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" FLIGHT PROJECTS the science investigations. On-board computer sub-
systcrns will sequence un budid upet<mon_ to dnffenng

i_I data acquisi ;_n reeulrements at ,Jupiter and Saturn.

Major flight project activities at the I.abo, toru ,Jnd during other n,lsslon phases The use of X-band

r during the 15 months ending :n September ,977 and S-band communication frequencies and a large- included directional antenna permits data to be returned at very
1

l (1) Launch of two Voyager' spacecraft on flyby high rates from both Jupiter and Saturn Data return

missions to Jupiter and Saturn. should be easily achieved to at least 20 AU 13 billion
(2) Continuation of mission operations support and kilometers), reached 8 years after launch

analysis, and reduction of data from the Viking Power for operapon of the fully, attitude-stabilized
spacecraft, spacecraft is provided by radioisotope thermoelectnc

l (3) Continuation of development of an ocean ob- developed by the Energy Research and
generators

servation satellite. Seasat-A. Including mission Development Administration (ERDA) After jettisomng "
t operations and data dissemination planning, the propulsion module that supphed the final velocny

1 leading to a 1978 launch, increment for the ,Jupiter tralectorv, the spacecraft

(a) Initiation of a joint international project, the weighed approximately ,'425 kflogram,_ Including 115
: Infrared Astronomical Satellite (IRAS). with the kilograms of science payload !:"

! Netherlands and the United Kingdom. The prirnary spacecraft activity since June 1¢)76 was !'

(5) Completion of preliminary studies and plans for system level tests and operations, including assembly !i
a Jupiter Orbiter Probe (JOP) mission that was and test of the Proof Test Model (PTM) and launch

approved as a new project start in Fiscal Year vehicle interface checkout at the Eastern Test Range :"

1978 for launch in 1982. (ETR) in April and May 1977

JPI. continued to provide significant fligh' operations Voyager 2. the first spacecraft launched, experienced ;-

' support to Pioneers 10 and 11 and mission operations early in-flight problems involving science boom deploy- "
: support on the joint West German U S Helios missions ment and attitude control software These problems

investigating the sun to within (130 astronomical cmlt were worked out on Voyager 2. and changes were

fAU) ot the surface made to the Voyager 1 boom deployment hardware
! and on-board software that both corrected and avoided

" VoyageF problems experienced by Voyager 2
The largest single rnission operations task is genera-

Two Voyager spacecraft were launched by Titan tion and verification of the sequence programs that are .

t Centaur launch vehicles on August 20 and September transmitted to and executed by the spacecraft
5, 1977, from Cape Canaveral. Florida, The spacecraft ]'he Voyager trajectories will provide excellent obser-

are on trajectories that will result in closest approach ration opportunities for Jupiter's Gahleart satellites and ,
I
I encounters of JuDter in March and <July of 1979 and for Saturn's largest satellite. Titan Detailed design of

Saturn in November 1980 and August 1981 Each the Jupiter observation sequences began in early 1977
In late U_'v5 NASA asked that the Voyager Project

t carries science instruments that will support eleven ....
complementary investigations of the planets, their satel provide a "Uranus option '" This option, now incor-

lites, and interplanetary and the interstellar media, porated into the mission design, allows for a decision
to be made on the Voyager 2 trajectory, before SaturnThe basic objectives of the project are to increase
encounter. Voyager 2 can repeat Voyager l's mission.knov, wdge of the origin and properties of the two

largest planets of the solar system and to gain addi or it can take an alternate course that leads to an en-

tional information on interplanetary space in the counte ,+with Uranus in ,January 1986. The Uranus
outer solar system. Emphasis is placed on obtaining option will be exercised only if Voyager 1 accomplishes

all its objectives at Saturn, and if Voyager 2 is healthydata on the two planets, their satellites, and the nngs
of Saturn enough and the expendables can be budgeted to

Voyager is an extension of the Mariner spacecraft undertake the additional 4-year fight to Uranus.

family, augmented to rneet requirements of 4 or more

years of operational life, longer-range communications, t
precision navigation, solar-independent power, and

resistance to the radiation fields of Jupiter, and to

provide in-flight reprogramming capability to support i ,
'l ,RI)A w,l_ illt-olrltll,,lit,d iilll_ the ])lTMilillt'ill of I'nl,illv ¢111

' I:c>rilleriqdt,',lgn,liedMariner,Jupitel+,%,lttlllli_t77 ( )t h>bel i, Iq77 i
7 -
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summer 1975. Viking Orbiter 1 was placed in orbit on

)_ Viking June 19 and Orbiter 2 on August 7. 1976 The Site
Certification Team considered the original landing site

,
Viking was designed to orbit the planet Mars and to for Viking 1 unsafe after studying high-resolution

i land and operate on Its surface. Two identical space- images of the area Nearby sites were examined, and
craft were launched in 1975. each consisting of an the first landing on Mars occurred on ,July 20. 1976. on

I orbiter that carried a sterilized lander The t.vo landers the western slope of the Chryse basin at 22.5_N.are the first U.S spacecraft to operate on the surface of 47.9 W

1 another planet The planned landing site for Viking 2 was also

Langley Research Center has overall management considered unsuitable when high-resolution images
i responsibility for the Viking Project. The Lander became available. Certification of a new landing site

System was developed under contract by Martin- was accomplished in time for a landing on Mars on

Marietta Aerospace. and Lewis Research Center had September 3. 1976. at 48 0_N. 225 7"W.

responsibility for the Launch Vehicle System. JPL's Each orbiter has exceeded 2 years of active flight

assignment was development of the orbiters, the operations with few anomalies or failures. At the time

Tracking and Data Acquisition System. and the Mission of their launch, the Viking spacecraft were the most

Control and Computing Center System. complex planetary spacecraft developed. Four failures

Both spacecraft were launched from Cape have been identified on the two orbiters, with only one

Canaveral on Titan Centaur la nch vehMes in late having had significant influence on operations.



The Viking Project primary mission ended on No- meter found no sign of organics to its level of sensitiv-
" vember 15, 1976. several weeks before superior con- ity. but it did provide a precise and definitive analysis

junction. Several weeks after conjunction, telemetry of the composition of the atmosphere and found

_, , and command communications capabflmes were re- previously undetected trace elements. The elemental
established, and extended mission operations began composition of the surface material has also been

! _ They will continue through September 1978. All four measured hy the X-ray fluorescence spectrometer.
I _ flight systems are operating, and plans to prolong which continues to analyze soft samples. Measurements

_ operations through the end of 1978 are under consid- of some physical and magnetic properties of the soil
eration by NASA. have been made• The composition and physical prop-

Both Viking missions have been successful beyond _,rties of the upper atmosphere were also measured
expectations. With a single exception, the science during the entry of the two landers.

instruments have acquired more than the data planned Nearly continuous monitoring of weather at the
" _ for. Only the seismic experiment has been a disap- landing sites is being carried out. The weather in the

pointment: the seismometer on Lander I could not be Martian midsummer was found to be repetitious, but
uncaged after landing, and the other has detected only with the passage of the seasons it has become both

! one event that may have been Marsquake. variable and more interesting, Cyclic variations in
; The three biology investigations discovered unex- weather patterns (probably the passage of alternating

pected and enigmatic chemical activity in the Martian cyclones and anticyclones) have been observed. At-
surface material. The gas chromatograph mass spectro- mosphere temperatures at the southern landing _ite

iL __
l t •

,..,,,,. -,,,

I"I
..... _ i
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Mosaic of Viking Orbiter 2 pictures of Mars shows north polar ice cap and the large crater Korolev.

- ,:
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Overlapping series of images obtained by the two cameras on Viking Orbffer during close pass of the Martian satellite Phobo$.
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have been as high as 31 C at midday, with the
predawn temperature being 86 C By way of con- '_

l ..

trast, the diurnal temperatures at the northern site ' ",

, on some days The lowest predawn temperature was

124 C. approximately the frost point of carbon diox- " _ ,"" ,.,rip w'° "mill'_"+. , ),, _.j_ ,_,*"
ide. Frost was not detected by Lander Imaging Team ' _'I., - ',..._•, ++_ : _. ' _I_ :
members until near the end of winter

The semiannual variatx)n of barometric pressures. ;,
resulting from condensation and sublimahon of atmo- .,

spheric carbon &oxide at the polar car)s, has b_,en

found to be unexpectedly large, the maximum and _9 ,# ,,,_ +_'_lr.
minimum mean daily pressures observed by Lander 1 + •

were 6 7 and 9 5 millibars Another surprise has been + • •

the generally small magmtude of wind velocities. __J ',, "_¢'_';

neither lander has recorded a gust m excess of 1()0 ........._",_-,_, , _.-
kilometers per hour Nevertheless, more than a dozen "_"

small dust storms have beon observed by orbiter instru- ' "

ments During the southern summer, two large dust _:_'"'" _"
storms occurred abc, ut 4 earth months apart Both '>:
obscured the sun a! the landers for a nine and hid ; ._

most of the planet from the orbiter cameras ,, • _'_,'
Photographs from landers and orbiters have sur- .,

passed expectations in quantity, and quality The "'_ ..... 2_"i_"'_' '" ," + _,.i,

landers have ptuvided the first closeup look at the _"_'k" :,_1)' ,lille _,.,?_'+"'_a_"¢""' ,_1_' ,.,,,surface, have monitored variations of atrnosphenc • .,, .P ' '_' _+!_7 + • ,_, , ,

opac;ty over more than six tenths of a Mars year, and "_1_'"_"l_z, " ..,+_lbp,+.,,_j,_.,_,."_" ._ _.

t" • _ .t,

have determined the mean size of the aerosols The "_la " ;4
orbiter cameras have observed new and often puzzhng ,

terrain and provided clearer detail on known features. _ "" ;

'.a' including color and stereo observations in some " +.
)
, instances.

' The infrared thermal mappers and the atrnospheric V_kingLander 1 touched down only a few meters from thts large
water detectors on the orbiters have acquired data Martian bouldcr, later nicknamed "'B_gJoe." l'he rock ts about 3

almost daily, observing the planet at high and low meters across and 1meter h_gh.

resolution. This massive quantity of (tata will require

considerable time for analysis and understanding of the of the polar cap fails considerably below the freez-
complex global )neteorology of Mars, ing point of carbon &oxide (about 123 C). corre-

Analyms of radio signals from landers and o_blters, sponding to the atmospheric pressure and ev, n

including Doppler, ranging, and occultation data. and further below the temperature of the upper atmo-
the signal strength of the lander-to-orbiter relay link sphere, This remarkable phenomenon, observed at

has provided a variety of w_luable information both poles, is not understood, but it probably indi-

Other significant discoveries <)f the Viking missions cates that atmospheric carbon dioxide is frozen in

include the following, the cap more rapidly than it is supplied, so that

(1) Nitrogen. not previously detected, is a significant the lower atmosphere over the cap is mostly argon
component of the Martian atmosphere, and the and nitrogen.

enrichment of the heavier isotope relative to the (4) The residual north polar cap is composed of water

lighter implies that atmospheric density was much _ce. The composition of the permanent southern

g_eater in the distant past. cap has not bcen determined, but tt may not be

(2) Changes in the Martian surface occur extremely exclusively water. The marked asymmetw between

slowly--at least at the two landing sites. Only one the two poles appears to result from global dust
very small change has been observed in 14 storms in the sotHhern summer.

months. (5) The greatest concentn_tion of water vapor in the

(3) In the winter, the surface temperature over much atmosphere is near the edge of the north polar

 'um:Bmrn" OF 0
m_Poo
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cap in midsummer. From summer to fall. the peak [
concentration moves to the equator, with relatively

hrtk, change m global abundance In the _outhern

summer, the entire planet is dry. probably also an i

" effect of the dust storms :"i.... f6) The density of the tuner satellite• Phobos. Js very

i 'Hil!l!i..,:_' low (approximately 2 grams per cubic centimeter).

_' " " perhaps implying an asteroidaI origin, and its
"ii. 'P N

.Ull.

dl"i!'"'"4'_,,%,. " " ' _..," ;)"iV,........ surface is marked with at least two families of,t_ .L ,,. " " _-'_llm. ",'%, };_'" parallel striations• probably resulting from frac-
, . .'-_Id, ,m _. tures in the body upon Impact w_th another

....._ I _._1_ ,,!il_ _..m'_. object
_1 .:..|at..e" "_1 --- |

.iP'II_. .... ,i-"., ,._,-• , ii • H "., • . '_ .... ," .'JB.,', . ... (7) Measurements of the round-trip time of passage of
"" " u-...:r : - .-:.:_- .llm_lml •

.._ .'"'.."" .,' .......• ,... . _,,,'.,_,"_ m"""" '" radio signals between earth and the Viking space-
_.,:. ,Nt,-... m' 'ildilhi,,..,.liP" ..:

, , .....• ,,..¢ i.,_,',,', craft made when Mars was beyond the sun (near• • ,i. I il I'I " •.... ',

'.'.',,, ',.r solar conjunction) have determined the amount of

,. : .. ' -" delay of the mgnals by tho sun's gravitational field.
• .,.ill;a:"

...'. ..... " _'"'." 5 . • "..:...... "/'he result confirms the prediction of Einstein to an :.
•" "':" "'" .;...:,.' I_

.... ,"_.,:"_ _ .m"' '.;l II_" .,,,,,,,.:._-..i_....,. " • ;I.... accuracy of _-';,--four tirnes greater than any
III

, ." . "_: • previous test
• : "";"_"" _11. ' -_.. ,11m

•,,.- al"ll_._ • ,,,,,._
mE

'" 'i.. " n .'h . . .. _ ....

•, .;,,$ ,..._,,.._. Seasat-A
' ".'lL..": . . "'"'.'1_11_,,: "• ....o, -.

] .:..It'_"[_ilih,,,m,.__"'" _;"":.;'"'"".r The Seasat-A Prolect was mihated in 1974 by :
I • NASA's Office of Applications after several years of '

,_. study, w_th the Laboratory being assigned project man- -:

i: "'if'- ' __j_[_'.li;,. ,"" agement respons,bilitv_ The concept of a satellite

' t _.# _11_'"" ._1_ _ dedicated to the study of the world's oceans by remote ,
"_' ' :_ 1_:_... ' sensing evolved from meetings and conferences in-•u .

volvlng ootential user agencies and academic and in-) I_ '_'," ',t.

•' '"#, .... ' • "" _'[' dustrial sclentists "/'he meetings led to establishment of :,
•, ".. J_" ",,' .,j _. ,.:ii.

• _ ": """ e #.':!,, "'"-" '"... :..:!_d,l,.h,:,.I the Seasat Users' Working Group to define the final
satellite concept and instrument payload. The Instru-

ct.. :,_,.,..:" ,B'•, '" . ,I
• '" "" _ • i... n, . I

: ""." :e: i ! •

, ,,,11, "'." ':'.'" ";'..';.r "i:: ments selected for Seasat-A were chawn flora th_s

4l_",:,! '. '_1111_"" background
A principal product of this proof-of-concept mission

nn_ i _nn _m_mmm_iim_ In

,_1,....l

....::, ..,,.,, ,2: .'1,':: w,,+
• ..".... , ..'.",,_,:,.',l.: ",'!"':' ::."!._..4. . • '.,'H!.;..... . meteorological scienhsts of the utlhtv of these measure-I I -'11. • . • _ .... ,u;..,.

.... ' .... ' ''" :"=-, ": '.":,.,ia;."' '::,'."..;:,,'_'.'.,'ll_!!!"I!"': r'....:""•,...... ... ,.,._,,,..,[. I ,..# ', ,. ". 'k.;,." _""_' , ments to physical oceanography, climatology, meteo-l.i_.,,,.,,.bl.,.....,m,u_.: • .#..'l';i,,';.... I i_.'i.

,.', rologv,and manne technology. Seasat-A is scheduh_,d

• .h':m ,_,." '_.."_/illlllnlHLn!L-,,, fo, launch in May 197S The standard mls..,ion will last,i:i_i'_ ili:;llllj111_lR 1 year.m'_m___i.m- with sufficient expendables for 2 rnore years

I'_ 'lllll_ ....... ()f operations.

_,, _[.'t.:'.... ''.,,, ' ''''' "/`he first ,ictlve mlcu_wave in_;htJmcnt selected for i
Seasat A wa,_ a short pulse radar altimeter Precisum
altimetre from .,,pace offers the p(_tential of _emotelv

_-' " " m()nitoring cmrent st:stems, storm ,;urtles. wind %'tups. .t

and hde.,, l'he Sea.,,al A radar altimeter evolved flom a ._
,_ " series of predecessors, both ailcraft and satellite '{

• j" I bo_ne The ne,uc,,t ancesto_ Is the G['OS-3 altimeter. _!

the tlt'>ltli_ of which ha.', been unpu,.'ed fo_ Sea.,,at to _:i

Varietyof rock types photographed by Viking Lander 2 m Utopia allow ,1 height ptt, ci.,,lt_nt>f ' I0 t'elltlnlett, lt-, Ptoces.,,ing _!Planitia m the far north of Mars. Shadow in left foreground was (_f tilt' rettlrll pul._e will also vleM ,Ill e>tlllhlte (>f ._ea

cast by lander's meteorology instrument. ,,tare b]

J
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1 A second active instrument is the wind field bility. A fourth station at St. Johns. Newfoundland. is
' scatterometer, which will measure wind speed and being equipped by the Canadian government to

• i direction. The use of radar backscatter at K-band fre- broaden collection of synthetic aperture radar data to
; quencies to measure surface wind stresshas been areas of interest to Canadian scientists The s,.'nthetic

demonstrated by aircraft tests and a Skylab experiment aperture radar data are transmitted in re_ .... . ' s¢
' The instrument is expected to measure winds up to 20 can be received only when the satellite _ '.,,,:[hmvi_ -4I
)..._ meters per second (approximately 5.0,knots), receiving stations equipped to receive ti,,,rn.

'i The third active instrument is the Synthetic Aperture Three tracking systems are incorporated, the STDNRadar ISAR). an imaging device to provide data on S-band link carrier, a beacon to be used in coniunction
ocean waves, coastal regions, and sea ice. The deriva- with the Department of Defense TRANET arra'v ,._
tion of ocean wave directional spectra from SAR tracking stations, and a passive retroreflector array ,_

images should provide a capability of importance to mounted on the radar altimeter antenna to allow ] '
wave climate and propagation studies, and to studies of precision laser ranging.
wave diffraction and refraction in shelf and island The European Space Agency is equipping the Oak- !
regions. The study of coastal processesand ice. both hanger tracking station in England to receive and ,_

_'- ; sea ice and large glacial provinces, is expected to process Seasat-A data for distribution to a segment of
I benefit from SAR data, particularly in light of the the European oceanographic and applications i

instrument's all-weather capability, community•
"Ihe five-channel Scanning Multifrequency Micro- The orbit selected for Seasat-A is high (108-degree)

wave Radiometer designed for Nimbus-O was added inclination, non-sunsynchronous, and nearly circular at

/ to Seasat-A to measure sea surface temperature on a g00 kilometers. The orbit design is such that a dense _: I
global scale, day and night, through clouds and light ground trace network (approximately 181,.,-kilometer _:
rain. for climatological and ocean dynamics studies, spacing at the equator) will be achieved in approxi-
Measurements at the several microwave frequencies mately 5_ months of operation This dense coverage

• will yield information on liquid water and water vapor will allow the most accurate study of the marine geoid

i column densities, sea surface winds, and potentially vet achieved. -, ,,

useful sea ice sig_,atures. There are two time scales for processing and anal- ;_
A visual infrared imaging instrument, intended pri- ysis of Seasat-A data. First, a near-real-time data link,

manly to provide feature recognition, clear-air, sea- via commercial communication satellite, links the track-
surface temperature calibration data. and perhaps ins stations with the Navy's Fleet Numerical Weather
precipitating cloud identification in support of the mi- Central (FNWC) in Monterey. California. This link

crowave instruments, completes the Seasat-Apayload has been established, by mutual agreernent between
It is a modified version of the well-proven ITOS series NASA and the Department of Defense, to allow assess-
of imaging radiometers, ment of the effectiveness of the Seasat-provided global ]o

The satellite, being built and tested by the Lockheed temperature, wind field, and sea state data to FNWC's |
Missiles and Space Company. Sunnyvale. California, is forecasting abilities. In addition to processing these data '_
a modified verslon of the Agena. The Agena "bus," and incorporating them into its forecasting system,
which doubles a_ the launch vehicle_,final stage, pro- FNWC will provide intermediate data products to the

rides power, telem,,tW, attitude conhol, and orbit- National Oceanic and Atmospheric Administration's
adjust support to the sensor module on which the (NOAA) National Meteorological Center in Suitland, •
instruments, electronics, and antennas are mounted. MaD'land, for a slmilar evaluation effort.
The satellite weighs 2400 kilograms and measures A second path is followed by data intended for
some 13 meters in longest dimension, experiment te_m evaluation and general research

Telemetry, command, and tracking are provided by purposes. This latter path has'throughput times '_
i NASA's Satellite Tracking and Data Network (STDN). measured in days rather than hours or minute_. Its

The satellite will transmit data at three rates on two output is a fully annotated, geophysically processed
', separate S-band carriers. All data except those pro- global data set with all the ancillary data required
, duced by the synthetic aperture "_dar are transmitted in for research purposes. During initial phases of the
' real time at a 25-kilobit-per-second rate or played back mission, experiment teams will evaluate the geophysical

from two on-board tape recorders at 800 kilohits per processing, feeding back changes to the initial algo-
second. The playback mode is utilized to provide global rithms to produce results of acceptable quality and
coverage from a limited set of STDN stations Three of reliability. After this initial period, geophysically pro-
these stations can collect a complete gl,,i_ ,I data set cessed data are provided to NOAA's Environmental
con:i luously by use of the satellite's play_ ,ck capa- Data Service for distribution to user_.

8
.Ji
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Artist'el concept of Seaelat'A, over the Gulf of Alaska, where the oceanographic elatellite will perform a major experiment.
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•_ ; ................. Milky W_%'should be detectable to distances of 200

":_'_£_.i [_AS millionlight Fears. and the brighter quasi-stellar objects_._ ................... to dis',,nces of 10' hght years. This should open up

_;_j_:'_ _ The Infrared Astronomical Satellite (IRAS) Project. a many new aspects of the Galaxy and lead to a better
_.... joint international project involving the United States, understanding of the structure and evolution of the
I the Netherlands. and the United Kingdom, was ap- universe.

proved in January 1977. The project will be jointly The invention of the telescope at the time of Galileo

managed by JPL and NIVR. the Dutch Space Agency. helped to expand man's perception of the universe
In addition toits role a_ project manager for the from 4000 stars visible to the unaided eye to mLll_ons

U.S.. JPL will design and operate the facility that will of stars and many nebulae and galaxiesvisible with a
produce an infrared sky map and source catalog con- telescope. IRAS will extend the present knowledge. ;"
taining as many as 1 n illion infrared sources. Ames limited to about 1000 infrared sources at wavelength_
Research Center is respgn._blefo, d_sign and fabidca- beyond 8 microns, to irfformation on as many as2
ti0n of the 60-centimeter-aperture telescope.The Delta million sources. It can be expected tc lead to funda-
2910 launch vehicle and facilities at the Western Test mental scientific advances in the understanding of the

Range will be provided by the United States.A system universe. IRAS is the Laboratory's first assignment in
contract for design, fabrication, and te_t of the tele- the field of space astronomy and provides a significant
scope has been awarded to Ball Brothers Research link to Caltech's traditionally strong astronomical

Corporation, Boulder, Colorado. program.
The IRAS spacecraft is being designed and built in 7

the Netherlands. The United Kingdom will furnish the Other Project Activities
tracking station, where data will be retumed from the .......... i_'
satellite every ]2 hours, Preliminary studies continued on the Jupiter Orbi*er !.

The IRAS mission will provide data for an unbiased Probe mission, to carnyout investigationsof Jupiter,
all-sky survey using a number of broad ,nfrared pho- including it_-atmosphere and satellites. This mission was V"
tometry channels, including the study of selected galac- approved by Congress as a new flight project beginning i

tic and extragalactic sources and mapping of extended in Fiscal Year 1978 and will be managed by JPL, with i
sources. This mission is a major step m developing and the Ames Research Center being responsible for the
demonstrating a cryogenically cooled telescope in a probe. One hundred fourteen scientistswere selected in
space application. A single launch into a 900-kilometer- August 1977 to participate in the mission. The Federal '_
altitude, sun-synchronous orbit is planned for February Republic of Germany has committed to development
1981. with a design objective of at least 1 yea., of and delivery of the orbiter's retropropulsion module.
operational lifetime, along with a pci'tion of the scientific instrumentation.

A reliable description of its contents is essentialto an JOE scheduled for launch in January 1982, will be the
understanding of the universe. Many celestial objects first deep space mission la,nched by the Space Shuttle.
are sourcesof strong infrared emission. It is not known A Solar Polar mission is being studied by JPL as a

" _ _,'_etherall infrared emitters have been identified or how potential new star* in FY'79. This _nission,designed to
_°,,_ significant infrared emission ia to the energy budget of explore regions of spaceabove and below the plane of

the universe. Existing infrared surveys have not been the ecliptic and to observe the polar regionsof the sun.

sensitive enough to insure that all important classesof would be a coop_..;,:t'v,:'_enturewith the Eu=opean
infrared emitters within the Galaxy have been discov- Space Agency. An Out-of-Ecliptic Science Working ' !'
ered, or to include a significant number of extra- Group was {ormed in late 1976 to recommend on the
galactic objects. Furthermore. there is no infrared all- science objectives of the mission, This Group's activities

sky survey for wavelengths greater than abou_23 and the JPL studies have been coordinated with par- !

microns. The IRAS mission will provide the first survey allel efforts by the European Space A_ency (ESA). In i '_'ot the entire sky at infrared wavelengths, impossible to., [ Apn_ ]977. NASA and ESA jointly issued an An.

achievefrom _'ound-ba,._,dobservations. ",' _-""l •nouncement of Opportunity for scientiststo propose ,In addition, the low background radiation envirot_-- . "..i',-invc_ttgations.
ment achievable with a cryogenically cooled t. _e_o_" : - -" ,Preproject studieson a Lunar Polar Orbiter n'_,_on
allowsthis survey to be carried out with unprecedented _|J Carryout a globalgeochemical survey of the moon
sensitiviW.At this se_itivity level, IRAS can detect the were suspended ea,'ly in 1977. when NASA de i, _"
thermal emission Pom objec'tsat great distance_.Cool retrained that the mission would ,_otgo forward as a
starsand regionsof star formation would be detectable proposed FY'78 new ,.,tart.This mission is again under

- : 10
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TheInfrared AstronomicalSatellite will carry a liquid.helium.chilled telescope that will collect data for use in anall.sky map of infrared
sources.A single launch into a sun.synchronousorbit is planned for February 1981.

_M " o__ _. m _oo_
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! in March--April 1987. Clara. California. This has avoided the need for ex-

..... ":...Sil To assist NASA's continuing efforts to leduce the pansion of existing compuihl 9 facilities, and ii dcmon-
_ J_ I costs of future nli_iUll_ by supporllng development of strales the usefulness of the technology thai has

°<<'_"__+_"_<iII standard subsystems. JPL has developed a standard emerged in data transmission and computer nelworks.
<_,. • :_.v: radio frequency transponder, a comn'land detector, a Significant attention has been given to technical and

:-, dry gyro inertial reference unit. and standard thrusters managerial techniques thai can be applied to the soft--,,:,;i for use by near-earth and deep space missions. The ware development process. Improvements have re-

_ _ll inertial reference unit and standard thrustcrs are al- suited so that successfullymeeting schedule and cost
?_-:_ll ready in flight on Voyager. and the first near-earth objectives has been the common case for software

_..'._ _,'7: | versions of the standard transponder have been de- development for the Voyager Project. even in rather

"--_--" "'II'_ I livered to the Stratospheric Aerosol and Gas Expert- demanding applications such as the Real Time Te-
ment Project and the Seasat Project. In addition to lemelr_ System. Benefit has also deriw,d from the use

_ _ missions, subsystems applications improved design languages and programming
those standard have o[

_'_ _ in projects such as the Solar Polar, Infrared Astro- standards, t
nomical Satellite, Jupiter Orbiter Probe. Magnetic Field

.-_ -.,%_, Satellite, Space Telescope. and Mars follow-on .... II I 1V llllr - -I IIIII - T i

._1 "_:_ missions.
bupporl Io the Pioneer and Helios Project_ is con-

tinuing. The Pioneer missions are inana_ed by Ames

Research Center. JPL is responsible for spacecraft

navigation, operallons, and analysis, and tracking and
data acquisition support. The U.S. -West German joirll

Helios Project is co-managed on behalf of the United _._

Stales bv the Lurlar and Piarlelarv Programs Office at __..,,.
NASA Headquarters. JPL supports mission operations. _,__ _ "_

tracking and data acquisitiorl, mission control and can't- " "-' ._P'_:._'_,-'3_" "_'lpuling, and navigation. Pioneers 6. 7. 8. and 9 were !i,_ ,_I, -_"
occasionally tracked on their nehocentric orbits between " ,, <_>'_" _'_'_" ._.. _.,_:.___'i._il_ i!_.

Venus and Mars. primarily ,o san, pie the science and "t" " _ ;_ { _ ___+_l_. " .*+_-i
engineering data and verify orbits. Pioneer ill was , .li_lib.il i ,. ; . i "__:_i_' It'

tracked frequently (less than lO-hour gaps) on its way _ _"'__'" " . • ,, _ _ii il
out of the solar system, and Pioneer l I receiw,d dally _ _ "i;. , _ - , .,,..... i_ __ ' '" J¢_<" ",i_
tracks for data gathering and orbit refinenlel]t pre- " -', ' " "_ . _ ,,,'i
parator_ to maneuvers leading to a Saturn encotMter in " - ", "_ . I "

{geptemher 1070. Training and navigation <Iclk,ilies % " _C':_i -_ ," . -_ ,_ ' , ,li
started to accelerate ii'i support of the Pioneer VerlilS _, _. i , I_' + . il It" ' "_li_,i' i" ,

nlission, with lwo laurlcl_es in 1978 Both Helios space- ,. " ;, "_ - ' "' f-Ill _I_ Ill , _'
craft were suppoiled in conjunction with the German ," ' _ _ ', _" '_ lll_i_ _-i_
h'acking station al Weilheim and under conh'ol of the " -_,- ', i_ "_ " _ ,_ # " It'- _ fill,

Oermarl Space Operations Ct, ntvr ,it Oberpfaffenhofen. , "'; " - '' ,"_.'_'_i_ 41"_ G'
near Munich. Deep Space Network and Mission Con- "'_';,_" ,%1 <._ji I - I!' ,
trol and Computing Cenler SUl-pOrl varied belween , , -i, ._ : - .)_ _-_ - _ll l,i ._1%,,<i:.

100and 200t,ou,'sperweekforhathprobes,and ".#" <. ,. U4'_.t _ h" i'-'_#
peaked al lhe semiannual superior conjunclion, pvri-

IMion. andink,riot conjunciionepochs. ,,._"_" ' ",_ ,_i<_ . ,,_ill __ytl,l_
The centralized conlpuliriq services within 3PL are p., ,_ ) ,_ ¢-_,_ -_li#l_ , _

the Mission Control and Con:puling Cenler (MCCC). d_-"e_'" _ '_" "_i_¢>tll_ tll_J i
,l,e ene,'alPu, >osco, pu,,,gI:ac,,y( PCV).andthe Adlllinish'alive Conlpuling Fdcility (ACF). - , #

for ,ocu,'r,,,,,proje<',.I,av<, " .
exceeded lhe capacilv of e×isiing compulers, and a

Investigation of solar phenomena, such as the huge solar flare
significant pa_l of the nonreal-time mission-operations seen In this dramatic picture taken by Skylab, Is playing an In.
computing for the Viking Extended Mission is being creaslngly large role in the Laboratory's flight missions,

1"
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TECHNOLOGY AND SPACE tary gases:andgreat improvementsin stellardistance
#_,,_:t --_ measurements. Seconda W mission objectives include _.,

..... cape velocmes of 50 - 100 kilometers per second nr f!i_

'¢-_;_ The primary objective of Technology and Space more were considered. The basic mission duration :_
, Program Development is to iostel challenging space would be 20 years, with the possibility of an extended _1

_ projects of the future to be implemented by the mission of 50 years. A system using nuclear electric ["i

"E" 'Y_ Laboratory's program offices and technical divisions, propulsion (NEP) was selected as baseline. The most _'_
_ promising alternatives are ultralight solar sails or laser-

_ Another objective is to identify, and develop leadership
mr in. technological and scientific fields thai will be impor- illuminated sails, with the lasers in earth orbit. I
! tent in the future. Saturn Mission

A comprehensive mission concept was outlined. _:
_'.=_'_ Strategic Planning and Studies consisting of a Saturn orbiter, atmospheric entry probe. .,

"_'++ .... and a soft lander on Titan. the Saturn moon with a

Through mission studies workshops, conferences, promising atmosphere, Lesser missions were con- _"

"_':._ and advisory groups, strategic planning for future space sidered, ranging down to a flyby bus with a Saturn
__ _',_

-:<+: projects produced several advanced minion concepts, probe.

_d '_-,=,- including the following. : The Space Shuttle launch capability for Saturn flight

:_ trajectona modes after 1985 was determined weighing
,_.! Extraplanetary Flight
_; �thesealternatives: (1} ballistic, using a single Shuttle

-::_ A spaceflight mission out of our planetaw syste.,hl launch, or hvo or three launches with on-orbit assem- .

_ could provide direct measurements of the heliopause bly of several Interim Upper Stages (IUS). 121 gravity- '
_'_ (where the solar wind terminates against the interstellar assist, using either a Venus flyby or an applied velocity t

+._'+: medium), the interstellar medmm itself, and low-energy followed by an earth flyby: and 13) low thrust, using

cosmic rays: s;_ectroscopic observations otinterplane- ion drive or a solar sail.

• '":" P' ,
,.2

- i • Ill '_

Possible trelectory for a mission to orbit Salurn and put an instrumented lander on its satellile Titan.

13
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..... Technical studies included consideration of entry Its huge impulse capability from a small amount of
'-_ and terminal descent/landing at Titan and Titan lander/ fuel makes ion drive a likely workhorse spacecraft for

___,_ Saturn orbiter communications, heavy payload flights to Saturn and other outer plan-

.... ets. round trips to Mars, and tours to asteroidsand

Space Program Development comets. Several comets--Halley's, Encke, and Giaco-
.:._ , bini-Zinner--are being considered as targets for scien-

tific investigation by an ion drive spacecraft launchable
_-_ Space Program Development is responsible for de- from the Space Shuttle in the 1980s. For cometary

veloping new flight mission concepts to the point where chases,speedsover 160,000 kilometers per hour
they can be approved as new starts,and for developing would be required.
major areas of technology for application to a spectrum
of missions. Comet Missions

/on Drive Propulsion in 1986, Halley's Comet will make its closestap-
proach to earth in 76 years. An ion drive spacecraft_

A rocket engine using the principle of ion drive--or was proposed for a 1982 launch to intercept the comet
solar electric propulsion--was selected by NASA as the 31/2years later and place a scientific payload alongside
United States' prime candidate for powering interplane- or put a probe on the cometary nucleus, but that
tary spacecraft in the 1980s and beyond in a competi- mission is likely to be delayed by NASA budget
tion with the alternative mode of using a solar sail. constraints.A 1985 mission either to the smaller comet
....................................................................... Encke, or flying by Halley and going on to the nucleus

of comet Temple. may fit better with programmatic and

'-:_ , . _._,_ _ ...... _ budgetary pl._nning.That mission will require a project-_ _ __ start in FY'81. Preproject advanced development to

.... _-_: _. _ prepare for the project start is now underway at a
_ _,--:q_.q=r_-_-_ . vigorous pace.

_? _¢ A 1984 Mars Rover mission gtudy was made. out-"_ , _ lining a follow-up exploration of Mars that would ex-

_!I _!_'_ tend the Viking missionfindings. The proposal, includ-_,i ing the use of robotic roving vehicles to explore and
_ _,:- analyze the Martian surface,was consideredbut now...... appears unlikely for budgetary reasons.Efforts aimed at
_.-: " a sample return in the late 1980s are continu!ng.

:_ Ion-propulsion spacecraft draws alongside a come', in rendering

:__.. depicting one of several potential missions using new low. thrust _ _,'_
_ propulsion techniques being developed al the Laboratory. ;L_ _'

_:'_"; Ion drive was chosenover the solar sail conceptfor _'
-_,_ long-term, low-thrustspace flightbecauseof better ik

:._ performance, growth potential, and technicalmaturity

_ born of a decade of solar electric developmental work _
: _ at several NASA centers, includingJPL. Both ion drive _i. ;_ ,_ _,

and solar sail studieswere led by JPL scientistsand _ _

engineers. _
! ;_,_ The ion drive spacecraftwill utilize large, lightweight

solar anays to feed electricenergyto a clusterof -:'_ ;
i _ mercury Ion engines.The enginesprovide thrust _

through the ionizationof mercury vapor and subse-
quent high-voltage acceleration to achieverocket ex- __llli-

_j: haust speedsto more than 240,000 kilometersper _" "_"_lk= ..........................................

_1 hour. Although the thrust force is extremely low, the Mars Rover, cruising a selected area of the plauet to seek Informa.
_"_ fuel efficiency is 10 timesbetter th_n that of today's tion about Its surface, would travel at least 100 kilometers during

chemical rockets. It= year.long mission,

,,o,=, 14'
¢ , ,_'T 11_*_ '1'1_1_ "_' ',

1978015007-017



Solar Polar Mission Seasat-B Study

An international double spacecraftmissionhasbeen The value of a follow-on to Seasat-A. designedto
proposed to chart unexplored areas of the solarsystem deliver real-time oceanographic data to commercial
from a new perspectiveabove and below the plane in users,was outlined in a study report to NASA. Such a
which the planets orbit the sun. That proposdl moved satellite, launched in the early 1980s. could provide
from the study phase to being a likely project to be improved sea condition iniormation to shipping, oil,
cosponsored by NASA and the European Space and fishing industries.
Agency.

The Out-of-Ecliptic (or Solar Polar) missionwould Technology Development
be Shutde-launched in February 1983. one spacecraft ..........

going below the south pole, the other abeve the north This program aims to determine technological
pole of the sun. They would be launched on a themes of future value and to develop Laboratory
trajectory to Jupiter and use that planet's gravity to leadership in these fields, both in spaceand earth

"'i[_ escape the ecliptic and swing back to the sun. applications.
The 4_-year mission isexpected to produce a li _

scientificbonanza in knowledge of the sun'ssurface. Containerless Processing

radiation, magnetic field, and the heliosphere. Extensive research has been conducted on an
............................................................................. acousticpositioningdevicetobe usedinacontainer-

lessprocessing facility to be .flown on the Space
-_: Shuttle• First measurementsof the first-order nonzero

_i! ./__, time average acoustictoro,,.' have been made. Acous-_ tic torques allow the spinning of molten sampleswitf,.
, _, out contact for the purpose of degassingand shaping

• ' *"*;'_' _ _-_i :_. of molten materials. Thesedata were used to designa -_
" containerlessprocessingfacility being flown on a KC

_-'_-:,_ _ 135 aircraft for short zero-g testsin preparation for the
Space Shuttle flights• '_

_,

• _ _I_ Robotics i_

_ '_,_ A fully integrated robot systemincluding functionsof i_vision, locomotion, and ,nanipulation was steadi|yim- 1

l_roved. With a single command, the robot hasscanned

/
*==,,,,,

Solar Polar Ipacecref_ approaches the sun. during projected ell. Prololype of robotic vehiclel designed Io explore planelary sot.
slon. The International dual,spacecraft flight will Inveltlgate faces has stereo vision and a manipulator arm, and can move to
hitherto unexplored areas of the solar sy$lem, avoid obstacles in its path.

z:r,
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"-_41 its laboratory environment, automatically interpreted its .................................... . ...............................

_'_JI laser input to detect obstacles,and located and picked _ ' 1 _ _,._
up randomly placed object samp es. _ E -_:_,L

The demonstrated capabilities are all necessary for _ _.: ,_#1_
autonomous mobile planetary surfaceexploration and . O , " _"_,_
scientificsamphng and have not heretofore been _F_
brought together in a singlecoordinated system.Similar ' ,db,._

systemscould be applied to other space operations. _ _

statiOnSuseof men._Vhereeconomic considerationsrule cut the , "

Superfluid Helium Cryogenics

A 5-year program hasestablished the feasibility of
using superfluid helium to cool scientific and engi-
neering devices to temperatures below 2 Kelvins (about
-455_F) in space.Such devices include superconduct- Testof newlasersdemonstratesthatsmallerandlighterversions |i
ing gyroscopesfor testsof general relativity, infrared of theinstrumentarefeasiblefor remotesensingapplications. I
telescopes,superconductir_qdetectors,superconducting with a very short-durationelectric dischargepulse.Two .E

logic circuitsand memories, and superconducting mag- types of UV-visible lasersdeveloped are the charge |inets for high-energy particle analysis.Superfluid helium transfer molecular ion laser and the rare gas halide !was proved a superior cryogen in space performance eximer laser. In both types, an inversion between
and easeof application to nonsuperfluid cryogens. The molecular electronic states is produced by fastexci-
first application of the superfluid system will be in the ration transfer reactions of excited rare gas species IF
Infrared AstronomySatellite,which will carry out a 1- produced in the electric discharge. t,year survey with a 60-centimeter telescopecooled to Lasers have several advantages for use in remote
10-20 Kelvins by the new system, and focal plane sensing. Laser remote sensing does not require the sun
sensorscooledto 2-3 Kelvins. The Cosmic Back- as a source, the laser beam is coherent, and, combined
ground Explorer and Gyroscopic Test of General Rela- with high power and pulsed, it can be used to do J
tivity programs now under study would also make use rang:,ngto obtain high-resolution vertical and horizontal
of superfluid cryogenic systems, distributions of atmospheric molecules. Such lasers

enable remote sensing of atmospheric constituents,

"_'-_"_ "-P _ "_,."_"_1_"_ trace species,pollutants and aerosols,cloud motions,
"_, _ ,.._ :" " • and surface composition. Laser remote sensingalso can
' " '*'= " -_'_"_ be used to determine the sizeand albedo of asteroids

' _,_J_ frownearth orbit and to determine surface properties in
, support of landed missions.

. "_ ,..;,# Advanced Imaging System

"_ ': ' _ __, _1__,,_ An experimental charge-coupled device (CCD)_./ ,. -- ', imager development program produced a three-phase,

_[._' *" i": _-:_l _;_._.' _._, , three-level, all-polysilicon gate structure for an 800 x" ,. 800 element sensor. A new step-and-repeat camera,

_r , _. _ .:__'_, necessa W for production of these 800 x 800 element
sensors,was placed on order for delivery early in 1978.

The improved CCDs will be used in planetary ex-
Measurementsof the propertiesof superfluldhelium in zero ploration, startingwith the Jupiter Orbiter Probe (JOP)
gravitybeingmadeonboardspecialNASAzero-gravityaircraft. Orbiting System. Other applicationswill incmde obser-

vations from Spacelab, Space Telescope Wide Field
Visible and Ultraviolet Lasers Camera(ST/WFC),and Faint Object Spectrograph.

._ ; A new classof visibleand ultraviolet gas lasers-- In cooperation with Caltech, a CCD camerais being

__ smallerand lighter than previoustlV-visible types--was tested and proven at Hale Observatory.Other CCD

developed to operate in a pulsedmode. The lasersare cameras are being readied for use at Lick, Cerro
produced by excitationof high-pressuregas mixtures Tololo, and Kltt Peak Observatoriesunder National

16'
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Science Foundation (NSF) sponsorship. Additionally. a Silicon Solar Cells

microprocessor-based CCD camera was constructed on Breakthroughs in the fabrication of ultrathin, high-
a design believed applicable to both the JOP mission performance silicon solar cells have greatly increased
and the proposed ST/WI=C camera, the power-to-mass capabilities of solar arrays used in

Airframe Noise Reduction space. This technology makes feasibleutilization of
solar energy in the multikilowatt range. Processesto

JPL-developed equipment for the study of airframe produce 50-micron-thick solar cells were developed
noise obtained noise source distribution results from and demonstrated at Solarex Corporation under JPL
flow about aircraft component models in a wind tunnel, contract, with a pilot line capabili_ of 3000 cells per
The new technique does not require instrumentation of month.

'_ the model itself and is confined to the origin of the Possible applications of the cells include space
noise. A pictorial representation of the source distri- power supplies for unique space laboratory functions.
button is obtained in as little as 5 minutes, depending welding, construction, manufacturing, and inter'plan-
upon the complexity of the model. Information ob- eta_ spacecraft travel with ion drive thrust systems.
tained enables one to see at a glonce which elements Lightweight solar arrays are a first-step requirement for

:a of an aircraft are most noisy, and enables rapid assess- a Solar Space Power System, which could gather the
" ment of the effectiveness of design changes for noise sun's energy, send it to earth using microwaves, and

_ reduction. All types of aircraft flow were examined, reconvert it into electricalenergy for terrestrialuse.
Results indicated that the wingtip vortex and flow
separation may be more important in noise abatement Gallium Arsenlde Solar Cells

,. than the well recognized trailing edge source. An efficiency of 17% was achieved with an Anti-

Scanning Electron Microscope reflection-Coated Metal-Oxide Semiconductor (AMOS)
solar cell fabricated of gallium arsenide (GaAs) using a

A scanning electron microscope {SEM) based new processing technique, A polycrystalline GaAs wafer
..I method was developed which successively irradiates proved nearly as efficient as single-crystal GaAs solar

selected components and small segments of a corn- cells, furthering hope that the AMOS processing will be
ponent in an integrated circuit chip with equal doses of applicable to deposited thin-film GaAs.
electrons to determine the radiation sensitivity of each

area. During a space rnission, integrated circuits travel- Distributed Computer Systems

ing through radiation belts are subject to degradatiot_. A real-time distributed computer system for space-
and failure. The relative radiation sensitivity of every craft data handling and control was designed and
circuit component now can be determined, implemented. This Unified Data System (LIDS) is under

The method will be used in the JOP Protect and test in a feasibility breadboard ,,.sedto simulate pro-
also in quality assurance work for the Defense Nuclear cessing aboard a planetary spacecraft.Goals are to
Agency, make multiple computer configurations marc manage-

Advanced Power Processing able, simplify interfaces, and increase ease of_ programming.
A long-lived power-processing systernwds devel-

oped for Voyager and future missions. Designed to Voyager Spacecraft Antenna
regulate, control, and dissipate the power from three Voyager spacecraft antenna hardware was fabri-
multihundred-watt radioisotope generators, the system cared, tested, and launched. "I'he3.7-meter (12-foot)

provides ,q-year minimum capability (previously 2 years diameter high-gain antenna is the largest yet built of
were required) and is immune to single piece-part low-them_al-expansion:high-strength graphite-epoxy
failure, materials,

Information System Technology Advanced Solid Propellants

An improved image data preprocessing and com- Advanced compositions have been studied to in-
presslon technique called clu_ter-coml_ressionwas de- crease the energy and thrust of solkl rocket propel-
veloped at JPL for use in future earth resources lants and reduce emissions of contaminating chlorine
missions. By reducing data w_lume down to I: I00, compounds. A key ingredient of the new formulations
cluster-compression techniques on future l.andsat mis- is cyclotetramethylene-tetrardtrornine, known comrnor_-
signs can enable large savings in image data comnluni- ly as HMX.

cation, storage, and computer processing costs--over The combustion properties of I-IMXand HMX.con-
2t)0 n'flllion dollars per year, sit,dies indicafe raining propellants are becomin_j N,tter known thrc_ugh
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studies condlicted at JPL under NASA and U.5. Air feasibility and implementation of these applications
Force sponsorship. Analytical combustion models de- The sail program reduced substantially the minimum
veloped at JPL will provide propulsion system design gage of film available in large quantities and suitable for
guides, the thermal and radiation environment of space. JPL-

directed research verified that the mechanical, thermal.
Aircraft Engine Efficiency and radiation characteri._tics are retained in ultrathin

Research was completed on a hydrogen enrichment film produced by chemical etching, and the film can be
concept developed at JPL with two contractors--Avco coated and bonded and yet retain mechanical integrity

Lycoming and Beech Aircraft Corporation. Results for practical handling, assembly, stowage, and
showed 20% reduction in fuel consumption by thinning deployment.
fuel with hydrogen and advancing the spark. Reduc-
tions in carbon monoxide and unburnt hydrocarbon Surface Chemical Diagnostics
emissionswere also noted. The chemical compositionand structureof surfaces

and semiconductorinterfacesare now diagnosedby a
NASA Standard Transponder commercial x-ray photoelectronspecbometermodified

Standard transpondersdesigned for use on all future to provide clear-cut chemicaldata. New sampleprep-
NASA earth satellite and deep space missionshave aration, instrumental,and data reduction techniques
been microminiaturized,reducing partsand intercon- were developed, along with hardware, software,and
nections.This will mean substantialreductionsin etch profiling. These studiesare leading to all increased

weight and volume, power consumption, and stability, understanding of performance and long-term reliability
• The Seasat project will use two transponders, of integrated circuits.

Space Navigation Solid-State Star Track,.r

-'_ " The increase in complexity of spacemissions has A flight demonstration model of a solid-state star
j caused a corresponding increase in stringency of navi- tracker was built, tested, and delivered to Ames Re-

._-" gational requirements and produced advancesin search Center. The star tracker has been successfully

_ measurement, orbit determination, maneuver strategy, integrated with the attitude control system of a balloon-and ephemeris techniques. Orbiters and ]anders can borne infrared telescope payload.
now be targeted to Mars with the same accuracy as Linking a microprocessor and a charge-coupled de-

missions to the moon. The delivery accuracy to distant vice to the task of multiple star detection and high-" targets has improved and encounter communications accuracy tracking, the star tracker will be able to follow

_.r_" distances have increased, both by a factor of 750 in a 10 starssimultaneously to an accuracy of better thandecade. Optical navigation using two ground stations l0 arc seconds. The entire sequence of operations is
came of age with the Viking Mars mission (1976). controlled by a computerized p,'ogram of instructions
when the navigation system delivered the two orbiters carried out by the microprocessor.

-"_ to accuracies of 30 kilometers. The two-station data
modes will be used for Voyager approaches to Saturn. Spacecraft Attitude Control

.| The feasibility of differential very-long-baseline inter- The Hybrid Programmable Attitude Control Elec-
ferometry for navigation isset for demonstration during tronics (HYPACE) systemwas designed to interact with
the Voyager approaches to Jupiter. Development of the the redundant backup elements of the Voyager Attitude
Autonomous Guidance and Navigation Systems Control System (ACS), Fault detection and correction
planned for missions of the ]O80s was begun. A capability were programmed into the HYPACE flight
demonstration of a preliminary version is planned for program. This enables automatic failure sensing at

JOP encounter, several levels up to the point where a complete proces-
sor and memory switch can be made. The processors t

Thin.Film Reflectors for Space and memories are always reprogrammable from the t.
Future spaceprograms may require YeWlarge areas ground. !

of reflective surfacesto (I) gather solar energy for The use of an ACS computer for planetary missions i!
T;

tion for large vehicle temperature regulation: and (3) power. Voyager is the first planetary mission applica-
. _filize solar pressure for vehicle attitude and orbit tlon. Complete autonomy was a significant requirement

, -- control, because of extended periods of no tr icktng and the
Thin-plastic-film technology developed for the solar great distances that result in hours of ground con'ln'land

sail in the past year will have a major impact on the turn-around time, The hardware'software fault-tolerant
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philosophy applied to Voyager has established a prece- results in 1977 included a broadening variety of earth
dent for future planetary missions, applications.

" Fire Retardant Polymers W_vePatterns Under Hurricanes
Obs_,rvalion,_ofoceanwave patternsneara hurri-To lessen the smoke toxici_ hazard of polymenc

cane center were negligible until recently. High-alti-materials involved in aircraft and mass transit fires.

commercial materials were experimentally modified by rude aircraft observations with cameras are ,or general-
ly possible because of extensive cloud cover. Directthe addition of noncumbustible fillers that release large

amounts of nontoxic vapor, such as water, when surface measurements by ships near the eye are "few
because of sea conditions, and are limited in coverage.heated. About 200 compounds were prepared and

The JPL imaging radar was flown on a NASAtested, and two of these have been selected for further
applications testing. One is an epoxy-fiberglass panel CV-990 over 1976 hurricanes Emrny. Frances,and
material for aircraft interiors, the other an elastomeric Gloria, providing high-resolution (-25 meters) imagery

of ocean waves regardlessof cloud cover, sun illumina-material for wire insulation. Both contain over 50%
magnesium hydroxide, which releasesabout one third tion, or weather conditions. Wave patterns around and

inside the hurricane eye were imaged for the first time.of it , .ght as water when heated.
In National Bureau of Standards smoke chamber Fishing Vessel Imaging

tests, the experimental panel material produces 70% In cooperation with NASA/National Space Tech-
less smoke than unfilled polymer. Filled elastomer for nology Laboratory (NSTL) and the Coast Guard. a
wire insulation produces negligible smoke even after 5 preliminary test of synthetic aperture imaging radar was
minutes of thermal exposure, The results indicate that attempted to locate and identify fishing vesselson the
smoke levels can be achieved far below the maximums open ocean, in a flight experiment over the Bering
proposed as new standards in aircraft and mass transit Sea. all vessels in the area were detected and imaged
vehicles, by the radar. It was concluded that the ocean back-

ground can be reduced to simplify the detectability of
User Program Development the vessels, While digi!al analysis problems remain, it

appears that the method has considerable promise.

The objectives of User Program Development activ- Polar Ice Mapping
triesare to identify scientific thernes important to the
future--both space and nonspace--and to develop Four airborne radar observation missionswere con-
Laboratow leadership in the requisite fields. Scientific ducted over Arctic areas to determine the capability of "

the radar to (1) image ice-covered polar regions.
(2) identify navigable leads with open water or thin

f: " layers of ice. and (3) determine the breakup rate of the
...... ice cover. The missions were flown during all four,IP

seasons of the year. Mosaicswere obtained and ana-
- .. lyzed. Open watm_ in the polar seaice pack are

:_ '" generally smoother than the surrounding ice and image
'" - _ "- as much darker tones.

Two sets of data, consisting of 22 flight lines over
" '" - ;, the frozen Beaufort Sea north of Alaska.were me-

-' " " saicked, digitized, and processed using the JPL Image
,'.' ' " .'. Processing Laboratory (IPL) systems,With these quick

,, ,, and accurate techniques, it is possible to determine the
, percentage of open water and movement and rotation

of the ice pack, This work has application in
polar ship navigation and evaluation of the heat ex-

: ,... change in the polar regions,
. Algorithms were also developed to determine the

\ , linear and rotational motion of ice flows and the ice
• pack. Ice motion was measured during the fall season

for a 2-weekperiod. This type of work has direct
Graphic representation of ocean wave patterns during a hurri, implications in deternlh_[ng the circulation and global
cane, based on data taken with JPL-developed imaging radar, lllotion of the polar cap and Arctic Ocean,
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_ ARIESSea Measuring McDonald and Haleakela observatoriesto the retrore-

A dPL-developed very-long-baseline-interferometry flectors pieced on the moon by Apollo astronauts, This
precision geodetic system called ARIES (Astronomical experiment has resolved factsregarding earth-moon
Radio lnterferometric Earth Surveying) is being used rotation and dynamics. The geocentric coordinates of
by the National Geodetic Survey to resolve discrep- the McDonald observatory are now known to an
ancies in sea level determination. Dat_ reduction and accuracy of 1 meter--making the observatory one of

analysis of measurements of the sea slope between San the most precise points on the earth's surface--while
Francisco and La Jolla (which shows a discrepancy of the locations of the retroreflectors are known to
60 centimeters) are currently underway. The ARIES within 20 meters. The mass of the earth has been
9-meter station completed measurements between determined to one part in 4 million. The lunar ephem- o
Malibu and Palos Verdes, using the 40-meter telescope eris and rotations (physical librations) also are being
of the Caltech Owens Valley Radio Observatory as a steadily improved. _ _ i_

base station, I:i

Lunar Surface Chemistry t_I
Geological Applications An expanded analysis of thorium concentrations in I_

The objective of the JPL Geological Applications the lunar surface as measured by the Apollo gamma- i::
Program is to determine new wavelength bands for ray spectrometer has yielded new information on the t

future earth resourcessatellites. It was found that distribution of radioactivity. A negative correlation be- i!
adding a seventh band to the thematic mapper on tween crustal thickness and thorium surface concentre- t :"
Landsat-D. centered at about 2.2 microns, will almost tion in lunar highlands has been found. The linkage i_:

I'
double the anticipated accuracy in separating altered between the surface and the underlying crust indicates ,
from unaltered rocks. With the recommended seventh that the initial character of the surface has not changed t,,=7

+ band, Landsat-D should produce more accurate maps much since early lunar history. !i'

of alteration patterns and open up a new capability in !.
the mineral field. Lunar Gravity Field ,._

Earth Resources Analysis of Lunar Orbiter and Apollo tracking data "
for a better lunar gravity model has produced more !r_

Research on sensor simulation and data manage- precise figures for both nearside and farside ringed I:
ment procedures promises to improve the accuracy and basins. The isostatic statesof lunar features such as

utility of Landsat lollow-on information for land re- mascons, mountain ranges, and lO0-kilometer-diame- i_,
source inventory applications An analysisof the impact ter craters are being investigated.To date, Mare Often- i:

of the Landsat-D Thematic Mapper spatial and spectral tale, the Apennine Mountains, and 10 large craters li:
resolutions on classification accuracies for urban regions have been evaluated.
shows that marked improvement can be anticipated. '*

A computer softwaresystemalsowas developed to Asteroid Evolution !

integrate Landsat imagery into the mainstream of com- A study of the origin and evolution of asteroidsand I)
puter processing,starting with Landsat-C. The new meteoroids Identified debris from 104 collisionevents !_

software will enable agenciesto obtain tabulationsof in the asteroid belt• A resonance theory was developed [!
land cover change and effectivelymonitor land re- to explain how meteorites move out of the asteroid belt _"
sourcesfor the first time, and into earth's vicinity, Orbital studiesalsowere made J'

Earth Stratosphere Study to support Palomar Observatory'ssearch for unusual _asteroids, i-

The JPL Mlchelson infrared tnterferometer aboard a [
balloon-borne gondola 39 kilometers above Australia Microwave Spectroscopy.
simultaneously measured the vertical concentration pro- The first narrowband molecular line was detected in !-

flies of hydrofluoflnes and hyclrochloftdes.Knowledge the microwave spectrum of a planet by JPL and Acre- i
of the abundances and distributions of thesetwo gases space Corporation scientists.This was an absorption i
in the stratosphere is needed to test hypothesesregard- line of carbon monoxide in the atmospheres of Venus
lng the effect=_ffehlorofluoromethanes on the earth's and Mars, and subsequent observations showed that ,
ozone layer line Intensityand shape changed significantlyover a i

,- 3-month observational period. These findings provide i:
Moon Laf_ Ringing the first empirical evidence to support global circulation i

JPL continued to provide predictions and reduce models In which dayside-produced atmospheric consttt-
data for the laser ranging pulses beamed by the uents are circulatect to the nightsideof ,I planet. .,
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Global data have b_.'en lilt,lined fiom the ,IPI. Mt'It'_ltV fall bC plvdk'tcd to within four hundretltns of

.qcannhlg Mk'rowaw, Spectrt_meter (.qCAM.q} on the ,I seccmd per century The t'hlsteh) .qt'nt'ral theory o|

NIMI]US.t)earth o_'}setvatorv satelht,.,. SCAM.q ts tht' l't'ldtlVItV t'OlttitlLlt'.', It) I_t' CollSISk'IHwith oh)err, moiL,,

fil'st spacecraft i11strtlt)lelll to t'Olllt'_illC IlllCtt'_k'.,tvt' Sl'W," Sol,H" t|rdVltV ,,,lLidies hnpli_'d thdt the tot,ttiotl Fdfe Of

IrC_SL'Opv %L'[th itllagJfl_.|, |3rovill,1 that mkt,>_aves <an the sun is marc r,lpkl lll|t'llldll_, th,ul _h,d i.,, ,4,...cix ed
penetrok, alld lllap sLIhSLIFi'&ce strllfttltes Illld_'t thv k'L' i'll ItS still,we.

,ind SllOkV and also Illdl') ,l[nlt'lst_hcrit" tt'ltll'k't,ltHlc
Mars Moon Study

profik, s and distril_utions of atmospht'ric w,)Wl nnd

W,lter vapor. Vikin_j ()rhiter photogral__hs ot l_hooos, the ir)n_,r
nloon of _|drs, revedled ,I CLIrioLIS ._erlt.'s Ot striations or

Solar Physics .qrooves over much ot' tilt' stir|ace

Analytical technkltles wt, re developed to detctrnme All analysis by JPL ,rod Co, nell Llniversitv investi-
•. tilt, first solar wind velocity profile to within 1 7 solar gators suggests that the grooves (or graben) may have

radii frail the sun, following tests with the radio signal resulted frail tidal stre_,_ as tile moon's orbit evt,lvt, s

data from Helios I and 2. These techmques _lll be inwards from the pt.ll ol the planet

useful ill obtaining information from future missions
Planetology

very near the sun,
Radar images and topographic maps of Venus were

Interplanetary Magnetic Field produced from data obtained at the (;oldstone Deep
Space Network tracking station. Data for approximately .

Obsel_vations at the interpleneta_., magnetic field by 7% of the planet have been redtlced to produce the

Pioneer 11 established tile exJstellce of a thin cunent only existing topographic maps and the Illghest.resolu-

sheet sun'oundiilg tile sun and extendtntl throughout lion iin,i_jery (about it) kilomt-te).'s) yet made available.

the solar system irrto distant slx"lce. Studies show that Findings indicate that there may be regions of large
this sheet ef|ecth.'el.v divkles interplanetary space into impact craters on Venus and at least one large shield
hvo hemispheres containing opl'_',sitt,l.v directed re,l q- volcanc_ filet,i) that riw_ls Olytnpus Molts on Mars in
neth. fields, size.

The current sheet is inclined at an an ql¢ of about

15 de_rees lelatlve to tilt, solal cqLlator so that, as lilt'

Still rot,lies, spacecraft in or nedr the t,cliptic will lit,
alternately above and below tilt, Ctlllt'nt shet't, Ties

effect is re_porlsible for the o|'_servt'd sector Stl",lCttlre oI

_ tire inteq_lanetarv field, with polarltv altctnatil)q frail)i . , .
outward to inward durhlg a solar rotatk>n _27 d,lvs).

_Y4 Thesefindhlgs nlav spur further stUdlt+S at solar lU,)tj _--_

netic fields and the propat_atitm of cosmic rays (k
_..

IO'S Sodium Cloud

The first direct ,'ictt l'e_ of lo's extt, nded sodium '°_,.k.
cloud were obtained at ,ll'[.'s fable Mt_unt,ul_ ()bSClVa

tat'k/ The inlat:les, of the Jupitt'l moon were l t'cordt',_ ,is f _ -- . _.

System (SIPS) silicon tube detector. ,,, ';i' WThe detector was lllOtltlted t_ll tile k'oud¢ sl._ectro-

graph of lilt' (_l-t't'tltltllt'tt'r (2,| Jilt'hi telescope,

1"heimaqes revealed hlat the vast cloud extends
some ll)ll.lll/tl kllolneters and iSsomewhat ban,l,_a

sllaped, with Illtlit' sotiiulu pleceding Io in its orbit than
(olh)whlq Thus lay, a illotlt'l involvhl.q est',lpe of

sodJulll film a speCllk" Iocali-ed ,lied on Io pit>rides the

best explanatit_l_ of obsela,,ed intensitl., distributio,ls

Astronomy -- Cosmology and Relativity

Sohltioll._ (o1 the illotioll at lilt' pie)let.,, wt't,' ob StrMtlons on Martianaa_lilte PhobosdtscertstbleIn Vikingimage_ndlcate that the satellite may be bteaking #p aS a r_ult at
taint'd _uch that tilL' plt't'e_,tota at tht, p,.tlhehtm of combination ol tidal totet_l and Inlp_cls.
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= i!it TRACKING AND billion kilometers on its way out of the solar system_] _L,'.":_'_'-' Voyagers l and 9 were tracked in the launch and
;'a DATAACOU/S/T/ON earlycruise phases. Pioneer 6 was tracked for the

.... twelfth year since its launch in 1965: Pioneers 7, 8, "

During the first part of the period covered by th_s and 9 also were tracked during events of special
.!..-.."-. report, the Deep Space Network (DSN). developed, interest, t

implemented, and operated by the JPL Tracking and Viking operations generated the most demanding
Data Acquisition Office (TDA).successfullysupported requirements ever placed on the DSN. Two spacecraft

i} /he Viking missionsto Mars usingthe network capabil- in orbit and two landers on the surface requiredtheity that had been reached before the two planetary reception at timesof six telemetry streams simultane-
encounters At the end of the period, the Voyager ously from three spacecraft by a single 64-me*or an-

tenna. By the end of the prime missionin November :-launches to Jupiter and Saturn were supported at a
new capability plateau attained with the Mark ill Data 1976. the DSN had provided more than 16.000 hours
Subsystems (MDS) currently completing implementa, of trac;_ingsupport, transmitted mere than 72,000

commands, and delivered 99.98% of all the datalion. Challenges in the form of requirements to en-
hance the capabilities for suppo:t of Voyager en- received at the stations. Throughout the mission,con-
counters with the two planets were met when the DSN tinuous high-performance telecommunications links
completed the necessarydesignprior to launch. Ira- were maintained from earth to each spacecraftover :_

., plementation for trackingof Pioneer Venus entry more than 320 million kilometers. In November 1976,
probes neared completion Significant milestonesin when Mars approached solar conjunction, extreme care =
technology demonstrations and in facility plans for and highly skilled use of the DSN ranging equipment
supporting the planetary missionsof the 1980s and throughout the network permitted gathering of data as
new end usersof TDA service were achieved as well. the radio _ignals from the spacecraft passednear the

surface u,r the sun. Such signalshad never before been,.|

successfully received after passff_gso close to the sun's
., surface. The data collectedwere crucial to the relativity

experiment, in which the verification of Einstein's gen-ii

" .'t|.",' |._ .-.,_"__ eral theory of reldlivity was establishedwith the greatest
/'_ ' accuracy to date. The experimental un_rlaintywas

• _'_'_i_"t ii)'_ ,,, , reduced to 0.5% from previous levels of 2%. These, ". - '-' -"" results were achieved in part by the opportunity to
" 1 "- ' ", :.i..""; "_ track both landed and orbiting spacecraftand In part

L_[ _j, ," by two significant new DSN capabilities: the subnet of
I " ._ ',- X-band (3.55-centimeter)receiving capability and a

•,.,_ml_. ,_!!!!i_,,¢_ ' , _, _ _

';t,: , _' - , ":",,, new dual-frequency (X- and S-band) ranging system.

,. -_ _ The dual-frequency rangingdata permitted calibration
of the effects of charged particles on the radio signats.

_._.., . These data represent the most extensive and direct
'. -;, ._" measurements of electron density in the solar corona

yet acquired.

-, j Rangingdata from landersand orbitersalso sup-
ported planetologyand celestialmechanicsexperiments

Miss'onoperationspersonnelst workin theSpaceFlightOpera. with a wealth of information on Martianpole move-tlonsFacilitytrackingspacecraftIn flight.
ment spin rate, gravitational fields,and ephemertdes.
Special open-loop receivers,operatingat both X- and

Operations s band, observedorbiter occultationsand provided
' data on the Martian atmosphere, Ionosphere.and topo-

A record 14 active spacecraftwere tracked by graphy. Additional special equipment (calibratedre- :

.',i'_ the DSN during the period. Two Viking Mars orbiters ceivers, hydrogen masers,and a wldeband _ecordlng .
and two landersbegan operations.Hellos 1 completed system)was installed at the 64-meter stationsin Aus- i
five perihelion passages,and Hellos 2 completed three, tralla and at Goldstone. This equipment was used for a
Pioneer ! ] was tracked beyond ! billion kilometers on very-long-basellne-lnterferometry (VLBI) experiment:

:_ its way to Saturn. Pioneer 1,) was tracked beyond 2 the antenna was pointed alternately, for short peric_s. 22'
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at a Viking orbiter and various quasars. The data were project replaced aging equipment with modern mini- j :

used to determine more precisely the relative positions cemput_,r_ The older computers and other equipment _, _.
of the earth, Mars, and the spacecraft, had been in service more than a dozen years and had

Phased into the operations support of the ongoing be'. _me increasingly expensive to operate and main-
missions were the preparations of the DSN for launch tam. In each of six of the nine tracking stations and in
and cruise of the Voyager spacecraft. The preparations the test facilities at JPL and Cape Canaveral. seven to
were keyed to implementation of the MDS at the prime ten modern minicomputers replaced the older com-
26-meter antenna station subnet for Voyager and the puters. The new data processing equipment comprises
64-meter antenna at Goldsto _e. The new capability, the major part of the telemetry, command, and corn-
supported the launch and early cruise of the two munications subsystems. Therefore, in addition to up-
Voyager spacecraft with no significant difficulties and grading older capabilities, the ._,_ystems meet new
provided solid support to the Project in its trouble- requirements such as nigh-rate coded telemetry data
shooting of early spacecraft problems, handqng =-_d increased reliability for long-term missions

Important progresswas made in the prediction and _uch as Voyager and greater f_exibility for a variety of [_-"
avo;dance of radio frequency interference (RFI), a iuture missions. _
problem of increasing significance to the planetary An outstanding feature of the MDS is that it accom- _'_

program. Better techniques were developed to predict plis,_es its task with a marked cost saving._over older !_
interfere'lee to tracking deep space probes from earth- methods. Because of the increased emphasi_ and de-
orbiting satellites of NASA. the Department of Defense, pendence on computer software, the DSN also devel- _ "
and the European and Japanese space agencies, oped new software methodology and standard prac- '_.:-

_ Whenever necessary,procedures were developed and tices for its development and control. This methodology
used to minimize RFI by turning off an interfering incorporates un_-r_tood engineering processes,using
ground transmitter or satellite. Even with closecoordi- structured pros,...,,)rning, for going from requirements
nation with military agenciesthat routinely conduct to the delivered computer program. The standard prac-
electronic countermeasures, bombing, and ether exer- rices provide the appropriate control of the implemen-
cisesin the vicinity of the complex, RFI at Goldstone tation effort. This approach is one result of an intense
continued unexplained, effort i., the DSN to increase productivity and cost

An important first step was taken in the comparison effectiveness and enhance service to the flight projects.
of VLBI techniques with laser techniques for precise The installation of the minicomputers was an exten-

position measurements at continental distances. An sive effort, involving replaceme._t of approx!mateiy
intercomparison project was established, and the first 20% of the electronic equipment at e_ch station. Each
three-station demonstration was conducted at Gold- station was therefore removed from service for slightly
stone. The purposeof this initial effort was to establish more than 2 month_. The installations were phased to
reliable stationoperation and identifyproblemsin support ongoingflight missionswithout interruption.
preparation for transcontinentalmeasurements.The Other work in preparationfor the VoyagerSaturn

VLBImeasurementsagree with conventional surveysto encounter also was accomplished during the MDSwithin 15 centimeters, upgrade.
NASA and non-NASA radio astronomerscontinued Work started on a project to increasethe diameters

to use DSN facilities,primarily at Goidstone.The Gold- of three 26-meter antennas to 34 meter_,the first to be

t stone 64-meter stationprovidednearly the completed by 1978. In addition. X-band receiving
50% of total

: support. The experiments supported included VLBI capability is to be added to these stations so that when
observation, radar observationsof severalplanets and Voyager encountersSaturn, the signal from a 34-meter

observationsof Jupiter and the moon. The DSN sta- antenna at the same longitude. The additional sensi- _

_ons overseasare available to radio astronomersof the rivity Is intended to allow receptionof televisionptc-
• host countriesfor conducting radio astronomyobserva- tures in real time at the encounter.

tlons. In the past year. use of thesefacilitiesfor this Two difficult design problems_'ere solved in the
type of work has shown a significantincrease. 26-meter antenna project. One was to d_s!gna sy._tem

to lift the 406,000-kilogram tracking antenha to Jl-.
accommodate the largerdiameter. The scheme

Facility Modernization adopted usesa heavy lift frame an'l a systemof if'
.... hydraulic jacks and manifolds with cribbingto enable ili"

A major effort tn facility modern_ation was largely the entire antenna to be li,_ted3 meterswith an" _
accomplishedin 1977. The Mark !il Data Subsystem accuracy of 0.13 millimeterfor both horizontaland

241;-
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Lift frameandhydraulicjacksraisea 26-meierantennain prepa. Dual-frequencyStX-bandfeedconewithwaveguidehornsispart
ration for modifications.The406,000-kilogramantennacan be of newequipmentformodified26-meterantenna.
lifted3meterswithanaccuracyof0.3millimeter.

vertical placemen[. The other design problem solved Dernonstrations were conducted in early 1977 which
was the addition of X-band capability to a 26-meter showed that 4.5-meter ranging accuracycould be met
antenna without excessivedegradation of the S-band by a series of very rigorous calibration improvements.
frequency performance. JPL engineersdeveloped o The Search for Extraterrestrial Intelligence (SETI)
numerical RF scattering technique for the optimum Project has completed a year of fruitful planning.
placement and shape of secondary reflectorsand the Considerable activity has led to a coherent observa-
feed assembly to minimize the RF blockage and spill- tional plan and firm concepts for the vital elementsof
over. These challenges,along with others, have been the SET field system. The goal is a coordinated sky
met for the design of the S-X Band Conversion Project, search for signals from outside the solar system,with
which is now in the procurement and fabrication valuable radio astronomy data as a b:,,product.
process.

New receivers and magnetic tape recorders were
designed to support the Pioneer Venus entry probe Advanced Systems
experiment• This equipment allows the simultaneous
reception of the signals from one large entry probe and DSN Advanced Systems continued development of
three small ones• Using very-long-baseline-interfer- new capabilities to support future p_ojects.Although
ometry techniques by combining signalsfrom different the operational tracking system used for Viking is
stations, the equipment will provide for measurement capable of a na_'igation accuracy at Mars of 100 kilo-

'" of the Venus wind effectson the probes, meters, it does not, as h¢_sbeen pointed out, meet
Navigation ranging accuracy requirements for Voyager requirements at Saturn. During timeViking

Voyager were more stringent tha_ for Viking by a extended mission, a new technique demonstrated
factor of three. Early Viking ranging indicated that a the required improvement by reducing thL' single-

;o range accurac9 of 10 meters could be met by normal station relative range error to 4 meters. Tile tech-
ranging techniques, but tile Voyager requirement for nique is dependent on the use of a hydrogen maser
near-simultaneous two-station ranging w,_s4 5 meters, frequency standard aqd two-station differenced range

OK"
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!:.:j.
--! measurements. The hydrogen maser provided an ira- capabilities. An Orbiting Deep Space Relay Station .-::r]_

- provement of two orders of magnitudein frequency (ODSRS) concept was studied to determine the feasi-
stabili.tyover the rubidium frequency standardsused bility of providing 24-hour. long-baseline spacecraft ,:,;

-. earlier. The differenced range technique improves coverage with a single earth-orbiting antenna. This I "'

_'_ accuracyby comparing data taken from two stationsas concept may be a cost-effective way to increasedata 1_:__, nearly simultaneously as possible, rates and antenna gains with higher frequenciesand !. :
: Another technique, dual spacecraft tracking, demon- larger apertures than are possibleon earth. L."._.I "}-_

i_l.-w strated a seven-fold increase in navigation accuracy.By Two conceptswere studied to reduce operational t "J

tracking two spacecraft (Vikings 1 and 2). only one costs: Bent Pipe and spacecraftsurveillance. The Bent I...:J_
] • having d well determined orbit, the orbit of the other Pipe concept would centralize the telemetry and corn- ?J

_-:|! was established relative to the first with great accuracy• mand processingequipment, usingcommercial earth ]-:_i!

., The dual-frequency calibration technique, made pos- satellite communication links. The secondcost reduc-
{ sible by the addition of the X-band receiving capability, tion concept would provide small instruments to moni-
: . contributed a factor of three to theseimprovements, tor a spacecraft during cruise without requiring large

| The unprecedented accuracy achieved in the Viking tracking stations.
, relativity experiment was made possible by use of the Two new radio metric navigation concepts were

Goldstone 64-meter antenna eyperimental Advanced developed with a goal to improve the DSN planetan_
! ;ill Systems ranging equipment, in addition to providing navigation capability by one order of magnitude. Dif-

I,il radio metric data. it also afforded helpful technology ferential spacecraft-radio source VLBI. the process of
• guidance that permitted the planetary ranging assem- measuring the angle between a spacecraftand a nat-

blies at the 64-meter antenna stationsin Spain and ural radio source using VLBI. will enable navigation to

t _ Australia to track beyond their normal capabilities. The a Jupiter satellite with relative a_curaciesof 50 kilo- i ...., range measurements were made with a precision of 10 meters. A second concept witl_ the same accuracy ":•_
nanoseconds out of a round-trip light t,me of 2500 potential uses three instruments to measure the one- {_

• ,'| seconds,or one part in 4 x 1012. This is one of the most way range to a spacecraftand to determine its fight
.| precisedistancemeasurementsever made by man. ascensionand declination.

The developmem of higher-accuracytrackingby Finally, a 300-megahertz. 1-million-linedigital spec-
II two-station techniques also continued with the improve- trum analyzer design was developed. This analyzer will
.| ment of VLBi capabilities. Six necessarykey system be used with a steerable medium-gain antenna and

.| elements were developed in prototype form: 40- data processor to monitor and characterizethe RF '-..i
, II megahertz receivers, hydrogen masers, receiver phase environment at the deep space tracking stations. This

I calibrators, dual-frequency charged particle calibration technology is needed to keep the DSN operable in a -:'
algorithms, water vapor radiometers, and a data cor- worsening RF environment, and may be useful in SETI ,

•"elator. Completion of the Caltech--JPL 4-megabit-per- and planetary radar, i"I!

"_ second correlator provides userson the West Coast
with a means of reducing VLBI data locally. Previously.

I these data could be reduced only at the National Radio
'i" Astronomy Observatory facility at Charlottesville.

Virginia. NASA and National Science Foundation fund-
ing were combined to create a center for VLBI corre-

1 lator expertise at Caltech and JPL, providing a national
• radio astronomy facility• The VLBI catalog of known
j' compact radio sources was expanded to more than ",_
'. 300 objects, two thirds of which were identified by JPL. r-ill
,. observations between Goldstone and Spain. .p"

-| High-power transmitter development continued at
• both S- and X-band to improve reliability. Radar

observations of Venus, the rings of Saturn, and the
• { Jovian satellite Callisto were made employing the im-
: proved capabilities. Extensive S-band radar mapping of
"_ Venus was accomplished using three Goldstone stations

simultaneously in an interferometric mode,

Several conceptual studies and designs were con- Space Flight Operations Facility is the control center for all un-

ducted to provide the foundation for future DSN mannedplanetary exploration spacecraft.
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C/V/L SYSTEMS .,seri,.s,,Icosl_,,_s,a,,da,ds.,,ndaces,esti- y_.._:male pr___ram i_.,rmillin9 comparison o| lechno-

..... logical options. •

During the past year. the L_boralo_"s locus o,, 12) Eslabli_hm_.',ll u[ d laboralon." to preduce !:!oh

technical problems and applications in the cwi[ sector purily silicon pills contlactor developmenl of _ :-
has strengthened. I:_rlicularh,, ill the area o! energy various alternative proce_,_es, t
systems. (3) Evaluation or contractor eiforls in ingot, ribl_on. ":

Tl_e Civil Systems Office was reorganized into three and sheet growth of solar cell blanks. Several : :_,
technical program Areas: Solar Energy: Coal. Gee- successful developments toward novel mass . :_

thermal, and Conservation: and Techm)logy Applica- production processes el cell maledal, notably in ',

lions. The field of energy research and developmenl silicon ribbon 9rowlh. were achieved. ',,°:___

has become the major new program areaforJPL. wilh (4) Progressinlilep,,_dicronrnelhodolo_,._eking :i_|

emphasis on Solar Energy Growth during the year was a 20-year ,'_eldlile ior arrays, and ._leclion el ,(!,_
mosl marked in this program, although the other areas encar':.dlalion malerial candidales it,eluding glass. :_-_

displayed lively, varied aclivi W, - ac"ylics, and fluorocarbon fihn rnalerials. LAd- "-_'

vanced processes studied by ¢onlraclors included _"_

Solar Photovoltaio Arrays eleclroslalic bonding of silicon cells to glass and _
............ ion plaling of the cells.} _:_,_

The iargesl single efforl in CMI Svslems. was ihe (5} Slarl of a new research efforl lo define the ,._;:_2"
Low cost Silicon Sol_r Array (LSSA} Project F.slab- effects of fabrication processes on sihcon sheel ,' _,_"

lished in early 1975 under sponsorship of the Energy properlies and solar cell performance.

Research and Developmen! Administlalion's (ERDA) (6) Integration o{ lhree independent technology _

Division of Solar Energy, tile projecl has a lO-year goal assessmenls of solar array manufacturing. ___

of developing a large national produclion el silicon (7) Evaluation and testing _f lhe firsl deliveries el !._
solar an ay modules al greally reduced prices. The solar cell modules of advanced and expert- f k!

LSSA Project office has issut d more than SO colllriwls menial design, conlracled for b.v JPL ,_
for research, process developmenl, analysis, and pro- A three-site tick| testing program was set up at 3el.. }_-_i

duction to a variety' o[ firm.,,and univer.,,itv labor,de, ties ill Pasadena. "Fable Mountain. antl Goldstone. An !\-_
Work wldfin JPL included analyli,.al and economic automated svslenl for long-term perk_rmance dala is _ -_,• l_ i

studies, process studies m_d evalualions, and per- part of the Jl'l. Pasadena test OlX'ration. _i_

formance and erivhoml'lenlal testing el solar moduk's. [-ngineerin9 advances included development of a t._
comprehensive pholovohaic module specificalior_ based :_

Significarll developmerlls weft' [,_!
" " on user needs and sludies of l_olenlial module design.

I | ) A compu!er model of the solar mrav tnduslrV. Many tests resulted ill the definition of electrical and ['•_]'
........... mechanical l'_eriormances, efficiency requirements, and h;

I _--- ._ - lhe eiiecls o[ opt,ralin9 lempelalures and env_rorv ! -i
: .... I .._,.. ,-Tq u_-'J_. L:.:.:.:_.,..L_.P_--__ trk, l_lal contlilior_s. H

_ " 'i\ ' \ ...".'_':' : From 3uly I_171_lhrough September Iq77, lilt'

"_'"-"-_ ' itv) of solar array tnoduh.'s for lt'slinq and the ERDA

,H'_l_licalions program. [or a lolal to dale o! |,|_

kilowalls. This eilOll has bolh slimulaled indusl1"v

"" '_" qlowlh atld delllOllslrah.'d pro_lless i|_ price reduclion.

,_.' • two minor goals of the ]_lOl_'¢l

_ i ill i i i i i ii i ilili

_'_ :" " _ "' F'fOio.'t S,'\(._I:. (Solar ,'\ssi,,."ed (._,is I:t11.'lqVl, sport
soled by lhc Nnlion,'tl Science Foundalion. the South-

,.1\ W'. ,.,,, ,,,..,:..,eta,,:,,..,.,:,
l\' ¢ _ _l_'_I]l_",_ Adminislralion, and conducled coll,_boraliveh., by the

...... [.aborah_t_, nr=d the (_as ('onH'_alW. added a second

Solarphotovoltalccells for terrestrialt_setmderqo testsu_special ],H'ge demol_Slhlliol_ el tesidelHial walel ll,.,,lllt_q. The
facility atop the mesa above JPL s_.'s|el1'l was inslalk'd in an ,Ipathllelll complex at

7
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Upland. California. following a successlulyear of the '

firstoperating systemat El Tore. Test dala from the __ "'_"_'__:-!_ : I _ the Southern California area but. without consideration
._ two systemsindicate substantialsavingof ga, fuel in "__-+":"

of solar energy tax incentivesand at the presentlevel
_"_'_i of naturalgasprices, do not yet demonstratea clear +" ,_,_ _ ""

_, economic advantage, ti_;" '+
A study of solar energy use in buildingswas made

_ for the California Energy Commission.It weighed tech-

"_ 'i_ nical, economic,and institutionalfaclorsand analyzed "+policy implications.The studyconcludedthat institu-
_ _ tiona] factors would require the greatest attentionfor

_ solar applicationsto grow in California.
c

j+
Solar Thermal Power .: _: -__,v_.-:+ _+_ i
,, , ....... _ ,++_+._ ----_-e,. :

,-_ A complex effort in thermal power systemsfor ..... ++:.... -' ;:_
ERDA's Division of Solar Energy has progressedwith _#_

._ research and technology development for point-focus-

ing distributed systems.A smallpower-systemsapplica- .-- _.... : :-
'_ lionprojectisdevelopingconceptualstudiesfora _,_°+_....... /._

: small-community (1-megawatt) solar thermal-electric ",_iP-_ . .__z-_

power system to be in operation by 1985. A tech-
nology project will develop later-generationsystems.

,_ with technical work divided amongJPL NASA Lewis
Research Center. and contractors A research and

development project is coordinating contractor and JPL _- _ +._
-_-t researchefforts at a more fundamental level to provide ,"::
_+_4 a basisfor future solar thermal technology.
"+,_| Another solar-thermal experiment for NASA's Office

"_ of Energy Programs is testinga kilowatt-scaleso' _++
-_ Stirling system,This usesa 2.Q-meter (9=b-foot) p,-,_a-

,++.+_
__+| bolic reflector, a JPL-built energy receiver, and a

_!t+i_ Slirling engine with a linear alternator. Inlial ev+.Juat_on .
. _._ of the concentratorand receiver was made in mid '

{+_ 1977 at Table Mountain. with energy collection rat_s o, ._m

" close to 3.5 kilowattsand receiver lemperalures ove_ _, +_..,,.-,_
l IO0°F.

Other work included ERDA-sponsored testingof a . ."
_++, JPL-designed V-trough collector, who_e lighlweight de-
+- sign incorporatesa two-step adjustment for-seasonal

_:_ changes in the solar latitude, art_ which showed iher- ::.
mal collection efficienciesof 20 to 35% at temperatures '+'_' . '+

", , up to about 132"C. A related study for ERDA ex- ++
• amined the thermal storage potential of steel ingots at

_:_] +;+;;, temperatures from 316 to 538°C. _.

+"++' ' Utility Systems / ,= •
I I J I I I IL II III II I II ,+ +_+ ' ]

.'+.... ./.._, _" A utility systemsprogramwas begun under ERDA ....... • '+` / 1'+ i

_ll supp°rt t° study pr°l+)lems °f fuel Pr°_e'_"'_ing+ c°genera" V°t_P°ugh c°tlect°' °"" "°°"eP "d_uI"en' '°' 'e'_+°"el

lion, utility communications,lightning impacts,and change_l in =olaflatitude,Increesin9the efficiencyof unit= In.

._._I hydrogen energy storage. The study of heat and electri- tendedforheeling and cooling buildings,
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Kilowatt.scale solar Sttrling syslem with parabolic reflector being Coal extruder is part of coal processing end mining study being
used in solar-thermal experiment, conducted for Bureau of Mines.

". i i
1

it I •

" I_I _'-'_ r -_

ii.

' "_.._,_o:_,_,,___'_" iil_,._

Hybrid.powered Volkswagen minibus undergoe._ les|g In program to improve fuel savings and reduce air pollullon.

_E_RODUCBIDITYO_ _
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_ city cogeneration for industry was completed for the continued its work in system studiesand instrumenta-California Energy Commission. tion development.

_ Begu.1 in the spring of 1977, the project assumed
Geothermal Energy management of development contractsand. with Lewis

_'_i , ,, ResearchCenter. conductedtwo technicalstudies•One
was a survey of electricvehicles in servicein North

A survey of geothermal energy resourcesin Califor- America: the other involved testing two electric and
nia was produced for the State's Energy Commission. one hybrid vehicle.
as well as a requirements analysis for accelerated The survey evaluated about 1000 electric automo-
development of geothermal energy in the state,sup- biles and trucks. Ten manufacturers (mostly adaptors of
ported by ERDA and the Commission. The purpose conventionally powered vehicles) operate in an un-
was to outline how geothermal fieldsmight play a stable market with marginal service facilities: initial and
major energy role in the state after 1985. service costsare high. but the energy cost is attrac-

Technical work for ERDA centerson a geothermal five. A few fleets exist, notably in the U.S. Postal
powerplant concept developed by a California inventor, Service. which has imported vans designed for electric
employing a helical-screw expander design to cope propulsion rather than adapted. Vehicle systems.
with dirty geothermal sources. A 1250-kilovolt-ampere energy,systems, and component development, as well
power plant, with JPL instrumentation and auxiliary as production and service development, were seen as
equipment, is being readied for testingnear Milford. essentialto the expansion of electric-powered vehicle use.

Utah. Vehicle testing produced data to support analysisof
the energy flow from fuel tank to wheels and/or from

Coal Processing and Mining battery to wheels, and from wall plug to battery,and to
' " support constructionof a mathematicalmodel of the

Several studiesin coal mining,processing,and vehicle system.Testswere conductedon the JPL dyna-
handling were conductedfor the Bureau of Minesand mometer, t_e roarl, and tra(k. Vehiclestestedwere a
other sponsors.One promisingapplication for produc- Volkswagen hybrid systemvan. a Fiat electrifiedvan.
tion of fluid fuels from coal in pressurizedreactor_ and the Rippel electricpower modification of a Datsun
involves use of heat and pressuret,_plasticizecoal. s_danwith regenerativebraking.
which may then be extrudedor pumped. The extruder Another transportationstudyevaluatedalternate
device demonstratedlong-runcapabilityfor two _pes conceptsfor underground rapid transit.Performedfor
of coal. the Department of Transportation (DOT), the review

Under development isa desulfurizationprocess consideredgravity assistfor energy conservation,sim-
usingchlorinationto oxidize organicand inorganic p]ified tunnel and stationdesign,propulsionalterna-
sulfur in coal to sulfatecompoundsremovable by a rives, and operational controls.Potentialreductionsin
simplewater wash.The process,which removesover energy use and constructioncostwere associatedwith
70% of organic sulfur,receivedcontractualsupport modesttechnicalchanges.
from the U.S. Bureauof Mines.Preliminarycostpro- Another taskperformed for DOT was a traffic-
jectionssuggestan attractivelow costthat is competi- monitoringinstrumentationand information system

tive with other proposed coal desulfurizationprocesses, which seeksways of improving efficiencyof freeways, li
Also for the Bureau of Mines,an-advancedcoal highways, and streetsand assessescapabilitiesof exist- I

extraction systemsdefinition project producedtechnical ing sensorsand data processingtechniques.A concep- _,
and economic studies,includinga life cycleeconomic tual designresultingfrom thisstudywas developed.
model of undergroundcoal mining. An evaluationof

borehole hydrauliccoal mining consideredtechnical, Sewage Treatment _economic, environmental, health/safety,and geologic/
topographicfactors. ' ;!

An Activated Carbon Treatment System (ACTS), in
pilot plant evaluation for 18 months, produces acti-

Transportation vated carbon from sewage solidsand uses the carbon i
' ' to purify the waste water at a 3,?85,000-liter (million-

Continuing its searchfor cleaner, more efficient gallon)-per-day plant installed by tl_e Orange County
automotive engines,JPL Initiated an Electricand Sanitation District in Huntington Beach, California, The
Hybrid Vehtcles Project as part of NASA's support of district's conclusions indicate that the system is techni-
ERDA's transportation energy conszrvatlon activity, and cally and environmentally satisfactoryand economically

i
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• competitive. Additional technical work proposed by An important natural resources activity is land use

JPL is still required to support future implementation image processing, originating with satellite (Landsat)
for larger-scale sewage plant_ The ACTS prelect was data. Emphasis has shifted from simple satellite image
el-sponsored by the Environmental Protection Agency. processing (such as the discrimination of phases in
the State of California. and O_ange County. agriculture or strip mining) toward integration of image

and gee-coded statistical data leading to automated

Natural Resources functional mapping. This hnage Based Information
-"_ , ........ System is an ongoing technology transfer kern NASA

to the Census Bureau. A typical recent result is the
Two studies of the application of aerospace tech- development of a pollution source chart by integrating

nology to peholeum indust_ problems were prepared local traffic zone information and map subdivisions with
; for NASA. with indust%, cooperation. A petroleum satellite-derived land use data. Portland. Oregon. and

i_ exploration study covered seismic reflection systems, several Southern California areas have been used for

" down-hole acoustic techniques, geological analysis, this work.
drilling, remote geochemical sensors, and sea four
imaging. A petroleum production study analyzed prob-
lems in determining reservoir characteristics, geologic Biomedical Applications

.. _ water sources for injection. Various technology and _ystems applications and" Another resources study analyzed water resource developments continued in the medical field, in collab-
management for hydropower systems, seeking acre- oration with the .University of Southern California and
space-derived information system technology. The others. These activities stem from JPL expertise in
study developed an applicable infonnation system con- digital image processing and instrumentation.

ccpt. essential to control and reduce spillage, and made Two image processing devices were added to JPL
-_"_ 4 recommendations for remote and surface sensing, automated karyotyping and a_leriogram analysis sys-

°_ _. modeling, and analysis.- _ ,,_ - terns, In each case, a compact minicomputer system--7.

.. _ was designed to produce a diagnostic-aiding graphic_:.. ,.. ....... 'r _ . ....... presentation rapidly {rum a medical image--micro-

"'._.-t '=-":_:/" "_'_- ' ii l graph, x-ray arterio.qram,or coronary angiogram.
,_"' -_ '_ ..-_'__ _.,,," • [] i i _ , A muscle biopsy analysissystem, co-sponsoredby£4

il I_ t_:,-_',-,,, _',,". ,# _ _-',,.3 W _ ,dr _ the Muscular Dystrophy Associations of America and

:_ _._ i .I t".. I'¢_ _' _",-_t m " _; *. NASA Technology Utilization, produces a display to_i_" ,; "" a' '_, #_',_- '_ _ _lll •
_"'_". " l_*L "*" ¢, ._%,. w _ _, ,_,_ _ v,, measure muscle fibers, which will eventually aid physi-
_.'_ I. 4'11"}I_ _, _*._.:-*,/'_. _ l_.;_r,_I, "- clans in diagnosing and treating muscular and neuro-

._ ;::' _ "6 1_._",_:_.',_ " ,.'_,_,, _ " muscular disease."_...,..,.. ,:.'' " "', .... .I "4" ..1 _ The coronary angiogram work extended an x-ray

_I !_I - , ,i_ #_'. 'I' 7.-'a -_-'r'' # - _,..,-i svstenl for assessing disease in the femoral arlely, The" '_i':_!_1 ),:,._,.f,.l,_.,. , _ .'_,,i_ml . ,,, work on the more conlplex coronary arteries,cospon-
. _, (.f ,, _ _._,_ _r. sored by NASA Life Sciences and the National Insti-

i_t ,, -.'_-aJr. ,, It "_ ." lutes of Health (NIH), is expected to improve the
,.,._ :_' • - "' 'II " " ""_" system's capability for quantifying atherosclerosis,

ll*l *ll. II _"_ *" t[ " " "

_[*iI_;_.._ collaboration with specialistsat Caltech, the USC•: -'-_i '. School of Medicine and Children's Hospital, Martin
Lutl_er King Hospital, the Baylor and UC San Diego

_ :"_'; ---'----- "' ---- Medical Schools, and the NIH C':'dcal Chemistry_1 __. " '_
Laboratory, A recent and pron _,,'W, diagnostk"device is

::,.0 , the electro-optical ion detector which overcomes prob- {"
lems fl'om the analyzer's magnetic field, It converls lhe

"_:,, ' r iOl_spectrum of a focal plane mass analyzer into an
":_'J optical display, using ek'ct,'on multipliers, aphosphor ,

.... screen, and a vidicon imaging device, Work is continu-

_t_" Pollutionsourcechart for LosAngelesCountywasdeveloped infl on the optical sensor an'ay and overall

usingsatellitedata,trafficInformation,and mapsubdivisions, illtniaturization,

i
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OTHER ACTIVITIES survey probed further into attitudes relative to risk-
taking in its several forms. Initial steps were taken to
establish processesaimed at identification and modifica-

Planning and Review tion or elimination of policies, practices, or procedures
"" ','-- that may be redundant or overly bureaucratic. In

The Office of Planning and Review functions pri- addition to estimates of the funding and manpower
madly in a staff and support role to the Director's resources required and expected to be available to
Office. and is responsibk, for a variety of administrative, implement prospective programs, special attention was

t planning, assessment, and review activities, given to assessingthe nature of constraints that may
Planning tasks during the reporting period included exist in facilities availability, especially in view of

a careful review and assessmentof NASA's prospective the fact that significant new construction in the foresee-
future programs and budget. A somewhat similar ex- able future is unlikely. Among questions dealing with
amination of ERDA's programs was carried out also. the improvement of formal review processesaffecting
especially in those areas having application to JPL. Laboratory activities, particular attention was devoted
Assessments of this nature are performed annually to to the substance of regularly scheduled reviews for the
ensure up-to-date background and understanding for Director. and to the preparation, coordination, and!
use in the formulation and updating of Laboratory approval of proposals for new work, both NASA and
goals, objectives, and institutional plans. The JPL Five- non-NASA.
Year Plan was restructured to conform to the present The Office maintains Laboratory-wide manpower
Laboratory organization, and fully revised in content in plans and makes allocations at the program and divi-
accordance with current policies, sion levels. NASA's strong interest in matters of man-

: Reviews of institutional characteristicsand operations power utilization remains undiminished, and. in addi-
,_ took several forms: A survey was conducted among a tion to the long-standing ceiling on JPL employees, the

representative group of professional employees to agency has adopted new policies with respect to identi-
sample opinions about the character of the Laboratory. fication and accountability for support-contractor
as it seems to be and as it ought to be: a follow-up personnel.
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agODUCraIL[TY OF Tttl ! 'I!!:!Director's Discretionary Fund

The Director's Discretionary Fund (DDF) was estab-
lished by the NASA-Caltech Memorandum of Under- 11
standing (December 1968). and is currently funded at . :_:" ,

$550,000 annually. The fund provides support for :..+".
independent research and development in promising . . ,
fields of science and engineering, it supports seed _ ', +._.-

efforts and encourages collaborative work with faculty : ,:iand students at Caltech and other universities.Potential _ _:
for follow-on funding (not DDF), either NASA or ... ':
non-NASA, is one criterion in evaluating proposals and _, . "+:
selecting tasks for DDF support. _'i"

A recent survey (January 1976) of DDF task activity ...,

since inception showed that about 20% of all tasks .: _ _-r_\y_,4 ::+
have involved co-investigators from Caltech. and _t_. ,_%,_\_._ -:--:further that about 35% of all taskshave involved _+,_a'_" ...... I '`+1

f++:,:,_i --:+v,, _, _ + ,

the tasks had obtained follow-on funding, and that the ' ,_ +,"_J_'-'"f&_,_"=" ' " -
total of such funding was nearly six times the total of '- .... : ,+ +'%+' '-'
DDF funds expended on all tasks, with considerably " "'_ _..'_'_-_... _ ,__."%_._+_-__,:'-" " "
more supplementary support in prospect. .: ,.

DDF funding is usually in the range of $15.000 to
$40.000 per task. In Fiscal Year 1977, 17 taskswere
funded from a total of 70 proposals submitted.

Quality Assurance and Reliability ....
__ "_'+++,.P_.

Quality assurance and reliability activitiessupport all " ",
levels of technical, project, and Laboratory manage- _,_t"_l_"-
ment in guarding against defects and failuresof flight
and nonflight hardware and software. About 2% of the
Laboratory manpower and dollars are directly involved.
The reporting period was one of intense activity in
supporting the final stagesof spacecraft development
and launch preparations for Voyager. Support of
Seasat-A, which is scheduled for launch in May
1978, is in a similar phase and added considerably to
the workload. Flight instrument developments for other
NASA projects (non-JPL), and new equipment for
installation in the Deep Space Network also required
important efforts during the year.

+++:+_:"
c-+

Administrative Divisions +(!:,

Funding for JPL's ongoing tasks and new efforts in _:'iFi"i:;

research and development amounted to $69,000,000 _+: , , ,+ , z._] _"
during the 3-month transition period for converting the _._:...-_:+_;"',":,.,...... ' . ..-,-_.._1_'+
Government's fiscal-year start from July 1 to October _4'_?,,_,',:,_; _..',_j_lv
1, 1976. and to $275,00(_,000 during FY'77--the ' ;.... " '

highest in the histuN of the Laboratory, Civil Systems ++ .....
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",_ tasks are included in this amount and accounted for ,

"'_"_I $52,000,000 or 18','oof the total Laboratory activity. -_.
Funding for the reporting period for construction of -_._ ._

; _ facilities totaled $5,400,000. _ _ '
"':,'i'_ Between July I, 1976, and September 30, 1977, '_ ' " _
_!i_, JPL conducted more than 28.000 procurement trans- ,_. Z

,_., Principal activities centered around the Voyager mis....
_ _ sion, the Seasat-A Project, and Tracking and Data _.v -.

i _] Acquisition, Civil Systems. and Space Science Applica- _

"'{I " tions projects. _" '_" i

_.. The Laboratory continued its efforts to recruit and " _ _': _'-/el employ minority and female candidates. Four predomi- ii_
I

nantly black schoolsand three southwestern schools __ "' i
with significant Hispanic enrollments were among the I

_ 19 colleges and universities where the Laboratory !
_i actively recruited• ._IEI_,... i
_ A career-counseling function has been added to the ., - i

i'_ Professional Development staff so that professional _
!_= career guidance may be offered to employees to

:-,i"'_)-:_-_1 _' goals.enc°urage_.theirfurther, development toward stated ..._._,,

I I'I I I ii I II I
I/ I
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C. B. Farmer. R. F. Landel. B. G. Lee. L. M Mack.

Special Recognition c.w. Snvder. and J. G. Williams. NASA Excep-
--*_i_ #"I ....

_ j._o,"i tional Scientific Achievement Medal.
-_ A considerable number of JPL personnel received

_ special awards and recognition during the reportif,g J D. Acord. M. J. Alazard. A. Q. Berglund. B. Brown.
_'_'_ t__,_ period. These include. W.J. Carley. R. Case. A. E. Cherniack. R. F.

_ %"_ Collins. W. J. Castellana. R. C. Hastrup. K. Heft-

_'_ ,_<i W.H. Picketing. recently retired JPL Director. Nahonal:_:_.'_, man. D. W. Johnston. W. H Kohl. J. R. Kolden.
.,.,_ Medal of Science. administered through the National B.T. [.armen. R. E. Loesh. R. T. Mitchell. W. K.

:-_,:_ Science Foundation: also the Deh-ner S. Fahrney Moore. D J. Mudgway. W. H. Padgham. P. H.

._] Medal of The Franklin Institute. Roberts. K. H. Rourke. J. H Rupe. W. J. Schatz,

_ NASA's annual honor awards program and the J.R. Scull. J. P. Slonski. T. C. Sorensen. G. P.
,_.__:_-_: Textor. C. H. Uphoff. F. C. Vote. B. K. Wada. and

:_ i._:_' recognition of individual outstanding contributions to K.S. Watkins. NASA Exceptional Service Medal.

'_i_ the Viking Project combined to bring about quite a

large number of awards to JPL employees: In addition. I_ASA Group Achievement Awards. too
H. W. Norris. NASA Distinguished Service Medal. numerous to hst here. honored many others for partici-

+'_;_ pation in especim;wnoteworthy accomplishments, in-
':":-'_ R. L, Crabtree, G. N. Gianopulos, L. Kingslar,d, P.T. cluclinq Viking and other selected activities.

Lyman, W. J. O'Neil, R. A. Ploszaj,and A. E.
-4 Wolfe, NASA Outstanding Leadership Medal
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