55
355.38+0.08 17 30 32.1 --32 46 28 356.38--0.22 17 34 21.3--32 05 44 358.06+2,75 17 27 04.9--29 03 53
355,38--1.15 17 35 30.5--33 26 17 356.40--0.07 17 33 47.8--32 O0 13 358.08+1,66 17 31 18.3--29 38 38
355.38--1.51 17 36 56.8--33 37 50 356.41--0.33 17 34 52.1 --32 07 45 358.08+3.00 17 26 09.5--28 54 22
355.39+1.54 17 24 49.3 --31 57 24 356.43--0,20 17 34 24.4 --32 02 45 358,114-1.63 17 31 30.0 --29 38 08
355.40+ 1.29 17 25 50.1 --32 04 56 356.45--0.27 17 34 43.4 --32 04 15 358.12+2.86 17 26 49.2 --28 57 23
355.40+1.45 17 25 12.3--31 59 55 356.46--0.33 17 35 01.0--32 05 16 358.13+2.93 17 26 35.0--28 54 22
355.40--1.37 17 36 27.8--33 32 19 356.46--0.38 17 35 09.9--32 07 18 358.14+ 1.49 17 32 06.2--29 41 39
355.40--1.80 17 38 11.3--33 46 18 356.47--0.11 17 34 07.1 --31 57 44 358.14+2.52 17 28 09.0--29 07 55
355.41--1.4._3 17 36 35.1 --33 32 49 356.50--0.4.0 17 35 22.2 --32 05 17 358.14+2.54 17 28 O4.1 --29 06 55
355.42--1.30 17 36 13.8 --33 29 18 356,50--0,44 17 35 30.0 --32 06 47 358.15+1,51 17 32 03.3 --29 40 09
355.42--1.89 17 38 57.0--33 48 19 356.50--0.55 17 35 58.7--32 10 07 358.15+1.58 17 31 46.7--29 38 09
355.43--1.84 17 38 24.8 --33 45 48 356.53--0.42 17 35 32.0 --32 04 47 358.15+2,86 17 26 52.6 --28 55 53
355.43--2.10 17 39 30.4--33 54 21 356.53--0.45 17 35 38.2--32 05 47 358.16+0.50 17 36 01.9--30 12 54
355.44--1.21 17 35 54.5 --33 25 18 356.55--0.38 17 35 25.5 --32 02 17 358.16+0.50 17 3602.2 --30 12 54
355.44--1.27 17 36 09.6--33 27 18 356.56--0,47 17 35 47.3--32 04 48 358,16+2.68 17 27 35,1 --29 00 54
355.44--1.99 17 3905.6--33 50 20 356,57--0.40 17 35 32,6 --32 02 17 358.17+1.45 17 32 18.8 --29 41 10
355.45--1.95 17 38 56.2 --33 48 50 356.58--0,29 17 35 07.5 --31 57 46 358.17+1.54 17 31 59,4 --29 38 09
355.47--1.50 17 37 09.0--33 32 50 356,59--0.41 17 35 38.4 --32 01 17 358.17+2.78 17 27 13.4 --28 57 24
355.48--1.32 17 36 28.3 --33 26 49 356.59--0,61 17 36 27.2--32 07 49 358.19+ 1.38 17 32 38.1 --29 42 41
355.48--2.10 17 39 36.5--33 51 51 356.61--0.45 17 35 51.7--32 01 48 358.19+1.52 17 32 06.2--29 38 10
355.48--2.13 17 39 42.6--33 52 51 356,62--0,65 17 36 40,2--32 07 50 358.21+ 1.41 17 32 35.5 --29 40 40
355.49--1.44 17 36 56.5 --33 30 20 356,64--0.33 17 35 23.9 --31 55 57 358,21+L48 17 32 18.4 --29 38 10
355.50--1.33 17 36 31.7--33 26 19 356.64--0.51 17 36 09.9--32 01 48 358.21+2.84 17 27 07.8--28 53 24
355.51+1.12 17 26 49.2--32 05 28 356.66--0.69 17 36 55,8--32 06 50 358.22+2.35 17 29 00,1 --29 09 27
355.51--2.05 17 39 29.3 --33 48 51 356.72--0.58 17 36 36,9 --32 O0 19 358.23+2,77 17 27 26.3 --28 54 54
355.52--1.34 17 36 39.6--33 25 19 356,72--0.61 17 36 45.0--32 00 50 358.7'4+2.39 17 28 54.4--29 06 57
355.53+1.23 17 26 25.2 --32 O0 57 356.72--0,67 17 36 58.9 --32 03 20 358,25-1-1.38 17 32 48.6 --29 39 41
355.54+1.09 17 27 01.0--32 04 59 356.73--0.78 17 37 27.3--32 05 51 358.27+ 1,42 17 32 41.8--29 37 11
355.54--1.59 17 37 42.8--33 32 22 356.75--0.59 17 36 45,1 --31 59 20 358,27+2,72 17 27 43.9--28 54 25
355.55--2.17 17 4004,.3--33 50 22 356.76--0.57 17 3640.9--31 57 50 358.29+1.22 17 33 31.8 --29 42 43
355.56--2.27 17 40 32.0--33 52 53 356.76--0.77 17 37 29.1 --32 04 21 358.29+1.39 17 32 52.3 --29 37 11
355.57--2.18 17 40 11.3 --33 49 52 356.79--0.88 17 37 59.2 --32 06 22 358.32+2.19 17 29 52.0 --29 09 29
355.57--2.20 17 40 16,5 --33 50 22 356.79--0.93 17 38 12.8 --32 07 53 358.33+1.27 17 33 26.6 --29 39 12
355.59+1.19 17 26 45.8--31 58 58 356,80--0.80 17 37 42.6--32 03 22 358.35+1.13 17 34 02.5--29 42 44
355.61+1.00 17 27 33.3--32 04 30 356.82--0.75 17 37 34.1 --32 O0 22 358.35+1.15 17 33 57.3--29 41 43
,155.62--1.51 17 37 345--33 25 *11 356,86--0,94 17 38 25,0--32 04 23 358.36+1.24 17 33 37.6--29 38 13
355.63--1.59 17 37 55.4 --33 27 52 356.95--0.98 17 38 47.6 --32 01 24 358.37+2.36 17 29 2_2.3--29 Ol 28

B-78



NAME RA (1950) DEC POS RE| NAME RA (1950) DEC POSRE NAME RA 1|950) DEC POSREF
h ms * ' h m • " ' " b m m • * •

358.38+1.13 17 3405.2--29 41 14 339.28+1.01 17 3647.9--2g 59 14
358.38+2.53 17 28 37.5--28 54 27 359.30+1.12 17 36 25.6--28 54 44
358.39+2.23 17 29 53.8--29 04 59 359.30+L]6 17 36 14.3 --28 53 43
358.39+2.47 17 28 37.4 -28 56 28 359.31--0.32 17 42 02.1 --29 40 31
358.40+1.04 17 34 29,2--29 42 45 339.32+0.99 17 36 57.3--28 58 15
358.41+1.11 17 34 14.8--29 40 14 359.32+1.09 17 36 36.0--28 $4 44
358.42+1.01 17 34 38.9 --29 42 45 359.34+0.77 17 37 52.1 --29 04 16
358.42+1.19 17 33 58,3 --29 37 14 359,34_0.45 J7 42 36,8 --29 43 02
358.42+2.29 17 29 45,2 --29 (30 58 359.35+0.54 17 38 47.7 --29 10 49
358.43+1.04 17 34 33,7 --29 41 45 359.35+0.55 17 38 43.4 --29 10 49
358.43+L10 17 34 19,3--29 39 44 359.35+0.91 17 37 20.2--28 59 15
358.44+1.15 17 34 09.4--29 37 14 359.36+0.58 17 38 38.9-29 09 19
358.44+2.38 17 29 26,9 --28 57 29 359.36+0.67 17 38 18.5 --29 06 18
358.45+2.10 17 30 31.8 --29 05 30 359.36--0.35 17 42 17.5 --29 38 32
358.45+2.27 17 29 52.5 --29 00 29 359.37+0.88 17 37 31.5 --28 59 15
358.46+1.99 17 30 59.4--29 09 02 359.37+ 1.03 17 36 54.2--28 54 15
358.48+2.06 17 30 45.8 --29 05 31 359.38+0.78 17 37 54.9 --29 01 47
358.49+0.99 17 34 55.3--29 40 16 359.39+1.00 17 3704.5--28 54 15
358A9+2.25 17 30 03.6--28 58 59 359.404-0.83 17 37 45.9--28 59 16
358.51+0,96 17 35 04.7--29 40 16 359.40--0.37 17 42 26,1 --29 37 32
358.51+1.99 17 31 07.0 --29 06 31 359.41+0.98 17 37 13.2 --28 53 46
358.51+238 17 29 59.7--28 57 00 359.41--0.44 17 42 44.3--29 39 03
358.52+2,25 17 30 08.1 --28 57 30 359,42--0.51 17 43 02.8--29 40 33
358.53+0,93 17 35 15.5 --29 39 46 359.434-0.56 17 38 55.0 --29 06 19
358.53+2.01 17 31 04.7--29 04 31 359.46+0.64 17 38 40.1 --29 02 19
358.54+1.96 17 31 18.3--29 06 03 359.46+0.78 17 38 06,3--28 57 47
358.55+1.89 17 31 34.8 --29 07 33 359.46_0.57 17 43 22.7 --29 40 34
358.56+2.20 17 30 26.0--28 57 01 359.47+0.86 17 37 49.4--28 54 47
358.57+0.89 17 35 29.5 --29 39 17 359.48+0.54 17 39 04.4 --29 04 19
358.61+2.15 17 30 45.8 --28 56 02 359.48_0.58 17 43 27.1 --29 40 04
358.62+2.02 17 31 15.8 --28 59 32 359.49_0.52 17 43 13.9 --29 37 34
358.63+0.74 17 36 13.8 --29 40 48 359.52+0.45 17 39 31.2 --29 05 20
358.63+2.00 17 31 23.7 --29 00 02 359.54+0.72 17 38 32.7 --28 55 48
358.64+1.66 17 32 41.9 --29 10 36 359.554-0.37 17 39 55.2 --29 06 22
358.65+1.97 17 31 32.2 --29 00 02 359.564-0.74 17 38 32.6 --28 53 48
358.65+2.08 17 31 07.7 --28 56 32 359.57--0.76 17 44 23.3 --29 40 36
358.67+1.69 17 32 40.4--29 08 05 359.58+0.49 17 39 30.3--29 00 50
358.69+1.63 17 32 55.6--29 09 06 359.584-0.69 17 38 45,2--28 54 19
358.70+0.71 J7 36 31.4--29 38 19 359.60--0.70 17 44 12.1 --29 37 36
358.70+1.86 17 32 05.0--29 01 03 3_9,60--0.73 17 44 20.0--29 38 36
358.71+0.74 17 36 25.5--29 37 19 359.624-0.15 17 40 55.8--29 09 24
358.72+0.63 17 36 51.9--29 39 50 359.62+0.22 17 4041.0--29 07 22
358.73+0.52 17 37 19.1 --29 42 51 359.65+0.48 17 39 45.0 --28 57 51
358.73+0.58 17 37 05.2 --29 40 50 359.65--0.92 17 45 12.6 --29 41 38
358.73+1.56 17 33 17.9--29 09 07 359.69+0.51 17 39 42.2--28 54 51
358,73+1.83 17 32 46.7--29 (30 34 359.69--0.85 17 45 00.0--29 37 38
358,74+ 1.88 17 32 06.1 --28 58 34 359.69--0.89 17 45 10.9--29 38 38
358,74+2.02 17 31 33.1 --28 54 03 359.70--0.90 17 45 14.0 --29 38 38
358,75+0.67 17 36 46.7--29 37 20 359.70_0.96 17 45 29.3--29 40 39
358,75+1.77 17 32 34.6 --29 01 35 3_9.71--0.97 17 45 33.6 --29 40 09
358.75+1.97 17 31 47.1 --28 55 04 359.724-0.40 17 40 12.6 --28 56 52
358.76+1.93 ' 17 31 57.1 --28 55 34 359.72-- 1.08 17 45 59.2 --29 43 I0
358.77+1.63 117 33 09.6--29 05 06 359.73+0.18 17 41 06.5--29 03 23
358.78+1.72 17 32 49.6--29 01 36 359.73--0.02 17 41 52.8--29 09 26
358.78+1.76 17 32 39.7 --29 {30 35 359.74+0.19 17 41 03.9 --29 02 24
358.80+0.50 ,17 37 35.0 --29 39 51 359.744-0.32 17 40 34.3 --28 58 23
358.80+1.86 17 32 21.1 --28 56 05 359.76+0.17 17 41 12.5--29 01 54
358.80+1.90 17 32 10.0--28 54 35 359.76-0.98 17 45 42.1--29 37 39
358.81+0.48 17 37 41.4 --29 40 22 359.77--0.02 17 41 56.7 --29 07 25
358.81+1.92 17 32 07.7--28 53 35 359.78+0.01 17 41 52.8--29 05 55
358.82+1.41 17 34 05.7--29 09 38 359.78+0.36 17 40 29.6--28 54 53
358.82+1.84 17 32 28.7--28 55 35 359.78--0.11 17 42 20.6--29 09 56
358.83+1.39 17 34 12.4--29 09 38 359.81--1.06 17 46 07.7 --29 37 40
358.83+1.59 17 33 27.6 --29 03 37 359.81--1.09 17 46 15,5 --29 39 I0
358.83+1.77 17 32 46.1 --28 57 36 359.82+0.10 17 41 36.4--29 (30 54
358.83+1.86 17 32 23.2--28 54 35 359.85--1.20 17 46 45.9--29 40 II
358.84+1.71 17 33 00.3--28 59 05 359.864-0.01 17 42 05.0--29 01 56
358.85+1.81 17 32 39.0--28 55 06 359.86--1.28 17 47 08.5--29 42 12
358.87+1.61 17 33 27.9 --29 00 37 359.87+0.06 17 41 54.4 --28 59 55
358.87+1.83 17 32 37.0 --28 53 36 359.87+0.08 17 41 49.8 --28 59 25
358.88+0.46 17 37 55.3 --29 37 22 359.87--1.23 17 46 55.4 --29 40 12
358.89+0.41 17 38 09.6--29 38 23 359.88+0.0 17 42 09.0--29 00 55
358.89+1.57 17 33 41.2--29 01 07 359.88--1.19 17 46 49.3--29 38 42
358.90+0.32 17 38 32.6 --29 40 53 359.89+0.07 17 41 55.2 --28 58 26
358,90+1,62 17 33 29.9 _28 58 37 359.99+0.06 17 41 58.6--28 57 56
358.91+0.35 17 38 27.0 --29 39 23 359.90+0.09 17 41 51.0--28 57 26
358.92+1.56 17 33 46.9 _28 59 37 359.92--0.02 17 42 19.8--28 59 56
358.93+1.59 17 33 40.7--28 58 38 359.92-0.09 17 42 36.8--29 01 57
358.93+1.66 17 33 24,1 _28 56 07 359.92--0,14 17 42 46,6--29 03 27
358o93+1,74 17 33 05.0 --28 53 37 359.93--0.15 17 42 50.3 --29 03 27
358.95+1.29 17 34 54.0 --29 07 09 359.95+0.0 17 42 20.1 --28 57 27
358,97+1.60 17 33 43.5 _28 56 08 359,95--0.02 17 42 23.5--28 57 57
358.98+0.17 17 39 17.8 --29 41 25 359.95--0.04 17 42 28.8 --28 58 57
358.98+0.31 17 38 45.6 _29 37 24 359.95--1.47 17 48 05.2--29 43 14
358.99+1,18 17 35 25.4 _29 08 41 359.96--0.05 17 42 33.4--28 58 27
359.00+0.10 17 39 36.5 --29 42 56 359,97--0.03 17 42 29.0 --28 57 27
359.00+1.47 17 34 19.6 _28 58 39 359.97--0.10 17 42 46.2--28 59 57
359._0_ 1.55 17 3401.0 --28 56 09 359.97--0.12 17 42 50.6 --29 00 27
359.02+0.20 17 39 17.1 _29 38 25 359.97--0.43 17 44 03.7 --29 09 59
359.02+1.57 17 33 59.1 _28 54 39 359.98--0.19 17 43 07.7--29 01 58
359.03+1.33 17 34 55.3 _29 01 41 359.98--0.30 17 43 33.4 --29 05 28
359.05+0.11 17 39 42,7 _29 39 56 359.98--1.37 17 47 46.1 --29 38 44
359.05+1.02 17 36 10.6--29 10 43 359.98--1.41 17 47 55.5--29 40 14
359.06+ 1.06 17 36 04.1 _29 08 42 359.99--0.04 17 42 33.3--28 56 57
359.06--0.01 17 40 12.2 _29 42 57 359.99--0.21 17 43 13.5 --29 01 59
359.07+1.46 17 34 31.1 _28 55 40 359.99--0.32 17 43 41.3--29 05 29
359.08+0.14 17 39 39.4 _29 37 26 359.99--1.34 17 47 39.6 --29 37 43
359.10+1.01 17 36 20.2 _29 08 13 360,00+0.01 17 42 23.6--28 54 57
359.10+1.37 17 34 56.9 _28 57 I1 360.(30--0.01 17 42 29.5--28 55 27
359.10+1.41 17 34 48.2 _28 55 40 360.00--0.09 17 42 46.8--28 57 58
359.11+1.08 17 3606.3 _29 05 42 360.00--0.11 17 42 51.5--28 58 28
359.12+0.99 17 3629,1 _29 08 13 78--0--103 20 33 36 +40 48
359.12--0.06 17 40 32.6 _29 41 58 78--0--120 20 41 12 +41 I1
359.14+1.19 17 35 46.4 _29 00 42 78--0--127 20 43 24 +39 04
359.14+1.33 17 35 13.2 --28 56 11 78--0--133 20 44 36 +39 55
359,14+1,41 17 34 53.3 _28 53 41 78--0--136 20 45 24 +40 48
359.15+0.91 17 3651.4 _29 09 15 110+10 22 20 +68 40 ED
359.15--0.05 17 40 33.1 --29 39 58 222+0 7 00 -- 8 00 "
359.19+1.22 17 3544.4--28 57 12 230+0 7 20 --15 (30 "
359.19--0,11 17 40 55.0 _29 39 59 233+0 7 30 --17 40 "
359.20.0.86 17 37 09.2--29 08 14 284-G53 20 14 44 --45 59 54 779909
359.20--0.15 17 41 05.0--29 40 29
359.22+0.26 17 39 32.7 --29 26 37
359.22+1.18 17 35 59.6 --28 57 13
359.23--0.20 17 41 21.2 --29 40 30
359.25+1.20 17 35 57.9 --28 54 43
359.25--0.13 17 41 08.9 --29 37 29
359.27--0.35 17 42 03.4--29 43 01
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C. BIBLIOGRAPHY - CHRONOLOGICAL LISTING

The Bibliography of Infrared Astronomy identifieseach observation in the Catalog with the
original article published in the scientificliterature. Over 1,700infrared journal articles and
other references are listed in this appendix. Each entry contains the year and month of publica-
tion, authors' names, journal name or document number, volume, page, and full title of the
reference.

The Bibliography is arranged chronologically by bibliographic reference number. The reference
number in the catalog (BIBLIO) indicates the original journal reference for each observation and
is keyed to the Bibliography. The number is made up of the year and month of publication, and
a sequential number assigned to the article (for example "790104" is broken down into 79-01-04,
where 79 = 1979, 01 = January, and 04 = article #4 in that month).

A version of the Bibliographysorted alphabeticallyby first author followsthe chronological
Bibliographylistings in this volume. The alphabetical listing is useful for quickly locating
familiar articles in the literature, which are often identified by the name of the first author.





598901 ARGELANDER, 17.W.A. <ASTRON. BEOB. STERNWARTE KONIGL. RHEIN, 3-5, BONN>
BONNER STERNVERZEICHNIS. SECTIONS I-3.

928901 THOME, J.M. <RESULTADOS OBS. NACIONAL ARGENTINA, 16-19>
CORDOBA DURCHMUSTERUNG, PARTS I-IV.

958901 DREYER, J. L.E. <MEM. R. A. S., LI>
INDEX CATALOGUE.

968901 GILL, D., KAPTEYN, J.C. <ANN. CAPE OBS., 3-5>
CAPE PHOTOGRAPHIC DURCHMUSTERUNG, PARTS I-III.

189901 CANNON, A. J., PICKERING, E.C. <HARVARD ANNALS, 91-100>
THE HENRY DRAPER CATALOG.

229901 GINGRICH, (2. H. <AP. J., 56, 139>
PARALLAXES OF STARS IN THE REGION OF B. D. +31 643.

339901 MERRILL, P. W., BURWELL, C.G. <AP. J., 78, 87>
CATALOGUE AND BIBLIOGRAPHY OF STARS OF CLASSES B AND A WHOSE SPECTRA HAVE BRIGHT HYDROGEN LINES.

379901 HETZLER, C. <AP. J., 86, 509>
INFRARED STELLAR SURVEYS AND INDEX SEQUENCES.

419901 LUYTEN, W.J. <LUNDPRESS, MINNEAPOLIS, MN>
BRUCE PROPER MOTION SURVEY.

439901 MERRILL, P. W., BURWELL, C.G. <AP. J., 98, 153>
SUPPLEMENT TO THE MOUNT WILSON CATALOGUE AND BIBLIOGRAPHY OF STARS OF CLASSES B AND A WHOSE SPECTRA
HAVE BRIGHT HYDROGEN LINES.

470901 STEBBINS, J., WHITFORD, A.E. <AP. J., 106, 235>
SIX-COLOR PHOTOMETRY OF STARS. V. INFRARED RADIATION FROM THE REGION OF THE GALACTIC CENTER.

470902 KUIPER, G. P., WILSON, W., CASHMAN, R.J. <AP. J., 106, 243>
AN INFRARED STELLAR SPECTROMETER.

499901 MERRILL, P. W., BURWELL, C.G. <AP. J., 110, 387>
SECOND SUPPLEMENT TO THE MOUNT WILSON CATALOGUE AND BIBLIOGRAPHY OF STARS OF CLASSES B AND A WHOSE
SPECTRA HAVE BRIGHT HYDROGEN LINES.

509901 MERRILL, P. W., BURWELL, C.G. <AP. J., 112, 72>
ADDITIONAL STARS WHOSE SPECTRA HAVE A BRIGHT H-ALPHA LINE.

519901 KUKARKIN, B. V., PARENAGO, P. P., EFREMOV, YU. N., KHOLOPOV, P.N. <PUBL. OFFICE NAUKA, MOSCOW>
CATALOGUE OF STARS SUSPECTED TO BE VARIABLE.

529901 JENKINS, L.F. <YALE UNIV. OBS. >
GENERAL CATALOGUE OF TRIGONOMETRIC STELLAR PARALLAXES.

529902 VAN BUEREN, H.G. <B. A. N., 11, 385>
ON THE STRUCTURE OF THE HYADES CLUSTER.

539901 SANDAGE, A.R. <A. J., 58, 61>
THE COLOR-MAGNITUDE DIAGRAM FOR THE GLOBULAR CLUSTER M3.

539902 MUNCH, L., MORGAN, W.W. <AP. J., 118, 161>
A PROBABLE CLUSTERING OF BLUE GIANTS IN CYGNUS.

549901 NASSAU, J. J., BLANCO, V. M., MORGAN, W.W. <AP. J., 120, 478>
REDDENED EARLY M- AND S-TYPE STARS NEAR THE GALACTIC EQUATOR.

549902 HERBIG, G.H. <AP. J., 119, 483>
EMISSION-LINE STARS ASSOCIATED WITH THE NEBULOUS CLUSTER NGC 2264.

549903 HERBIG, G.H. <P. A. S. P., 66, 19>
BRIGHT H-ALPHA STARS IN IC 348.

549904 MORGAN, W. W., JOHNSON, H. L., ROMAN, N.G. <P. A. S. P., 66, 85>
A VERY RED STAR OF EARLY TYPE IN CYGNUS.

549905 MERRILL, P. W., SANFORD, R. F., BURWELL, C.G. <P. A. S. P., 66, 107>
ADDITIONAL STARS OF CLASSES N AND S - SECOND LIST.

549906 MORGAN, W. W., MEINEL, A. B., JOHNSON, H.M. <AP. J., 120, 506>
SPECTRAL CLASSIFICATION WITH EXCEEDINGLY LOW DISPERSION.

569901 WALKER, M.F. <AP. J. SUPPL., 2, 365>
STUDIES OF EXTREMELY YOUNG CLUSTERS. I. NGC 2264.

569902 HERBIG, G.H. <P. A. S. P., 68, 353>
THE SOURCE OF ILLUMINATION OF NGC 1579.

569903 HENIZE, K.G. <AP. J. SUPPL., 2, 315>
CATALOGUES OF H-ALPHA EMISSION STARS AND NEBULAE IN THE MAGELLANIC CLOUDS.

569904 FREDERICK, L.W. <A. J., 61, 437>
PROPER MOTIONS IN THE NUCLEUS OF THE ZETA PERSEI ASSOCIATION.

569905 SCHULTE, D.H. <AP. J., 123, 250>
SOME RECENT RESULTS OF LOW-DISPERSION SPECTRAL CLASSIFICATION.

569906 SCHULTE, D.H. <AP. J., 124, 530>
NEW MEMBERS OF THE ASSOCIATION VI CYGNI.

579901 BLANCO, V. M., NASSAU, J.J. <AP. J., 125, 408>
REDDENED EARLY M- AND S-TYPE STARS IN TWO GALACTIC ZONES.

579902 VELGHE, A.G. <AP. d., 126, 302>
H-ALPHA EMISSION STARS AND PLANETARY NEBULAE IN THE VICINITY OF MB AND M20 AND IN VELA FROM L-230 TO L-241
ALONG THE GALACTIC EQUATOR.

579903 HERBIG, G.H. <AP. J., 125, 654>
EMISSION-LINE STARS IN THE VICINITY OF MESSIER 8, MESSIER 20, AND SIMEIS 188.

579904 LUYTEN, W.J. <LUNDPRESS, MINNEAPOLIS, MN>
A CATALOGUE OF 9867 STARS IN THE SOUTHERN HEMISPHERE WITH PROPER MOTIONS EXCEEDING 0.2 ARC SECONDS
ANNUALLY.

589901 SCHULTE, D.H. <AP. J.. 128, 41>
NEW MEMBERS OF THE ASSOCIATION VI CYGNI. If.

589902 HERBIG, G.H. <AP. J., 128, 259>
NGC 7000, lC 5070, AND THE ASSOCIATED EMISSION-LINE STARS.

589903 WESTERHOtYr, G. <B. A. N., 14, 215>
A SURVEY OF THE CONTINUOUS RADIATION FROM THE GALACTIC SYSTEM AT A FREQUENCY OF 1390 MC/S.

589904 ARP, H.C. <A. J., 63, 273>
SOUTHERN HEMISPHERE PHOTOMETRY. IIL THE COLOR-MAGNITUDE DIAGRAM OF NGC 419 AND THE ADJOINING FIELD IN
THE SMALL MAGELLANIC CLOUD.

589905 ARP, H.C. <A. J., 63, 487>
SOUTHERN HEMISPHERE PHOTOMETRY. V. TJIE COLOR-MAGNITUDE DIAGRAM OF NGC 361 AND THE ADJOINING FIELD IN
THE SMALL MAGELLANIC CLOUD.

599901 SHARPLESS, S. <AP. J. SUPPL., 4, 257>
A CATALOGUE OF HII REGIONS.

599902 DOLIDZE, M. V., ARAKELYAN, M.A. <SOV. AST., 3, 434>
THE T-ASSOCIATION NEAR RHO OPHIUCHI.

600301 MOROZ, V.I. <SOV. AST., 4, 250>
THE RADIATION FLUX FROM THE CRAB NEBULA AT 2 MICRONS AND SOME CONCLUSIONS ON THE SPECTRUM AND
MAGNETIC FIELD.
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609901 HERBIG, G.H. GAP. J., 131, 516>
EMISSION-LINE STARS IN IC 5146.

609902 RODGERS, A. W., CAMPBELL, C. T., WHITEOAK, J.B. <M. N. R. A. S., 121, 103>
A CATALOGUE OF H-ALPHA EMISSION REGIONS IN THE SOUTHERN MILKY WAY.

609903 FEAST, M. W., THACKERAY, A. D., WESSELINK, A.J. GM. N. R. A. S., 121, 25>
THE BRIGHTEST STARS IN THE MAGELLANIC CLOUDS.

609904 HODGE, P.W. GAP. J., 132, 341>
STUDIES OF THE LARGE MAGELLANIC CLOUD. IL THE GLOBULAR CLUSTER NGC 1846.

609905 HODGE, P.W. GAP. J., 132, 346>
STUDIES OF THE LARGE MAGELLANIC CLOUD. III. THE GLOBULAR CLUSTER NGC 1978.

619901 HODGE, P.W. <A. J., 66, 83>
THE FORNAX DWARF GALAXY. I. THE GLOBULAR CLUSTERS.

619902 HODGE, P.W. <AP. J., 134, 226>
STUDIES OF THE LARGE MAGELLANIC CLOUD. VII. THE OPEN CLUSTER NGC 1844.

620001 KUIPER, G. P., GORANSON, R., BINDER, A., JOHNSON, H.L. GCOMM. LUNAR AND PLANETARY LAB., 1, 119>
AN INFRARED STELLAR SPECTROMETER.

620002 KUIPER, G.P. GCOMM. LUNAR AND PLANETARY LAB., 1, 179>
INFRARED SPECTRA OF STARS AND PLANETS. II. WATER VAPOR IN OMICRON CETI.

629901 UPGREN JR., A.R. GA. J., 67, 37>
THE SPACE DISTRIBUTION OF LATE-TYPE STARS IN A NORTH GALACTIC POLE REGION.

629902 ROBERTS, M.S. <A. J., 67, 79>
THE GALACTIC DISTRIBUTION OF THE WOLF-RAYET STARS.

629903 GASCOIGNE, S. C.B. GM. N. R. A. S., 124, 201>
NGC 1783. A CLUSTER IN THE LARGE MAGELLANIC CLOUD.

630001 KUIPER, G.P. GCOMM. LUNAR AND PLANETARY LAB., 2, 17>
INFRARED SPECTRA OF STARS AND PLANETS. III. RECONNAISSANCE OF A0-B8 STARS, 1-2.5 MICRONS.

631001 JOHNSON, H. L., BORGMAN, J. GB. A. N., 17, 115>
THE LAW OF INTERSTELLAR EXTINCTION.

639901 HERBIG, G. H., KUHI, L.V. GAP. J., 137, 398>
EMISSION-LINE STARS IN THE REGION OF NGC 2068.

639902 JENKINS, L.F. <YALE UNIV. OBS. >
GENERAL CATALOGUE OF TRIGONOMETRIC STELLAR PARALLAXES WITH 1963 SUPPLEMENT.

639903 HODGE, P.W. <AP. J., 137, 1033>
STUDIES OF THE LARGE MAGELLANIC CLOUD. VIII. THE CLUSTER NGC 1831.

639904 TIFFT, W.G. <M. N. R. A. S., 125, 199>
MAGELLANIC CLOUD INVESTIGATIONS. I. THE REGION OF NGC 121.

640201 WILDEY, R. L., MURRAY, B.C. GAP. J., 139, 435>
10-MICRON PHOTOMETRY OF 25 STARS FROM B8 TO M7.

640301 MOROZ, V.I. GSOV. AST., 7, 601>
RADIATION EMISSION FROM THE ORION NEBULA IN THE 0.85-1.7 MICRON WAVELENGTH REGION.

640401 JOHNSON, H.L. GAP. J., 139, 1022>
THE BRIGHTNESS OF 3C 273 AT 2.2 MICRONS.

640501 LOW, F. J., JOHNSON, H. L GAP. J., 139, 1130>
STELLAR PHOTOMETRY AT 10 MICRONS.

640502 MOROZ, V.I. <SOV. AST., 7, 755>
INFRARED OBSERVATIONS OF THE CRAB NEBULA.

641001 WOOLF, N. J., SCHWART_CHILD, M., ROSE, W.K. <AP. J., 140, 833>
INFRARED SPECTRA OF RED-GIANT STARS.

641101 MITCHELL, R. L <AP, J,, 140, 1607>
NINE-COLOR PHOTOMETRY OF EPSILON AUR, 0.35-9.5 MICRONS.

649901 HOFFLEIT, D. <YALE UNIV. OBS. >
CATALOGUE OF BRIGHT STARS.

650001 JOHNSON, H.L. GCOMM. LUNAR AND PLANETARY LAB., 3, 73>
THE ABSOLUTE CALIBRATION OF THE ARIZONA PHOTOMETRY.

650002 JOHNSON, H.L. GCOMM. LUNAR AND PLANETARY LAB., 3, 79>
INTERSTELLAR EXTINCTION IN THE GALAXY.

650003 JOHNSON, H. L., LOW, F. J., STEINMETZ, D.L. <COMM. LUNAR AND PLANETARY LAB., 3, 95>
INFRARED OBSERVATIONS OF THE NEUGEBAUER-MARTZ-LEIGHTON "INFRARED STAR" IN CYGNUS.

650004 JOHNSON, H. L., MENDOZA V, E. E., WISNIEWSKI, W. 7-,. GCOMM. LUNAR AND PLANETARY LAB., 3, 97>OBSERVATIONS OF "INFRARED STARS".

650101 MENDOZA V, E. E., JOHNSON, H. L GAP. J., 141, 161>
MULTICOLOR PHOTOMETRY OF CARBON STARS.

650102 JOHNSON, H.L. GAP. J., 141, 170>
INFRARED PHOTOMETRY OF M-DWARF STARS.

650103 OKE, J.B. GAP. J., 141, 6>
TIlE OPTICAL SPECTRUM OF 3C 273.

650104 LOW, F. J., MITCHELL, R.I. GAP. J., 141, 327>
NEW INFRARED PHOTOMETRY OF EPSILON AURIGAE.

650105 LOW,F. J., JOHNSON, H.L. GAP. J., 141, 336>
THE SPECTRUM OF 3C 273.

650106 DANIELSON, R. E., WOOLF, N. J., GAUSTAD, J.E. GAP. J., 141, 116>
A SEARCH FOR INTERSTELLAR ICE ABSORPTION IN THE INFRARED SPECTRUM OF MU CEPHEI.

650107 BELTON, M. J. S., WOOLF, N.J. GAP. J., 141, 145>
THE PROBLEM OF BETA LYRAE. I. SIX-COLOR PHOTOMETRY.

650108 LOW, F.J. GAP. J., 141, 326>
THE INFRARED BRIGHTNESS OF ALPHA LEONIS AND GAMMA ORIONIS.

650401 JOHNSON, H.L. <AP. J., 141, 923>
INTERSTELLAR EXTINCTION IN THE GALAXY.

650701 NEUGEBAUER, G., MARTZ, D. E., LEIGHTON, R.B. <AP. J., 142, 399> /
OBSERVATIONS OF EXTREMELY COOL STARS.

650702 MUENCH, G., SCARGLE, J.D. GAP. J., 142, 401>
THE SPECTRA OF TWO EXTREMELY RED OBJECTS.

651001 MENDOZA V, E.E. GAP. J., 142, 1270>
MULTICOLOR PHOTOMETRY OF AN EARLY-TYPE FLARE STAR.

651002 MERTZ, L. <A. J., 70, 548> "
ASTRONOMICAL INFRARED SPECTROMETER.

659901 KUKARKIN, B. V., KHOLOPOV, P. N., EFREMOV, YU. N., KUROCHKIN, N.E. GPUBL. OFFICE NAUKA, MOSCOW>
SECOND CATALOGUE OF SUSPECTED VARIABLE STARS.

660001 JOHNSON, H. L., MENDOZA V, E.E. GANN. D'AST., 29, 525>
THE LAW OF INTERSTELLAR EXTINCTION IN PERSEUS.

660101 MENDOZA V, E.E. GCOMM. LUNAR AND PLANETARY LAB., 6, 59>
INFRARED PHOTOMETRY OF T TAURI STARS AND RELATED OBJECTS.
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660102 ORE, J. B., CONTI, P.S. <AP. J., 143, 134>
ABSOLUTE PHOTOELECTRIC SPECTROPHOTOMETRY OF STARS IN THE HYADES.

660103 JOHNSON, H.L. <AP. J., 143, 187>
INFRARED PHOTOMETRY OF GALAXIES.

660201 GOULD, R.J. <AP. J., 143, 603>
12. 8-MICRON EMISSION FROM PLANETARY NEBULAE.

660202 SPINRAD, H., YOUNKIN, R.L. <P. A. S. P., 78, 65>
INFRARED BANDS OF VANADIUM OXIDE IN THREE MIRA STARS.

660301 MENDOZA V, E.E. <AP. J., 143, 1010>
INFRARED PHOTOMETRY OF T TAURI STARS AND RELATED OBJECTS.

660302 JOHNSON, H. L., MITCHELL, R. I., IRIARTE, B., WISNIEWSKI, W. 7-,. <COMM. LUNAR AND PLANETARY LAB., 4, 99>
UBVRIJKL PHOTOMETRY OF THE BRIGHT STARS.

660303 KUHI, L.V. <AP. J., 143, 753>
WOLF-RAYET STARS. I. THE cONTINUOUS ENERGY DISTRIBUTION

660304 MERTZ, L, COLEMAN, I. <AP. J., 143, 1000>
INFRARED SPECTRUM OF THE TAURUS RED OBJECT.

660401 WHITEOAK, J.B. <AP. J., 144, 305>
THE WAVELENGTH DEPENDENCE OF INTERSTELLAR EXTINCTION.

660402 JOHNSON, H. L., MENDOZA V, E. E., WISNIEWSKI, W.Z. <AP. J., 144, 458>
ERRATUM TO "OBSERVATIONS OF 'INFRARED STARS' ".

660403 BOYLE, P. B., FORD JR,, W.K. <P. A. S. P., 78, 163>
INTERSTELLAR HELIUM AT 10, 830 IN THE ORION NEBULA.

660501 WILDEY, R.L. <ZEIT. FUR AP., 64, 32>
TEN MICRON STELLAR FLUX MEASUREMENTS-SYNOPSIS AND DIAGNOSIS.

660502 CHEN, K., REUNING, E.G. <A. J., 71, 283>
INFRARED PHOTOMETRY OF BETA PERSEL

660701 SPINRAD, H. <AP. J., 145, 195>
OBSERVATIONS OF STELLAR MOLECULAR HYDROGEN.

660702 MOROZ, V.I. <SOT. AST., 10, 47>
INFRARED SPECTRA OF STARS 0-2.5 MICRONS).

660801 MENDOZA V, E.E. <AP. J., 145, 660>
ERRATUM TO "INFRARED PHOTOMETRY OF T TAURI STARS AND RELATED OBJECTS. "

660901 KUHI, L.V. <AP. J., 145, 715>
WOLF-RAYET STARS. II. THE INFRARED SPECTRUM.

660902 BOYARCHUK, A. A., ESIPOV, V. P., MOROZ, V.I. <SOT. AST., 10, 331>
THE CONTINUOUS SPECTRUM OF AG PEGASL

661001 ULRICH, B. T., NEUGEBAUER, G., MCCAMMON, D., LEIGHTON, R. B., HUGHES, E. E., BECKLIN, E.E. <AP. J., 146, 288>
FURTHER OBSERVATIONS OF EXTREMELY COOL STARS.

661101 JOHNSON, H.L. <AP. J., 146, 613>
THE BOLOMETRIC CORRECTIONS AND EFFECTIVE TEMPERATURES OF TWO GIANT STARS IN THE GLOBULAR CLUSTER M3.

661201 HARWIT, M., MCNLrIT, D. P., SHIVANANDAN, K., ZAJAC, B.J. <A. J., 71, 1026>
RESULTS OF THE FIRST INFRARED ASTRONOMICAL ROCKET FLIGHT.

669901 VAN DEN BERGH, S. <A. J., 71, 990>
A STUDY OF REFLECTION NEBULAE.

669902 ABELL, G.O. <AP. J., 144, 259>
PROPERTIES OF SOME OLD PLANETARY NEBULAE.

669903 HARAMUNDANIS, K.L. < SMITHSONIAN INST. >
SMITHSONIAN ASTROPHYSICAL OBSERVATORY STAR CATALOG.

669904 GASCOIGNE, S. C.B. <M. N. R. A. S., 134, 59>
COLOUR-MAGNITUDE DIAGRAMS FOR NINE GLOBULAR-LIKE CLUSTERS IN THE MAGELLANIC CLOUDS.

669905 STEPHENSON, C.B. <A. J., 71, 477>
SEARCH FOR NEW NORTHERN WOLF-RAYET STARS.

670101 WING, R. F., SP1NRAD, H., KUHI, L V. <AP. J., 147, 117>
INFRARED STARS.

670102 PACHOLCZYK, A. G., WISNIEWSKI, W.Z. <AP. J., 147, 394>
INFRARED RADIATION FROM THE SEYFERT GALAXY NGC 1068.

670103 ARGUE, A.N. <M. N. R. A. S., 135, 23>
RED AND INFRA-RED MAGNITUDES AND COLOURS FOR 300 F, G, AND K TYPE STARS.

670201 MCCAMMON, D., MUENCH, G., NEUGEBAUER, G. <AP. J., 147, $75>
INFRARED SPECTRA OF LOW-TEMPERATURE STARS.

670202 BECKLIN, E. E., NEUGEBAUER, G. <AP. J., 147, 799>
OBSERVATIONS OF AN INFRARED STAR IN THE ORION NEBULA.

670203 MAFFEI, P. <AP. J., 147, 802>
VARIABILITY OF INFRARED STARS. I. LONG-PERIOD VARIABLES

670204 ULRICH, B. T., NEUGEBAUER, G., MCCAMMON, D., LEIGHTON, R. B., HUGHES, E. E., BECKLIN, E.E. <AP. J., 147, 858>
ERRATUM TO "FURTHER OBSERVATIONS OF EXTREMELY COOL STARS".

670301 JOHNSON, H.L. <AP. J.,147, 912>
THE LAW OF INTERSTELLAR EXTINC'I'ION FOR EMISSION NEBULAE ASSOCIATED WITH O-TYPE STARS,

670302 FORBES, F.F. <AP. J., 147, 1226>
THE INFRARED POLARIZATION OF THE INFRARED STAR IN CYGNUS.

670401 STEIN, W.A. <AP. J., 148, 295>
INFRARED CONTINUUM FROM HII REGIONS.

670402 WISNIEWSKI, W. Z., WING, R. F., SPINRAD, H., JOHNSON, H.L. <AP. J. (LE1WERS),148,L29>
ADDITIONAL OBSERVATIONS OF "INFRARED STARS".

670701 KLEIN'MANN, D. E., LOW, F.J. <AP. J. OLETYERS), 149, LI>
DISCOVERY OF AN INFRARED NEBULA IN ORION.

670801 JOHNSON, H. L, <AP. J., 149, 345>
THE COLORS OF M SUPERGIANTS.

670802 BESSELL, M.S. <AP. J. (LETrERS), 149, L67>
A DIFFERENT INTERPRETATION OF RHO PUPPIS.

670901 EGGEN, O.J. <AP. J. SUPPL., 14, 307>
NARROW* AND BROAD-BAND PHOTOMETRY OF RED STARS. I. NORTHERN GIANTS.

670902 LEE, T. A., NARIAI, K. <AP. J. (LETTERS), 149, I.,93>
INFRARED RADIATION FROM UPSILON SAGITARII.

670903 GILLE'IW, F. C., LOW, F, J., STEIN, W.A. <AP. J. (LETI'ERS), 149, L97>
INFRARED OBSERVATIONS OF THE PLANETARY NEBULA NGC 7027.

671001 JOHNSON, H. L <AP. J. (LE1WERS), 150, L39>
INFRARED EMISSION FROM CIRCUMSTELLAR SHELLS.

671101 OKE, J.B. <AP. J., 150, 513>
EFFECTIVE TEMPERATURES AND GRAVITIES OF LAMBDA BOOTIS STARS.

671102 WHITEOAK, J.B. <AP. J, 150, 521>
ENERGY DISTRIBUTIONS OF G AND K DWARFS AT RED WAVELENGTHS.
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671103 FITCH, W. S., PACHOLCZYK, A. G., WEYMANN, R.J. GAP. J. (LETTERS), 150, L67>
LIGHTVARIATIONSOF THESEYFERTGALAXYNGC4151.

671201 ORE, J. B., SARGENT, W. L. W., NEUGEBAUER, G., BECKLIN, E.E. GAP. J. (LETrERS), 150, L173>
A VARIABLERADIO-QUIETCOMPACTGALAXYI ZW 1727+50.

679901 ROOD, H. J., BAUM, W.A. <A. J., 72, 398>
PHOTOGRAPHICBRIGHTNESSPROFILESOF COMACLUSTERGALAXIES.I.CATALOGUEORPROGRAMGALAXIES.

679902 PEREK, L., KOHOUTEK, L. GPUBL. HOUSE CZECH. ACADEMY OF SCIENCE>
CATALOGUEOF GALACTICPLANETARYNEBULAE.

679903 EGGEN, O. J., GREENSTEIN, J.L. GAP. J., 150, 927>
OBSERVATIONSOF PROPER-MOTIONSTARS. IIL

679904 OLSEN, E.T. GA. J., 72, 738>
ACCURATEPOSITIONSOF SELECTED4C SOURCES.

679905 OOSTERHOFF, P. TH., PONSEN, J., SCHUURMAN, M.C. <B. A. N. SUPPL., 1, 397>
VARIABLESTARSIN THEGALACTICWINDOWSAGITTARIUSIIAT ALPHA- 18H09M,DELTA - -27 55(1900).

679906 SANDAGE, A., WILDEY, R. GAP. J., 150, 469>
THE ANOMALOUSCOLOR-MAGNITUDEDIAGRAMOF THE REMOTEGLOBULARCLUSTERNGC7006.

679907 HENIZE, K.G. GAP. J. SUPPL., 14, 125>
OBSERVATIONSOF SOUTHERNPLANETARYNEBULAE.

680101 BECKLIN, E. E., NEUGEBAUER, G. <AP. J., 151, 145>
INFRAREDOBSERVATIONSOFTHE GALACTICCENTER.

680201 GARRISON, R.F. GP. A. S. P., 80, 20>
THE SPECTRUMOF STAR NO. 1IN NGC 2024,

680202 KNAPPENBERGER, P. H., FREDERICK, L.W. <P. A. S. P., 80, 96>
THE HE I 10.830LINE IN THE SPECTRUMOF BETA LYRAE.

680301 OKE, J. B., SARGENT, W. L.W. GAP. J., 151, 807>
THENUCLEUSOF THE SEYFERTGALAXYNGC4151.

680302 MENDOZA V, E.E. GAP. J., 151, 977>
INFRAREDEXCESSESIN T TAURISTARSAND RELATEDOBJECTS.

680303 JONES, D. H.P. <M. N. R. A. S., 139, 189>NARROWBAND PHOTOMETRYOF K AND M STARS.

680304 GLUSHNEVA, I. N., ESIPOV, V.F. GSOV. AST., 11, 828>
THE INFRAREDSPECTRUMOF ALGOL.

680401 WISNIEWSKI, W. Z., JOHNSON, H.L. GCOMM. LUNAR AND PLANETARY LAB., 7, 57>UBVRIJKLLIGHTCURVESOF CLASSICALCEPHEIDS.

680402 VAUGHAN JR., A. H., ZIRIN, H. <AP. J., 152, 123>
THE HELIUMLINE 10830AIN LATE-TYPESTARS.

680403 FAY JR., T. D., FREDERICK, L. W., JOHNSON, H.R. GAP. J., 152, 151>
COMPARISONOF SELECTEDCARBONSTARSAND MSTARSAT 1MICRON.

680404 NEY, E. P., STEIN, W.A. <AP. J. (LETrERS), 152, L21>
OBSERVATIONSOF THE CRABNEBULAAT 5800A,2.2 MICRONS,AND 3.5 MICRONSWITHA 4-MINUTEBEAM.

680405 BECKLIN, E. E., KLEINMANN, D.E. <AP. J. (LETTERS), 152, L25>
INFRAREDOBSERVATIONSOF THE CRABNEBULA.

680501 JOHNSON, H. Lo, MACARTHUR, J. W., MITCHELL, R.I. GAP. J., 152, 465>
THE SPECTRAL-ENERGYCURVES OF SUBDWARFS.I.

680502 NEUGEBAUER, G., WESTPHAL, J.A. GAP. J. (LETrERS), 152, L89>
INFRAREDOBSERVATIONSOF ETACARINAE.

680503 IRVINE, W. M., SIMON, T., MENZEL, D. H., CHARON, J., LECOMTE, G., GRIBOVAL, P., YOUNG, A.T. GA. J., 73, 251>
MULTICOLORPHOTOELECTRICPHOTOMETRYOF THE BRIGHTERPLANETS.II.OBSERVATIONSFROMLE HOUGA
OBSERVATORY.

680601 LEE, T.A. <AP. J., 152, 913>
INTERSTELLAREXTINCTIONIN THE ORIONASSOCIATION.

680602 VISVANATHAN, N., OKE, J.B. GAP. J. (LETrERS), 152, L165>
NON-THERMALCOMPONENTIN THE CONTINUUMOF NGC 1068.

680603 ZIRIN, H. <AP. J. (LETI'ERS), 152, L177>
ItE~3 IN SEVERAL MAGNETIC STARS.

680701 FORD JR., W. K., PURGATHOFER, A. T., RUBIN, V.C. GAP. J. (LE'YFERS), 153, L39>
OPTICALSPECTRANEAR 1MICRON:THE SEYFERTGALAXYNGC4151AND THE PLANETARYNEBULANGC 6543.

680702 KOMAROV, N. S., POZIGUN, V.A. GSOV. AST., 12, 105>
STELLARENERGYDISTRIBUTIONAT INFRAREDWAVELENGTHS.

680703 MOROZ, V. I., VASIL'CHENKO, N. V., DANILYANTS, L. B., KAUFMAN, S.A. <SOV. AST., 12, 150>
EXPERIMENTALOBSERVATIONSAT 8-14 MICRONSWITHA PHOTOCONDUCTIVECELLCOOLEDBY LIQUIDHELIUM.

680801 EGGEN, O.J. GAP. J. SUPPL., 16, 49>
NARROW-AND BROAD-BAND PHOTOMETRYOF RED STARS.If. DWARFS.

680802 PRICE, S.D. <A. J., 73, 431>
RESULTSOF AN INFRAREDSTELLARSURVEY.

680803 JOHNSON, H. L., COLEMAN, I., MITCHELL, R. I., STEINMETZ, D.L. GCOMM. LUNAR AND PLANETARY LAB., 7, 83>STELLARSPECTROSCOPY.1.2TO 2.6MICRONS.

680901 GILLETr, F. C., STEIN, W. A., LOW, F.J. GAP. J. (LE'ITERS), 153, L185>
THESPECTRUMOFNMLCYGNUSFROM2.8 TO 5.6MICRONS.

680902 MOROZ, V. L, DIBAI, E.A. <SOV. AST., 12, 184>
PHOTOMETRICOBSERVATIONSOFSOMEPECULIAROBJECTSIN THE WAVELENGTHRANGE1-2.5MICRONS.

680903 ACKERMANN, G., FUGMANN, G., HERMANN, W., VOELCKER, K. GZEIT. FUR AP., 69, 130>NEUEINFRAROT-STERNE.

681001 OKE, J. B., SANDAGE, A.R. GAP. J., 154, 21>
ENERGYDISTRIBUTIONS,K CORRECTIONS,AND THE STEBBINS-WHITFORDEFFECTFORGIANT ELLIPTICALGALAXIES.

681002 VAUGHAN JR., A.H. GAP. J., 154, 87>
THEHE l 10830ALINE IN PLANETARYNEBULAEANDTHE ORIONNEBULA.

681003 CARLETON, N. P., LILLER, W., ROESLER, F.L. <AP. J., 154, 385>
A SEARCHFOR STELLARCARBONDIOXIDE.

681101 GILLE'YF, F. C., LOW, F. J., STEIN, W.A. GAP. J., 154, 677>
STELLARSPECTRAFROM2.8TO 14MICRONS.

681102 WESTERLUND, B.E. <AP. J. (LE'ITERS), 154, L67>
ONTHE EXTENDEDINFRAREDSOURCEIN ARA.

681103 IRVINE, W. M., SIMON, T., MENZEL, D. H., PIKOOS, C., YOUNG, A.T. GA. J., 73, 807>
MULTICOLORPHOTOELECTRICPHOTOMETRYOFTHE BRIGHTERPLANETS III.OBSERVATIONSFROMBOYDEN
OBSERVATORY.

681104 WISNIEWSKI, W. Z., KLEINMANN, D.E. <A. J., 73, 866>
MULTICOLORPHOTOMETRYOF SEYFERTGALAXIESAND MEASUREMENTAT 1.55MICRONSOFTHE JET IN M87.

681105 LOW, F. J., KLEINMANN, D.E. <A. J., 73, 868>
INFRAREDOBSERVATIONSOF SEYFERTGALAXIES,QUASISTELLARSOURCES,AND PLANETARYNEBULAE.

681106 PACHOLCZYK, A. G., WEYMANN, R.J. <A. J., 73, 870>
INFRAREDRADIATIONFROMTHE NUCLEIOF SEYFERTGALAXIES.
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681201 WERNER, M. W., HARWIT, M. GAP. J., 154, 881>
OBSERVATIONALEVIDENCEFORTHE EXISTENCEOF DENSECLOUDSOF INTERSTELLARMOLECULARHYDROGEN.

681202 JOHNSON, H.L. GAP. J. (LETTERS), 154, L125>
THEINFRAREDSPECTRUMOFTHE NMLCYGNUSOBJECT.

681203 FELDMAN, P. D., MCNUTT, D. P., SHIVANANDAN, K. GAP. J. (LETFERS), 154, L131>
ROCKETOBSERVATIONSOF BRIGHTCELESTIALINFRAREDSOURCESIN URSA MAJOR.

689901 MAFFEI, P. <P. A. S. P., 80, 618>
INFRAREDOBJECTIN THEREGIONOF IC 1805.

689902 MACCONNELL, D.J. GAP. J. SUPPL., 16, 275>
A STUDYOF THECEPHEUSIV ASSOCIATION.

689903 SMITH, L.F. <M. N. R. A. S., 138, 109>
A REVISED SPECTRALCLASSIFICATIONSYSTEMAND A NEW CATALOGUEFORGALACTICWOLF-RAYETSTARS.

689904 BRACCESI, A., LYNDS, R., SANDAGE, A. GAP. J. (LETTERS), 152, L105>
SPECTROSCOPICAND PHOTOMETRICDATA FORA SAMPLEOF QUASI-STELLAROBJECTSIDENTIFIEDBYTHEIR INFRARED
EXCESS.

689905 DIBAI, E. A., ESIPOV, V.F. <SOT. AST., 12, 448>SPECTRAOF H-ALPHAEMISSIONOBJECTSIN THE DIFFUSENEBULAEIC 1396AND SIMEIZ130.

689906 HAZARD, C., GULKIS, S., su'rfON, J. <AP. J., 154, 413>
OCCULTATIONSTUDIESOFWEAKRADIOSOURCES:LIST2.

690001 NEUGEBAUER, G., LEIGHTON, R.B. <NASA SP-3047>
TWO-MICRONSKYSURVEY-APRELIMINARYCATALOG.

690002 LEE, T. A., NARIAI, K. <P. A. S. J., 21,67>
INFRAREDPHOTOMETRYOF A HELIUMSTAR,HD 30353.

690101 STEIN, W. A., GAUSTAD, J. E., GILLETI', F. C., KNACKE, R.F. GAP. J. (LETTERS), 155, L3>
CIRCUMSTELLARINFRAREDEMISSIONFROMTWO PECULIAROBJECTS-RAQUARIIAND R CORONAEBOREALIS.

690102 HOFFMANN, W. F., FREDERICK, C.L. <AP. J. (LETrERS), 155, ;IL9oN> ATFAR-INFRAREDOBSERVATIONOF THE GALACTIC-CENTERREG 1{30MICRONS.

690201 MITCHELL, R. I., JOHNSON, H.L. <COMM. LUNAR AND PLANETARY LAB., _A1R>STHIRTEEN-COLORNARROW-BANDPHOTOMETRYOF ONETHOUSANDBRIGHTS

690202 KODAIRA, K., GREENSTEIN, J. L., OKE, J.B. <AP. J., 155, 525>
ABUNDANCESIN TWOHORIZONTAL-BRANCHA STARS.

690203 GILLETr, F. C., STEIN, W.A. <AP. J. (LETTERS), 155, L97> E PLANETARYDETECTIONOF THE 12.8-MICRONNE+ EMISSIONLINE FROMTH NEBULAIC418.

690301 VISVANATHAN, N. GAP. J. (LZITERS), 155, L133>
THE CONTINUUMOF BLLAC.

690302 STEIN, W. A., GAUSTAD, J. E., GILLETr, F. C., KNACKE, R.F. GAP. J. (LETTERS), 155, L177>
THE SPECTRUMOF NMLCYGNUSFROM7.5TO 14MICRONS.

690303 WOOLF, N. J., NEY, E.P. GAP. J. (LETTERS), 155, L181>
CIRCUMSTELLARINFRAREDEMISSIONFROMCOOLSTARS.

690304 KNACKE, R. F., GAUSTAD, J. E., GILLE]W, F. C., STEIN, W.A. GAP. J. (LETI'ERS), 155, L189>A POSSIBLEIDENTIFICATIONOFINTERSTELLARSILICATEABSORPTIONIN THE INFRAREDSPECTRUMOF 119TAURI.

690305 NEY, E. P., ALLEN, D.A. <AP. J. (LETI'ERS), 155, L193>THE INFRAREDSOURCESIN THETRAPEZIUMREGIONOF M42.

690306 STEIN, W. A., GILLE'IT, F. (2. GAP. J. (LETTERS), 155, L197>
SPECTRALDISTRIBUTIONOF INFRAREDRADIATIONFROMTHETRAPEZIUMREGIONOFTHE ORIONNEBULA.

690307 THACKERAY, A.D. <M. N. A. S. S. A., 28, 37>
THE SPECTRUMOF ETACARINAEINTHE 10.000AREGION.

690308 BECKMAN, J. E., BASTIN, J. A., CLEGG, P.E. <NATURE, 221, 944>
CONTINUOUSSPECTRUMOF TAURUSA AT 1.2MMWAVELENGTH.

690401 LOW, F. J., SMITH, B.J. <COMM. LUNAR AND PLANETARY LAB., 8, 87>
INFRARED OBSERVATIONSOF A PREPLANETARYSYSTEM.

690402 JOHNSON, H. L (COMM. LUNAR AND PLANETARY LAB., 8, 91>
THE INFRAREDSPECTRUMOFTHE NMLCYGNUSOBJECT.

690403 ORE, J. B., NEUGEBAUER, G., BECKLIN, E.E. GAP. J. (LETTERS), 156, IAI>SPECTROPttOTOMETRYAND INFRAREDPHOTOMETRYOF BL LACERTAE.

690404 WESTPHAL" J. A., NEUGEBAUER, G. GAP. J. (LZrTERS), 156, I.A5>INFRAREDOBSERVATIONSOF ETACARINAETO 20MICRONS.

690405 BAHNG, J. <M. N. R. A. S., 143, 73>
INFRA-REDCOLOURSOF G, K.AND M STARS.

690501 NOSKOVA, R.I. GSOV. AST., 12,1039>
ABSOLUTESPECTROPHOMETRYOF SOMEINFRAREDLINESIN PLANETARY-NEBULASPECTRA.

690601 NEUGEBAUER, G., BECKLIN, E. E., KRISTIAN, J., LEIGHTON, R. B., SNELLEN, G., WESTPHAL, J.A. GAP. J. (LETTERS),
156, LllS>INFRAREDANDOPTICALMEASUREMENTSOF THECRABPULSARNP0532.

690701 SANDAGE, A. R., BECKLIN, E. E., NEUGEBAUER, G. GAP. J., 157, $5>
UBVRIHKLPHOTOMETRYOFTHE CENTRALREGIONOF M31.

690702 LOCKWOOD, G.W. <AP. J., 157, 275>
IDENTIFICATION.STRUCTURE,AND VARIATIONSOF NEWTIO BANDSIN THE ONE,-MICRONSPECTRAOFMIRA VARIABLES.

690703 BERTOLA, F., D'ODORICO, S., FORD JR., W. K., RUBIN, V.C. GAP. J. (LEttERS), 157, L27>
OBSERVATIONSOF M82IN THEOPTICALINFRARED.

690704 BECKLIN, E. E., NEUGEBAUER, G. <AP. J. (LETYERS), 157, L31>
1.65-19.5MICRONOBSERVATIONSOFTHE GALACTICCENTER.

690705 WOOLF, N.J. GAP. J. (LETTERS), 157, L37>
INFRAREDEMISSIONFROMPLANETARYNEBULAE.

690706 ALDUSEVA, V. YA., ESIPOV, V.F. GSOV. AST., 13, 83>THE 10830AHE I LINEIN THE ENVELOPEOF BETALYRAE.

690801 LOW, F. J., KLEINMANN, D. E., FORBES, F. F., AUMANN, H.H. <AP. J. (LETTERS), 157, L97>
THEINFRARED SPECTRUM,DIAMETER,AND POLARIZATIONOF THEGALACTICNUCLEUS.

690802 MONTGOMERY, E. F., CONNES, P., CONNES, J., EDMONDS JR., F.N. GAP. J. SUPPL., 19, 1>
THEINFRAREDSPECTRUMOF ARCTURUS.

690901 SPINRAD, H., TAYLOR, B.J. GAP. J., 157, 1279>
SCANNERABUNDANCESTUDIES.I. AN INVESTIGATIONOF SUPERMETALLICITYIN LATE-TYPEEVOLVEDSTARS.

690902 LEE, T. A., FEAST, M.W. <AP. J. (LETrERS), 157, L173>
INFRAREDEXCESSOF RY SGR.

691001 KNACKE, R. F., CUDABACK, D. D., GAUSTAD, J.E. GAP. J., 158, 151>
INFRAREDSPECTRA OF HIGHLYREDDENED STARS:A SEARCHFOR INTERSTELLARICE GRAINS.

691002 EGGEN, O.J. GAP. J., 158, 225>
NARROW-AND BROAD-BANDPHOTOMETRYOF RED STARS.IV. POPULATIONSEPARATIONIN GIANT STARS.

691003 SOLINGER, A.B. GAP. J. (LETTERS), 158, L21>
ON THENUCLEARREGIONOF M82.

691004 THOMPSON, R. I., SCHNOPPER, H. W., MITCHELL, R. I., JOHNSON, H.L. <AP. J. (LErrERS), 158, ISS>
1-.4MICRONSPECTRAOF FOURCARBONSTARSAND SIRIUS.
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691005 EGGEN, O.J. <P. A. S. P., 81, 553>
STELLAR GROUPS IN THE OLD DISK POPULATION.

69U01 GAUSTAD, J. E., GILLE'IW, F. C., KNACKE, R. F., STEIN, W.A. <AP. J., 158, 613>
SPECTRA OF "INFRARED STARS" FROM 2.8 TO 5.1 MICRONS.

691102 HYLAND, A. R., BECKLIN, E. E., NEUGEBAUER, G., WALLERSTEIN, G. <AP. J., 158, 619>
OBSERVATIONS OF THE INFRARED OBJECT, VY CANIS MAJORIS.

691103 SERKOWSKI, K., ROBERTSON, J.W. <AP. J., 158, 441>
REGIONAL VARIATIONS IN THE WAVELENGTH DEPENDENCE OF INTERSTELLAR POLARIZATION.

691104 THOMPSON, R. I., SCHNOPPER, H. W., MITCHELL, R. I., JOHNSON, H.L. <AP. J. (LETTERS), 158, LI17>
1--4MICRON SPECTRA OF FOUR M STARS AND ALPHA TAURI.

691105 STEIN, W. A., GILLETT, F.C. <NATURE, 224, 675>
POSSIBLE VARIATIONS OF LAMBDA - 10 MICRONS RADIATION FROM NGC 4151.

691201 BECKLIN, E. E., FROGEL, J. A, HYLAND, A. R., KRISTIAN, J., NEUGEBAUER, G. <ALP. J. (LETrERS), 158, L133>
THE UNUSUAL INFRARED OBJECT IRC+ 10216.

691202 BAHNG, J. <P. A. S. P., 81,863>
INFRARED COLOR INDICES OF CARBON STARS.

691203 LEE, T.A. <P. A. S. P., 81, 878>
OBSERVATIONS OF THE 5 MICRON SOURCE IN ORION.

699901 KUKARKIN, B. V., KHOLOPOV, P. N., EFREMOV, YU. N., KUKARKINA, N. P., KUROCHKIN, N. E., MEDVEDEVA, G. I.,
PEROVA, N. B., FEDOROVITCH, V. P, FROLOV, M.S. <PUBL. OFFICE NAUKA, MOSCOW>
GENERAL CATALOG OF VARIABLE STARS. VOLUMES I AND II.

699902 VAN ALTENA, W.F. <A. J., 74, 2>
LOW-LUMINOSITY MEMBERS OF THE HYADES CLUSTER. II.

700001 HASHIMOTO, J., MAIHARA, T., OKUDA, H., SATO, S. <P. A. S. J., 22, 335>
INFRARED POLARIZATION OF THE PECULIAR M-TYPE VARIABLE VY CANIS MAJORIS.

700101 ORE, J. B.. NEUGEBAUER, G., BECKLIN, E.E. <AP. J., 159,341>
ABSOLUTE SPECTRAL ENERGY DISTRIBUTION OF QUASI-STELLAR OBJECTS FROM 0.3 TO 2.2 MICRONS.

700102 HAYES, D.S. <AP. J., 159 165>
AN ABSOLUTE SPECTRO_HOTOMETRIC CALIBRATION OF THE ENERGY DISTRIBUTION OF TWELVE STANDARD STARS.

700103 BORGMAN, J., KOORNNEEF, J., SLINGERLAND, J. <ASTR. AP., 4, 248>
INFRA-RED PHOTOMETRY OF A HEAVILY REDDENED CLUSTER IN ARA.

700201 KODAIRA, K., GREENSTEIN, J. L., ORE, J. B, <AP. J., 159, 485>
THE UNUSUAL COMPOSITION OF +39 4926

700202 ZWICKY, F., ORE, J. B, NEUGEBAUER, G., SARGENT, W. L. W., FAIRALL, A.P. <P. A. S. P., 82, 93>
THE VARIABLE COMPACT GALAXY ZW 0039.5+4003.

700301 FORBES, F. F., STONAKER, W. F., JOHNSON, H.L. <A. J., 75, 158>
STELLAR AND PLANETARY SPECTRA IN THE INFRARED FROM 1.35TO 4.10 MICRONS.

700302 LOW, F.J. <AFCRL--70--0179>
SKY SURVEY.

700303 GILLETF, F. C., STEIN, W.A. <AP. J., 159, 817>
INFRARED STUDIES OF GALACTIC NEBULAE. I. NGC 6523. NGC 6572. AND BD 30 3639.

700304 WING, R. F., SPINRAD, H. <AP. J., 1_9, 973>
INFRARED CN BANDS IN M SUPERGIANTS AND CARBON STARS.

700305 AUMANN, H. H., LOW, F.J. <AP. J. (LEFFERS), 159, L159>
FAR-INFRARED OBSERVATIONS OF THE GALACTIC CENTER.

700306 KLEINMANN, D. E., LOW, F.J. <AP. J. (LETrERS), 159, L165>
OBSERVATIONS OF INFRARED GALAXIES.

700307 LOW, F.d. <AP. J. (LETTERS), 159, L173>
TIlE INFRARED-GALAXY PHENOMENON.

700308 PARK, W. M,, VICKERS, D. G., CLEGG, P.E. <ASTR. AP., 5, 325>
SUBMILLIMETER RADIATION FROM THE ORION NEBULA.

700401 HYLAND, A. R., BECKLIN, E. E., NEUGEBAUER, G., WALLERSTEIN, G. <AP. J., 160, 381>
ERRATUM TO "OBSERVATIONS OF THE INFRARED OBJECT, VY CANIS MAJORIS".

700402 LOCKWOOD, G.W. <AP. J. (LETTERS), 160, IA7>
NEAR-INFRARED PHOTOMETRY OF TWO EXTREMELY RED OBJECTS.

700403 DOMBROVSKII, V.A. <_ASTROFIZIKA, 6, 207>
POLARIZATION OF THE LIGHT FROM RED VARIABLE STARS OF HIGH LUMINOSITY.

700501 PEIMBERT, M., SPINRAD, H. <AP. J., 160, 429>
PHYSICAL CONDITIONS IN THE NUCLEUS OF Mg2.

700502 LOW, F. J., JOHNSON, H. L., KLEINMANN, D. E., LATHAM, A. S., GEISEL, S.L. <AP. J., 160, 531>
PttOTOMETRIC AND SPECTROSCOPIC OBSERVATIONS OF INFRARED STARS.

700503 THOMPSON, R. I., SCHNOPPER, H.W. <AP. J. (LEIWERS), 160, L97>
IDENTIFICATION OF INFRARED CN BANDS IN THE SPECTRA OF SEVERAL CARBON STARS.

700504 SHAROV, A.S. <SOV. AST., 13, 947>
THE INFRARED BRIGHTNESS OF THE MILKY WAY.

700601 BREGER, M., KUHI, L.V. <AP. J., 160, 1129>
EFFECTIVE TEMPERATURES. GRAVITIES. AND THE MASS DETERMINATION OF A AND F STARS.

700602 SPINRAD, H., LUEBKE JR., W.R. <AP. J., 160, 1141>
A CURVE-OF-GROWTH ANALYSIS OF THE SUPER-METAL-RICH G DWARF HR 72.

700603 GILLETF, F. C., STEIN, W. A., SOLOMON, P.M. <AP. J. (LETrERS), 160, L173>
THE SPECTRUM OF VY CANIS MAJORIS FROM 2.9 TO 14 MICRONS.

700604 HYLAND, A. R., NEUGEBAUER, G. <AP. J. (LE'IWERS), 160, L177>
INFRARED OBSERVATIONS OF NOVA SERPENTIS 1970.

700701 EGGEN, O. J., STOKES, N. R, <AP. J., 161, 199>
NARROW-BAND AND BROAD-BAND PHOTOMETRY OF RED STARS. Ill. SOUTHERN GIANTS,

700801 GREENSTEIN, J. L., NEUGEBAUER, G., BECKLIN, E.E. <AP. J., 161, 519>
THE FAINT END OF THE MAIN SEQUENCE.

700802 NEUGEBAUER, G., GAILMIRE, G. <AP. J. (LETTERS), 161, L91>
INFRARED OBSERVATIONS OF THE NEBULA K3-50.

700803 MILLER, J.S. <AP. J. (LETTERS), 161, L9S>
SCANNER OBSERVATIONS OF THE LEO INFRARED OBJECT IRC+ 10216.

700804 GEISEL, S. L., KLEINMANN, D. E., LOW, F.J. <AP. J. (LE'IWERS), 161, LI01>
INFRARED EMISSION OF NOVAE.

700805 HACKWELL J. A., GEHRZ, R. D., WOOLF, N.J. <NATURE, 227, 822>
INTERSTELLAR SILICATE ABSORPTION BANDS.

700806 GEISEL, S.L. <AP. J. (LETTERS), 161, L105>
INFRARED EXCESSES. LOW EXCITATION EMISSION LINES, AND MASS LOSS.

700901 JOHNSON, H. L., MENDE_ M.E. <A. J., 75, 785>
INFRARED SPECTRA FOR 32 STARS.

700902 ORE, J. B., SCHILD, R.E. <AP. J., 161, 1015>
THE ABSOLUTE SPECTRAL ENERGY DISTRIBUTION OF ALPHA LYRAE.

700903 RANK, D. M., HOLTZ, J. Z., GEBALLE, T. R., TOWNES, C.H. <AP. J. (LE'I'rERS), 161, L185>
DETECTION OF 10.5-MICRON LINE EMISSION FROM THE PLANETARY NEBULA NGC 7027.
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700904 KLEINMANN, D. E.,LOW, F.J. <AP. J. (LEI'rERS),161, L203> -N M82INFRAREDOBSERVATIONSOFGALAXIESAND OF THE EXTENDEDNUCLEUS1 .

700905 PACHOLCZYK, A.G. <AP. J. (LE'IWERS),161, L207>
INFRAREDVARIABILITYOF THE SEYFERTGALAXYNGC 1068.

700906 GEHRZ, R. D., WOOLF, N.J. <AP. J. (LETrERS), 161, L213>
RV TAURI STARS:A NEWCLASSOF INFRAREDOBJECT.

700907 GEHRZ, R. D., NEY, E. P., STRECKER, D.W. <AP. J. (LETTERS), 161, L219>OBSERVATIONS OF ANOMALOUSRADIATIONAT LONGWAVELENGTHSFROMIC CLASSVARIABLES.

700908 LOW, F. J., KRISHNA SWAMY_K. S. <NATURE, 227, 1333>
NARROW-BAND INFRARED PHOTOMETRY OF ALPHA ORI.

701001 LEE, T.A. <AP. J., 162, 217>
PHOTOMETRYOFHIGH-LUMINOSITYM-TYPESTARS.

701002 FROGEL, J.A. <AP. J. (LETTERS), I62, LS>
WATERABSORPTIONIN THE INFRAREDSPECTRUMOFLONG-PERIODVARIABLESTARSAND ASSOCIATEDMICROWAVE
EMISSION.

701003 GILLETr, F. C., HYLAND, A. R., STEIN, W.A. <AP. J. (LETTERS), 162, L21>89 HERCULIS:AN F2SUPERGIANTWITHLARGECIRCUMSTELLARINFRAREDEMISSION.

701004 KEMP, J. C., SWEDLUND, J.B. <AP. J. (LETTERS), 162, L67>
LARGEINFRAREDCIRCULARPOLARIZATIONOF GRW+70 8247.

701005 ACKERIVlANN, G. <ASTR. AP., 8, 315>
EXTREMERED STARSINCYGNUS.

701101 ROBBINS, R.R. <AP. J, 162, 507>
THE PROFILEOF HE I 10830AIN NGC7027ANDTHE ORIONNEBULA.

701102 SMITH, L. F., KUHI, L.V. <AP. J., 162, 535>
WOLF-RAYETSTARS.IV.LINE INTENSITIESIN THESPECTRAOF TWOWN6STARS.

701103 LOW, F. J., AUMANN, H.H. <AP. J. (LETTERS), 162, L79>
OBSERVATIONSOF GALACTICAND EXTRAGALACTICSOURCESBETWEEN50 AND 300MICRONS.

701104 FRIEDLANDER, M. W., JOSEPH, R.D. <AP. J. (LETrERS), 162, L87>
DETECTIONOF CELESTIALSOURCESAT FAR-INFRAREDWAVELENGTHS.

701105 WOOLF, N. J., STEIN, W. A., STRITrMATrER, P.A. <ASTR. AP., 9, 252>
INFRAREDEMISSIONFROMBE STARS.

701201 SARGENT, W. L. W., SEARLE, L. <AP. J. (LETrERS), 162, L155>
ISOLATEDEXTRAGALACTICHII REGIONS.

709901 WACKERLING, L.R. <MEM. R. A. S., 73,153>
A CATALOGUEOF EARLY-TYPESTARSWHOSESPECTRAHAVESHOWNEMISSIONLINES.

709902 CRAWFORD, D. L., GLASPEY, J. W., PERRY, C.L. <A. J., 75,822>
FOUR-COLORAND H-BETAPHOTOMETRYOF OPENCLUSTERS.IV. H ANDCHIPERSEI.

709903 WOOLLEY, R., EPPS, E. A., PENSTON, M. J., POCOCK, S.B. _REOsYALOBS. ANNALS, 5>CATALOGUEOF STARSWITHINTWENTY-FIVEPARSECSOF T

709904 RUBIN, R.H. <ASTR. AP., 8. 171>
RADIOOBSERVATIONSOF PLANETARYNEBULAEAND POSSIBLEPLANETARYNEBULAE.

710001 COHEN, M. <AP. LE'IWERS,9, 95>
OPTICALIDENTIFICATIONSOF INFRAREDSOURCES.

710101 SPINRAD, H., SARGENT, W. L. W., OKE, J. B., NEUGEBAUER, G., LANDAU, R., KING, I. R., GUNN, J. E., GARMIRE, G.,
DIETER, N.H. <AP. J. (LETTERS), 163, L25>
MAFFEIh A NEWMASSIVEMEMBEROFTHE LOCALGROUP?

710102 GILLETr, F. C., KNACKE, R. F., STEIN, W.A. <AP. J. (LETTERS), 163, L57>
INFRAREDSTUDIESOF GALACTICNEBULAE.II.THE COMPACTNEBULAEIC4997,W 8,AND FG SAGITTAE.

710201 WAMPLER, E.J. <AP. J., 164, 1>
PHOTOELECTRICSPECTROPHOTOMETRYOF SEYFERTGALAXIES.

710202 GILLETF, F. C., STEIN, W.A. <AP. J., 164, 77>INFRAREDSTUDIESOF GALACTICNEBULAE.If. B STARSASSOCIATEDWITHNEBULOSITY.

710203 GILLETr, F. C., MERRILL, K. M., STEIN, W.A. <AP. J., 164, 83>
OBSERVATIONSOF INFRAREDRADIATIONFROMCOOLSTARS.

710204 LOW, F.J. <AFCRL-71-0387>
PRELIMINARYRESULTSOF AN INFRAREDSKYSURVEY.

710205 PACHOLCZYK, A.G. <AP. J., 163, 449>LIGHTVARIATIONSOFTHE SEYFERTGALAXYNGC4151.Ill. LONG-TERMPHOTOGRAPHICB-VARIATIONSAND INFRARED
K-DATA.

710206 HOFFMANN, W. F., FREDERICK, C. L., EMERY, R.J. <AP. J. (LETYERS), 164, L23>
100-MICRONMAP OFTHE GALACTIC-CENTERREGION.

710207 HOLTZ, J. Z., GEBALLE, T. R., RANK, D.M. <AP. J. (LETrERS), 164, L29>
INFRAREDLINE EMISSIONFROMPLANETARYNEBULAE.

710208 MEISEL, D.D. <P. A. S. P., 83, 49>
1-MICRONIMAGE-TUBESPECTRAOF GAMMACASSIOPEIAEANDZETA TAURI.

710401 GRASDALEN, G. L., GAUSTAD, J.E. <A. J., 76, 231>
A COMPARISONOFTHE TWO-MICRONSKYSURVEYWITHTHEDEARBORNCATALOGOF FAINTRED STARS.

710402 SCHILD, R. E., NEUGEBAUER, G., WESTPHAL, J.A. <A. J., 76, 237>
INTERSTELLARABSORPTIONAND COLOREXCESSESIN SCOOB-I.

710403 GEHRZ, R. D., WOOLF, N.J. <AP. J., 165, 285>
MASSLOSSFROMM STARS.

710404 HARPER JR., D. A., LOW, F.J. <AP. J. (LE'ITERS), 165, L9>
FAR-INFRAREDEMISSIONFROMHII REGIONS.

710405 DYCK, H. M., FORREST, W. J., GILLZI_, F. C., STEIN, W. A., GEHRZ, R. D., WOOLF, N. J, SHAWL, S.J. <AP. J., 165, 57>
VISUALINTRINSICPOLARIZATIONAND INFRAREDEXCESSOF COOLSTARS.

710406 SPINRAD, H., LIEBERT, J., SMITH, H. E., SCHWEIZER, F., KUItI, L.V. <AP. J, 165, 17>
THE DETECTION OF THE GALACTIC NUCLEUS AT ONE MICRON.

710407 SCHMIDT, E.G. <AP. J., 165, 335>A PHOTOMETRICSTUDYOF FOURCLASSICALCEPHEIDS.

710501 FORBES, F.F. <AP. J. (LETrERS), 165, L83>
THE INFRARED POLARIZATIONOFETA CARINAEAND VY CANIS MAJORIS.

710502 RODGERS, A.W. <AP. J., 165, 665>
THE REDDENING OF ETACARINAE.

710503 STEIN, W. A., GILLETr, F. C., KNACKE, R.F. <NATURE, 231, 254>
POSSIBLEUPPERLIMITTO THE DISTANCEOF BLLACERTAE.

710504 SMYTH, M. J., CORK, G. M. W., HARRIS, J., WALLACE, T. <NAT. PHYS. SCL, 231, 104>
INFRAREDSPECTRAOF STARS, 1-2.5MICRONS.

710601 WALLERSTEIN, G. <AP. J., 166, 725>
ONTHE INFRAREDEXCESSOF W CEPHEIANDSIMILARSTARS.

710602 NEUGEBAUER, G., GARMIRE, G., RIEKE, G. H., LOW, F.J. <AP. J. (LE'ITERS), 166, L45>
INFRAREDOBSERVATIONSON THE SIZEOF NGC 1068.

710603 CUDABACK, D. D., GAUSTAD, J. E., KNACKE, R.F. <AP. J. (LETrERS), 166, IA9>
SILICONMONOXIDEIN THE INFRAREDSPECTRUMOF ALPHAORIONIS.
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710604 WING, R.F. <P. A. S. P., 83, 301>
THE SPECTRALTYPEAND INFRAREDBRIGHTNESSOF R DORADUS.

710605 NEUGEBAUER, G., SARGENT, W. L W., WESTPHAL, J. A., PORTER, F.C. <P. A. S. P., 83, 305>1.6-10MICRONOBSERVATIONSOF R DORADUSAND W HYDRAE.

710701 HUMPHREYS, R. M., STRECKER, D. W., NEY, E.P. <AP. J. (LETTERS), 167, L35>HIGH-LUMINOSITYG SUPERGIANTS.

710702 SWINGS, J. P., ALLEN, D.A. <AP. J. (LETTERS), 167, L41>THE INFRAREDOBJECTHD 45677.

710703 HYLAND, A.R. <PROC. A. S. A., 1, 14>
GALACTICINFRAREDASTRONOMY.

710704 PENSTON, M. V., PENSTON, M. J., NEUGEBAUER, G., TRITrON, K. P., BECKLIN, E. E., VISVANATHAN, N. <M. N. R. A.
S., 153, 29>
OBSEVATIONSOF NGC4151DURING1970IN THEOPTICALAND AND INFRA-RED.

710801 FAY JR., T.D. <AP. J., 168, 99>
COMPUTEDAND OBSERVEDCYANIDE-RADICALSPECTRAOF THREEN STARSIN THE INFRARED.

710901 RIEKE, G. H., LOW, F.J. <COMM. LUNAR AND PLANETARY LAB., 9, 181>
MAPOF THEGALACTICNUCLEUSAT 10MICRONS.

710902 RIEKE, G. H., LOW, F.J. <NATURE, 233, 53>
MAP OF THEGALACTICNUCLEUSAT 10MICRONS.

710903 STEIN, W. A., GILLETF, F.C. <NAT. PHYS. SCL, 233, 16>
PHOTOMETRICMEASUREMENTSAT I1MICRONSOF NGC 4151.

710904 AITKEN, D. K., POLDEN, P.G. <NAT. PHYS. SCI., 233, 45>
MEASUREMENTOFTHE 10 MICRONFLUX FROMTHE CRABNEBULA.

710905 STEIN, W. A., GILLE'IW,F.C. <NAT. PHYS. SCI., 233, 72>
SEARCHFORINTERSTELLARSILICATEABSORPTIONIN SPECTRUMOFVI CYGNO.12.

710906 LOW, F. J., RIEKE, G.H. <NAT. PHYS. SCI., 233, 256>
VARIATIONSIN THE 10--MICRONFLUX FROMNGC1068.

711001 HOUCK, J. R., SOIFER, B. T., PIPHER, J. L, HARWIT, M. <AP. J. (LETTERS), 169, L31>
ROCKET-INFRAREDFOUR-COLORPHOTOMETRYOF THE GALAXY'SCENTRALREGIONS.

711002 LOCKWOOD, G. W., WING, R.F. <AP. J., 169, 63>
LIGHTCURVESOF MIRAVARIABLESAT 1.04MICRONS.

711101 DYCK, H. M., FORBES, F. F., SHAWL, S.J. <A. J., 76, 901>
POLARIMETRYOF RED AND INFRAREDSTARSAT 1TO 4 MICRONS.

711102 BECKLIN, E. E., FROGEL, J. A., KLEINMANN, D. E., NEUGEBAUER, G., NEY, E. P., STRECKER, D.W. <AP. J. (LETrERS),
170, L15>
INFRAREDOBSERVATIONSOFTHE COREOFCENTAURUSA, NGC 5128.

711103 FORREST, W. J., GILLETr, F. C., STEIN, W.A. <AP. J. (LETTERS), 170, L29>
VARIABILITYOF RADIATIONFROMCIRCUMSTELLARGRAINSSURROUNDINGR CORONAEBOREALIS.

711104 PENSTON, M. V., ALLEN, D. A., HYLAND, A.R. <AP. J. (LETTERS), 170, L33>THENATUREOF BECKLIN'SSTAR.

711105 COHEN, M., WOOLF, N.J. <AP. J., 169, 543>
TWOYOUNGBRIGHTINFRAREDOBJECTS.

711106 JOHNSON, T. V., MCCORD, T.B. <AP. J., 169, 589>
SPECTRALGEOMETRICALBEDOOF THEGALILEANSATELLITES,0.3TO 2.5MICRONS.

711107 DYCK, H. M., KINMAN, T. D., LOCKWOOD, G. W., LANDOLT, A.U. <NAT. PHYS. SCI., 234, 71>OBSERVATIONSOF OJ 287BETWEEN0.36AND 3.4 MICRONS.

711201 HOFFMANN, W. F., FREDERICK, C. L, EMERY, R.J. <AP. J. (LETTERS), 170, L89>100-MICRONSURVEYOF THE GALACTICPLANE.

711202 KOVAR, R. P., POTrER, A. E., KOVAR, N. S., TRAIrrON, L. <AP. J., 170, 449>THE INFRAREDSPECTRUMOF IC418.

719901 TERZAN, A. <ASTR. AP., 12, 477>
FOURNEWSTARCLUSTERSIN THE DIRECTIONOFTHE CENTRALAREAOF THEGALAXY.

719902 JUNG, J., BISCHOFF, M. <STRASBOURG INF. BULL, 2, 8>
CATALOGUE OF STELLAR IDENTIFICATIONS.

719903 DE VENY, J. B., OSBORN, W. H., JANES, K. GP. A. S. P, 83, 611>A CATALOGUEOFGUASARS.

719904 GALLOUET, L, HEIDMANN, N. GASTR. AP. SUPPL, 3, 325>
OPTICALPOSITIONSOF BRIGHTGALAXIES.

719905 HAZARD, C., SUTTON, J., ARGUE, A. N, KENWORTHY, C. M., MORRISON, L. V., MURRAY, C.A. GNAT. PHYS. SCI., 233,
89>
ACCURATERADIOAND OPTICALPOSITIONSOF 3C273B.

719906 WALKER, M.F. GAP. J., 167, 1>
ELECTRONOGRAPHICPHOTOMETRYOF STARCLUSTERSIN THE MAGELLANICCLOUDS.If. THE COLOR-MAGNITUDE
DIAGRAMOF NGC2209.

719907 KUKARKIN, B. V., KHOLOPOV, P. N., EFREMOV, YU. N., KUKARKINA, N. P., KUROCHKIN, N. E., MEDVEDEVA, G. I.,
PEROVA, N. B., PSKOVSKY, YU. P., FEDOROVICH, V. P., FROLOV, M.S. GPUBL OFFICE NAUKA, MOSCOW>
GENERALCATALOGOF VARIABLESTARS.FIRSTSUPPLEMENT.

720001 HYLAND, A. R., BECKLIN, E. E., FROGEL, J. A., NEUGEBAUER, G. GASTR. AP., 16, 204>
INFRAREDOBSERVATIONSOF 1612MHZIR/OH SOURCES.

720002 LOCKWOOD, G.W. GAP. J. SUPPL., 24, 375>
NEAR-INFRAREDPHOTOMETRYOF MIRAVARIABLES.

720003 ROARK, T. P., BAUMERT, J. H., WHITE, N.M. GAP. LETTERS, 10, 55>NEAR INFRAREDPHOTOMETRYOF THE THETACORONAEBOREALISSYSTEM.

720004 ALLEN, D. A., SWINGS, J.P. GAP. LETrERS, 10, 83>
INFRAREDEXCESSESAND FORBIDDENEMISSIONLINES IN EARLY-TYPESTARS.

720005 FROGEL, J. A., PERSSON, S. E., KLEINMANN, D.E. GAP. LETTERS, U, 227>
ERRATUMTO "INFRAREDPHOTOMETRYOFTHE H II REGIONSHARPLESS266"

720006 KNACKE, R.F. GAP. LETTERS, II, 201>
INFRAREDPHOTOMETRYOF HBV475AND MHA 328-116.

720101 STROM, S. E., STROM, K. M., BROOKE, A. L., BREGMAN, J., YOST, J. GAP. J., 171, 267>
CIRCUMSTELLARSHELLSIN THE YOUNGCLUSTERNGC2264.II. INFRAREDAND FURTHEROPTICALOBSERVATIONS.

720102 ANGEL, J. R. P., LANDSTREET, J. D., OKE, J.B. GAP. J. (LETTERS), 171, Lll>
THE SPECTRALDEPENDENCEOF CIRCULARPOLARIZATIONIN GRW+708247.

720103 JOYCE, R. R., GEZARI, D. Y., SIMON, M. GAP. J. (LETTERS), 171, L67>
345-MICRONGROUND-BASEDOBSERVATIONSOF MI7,M82,AND VENUS.

720104 DOMBROVSKII, V. A., KHOZOV, G.V. GASTROFIZIKA, 8, 5>
PHOTOMETRICAND POLARIMETRICSTUDYOF INFRAREDSTARSIN THE VISIBLEAND INFRAREDSPECTRALREGIONS.

720201 FAY JR., T. D., HONEYCUTr, R.K. GA. J., 77, 29>
SCANNEROBSERVATIONSOF COOLSTARSFROM3400TO 11000A.

720202 HUMPHREYS, R. M., STRECKER, D. W., NEY, E.P. GAP. J., 172, 75>
SPECTROSCOPICAND PHOTOMETRICOBSERVATIONSOFM SUPERGIANTSIN CARINA.
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720203 BEER, R., HUTCtlISON, R. B., NORTON, R. H., LAMBERT, D.L. <AP. J., 172, 89>
ASTRONOMICALINFRAREDSPECTROSCOPYWITHA CONNES-TYPEINTERFEROMETER.IlI.ALPHAORIONIS,2600-3450
INVERSECM.

720204 RIEKE, G., LEE, T., COYNE S. J., G.V. <P. A. S. P., 84, 37>PHOTOMETRYAND POLARIMETRYOF V1057CYGNI.

720205 KOVAR, R. P., POTTER, A. E., KOVAR, N. S., TRAF'rON, L. <P. A. S. P., 84, 46>
PASCHENBETAEMISSIONIN THE SPECTRUMOF OMICRONCETI.

720301 GILLETT, F. C., MERRILL, K. M., STEIN, W.A. <AP. J., 172, 367>INFRAREDSTUDIESOF GALACTICNEBULAE.IV.CONTINUUMAND LINE RADIATIONFROMPLANETARYNEBULAE.

720302 ALLEN, D.A. <AP. J. (LETTERS), 172, L55>INFRAREDOBJECTSIN HII REGIONS.

720303 HUMPHREYS, R. M., LOCKWOOD, G.W. <AP. J. (LETTERS), 172, L59> V SA ARIUSSPECTROSCOPICAND PHOTOMETRICCHANGESIN THE PECULIARINFRAREDSTAR X GITT .

720304 FURNISS, I., JENNINGS, R. E., MOORWOOD, A. F.M. <NAT. PHYS. SCI., 236, 6>
FAR INFRAREDOBSERVATIONSOF M42,NGC 2024ANDMI.

720401 COHEN, M. <AP. J. (LETrERS), 173, L61>
BD+40 4124AND TWO NEARBYSTARS.

720402 STROM, K. M., STROM, S. E., BREGER, M., BROOKE, A. L., YOST, J., GRASDALEN, G. L., CARRASCO, L. <AP. J.
(LETTERS), 173, L65>
INFRAREDAND OPTICALOBSERVATIONSOF A YOUNGSTELLARGROUPSURROUNDINGBD+40 4124.

720403 TOOMBS, R. I., BECKLIN, E. E., FROGEL, J. A., LAW, S. K., PORTER, F. C., WESTPHAL, J.A. <AP. J. (LETTERS), 173,
L71 >
INFRAREDDIAMETEROF IRC+ 10216DETERMINEDFROMLUNAROCCULTATIONS.

720404 STROM, S. E., STROM, K. M., YOST, J., CARRASCO, L., GRASDALEN, G.L. <AP. J., 173, 353>
THE NATUREOF THE HERB1GAE- AND BE-TYPESTARS ASSOCIATEDWITHNEBULOSITY.

720501 HYLAND, A. R., HIRST, R. A., ROBINSON, G., THOMAS, J.A. <AP. LETrERS, 11, 7>
INFRAREDOBSERVATIONSOF SOMESOUTHERNIR-OH SOURCES.

720502 KHROMOV, G. S., MOROZ, V.I. <SOV. AST., 15, 892>
INFRAREDRADIATIONOF PLANETARYNEBULAE.I. OBSERVATIONSAT 1.0- 2.5MICRONSAND THE CONTINUOUS
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720503 GLASS, I.S. <NAT. PHYS. SCI., 237, 7>
OBSERVATIONSOF 30 DORADUSIN THE INFRARED.

720504 DYCK, H. M., KINMAN, T. D., LOCKWOOD, G.W. <NAT. PHYS. SCI., 237, 48>
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720601 LEE, T.A. <A. J., 77, 374>
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720602 ALLEN, D. A., SWINGS, J.P. <AP. J., 174, 583>
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720603 FROGEL, J. A., PERSSON, S. E., KLEINMANN, D.E. <AP. LETTERS, 11, 95>
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720701 STRITrMATTER, P. A., SERKOWSKI, K., CARSWELL, R., STEIN, W. A., MERRILL, K. M., BURBIDGE, E.M. <AP. J.
(LETTERS), 175, L7>
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720804 WILLNER, S. P., BECKLIN, E. E., VISVANATHAN, N. <AP. J., 175, 699>
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720805 YOUNG, E. T., KNACKE, R. F., JOYCE, R.R. <NATURE, 238, 263>
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720806 SIMON, T., MORRISON, N. D., WOLFF, S. C., MORRISON, D. <ASTR. AP., 20, 99>
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720808 FROGEL, J. A., KLEINMANN, D. E., KUNKEL, W., NEY, E. P., STRECKER, D.W. <P. A. S. P., 84, 581>
MULTICOLORPHOTOMETRYOF THE M DWARFPROXIMACENTAURI.

720901 RIEKE, G. H., LOW, F.J. <AP. J. (LETTERS), 176, L95>
INFRARED PHOTOMETRYOF EXTRAGALACTICSOURCES.

720902 FURNISS, I., JENNINGS, R. E., MOORWOOD, A. F.M. <AP. J. (LETTERS), 176, LI05>
DETECTIONOF FAR-INFRARED ASTRONOMICALSOURCES.

720903 RIEKE, G.H. <AP. J. (LETI'ERS), 176, L61>
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780301 CHRISTENSEN, C.G. GA. J., 83, 244>
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780307 BECKLIN, E. E., MATrHEWS, K., NEUGEBAUER, G., WILLNER, S.P. GAP. J., 220, 831>
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OLDDISK SUBDWARFS.

780310 HYLAND, A. R., BECKLIN, E. E., NEUGEBAUER, G. <AP. J. (LETFERS), 220, L73>THE L-ALPHA/H-ALPHA INTENSITYRATIOIN PKS0237-23.
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780511 HAGEN, W. <AP. J. (LETTERS), 222, L37>THE CIRCUMSTELLARENVELOPESOF M GIANTSAND SUPERGIANTS.
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C3AND INFRAREDSPECTROPHOTOMETRYOF Y CANUMVENATICORUM.
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780702 ELIAS, J.H. <A. J., 83, 791>
2.2-MICRONFIELD STARSAT THE NORTHGALACTICPOLE.

780703 TRAUB, W. A., CARLETON, N. P, BLACK, J.H. <AP. J., 223, 140>
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HIGH-RESOLUTION1.5-5MICRONSPECTROSCOPYOF THE BECKLIN-NEUGEBAUERSOURCEIN ORION.

780708 BECKWITH, S., PERSSON, S. E., NEUGEBAUER, G., BECKLIN, E.E. <AP. J., 223, 464>
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DEGREES.

800306 DE MUIZON, M., ROUAN, D., LENA, P., NICOLLIER, C., WIJNBERGEN, J. <ASTR. AP., 83, 140>
FAR INFRAREDSTUDY OF MOLECULARCLOUDS:DUST TEMPERATUREPROFILESIN S 140.IC 1396,R CRA.

800307 BENSAMMAR, S., FRIEDJUNG, M., ASSUS, P. <ASTR. AP., 83, 261>
INFRAREDOBSERVATIONSOF KUWANO'SNOVALIKEOBJECT.

800308 GROOTE, D., HUNGER, K., SCHULTZ, G.V. <ASTR. AP., 83, LS>
THE IR-EXCESSOF HELIUM-VARIABLE STARS.

800309 NEEDHAM, J. D., PHILLIPS, J. P., SELBY, M. J., SANCHEZ MAGRO, C. <ASTR. AP., 83, 370>
INFRARED OBSERVATIONSOF BINARYSTARS- II.

800310 ALLEN, D.A. GNATURE, 284, 323>
EMISSIONAT 3.3MICRONSAND EVIDENCEFORDUST IN 3C273,

800401 MUFSON, S. L., WISNIEWSKI, W. Z., MCMILLAN, R.S. GIAUC NO. 3471>KR AURIGAE.

800402 HUMPHREYS, R. M., MERRILL, K. M., BLACK, J.H. GAP. J. (LETTERS), 237, L17>
THEPERPLEXINGSPECTRUMOFAFGL 2789(V645CYGNI).

800403 FAZIO, G. G., MCBREEN, B., STIER, M. T., WRIGHT, E.L. <AP. J. (LEI_ERS), 237, L39>THE FAR-INFRAREDSIZEOF IRC+10216.

800404 HARVEY, P. M., LADA, C.J. <AP. J., 237, 61>
TWO MICRONSPECTROSCOPYAND 2.7MMCOLINE OBSERVATIONSOF V645CYGNI.

800405 THRONSON JR., H. A., GATLEY, I., HARVEY, P. M., SELLGREN, K.,WERNER, M.W. <AP. J., 237, 66>
MONOCEROSR2:FAR-INFRAREDOBSERVATIONSOF A VERYYOUNGCLUSTER.

800406 SITKO, M. L., SAVAGE, B. D, GAP. J., 237, 82>
ULTRAVIOLET.VISUAL,AND INFRAREDOBSERVATIONSOF THE PECULIARBESTARHD 45677.

800407 PUSCHELL, J. J., STEIN, W.A. <AP. J., 237, 331>
OBSERVATIONS OF STRONGLY POLARIZED EXTRAGALACTIC SOURCES.

800408 MALKAN, M., KLEINMANN, D. E., APT, J. <AP. J., 237, 432>
INFRAREDSTUDIESOF GLOBULARCLUSTERSNEARTHE GALACTICCENTER.

800409 DINERSTEIN, H.L. <AP. J., 237, 486>
INFRAREDLINE MEASUREMENTSAND THEABUNDANCEOF SULFURIN PLANETARYNEBULAE.
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800410 WILLIS, A. J., WILSON, R., VANDEN BOUT, P., SANNER, F., BLACK, J., DAVIS, R. J., DUPREE, A. K., GURSKY, H.,
HARTMANN, L., RAYMOND, J., MATILSKY, T., BURGER, M., DE LOORE, C., VAN DESSEL, E. L., WHITELOCK, P.,
MENZIES, J., MEIKLE, W. P. S., JOSEPH, R.D., SANFORD, P.,POLLARD, G., SANDFORD, M. C.W. GAP. J., 237,
596>
ULTRAVIOLET, VISIBLE, INFRARED, AND X-RAY OBSERVATIONS OF SCORPIUS X-I.

800411 COHEN, M., SCHWARTZ, R.D. GM. N. R. A. S., 191, 165>
A SEARCH FOR THE EXCITING STARS OF HERBIG-HARO OBJECTS.

800412 SHERRINGTON, M. R., LAWSON, P. A., KING, A. R., JAMESON, R.F. <M. N. R. A. S., 191, 185>
INFRARED AND OPTICAL LIGHT CURVES OF EX HYDRAE AND VW HYDRL

800413 NICOLSON, G. D., FEAST, M. W., GLASS,I.S. GM. N. R. A. S., 191, 293>
RECENT CHANGES IN THE OPTICAL, INFRARED AND RADIO EMISSION FROM CIRCINUS X-I.

800414 WHITrET, D. C. B., BLADES, J.C. GM. N. R. A. S., 191, 309>
GRAIN GROWTH IN INTERSTELLAR CLOUDS.

800415 THE, P. S., TJIN A DJIE, H. R. E., WAMSTEKER, W. GASTR. AP., 84, 263>
TR 27-28: A WCg-TYPE STAR WITH LARGE INFRARED EXCESS.

800416 LEBOFSKY, M. J., RIEKE, G.H. GNATURE, 284, 410>
VARIATIONS IN THE THERMAL EMISSION OF SEYFERT GALAXIES.

800501 TOKUNAGA, A. T., YOUNG, E.T. <AP. J. (LETTERS), 237, L93>
HIGH-RESOLUTION SPECTRA OF THE 3.3 MICROMETER UNIDENTIFIED EMISSION FEATURE IN NGC 7027 AND HD 44179.

800502 LONSDALE, (2. J., DYCK, H. M., CAPPS, R. W., WOLSTENCROF'I', R.D. <AP. J. (LETTERS), 238, L31>
NEAR-INFRARED CIRCULAR POLARIZATION OBSERVATIONS OF MOLECULAR CLOUD SOURCES.

800503 CAMPBELL, M. F., HOFFMANN, W. F., THRONSON JR., H. A., HARVEY, P.M. GAP. J., 238, 122>
FAR-INFRARED SURVEY OF CYGNUS X.

800504 RIEKE, G. H., LEBOFSKY, M. J., THOMPSON, R. I., LOW, F. J., TOKUNAGA, A.T. GAP. J., 238, 24>
THE NATURE OF THE NUCLEAR SOURCES IN M82 AND NGC 253.

800505 DWEK, E., SELLGREN, K., SOIFER, B. T., WERNER, M.W. GAP. J., 238, 140>
EXCITATION MECHANISMS FOR THE UNIDENTIFIED INFRARED EMISSION FEATURES.

800506 AARONSON, M., MOULD, J., HUCHRA, J. GAP. J., 237, 655>
A DISTANCE SCALE FROM THE INFRARED MAGNITUDE/H I VELOCITY WIDTH RELATION. I. THE CALIBRATION.

800507 GEHRZ, R. D., GRASDALEN, G. L., HACKWELL, J. A., NEY, E.P. <AP. J., 237, 855>
THE EVOLUTION OF THE DUST SHELL OF NOVA SERPENTIS 1978.

800508 LAMBERT, D. L., CLEGG, R. E.S. <M. N, R. A. S., 191, 367>
THE KEENAN AND WING BANDS IN S STARS.

800509 COHEN, M. <M. N. R. A. S., 191, 499>
INFRARED OBSERVATIONS OF YOUNG STARS - VIII. SPECTRA IN TEN-MICRON REGION.

800510 EPCHTEIN, N., GUIBERT, J., NGUYEN-QUANG-RIEU,., TURON, P., WAMSTEKER, W. GASTR. AP., 85, LI>
INFRARED PHOTOMETRY OF MIRA VARIABLES. OH MASER PUMPING EFFICIENCY.

800511 MAMMANO, A., CIATrI, F., vrrroNE, A. GASTR. AP., 85, 14>
THE UNIQUE SPECTRUM OF SS 433, A STAR INSIDE A SUPERNOVA REMNANT.

800512 FOY, R. <ASTR. AP., 85, 287>
DETAILED ANALYSIS OF HIGH VELOCITY STARS.

800513 SOIFER, B. T., NEUGEBAUER, G., MATrHEWS, K., BECKLIN, E. E., WYNN-WILLIAMS, C. G., CAPPS, R. GNATURE, 285,
91>
IR OBSERVATIONS OF TIlE DOUBLE QUASAR 0957+561 A, B AND THE INTERVENING GALAXY.

800514 BAILEY, J., HOUGH, J. H., AXON, D.J. GNATURE, 285, 306>
IR PHOTOMETRY AND POLARIMETRY OF 2A0311-227.

800601 ROSSANO, G. S., RUSSELL, R. W., CORNETT, R.H. GP. A. S. P., 92, 357>
NEAR INFRARED PHOTOGRAPHY WITH A VACUUM-COLD CAMERA.

800602 PHILLIPS, T. G., HUGGINS, P. J., KUIPER, T. B. H., MILLER, R.E. GAP. J. (LE'IffERS), 238, L103>
DETECTION OF THE 610 MICRON (492 GHZ) LINE OF INTERSTELLAR ATOMIC CARBON.

800603 FISCHER, J., RIGHINI-COHEN, G., SIMON, M. GAP. J. (LETrERS), 238, L155>
DETECTION OF H2 EMISSION IN THE DR 21/W75 COMPLEX, OMC-2, AND HERBIG-HARO OBJECT NO. 2.

800604 MOSELEY, H. GAP. J., 238, 892>
OBSERVATIONS OF COOL DUST IN PLANETARY NEBULAE.

800605 BLADES, J. C., WHITrET, D. C.B. <M. N. R. A. S., 191, 701>
OBSERVATIONS OF UNIDENTIFIED INFRARED FEATURES IN THE PRE-MAIN SEQUENCE STAR HD 97048.

800606 MOULD, J., AARONSON, M., HUCHRA, J. GAP. J., 238, 458>
A DISTANCE SCALE FROM THE INFRARED MAGNITUDE/H 1 VELOCITY-WIDTH RELATION. II THE VIRGO CLUSTER.

800607 NEUGEBAUER, G., MORTON, D., OKE, J. B., BECKLIN, E. E., DALTABUIT, E., MATTHEWS, K., PERSSON, S. E., SMITH, A. M.,
SOIFER, B. T., TORRES-PEIMBERT, S., WYNN-WILLIAMS, C.G. GAP. J., 238, 502>
RECOMBINATION SPECTRUM AND REDDENING IN NGC 1068.

800608 MOORWOOD, A. F. M., BALUTEAU, J. -P., ANDEREGG, M., CORON, N., BIRAUD, Y., FrYI'ON, B. GAP. J., 238, 565>
INFRARED LINE EMISSION FROM H II REGIONS. III. AIRBORNE OBSERVATIONS OF (S llI) (18 AND 33 MICRONS). (O II1) (52 AND
88 MICRONS), AND (N III) (57 MICRONS) ON MI7.

800609 WITTEBORN, F. C., STRECKER, D. W., ERICKSON, E. F., SMITH, S. M., GOEBEL, J. H., TAYLOR, B.J. GAP. J., 238, 577>
THE SPECTRUM OF IRC+ 10216 FORM 2.0 TO 8.5 MICRONS.

800610 COHEN, M., BARLOW, M.J. <AP. J., 238, 585>
INFRARED PHOTOMETRY OF SOUTHERN PLANETARY NEBULAE AND EMISSION-LINE OBJECTS.

800611 ERICKSON, E. F., TOKUNAGA, A.T. <AP. J., 238, 596>
FAR-INFRARED SPECTRA OF W51-1RS2 AND W49 NW.

800612 DE VRIES, J. S., VAN DER WAAL, P. B., ANDRIESSE, C.D. <ASTR. AP., 86, 248>
HIGH-RESOLUTION (NE II) OBSERVATIONS IN G333.6-0.2.

800613 ARDEBERG, A., VIRDEFORS, B. <ASTR. AP. SUPPL., 40, 307>
A CATALOGUE OF STELLAR SPECTROPHOTOMETRIC DATA.

800614 LEBOFSKY, M. J., RIEKE, G. II., WALSH, D., WEYMANN, R.J. <NATURE, 285, 385>
THE IR SPECTRUM OF THE DOUBLE QSO.

800701 SZKODY, P., CAPPS, R.W. <A. J., 85, 882>
INFRARED OBSERVATIONS OF POLARS: AM HER. VV PUP. AND AN UMA.

800702 BECKWITH, S., NEUGEBAUER, G., BECKLIN, E. E., MATTHEWS, K. GA. J., 85, 886>
MOLECULAR HYDROGEN EMISSION IN NGC 7027.

800703 DYCK, H.M. GA. J., 85, 891>
NEAR-INFRARED SLIT SCANS OF MOLECULAR CLOUD SOURCES.

800704 AARONSON, M., MOULD, J., HUCHRA, J., SULLIVAN III, W. T., SCHOMMER, R. A., BOTHUN, G.D. GAP. J., 239, 12>
A DISTANCE SCALE FROM THE INFRARED MAGNITUDE!H I VELOCITY-WIDTH RELATION. Ill. THE EXPANSION RATE
OUTSIDE THE LOCAL SUPERCLUSTER.

800705 COHEN, J. G., FROGEL, J. A., PERSSON, S. E., ZINN, R. GAP. J., 239, 74>
PAL 12 - A METAL-RICH GLOBULAR CLUSTER IN THE OUTER HALO.

800706 BALLY, J., SCOVILLE, N.Z. <AP. J., 239, 121>
STRUCTURE AND EVOLUTION OF MOLECULAR CLOUDS NEAR H II REGIONS. I. CO OBSERVATIONS OF AN EXPANDING
MOLECULAR SHELL SURROUNDING THE PELICAN NEBULA.

800707 FROGEL, J. A., PERSSON, S. E., COHEN, J.G. <AP. J., 239, 495>
LUMINOSITIES AND TEMPERATURES OF TIlE REDDEST STARS IN TIIREE LMC CLUSTERS.
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800708 THRONSON JR., H. A., CAMPBELL, M. F., HOFFMANN, W.F. </AP. J., 239, 533>
THE LARGE-SCALEFAR-INFRAREDSTRUCTUREOFW3 ANDW4.

800709 WERNER, M. W., BECKWITH, S., GATLEY, I., SELLGREN, K., BERRIMAN, G., WHITING, D.L. </AP. J., 239, 540>SIMULTANEOUSFAR-INFRARED,NEAR-INFRARED,ANDRADIOOBSERVATIONSOFOH/IR STARS.

800710 GEHRZ, R. D., HACKWELL, J. A., GRASDALEN G. L., NEY, E. P., NEUGEBAUER, G., SELLGREN, K. </AP. J., 239, 570>THE OPTICALLYTHINDUST SHELL OF NOVACYGNI 1978.
800711 JONES, T. J, HYLAND, A.R. </M. N. R. A. S., 192, 359>

NEWRESULTSON INTERSTELLARREDDENINGIN THE NEAR INFRARED.

800712 BERGEAT, J., LUNEL, M. </ASTR. AP., 87, 139>
IJHKLPHOTOMETRYOF CARBONSTARS.

800801 GEHRT_ R. D., HACKWELL, J. A., GRASDALEN, G. L., MERRILL, K. M., HUMPHREYS, R. M., WILLIAMSON, F. O., PUETFER,
R. C., RUSSELL, R. W., WILLNER, S.P. </A. J., 85, 1071>
ON THE NATUREOF THEPECULIARINFRAREDSOURCEAFGL 2636.

800802 DYCK, H. M., LONSDALE, C.J. </A. J., 85, 1077>
ICE-BAND POLARIMETRYOF GL 2591.

800803 NISHIMURA, T., LOW, F. J., KURTZ, R.F. </AP. J. (LE'I'rERS), 239, L101>FAR-INFRAREDSURVEYOF THEGALACTICPLANE.

800804 WATSON, D. M., STOREY, J. W. V., TOWNES, C. H., HALLER, E. E., HANSEN, W.L. </AP. J. (LETTERS), 239, L129>DETECTIONOF CO J-21-20(124.2MICRONS)AND J-22-21(118.6MICRONS)EMISSIONFROMTHE ORIONNEBULA.
800805 FORREST, W. J., MCCARTHY, J. F., HOUCK, J.R. </AP. J. (LETrERS), 240, L37>

DETECTIONOF(O IV) AND (NE V) INFRAREDEMISSIONLINESFROMNGC7027.

800806 KEENE, J., HARPER, D. A., HILDEBRAND, R. H., WHITCOMB, S.E. </AP. J. (LETI'ERS), 240, IA3>FAR-INFRAREDOBSERVATIONSOF THE GLOBULEB335.

800807 CHEUNG, L. H., FROGEL, J. A., GEZARI, D. Y., HAUSER, M.G. </AP. J., 240, 74>
1.0MILLIMETERMAPSAND RADIALDENSITYDISTRIBUTIONSOF SOUTHERNH If/MOLECULARCLOUD COMPLEXES.

800808 PETERSON, R. C., WILLMARTH, D. W., CARNEY, B. W., CHAFFEE JR., F.H. </AP. J., 239, 928>
BD_34234:A HIGH-VELOCITY,METAL-POOR,DOUBLE-LINEDSPECTROSCOPICBINARY.

800809 WHITI'ET, D. C. B., VAN BREDA, I.G. </M. N. R. A. S., 192, 467> /
INFRAREDPHOTOMETRYOF SOUTHERNEARLY-TYPESTARS.

800810 ALLEN, D. A., HYLAND, A. R., CASWELL, J.L. </M. N. R. A. S., 192, 505>ROBERTS22: A BIPOLARNEBULAWITHOH EMISSION.

800811 WILLIAMS, P. M., ADAMS, D. J., ARAKAKI, S., BEATrIE, D. H., BORN, J., LEE, T. J., ROBERTSON, D. J., STEWART, J. M.
</M. N. R. A. S., 192, 25P>
NEAR INFRAREDSPECTROMETRYOF WC STARS.

800812 GLASS, I, S. </M. N. R. A. S., 192, 37P>
JHKOBSERVATIONSOF TWOZ - 3 QSOS.

800813 HEFELE, H., HOLZLE, E. </ASTR. AP., 88, 145>
8-13 MICRONSPECTROPHOTOMETRYOF S 106.

800814 AKINCI, R., JAMESON, R.F. </ASTR. AP., 88, 320>
J, K,L, INFRAREDOBSERVATIONSOFRZ SCUTUM.

800815 TARANOVA, O. G., YUDIN, B.F. </SOV. AST. (LETTERS), 6, 273>
INFRAREDVARIABILITYOFHM SAGFI-I'AEANDVI016CYGNL

800816 SATO, S., KAWARA, K., KOBAYASHI, Y., MAIHARA, T., OKUDA, H. <_NATURE, 286, 688>NO IR BURSTFROMTHE X-RAYRAPIDBURSTERMXBI730-335.

800817 GILES, A. B., KING, A. R., JAMESON, R. F., SHERRINGTON, M. R., HOUGH, J. H., BAILEY, J. A., CUNNINGHAM, E. C.
</NATURE, 286, 689>
THE IR VARIABILITYOF SS433.

800818 KREYSA, E., PAULINY-TOTH, I. I. K., SCHULTZ,, G. V., SHERWOOD, W. A., WITZEL, A. </AP. J. (LETTERS), 240, L17>MILLIMETERCONTINUUMOBSERVATIONSOF FLATSPECTRARADIOSOURCES.

800901 FISCHER, J., RIGHINI-COHEN, G., SIMON, M., JOYCE, R. R., SIMON, T. </AP. J. (LETrERS), 240, L95>OBSERVATIONSOF H2EMISSIONFROMNGC7538.

800902 RUSSELL, R. W., MELNICK, G., GULL, G. E., HARWIT, M. </AP. J. (LETTERS), 240, L99>
DETECTIONOFTHE 157MICRON(1910GHZ)(C II) EMISSIONLINEFROMTHE INTERSTELLARGASCOMPLEXESNGC 2024AND
M42.

800903 WRIGHT, E. L., IIARPER, D. A., LOEWENSTEIN, R. P., KEENE, J., WHITCOMB, S.E. <_AP.J. (LETTERS), 240, L157>SEARCHFOR FAR-INFRAREDEMISSIONFROMYOUNGSUPERNOVAREMNANTS.
800904 MCLAREN, R. A., BETZ, A.L. </AP. J. (LETrERS), 240, L159>

INFRAREDOBSERVATIONSOF CIRCUMSTELLARAMMONIAIN OH/IRSUPERGIANTS.

800905 PERSSON, S. E., COHEN, J. G., SELLGREN, K., MOULD, J., FROGEL, J.A. </AP. J., 240, 779>INFRAREDPHOTOMETRYOF THESEMISTELLARNUCLEUSOF M31.

800906 FROGEL, J. A., PERSSON, S. E., COHEN, J.G. </AP. J., 240, 785>
PHOTOMETRICSTUDIESOF COMPOSITESTELLARSYSTEMS.IV. INFRAREDPHOTOMETRYOFGLOBULARCLUSTERSIN M31
AND A COMPARISONWITHEARLY-TYPEGALAXIES.

800907 AARONSON, M., MOULD, J. </AP. J., 240, 804>
CARBONSTARSIN THE FORNAXDWARFSPHEROIDALGALAXY.

800908 MCALARY, C. W., MCLAREN, R.A. </AP. J,, 240, 853>
INFRAREDSPECTROPHOTOMETRYOF SS 433.

800909 GOORVITCH, D., GOEBEL, J. H., AUGASON, G.C. </AP. J., 240, 588>
THEORETICALPROFILESFORTIlE 14) S(I)H2 LINE IN CARBONSTARS.

800910 MOULD, J., AARONSON, M. </AP, J., 240, 464>
THE EXTENDEDGIANTBRANCHESOF INTERMEDIATEAGEGLOBULARCLUSTERSIN THEMAGELLANICCLOUDS.

800911 AITKEN, D. K., BARLOW, M. J., ROCHE, P. F., SPENSER, P.M. </M. N. R. A. S., 192, 679>
8-13 MICRONSPECTRAOF VERYLATE TYPEWOLF-RAYETSTARS.

800912 MURDIN, P., ALLEN, D. A., MORTON, D. C., WHELAN, J. A. J., THOMAS, R.M. </M. N. R. A. S., 192, 709_>
THE KDWARFSASSOCIATEDWITHTHE X-RAYTRANSIENTSA0620-_0AND A1742-28.

800913 ALLEN, D. A., BARTON, J. R., GILLINGHAM, P.R. </M. N. R. A. S., 192,805>
AN INFRARED CANDIDATE FOR OH 205.1-14.1.

800914 THE, P. S,, BAKKER, R., TJIN A DJIE, H. R.E. </ASTR. AP., 89, 209>
STUDIES OF THE CARINA NEBULA.IL THE EXTINCTIONLAW IN THEDIRECTION OF 14O-TYPE STARS.

800915 VOLOSHINA, I. B., GLUSHNEVA, I. N., SHENAVRIN, V.I. <SOV. AST., 24, 576>
ENERGYDISTRIBUTIONSIN THE NEAR-IR REGIONIN THE SPECTRAOF STARSUSED AS SPECTROPHOTOMETRIC
STANDARDS.

800916 LEWIN, W. H. G., COMINSKY, L. R., WALKER, A. R., ROBERTSON, B. S.C. </NATURE, 287, 27>SIMULTANEOUS1RAND X-RAY BURSTOBSERVATIONOF SERX-I.
801001 STAUFFER, J.R. </A. J., 85, 1341>

OBSERVATIONSOF PRE-MAIN-SEQUENCESTARS INTHE PLEIADES.

801002 GULL, G. E., RUSSELL, R. W., MELNICK, G., HARWIT, M. </A. J., 85, 1379>
FAR-INFRARED POLARIZATION OF THE KLEINMANN-LOW NEBULA.

801003 FROGEL, J.A. </AP. J. (LETI'ERS), 241, IAI>
INFRAREDPHOTOMETRYOF THEGLOBULARCLUSTERASSOCIATEDWITHNGC5128.

801004 WATSON, D. M., STOREY, J. W. V., TOWNES, C. H., HALLER, E.E. </AP. J. (LETTERS), 241, L43>
FAR-INFRARED(O III) LINE EMISSIONFROMTtfE GALACTIC CENTER. .
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801005 TELESCO, C. M., BECKLIN, E. E., WYNN-WILLIAMS, C.G. GAP. J. (LETTERS), 241, L69>
EXTENDED20 MICRONEMISSIONFROMTHE CENTEROFNGC 1068.

801006 HYLAND, A. R., MCGREGOR, P. J., ROBINSON, G., THOMAS, J. A., BECKLIN, E. E., GATLEY, I., WERNER, M.W. GAP. J.,

_F_RARED EMISSIONOF G333.6-0.2,AN EXTREMELYNONSPHERICALH II REGION.

801007 ELIAS, J.H. GAP. J., 241, 728>H2 EMISSIONFROMHERBIG-HAROOBJECTS.

801008 LACY, J. H., TOWNES, C. H., GEBALLE, T. R., HOLLENBACH, D.J. GAP. J., 241, 132>
OBSERVATIONSOF THE MOTIONAND DISTRIBUTIONOF THE IONIZEDGAS IN THECENTRALPARSEC OFTHE GALAXY.II.

801009 SELBY, M. J., BLACKWELL" D. E., PETFORD, A. D., SHALLIS, M.J. GM. N. R. A. S., 193, 111>
MEASUREMENTOF TIlE ABSOLUTEFLUX FROMVEGAIN THEK BAND (2.2 MICRONS).

801010 AITKEN, D. K., ROCHE, P. F., SPENSER, P.M. GM. N. R. A. S., 193, 207>
8-13 MICRONSPECTROPttOTOMETRYOF VI016CYGAND THESHAPEOFTHE 'SILICATE'FEATURE.

801011 ALTAMORE, A., BARATrA, G. B., CASSATELLA, A., GRASDALEN, G. L., PERSI, P., VIOTI'I, R. GASTR. AP., 90, 290>
ULTRAVIOLET,OPTICAL,AND INFRAREDOBSERVATIONSOF THE HERBIGBE STAR liD 200775.

801012 MOORWOOD, A. F. M., SALINARI, P., FURNISS, I., JENNINGS, R. E., KING, K.J. GASTR. AP., 90, 304>
INFRAREDSPECTROSCOPYWITHA BALLOONBORNEMICHELSONINTERFEROMETER,II.OBSERVATIONOF OIll. O I, AND N
Ill FINE STRUCTURELINESIN H II REGIONS.

801013 WICKRAMASINGHE, D. T., ALLEN, D.A. GNATURE, 287, SIS>
THE 3.4 MICRONINTERSTELLARABSORPTIONFEATURE.

801101 CUTRI, R. M., RUDY, R.J. GAP. J. (LETTERS),241, L141>
DETECTIONOF THE 3.3MICRONFEATUREIN THE SEYFERTGALAXYNGC4151.

801102 HARVEY, P. M., CAMPBELL, M. F., HOFFMANN, W.F. GAP. J. (LET]'ERS), 241, L183>ERRATUMTO "HIGH-RESOLUTIONFAR-INFRAREDOBSERVATIONSOF THE GALACTICCENTER".

801103 RICHER, H. B., FROGEL, J.A. <AP. J. (LETrERS), 242, L9>
DISCOVERYOF THEFIRSTSC STARIN THE MAGELLANICCLOUDS.

801104 ELIAS, J. H., FROGEL,J. A., HUMPHREYS, R.M. GAP. J. (LETTERS), 242, L13>
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