- - XT3372- 464
q\%_ ,“,_ QPREPRIN'E

oSl (NASA-TM-X-66144) DIGEST OF NASA EARTH

=" (' _| OBSERVATION SENSORS (NASA) 328 p HC
Logpe.se CSCL 148

Unclas
63/19 52961

Reproduced by

NATIONAL TECHNICAL
INFORMATION SERVICE

US Department of Commerce
Spnngheld VA. 22151




X-733-72-464

DIGEST OF NASA EARTH OBSERVATION SENSORS

Robert R. Drummond

December 1972

Material in this digest was compiled by IIT Research Institute under contract7

NAS5-21557 L

GODDARD SPACE FLIGHT CENTER
Greenbelt, Maryland



PRECEDING PAGE BLANK NOT FILMED

CONTENTS

Page
Abstract. . . o v e v et it it i i e e e e e e e s et e e e v
Foreword . ....... e s s e e e e e e e et vi
Acronyms and Definitions . .. .. ¢ e e eae e vii
Index of Sensors ......... e et e e s e e e et e ix
Frontispiece . . . ... Gttt et e e e e et e e s e e xiv
Introduction ...... et e e et e et s s et s s e as e s oo e e 1
History of Earth Observation . . . . .« v vttt et et v oo oo ons 3
Television and Photographic Cameras . .. .. et e e ‘e 7
Lasersand Radars. .......e0e0ee.. e e e e e s s e e e oo 93
Radiometers . . « v v v oo v v v e et e e et e s .. 105
Spectrometers. .. .. e s e s e e e et e st et s e s e s e s e .o 207
Technology Experiments . . .. ... oec oo e e e e e e et s e e e 231
Transponder Technology Experiments . . .. .. cc v oo 261
Index by Spacecraft ........ e e e s e e s e e s R . 309

‘ Preceding page blank

111



PRECEDING PAGE BLANK NOT FILMED

DIGEST OF NASA EARTH OBSERVATION SENSORS

Robert R. Drummond

ABSTRACT

A digest of technical characteristics of remote sensors and supporting tech-
nological experiments uniquely developed under NASA Applications Programs
for Earth Observation Flight Missions is presented. Included are camera
systems, sounders, interferometers, communications and experiments. In the
text, these are grouped by types, such as television and photographic cameras,
lasers and radars, radiometers, spectrometers, technology experiments, and
transponder technology experiments. Coverage of the brief history of develop-
ment extends from the first successful Earth Observation sensor aboard Ex-
plorer 7 in October, 1959, through the latest funded and flight-approved sensors
under development as of October 1, 1972, A standard resume format is employed
to normalize and mechanize the information presented.

Preceding page hlank



FOREWORD

The successful launching and operation of ERTS-1 represents the beginning
of a new era in multispectral remote sensor applications for Earth observation.
This major milestone in the NASA Space Applications Program marks the tran-
sition to a broad base of multi-discipline data applications programs. The intent
of this text is to summarize the technical status of NASA remote sensor devel-
opments up to and including this transition point. The compilation of the instru-
. ment resumes required the cooperation and assistance of many individual
investigators, project personnel, and program offices, and these efforts are
greatly appreciated. The author wishes to acknowledge the continued support
for this task by Mr, Jules Lehmann, Earth Observation Programs, Office of
Applications, NASA Headquarters. Also the author wishes to thank the staff of
IIT Research Institute for their efforts, particularly Norbert M. Katz, Sidney S.
Verner, and Joseph E, Orth,
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ATS
ERTS
ESSA

GEOS
ITOS
NOAA
SMS
Tiros
TOS

Apollo
Explorer
Nimbus
Skylab
Tiros

C-130 A/C
NP3A A/C

ACRONYMS AND DEFINITIONS

Spacecraft Acronyms

Applications Technology Satellite

Earth Resources Technology Satellite

Environmental Science and Services Administration
(Predecessor to NOAA)

Geodetic Earth Observatory Satellite

Improved Tiros Operational Satellite

National Oceanic and Atmospheric Administration
Synchronous Meteorological Satellite

A name derived from Television Infrared Observation Satellite
Tiros Operational Satellite

Program Names

Manned Lunar Program Series

Scientific Satellite Program Series

Meteorological Research Satellite Program Series

Manned Space Station Experiment

Meteorological Satellite Program Series leading to Operational
Meteorological Spacecraft

Earth Resources Survey Aircraft

Aircraft assigned to NASA as instrument carriers
Aircraft assigned to NASA as instrument carriers

Spacecraft Designations

Preflight and postflight designations for spacecraft are utilized in the text. The
following NASA procedures apply to these designations:

1., Preflight: Spacecraft acronym or name followed by a letter (Example,

ERTS-A) designates program sequence number for that indi-
vidual spacecraft

2, Postflight: Preflight program sequence letter is replaced by a flight se-

quence number (Example, ERTS~A became ERTS-1)

3. Where NASA produces and launches operational satellites for another
agency the name changes from a NASA to an agency designation at the time
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ACRONYMS AND DEFINITIONS (Continued)

the operating spacecraft is delivered to the agency in orbit. (Example:
ITOS-A became NOAA-1)

Program and flight sequence designations are independent and do not
necessarily coincide. (Example ITOS-D became NOAA-2)

viii
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Frontispiece. An example of transmitted imagery from orbit, showing quality

of detail attainable from ERTS-1 Multispectral Scanner. The
scene is the Chesapeake Bay area including Washington, D.C.
and Baltimore, Maryland. The image is from a single visible
band (MSS Band 5) in the green extending from 0.5 to 0,6 microns,

. ~ October 11, 1972, altitude 915 km (569 statute miles).
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DIGEST OF NASA EARTH OBSERVATION SENSORS

INTRODUCTION

This report has been prepared as a digest of NASA Spaceborne Instrumenta-
tion, developed for Earth Observation Missions under the Space Applications
Program. Historical coverage extends from the beginning of practical Earth
Observation Space Missions, through the latest approved future flight experi-
ment, as of October 1, 1972, The digest consists of a compilation of individual
experiment resumes. A standard resume format was adopted to both normalize
‘and mechanize the information presented.

All NASA sponsored experiments, representing significant steps in earth
observation technology, were reviewed. The criteria of experiment selection
for inclusion in the text are as follows:

1. Only custom designed spaceflight experiments were considered.

2. Only experiments contributing direct or indirect advances in earth
observation sensor technology were included.

3. Past experiments were included that have successfully flown and have
returned usable Earth Observation Data.

4, Future spaceflight experiments were included that were mission-
approved and funded prior to October 1, 1972.

Some flight experiments were deleted by following the above criteria.
These fall into two general categories.

1. Those experiments whose flights were unsuccessful and little or no
significant data was returned from the effort.

2. Experiments utilizing "off-the-shelf'' type hardware for Earth
Observation, such as hand-held film cameras, etc.

Certain exceptions were taken to these criteria where remote sensor
technological advances were significant.

1. The Day-Night Camera System (DNCS) was included (ref. page 42)
even though the ATS-4 flight was unsuccessful, since the camera
represented a significant effort in adapting the image orthicon TV
tube to space applications.



2. Two custom-designed remote sensors, the Experimental 24-Channel
Multispectral Scanner (ECMSS) (ref. page 106) and the Passive Micro-
wave Imaging System (PMIS) (ref. page 178) are included, even though
they were designed as Earth Observation Experiments aboard air-
craft. Both are to be utilized in the Earth Resources Survey Aircraft
Program. Each represents a significant milestone in Earth Observa-
tions sensor applications.

The task of collection of experiment information was initiated in 1968 by
the NASA Electronics Research Center, Cambridge, Mass. under NASA Head-
quarters Task 160-44-02-28-25, Jules Lehmann, Program Manager. The
ERC effort was under the technical direction of Raymond A. Minzer and
John D. Oberholtzer. Contract NAS12-666 was awarded to IIT Research
Institute to collect and develop experiment resumes and to develop an informa-
tion storage and retrieval computer program for same. In the first quarter of
1970, prior to the liquidation of ERC, the project was transferred to the
Goddard Space Flight Center, for continuation of the effort under the direction
of Robert R. Drummond. Contract NAS 5-21557 was awarded IIT Research
Institute to update and complete the resume effort. This contract was com-
pleted in October, 1972,

Under this effort, the resume format, as originally developed at ERC,
was held constant. Attention was paid to completing the coverage of the
resumes across the entire NASA Earth Observation Mission spectrum.

This text is thought to be the only up-to-date reference, summarizing
custom-designed NASA Earth Observation Experiments in a single document.
Only real instrumentation hardware aspects are represented. If an experi-
ment had already flown before October 1, 1972, the resume should be
representative of the actual flight configuration and not subject to further
change. However, if an experiment was still under development for a future
flight on this date, some changes could usually be expected as the experiment
progresses through the development cycle from "approved proposal' to
"flight-qualified hardware." In these cases, resume data should be checked
with the principal investigator before use. In anticipation of this, a space
for notes is left in the lower-right-hand corner of the resume for the
convenience of the user.



HISTORY OF EARTH OBSERVATION

The history of NASA Earth Observation Space Missions spans only a
little over a decade. During this brief period, both Earth Observation objec-
tives and custom designed sensor instrumentation have experienced exponen-
tial growth. The primary driving force behind these advances has been the
NASA Meteorological Research Program. The practical beginning of the era
started with the successful flight of Explorer 7 in October, 1959.

This scientific research spacecraft carried a uniquely designed sensor
by Dr. V. E. Soumi, University of Wisconsin. Its title was, ""Low Resolution
Omnidirectional Radiometer" (LROR) (ref. page 150). The basic experimental
objective was to map the '""gross heat budget' of the Earth, and to determine
how much solar energy is absorbed or reflected by the Earth and its atmosphere.
This early spaceborne sensor has the distinction of being the first successful
Earth Observation instrument to return usable data from space.

~ The first practical imagery from space, showing the Earth and its cloud
cover, were obtained by two vidicon TV camera systems aboard the first
satellite dedicated to meteorological research, TIROS I (April 1960). These
cameras included features such as a shutter, slow TV readout of a long
persistance image on the exposed vidicon tube, relatively low power and
nominal bandwidth. Each camera had a different optical field of view, one
narrow angle (VCSN) and the other wide angle (VCSW).

The flight of TIROS I was the first of a successful series of flights
embodying similar spin-stabilized spacecraft and sensors. These pioneered
global monitoring of cloud cover and soon proved valuable in detecting and
tracking major weather phenomena such as frontal systems, hurricanes,
ete.

New and revolutionary information is always followed by a slower learning
period, before utility can be fully appreciated and future requirements defined.
So it was with the early meteorological research program. Lags in new
sensor applications were present in the TTROS program as knowledge was
accumulated on operational capabilities of flight systems. This resulted in
considerable repetition in spacecraft/sensor flights in a pseudo-operational
mode, before advances in instrumentation were incorporated.

Offset approximately three years in alater time frame, the Nimbus
Meteorological Research Satellite Program became the primary catalyst for
remote sensor developments. The larger Nimbus payload capability and
three-axis stabilized, Earth-oriented configuration, opened up new possibilities
for sensor instrumentation.



Nimbus was initially conceived as an operational weather satellite. How-
ever, it was actually developed as the primary NASA meteorological research
vehicle. As the follow-on research oriented effort, Nimbus spawned the bulk
of remote sensor developments for Earth Observation in the middle period of
the decade. The program still accounts for a major share of sensor experi-
ments, although several Earth Observation Programs are active today.

The Application Technology Satellite Program (ATS), initiated in the
middle 60's, stimulated imagery and technological support experiments from
geosynchronous orbit. However, only the spin-stabilized spacecraft were
successful. Launch and spacecraft failures plagued the series of gravity
gradient-stabilized spacecraft and limited the realization of further geosyn-
chronous earth observation development.

The middle period saw the TIROS configuration developed into the world's
first operational weather satellites, the TOS series. These were designed,
manufactured, and launched by NASA. They were funded and operated by the
Environmental Science and Service Administration (ESSA), the predecessor
to the National Oceanic and Atmospheric Administration (NOAA). The
TOS/ESSA series utilized sensors that were adapted for operational use
from sensors developed and proven in the Nimbus Meteorological Research
Program. These spacecraft played a pioneering role in the development of
operational earth observation procedures.

Exponential growth of Earth Observation requirements began to reach
significant proportions in the latter quarter of the decade. Greater sophistica-
tion in measurement objectives and the growth of data applications were the
dominate forces. Experiments aboard Nimbus III and IV created new vistas
in observable information about atmospheric processes. Improvements under
development for Nimbus E and F experiments, and the (despun-platform type)
ITOS/NOAA second generation operational weather satellite program are
pushing the state of the art in applications of remote sensors for low altitude
global monitoring. These are being paralleled with continuous monitoring

type geosynchronous orbit experiments under development for ATS-F and
SMS-A.

In general, developments have gravitated toward multi-spectral imagers,
radiometers, sounders, interferomenters, etc. for sampling, measuring and
collecting atmospheric and surface information. These provide important
inputs to analysis of global atmospheric circulation and weather distributions.
The evolution of global weather analysis is still in its infancy, but showing
signs of becoming an adolescent by the mid 70's. The current crop of
developmental experiments, described herein, are expected to bring this about,
as they reach the flight stage and generate new and improved data.



Possibly the most potent force for molding the future of remote sensing
from orbit was begun in the latter quarter of the decade. This was the initia-
tion of the Earth Resources Survey Program. This multisided Earth Observa-
tion program encompasses the Earth Resources Technology Satellite Research
Program (ERTS), the Earth Resources Experiment Package (EREP) aboard

Skylab A, and the Earth Resources Survey Aircraft Program.

Sensor requirements differ from those of the meteorology program by
demanding spatial, spectral, and temporal data of generally higher resolution.
Attention is also focused on the Earth's surface. The best compromises are
required between identification of Earth details in multispectral bands,
detector technology, imagery, radiometry, data rates, fields of view, stability,
and periodic coverage. The state of the art in remote sensors is being
pushed. ERTS-A, Skylab A, C~130 Aircraft, and NP3A Aircraft experiment
payloads represent the exploratory first generation instruments in the Earth
Resources Survey Program.

The anticipated utilization of data from these sensors is mushrooming at
a fast rate. This was convincingly demonstrated in 1971 by the receipt of
approximately 700 proposals for multidiscipline applications of ERTS-A/EREP
data in‘response to a NASA request for data experiments. Ideal objectives
require utilization of sensor output data to the theoretical limits of resolution.
This implies systems and data processing precision never before attained
from a space platform. Practical limitations are almost certain to govern
the limits of initial utility for some users. However, one thing appears firm,
the direction for instrumentation development is toward optimization to serve
the widest user community. The future utilization of Earth Resources data
has the potential for direct application in almost every phase of human endeavor.
The sophistication of sensor developments is expected to be paced by major
growth of the data user community. Each new application contributes to an
expanding base of technical knowledge about the Earth. It also adds to the
many benefits accruing from the overall space program. Piece by piece, the
operating rules and constraints governing the global environment are being
envolved through these efforts.

This brief history of sensor development has been presented to assist
the reader in comprehending the significance of the decade covered by the
resumes. As experiments grow in sophistication, so do the lead times for
technical development and use. Elapsed time from concept to flight can be
from three to five years. An additional three years can easily elapse between
experimental and operational application. Operational applications tend to
increase requirements for service life expectance. Past experience with
sensors have been in the one-to-two year service life category. New require-
ments are pushing toward the 5-year goal. This means that possibly a number



of the sensors summarized herein, will remain active for Earth Observation
throughout the mid 1970's period.
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO
ADVANCED VIDICUON CAMERA SYSTEM AVCS
(TITLE CONT.) , R e
. 09/0L/72 [DRGS
6.PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE '
ALBERT, J. NESC/NORAA 202-655=4000
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
ki el 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | " 3i3T°  [1s SELI'ON 17, STATUS
POST FLIGHT
18. MONITOR 19. AGENCY 20.pGM OFFicE | 21. TELEPHONE
GLNVER, J.C. NESC/NDAA 202-655=-4000
22. VENDOR 23. LOCATION afuckt |25 LEAD TIME
RCA ASTRO-ELECTRUNICS PRIMCETON, N.Jo. - 10766 |NA
26. INSTRUMENT TYPE . , Seumury,
IMAGER, 1-INCH WIDE-ANGLE HIGH-RESOLUTION VIDICON UNC
28. APPLICATION 29. SPACECRAFT :
MET, ERSP ESSA 3
30. PURPOSE ’

PRIMARY=T3 PRCVIDE METEOROLOGICAL DATA IN THE FORM OF WIDE=-ANGLE
HIGH=-RESOLUTION TELEVISION PICTURES OF EARTH'S CLOUD COUVER, BY
TRPANSMITTING PRERFCORDED TV PICTURES TO CDA STATIONS.**x%xSECOND-
ARY-MAINTAIN OPERATIONAL CAPABILITY AOF THF AVCS.

[31.PRINC®LES OF OPERATION

THF AVCS, TEST FLOWN ON NIMBUS 1 AND 2 AND UPERATIDNALLY ON ESSA
3 AND 5, ARE SIMILAR EXCEPT FOR DIFFERENT CAMERA LENSES AND E£SSA
HAVING 2 CAMERAS WHILE NIMBUS HAD 3, THE ESSA SYSTEM CONSISTS OFf
2 IDENTICAL 1-IMCH VIDICONS HAVING 870 TV LINE RESOLUTION. THE
CAMERAS ARE MOUNTED 180 DEGREES APART ON THE SIDE OF THE SPACE~-
CRAFT AND PERPENDICULAR TGO THE SPIN AXIS. DURING PICTURE TAKING
SEQUENCE THE CAMERA LOOKS AT THE NADIR, THE LENS IS A TEGFA KIN-
OPTIC 1C8 DEGREE WIDE ANGLE LENS WITH A FOCAL LENGTH OF 5,7 MM
AND AN ELECTROMAGNET ICALLY CONTROLLED SHUYTER. THE CAMERA CON-
VERTS THE OPTICAL IMAGE TN AN ELECTRICAL SIGNAL WHICH IS PRO-
CESSED AND RECORDED ON A MAGNETIC TAPE RECORDER. THE VIDICON HAS
AN INHERENT STORAGE PROPERTY WHICH PERMITS A NOMINAL 6.5 SECOND
FRAME TIME. CONCURRENTLY WITH SHUTTER ACTUATION, A 16-INCRE~-
MENT GRAY SCALE IS INCLUDED AT THE EDGE OF EACH PICTURE FRAME AS
A CONTRAST CHECK. THE CAMERA IS INDEPENDENTLY TRIGGERED INTO
DPERATION ONLY WHEN IT COUMES IN VIEW OF THE EARTH; THIS IS DONE
BY A HORIZON CROSSING INDICATOR(HCI), ONE FOR EACH CAMERA, THE

C AMERA CAN TAKE 6 OR 12 CLOUD COVER PICTURES PER ORBIT AT 260~
SECOND INTERVALS WITH A 50 PERCENT OVERLAP,

32. PHENOMENA OBSERVED

CLOUD _COVER OF EARTH (REFLECTED VISIBLE SOLAR RADIATION)
33. MEASUREMENT RANGE

DYNAMIC RANGE OF 14 TO 11,4C0 FOOT-LAMBERTS

34. PRECISION AND ACCURACY i

BO2 TV-LINE RESOLUTION; 16 LEVELS OF GRAY

8



35. SPECTRAL RANGE : 36. SPECTRAL RESOLUTION [37. TIME CONSTANT

38. FIELD OF VIEW 39. GROUND SWATH

89.0 BY 89,7 DFG[ I70CC NM BY 170C NM FROM 750 NM ALTITUDE

40. ANGULAR RESOLUTION| 41. SPATIAL RESOLUTION

".11 DFG| 1.4 NM PER TV-LINE AT THE NADIR FROM 750 NM ALY

42.POINTING ACCURACY] 43. POINTING RATE 44. ALTITUDE 45, INCLINATION

.5 DFG[ MED CIRCULAR | SUN-SYNCH RETROGRA

46. SPECIAL REQUIREMENTS

47. COMPONENTS

? TV CEMERA SYSTEMS, 2 TAPE RECORDERS, SYSTEY FLECTRONICYS

48. WEIGHT  ]49. VOLUME ] 's0.averace power |51 sTANDSY rowen | 52. PEAK POWER | 53. MTBF

42 LB 16 WATT

TR WMAGHETIC NUCLEAR THERMAL
54 NTERFERENCE 55 INTERFERENGE 35 \NTERFERENCE 57 \NTERFERENCE 58. SHIELDWNG

SENSITIVE MAGNETIC SHIELDING USED

§9. CALIBRATION 60. DATA RECOVERY 61. FREQUEMCY OF OBSERVATION

GRAY-SCALE CALIBRATION NELAYED TELEMETRY DAYSINE OF ORBIT

62. TELEMETRY REQUIREMENTS

RECORDER [S PLAYED BACK ON CDA STATION COMMAND VIA THE SPACE-
CRAFT 235-MHZ TRANSMITTER, TRANSMISSION TIME FNR A FULL DRBITY
OF PICTURES IS APPROXIMATELY 3 MINUTES.

63. ADVANTAGES AND LIMITATIONS

DUE TO CAMERA MOUNTING PICTJRES ARE TAKEN STRAIGHT DOWN MINIMIZ-
ING DISTORTION AND INCREASING ACCURACY

64. REFERENCES

1)FINAL ENGINFFPING REPORT TNS A,VOL 1,2,3.RCA ASTRO-ELECTRONICS
CONTRACTY ND. NAS 5-9034, MAY 5, 1967.**%2) SIG ACHIEV IN SPACE
APP 1966. NASA SP-156, 1967.%%*%3) OSTROW,H.: REVIEW OF A DECADE
OF SPACE CAMERA SYSTEMS DEVELOP, FOR METEORDLOGY. NASA/GSFC,AUG.
1968.%%%4) DATA AVAILABLE FROM NATIONAL WEATHAER RECORDS CTR
(ESSA), ASHEVILLE, N.C.

665, HISTORICAL REMARKS

SIMILAR TO AVCS IN NIMBUS 1 AND ZL,AND ESSA 5,




INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO
ADVANCED VITTCON CAMERA SYSTEM . AVCS
(TITLE CONT.)_ _ a.nesume 0aTe | GERsioN
SN A0 WA FA B ENS-)
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
ALRERT, J, NESC/NDAL 2 E=655-4 0T
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
2.0 RacT 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER [ 23307 [re “O5kE/'°M 17, STATUS
POSYT FLIGHT
18. MONITOR 19. AGENCY 20. PGM OFFICE 21. TELEPHONE
GLUOVEK, Jaloe NESC/NJAA 2 2-E5b=-4TTT
22. VENDOR 23. LOCATION o 2a.sucht |25 L EAD TIME
BCA ASTR”~CL”CTPUNIC§ PPTNCETN, NEW JERSEY NL7ETTNA
26. INSTRUMENT TYPE ety
IMAGEK, 1=-INCH WIDE-ANGLE HIGH=- RESOLJTIOM VIDICON UNC]
28. APPLICATION 29. SPACECRAFT
MET, ERSP ESSA S
30. PURPOSE

PRIMARY-T03 PROVIDE METEGROLGGTICAL DATA TN THE FIORKM I+ WIDE-ANGLE
HIGH=RESOLUTION TELEVISION PICTURES OF EARTH'S COULD COVER,y BY
TRANSMITTING PRERECOKDED TV PICTURES TO CDA STATIONS. ***SFCDND-
ARY=-MAINTAIN CPERATIONAL CAPABILITY JF THE AVCS.

31. PRINCIPLES OF OPERATION

THE AVCS, TEST FLOWN N NIMBUS 1 AND 2 AND OPERATTONALLY ON ESSA
3 AND 5, ARE SIMILAR EXCEPT FOR DIFFERENT CAMERA LENSES AND ESSA
HAVING 2 CAMERAS WHILE NIMBUS HAD 3, THE ESSA SYSTEM CONSISTS OFf
2 IDENTICAL 1-INCH VIDICONS HAVING 803 TV LINE RESOLUTION. THE
CAMERAS ARE MUUNTED 18C DEGREES APART ON THE SIDE OF THE SPACE-
CRAFT AND PERPENDICULAR TG THE SPIN AXIS. DURING PICTURE TAKING
SEQUENCE THE CAMERA LOOKS AT THF MADIR. THE LENS IS A TEGEA KIN-
OPTIC 108 DIGKEE WIDE ANGLE LFENS WITH A FOCAL LENGTH OF 5.7 MM
AND AN ELFCTROMAGNETICALLY CONTROLLED SHUTTER., THE CAMERA CON=-
VERTS THE OPTICAL IMAGE TO AM ELECTRICAL SIGMAL WHICH IS PRO-
CESSED AND RECURDED ON A MAGNETIC TAPE RECORDER. THE VIDICON HAS
AN INHERENT STQRAGE PROPERTY WHICH PERPMITS A NOMINAL 6.5 SECOND
FRAME TIME, CNONCURREMTLY WITH SHUTTER ACTUATION, A 16~INCRE~
MENT GRAY SCALE IS INCLUDED AT THE EDGE OF EACH PICTURE FRAME AS
A CONTRAST CHECK. THE CAMERA IS INDEPENDENTLY TRIGGERED INTO
DPERATION ONLY WHEN IT COMES IN VIEW OF THE FARTH; THIS IS DONE
BY A HORIZON CROSSING INDICATOFR (HCI), ONE FOR EACH CAMERA. THFE
4 TRACK MAGNETIC TAPE RECORDER CAN STORE UP TO 36 PICTURES. EACH
CAMERA CAM TAKE 6 OR 12 CLOUD COVER PICTURES PER ORBIT AT 267~
SECIND INTEKVALS WITH A 50 PERCENT OVERLAP,

32. PHENOMENA OBSERVED :

CLOUC COVER OF EARTH (REFLECTFD VISIBLE SULAR RADTATITON)

33. MEASUREMENT RANGE

DYNAMIC RANGE OF 14 TO 11402 FOOT=-LAMBERTS

34. PRECISION AND ACCURACY i

827 TV=LINE FRESCLUTION; 16 LEVELS OF GRAY

10



35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION ]37. TIME CONSTANT
Nabs Ti2 TLES MICENN NA 47,0 MILLSEC
38. FIELD OF VIEW 39. GROUND SWATH

2G, 0 RY AG .~ DEG] 1700 NM BY 1700 NM FROM 750 NM ALTITUDE
40. ANGULAR RESOLUTION| 41, SPATIAL RESOLUTION

.11 DFEG .4 NM O PER OTY-LINE AT CENTER FROM 750 NM ALTITUDE

42. POINTING ACCURACY| 43. POINTING RATE 44. ALTITUDE 45. INCLINATION

"D CoG MED CIPCULAR SUN-SYNCH RETROGRADE
46. SPECIAL REQUIREMENTS

47. COMPONENTS
2 TV CAMERA SYSTEMS, 2 TAPF RECORNERS, SYSTFM ELECTRONICS

48. WEIGHT 49. VOLUME 50. AVERAGE POWER |51. STANDBY POWER | 52. PEAK POWER | 53. MTBF
43 LR 16 WATTS
5. N TeRFERENCE 55. \n TR EERENCE S6. |y TEAFERENCE 57 INTERFERERCE 58. SHIELDING
SENSITIVE MAGNETIC SHIELNING USED
59. CALIBRATION 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION
GRAY=SC2LF CALTRBRAYINN DFLAYED TELEMETRY NAYSINE OF ORBIT

62. TELEMETRY REQUIREMENTS

RECORDER IS PLAYED BACK ON CDA STATION COMMAND VIA THE SPACE-
CRAFT 235-MHZ TRANSMITTER, TRANSMISSION TIMF FOR A FULL DORBIT

QF PICTURES IS APPROXIMATELY 2 MINUTES.

63. ADVANTAGES AND LIMITATIONS

NDUF TO CAMERA MOUNTING pICTURES-ARE TAKEN STRAIGHT DOWN MINIMIZ-
ING NISTOFTION AND INCREASING ACCURACY.

64. REFERENCES ) »

1)FINAL ENGINEERING REPORT TOS A,VOL 1,2,3.RCA ASTRO-ELECTRONICS
CONTRACT NN, NAS 5=9034, MAY 5, 1967.%*x%2) SIG ACHIEV IN SPACE
APP 1966, NASA SP-156, 1967.%%%3) DOSTROW,H,: REVIEW OF A DECADE
AF SPACFE CAMERA SYSTEMS DEVELOP, FOR METEQOROLOGY. NASA/GSFC,AUG.
1968 .%%%x4 ) DATA AVAILABLE FROM NATIONAL WEATHER QECNROS CTR
(ESSA)y ASHEVILLE, N.C.

65. HISTORICAL REMARKS

JSIMILAR TOQ AVCS ON NIMBUS 1 AND 2. AND ESSA 3,

11



INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. ITLE . 2. ACRONYM | 3. EXP NO
ADVANCED VIDICON CAMERA SYSTEM AVCS
(TITLE CONT)) 4. RESUME DATE VeRsION
) 09/01/72] 0ncs
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
ALBERT, J. NESC/NOAA 222-655-4450C
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
B oAt 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | ' 53¢ 16 ST 17. STATUS
POSTY FLIGHT
18. MONITOR 19. AGENCY 20.PGM OFFICE 21. TELEPHONE
GLOVER, J.C. NESC/NOAA ] 202-658=409(
. VENDOR , . 23. LOCATION ruont 195 L EAD TIME
RCA ASTRO-ELECTRONICS PRINCETON, NoJ, D8/68 _
26. INSTRUMENT TYPE stcumyy,
IMAGER, 1=-INCH WIDE~ANGLE HIGH=RESCLUTION VIDICON UNC
28. APPLICATION 29. SPACECRAFT
MET, ERSP ESSA-7
30. PURPOSE

PRIMARY-TO PROVIDE METEOROLOGICAL DATA IN THE FORM OF WIDE-ANGLE
HIGH-RESOLUTION TELEVISION PICTURES OF EARTH'S CLOUD COVFR BY
TRANSMITTING PRERECORDED TV PICTURES TO CDA STATIONS ,*%x '
SECONDARY-TU MAINTAIN OPERATIONAL CAPABILITY OF THE AVCS.

31. PRINCIPLES OF OPERATION

THE AVCS, SCHEDULED FOR FLIGHY ON TOS H, WAS TEST FLOWN ON NIMB-
US 1 AND 2, AND OPERATIONALLY ON ESSA 3,5,7 AND 9, ALL ARE SIMI-
LAR EXCEPT FOR DIFFERENT CAMERA LENSES, THE ESSA/T0OS SPACECRAFT
HAVE 2 CAMERAS WHILE NIMBUS HAD 3. THE ESSA/TOS SYSTEM CONSISTS
CF 2 IDENTICAL 1-INCH VIDICONS HAVING 833 TV LINE RESOLUTION,
THE CAMERAS ARE MOUNTED 180 DEGREES APART ON THE SIDF OF THE
SPACECRAFT AND PERPENDICULAR TO THE SPIN AXIS. DURING PICTURE-
TAKING SEQUENCE THE CAMERA LOOKS AT THE NADIR., THE LENS IS A
TEGA-KINOPTIC 108-DEGREE WIDE-ANGLE LENS WITH A FOCAL LENGTH OF
6.0 MM AND AN ELECTROMAGNETICALLY CONTROLLED SHUTTER, THE CAMERA
CONVERTS THE OPTICAL IMAGE TO AN ELECTRICAL SIGNAL WHICH IS PRO-
CESSED AND RECORDED ON MAGNETIC TAPE RECORDER, THE VIDICON HAS
AN INHERENT STORAGE PROPERTY WHICH PERMITS A NOMINAL 6.5 SECOND
FRAME-SCAN TIME. CONCURRENT WITH SHUTTER ACTUATION, A 16-INCRE-
MENT GRAY SCALE IS INCLUDED AT THE EDGE OF EACH PICTURE FRAME AS
A CONTRAST CHECK. THE CAMERA IS INDEPENDENTLY TRIGGERED INTQO
OPERATION ONLY WHEN IT COMES INTO VIEW OF THE EARTH. THE 4 TRACK
MAGNETIC TAPE RECORDER CAN STORE UP TO 36 PICTURES. EACH CAMERA
CAN TAKE 6 OR 12 CLOUD COVER PICTURES PER ORBIT AT 260-SECOND
NYERVALS WITH A 50 PERCENT OVFRI AP,

32. PHENOMENA OBSERVED
CLOUD COVER OF EARTH (REFLECTED VISIRLE SOLAR RADTATION)

33. MEASUREMENT RANGE
DYNAMIC RANGE OF 14 TO 11,400 FOOT LAMBERTS

34. PRECISION AND ACCURACY

833-LINE RESOLUT]ION,16 LEVFLS OF GRAY

12



35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION [37. TIME CONSTANT

0.45 T0 .65 MICRONS|NA 40. MILLSEC

38. FIELD OF VIEW 39. GROUND SWATH

8G.0 BY 85.7 DEG|17C0 NM BY 1700 NM FROM 750 NM ALTITUDE.

40. ANGULAR RESOLUTION] 41, SPATIAL RESOLUTION

N.17 DEG[1.5 NM PER TV LINE AT CENTER FROM 750 NM ALTITUDE

42. POINTING ACCURACY| 43. POINTING RATE 44. ALTITUDE 45. INCLINATION

D5 DEG MED CIRCUCAR [SUN-SYNCH RETROGRADE

46. SPECIAL REQUIREMENTS

47. COMPONENTS

2 1V CAMERA SYSTEMS, 2 VAPE RECORDERS, SYSTEM ELECTRONICS

48. WEIGHT 49. VOLUME 50. AVERAGE POWER |51. STANDBY POWER | 52. PEAK POWER | 563. MTBF
43 LB 16 WATTS
4. rerEERENCE 5. TR ERERCE 56 \NTEREAENCE 7. NTERE ERERCE 58. SHIELDING
SENSITIVE TMAGNETIC SHIELDING
§9. CALIBRATION ) 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION
GRAY SCALE CALIBRATION DELAYED TELEMETRY DAYSIDE OF ORBIT

62. TELEMETRY REQUIREMENTS

RECORDER IS PLAYED BACK ON CDA STATION COMMAND VIA THE SPACE-
CRAFT 235 MHZ TRANSMITTER. TRANSMISSION TIME FOR A FULL ORBIT
OF PICTURES IS APPROX 3 MINUTES,

63. ADVANTAGES AND LIMITATIONS

CAMERA MOUNTING ALLOWS PICTURES TO BE TAKEN STRAIGHT DOWN, MINI-
MIZING DISTORTION AND INCREASING ACCURACY.

64. REFERENCES :

1)FINAL ENGINEERING REPORT TOS A, VOL 1,243. RCA ASTRO-ELECTRON-
ICSy CONTRACT NO. NAS 5-9n34, MAY 5, 196T7.%%%2) SIG ACHIEV IN
SPACE APP 1966, NASA SP-156y 1967.%%%3) OSTRIW,H. AND WEINSTEIN,
O.: REVIEW OF A DECADE OF SPACE CAMERA SYSTEMS DEVELOP FOR Mg~
TEQROLOGY. NASA/GSFC, AUG. 1968.%*%%4) DATA AVAILABLE FROM
NATIONAL WEATHER RECORDS CTR (ESSA), ASHEVILLE, N.C.

68. HISTORICAL REMARKS

TEST FLOWN ON NIMBUS 1.23 DPERATIONAL ON E£SSA 3,5, AND 9,

13



INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO
ADVANCED VIDICON CAMERA SYSTEM AVCS
{TITLE CONT.) 4. RESUME DATE ?/ERS!ON
] VAR VYEFABERE
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
ALBERT, J. NESC/NUAA 2N2=-655=47"70
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
12 qoRenAcT 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | " 858" s °Gii'o"] 17. STATUS
. POST FLIGHT
18. MONITOR 19. AGENCY 20. PGM OFFICE 21. TELEPHONE
GLOVFER, J.C. NESC/NCAA ’ 202=655=-4C010
22. VENDOR 23. LOCATICN 24 pLICHT 25. LEAD TIME
RPCA ASTIO=-ELECTRONICS PEINCETON, N, J. n2/69
26. INSTRUMENT TYPE SecuRLIY,
ITMAGER, 1-1NCH WIDE-ANGLE HIGH-RESOLUTION VIDICON UNC
28. APPLICATION . 29. SPACECRAFT
MET,y EESP ESSA-9S
30. PURPOSE

PEKIMARY-TO PROVIDE METEQROLOGICAL DATA IN THE £ORM OF WIDE-ANGLE
HIGH=RESOLUTION TELEVISION PICYURES OF EAPTH!S CLOUD COVFF; BRY
TRANSMITTING PRERECUOFRDED TV PICTURES TO CDA STATIONS %%
SECONDARY- T MAINTAIN GPERATIOCNAL CAPABILITY OF THE AVCS

31. PRINCIPLES OF OPERATION

THE AVCS, SCHEDULED FOR FLIGHT ON T0S G AND £, WAS TEST FLOWN CN
NIMBUS 1 AND 2 AND OPFRATIONALLY CN ESSA 3 AND 5, ALL AFE SIMI-
LAR EXCEPT FGR DIFFEWENT CAMERA LENSES, THE ESSA/TOS SPACECPAFT
HAVE 2 CAMERAS wWHILE NIMRUS HAD 2, THE ESSA/T0S SYSTEM CONSISTS
DF 2 IDENTICAL 1-INCH VIDICONS HAVING 8323-TV-L INE RFSOLUTION,
THE CAMERAS ARE MJUNTED 187 DEGREES APART ON THE SIDF OF THE
SPACECRAFT AND PERPENDICULAR TC THE SPIN AXIS. DURING PICTURE
TAKING SEQUENCE THE CAMERA LOOKS AT THE NADIR. THE LENS IS A
TEGA-KINOPTIC 17n8-DFCGREE WIDE-ANGLE LENS WITH A FOCAL LENGTH OF
6.0 MM AND AN ELECTROGMAGNETICALLY CONTROLLED SHUTTER, THE CAMERA
CONVERTS THE OPTICAL IMAGE TO AN ELECTRICAL SIGNAL WHICH IS PRO-
CESSED AND RCCOPDED ON A MAGNETIC TAPE RECORDER,., THE VIDICON HAS
AN INHERENT STOKAGE PROPERTY WHICH PERMITS A NOMINAL 6.5 SECOND
FRAME SCAN TIME, CONCURRENT WITH SHUTTER ACTUATION A 16~INCKRE-
MENT GRAY SCALE IS INCLUDED AT THE EDGE OF EACH PICTURE FRAME AS
A CONTRAST CHECK. THE CAMERA IS INDEPENDENTLY TRIGGERED INTOD
OPERATION ONLY WHEN IT COMES IN VIEW OF THE EARTH, THE & TRACK
MAGNETIC TAPE RECORDER CAN STORE UP T3 36 PICTURES, EACH CAMERA
CAN TAKE 6 QR 12 CLOUD COVER PICTURES PER ORBIT AT 26C-SECOND
INTERVALS WITH A 5C PERCENT QVERLAP,

32. PHENOMENA OBSERVED

CLOUDS COVER OF EARTH (REFLFCTED VISIRLF SULAR RADIATIGN)

33. MEASUREMENT RANGE

DYNAMIC FANGE OF 14 TO 11,400 FOOT-LAMBERTS

34. PRECISION AND ACCURACY

833~-LINE RESOLUTION, 16 LEVELS OF GRAY

14




35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION |37. TIME CONSTANT

645 70 765 MICPON [ NA 47. MILLSEC

38. FIELD OF VIEW 39. GROUND SWATH

Q9,0 RY 29.7 DEG] 1720 NM BY 1700 NM FROM 750 NM ALTITUDE

40. ANGULAR RESOLUTION] 41, SPATIAL RESOLUTION

Cel7 DEGl 1.5 NM PFR TV LINE AT CENTER FRIM 750 NM ALTITUDE

 |42.POINTING ACCURACY| 43, POINTING RATE 44. ALTITUDE 45. INCLINATION

"5 NES MEN CIRCULAR | SUN-SYNCH RETROGRADE

46. SPECIAL REQUIREMENTS

47.COMPONENTS

2 Tv CAMFRA SYSTEMS, 2 TAPF RFCORDERS, SYSTEM FLFCTRONICS

48. WEIGHT 49, VOLUME 50. AVERAGE POWER |51.STANDBY POWER | 52. PEAK POWER | 53. MTBF
43 LB 16 WATTS
54. (NTERFERENCE 55 N ERFERENCE 56 (NTERFERENCE 57 INTERFERENCE 58. SHIELDING :
SENSITIVE MAGNETIC SHIFELDING USED
59. CALIBRATION ’ 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION
GRAY-SCALFE CALIRRATION DELAYED TELEMETRY DAYSIDE OF DRBIT

62. TELEMETRY REQUIREMENTS

RECORDER IS PLAYED BACK ON CDA STATINN COMMAND VIA THE SPACE-
CRAFT 235-MHZ TRANSMITTER, TRANSMISSION TIME FDOR A FULL ORBIT
OF PICTURES [S APPROX 2 MINUTFES,

63. ADVANTAGES AND LIMITATIONS

CAMFRA MOUNTING ALLOWS PICTURES TO BE TAKEN STYRPAIGHT DOwWN, MIMI=-
MIZING DISTORTIGN AND INCREASING ACCURACY.

64. REFERENCES

L)EINAL ENGINEERKTIMG REPORT TOS A, VOL.192+3, RCA ASTRO-ELECTRON-
ICSy CONTRACT NC, NAS 5-9734, MAY 5,1967,.%%2) SIG ACHIEV 1IN
SPACE APP 1966, NASA SP-156, 1967.%%x%x3) DSTRIW, H. AND WEINSTEIN
0.3 PEVIEW OF A DECADE OF SPACE CAMERA SYSTEMS DEVELOP  FOR
METEOQOROLGGY . NASA/GSFC, AUG. 1968.%%%4) DATA AVAILABLE FROM NA-
TIDNAL WEATHER RECORNS CTR (FSSA), ASHEVILLE, N,.C.

65. HISTORICAL REMARKS

FLOWN ON NIMBUS 1,2 AND ESSA 3,5 AND 7.
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE ' 2. ACRONYM | 3. EXP NO
ADVANCED VIDICON CAMERA SYSTEM AVCS
{TITLE CONT.) 4. RESUME DATE ‘\SI'ERSION
G9/01/ 1210006
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
OBRIEN, J. (T.MON) GODDARD SPACE FLY CENTER|[301-9R?2=5042
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
12.CONTRACT 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | *8a%" s “™BaEIoM 17, STATUS
CPFF INTEGRATION
18. MONITOR 19. AGENCY 20.PGM OFFICE | 21. TELEPHONE
GARBACZ, M.L. NASA HDQTRS OA/ERQ 202-755=-2322
22. VENDOR 23. LOCATION #fucht 195 LEAD TIME
RCA ASTRO-ELECTRONICS PRINCETCON, N.J. 1770 [NA
26. INSTRUMENT TYPE , A
IMAGER, HIGH=-RESOLUTION WIDE=-ANGLE 1-INCH VIDICON CAMERA UNC
28. APPLICATION 29. SPACECRAFT
MET, ERSP IT0S-1
30. PURPOSE

PRIMARY-TO PROVIDE METEOROLOGICAL DATA IN THE FORM OF WIDE-ANGLE
HIGH-RESOLUTION TELEVISION PICTURES OF EARTH'S CLOUD COVER ,*%x%
SECONDARY-=TU MAINTAIN OPERATIONAL CAPABILITY OF THE AVCS,

31. PRINCIPLES OF OPERATION

THE AVCS FOR TIROS M [S BASICALLY SIMILAR TO THE SYSTEMS TEST
FLOWN ON NIMBUS 1 AND 2 AND OPERATIONALLY FLOWN ON ESSA 3 AND 5,
THE TIROS M SYSTEM CONSISTS OF 2 IDENTICAL 1-IN VIDICONS HAVING
833 TV LINE RESOLUTION WITH ONLY 1 IN OPERATION AT ANY GIVEN
TIME. THE CAMERAS ARE MUUNTED ON THE RASEPLATE OF THE SPACECRAFT
AND LOOK AT THE NADIR DURING PICTURE-TAKING SEQUENCES. THE LENS
IS A TEGEA-KINOPTIC, 108 DEGy WIDE~ANGLE, F/1l.8, 5.7 MM LENS
USING AN ELECTROMAGNETICALLY CONTROLLED SHUTTER., THE VIDICON IS
A "HYBRID VIDICON" WHICH IS ELECTROSTATICALLY FOCUSED AND MAG-
NETICALLY DEFLECTED. IT HAS AN INHERENT STORAGE PROPERTY WHICH
PERMITS A NOMINAL 6.5 SEC FRAME SCAN TIME, A GRAY=-SCALE CALIBRA-
TOR ASSEMBLY, UTILIZING AN INCANDESCENT LAMP AS A LIGHT SOURCE,
PROVIDES 15 LINEAR DENSITY STEPS. THE LIGHT OUTPUT IS DIRECTED
THROUGH THE GRAY-SCALE TRANSPARENCY BY MEANS OF A LENS AND PRISM
ARRANGEMENT AND IMPRESSED ON THE VIDICON PHOTO CONDUCTOR, THE
GRAY-SCALE SERVES AS A REFERENCE WHEN THE TV PICTURES ARE PRO-
CESSED ON THE GROUND. A COMPLETE PICTURE SEQUENCE LASTS ABOUT 48
MINy, OURING WHICH 11 PICTURES ARE TAKEN AT INTERVALS DF 260 SEC
{GIVING AN OVERLAP OF 50 PERCENT) AND STORED IN A 3-CHANNEL TAPE
ECOKRDER FQR L ATER TRANSMISSION,
32. PHENOMENA OBSERVED

LOUD COVER OF EARTH (REFLECTED VISIBLE SOLAR RAD[ATION)
33, MEASUREMENT RANGE

YNAMIC RANGE OF 200 TO 10,000 FOOT-LAMBERTS
34. PRECISION AND ACCURACY e

833-LINE RESOLUTION, 15-16 LEVELS OF GRAY
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35. SPECTRAL RANGE ' ~ ]36.SPECTRAL RESOLUTION |37. TIME CONSTANT

Net T2 Neb5 MICRON | NA 9.5 SEC

138. FIELD OF VIEW . |39. GROUND SWATH

85.0 BY 89.0 DEG 1700 NM BY 1700 NM FROM 750 NM ALTITUDE

140. ANGULAR RESOLUT'ON! 41. SPATIAL RESOLUTION

D.13 DEG| 1.7 NM PER TV-LINE AT THE CENTER FROM 750 NM ALY

42. POINTING ACCURACY] 43. POINTING RATE 44, ALTITUDE 45, INCLINATION !

NA MED CIRCULAR SUN-SYNCH RETROGRADE
46. SPECIAL REQUIREMENTS ;

47, COMPONENTS ) ) ]

7 TV CAWERAS, 2 TAPE RECORDERS, SYSTEM ELECTRONIES ==

48.WEIGHT |49, VOLUME 50, AVERAGE POWER |51. STANDBY powen | 52. PEAK POWER | 53. MTBF
63 LB 3.5 CU FT G WATTS 210 WATTS 1 YEAR
| R =TT 5. e e I 58. SHIELDING
SENSITIVE MAGNETIC SHIELDING USED
159, CALIBRATION ‘ 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION !

[ GRAY=-SCALE CALIBRATION DELAYED AND RFEALTIME| DAYSIDE OF ORBIT

62. TELEMETRY REQUIREMENTS : E

THE AVCS VIDEO SIGNAL HAS A BASEBAND OF 60 KHZ, WITH ITS DATA
MADE UP OF DISCRETE FRAMES,

63. ADVANTAGES AND LIMITATIONS

PROVIDE WIDE ANGLF VIEWING AT MODERATELY HIGH RESOLUTION

64. REFERENCES . - .

TIDESIGN STUDY REPORT FOR THE IMPROVED TOS (1TNS) SYSTEM, V.1-3,
RCA ASTRO=ELECTRONICS,,CONTRACT NO. NASS=9034,JUN 7,68,.%x%2)FINAL
ENGINEERING REPORT TOS A,vOL 1,2,3. RCA ASTRI-ELECTRONICS DIV. :
CONTRACT NO. NASS5=-9034, MAY 5,1967.%x%3) ESSA PRESS RELEASE FOR
ESSA 3, ES 66054, SFPT., 19, 1966.%%*%4) SIG. ACHIEV. IN SPACE
APP, 1266, NASA SP-156, 1967,

65, HISTORICAL REMARKS ' e

SIMILAR TO AVCS ON NIMRUS 1 AND 2, AND FSSA 3 AND 5.
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO
ADVANCED VIDICON CAMERA SYSTEM AVCS
(TITLE CONT.) : . R e
09/01/772 |19005
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
BEBRISy Jo GODDARD SPACFE FLT CENTER |301-982-5242
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
BURDETTY, Gela GODDARD SPACE FLT CENTER 301_:982-5042
12. CONTRACT 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | " 548" | SO 17.STATUS
POST FLIGHTY
18. MONITOR 19. AGENCY 20.PGM OFFICE | 21, TELEPHONE
TEPPER, M. NASA HDQTRS ODA/ERD 202-755=2322
22. VENDOR 23. LOCATION . pLiony 25. LEAD TIME
RCA ASTRO-ELECTRONICS PRINCETON, NoJde. - 08/64 |NA
26. INSTRUMENT TYPE L a )
IMAGER, 1=-INCH WIDE-ANGLE HIGH-RESOLUTION VIDICON UNC
28. APPLICATION : 29. SPACECRAFT -
MET NIMBUS 1
30. PURPOSE

PRIMARY-TC OBSERVE THE ENTIRE DAYTIME CLOUD COVER OF THE EARTH
ONCE A DAY FOR METEOROLOGICAL RESEARCH PURPOSES, *%xSECONDARY=-
TO TEST THE SYSTEM IN SPACE PRIOR TO APPLICATION IN AN OPERA-
TIONAL SPACECRAFT SYSTEM,

31. PRINCIPLES OF OPERATION

THE AVCS TEST FLOWN ON NIMBUS 1 AND 2 AND OPERATIONALLY ON FSSA
3 AND 5 ARE SIMILAR EXCEPT FOR THE LENS USED AND NIMRUS HAVING 3
CAMERAS TO ESSA'S 2., ON NIMBUS THE 3 VIDICON CAMERAS ARE DEPLOY-
ED IN A FAN-LIKE ARRAY TO PRODUCE A 3-SEGMENT COMPOSITE PICTURE,
EACH CAMERA COVERS A 37-DEG FOV WITH THE CENTER CAMERA POINT-
ING STRAIGHT DOWN. THE OPTICAL AXIS OF THE OTHER 2 UNITS ARE RO-
TATED 35 DEG TO EITHER SIDE OF LOCAL VERTICAL. A 3-PICTURE SET
IS TAKEN EVERY 91 SECS ANC COVERS AN AREA OF APPROX 400,000 SQ
MI WITH 96 PICTURES PER ORBIT ACQUIRED, THE PICKUP TUBES ARE 833
SCANLINE, 1-IN DIAM VIOICONS GIVING A LINEAR RESOLUTION 0OF ABQUY
Ce5 NM AT THE OPTICAL CENTER AT 575 NM ALT, EACH OF THE 3 CAM-
|ERAS EMPLOY A 17 MM F/4 LENS WITH A SERVOCONTROLLED IRIS FOR EX-
POSURE ADJUSTMENT. SHUTTER SPEED IS SET AT 40 MILLISEC EXPOSURE
TIME. A POTENTIOMETER ATTACHED TO THE SOLAR ARRAY CONTROLS THE
LENS OPENING FROM F/16 WHEN THE SPACECRAFT IS OVER THE EQUATAOR
TO F/4 WHEN THE S/C IS NEAR THE POLES. THE CAMERAS ARE PROGRAM=-
MED TO UPERATE ONLY AT A SUN ANGLE OF HIGHER THAN 85 DEG. A TAPE
|RECORDER WITH 1200 FT OF TAPE WILL RECORD 2 COMPLETE ORBITS QF
192 PICTURES., THESE VIDEO SIGNALS ARE TRANSMITTED TO THE GROUND
N 4 MIN USING THE 1707.5 MHZ TRANSMITTER
32. PHENOMENA OBSERVED N

CLOUD COVER OVER THE EARTH'S SURFACE
33, MEASUREMENT RANGE

DYNAMIC RANGE OF 14 TO 11400 FUOT-LAMBERTS
34. PRECISION AND ACCURACY

8-10 LEVELS OF GRAY, 833 LINE RESOLUTION
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35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION |]37. TIME CONSTANT E

Ne4b T0 C.65 MICRON | NA
38. FIELD OF VIEW | 39. GROUND SWATH
37.5 DEG| 400 NM DIAM CIRCLE FROM 60C NM ALTITUDE

40. ANGULAR RESOLUTION] 41. SPATIAL RESOLUTION

G5 DEGIN.5 NM AT CENTER FROM 575 NM ALTITUDE

42. POINTING ACCURACY] 43, POINTING RATE , 44. ALTITUDE . 45, INCLINATION

MED CIRCULAR | SUN=SYNCH RETROGRADE.

46. SPECIAL REQUIREMENTS

47. COMPONENTS

3 VIDICON CAMERAS, ASSOCIATED ELECTRONICS

48. WEIGHT _ 149. VOLUME * T averace power [s1.sTanosy power| 52. PEAK POWER | 53. MTBF
€3 L8 27 WATTS| | 12 MDN
S inrenference |55 m‘?e?!%'gﬁgﬁcs 6. «Nt%'é%ﬁgce e INTERALRERCE | 58. SHIELDING ;
SENSITIVE MAGNETIC SHIELDING USED ’
59, CAL‘BRAT'ON ) 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION
GRAY-SCALE CAL[BRATOR DELAYED TELEMETPY CONTINUOUS DAYTIME

62. TELEMETRY REQUIREMENTS

NIMBUS S-BAND TFANSMITTER USED TO TRANSMIT VIDEO SI"NAL 10
GROUND STATION USING THE 1707.5 MHZ FREQUENCY.

63. ADVANTAGES AND LIMITATIONS

64. REFERENCES

1) SIG ACHIEV IN SAT MET 195R8-1965, NASA SP-96,%%%2) INSTRUMENTS
AND SPACECRAFT 0OCT S57-MAR 65, NASA SP-3028,*x%3) NIMRUS I USER'S
CATALOG: AVCS AND APT 1965, GSFC.*%%4)0STROWyH.: REVIEW OF A DE-
CADE OF SPACE CAMERA SYSTEMS DEVELOP FOR MET. 13TH ANNUAL TECH

{SYMP SOC PHOTO-DPTICAL ENGR. WASH.D.C. 19-23 AUG., 68.%%%5) DATA

AVAILABLE FROM NATIDONAL wEATHER RECDRDS CTR (ESSA)ASHEVILLE.N C.
[65. HISTORICAL REMARKS

SIMILAR 10 AVCS ON NIMBUS 29 ESSA 3, AND ESSA 5,
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. acRoNYM | 3. EXP NO
ADVANCED VIDICON CAMERA SYSTEM AVCS
(TITLE CONT.) . s mesume oate | Yension
N9/01/7/7210005
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
ARL AUSKAS, J. GODDARD SPACE FLT CENTER|3ND1=-982-5Mn42
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
o e 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | " 37 s “OBif'"l17. STATUS
: POST FLIGHT
18. MONITOR i 19, AGENCY 20.PGM OFFICE | 21. TELEPHONE ~
HALEY, DR. R, NASA HDQTRS QA/ERN 202~755-2322
22. VENDOR 23. LOCATION n.evonr 195 LEAD TIME
RCA ASTRO~-ELECTRONICS PRINCETON,y N.J, - 05/66
26. INSTRUMENT TYPE Fm';“
IMAGER, 1-INCH WIDE-ANGLE HIGH-RESOLUTIUN VIDICON UNC
28. APPLICATION : 29. SPACECRAFT :
MET NIMBUS 2
30. PURPOSE :

PRIMARY-TO OBSERVE THE ENTIRE DAYTIME CLOUD COVER OF THE EARTH
ONCE A DAY FOR METEQROLOGICAL RESEARCH PURPOSES, **%SECONDARY-
TO TEST THE SYSTEM IN SPACE PRIOR TO APPLICATION IN AN QPERA-
TIONAL SPACECRAFT SYSTEM.

31.PRINCIPLES OF OPERATION

THE AVCS TEST FLOWN ON NIMBUS 1 AND 2 AND OPERATIONALLY ON ESSA
3 AND 5 ARE SIMILAR EXCEPT FOR THE LENS USED AND NIMBUS HAVING 3
CAMERAS TO ESSA*S 2, ON NIMBUS THE 3 VIDICON CAMERAS ARE DEPLOY-
ED IN A FAN-LIKE ARRAY TO PRODUCE A 3-SEGMENT COMPOSITE PICTURE.,
EACH CAMERA COVERS A 37 DEG FOV WITH THE CENTER CAMERA POINT-
ING STRAIGHT DOWN. THE OPTICAL AXIS OF THE OTHER 2 UNITS ARE RO=-
TATED 35 DEG TO EITHER SIDE 0OF LOCAL VERTICAL. A 3-PICTURE SET
IS TAKEN EVERY G1 SECS AND COVERS AN AREA OF APPROX 400,000-SQ
MI WITH 96 PICTURES PER ORBIT ACQUIRED., THE PICKUP TUBES ARE 833
SCANLINE, 1-IN DIAM VIDICONS GIVING A LINEAR RESOLUTION OF ABOUT
C.5 NM AT THE OPTICAL CENTER AT 575 NM ALT. EACH OF THE 3 CAM-
ERAS EMPLOY A 17 MM F/4 LENS WITH A SERVOCONTROLLED IRIS FOR EX-
POSURE ADJUSTMENT., SHUTTER SPEED IS SET AT 40 MILLISEC EXPOSURE
TIME. A POTENTIOMETER ATTACHED TO THE SOLAR ARRAY CONTROLS THE
LENS CPENING FROM F/16 WHEN THE SPACECRAFT IS OVEFR THE EQUATOR
TO F/4 WHEN THE S/C IS NEAR THE POLES. THE CAMERAS ARE PROGRAM-
MED TO OPERATE ONLY AT A SUN ANGLE OF HIGHER THAN 85 DEG. A TAPE
RECORDER WITH 1200 FT OF TAPE WILL RECORD 2 COMPLETE ORBITS OF
192 PICTURES. THESE VIDEO SIGNALS ARE TRANSMITTED TO THE GROUND
N 4 MIN USING THE 1707.5 MHZ TRANSMITTYER,

32. PHENOMENA OBSERVED . . :

CLOUD COVER OVER THE EARTH S SURFACE

33. MEASUREMENT RANGE

DYNAMIC RANGE OF 14 10O 11,400 FDDT LAMBERTS
PRECISION AND ACCURACY

Flo LEVELS OF GRAY, 833 LINE RESOLUTION
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35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION |37. TIME CONSTANT

O.45 10 Ne 65 MICRON [ NA
38. FIELD OF VIEW 39. GROUND SWATH
37.0 DE@ 40” NM DIAM CIRCLE FRIM 60C NM ALTITUDE

40. ANGULAR RESOLUTION] 41, SPATIAL RESOLUTION
0.5 DEG C.5 NM AT CENTER FROM 575 NM ALTITUDE
42.POINTING ACCURACY] 43. POINTING RATE 44  ALTITUDE 45. INCLINATION
MED CIRCULAR | SUN=-SYNCH RETROGRADE

46. SPECIAL REQUIREMENTS

47. COMPONENTS
3-VIDITON TAMERAS, ASSOCTATED ELECTYRONICS

48. WEIGHT 49. VOLUME 50. AVERAGE POWER |51. STANDBY POWER | 52. PEAK POWER | 53. MTBF
63 LB 7 WATTS 12 MON
4. \nTERFERENCE 5. wTERTERe e 56, INTERFERENCE 57. \nTERFERENCE 58. SHIELDING
SENSITIVE MAGNETIC SHIELDING USED
59. CALIBRATION 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION
GRAY-SCALE CALIBRATOR DELAYED TELEMETRY CONTINUQUS DAYTIM

62. TELEMETRY REQUIREMENTS
NIMBUS S-BAND TRANSMITTER USED TO.TRANSMIT VIDEO SIGNAL TO
GROUND STATION USING THE 1707.5 MHZ FRFQUENCY,

63. ADVANTAGES AND LIMITATIONS

IMPROVEMENTS QVER NIMBUS 1 AVCS IN RELTABILITY, PERFORMANCE,
AND LIFE CHARACTERISTICS

64. REFERENCES

[TY STGNTFTCANY ACHIEVEMENTS IN SATELLITE MET, 1958-1964, NASA
SP-96,*x%2) INSTRUMENTS AND SPACECRAFT OCT 57-MAR 65, NASA S$P-
3028,%x%3) NIMBUS 2 USER*S GUIDE. GSFC, JULY 66.%%x%4) OSTROW, H.
AND WEINSTEIN, O.: REVIEW OF A DECADE OF SPACE CAMERA SYSTEMS
DEVELOPMENT FOR MET,, GSFC, 1968.%%%5) DATA AVAILABLE FROM NA-
TIONAL WEATHER RECORDS CTR (ESSA), ASHEVILLE, N.C.

65. HISTORICAL REMARKS

SIMILAR TO AVCS ON NIMBUS ly ESSA 3, AND ESSA 5,
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO
ADVANCED VIDICOH CAMERA SYSTEM AVCS
{TITLE CONT.) 4. RESUME DATE 5V'ERSI0N
, UETARYAYA RIGNS
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
OBRIEN, Ja.(T.M3N) GODDARD SPACE FLT CENTER|[331-932-5042
9. CO-INVESTIGATOR 10. ORGANIZATION : 11. TELEPHONE
12.GOpFRACT 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | "848 s “®0Af'°N]17. STATUS
CPFF CPFEATIONAL
18. MONITOR 19. AGENCY 20. PGM OFFICE 21. TELEPHONE
GARBACZ, M,L., NASA HDQTFRS NA/ERT) 202-755=-2322
22. VENDOR - 23. LOCATION 2cuowt 125 LEAD TIME
RCA ASTRC-ELECTRONICS PRINCETONy Nede 12770 NA
26. INSTRUMENT TYPE secumTy)
IMAGFR, HIGH=-RESCLUTION WIDE=ANGLE 1-INCH VIDICON CAMERA UNC
28. APPLICATION 29, SPACECRAFT
MET, ERSP NOAA=-1
30. PURPOSE

PRIMARY=TJD P&JOVIDE METEORUOLOGICAL DATA IN THE FORM OF WIDF-ANGLE
HIGH-FESOLUTION TELEVISION PICTURES 0OF EARTH'S CLCUD COVEKR %*%x%
SECONDARY=TO MAINTAIN OPERATINNAL CAPABILITY OF THE AVCS,

31. PRINCIPLES OF OPERATION

THE AVCS FOR NiJAA-1 IS BASICALLY SIMILAR TC THE SYSTEMS TEST
FLONN ON NIMBUS 1 AND 2 AND OPERPATIONALLY FLOWN ON ESSA 3 AND &,
THE NOAA-1 SYSTEM CONSISTS 2F 2 [DENTICAL 1-INCH VIDICONS HAVING
833 Tv LINE RESCLUTICN WITH OMLY 1 IN OPERATIUON AT ANY GIVEN
TIME., THE CAMERAS ARE MOUNTED ON THE BASEPLATE DOF THE SPACECRAFT
AND LCOK AT THE NADIF DURING PICTURE-TAKING SEQUENCES. THE LENS
[S A TEGEA-KINOPTIC, 108 DFG, WIDE-ANGLE, F/1.8, 5,7 MM LENS
USING AN ELECTROMAGNETICALLY CONTRCOLLED SHUTTER. THE VIDICON IS
A "HYBRIC VIDICON"™ WHICH IS ELECTROSTATICALLY FOCUSED AND MAG-
NETICALLY DEFLECTED. IT HAS AN INHERENT STORAGE PRNOPERTY WHICH
PERMITS A NOMINAL 6.5 SEC FRAME SCAN TIME. A GRAY-SCALFE CALI3RA-
TOR ASSEMBLY, UTILIZING AN INCANDESCENT LAMP AS A LIGHT SCURCE,
PRUOVIDES 15 LINEAR DENSITY STEPS, THE LIGHT OUTPUT IS DIRECTED
THROUGH THE GRAY-SCALE TRANSPARENCY BY MEANS OF A LENS AND PRISM
ARRANGEMENT AND IMPRESSED ON THE VIDICON PHOTC CONDUCTOR. THE
GRAY-SCALE SERVES AS A FREFERENCE WHEN THE TV PICTURES ARF PRI-
CESSED ON THE GRUUND. A COMPLETE PICTURE SEQUENCE LASTS ABQUT 48
MINs DURING WHICH 11 PICTURES ARE TAKEN AT INTERVALS OF 260 SEC
(GIVING AN CVERLAP QOF 5C PFRCENT) AND STORED IN A 3-CHANNEL TAPE
RECORPER FOR LATER TRANSMISSION,

32. PHENOMENA OBSERVED ,

CLUUD COVER OF EARTH (REFLECTED VISIRLE SOLAR RADIATICN)

33. MEASUREMENT RANGE

DYNAMIC RANGE OF 2CC TO 1,000 FOOT-LAMBERTS

34. PRECISION AND ACCURACY

R33-LINE RESOLUTION, 15-16 LEVELS OF GRAY
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35. SPECTRAL RANGE |36. SPECTRAL RESOLUTION |37. TIME CONSTANT

Dot 10 0.65 MICRCN | NA 9.5 SEC

38. FIELD OF VIEW 39. GROUND SWATH

89,0 BY 89,1 DEG| 1707 NM 8Y 1700 NM FROM 750 NM ALTITUDE

40. ANGULAR RESOLUTION]| 41, SPATIAL RESOLUTION

Nel12 DEG|1.7 NM PER TV-LINE AT THFE CENTER FROM 750 NM ALT

42.POINTING ACCURACY| 43. POINTING RATE : 44. ALTITUDE 45. INCLINATION
NA . MED CIRCULAR SUN=-SYNCH RETROGRADE
46. SPECIAL REQUIREMENTS
[V |

47. COMPONENTS
2 TV CAMERAS, 2 TAPE RECORDFRS, SYSTEM FELECTRONICS }
48. WEIGHT 49, VOLUME 50. AVERAGE POWER |[51. STANDBY POWER | 52. PEAK POWER | 53. MTBF

63 LB 3.5 CU FT 9 WATTS 210 WATTS 1 YEAR
54 \NTEREERENCE 55, N TERF ERERCE 56, |NTERFERENCE 57 \NTERFERENCE 58. SHIELDING

SENSITIVE MAGNETIC SHIELDING USE

59. CALIBRATION ’ ) 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION

GRAY-SCALE CALTRRATION DELAYED AND REALTIME [DAYSIDE OF ORBITY

62. TELEMETRY REQUIREMENTS

THE AVCS VIDEQ SIGNAL HAS A RASEBAND OF 60 K4Z, WITH 1TS DATA
MADE UP QOF DISCRETE . FRAMES,

63. ADVANTAGES AND LIMITATIONS

PROVIDE WIDE ANGLE VIFWING &7 MODERATELY HIGH RESOLUTION

64. REFERENCES

1)DESIGN STUDY REPNRT FNR THE IMPRNVED TOS (ITOS) SYSTEM, V.1-3,
PCA ASTRO=-FLECTRONICS,CONTRACT NO. NAS5-9N"34, JUN 7,68, %%%2 )FINAL
ENGINFERING REPORT TOS A,VOL 1,243, RCA ASTRI-ELECTRONICS DIV.
CONTRACT NO, NAS5-9024, MAY 5,1967.%%%x3) FESSA PRESS RELEASE FOR
ESSA 3, ES 56"54, SEPT, 19, 1966.%%%x4) SIG, ACHIEV. IN SPACE
APP, 1966, NASA SP-156, 1967, ‘

65. HISTORICAL REMARKS

SIMILAR TO AVCS ON NIMBUS 1 & 2, FSSA 3 & 5 AND 1T0S-1
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO
AUTOMATIC PICTURE-TRANSMISSION SYSTEM APT
{TITLE CONT.) 4 RESUME DATE %ERSOON
_ 697017 72|00065
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
MOODY, J.C. GOODARD SPACE FLY CENTER| 301-982/5042
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
72 CONTRACT 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER ‘| ™ 837 s “®Biio"] 17. STATUS
POST FLIGHT
18. MONITOR 19. AGENCY 20.PGM OFFICE | 21. TELEPHONE
GLOVER, J.C. NESC/NOAA ’ 202-655=-4000
22. VENDOR . 23. LOCATION uruont 125 LEAD TIME
RCA ASTRO-ELECTRONICS PRINCETON, NFW JERSEY 02/66] NA
26. INSTRUMENT TYPE oumiry )
IMAGER,y 1-INCH AUTOMATIC-PICTURE=-TRANSMISSICON VIDICON IUNC
28. APPLICATION 29. SPACECRAFT
MET ESSA 2 .
30. PURPOSE

PRIMARY-TO PROVIDE METECROLOGISTS WITH REALTIME INFORMATION ON
CLOUD AND WEATHER CONDITIONS OVER A LARGE AREA AROUND THE
RECEIVING STATION**%SECONDARY-MAINTAIN CAPABILITY OF THE TO0OS~-
ESSA SATELLITE SYSTEM,

N

31. PRINCIPLES OF OPERATION

THIS SYSTEM, CONSISTING OF 2-IDENTICAL 1-INCH VIDICON APT CAM-
ERAS, WAS ALSO TEST FLOWN ON TIRCGS 8 AND NIMBUS 1 AND 2 AND
OPERATIONALLY FLOWN ON ESSA 4 AND 6, EACH CAMERA UTILIZES A TE-
GEA-KINOPTIC, 178-DEGREE, WIDE ANGLE, F/1.8 OBJECTIVE LENS WITH
A FOCAL LENGTH 0OF 5.7 MM, THE TWO CAMERAS ARE MOUNTED 180 DE-
GREES APART ON THE SIDE OF THE SPACECRAFT AND PERPENDICULAR TO
THE SPIN AXIS, SO THEY POINT DIRECTLY DOWNWARD ONCE EVERY 5.5
SECSy DURING WHICH TIME PICTURES ARE TAKEN, THE SYSTEM IS PRO-
GRAMMED TO TAKE AND TKANSMIT A PICTURE EVERY 350 SECS, FOR A TO-
TAL SEQUENCE OF B PICTURES, WHILE THE SATELLITE IS IN DAYLIGHT,
THE ACTUAL PICTURE TAKING REQUIRES 8 SECS AND THE TRANSMISSION
200 SECS. DURING THIS LATTER PERIOD THE VIDICON IS SCANNED AT
FOUR LINES PER SECONDy AND THE SIGNALS TRANSMITTED PRODUCING AN
CAMERA HAS A SHUTTER SPEED OF 1.5 MILLSEC AND A VIDEO-BANDWIDTH
TRACK. THE SHUTTER UTILIZED IS A MODIFIED TIROS TYPE-F, FULL-
SCANy, FOCAL-PLANE SHUTTER ADJUSTED FOR A 1.,5-MSEC EXPOSURE, TWO
5-WATT TV TRANSMITTERS ARE USED, EACH PROVIDING A 137.5 MHZ CAR-
RIER. AN APT GROUND STATION WITH AN APPROPRIATE ANTENNA, RE-
CEIVER, AND A RECORDER CAN RECEIVE THESE PICTURES WHEN THE
SPACECRAFY IS WITHIN ACQUISITION RANGE.,

32. PHENOMENA OBSERVED

CLOUC AND TERRAIN FEATURES OF APPROX 2 NM OR LARGER

33. MEASUREMENT RANGE

DYNAMIC PICTURE RANGE OF 25:1

PRECISION AND ACCURACY

S/N OF 30 DB AT G.7 FGOOT CANDLES/SEC. 10 LEVELS -OF GRAY
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35. SPECTRAL RANGE ] 36. SPECTRAL RESOLUTION ]37. TIME CONSTANT
D45 10 D65 MICRON JNA
3B. FIELD OF VIEW 39. GROUND SWATH
9,0 BY 89,2 DEGI18CD NM BY 1800 NM FROM 750 NM AL TITUDE
40. ANGULAR RESOLUTION] 41, SPATIAL RESOLUTION

0132 DEGI1,T7 NM FROM 7670 NM A TITUDE

42. POINTING ACCURACY] 43. POINTING RATE T 144  ALTITUDE 45. INCLINATION

MED CIRCULAR |SUN-SYNCH RETROGRAD

46. SPECIAL REQUIREMENTS

47. COMPONENTS

VIDICON CAMFRAS, 2 ELFCTRONICS MODULES, 2 FM TRANSMITTERS
48. WEIGHT 49. VOLUME 0. AVERAGE POWER |51. STANDBY POWER | 52. PEAK POWER | §3. MTBF
22 1B 28 WATTS 40 WATTS
54 rERPERENCE . TN E et acE 56 N TEMEE RENCE 57 NTERFERERCE 58. SHIELDING
SENSITIVEISENSITIVE MAGNEFTIC SHIFIDING USFED
59. CALIBRATION ‘ 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION

REALTIME TFL EMETRY CONTINUOUS DAYT IMF

62. TELEMETRY REQUIREMENTS

THE VIDEO NUTPUT, TJURN-ON, AND PHASING CODE DRIVE A MODULATOR
WHICH AMPLITUDE MONULATES THE 2400 HZ SUBCARRIIER, THUS REQUIRING
4COC HZ MAXIMUM FREQUENCY CAPABI(ITY,

63. ADVANTAGES AND LIMITATIONS

DIRECT TRANSMISSION TO MANY GROUND STATIONS WITHOUT INTERMEDIATE
STORAGE ON MAGNFTIC TAPFE,

64. REFERENCES

1)APT USERS GUIDE. ESSA, NAT WEATHER SAT CTR, 1965.%%%2)STAMPFL,
ReAs AND STROUD, WeG.: THE APT TV CAMERA SYSTEM FOR MET SATS,
MASA/GSFC TN D=-1915, NOV. 1963.%%%3) FINAL ENGINEERING REPORT,
T0S/07-2, RCA CORP, MAY 1967,.,%%x%x4) SIG ACHIEV IN SPACE APP. 1966
NASA SP=-156,%%%5) OSTROW, H. AND WEINSTEIN, J,.,: REVIEW OF A

DECADE (F SPACF CAMFRA SYSTEMS DEVELOPMENT FIOR MET, GSEC, 1968,
65. HISTORICAL REMARKS

SIMII AR TN APT ON TIROS 8, NIMBRUS 1 AND 2, AND FSSA & AND &
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM ] 3. EXP NO
AUTOMATIC PICTURE-TRANSMISSION SYSTEM APT
(TITLE CONT.) 4. RESUME DATE ?I'ERSION
G9/N1/772]0005
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
SCHWALB, A, NESC/NGAA 202=-655-400C
9. CO-INVESTIGATOR 10. ORGANIZATION ) 11. TELEPHONE
2.0 et 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | 838 s “BARI'°Y[ 17. STATUS
POST FLIGHT
18. MONITOR 19. AGENCY 20. PGM OFFICE 21. TELEPHONE
GLOVER, JeC» NESC/NOAA 202=-655-400CC
22. VENDOR 23. LOCATION - aruenr 125 | EAD TIME
RCA ASTRO-ELECTRONICS PRINCETON,y No.Je 01767 NA
26. INSTRUMENT TYPE . 2. Y,
IMAGER, 1-INCH AUTOMATIC-PICTURE-TRANSMISSION VIDICON UNC
28. APPLICATION 29. SPACECRAFT
ET ESSA 4
30. PURPOSE '

PRIMARY-TO PROVIDE METEOROLOGISTS WITH REALTIME INFORMATION ON
CLOUD AND WEATHER CONDITIONS OVER A LARGE AREA ARQOUND THE
RECEIVING STATION,**%xSECONDARY-MAINTAIN CAPABILITY OF THE TOS-
ESSA SATELLITE SYSTEM,

31. PRINCIPLES OF OPERATION

THIS SYSTEM, CONSISTING OF TWO IDENTICAL 1-INCH VIDICON APY CAM-
ERAS, WAS ALSO TEST FLOWN ON TIROS 8 AND NIMBUS 1 AND 2 AND
OPERATIONALLY FLOWN ON ESSA 2 AND 6. EACH.CAMERA UTILIZES A TE-
GEA-KINOPTIC, 108-DEGREE, WIDE-ANGLE F/1.8 OBJECTIVE LENS WITH A
FOCAL LENGTH OF 5,7MM, THE TWO CAMERAS ARE MOUNTED 180 DEGREES
APART ON THE SIDE OF THE SPACECRAFT AND PERPENDICULAR TO THE
SPIN AXIS, SO THEY POINT DIRECTLY DOWNWARD ONCE EVERY 5,5 SECS,
DURING WHICH TIME PICTURES ARE TAKEN. THE SYSTEM IS PROGRAMMED
TO TAKE AND TRANSMIT A PICTURE EVERY 350 SECS FOR A TOTAL OF 8
PICTURES, WHILE THE SATELLITE IS IN DAYLIGHT. THE ACTUAL PIC-
TURE TAKING REQUIRES 8 SECS AND THE TRANSMISSION 200 SECS. DUR-
ING THIS LATTER PERIOD THE VIDICON IS SCANNED AT FOUR LINES PER
SECONDy AND THE SIGNALS TRANSMITTED PRODUCING AN 800-LINE PIC-
TURE WITH SCAN L INES PERPENDICULAR TQO THE ORBIT TRACK. THE SHUT-
TER UTILIZED IS A MODIFIED TIROS YYPE-F, FULL-SCAN, FOCAL-PLANE
SHUTTER ADJUSTED FOR A 1,5-MSEC EXPOSURE. TWO 5-WATT TV TRANS-
MITTERS ARE USED, EACH PROVIDING A 137.5-MHZ CARRIER. AN APT
GROUND STATION WITH AN APPROPRIATE ANTENNA, RECEIVER, AND A RE-
CORDER CAN RECEIVE THESE PICTURES WHEN THE SPACECRAFT IS WITHIN
ACQUISITION RANGE,

32. PHRENOMENA OBSERVED

TERRAIN FEATURES OF APPROX 2 NM OR LARGER
33. MEASUREMENT RANGE ’ . :

DYNAMIC PICTURE RANGE 25:]
34. PRECISION AND ACCURACY

S/N OF 30 DB AT 0,7 FOOT-CANDLES/SEC: 10 LEVELS OF GRAY
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35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION |37. TIME CONSTANT

De%b 0 N.65 MICRON | NA

38. FIELD OF VIEW 39. GROUND SWATH :

89.0 BY 89.0 DEG} 1800 NM BY 1800 NM FROM 750 NM ALTITUDE

40. ANGULAR RESOLUTION| 41, SPATIAL RESOLUTION

D132 DEG| 1,7 NM FROM 750 NM ALTITUODE

42. POINTING ACCURACY} 43. POINTING RATE 44. ALTITUDE 45, INCLINATION

MED CIRCULAR [SUN-SYNCH RETROGRADE
46. SPECIAL REQUIREMENTS ;

47. COMPONENTS

2 VIDICON CAMERAS, 2 ELECTRONICS MODULES, 2 FM TRANSMITTERS

48. WEIGHT 49. VOLUME 50. AVERAGE POWER |61. STANDBY POweR| 52. PEAK POWER | 53. MTBF

55 LB 28 WATTS 40 WATYTS
54, INTEREERENCE 55 N TN ERERCE 56 |NTERFERENCE 57 \NTEREERERCE 58. SHIELDING ,
SENSITIVE] SENSITIVE MAGNETIC SHIELDING USED
59. CALIBRATION ’ 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION

REALTIME TELEMETRY CONTINUOUS DAYTIME

62. TELEMETRY REQUIREMENTS

THE VIDEO OUTPUT, TURN-ON, AND PHASING CODE DRIVE A MODULATOR
WHICH AMPLITUDE MODULATES THE 2400 HZ SUBCARIER, THUS REQUIRING
400C HZ MAXIMUM FREQUENCY CAPABILITY,

63. ADVANTAGES AND LIMITATIONS

DIRECT TRANSMISSINN TO MANY GROUND STATIONS WITHOUT INTERMEDIATE
STORAGE ON MAGNETIC TAPE.

64. REFERENCES i

1)APT USERS GUIDE. ESSA, NAT WEATHER SAT CTR, 1965.%%%2)STAMPFL,
ReA. AND STROUDy W.Ge.: THE APT TV CAMERA SYSTEM FOR MET SATS,
NASA/GSFC TN D-1915, NOV. 1963.%%%3) FINAL ENGINEERING REPORT,
TOS/0T-2. RCA CORP, MAY 196T.*x%4) SIG ACHIEV IN SPACE APP, 1966
NASA SP-156.%%%5) OSTROW, H., AND WEINSTEIN, J.: REVIEW OF A
DECADE OF SPACE CAMERA SYSTEMS DEVELOPMENT FIR MET, GSFC, 1968,

65. HISTORICAL REMARKS

SIMILAR TO APT ON TIRNS 8, NIMBUS 1 AND 2, AND ESSA 2 AND 6,
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO
AUTUOMATIC PICTURE- TRANSMISSION SYSTEM APT
{YITLE CONT.) 4. RESUME DATE VERSION
C9/01/7212205
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
SCHWALB, A, NESC/NOAA 202=655=-4N0C
g, CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
T2 COPEnACT 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | 84t 6. CORFON[17. STATUS
POST-FLIGHT
18. MONITOR 19. AGENCY 20. PGM OFFICE 21. TELEPHONE
GLOVER, J.Co, NESF/NOAA 202-655-40C0
22. VENDOR 23. LOCATION 2. euont |25 LEAD TIME
RCA ASTRO-ELECTRONICS PRINCETON,y NoJdo 117671 NA
26. INSTRUMENT TYPE Hcvauy,
IMAGER,y 1=INCH AUTOMATIC-PICTURE~-TRANSMISSION VIDICON UNC
28. APPLICATION . 29. SPACECRAFT |
MET ESSA 6
30. PURPOSE

PRIMARY~-TC PROVIDE METEOROLOGISTS WITH REALTIME INFORMATION ON
CLOUD AND WEATHER CONDITIONS OVER A LARGE AREA AROUND THE
RECEIVING STATION.***%SECONDARY-MAINTAIN CAPABILITY OF THE TOS-
ESSA SATELLITE SYSTEM,

31. PRINCIPLES OF OPERATION

THIS SYSTEM, CONSISTING OF TWO IDENTICAL 1-INCH VIDICON APY CAM-
ERAS , WAS ALSO TEST FLOWN ON TIROS 8 AND NIMBUS 1 AND 2 AND OP-
ERATIONALLY FLOWN ON ESSA 2 AND 4. EACH CAMERA UTILIZES A TEGEA-
KINOPTIC,y -108-DEGREE, WIDE-ANGLE,y F/1.8 OBJECTIVE LENS WITH A
FOCAL LENGTH OF 5.7 MM, THE TWO CAMERAS ARE MOUNTED 180 DEGREES
APART ON THE SIDE OF THE SPACECRAFT AND PERPENDICULAR TO THE
SPIN AXISy SO THEY POINT DIRECTLY DOWNWARD ONCE EVERY 5.5 SECS
DURING WHICH TIME PICTURES ARE TAKEN., THE SYSTEM IS PROGRAMMED
TO TAKE AND TRANSMIT A PICTURE EVERY 350 SECS FOR A TOTAL OF 8
PICTURES,y WHILE THE SATELLITE IS IN DAYLIGHT., THE ACTUAL PICTURE
TAKING REQUIRES 8 SECS ANDO THE TRANSMISSION 200 SECS. DURING
THIS LATTER PERIOD THE VIDICON IS SCANNED AT FOUR LINES PER SEC-
ONDy AND THE SIGNALS TRANSMITTED PRODUCING AN B800-LINE PICTURE
WITH SCAN LINES PERPENDICULAR TO THE ORBIT TRACK. THE SHUTTER
UTILIZED IS A MODIFIED TIROS TYPE-F, FULL SCAN, FOCAL-PLANE
SHUTTER ADJUSTED FOR A 1,5=-MSEC EXPOSURE. TWO 5-WATT TV TRANS-
MITTERS ARE USED, EACH PROVIDING A 137.5-MHZ CARRIER, AN APT
GROUND STATION WITH AN APPROPRIATE ANTENNA, RECEIVER, AND A RE-
CORDER CAN RECEIVE THESE PICTURES WHEN THE SPACECRAFT IS WITHIN
ACQUISITION RANGE,

32. PHENOMENA OBSERVED

CLOUD AND TERRAIN FEATURES OF APPROXIMATELY NM _OR_LARGER
33. MEASUREMENT RANGE

DYNAMIC PICTURE RANGE OF 25:1
34. PRECISION AND ACCURACY ) B o e

S/N OF 30 DB AT 0.7 FOOT CANDLES/SEC 10 LEVELS OF GRAY
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35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION | 37. TIME CONSTANT
D.45 10 0.65 MTCRON [ NA
38. FIELD OF VIEW 39. GROUND SWATH
89,0 BY 89.0 DEG| 1800 NM BY IRAD NM FROM 750 NM ALTITUDE
] 40. ANGULAR RESOLUTION} 41. SPATIAL RESOLUTION
C.132 DEG|1l.7 NM FROM T75C NM ALTITUDE
42. POINTING ACCURACY] 43. POINTING RATE 44. ALTITUDE 45. INCLINATION
' MED CIRCULAR [SUN-SYNCH RETRUGRADE

46. SPECIAL REQUIREMENTS

47. COMPONENTS : .
2 VIDICON CAMERAS, 72 ELECTRONTICS MODULES, 2 FM TRANSMITITERD

48. WEIGHT  |49. VOLUME 50. AVERAGE POWER |51. STANDBY POWER | 52. PEAK POWER | 53. MTBF
55 LB 28 WATTS 40 WATTS

B4 jyTERFERENCE 55 inTERT ERENCE 56 N TERFERENCE 7. I TERFERENCE 58. SHIELDING ’

SENSITIVE]SENSITIVE MAGNETIC SHIELDING USED

59. CALIBRATION 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION

REALTIME TELEMETRY CONTINUQUS OAYTIME

62. TELEMETRY REQUIREMENTS

THE VIDEO OQUTPUT, TURN-ON, AND PHASING CODE DRIVE A MODULATOR
WHICH AMPLITUDE MODULATES THE 2400 HZ SUBCARRIER, THUS REQUIRING
4000 HZ MAXIMUM FREQUENCY CAPABILITY,

63. ADVANTAGES AND LIMITATIONS

DIRECT TRANSMISSION TO MANY GROUND STATIONS WITHOUT INTERMEDIATE|
STORAGE ON MAGNETIC TAPE.
64. REFERENCES -

ReAs AND STROUD, WeGae: THE APYT TV CAMERA SYSTEM FDOR MET SATS.
NASA/GSFC TN D-1915, NOV. 1963.%%%3) FINAL ENGINEERING REPORT,
TOS/0T~2, RCA CORP, MAY 1967.%%xx4) SIG ACHIEV IN SPACE APP, 1966
NASA SP~156.%%%5) OSTROW, H. AND WEINSTEIN, D,.,: REVIEW OF A
DECADE OF SPACE CAMERA SYSTEMS DEVELNPMENT FJOR MET, GSFC, 1968,
65. HISTORICAL REMARKS ‘

SIMILAR TO APT ON TIRDS 8, NIMBUS 1 AND 2, AND ESSA 2 AND &.
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. acrRONYM | 3. EXP NO
AUTOMATIC PICTURT=TFANSMISSIMN SYSTEM APT
(TITLE CONT.) 4. RESUME DATE %ERS!ON
ne/a01/77210005
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
SWCWALB, A, NESC/NOAA 202=655=-4000
9. CO-INVESTIGATOR - 10. ORGANIZATION 11. TELEPHONE
2 qoRanact 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | i |'* eatr'o"] 17. STATUS
POST FLIGHT
18. MONITOR 19. AGENCY 20.PGM OFFICE | 21. TELEPHONE
GLOVER, JeCo NESC/NOAA 202-655-4000C
22. VENDOR 23. LOCATION meuckr 125 LEAD TIME
RCA ASTRO-ELECTONICCS PRINCETON, N.J. 12768
26. INSTRUMENT TYPE eva]
IMAGER, 1=-INCH AUTOMATIC-PICTURE~TRANSMISSION VIDICON
28. APPLICATION 29, SPACECRAFT
MET £ESSA-8
30. PURPOSE

PRIMARY- TO PRUVIDE REALTIME CLOUD COVER PICTURES OVER A LARGFE
AREA AROUND ANY SUITABLY EQUIPPED RECEIVING STATION, **x%
SECONDARY= TO MAINTAIN CAPABILITY OF THE TOS~ESSA SATELLITE SYS-
TEM,

31. PRINCIPLES OF OPERATION

THIS SYSTEM SCHEDULED FOR FLIGHT CN TOS H, CONSISTING OF TWO
IDENTICAL 1-INCH VIDICON APT CAMERAS, WAS ALSO TEST FLOWN ON
TIROS 8 AND NIMBUS 1 AND 2, AND OPERATIONALLY FLOWN ON ESSA 2,4,
6 AND 8. EACH CAMERA UTILIZES A TEGEA-KINOPTIC, 1C8-DEG
WIDE-ANGLE, F/1.8 OBJECTIVE LENS WITH A FOCAL LENGTH OF 5.7 MM,
THE 2 CAMERAS ARE MOUNTED 180 DEG APART ON THE SIDE OF THE
SPACECRAFT AND PERPENDICULAR TO THE SPIN AXIS, SO THEY POINT
DIRECTLY DOWNWARD ONCE EVERY 5,5 SECS, DURING WHICH TIME PIC-
TURES ARE TAKEN., THE SYSTEM IS PROGRAMMED TO TAKE AND TRANSMIT

A PICTURE EVERY 350 SECS FOR A TOTAL OF 8 PICTURES, WHILE THE
SATELLITE IS IN DAYLIGHT, THE ACTUAL PICTURE TAKING REQUIRES 8
SECS AND THE TRANSMISSION 200 SECS. DURING THIS LATTER PERIOD
THE VIDICON IS SCANNED AY FOUR LINES PER SECOND, AND THE SIGNALS
TRANSMITTED PRODUCING AN 80C=L INE PICTURE WITH SCAN LINES PER-
PENDICULAR TO THE ORBIT TRACK. THE SHUTTER UTILIZED IS A
MODIFIED TIROS TYPE-F, FULL-SCAN, FOCAL-PLANE SHUTTER, ADJUSTED
FOR A 1.5 MILSEC EXPOSURE. TWO S5-WATT TV TRANSMITTERS ARE USED,
EACH PROVIDING A 137.5-MHZ CARRIER., AN APT GROUND STATION WITH
AN APPROPRIATE ANTENNA, RECEIVER, AND A RECORDER CAN RECEIVE
THESE PICTURES WHEN THE SPACECRAFY IS WITHIN ACQUISTION RANGE.,

32. PHENOMENA OBSERVED |

CLOUD AND TERRAIN FEATURES OF APPROX 2 NM OR LARGER

33. MEASUREMENT RANGE

DYNAMIC PICTURE RANGE 25:1

J/‘—

PRECISION AND ACCURACY

[S/N OF 30 DB AT 0.7 FOOT- CANDLES/SEC, 10 LEVELS OF GRAY
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35. SPECTRAL RANGE . 36. SPECTRAL RESOLUTION [37. TIME CONSTANT

a45 LiS] De65 MICRON | NA

38. FIELD OF VIEW 39. GROUND SWATH

2,0  RY 89,0 DFGI 1877 RM Ry 18700 NM FRIM 750 NM ALTITUDE

40. ANGULAR RESOLUTION| 41. SPATIAL RESOLUTION

De132 DEG| 1.7 NM FROM 740 NM ALTITUDE

42. POINTING ACCURACY] 43. POINTING RATE 44. ALTITUDE 45. INCLINATION

””””” MED ~ CIRCULAR [ SUN SYNCH REYORGRADE

46. SPECIAL REQUIREMENTS
> —

47. COMPONENTS ;
2 VIDICON CTAMERAS, 72 ELECTRONTCS MODULES, 2 FM TRANSMITTERS

48. WEIGHT  [49. VOLUME 50. AVERAGE POWER [51.STANDBY PoweR | 52. PEAK POWER | 53. MTBF
55 LR 28 WATTS]|. 40 WATTS
4. erenFeRENCE 5. nTERFERENCE 58 |NTERFERENCE 5. InTERFERERCE 58. SHIELDING
| SENSITIVE | MAGNETIC SHIELDING USED
59. CALIBRATION ’ ’ 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION

REALTIME TELEMETRY CONTINUOUS DAYTIME

62. TELEMETRY REQUIREMENTS

THE VIDEO OUTPUY, TURN-ON, AND PHASING CODE DRIVE A MDDULATOR
WHICH AMPLITUDE MODULATES THE 2400 HZ SUBCARRIER, THUS RE-
QUIRING 400C HZ MAXIMUM FREQUENCY CAPABILITY.

63. ADVANTAGES AND LIMITATIONS

DIRECT TRANSMISSION TO MANY GROUND STATIONS wWITHOUT INTERMEDIATE
STORAGE ON MAGNETIC TAPE. 2 CAMERAS INSURE LONG OPERATING PERIOD
64. REFERENCES - . j ‘
T)APT USERS GUIDE. ESSA, NAT WEATHER SAT CTR, 1965.%*%2)STAMPFL,
R.A. AND STROUD, W.G.: THE APT TV CAMERA SYSTEM FOR MET SATS,
NASA/GSFC TN D-1915, NOV. 1963.%%%3)FINAL ENGINEERING REPORT,
TOS/0OT=-2. RCA CORP, MAY 1967.%*%%4)SIG ACHIEV IN SPACE APP, 1966.
NASA SP-156,%%%5)0STROW, H. AND WEINSTEIN, O.: REVIEW OF A
DECADE OF SPACE CAMERA SYSTEMS DEVELOPMENT FOR MET, GSFC, 1968,

65, HISTORICAL REMARKS

FLOWN ON TIROS B8,NIMBUS 1,2, AND ESSA 214o6;ALSO SCHED FOR T0S H
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO
AUTOMATIC PICTURE=- TRANSMISSION SYSTEM APT

(TITLE CONT.) ‘ «nesome oate | Gepsion

09/21/72 [3006

6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
OBRIEN, Jo (T MON) GUODDARD SPACE FLT CENTER |30D1=-982~5C42
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
12.CONTRACY 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | 3% |= C™Biflo"] 17. STATUS ‘
CPFF INTEGRATION
18. MONITOR 19. AGENCY 20. PGM OFFICE 21. TELEPHONE
GARBACZ , Mol s NASA HDQTRS OA/ERD 202-755-2322
22. VENDOR 23. LOCATION ) utuowt |25 L EAD TIME
RCA ASTRO-ELECTRONICS PRINCETON, N.J 1770 |NA
26. INSTRUMENT TYPE Ay
IMAGER, 1-INCH AUTOMATIC-PICTURE-TRANSMISSION VIDICON UNC
28. APPLICATION . 29. SPACECRAFT |
MET ITOS~-1
30. PURPOSE )

PRIMARY-TO PROVIDE METEOROLOGISTS WITH DAYTIME OBSERVATIONS OF
CLOUD COVER AS DETECTED IN THE VISIBLE SPECTRUM FOR DIRECT
TRANSMISSION TQ USERS LOCATED ARQUND THE WORLD.***SECONDARY-TQO
EXPAND THE OPERATIONAL CAPABILITY OF THE BASIC TOS SYSTEM,

31. PRINCIPLES OF OPERATION

THE APT CAMERA SUBSYSTEM HAS ALSO BEEN FLOWN PREVIOUSLY ON TIROS
8y NIMBUS 1,2,AND ESSA 244,6 IN SIMILAR CONFIGURATION. THE TIROS
M SUBSYSTEM WILL CONSIST OF 2 IDENTICAL 1-INCH VIDICON APT CAM-
ERAS yEACH UTILIZING A TEGRA-KINOPTIC, 108~DEG, WIDE-ANGLE, F/1.8
OBJECTIVE LENS WITH A FOCAL LENGTH OF 5.7 MM, ONLY ONE CAMERA IS
UTILIZED FOR OPERATION DURING ANY PICTURE~TVTAKING SEQUENCE. THE
APT SUBSYSTEM IS CONTROLLED BY GROUND-INITIATED COMMANDS THAT
ARE TRANSMITTED TO AND STORED BY THE SATELLITE.ONCE THE SEQUENCE
IS INITIATED, THE CAMERA WILL TAKE A PICTURE ONCE EVERY 260 SEC
UNTIL THE PRESCRIBED 11 PICTURES HAVE BEEN TAKEN., THE ACTUAL
PICTURE TAKING REQUIRES 8 SEC WITH AN EXPOSURE TIME OF 25 MILLI-
SECy AND THE TRANSMISSION 150.SECS. DURING THIS LATTER PERIOCD
THE VIDICON IS SCANNED AT 4 LINES PER SEC, AND THE SIGNALS
TRANSMITTED PRODUCING AN 60C-LINE PICTURE WITH SCAN LINES PER-
PENDICULAR TO THE ORBIT TRACK. TWO S-WATT TV TRANSMITTERS ARE
USED, EACH PROVIDING A 137.62 MHZ CARRIER. AN APT GROUND STATION
WITH AN APPROPRIATE ANTENNA, RECEIVER, AND A RECORDER CAN RE-
CEIVE THESE PICTURES WHEN THE SPACECRAFT IS WITHIN ACQUISITION
RANGE.

32. PHENOMENA OBSERVED

D_AND TERRAIN FEATURES OF APPROX 3.4 NM OR LARGER
33. MEASUREMENT RANGE :

YNAMIC PICTURE RANGE 0F 20 1
ON AND ACCURACY. | Ve e N M——
S/N OF 32 DBy MINIMUM: 8 GRAY LEVELS CAN BE RESOLVED
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35. SPECTRAL RANGE S ; 36. SPECTRAL RESOLUTION |37. TIME CONSTANT ]

‘ N.45 T0 D .65 MICRONS|NA 208, SECDNDS

|38. FIELD OF VIEW : 39. GROUND SWATH
89.0 BY 89.0 DEG| 1700 NM BY 1700 NM FROM 750 NM ALTITUDE

40. ANGULAR RESOLUTION] 41, SPATIAL RESOLUTION

0.25 DEG|3.4 NM PER TV=-LINE AT CENTER FR:)M 750 NM ALTITUDE

42. POINTING ACCURACY] 43. POINTING RATE 44. ALTITUDE ] 45. INCLINATION N

' MED CIRCULAR | SUN- SYNCH RETROGRADE

46. SPECIAL REQUIREMENTS

47.COMPONENTS :
CAMERAS (2), ELECTRDNICS (2)

48.WEIGHT |49, VOLUME 150 avenacepower |51.sTanDBy powen| 52, PEAK POWER | 63.MTBF |

45 LB 2. f‘ . 7 WATTS 210 WATTS 1 YEAR

B msggséme” | mrsa#sﬁeuce e amﬁﬁgﬁg‘ug - ~57‘*‘sm12t§="e?tg:ncs : 58. SHIELDING ;
SENSITIVE SENSITIVE

169. CALIBRATION = ___|e0.DATA RECOVERY 61, FREQUENCY OF OBSERVATION §
REALTIME TELEMETRY DAYTIME ON COMMAND
62. TELEMETRY REQUIREMENTS o
THE VIDEO QUTPUT, TURN-ON, AND PHASING CODE DRIVE A MODULATDR
WHOSE AMPLITUDE MODULATES THE 2400 HZ SUBCARRIER, WHICH IN TURN
MODULATES THE 137,62 MHZ CARRIER.

163, ADVANTAGES AND LIMITATIONS E
AN IMPROVED DOUBLE-BLADED,SOLENOID- ACTUATED SHUTTER WILL BE USED
ON THIS APT, REVISED TIMING TO PROVIDE 11 PICTURES FROM 1 CAMERA
84 REFERENCES o : : o S }
1)DESIGN STUDY PEPDRT FOR THE !MPROVED T0S(IT05) SYSTEM,VDL.1,2.
RCA ASTRO-ELECTRONICS CONTRACT NO. NAS 5-9D032, JUNE 7,68.%%%2)
APT USER'S GUIDE. ESSA, NAT WEATHER SAT CTR, 1965.%%%3) STAMPFL,
ReAs AND STROUD, W.G.: THE APT TV CAMERA SYSTEM FOR MET SATS,
NASA TN D=-1915, NOV. 1963.%%%x4) FINAL ENGINEERING REPORT, TOS/

OT-2. RCA CORP., MAY, 1967,
5. HISTORICAL REMARKS AR, ' ]
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO
AUTOMATTIC PICTURE-TRANSMTISSTOUON SYSTEM APT
(TlTLE CONT.) 4. RESUME DATE ‘\SI'ERSlON
CO7CI/7 7217005
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
HUNTER, C.M, GUOODARD SPACE FLT CENTER[2P1-982=-5247
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
12.40pa et 13, CONTRACT NUMBER 14. FLASH INDEX NUMBER | ™ 84% | “"Bafi'™"[17. STATUS
‘ ~ POST FLIGHT
18. MONITOR 19. AGENCY 20.PGM OFFICE 21. TELEPHONE
EPPER,y M, NASA HDQTRS NA/ERD 202=-755=-2322
22. VENDOR 23. LOCATION : #ruent |95 LEAD TIME
RCA ASTRO-ELECTRONICS PRINCETUN, N.J. OR/E4 | NA
26. INSTRUMENT TYPE ) , rvay,
IMAGER, 1-INCH AUTOMATIC-PICTURE-TRANSMISSICN VIDICON UNC
28. APPLICATION 29. SPACECRAFT
MET NIMBUS 1
30. PURPOSE

PRIMARY~T{ PECOVIDE REAL-TIME WIDE-ANGLE CLOUD COVER PICTURES F(PR
USE BY LOUCAL USERS.***SECCNDARY-CHECKOUT FOR SENSORS TO BE USED
IN FUTURE OPERPATIONAL TUS FLIGHTS.,

31. PRINCIPLES OF OPERATION

THE APT SYSTEM, CUNSISTING OF 2 1-IN VIDICON ARRANGEMENT, WAS
TEST FLOWN ON TIRUS & AND NIMEUS 1 AND 2 (1 CAMERA}, PRIOR T3
OPERATIONAL TOS FLIGHTS (ESSA 2,4,6) AND TIROS M (2 CAMERAS),
THE VIDICON USED INITIALLY (TIFCS 8 AND NIMBUS 1), HAD &4 DI-
ELECTRIC LAYER DEPOSITED ON THE .GUN SIDE OF THE PHOTOCONDUCTOR
TO STORE THE SCENE INFCRMATION. HOWEVER, SINCE THE ELECYRON BEAM
ALTEPED THE ELECTRIC PROPERTIES OF THIS SURFACE, THE VIDICGON WAS
UPGRADED FOR FUTURE FLIGHTS., THE CAMERA UTILIZES A TEGEA-KINNP-
TiCy 1C8-DEGy WIDE ANGLE, F/1.8 OBJECTIVE LENS WITH A 5,7 MM FL,.
THE SYSTEM AUTUMATICALLY TAKES AND TRANSMITS A PICTURE EVERY 278
SECS WHILE THE SATELLITE IS IN DAYLIGHT., OPTICAL EXPOSURF TIHE
IS 47 MILLISEC, GIVING SMEAR OF LESS THAN 1C PERCENT 0OF ONE PIC-
TURE ELEMENT, AN 8-SECOND TURN-ON AND SYNC-SIGNAL PRECENFS THE
200 SECOND TRANSMISSION, AT WHICH TIME THE VIDICON IS SCANNFD AT
4 LINES PER SEC, PRODUCING AN €00-LINE PICTURE WITH SCAN LINES
PERPENDICULLR TO THE ORBIT TRACK. A S5-WATT TV TRANSMITTER BROAC-
CASTS THE SIGMAL IN THE 136,95 MHZ RAND., AN APT GROUND STATION
WITH AN APPROPRIATE ANTENNA, RECEIVER, AND A RECORDER CAN RE-
CEIVE THESE PICTUKES WHEN THE SPACECRAFT IS WITHIN ACQUISITION
RANGE., APT IS COMPATIBLE WITH COMMERCIAL 240" RPM FAX FQUIPMENT,
32. PHENOMENA OBSERVED

CLNUL AND TERKAIN FEATURES OF APPFOX 1.7 NM OR LARGER

33. MEASUREMENT RANGE

DYNAMIC PICTURE RANGE QOF 10:1

34. PRECISION AND ACCURACY

6 TO 10 LEVELS OF BRIGHTNESS VARIATION
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35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION |37. TIME CONSTANT
D45 o Deb5 MICRON [NA ‘

38. FIELD OF VIEW 39. GROUND SWATH

89.0 BY AG,0 DEG] 925 BY 925 NM FROM 670 NM ALTITUDE

40. ANGULAR RESOLUTION| 41. SPATIAL RESOLUTION

n,162 DEG| APPROXIMATELY 1.7 NM FROM 670 NM ALTITUDE

42. POINTING ACCURACY] 43. POINTING RATE 44. ALTITUDE 45. INCLINATION

1.0 DEG C.l NFG/SECI MED ECCENTRIC| SUN-SYNCH RETRNGRADE

46, SPECIAL REQUIREMENTS

47. COMPONENTS

VIDICON, ELECTRONICS, TRANSMITTER, TAPE RECORDER

48. WEIGHT 49. VOLUME 50. AVERAGE POWER [51. STANDBY POWER | 52. PEAK POWER | 63. MTBF ’
30 LB 40 WATTS| 200 HRS
54, |\TERFERENCE 55 |NTENTERENCE 56 |NTERFEHENCE 57. \NTERFERENCE 58. SHIELDING ) ;
SENSITIVE] SENSITIVE MAGNETIC SHIELDING USED
59. CALIBRATION 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION

FIDUCTAL MARKS INCLUDED [RPEALTIME TELEMETRY CONTINUNUS DAYTIME

62. TELEMETRY REQUIREMENTS

PICTURE IS COMMUNICATED TO AN EARTH STATION IN THE SPACE RES.
BAND QF 136-137 MHZ, THE VIDED JUTPUT REQUIRES 40300 HZ MAXTMUM
FEEQUENCY CAPABILITY,

63. ADVANTAGES AND LIMITATIONS

DIRPECT TRANSMISSION NN COMMAND TO MANY RECEIVERS WITHOUT INTERP-
MEDIAYE STORAGE, DIFLECTRIC SURFACE OF VIDICON LIMITED TUBRFELIFE.

64. REFERENCES

1)SIG ACHIEV IN SAT MET 1958-1964., NASA SP-96,.xx%2) STAMPF{,R.A,
AND STROUD,y W.Gae: THE APT Ty CAMERA SYSTEM FOR MET SATS, JOURNAL
SMPTE, VOL 73, FES 196G.*%%3) (OSTRCW, H. AND WEINSTEIN, O.:
REVIEW OF A NDFECADE 0OF SPACF CAMERA SYSTEMS DEVELOPMENY FOR MET-
EQRQOLOGY. PRESENTEN AT 13TH ANNUAL TECH SYMP OF SPIE, AUG 1968,
*x%%4 ) BALAKR ISHMANIADV IN COMM SYSTEMS, vOtL 1, CHADYER SsSTAMPFEL,

65. HISTORICAL REMARKS

SIMILAR TO APT ON NIMRUS 23ESSA 2,4,63TIROS 85 SCHED FQOR TIRQS M
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO
AUTOMATIC PICTURE-TRANSMISSION SYSTEM APT
(TITLE CONT.) IR a.nesome oate | iension
, . 09/01772 [0005
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE :
MOODY, J. GODDARD SPACE FLT CENTER |301-982-5042
9.CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
s e 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | ™30t [ “™BAf{'™] 17. STATUS
POST FLIGHT
18. MONITOR 19. AGENCY 20. PGM OFFICE 21. TELEPHONE
HALEY, DR. R, NASA HDQTIRS OA/ERN 202-755-2322
22. VENDOR 23. LOCATION u.rucwy 126 LEAD TIME
RCA ASTRO~-ELECTRONICS PRINCETON, N.J. - 05766 |NA
26. INSTRUMENT TYPE .
IMAGER, 1=-INCH AUTOMATIC-PICTURE- TRANSMISSION VIDICON UNC
28. APPLICATION 29. SPACECRAFT e e
MET NIMBUS 2
30. PURPOSE

PRIMARY~-TO PROVIDE REAL-TIME WIDE-ANGLE CLOUD COVER PICTURES FOR
USE BY LGCCAL USERS.**xSECONDARY-CHECKOUT FOR SENSORS TO BE. USED
IN FUTURE OPERATIONAL TOS FLIGHTS.

31. PRINCIPLES OF OPERATION

THE APT SYSTEM WAS TEST FLOWN IN VARIOUS MODES OF SOPHISTICATION
ON TIROS 8 AND NIMBUS 1 AND 2, PRIOR TO OPERATIONAL TOS FLIGHTS
(ESSA 2,4,6) AND TIROS M, NIMBUS 2 USED A SINGLE 1-INCH CAMERA
VIDICON ARRANGEMENT DESIGNED TO OPERATE FROM A SPIN STABILIZED
SPACECRAFT, THIS CAMERA HAD AN IMPROVED LONG STORAGE TIME PHOTO-
CONDUCTOR, THE CAMERA UTILIZED A TEGEA-KINOPTIC,108-DEGREE, WIDE
ANGLE, F/1.8 OBJECTIVE LENS WITH A FOCAL LENGTH OF 6.0 MM, THE
SYSTEM AUTOMATICALLY TAKES AND TRANSMITS A PICTURE EVERY 208
SECS WHILE THE SATELLITE IS IN DAYLIGHT. OPTICAL EXPOSURE TIME
IS 40 MILLISECONDS, GIVING SMEAR OF LESS THAN 10 PERCENT OF ONE
{PICTURE ELEMENT. AN 8-SECOND TURN-ON AND SYNC SIGNAL PRECEDES

THE 200 SEC TRANSMISSION. DURING THIS LATTER PERIOD, THE VIDICON
IS SCANNED AT FOUR LINES PER SECOND, AND THE SIGNALS TRANSMITTED
PRODUCING AN 800-LINE PICTURE WITH SCAN LINES PERPENDICULAR TO
THE ORBIT TRACK. A 5-WATT TV TRANSMITTER BROADCASTS THE SIGNAL
IN THE 136.95 MHZ SPACE TELEMETRY BAND., AN APT GROUND STATION
“I{WITH AN APPROPRIATE ANTENNA, RECEIVER, AND A RECORDER COMPATIBLE
WITH SLOW SCAN TV TRANSMISSION CAN RECEIVE THESE PICTURES WHEN
THE SPACECRAFT IS WITHIN ACQUISITION RANGE. THE SYSTEM IS COMPA-
|LIBLE WITH COMMERCIAL 240 RPM FACSIMILE EQUIPMENT.

32. PHENOMENA OBSERVED

CLOUD AND TERRAIN FEATURES OF 2 NM OR LARGER

33. MEASUREMENT RANGE

DYNAMIC PICTURE RANGE OF 25:1

34. PRECISION AND ACCURACY

1C LEVELS OF GREY; 30-DB S/N AT 0 7 FOOT-CANDLES/SEC
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35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION |37. TIME CONSTANT

0.45 10 0.65 MICRON | NA

38. FIELD OF VIEW 39. GROUND SWATH

89.0 BY 89.7 DEG| 1200 NM BY 1200 NM FROM 6C0C NM ALTITUDE
40. ANGULAR RESOLUTION] 41. SPATIAL RESOLUTION -'

Co162 DEGj 1.7 NM FROM €02 NM ALTITUDE

42. POINTING ACCURACY] 43. POINTING RATE 44. ALTITUDE 45. INCLINATION

1.2 DEG 0ol DEG/SEC{MED CIRCULAR | SUN-SYNCH RETRDOGRADE

46. SPECIAL REQUIREMENTS

47. COMPONENTS

VIDICON, ELECTRONICS, TRANSMITTER, TAPE RECQRDER

48. WEIGHT 48. VOLUME 50. AVERAGE POWER |51. STANDBY POWER | 52. PEAK POWER | 53. MTBF
30 LB , 40 WATTS 6 MON

4. INTERFERENCE 55 | TENFERENCE 56 N TERFERENCE 57, \nTENFERENCE 58. SHIELDING

SENSITIVE| SENSITIVE MAGNEFTIC SHIELDING USED

59. CALIBRATION 60. DATA RECOVERY - 61. FREQUENCY OF OBSERVATION

FIDUCIAL MARKS INCLUDED |REALTIME TELEMETRY CONTINUOUS DAYTJIME

62. TELEMETRY REQUIREMENTS

PICTURE IS COMMUNICATED TO AN EARTH STATION IN THE SPACE RES.
BAND OF 126-137 MHZ,., THE VIDEO JUTPUT RFQUIRES 4009 HZI MAXIMUM
FREQUENCY CAPABILITY,

63. ADVANTAGES AND LIMITATIONS

IMPROVEMENTS OVER PRINR APT RELIABILITY, PERFORMANCE, AND LIFF
CHARACTERISTICS,

64. REFERENCES

1) SIG ACHIEV IN SAT MET 1958-1964, NASA SP-96,%%x%2) STAMPFL, R,
A. AND STROUDy W.G.: THE APT TV CAMERA SYSTEM FOR MET SATS, JOUR
SMPTE, VOL 73, FEB 1964,%%%3) NIMBUS I1 USER*S GUIDE, GSFC,

JULY 1966 ,%%%x4) SIG ACHIEV IN SPACE APP 1965. NASA SP-137, 1966,
*xx5) SIG ACHIEV IN SPACE APP, 1966, NASA SP-156, 1967.
*%%6)BALAKRISHNAN: ADV IN COMM SYSTEMS, V0L 1, CHAP S, STAMPF|

65. HISTORICAL REMARKS

SIMILAR TN APT ON NIMBUS 13ESSA 2,4,63TIR0OS B3SCHED FOR TIRNS ﬁ
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO
AUTOMATIC PICTURE-TRANSMISSION SYSTEWNM APT
(TITLE CONT.) 4. RESUME DATE ?/ERSION
) BEVARVYALA BRI
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
UBRIEN, Je(T.MDON) GODDARD SPACFE FLT CFNTER]301=-982-5042
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
12.GOpIRACT 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | ™ 88%  |s “™E4fI'°] 17. STATUS
CPFF OPERATIUONAL
18. MONITOR 19. AGENCY 20. PGM OFFICE 21. TELEPHONE
GARBACZ, M.L. NASA HDQT®S QA/FERD 202-755-2322
22. VENDOR 23. LOCATION 2acucnt  1o5 LEAD TIME
RCA ASTRO~-FLECTRONICS PRINCETOMN,y Node ' 12770 NA
26. INSTRUMENT TYPE Sscumgy
IMAGER, 1=INCH AUTOMAT IC-PICTURE-TRANSMISSION VIDICON UNC
28. APPLICATION 29, SPACECRAFT
MET NGCAA 1
30. PURPOSE ’

PRIMARY=T0 PROVIDE METEQROLOGISTS WITH DAYTIME DBSERVATINNS OF
CLOUDL COVER AS DETECTFD IN THE VISIBLE SPECTRUM FOP DIRECT
TRANSMISSION TO USERS LOCATED ARDUND THE WORLD.***xSFCONDARY=-TO
EXPAND THE CPERATICNAL CAPABTILITY OF THE BASIC TOS SYSTEM,

31. PRINCIPLES OF OPERATION

THE APT CAMERA SUBSYSTEM HAS ALSC BEEN FLCWN PREVIOUSLY ON TIRQS
8y NIMBUS 1,23 ESSA 2,4,6 AND ITOS 1 IN SIMILAR CONFIGURATION.,
THE SUBSYSTEM WILL CONSISY OF 2 IDENTICAL 1-INCH VIGICON &4PY CAM
ERAS yEACH UTILIZING A TEGRA-KINCPTIC, 108-DEGy WIDE-ANGLE, F/1.8
OBJECTIVE LENS WITH A FCCAL LENGTH OF 5.7 MM, ONLY ONE CAMERA IS
UTILIZED FCOF OPERATICN DURING ANY PICTURE=TAKING SEQUENCE. THE
APT SURSYSTEM IS CONTROLLED BY GROUND-INITIATED COMMANDS THAT
ARE TRANSMITTED TO AND STORED BY THE SATELLITELCONCE THE SEQUENCE
IS INITIATED, THE CAMERA WILL TAKE A PICTURE ONCE EVERY 267 SEC
UNTIL THE PRESCRIRBED 11 PICTURES HAVE BEEN TAKEN. THE ACTUAL
PICTURE TAKING REQUIRES 8 SEC WITH AN EXPQOSURE TIME 0OF 25 MILLI-
SECy AND THE TRANSMISSION 150,SECS. DURING THIS LATTER PEFIOD
THE VIDICON IS SCANNED AT 4 LINES PER SEC, AND THE SIGNALS
TRANSMITTED PROQOUCING AN 6COC-~LINFE PICTURE WITH SCAN LINES PER-
PENDICULAR T2 THE ORPIT TRACK. TWC 5-WATT TV TRANSMITTERS ARE
USED, EACH PROVIDING A 137.62 MHZ CARRIER. AN APT GROUND STATICN
WITH AN APPROPRIATE ANTENNA, RECEIVER, AND A RECORDER CAN RE-
CEIVE THESF PICTURES WHEN THF SPACECRAFT IS WITHIN ACQUISITION
RANGE.

32. PHENOMENA OBSERVED

CLOYD AND TFRRAIN FFATURES 0OF APPRUX 3.4 NM NR LARGER
33. MEASUREMENT RANGE

DYNAMIC PICTURE RANGE QF 2031

34. PRECISION AND ACCURACY

S/N OF 32 ©8, MINIMUMG 8 GRAY LFVELS CAN HBE RESOLVED
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35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION | 37. TIME CONSTANT

N,45 TN 2.65% MTCRONMS [NA - 208, SELONUS

38. FIELD OF VIEW 39. GROUND SWATH

83,7 BY 89.2 DNEG[178C NM RY 1700 NM FRIOM 750 NM ALTITUDE

40, ANGULAR RESOLUTION| 41, SPATIAL RESOLUTION

0.25 DEG{3.4 NM PER TV-LINE AT CENTER FRIM 759 NM ALTITUDE

42. POINTING ACCURACY| 43. POINTING RATE 44. ALTITUDE 45, INCLINATION

MED CIRCULAR [SUN-SYNCH RETROGLRADE |

46. SPECIAL REQUIREMENTS

47. COMPONENTS

CAMERAS (2), ELECTRONICS (2)

48. WEIGHT 49. VOLUME 50. AVERAGE POWER |51. STANDBY POWER | 52. PEAK POWER | 53. MTBF

45 LB 2.0 CU FT 7 WATTS . 210 WATTS 1 YEAR
58 |NTERFERENCE 55, \NTENE L RE NCE 56 |NTERFERENCE 57 INTERPERENCE 58. SHIELDING
SENSITIVF|SENSITIVE
59. CALIBRATION ’ 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION

REALTIME TELEMETRY DAYTIME ON TOMMAND

62. TELEMETRY REQUIREMENTS

THE VIDEO QUTPUT, TURN-0ON, AND PHASING CODE DRIVE A MODULATOR
WHOSE AMPLITUDE MODULATES THE 2400 HZ SURCARRIER, WHICH IN TURN
MODULATES THE 137.42 MHZ CARRIER,

63. ADVANTAGES AND LIMITATIONS

AN IMPROVED DOUBLE-BLADED,SOLENDID-ACTUATED SHUTTER WILL BE USED
ON THIS APT, REVISED TIMING TO PROVIDE 11 PICTURES FROM 1 CAMERA

64. REFERENCES

1)CESIGN STUDY REPDRT FOR THF IMPROVED TOS(ITOS) SYSTEM,VDL.1,2.
RCA ASTRO=-ELECTRONICS CONTRACT NN. NAS 5-9032, JUNE T7,68,%%%x2)
APT USER'S GUIDE, ESSA, NAT WEATHER SAT CTR, 1965,%%%3}) STAMPFL,
R.A. AND STROUD, WeG.: THE APT TV CAMERA SYSTEM FOR MET SATS,
NASA TN D-1915, NOV, 1963,%%%4) FINAL ENGINEERING REPDORY, TOS/
QT-2. PCA CORP,, MAY, 1967,

65. HISTORICAL REMARKS )

SEE ITEM 31
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771.

1. TITLE 2. ACRONYM | 3. EXP NO
AUTOMATIC PICTURE-TRANSMISSION SYSTEM APT
{TITLE CONT.) 4. RESUME DATE ’\SiERSION
N9/017 7210004
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
STAMPFLy DR. R.A, GODDARD SPACE FLT CENTER|321-982-5042
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
i 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | " 8avt’ s “®EiI'"]17. STATUS
POST FLIGHY
18. MONITOR 19. AGENCY 20. PGM OFFICE 21. TELEPHONE
TEPPER, M, NASA HDQTRS OA/ERD 202-156-2322
22. VENDOR - 23. LOCATION 24 FLIGHT 25. LEAD TIME
RCA ASTRO-ELECTROMICS PRINCETON, Medo 12763 ] NA
26. INSTRUMENT TYPE , 2. )
IMAGER, 1-INCH AUTOMAT IC-PICTURE-TRANSMISSICN VIDICON UNC
28. APPLICATION - 29. SPACECRAFT
MET TIRCS 8.
30. PURPOSE

PRIMARY-TU PROVIDE REAL TIME WIDE-ANGLE CLOUD CNVER. PICTURES FOR
USE BY LOCAL USERS.**%SECONDARY-TO CHECKQOUT SENSGRS TO BF USED
IN FUTURE OPERATIONAL TOS FLIGHTS.

31. PRINCIPLES OF OPERATION

THE APT SYSTEM, CONSISTING OF A 1-IN VIDICUN ARRANGEMENT, WAS
TEST FLOWN ON TIROS 8 AND. NIMBUS 1 AND 2 (1 CAMERA), PRIDOR T9
OPERATIONAL TOS FLIGHTS: ESSA 24446, AND TIRPOS M (2 CAMERAS).
THE VIDICON USED INITIALLY (TIROS 8 AND NIMBUS 1), HAD A DIELEC~-
TRIC LAYER DEPOSITED ON THE GUN SIDE OF THE PHOTOCONDUCTOR TO
STORE THE SCENE INFORMATION., HOWEVER, SINCE THE ELFCTRON REAM
ALTERED THE ELECTRIC PROPERTIES OF THIS SURFACE, THE VIDICON WAS
UPGRADED FOR FUTURE FLIGHTS, THE CAMERA UTILIZES A TEGEA-KINOP-
TICy 108-DEG, WIDE-ANGLE, F/1.8 OBJECTIVE LENS WITH A 5.7 MM FL.
THE SYSTEM AUTOMATICALLY TAKES AND TRANSMITS A PICTURE EVERY 208
SECS WHILE THE SATELLITE IS IN DAYLIGHT. OPTICAL EXPOSURE TIME
IS 40 MILLISEC, GIVING SMEAR OF LESS THAN 10 PERCENT OF ONE PIC-
TURE ELEMENT., AN 8-SECOND TURN-ON AND SYNC SIGNAL PRECEDES THE
2C0-SECOND TRANSMISSION, AT WHICH TIME THE VIDICON IS SCANNED AT
4 LINES PER SEC, PRODUCING AN 800-LINE PICTURE WITH SCAN LINES
PERPENDICULAR TO THE ORBIT TRACK. A S-WATT TV TRANSMITTER
BROADCASTS THE SIGNAL IN THE 136.95 MHZ BAND. AN APT GROUND STA-
TION WITH AN APPROPRIATE ANTENNA, RECEIVER, AND A RECORDER CAN
RECEIVE THESE PICTURES WHEN THE SPACECRAFT IS WITHIN ACQUISITION
RANGE, APT [S COMPATIBLE WITH COMMERCIAL 240 RPM FAX EQUIPMENT,
32. PHENOMENA OBSERVED

CLOUD AND TERRAIN FEATURES APPROXIMATELY 1.7 NM OR LARGER
33. MEASUREMENT RANGE

DYNAMIC PICTURE RANGE OF 10:1

34. PRECISION AND ACCURACY

6 TO 1C LEVELS OF BRIGHTNESS VARIATION
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35. SPECTRAL RANGE . * ]36. SPECTRAL RESOLUTION |37. TIME CONSTANT

0.45 T0 0.65 MICRON [NA

38. FIELD OF VIEW 39. GROUND SWATH

89,0 BY 89.0 DEG| 1200 NM BY 1200 NM FROM 450 NM ALTITUDE

40. ANGULAR RESOLUTION| 41, SPATIAL RESOLUTION -

D.16 DEG|l.7 NM FROM 450 NM ALTITUDE

42. POINTING ACCURACY| 43. POINTING RATE i 44. ALTITUDE 45. INCLINATION

1.0 DEG 0.1 DEG/SEC|MED CIRCULAR |[MEDIUM POSIGRADE
46. SPECIAL REQUIREMENTS :

47. COMPONENTS

VIDICON, ELECTRONICS, TRANSM[TTER' TAPE RECORDER

48.WEIGHT  |49. VOLUME 50. AVERAGE POWER | 51. STANDBY POWER | 52. PEAK POWER | 53. MTBF

24 LB , 40 WATTS| 200 HRS
54. (NTEREERENCE 55 |\ TEREE RENCE | 56. N TEREERENCE 7. \NTERFERENCE 58. SHIELDING o
SENSITIVE| SENSITIVE MAGNETIC SHIELDING USED
59. CALIBRATION _ . 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION

FIDUCITAL MARKS INCLUDED |[REALTIME TELEMETRY CONTINUQUS DAYT IME
62. TELEMETRY REQUIREMENTS * - .

PICTURE IS COMMUNICATED TO AN EARTH STATION IN THE SPACE RE-~
SEARCH BAND NF 136-137 MHZ. THE VIDEDO OUYTPUY REQUIRES & KHZ MAX-
IMUM BANDWIDTH CAPABILITY,

63. ADVANTAGES AND LIMITATIONS

DIRECT TRANSMISSION ON COMMAND TO MANY RECEIVERS WITHOUT INTER-
MEDIATE STORAGE. DIELECTRIC SURFACE OF VIDICON LIMITED TUBELIFE.

64. REFERENCES -

1) SIG ACHIEV IN SAT MET 1958-1964. NASA SP-96.%x%2) STAMPFL, R,
A. AND STROUD, W.G.: THE APT TV CAMERA SYSTEM FOR MET SATS, JOUR
SMPTE, VOL 73, FEB 1969.%%%3) OSTROW, H. AND WEINSTEIN, O.:2
REVIEW OF A DECADE OF SPACE CAMERA SYSTEMS DEVELOPMENT FOR ME-
TEOROLOGY. PRESENTED AT 13TH ANNUAL TECH SYMP 0OF THE SOCIETY OF
PHOTO-OPTICAL INSTRUMENTATION ENGINEERSo AUG., 19-23, 1968,

65. HISTORICAL REMARKS

SIMILAR TO APT ON NIMBUS 1 AND 2, ESSA 2,4,4635 SCHED FOR TIROS M
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO
DAY/NIGHT CAMERA SYSTEM ONCS
(TITLE CONT.) i a.nesume oate | Yension
09/01/72] 2QC4
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
MOODY,y JeCe GODDARD SPACE FLT CENTER| 301-982-5042
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
T2 ope nact 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | ® 387 ] “BAfI'M] 17. STATUS
08/68| POST FLIGHT
18. MONITOR 19. AGENCY 20. PGM OF FICE 21. TELEPHONE
BURKE, JsR. NASA HDQTRS OA/ZECS 202=-755=-2322
22. VENDOR 23. LOCATION aufuent  [95 LEAD TIME
RCA ASTRO-ELECTRONICS PRINCETCON, NEW JERSEY 28768 NA
26. INSTRUMENT TYPE Souny)
IMAGER, 2-INCH VISIBLE IMAGE-ORTHICON UNC
28. APPLICATION 29. SPACECRAFT
MET ATS 4
30. PURPOSE

PRIMARY = TO EXTEND VIEWING OF EARTH'S CLOUD COVER ON A REGULAR
BASIS TO INCLUDE NIGHT TIME IMAGING; TO EXAMINE OVERALL FEASI-
BILITY OF A HIGH RESOLUTION CONTINUOUS SURVEILLANCE CAMERA
SYSTEM OPERATING FROM SYNCHRONOUS ALTITUDE.

31. PRINCIPLES OF OPERATION
THE INCOMING LIGHT IS REFLECTED FROM THE PRIMARY MIRROR, COL-
LECTED AT THE OBJECTIVE LENS AND PASSED THROUGH A BEAM-SPLITTER,
IT IS THEN SIMULTANEOUSLY INCIDENT ON A PHOTOMULTIPLIER TUBE
(PMT) AND THE IMAGE ORTHICON TUBE., A RETRACTABLE SUNSHADE IS
AVAILABLE TO PREVENT STRAY L IGHT FROM ENTERING THE CAMERA'S
FIELD OF VIEW WHILE IMAGING NIGHTTIME SCENES. THE IMAGE ORTHICON
SATURATES UNDER NOMINAL FULL MOON CONDITIONS. WHEN THE SCENE
ILLUMINATION [S ABOVE THIS LEVEL, ATTENUATION, IN THE FORM OF
TWO TAPERED, DOUBLE CYCLE, COUNTER ROTATING NEUTRAL DENSITY FIL-
TERS, IS INTRODUCED INTO THE OPTICAL PATH. THE PMT GENERATES A
SIGNAL PROPORTIONAL TO THE AVERAGE SCENE ILLUMINATION OVER THE
AREA VIEWED BY THE CAMERA., THE SIGNAL FROM THE PMT FEEDS AN
AUTOMATIC LIGHT CONTROL CIRCUIT WHICH VARIES THE FILTERS UNTIL
THE PMT SIGNAL REACHES THE DESIRED VALUE. THE QOPTICS ARE STEER-
ABLE BY MEANS 0OF GROUND COMMAND. STEPS OF 0.1 DEG THROUGH AN
ANGLE OF PLUS-MINUS 12.5 DEG IN BOTH PITCH AND ROLL ARE POS-
SIBLE. THUS THE CAMERA IS ABLE TO TRACK AREAS OF METEOROLOGICAL
INTEREST KNOWING THE SPACECRAFT ATTITUDE AND THE LOCATION DOF THE
DESIRED VIEWING AREA, FULL EARTH COVERAGE CAN BE ACHIEVED BY .
,TAKING A SERTES OF OVERLAPPING PICTURES.

PHENOMENA OBSERVED
VISIBLE LIGHT REFLECTED FROM EARTH AND CLOUD COVER

MEASUREMENT RANGE i '
0.0001 TO .,10000 FOOT-LAMBERTS
34. PASCISION AND ACCURACY ‘ ~ ,
800 LINES HORIZONTAL RESOLUTION, 620 LINES VERTICAL RESOLUTION
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35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION |37. TIME CONSTANT

2.3 10 .7 MICRON | NA 450,0 MILLSEC
38. FIELD OF VIEW 39. GROUND SWATH
4e25 DFG] LIVA-TO-L IM8 1700 NM FROM GEO-SYNCH PLT

40. ANGULAR RESOLUTION| 41. SPATIAL RESOLUTION

7225 NEGl 2.16 NM AT CENTER

42. POINTING ACCURACY| 43. POINTING RATE 44. ALTITUDE 45, INCLINATION

T2 DEG/SEC] SYNCH CIRCULAR|[ FQUATARTAL POSTGRADE
46. SPECIAL REQUIREMENTS .

47. COMPONENTS

IMAGE MeTHICAM, DPTICS, SUNSHADE

48. WEIGHT 49. VOLUME 50. AVERAGE POWER {51. STANDBY POWER | 52. PEAK POWER | 53. MTBF
56 L3 21 WATTS 48 WATTS
54, |NTERFERENCE 55 |NTERFERENCE 56. \NTER FERENCE 57. \NTERFERENCE 58. SHIELDING
59. CALIBRATION 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION
GRAY=SCALFE CALIBRATOR RFALTIME TELEMETRY CONTINUOUS

62. TELEMETRY REQUIREMENTS

&0 KHZ VIDEQ BANDWIDTH

63. ADVANTAGES AND LIMITATIONS

NIGHT =T IME IMAGING.

64. REFERENCES

1) DOSTROW, H. AND WEINSTFIN, O.: A REVIEW DF A DECADE OF SPACE
CAMFER A SYSTEMS DEVELNPEMNT F0OR METEQRNALOGY S PRESENTED AT SOCIETY
OF PHATO=-0OPTICAL INSTRUMENTATION FNGINEERS 13TH ANNUAL TECHNICAL
SYMPOSTUM,y AUG, 1968 ,%x%2)SHAW, DB, THE IMAGF ORTHICON CAMERA,
PRESENTFO AT ATS SYSTEMS ENGINFERS TRAINING PRNGRAM, GSFC, SEPT,
1966, X

65. HISTORICAL REMARKS

SPACFCRAFY FAILED T REACH SYNCHRINQOUS QORBIT
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO
IMAGE-DISSECTOR CAMERA SYSTEM 10CS
(TITLE CONT.) 4. RESUME DATE ?/‘ERSlON
: 09/%1772 2005
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
BRANCHFLOWER,y G. A, GODDARD SPACE FLT CENTER|301=-982-5042
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
FOOTEy R.H. ITT INDUSTRIAL LABS
2. qopaRacT 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | "848 |'s-“Gaf'°"] 17. STATUS
11767 |OPERATIONAL
18. MONITOR ) 19. AGENCY 20.PGM OFFICE | 21. TELEPHONE
BURKE,y J.R, NASA HDQTRS DA/ECS 202-755-2322
22. VENDOR 23. LOCATION #.etionT 125 LEAD TIME
ITY INDUSTRIAL LABS FORT WAYNE, INDIANA 11767 |NA
28. INSTRUMENT TYPE F&mxn
IMAGER, 1-INCH VISIBLE ELECTRICALLY-SCANNING PHOTOCATHQDE
28. APPLICATION 29. SPACECRAFT :
MET ATS 3
30. PURPOSE

PRIMARY- TO TRANSMIT IN REAL TIME, DAYLIGHT CLOUD COVER I[NFORMA-
TION FROM THE MAJOR PORTION OF THE FULL EARTH DISK, AND TO
EVALUATE THE OPERATIONAL CHARACTERISTICS OF THE IDC IN A SPACE
ENVIRONMENT, I.E, HOW ELECTRICAL SCANNING, AS OPPOSED TO
MECHANICAL SCANNING, WILL PERFORM IN SPACE,

31. PRINCIPLES OF OPERATION

A SIMILAR SYSTEM 1S SCHEDULED TO FLY ON NIMBUS D, AND IS FLYING
ON NIMBUS 3.THE 1-INCH IMAGE DISSECTOR HAS A RESOLUTION CAPABIL-
ITY OF 130C TV-LINES., IT DPERATES IN A LINE-SCAN MODE AND CON-
TAINS A PHOTOCATHODE THATY IS MASKED OFF TO FORM A SLIT SLIGHTLY
WIDER THAN A LINE. A SCENE IS OPTICALLY FOCUSED ON THE PHOTO-
CATHODE AND PHOTOELECTRONS ARE EMITTED FROM THE SURFACE IN PRO-
PORTION TO THE INCIDENT ILLUMINATION. THE PHOTOELECTRONS ARE
ACCELERATED AND FOCUSED ON A PLANE WHICH CONTAINS A PIN-HOLE
APERTURE. THE ELECTRON IMAGE IS DEFLECTED PAST THE APERTURE B8Y
MEANS OF MAGNETIC DEFLECTION. THE APERTURE SAMPLES THE ELECTRON
IMAGE AND A SECONDARY-~EMISSION FLECTRON-MULTIPLIER SECTION AM-
PLIFIES THE SIGNAL BY ABOUT 1C MILLION. THE CAMERA IS MOUNTED
WITH ITS OPTICAL AXIS PERPENDICULAR TO THE SATELLITE®'S AND
EARTH'S ROTATIONAL AXIS. THE CAMERA*S OPTICAL AXIS TRACES A
PATH ON THE EARTH FROM WEST TO EAST AS THE SATELLITE ROTATES.
THE CAMERA SCANS A PROGRESSION OF LINES, ONE PER SATELLITE ROTA-
TIONy UNTIL A COMPLETE RASTER 1S GENERATED. COVERAGE FROM 50 N
TO 50 S LATITUDE IS OBTAINED, WITH A GROUND RESOLUTION AT THE
NADIR OF 3.8 NM, SCAN LINES CAN BE TRACED EITHER PARALLEL Or
PERPENDICULAR TO THE SPIN AXIS OF THE EARTH.

32. PHENOMENA OBSERVED | ' ‘ '

REFLECTED SUNLIGHT FROM THE EARTH'S SURFACE AND CLOUD COVER

323, MEASUREMENT RANGE ]

100 YO 1000 FOOT-LAMBERTS

34. PRECISION AND ACCURACY

40 DB AT 10,000 FOOT-LAMBERTS
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35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION |37. TIME CONSTANT

De4 T0 N7 MICRON

38. FIELD OF VIEW 39. GROUND SWATH

14.6 8Y 14.6 DEG|LIMA-TO L IMB(6040 NM) FROM GEO-SYNCH ALY

40. ANGULAR RESOLUTION] 41. SPATIAL RESOLUTION

.01 DEG[3.8 NM AT CENTER

42. POINTING ACCURACY| 43. POINTING RATE 44. ALTITUDE 45, INCLINATION

SYNCH CIRCULAR |[FQUATORIAL POSIGRADE

46. SPECIAL REQUIREMENTS

47. COMPONENTS

IMAGE DISSECTOR, SCANNING APERTURE, 12 STAGF ELFECTRON MULTIPLIER

48. WEIGHT 49, VOLUME ] 50. AVERAGE POWER |51. STANDBY POWER | 52. PEAK POWER | 53. MTBF
20 LB .38 CU FT 2D WATTS

4. (NTERFERENCE 5. INTERTERENCE 56, \NTERFERENCE 57 InTERFERENCE 58. SHIELDING

§9. CALIBRATION ’ 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION

REALTIME TELEMETRY EVERY 10 MINUTES

62. TELEMETRY REQUIREMENTS

LESS THAN 129 KHZ AT 100 PPM SATELLITE SPIN RATE,

63. ADVANTAGES AND LIMITATIONS

CAN OVERCOME EFFECTYS OF SATELLITE SPIN AXIS NUTATION WITH PROPER
DATA PFOCESSINGS DAYLIGHT USE DNLY

64. REFERENCES

1) BRANCHFLOWER, G. FNOTE, R,, FIGGINS, F.: THE APPLICATIONS
TECHNDLOGY SATELLITE IMAGE DISSECTOR CAMERA EXPERIMENT, NASA
TN=4186, NOV. 1967.%%x%x2) ATS TECHNICAL DATA REPORT, SECTION 8.5,
GSFCy JUNE 68.%%%x3)METEDROLOGICAL DATA CATALOG FOR THE ATS,vOL 2
GSFCy 1968,%%%4)DATA AVAILABLE FROM THE NATIDONAL WEATHER RECORDS
CENTER, ESSA, ASHEVILLE, Ne.C,

65. HISTORICAL REMARKS

SIMILAR TO NIMBUS D AND 3 1IDCS.
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO
[MAGE=-DISSFCTO® CAMERA SYSTEM IDCS
(TITLE CONT.) 4. RESUME DATE ?/'ERSION
CO/731 7721005
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
BRANCHFLOWEY, & GUDDAF SPACE FLY CEMTER [3/1=GR2=5742
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
12-GORERACT 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | ™55 | “®Baf{'%[17. STATUS
NASS-C6]19 NDPERATIONAL
18. MONITOR 19. AGENCY 20. PGM OFFICE 21. TELEPHONE
SCHARDT y BaH5. FASA HDQTPRS NA/ERN 202=-755=-2322
22. VENDOR 23. LOCATION 24. BLIGHT 25. LEAD TIME
ITT INDUSTRIAL LARS FORT wAYME, TNDIANA G4 /6G [ NA
26. INSTRUMENT TYPE ;_é:_gmv‘
[MAGER, 1=I8CH PHUTQCATHUDE ELECTRICALLY-SCANNING VISIBLE UnNC
28. APPLICATION 29. SPACECRAFT
MET NIMRUS 3
30. PURPOSE

PEIMARY =T ACOUIRE HIGH=-RESOLUTION PHUTIGRAPHS UOF THE EBFARTH'S
DAYTIME CLOUD COVER,

31. PRINCIPLES OF OPERATION

THE IMAGE DISECT2R CAMEKA PERFOPMS THE FUNCTIONS THAT PREVIOUS-
LY REQUIRED BOTH AN AVCS AND AN APT, IT HAS ALSO FLOWN ON ATS 2,
BUT WITH UIFFERICNT OPTICSy AND IS SCHEDULED FOR NIMRUS D. A
SCENE IS DPTICALLY FRCUSFD CON THE PHOTOCATHODE AND PHUTOEDLEC-
TRONS AkE EMITTED FROM THE SURFACE IN PROPORTION TO THE INCIDENTY
TLLUMINATI(ON. THE PHOTOELECTROUNS APE ACCELERATED TOWARD AND
FACUSED ON A PLANE WHICH CONTAINS A PINHGLE APERTURE AT ITS CEN-
TErke THE ELECTROM IMAGE IS DEFLECTED PAST THE APERTURE RY MEANS
OF MAGMNETIZ DEFLECTION. THE APERTURE SAMPLES THE FLECTRON IMAGE
AND A SFCONDARY-EMISSION ELECTRON-MULTIPLIER SECTION AMPLIFIES
THE SIGNAL RY ARQUT 10 MILLION, THE CAMERA IS USED IN THE LINE
SCAN MODE WwITH THE SPACECRAFT MCTION ALONG THE OJRBITAL TRACK
PRCVIDING THE DTHER SCAN COMPONENT. NO SHUTTER IS REQUIREN AS
THD SENSOR IS NON-STORAGE TYPE, AND EXPOSURE TQ THE SCENE IS
CONT INUQUS. THE VERY NARRQOW BANDWIDTH (18290 HZ) RESULTS IN GEN-
ERATION UF A VIQED SIGNAL WITH THE HIGH NOMINAL S/N OF 4C DB,
THE CAMERA-LINE FREQUENCY IS 4 HZ WITH THE FRAME PERIOD BEING
22C SEC.  THE LENS APERTURE [S FIXED AT F/2, THE GROUND RESILU-
TION IS 1.7 NM AT THE SUBSATELLITE POINT. REALTIME PICTURES CAN
RE TPRPANSMITTED TO APT RECEIVING STATIGNS.

32. PHENOMENA OBSERVED

VISIBLE LIGHT KEFLECTED FRCM EARTH ANND ITS CLOUD COVER

33. MEASUREMENT RANGE

192 7O 17,272 FOOT-LAMBERTS

34. PRECISION AND ACCURACY

870 TV LINE RESOLUTICNG S/N = 47 DR AT 1€,2C2 FODT-LAMBERTS
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35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION |37. TIME CONSTANT

N T0 Tl MICRON

38. FIELD OF VIEW 39. GROUND SWATH

92.0 BY 92,0 DEG[1300 NM BY 1300 NM FROTM 600 NM ALTT TUDE

40. ANGULAR RESOLUTION| 41. SPATIAL RESOLUTION

Mfell DEG|1.7 NM AT CFENTFR FROM 600 NM ALYITUDE

42.POINTING ACCURACY} 43. POINTING RATE 44. ALTITUDE 45. INCLINATION

MED CIRCULAR TSUN=-SYNCH  RETYROGRADE

46. SPECIAL REQUIREMENTS

SPACECRAFT ATTITUODE EFRRORS MUST BE HELD TO VERY SMALL VALUES

47. COMPONENTS

IMAGE DISECTOR, SCANNING APERTURE, 12 STAGF FLFCTRON MULCTIPLIER

48. WEIGHT 49. VOLUME 50. AVERAGE POWER |51. STANDBY POWER | 52. PEAK POWER | 53. MTBF
14 L8 .2 CU FT 12 WATTS 1 WATTY
54, N TERFERENCE 55, \NTERE ERENCE 56 |NTERFE RENCE 57. |NTEREERENCE 58. SHIELDING
SOURC/SEN
59. CALIBRATION 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION

DELAYFD AND REALTIME |14 PICTURES/ORBITY

62. TELEMETRY REQUIREMENTS

VIDFO BANDWIDTH IS 1enn HZ,

63. ADVANTAGES AND LIMITATIONS

REPLACES AVCS AMD APT CAMFRAS FLOWN ON NIMBUS 1 AND 23 REDUCES

MUMBER (OF PICTURFES TO0O ONE-SIXTH PREVIODUS AMNUNT,
64. REFERENCES ’ :

L)NORMYLE, Wede: NIMRUS B TO TEST NEW WEATHER SENSORS, IN
AVIATION WEEK AND SPACE TECHNOLDGY, MAY 6, 1968, PP, T1-69.,%%%2)
PRESS KIT NIMBUS By NASA RELEASE NDO. 68-48K, MAY 1968,%%%3)NS~-
TRCOWy He AND O, WFINSTEIN,: & REVIEW OF A DECADE OUOF SPACE CAMERA
SYSTEMS DEVELOPMENT FOR METEQORNDLOGY, PRESENTED AT SOCIETY OF
PHOTO-DOPTICAL INSTRJUMENTATION ENGINEFRS, WASH, D.C., AUG 1968,

65. HISTORICAL REMARKS

REPLACES AVCS PLUS APT. FLOWN DN ATS 3, SCHFDOULED FOR NIMBUS D,
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE ’ ’ 2. Acronym | 3. EXP NO
IMAGE-DISSECTOR CAMERA SYSTEM IDCS
{TITLE CONT.) . 4. RESUME DATE %ERS‘ON
09701772 (D007
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
BRANCHFLOWER y G GODDARD SPACE FLTY CENTER|[301-982-5042
9. CO-INVESTIGATOR 10. ORGANIZATION ' : 11. TELEPHONE
2. CONTRACT ‘ 13. CONTRACT NUMBER 14. FLASH INDEX Numsén EEAY e cowieion] 17 STATUS
NAS 5-9619 ' OPERATIINAL
18. MONITOR 19. AGENCY 20.PGMOFFICE | 21. TELEPHONE
SCHARDT, B.B, NASA HDQTRS DA/ERN j202-755-2322
22. VENDOR 23. LOCATION | 2.ruont o5 LEAD TIME
ITY INDUSTYRIAL LABS. FORT WAYNE, INDIANA Q4770 | NA _
26. INSTRUMENT TYPE ]
IMAGER, 1=-INCH FLECTRICALLY-SCANNING PHOTOCATHODE VISIBLE UNC
28. APPLICATION . 29, SPACECRAFT i
MET NIMBUS-4
130, PURPOSE

PRIMARY-TO ACQUIRE HIGH=-RESOLUTION PICTURES OF THE EARTH'S
DAYT IME CLOUD COVER.

31. PRINCIPLES OF OPERATION

THE IMAGE DISECTOR CAMERA PERFORMS THE FUNCTIONS THAT PREVIOUS-
LY REQUIRED BOTH AN AVCS AND AN APT. IT HAS ALSO FLOWN ON ATS 3,
18UT WITH DIFFERENT OPTICS, AND IS CURRENTLY FLYING ON NIMBUS 3.
A SCENE IS OPTICALLY FOCUSED ON THE PHOTOCATHODE AND PHOTOELEC-
TRONS ARE EMITTED FROM THE SURFACE IN PROPORTION TO THE INCIDENT
ILLUMINATION., THE PHOTOELECTRONS ARE ACCELERATED TOWARD AND
FOCUSED ON A PLANE WHICH CONTAINS A PINHOLE APERTURE AT ITS CEN-
TER, THE ELECTRON IMAGE IS DEFLECTED PAST THE APERTURE BY MEANS
OF MAGNETIC DEFLECTION., THE APERTURE SAMPLES THE ELECTRON IMAGE
AND A SECONDARY-EMISSION ELECTRON=-MULTIPLIER SECTION AMPLIFIES
THE SIGNAL B8Y ABQOUT 10 MILLION. THE CAMERA IS USED IN THE LINE
SCAN MODE WITH THE SPACECRAFT MOTION ALONG THE ORBITAL TRACK
PROVIDING THE OTHER SCAN COMPONENT, NO SHUTTER IS REQUIRED AS
THE SENSOR IS A NON-STORAGE TYPE, AND EXPOSURE TO THE SCENE IS
CONT INUOUS. THE VERY NARROW BANDWIDTH (1800 HZ) RESULTS IN GEN-
ERATION OF A VIDEO SIGNAL WITH THE HIGH NOMINAL S/N OF 40 DB,
THE CAMERA-LTINE FREQUENCY IS 4 HZ WITH THE FRAME PERIOD BEING
200 SEC. THE LENS APERTURE IS FIXED AT F/3. THE GROUND RESOLU=-|.
TION IS 1.7 NM AT THE SUBSATELLITE POINT., REALTIME PICTURES CAN
BE TRANSMITTED TO APT RECEJVING STATIONS,

32, PHENOMENA OBSERVED

LIGHT REFLECTED FROM THE EARTH®S SURFACE AND CLOUD COVER,
33. MEASUREMENT RANGE

10C_TO 1¢,0C0 FOOT-LAMBERTS
34. PRECISION AND ACCURACY

80C Tv LINE RESOLUTICN, S/N=40 DB AT 1C,000 FOOVY-LAMBERTS
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35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION ]37. TIME CONSTANT
0.4 10 0.7 MICRONS] NA 200, SECONDS
38. FIELD OF VIEW 39. GROUND SWATH
98,2 BY 73.6 DEG| 1400 NM BY 900 NM FROM 600 NM ALTITUDE

40. ANGULAR RESOLUTION

41. SPATIAL RESOLUTION

0.16 DEG| 1.7 NM AT CENTER FROM 600 NM ALTITUDE
42. POINTING ACCURACY] 43. POINTING RATE 44. ALTITUDE 145. INCLINATION
MED CIRCUCAR [ SUN-SYNCH RETROGRADE

46. SPECIAL REQUIREMENTS

SPACECRAFT ATTITUDE ERRORS MUST BE HE[UfTD

VERY SMALL VALUES

47. COMPONENTS

TMAGE DISSECTOR,

SCANNTING APERTURE,

12 STAGE FLECTRON MULTIPLIER

48. WEIGHT __ 149. VOLUME 50. AVERAGE POWER |51 STANDBY POWER | 562. PEAK POWER | 53. MTBF
14 LB 0.2 CU FY 12 WATTS 1 WATTY
54. \yreRFERENCE 8. INTEREERE NCE 56 \NTERFERENCE S7. invenrERENCE 58. SHIELDING
SENSITIVE

9. CALIBRATION

60. DATA RECOVERY

61. FREQUENCY OF OBSERVATION

DELAYED AND REALTIME

14 PICTURES/ORBIT

62. TELEMETRY REQUIREMENTS

1 VIDEO CHANNEL (1800 HZ BANDWIDTH),

12 HOUSEKEEPING CHANNELS

683, ADVAN?AGES AND L!METATIOHS

HAS APT CAPABILITY; |

DAYL IGHT USE ONLY.

64. REFERENCES

1) FRANKLIN,

MINZNER,
MENTS.,

Re

Wer
A.:

IDCS SUBSYSTEM DIRECTORY
INTERIM REPORT DN SATELLITE METEOROLOGY INSTRU-
NASA/ERC REPORT NO.

PM-6T13,

(REVISED) .#%%2)

JUNE 1967,

65. HISTORICAL REMARKS

REPLACES AVCS PLUS APT.

FLOWN DN ATS 3 AND NIMBUS 3.
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO
MULTISPECTRAL PHOTOGRAPHIC FACILITY: EARTH MPF S-190
(TITLE CONT.) anesume 0ae | Yemsion
RESQURCES EXPERIMENT PACKAGE (EREP) §9/01/72] 20GC4

6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
DORNBACH, J. E. MANNED SPACECRAFT CENTER| 713-483-0123

9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE

12 Gpe e 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | 5% | °OBai'*"] 17. STATUS

ENG,MODEL

18. MONITOR 19. AGENCY 20.PGM OFFICE | 21, TELEPHONE
FISHCHETTI, Toble NASA HDQTRS DA/ERS 202-755=-21322

22. VENDOR 23. LOCATION 2. fusHt 125 | EAD TIME
[ITEK CORPORATION 1973

26. INSTRUMENT TYPE o ]
CAMERA _ UNC

28. APPLICATION | 29. SPACECRAFT |
ERSP SKYLAB=-A

30. PURPOSE

PRIMARY-TO OBTAIN PRECISION MULTISPECTRAL PHOTOGRAPHY WHICH WILL
PROVIDE THE BASIS FUOR A WIDE RANGF OF USER-QORIENTED STUDIES***
SECONDARY-TCQ EXTEND THE CAPABILITY FOR MULTISPECTRAL PHOTOGRAPH-
IC STUDY SIGNIFICANTLY BEYOND THAT REPRESNTED BY EXPERIMENT SO-
65 (FOUR T7Q0-MM CAMERAS APOLLO-9 EXPERIMENT),

31. PRINCIPLES OF OPERATION

THE FACILITY WILL UTILIZE SIX HIGH PRECISION 70MM CAMERAS WITH
MATCHED DISTORTION AND FOCAL LENGTH. THE LENSES WILL HAVE A 6~
INCH FOCAL LENGTH (21,2DEG FOV ACROSS FLATS) PROVIDING APPROXI-
MATELY 88NM SQUARE SURFACE COVERAGE FROM THE EXPECTED 235 NM OR-
BIT. THE SYSTEM WILL BE DESIGNED FOR THE FOLLOWING WAVELENGTH/
FILM COMBINATION: o5-~,6MM=PAN X BEWy 6= TMM=PAN X BEWy o7—.8MM-
IR BEWy +8=e9MM=IR BEW,y +5-+88MM-1R COLCR, +4-.7MM-HI-RES COLOR.
VARIOQUS FILM/FILTER COMBINATIONS WILL BE STUDIED. THE SPECTRAL
REGIONS DESIGNATED WERE SELECTED TO SEPERATE THE VISIBLE AND
PHOTOGRAPHIC INFRARED SPECTRUM INTO THE BANDS THAT ARE EXPECTED
TO B8F MOST USEFUL FOR MULTISPECTRAL ANALYSIS. THE SELECTION WAS
BASED ON EXPERIENCE GAINED IN THE PERFORMANCE 0OF EXPERIMENT
S065. THE TWO COLOR FILMS WILL PROVIDE A PREREGISTERED CRQSS-
CHECK OF THE BLACK AND WHITE IMAGERY IN TWO PROVEN COLOR COMBIN-S
ATIONS. PRIOR TO EACH PHOTO PASS, THE SKYLAB CREW WILL RECEIVE A
CROUND UPDATE FOR EACH PHOTO SEQUENCE CONSISTING OF THE TIME
FOR THE FIRST EXPOSURE, THE INTEFRVALOMETER SETTING, EXPOSURE
SETTING, AND NUMBER OF EXPOSURES.

32. PHENOMENA OBSERVED

REFLECTED RADIAVION FROM EARTH
33. MEASUREMENT RANGE

WAVELENGTHS 0.4 TO 0.9 MICRONS,
34. PRECISION AND ACCURACY

FILTER CAL IBRATIONS, PRE AND POST FL IGHT.,
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356. SPECTRAL RANGE ’ 36. SPECTRAL RESOLUTION |37. TIME CONSTANT

N.4 0 2.9 MICRONS Nel MICRONS 2.7 SEC
38. FIELD OF VIEW 39. GROUND SWATH
21.2 NDFEG 88 NM FROM 235 NM DRBIT,

40. ANGULAR RESOLUTION| 41, SPATIAL RESOLUTION

C.004 NEQ 100 FT FROM 235 NM NRBIT,

42. POINTING ACCURACY| 43. POINTING RATE 44, ALTITUDE 45, INCLINATION

+=2 nE MED-CIRCULAR |50 DEG

46. SPECIAL REQUIREMENTS

MANUAL OPERATION

47. COMPONENTS

SFF_ITFM 31

48. WEIGHT 49. VOLUME 50. AVERAGE POWER |51. STANDBY PoweR | 52. PEAK POWER | 53. MTBF
32/ LA 1.9 CU F1J 616 WATTS
4. |\NTERFERENCE S5 N TERFERENCE 56 INTEAFERENCE S7. \nTERFERENCE 58. SHIELDING
NINF NONE SENSITIVH SENSITIVEH FILM STORFD IN VAULT,
59. CALIBRATION 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION
PRE=-FLT CHECK-0QUY FILM RECOVERY FLEXIRLE
62. TELEMETRY REQUIREMENTS

NA

63. ADVANTAGES AND LIMITATIONS

HIGH RFSOLUTION MULTISPECTRAL PHOTOGRAPHY IN BANDS SIMILAR TD
ERTS-A SENSORS,

64. REFERENCES

FXPERIMENT IMPLEMENTATION PLAN FOR MANNED SPACE FLIGHT EXPERI-
MENT, 11/24/69; TITLF: MULTISPECTRAL PHOTOGRAPHIC FACILITY
(EARTH APPLICATIONMS),

EARTH RESCOURCFS REMOTE SENSING SYSTEMS, MSC-P6-0406

65. HISTORICAL REMARKS
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO
MULTISPECTRAL TERRAIN-PHOTOGRAPHY EXPERIMENT MTP S065
{TITLE CONT.) amesome oate | Vepsion|
r£o/0Y/T72130C4
,6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
LOWMAN, DR, P,D. GODDARD SPACE FLT CENTER|301-982-5042
9. CO-INVESTIGATOR 10. ORGANIZATION . 11. TELEPHONE
COLWELLy DR, P.D, UNIV OF CALIF. BERKLEY 415-845-6000
2 qopERacT 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | "* 8% [ “™G4f'"] 17. STATUS
POST FLIGHTY
18. MONITOR 19. AGENCY 20.PGM OFFICE | 21. TELEPHONE
TERWILLIGER, R.G, NASA HDQTKS UOA/EROD 202-755=-21322
22. VENDOR 23. LOCATION weuewr |25 LEAD TIME
MSC INHOUSE (HASSELBLAD)|HOUSTON, TEXAS 03/69| NA
26. INSTRUMENT TYPE S ouny)
IMAGER, FOUR 76-MM MODEL 500~-EL HASSELBLAD CAMERAS UNC
28. APPLICATION . 29. SPACECRAFT )
ERSP APOLLO 9
30. PURPOSE

PRIMARY~-TO OBTAIN PHOTOGRAPHS, TAKEN SIMULTANEOQUSLY, IN FOUR
SPECIFIC PORTIONS OF THE VISIBLE AND NEAR (PHOTOGRAPHIC) INFRA-
RED FOR EARTH RESOQURCES APPLICATIONS .¥**SECONDARY~TO ASSIST IN
DETERMINING THE OPTIMUM FILM-FILTER COMBINATIONS FOR THE EARTH
RESOURCES PKGGRAM,

31. PRINCIPLES OF OPERATION

THE EFQUIPMENT USED CONSISTS OF FOUR HASSELBLAD, 70 MM CAMERAS,
MODEL 500~-EL. THE INDIVIDUAL CAMERAS ARE SIMILAR TO THE 500 C
USED ON PREVIOUS MANNED MISSIONS, EXCEPT THAT THIS SET IS ELEC-
TRICALLY DRIVEN., THF CAMERAS ARE INSTALLED IN A COMMON MOUNT
AND SYNCHRONIZED FOR SIMULTANFOUS EXPOSURE. THE MOUNT IS IN-
STALLED IN THE CUMMAND MODULE HATCH WINDOW DURING PHOTOGRAPHIC
OPERATIONS AND THE SPACECRAFT WILL BE ORIENTED TO PROVIDE VERTI-
CAL PHOTOGRAPHY, AN INTERVALOMETER IS USED TO OBTAIN SYSTEMATIC
OVERLAPPING (STEREQ) PHOTOGRAPHY. POWER IS SUPPLIED BY INTERNAL
BATTERIES. EACH CAMERA HAS A STANDARD BQO MM FOCAL LENGTH,
PLANAR LENS AND A SINGLE FILM MAGAZINE CONTAINING FROM 160 71O
200 FRAMES, THE FOLLOWING FILM/FILTER COMBINATIONS WERE USED:
1) INFRARED AERQOGRAPHIC FILM WITH AN 89B FILTER, 0.7 TO 0.9
MICRON; 2) COLOR IR WITH A WRATTEN 15 FILTER, 0.7 TO C.9 MICRON;
3) PANATOMIC-X WITH.A 25A FILTER, 0.58 MICRON INTO THE IR RE-
GION; AND 4) PANATOMIC-X WITH A 58 FILVER, 0.48 TO 0,62 MICRON;
PHOTOGRAHIC COVERAGE OF THE SOUTHWEST U.S.A. WAS EMPHASIZED
BECAUSE GROUND INFORMATION IS MORE AVAILABLE FOR THIS REGION
THAN OTHER REGIONS.

32. PHENOMENA OBSERVED

REFLECTED SOLAR RADIATION FROM THE SURFACE OF THE EARTH

33. MEASUREMENT RANGE

VARIES WITH TYPE OF FILM USED

34. PRECISION AND ACCURACY
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35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION |37. TIME CONSTANT

D.48 10 N.9 MICRON

38. FIELD OF VIEW 39. GROUND SWATH

52.0 BY 52.0 DEG| 300 NM BY 300 NM FRQOM 300 NM ALTITUDE

40. ANGULAR RESOLUTION] 41. SPATIAL RESOLUTION

0.009 DEG| 280 FEET FROM 300 NM ALTITUDE

42. POINTING ACCURACY] 43. POINTING RATE 44. ALTITUDE 45, INCLINATION )

5.0 DEG LOW CIPCULAR | MEDIUM POSIGRAD

46. SPECIAL REQUIREMENTS , ) -

ORBITAL POSITION DATA IS DESIRED AT THE TIME OF EACH EXPOSURE
47. COMPONENTS

4 HASSELBLAD CAMERAS

48. WEIGHT |49 VOLUME | 50. averace power |51, STANDBY Power | 52. PEAK POWER | 53, !ﬁTBF ]
28 LB 1.5 CU FT '
4. |NTERFERENCE 8. gn&'&%‘s‘&z | 58 TR e 57 \nTERFERENCE 58. SHIELDING
NONE | NONE NONE SENSITIVE :
59. CALIBRATION 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION !
PRE~ AND POSTFL IGHT ONLY| MANNED RETURN AS PROGRAMMED

62. TELEMETRY REQUIREMENTS
NO SPECIFIC REQUIREMENTS

63. ADVANTAGES AND LIMITATIONS ;
NO GROUND SUPPORT REQUIRED, CAMERAS HAVE BEEN FLIGHT QUALIFIED

64. REFERENCES ) :

L)EXPERIMENT IMPLEMENTATION PLAN FIR MULTISPECTRAL TERRAIN
PHOTOGRAPHY (S065). NASA, SEPT 23, 1968.%%*2)NASA PRESS RELEASE
NO:69-29, APOLLO 9. FEB 23, 1969.%%*3)VERNER, S.S.: OPTICAL
IMAGERS FOR THE SMALL EARTH RESOJOURCES SATELLIYE. IIT RESEARCH
INSTITUTE, APRIL 1967,

65. HISTORICAL REMARKS .. g
SIMILAR CAMERAS FLOWN ON JTHER MANNED FI IGHTS
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO
RETURN BEAM VIDICON CAMERA RBVC

{TITLE CONT.) N 4. RESUME DATE Sension

A : £9/01/72]130C7

6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE

WEINSTEIN, O. GODDARD SPACE FLT CENTER| 301~-982-5042
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE

RAGLANO, T, GODDARD SPACE FLT CENTER| 301-982-5042
12. ¢ONTRACY 13. CONYRACT NUMBER 14. FLASH INDEX NUMBER | 3% s "Gl 17.STATUS

PIF NASS5-11621 10/768] 02/70] OPERATIONAL
18. MONITOR 19. AGENCY 20.PGM OFFICE | 21. TELEPHONE

GEORGE, T, NASA HDQTRS OA/ER 202-155=-2322
22. VENDOR 23. LOCATION wpucnr 125 LEAD TIME
RCA ASTRO-ELECTRDNICS PRINCETON,y Node - T/T72] NA
26. INSTRUMENT TYPE umirr]
IMAGER, 2—INCH HIGH-RESOLUTION RETURN- BEAM VIDICGN UNC]| .
28. APPLICATION 29. SPACECRAFT

RSP, MET ERTS-16&8B
30. PURPOSE

PRIMARY-TO PROVIDE CONTINUOUS, OVERLAPPING MULTI-SPECTRAL PHOTO~-
GRAPHIC COVERAGE OF THE EARTH®S SURFACE ALONG THE ORBITAL TRACK
AND REPEATED OBSERVATIONS OF ANY GIVEN AREA WITHIN THE MINIMUM
TIME INTERVAL POSSIBLE.

31. PRINCIPLES OF OPERATION

THE RBVC, AS PROPOSED, IS A 3 CAMERA SYSTEM SPANNING THE VISIBLE
SPECTRUM IN 3 BANDS; .475-,575, .580-.680, AND ..690-.830 MICRON.
SPECTRAL BANDS ARE OBTAINED THROUGH USE OF FILTERS IN ACQUISI-
TION OPTICS. AN ELECTRONICALLY TRIGGERED, VARIABLE-SPEED, FOCAL-
PLANE SHUTTER ALLOWS PICTURE-TAKING OVER A WIDE RANGE OF SCENE
BRIGHTNESS AND PROVIDES UNIFORM EXPOSURE OF THE VIDICON. THIS
SENSOR, A 2-INCH RETURN BEAM VIDICON, COMBINES THE VIDICON AND
ORTHICON TuBE. THE VIDEQ OUTPUT IS DERIVED FROM THE RETURN SCAN-
NING BEAM, A PHOTOCONDUCTIVE SURFACE CHARGES THE TARGET SURFACE
IN PROPORTION TO THE LIGHY RECEIVED, THEN AS THE ELECTRON SCAN-
NING BEAM TRAVERSES THE TARGET, THE CHARGE MODULATES THIS BEAM
WHICH IS THEN AMPLIFIED BY AN ELECTRON MULTIPLIER. THE VIDEO
OQUTPUT OF THE SYSTEM MAY BE FED DIRECTLY TO THE MODULATOR OF THE
SPACECRAFT COMMUNICATION SYSTEM., THE CAMERAS ARE POINTED AT
NADIR AND A NEW SCENE IS IMAGED ON THE PHOTO CONDUCTOR SURFACES
EVERY 25 SEC., THE NOMINAL RESOLUTION CAPABILITY OF THE SYSTEM IS
3200 TV LINES. EQUIPPED WITH A 126 MM F.L.y T/3.2 LENS, EACH
FRAME WILL COVER AN AREA OF 100 X 100 NM AT A RESOLUTION OF
ABOUT 200 FEET PER TV LINE FROM 496 NM ALTITUDE. THE SENSOR IS

APABLE OF KESOLVING ABQUY 60 LINE-PAIRS/MM AT A TOC OF 2:1
32. PHENOMENA OBSERVED .

p TR
3. MEASUREMENT RANGE
LS: BAND 162, 7 GRAY LEVELS' BAND 3
ummm TR O —

s BA H
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35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION | 37. TIME CONSTANT

TJ4T75 10 C.8320 MICRNN NA

38. FIELD OF VIEW 39. GROUND SWATH

11.5 &Y 11.5 DEG|] 17D NM RY 100 NM FROM 496 NM ALTITUDE

40. ANGULAR RESOLUTION] 41, SPATIAL RESCLUTION

CorD2 NEG[20C FEET PER TV LINE FROM 507 NM ALTITUDE,

42.POINTING ACCURACY| 43. POINTING RATE 44. ALTITUDE 45. INCLINATION

MED C IRCULAR | SUN-SYNCH PRETROGRADE

46. SPECIAL REQUIREMENTS

47. COMPONENTS

7 RFV CAMERAS (CAMFRA HEAD + FLECTRONICS), PECORDER, TRANSMITTER

48. WEIGHT 49. VOLUME 50. AVERAGE POWER |51. STANDBY POWER | 52. PEAK POWER | 53. MTBF
175 LA 3.. (U FT| 144 WATTS| 76 WATTS| 168 WATTS] 12 MON
58, |nTERFERENCE 55 INTEREERENCE 56 |NTERFERENCE 7. \NTERF ERENCE 58. SHIELDING
SENSITIVF MAGNETIC SHIELDING USED
59. CALIBRATION ’ 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION
IN=FLIGHT CALIBRATINN PELAYED TELEMETRY ON COMMAND

62, TELEMETRY REQUIREMENTS

20 MINUTES PFR ORRIT BASFD ON AVERAGE OF 14 3JRBITS PER DAY

63. ADVANTAGES AND LIMITATIONS

HIGH RESCLUTION MULTI-SPECTRAL PHOTOGRAPHY WITH 1 YEAR 0OPERA=-
TIONAL CAPABILITY,.

64. REFERENCES

1)RCA ASTRO-ELECTRONICS DIV. TECHNICAL REPODORTS, 1968,

65. HISTORICAL REMARKS
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO
SPIN-SCAN CLOUD~-COVER CAMERA SSCC
(TITLE CONT.) 4. RESUME DATE Version
MONOCHROMATIC 2Q/N1/72|3CC4
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
SUDMI, DR, V.E. UNIVERSITY OF WISCONSIN | 60R=262=-5938
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
PARENT, DR, R.J, UNIVERSITY OF WISCONSIN | 678=262=53%39
2. qopRRAcT 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | 843" ]rs “™BLEI'OM 17. STATUS
NASS-G6T77 2/66 DPERATIONAL
18. MONITOR 19. AGENCY 20.PGM OFFICE | 21. TELEPHONE
BURKE, J.R, NASA HDQTRS OA/ECS 202-755=-2322
22. VENDOR 23. LOCATION atuent 15 LEAD TIME
SANTA BARBARA RES CTF GOLETA, CALIFORNIA 12/66] NA
26. INSTRUMENT TYPE S euniTy,
IMAGER, TELESCOPE-PHOTOMULTIPLIER ONE-CHANNEL VISIBLE UNC
28. APPLICATION 29. SPACECRAFT
MET ' ATS 1
30. PURPOSE

PRIMARY-TO PROVIDE HIGH=-RESOLUTION PICTURES OF THE WHOLE EARTH*S
DISK BETWEEN 52 DEG N AND 52 DEG S ALTITUDE ON A CONTINUOUS
BASIS TO PERMIT SURVEILLANCE OF SHORT DURATION WEATHER CHANGES.

31. PRINCIPLES OF OPERATION

THE ATS SPIN SCAN CAMERA UTILIZES A HIGH RESOLUTION CASSEGRAIN
TELESCOPE HAVING A "PINHOLE"™ APERTURF FOLLOWED BY A PHOTO-
MULTIPLIER TUBE., THE VIDEGC RASTER IS GENERATED IN THE WEST-EAST
DIRECTION BY THE SATELLITE SPIN, NOMINALLY 100 RPM, AND IN THE
NORTH=-SOUTH DIRECTION BY MECHANICAL TILTING OF THE TELESCOPE
OPTICAL AXIS IN DISCRETE STEPS FROM +7.5 TO -7.5 DEG. THIS PRO-
VIDES EARTH COVERAGE FROM 52 DEG N, TO 52 DEG S. LATITUDE AND
FROM THE WEST LIMB TO THE EAST LIMB., THIS AREA IS COVERED BY
2000 HORIZONTAL (W TO E) TV LINES. THE TOTAL LINE SCAN PERIOD
PER REVOLUTION IS 0.6 SEC. A TOTAL TIME OF 20 MIN IS REQUIRED TO
SCAN 1 PICTURE AND 2 MIN TO RETPACE. A BACK-TO-BACK MODE IS ALSO
POSSIBLE IN WHICH THE RETRACE IS AT THE SAME RATE AS THE FORWARD
SCAN., THE SCAN MAY BE REVERSED AT ANY TIME ONLY IN THE BACK-TO-
BACK MODE. A PARABOLIC PRIMARY QUARTZ MIRROR WITH A S5-IN DIAM
AND A 1C-INCH FL IS USED WITH A FLAT SECONDARY QUARTZ MIRROR TO
PRODUCE AN IMAGE ON THE FACE OF AN APERTURE PLATE. THE .NC1-INCH
DIAM APERTURE PROVIDES AN ANGULAR RESOLUTION OF 2.1 MILLIRADIAN,
THE INSTANTANEOUS OPTICAL FOV IS 1.94 NM, THE SPACECRAFT SPIN
AXTIS IS NORMALLY ORIENTED PERPENDICULAR TO THE ORBIT PLANE OF
THE S/7C AND PARALLEL TQ THE SPIN AX[S OF THE EARTH,

32. PHENOMENA OBSERVED

SUNL IGHY REFLECTED FROM THE EARTH'S SURFACE AND/OR CLOUDS
33. MEASUREMENT RANGE

JYNAMIC RANGE = 1000 FOR BRIGHYNESS RESOLUTION
34. PRECISION AND ACCURACY
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35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION |37. TIME CONSTANT

f.475 T0 0.630 MICRONS|NA

|38- FIELD OF VIEW : 39. GROUND SWATH

15.0 BY 18,2 DEG|LIMB-TO-LIMB(7500 NM, FROM GEO-SYNCH ALT

|| 406 ANGULAR RESOLUTION| 41, SPATIAL RESOLUTION

C.N27 DEG|2.5 NM AT CENTER

42.POINTING ACCURACY] 43. POINTING RATE 44 ALTITUDE 45. INCLINATION

SYNCH CIRCULAR|EQUATORTAL POSIGRADE

46. SPECIAL REQUIREMENTS

OPERATES ONLY DURING DAYLIGHTSHIGHLY SENSITIVE TO SWEEP DISTORT

47, COMPONENTS T —

1-INCH PHOTOMULTY TUBE, 5~INCH PARABOLOID, 2-INCH FLAY MIRROR

48. WEIGHT |49, VOLUME | s0. averace rower |51 sTANDBY PoweR | 52. PEAK POWER - | 53. MTBF

16 LB C.45 CU_FT 7 WATTS| 24 WATTS| 5 VRS

we——
4 AF MAGNETH WUCLEAR TAERMAL
{ 5% intenrErence 5. N ERE B e e 56 {NTERFERENCE 57- \NTERFERENGE 58. SHIELDING

SENSITIVE

{59. CALIBRATION 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION

REALTIME TELEMETRY EVERY 22 MINUTES
62. TELEMETRY REQUIREMENTS )

150 KHZ VIDEQO BANDWIDTH

63. ADVANTAGES AND LIMITATIONS

FULL EARTH DISK PHOTOGRAPHY,. EARTH SYNCHRONJUS ORBIT ALLOWS
COMPLETE STORM HISTORIES TO BE RECORDED.

64. REFERENCES ) S . )

1) MET DATA CATALOG FOR ATSo VoL 1. GSFC, OCT 67.%%xx2) SUCMI, V,
E. AND PARENT, R.J.:PROPOSAL FOR A SPIN SCAN CAMERA SYSTEM FOR

A SYNCHRONOUS SATELLITF.JULY 1965.%*%3)0STROW,H. AND WEINSTEIN,
O.: A REVIEW OF A DECADE OF SPACE CAMERA SYSTEMS DEVELOPMENT FOR
MET. PRESENTED AT SOC OF PHOTO-JIPTICAL ENGRS 13TH ANNUAL TECH

SYMP, 23 AUG 68.*x*x4)FILM DATA AVAIL FROM NAT WEATHER RECORD CTR
65. HISTORICAL REMARKS , oo e o
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO
SPIN-SCAN CLOUD=-COVEK CAMERA SSCC
(TITLE CONT.) « RESUME DATE VERSION
MULT ICOLOR . ne/N1/721246¢
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
SUOMIy, DR. V.Eo UNIVERSITY OF WISCONSIN | 608-262=-5938
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
PARENT, DR, R, Jo UNIVERSITY OF WISCONSIN 608-262-5939
12. CONTRACT 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | " Bt |5 “OBarl'V[17. STATUS
11/67| CPERATIONAL
18. MONITOR 19. AGENCY 20. PGM OFFICE 21. TELEPHONE
BURKE, JeRos NASA HDQTRS DA/ECS 202-755-2322
22. VENDOR 23. LOCATION 2 fuowt 125 LEAD TIME
SANTA BARBARA RCS CTR GOLETA, CAL [FORNIA 11/67] NA
26. INSTRUMENT TYPE . ‘ eumy)
IMAGER, THREE 1-INCH PHOTOMULTIPLIER VISIBLE-COLOR
28. APPLICATION 29. SPACECRAFT
MET ATS 3
30. PURPOSE

PRIMARY- TO OBTAIN HIGH RESOLUTION COLOR PHCTOGRAPHS FROM SYNCH-
RONJQUS ALTITUDE SO THAT CLOUD DEVELOPMENT, CLOUD DISPLACEMENTS,
AND IN THE TERMINATOR ZONE, CLOUD ALTITUDES, CAN BE DETERMINED
FOR USE IN STUDIES OF TROPICAL CONVECTION,#**%SECONDARY-DETERMINE
HORIZONTAL EXTENT OF OCEAN CURRENTS; SCATTERING OF THE ATMOS-
PHERE IN BROAD SPECTRAL BANDS; VIEW MID-LATITUDE STORMS,

31. PRINCIPLES OF OPERATION

THE MULTI-COLCR SPIN SCAN CAMERA IS AN ADVANCEMENT OVER THE
MONOCHROMATIC SPIN SCAN CAMERA ON ATS 1. VISIBLE LIGHT REFLECTED
FROM THE EARTH IS GATHERED BY A 5-INCH DIAMETER F/3 DALL-KIRKHAM
TELESCOPE AND FOCUSED ALTERNATELY ON A SET OF THREE C.0N15 INCH
DIAMETER FIELD-DEFINING APERTURES. AN APERTURE PASSES ETTHER
RED, GFEEN, OR BLUE DETERMINED BY A COMBINATION OF THE NATURAL
CUTOFFS OF THE DIFFERNET DETECTOR PHNTOCATHODES, CORNING FILTER-
GLASS DIVERGING LENSES AND INTERFERENCE FILTERS. THE SPINNING
MOTION OF THE SPACECRAFT PROVIDES THE CAMERA SCAN PARPALLEL TO
THE EQUATOR., THE CAMERA STEPS ONE INCREMENT IN LATITUDE FOLLOW-
ING EACH SPACECRAFT REVOLUTION PRQVIDING POLE-TO=-POLE COVERAGE
IN 26400 SCAN LINES. WITH A SPIN RATE OF 100 RPM, THE TIME TO
COVER ONE FRAME IS 24 MINUTES. RETRACE TAKES 4 MINUTES. THE
SCAN CAN ALSO BE OPEFATED IN A BACK-TO-BACK MODE. OPERATION
HERE IS IDENTICAL TO THE NORMAL MODE DURING NORTH-TO-SOUTH QPER-
ATION BUT DURING RETRACE THE SOUTH-TO=-NORTH STEP IS AT THE SAME
RATE AS THE FORWARD TRACE AND USEFUL VIDEO IS PRODUCED. THE OUT-
PUTS FROM THE THREE PHOTOTUBES ARE MULTIPLEXED AND TRANSMITTED
TO EARTH OVER THE SHF WIDE-BAND LINK.

32. PHENOMENA OBSERVED

NYENSITY OF EARTH'S SPECTRAL REFLECTION IN THE BlLUF, GRFEN, RF
33. MEASUREMENT RANGE :

34. PRECISION AND ACCURACY
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35. SPECTRAL RANGE ] 36. SPECTRAL RESOLUTION |37. TIME CONSTANT |

0.390 T0O D 700 MICRON

38. FIELD OF VIEW 39. GROUND SWATH i

15.0 8Y 15.0 DEG|LIMB-TD-LIMB(10000 NM)FROM GEO-SYNCH ALT

40. ANGULAR RESOLUTION| 41. SPATIAL RESOLUTION ‘

0.006 DEG|2 NM AT CENTER

42. POINTING ACCURACY| 43. POINTING RATE 44. ALTITUDE - 45. INCLINATION
NA SYNCH CIRCULAR FQUATDRIAL POSIGR AQE

46. SPECIAL REQUIREMENTS

47. COMPONENTS i ' o ) |

TELESCOPE,3 PHOTDMULTIP_IER LIGHY DETECTVTORS,STEP DRIVE MECHANISM

48. WEIGHT  149. VOLUME | 50. AVERAGE POWER |51. STANDBY POWER | 52. PEAK POWER | §3. MTBF j’
23 LB 0.54 CU FT 10 WATTS 22 WATTS

4. \NTeRFERENCE 5 TR e e 56. W TERFE RENCE 57. \nTERFERERCE 58. SHIELDING . i

59. CALIBRATION 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION

REALTIME TELEMETRY EVERY 28 MINUTES

62. TELEMETRY REQUIREMENTS

500 KBITy, 3 TDM CHANNELS OF 150 KBIT EACH.

63. ADVANTAGES AND LIMITATIONS

REDUCTION IN SIZE AND WEIGHT OVER CIMBINED TELESCOPE-PHOTOMULTI-
PLIER TUBE ASSEMBLY,

64. REFERENCES . !

1)ATS METEOROLOGICAL DATA CATALIG. GSFC.**%2)MININER, R.,A, ED:
INTERIM REPORT ON SATELLITE MET, INSTRUMENTS, PM-6713, NASA/ERC,
PR6T «*%%x3)SUOMI, V. AND PARENT, R.J.: PROPDSAL AND SUPPLEMENT
FOR SPIN SCAN CAMERA FOR ATS C. UNIV. OF WISC. NDOV 65, JUN 66.%*
*4)DATA AVAILABLE FROM ESSA, ASHEVILLE, N.C. FOR B/W AND AT NIM-
BUS/ATS DATA UTIL IZATION CENTER, GSFC, FOR CJLOR,

65. HISTORICAL REMARKS i

ADVANCEMENT OVER MULTICOLQR SPIN-SCAN CAMFRA (SSCC) ON ATS 1 |
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO
VIDICON CAMERA SYSTEM VCSM
(TlTLE CONT_) . 4. RESUME DATE &\-)I.ERSION
MEDIUM=-ANGLE LENS 08/01/72]0005
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
RADQOSy ReMe (MGR,) GODDARD SPACE FLYT CENTER] 301-982~-5042
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
i il 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | 348" [e “™Gafl'o¥[17. STATUS
POST FLIGHT
18. MONITOR 19. AGENCY 20.PGM OFFICE 21. TELEPHONE
TEPPER,y, M. NASA HDQTRS OA/ERD ’202—755-2322
22. VENDOR 23. LOCATION - 2. ruiont 126, LEAD TIME
PRCA ASTRO=-ELECTRONICS PRINCETON, NEW JERSEY 02/621 NA
26. INSTRUMENT TYPE . . Zona)
IMAGER, C.5=INCH MEDIUM ANGLE F/1.8 VIDICON UNC
28. APPLICATION 20. SPACECRAFT :
MET TIROS &
30. PURPOSE

PRIMARY-TO PROVIDE PICTURES OF EARTH'S CLOUD COVER AND INVESTI-
GATE FORMATIVE STAGES OF HURRICANES AND ATMOSPHERIC MOTIONS, #*#x%
SECONDARY~TO CONFIRM THE CAPABILITY OF USING A WEATHER SATELLITE
FOR ICE RECONAISSANCE.

31. PRINCIPLES OF QPERATION

THIS MEDIUM ANGLE VIDICON CAMERA SYSTEM WAS ALSO FLOWN, IN IDEN-
TICAL CONFIGURATIONy, ON TIROS 5 AND 6. IT CONSISTS OF A 1/2-INCH
VIDICON TUBE AND A FOCAL-PLANE SHUTTER THAT PERMITS STORAGE OF
STILL PICTURES ON THE TUBE SCREEN. AN ELECTRON BEAM CONVERTS THE
STORED PICTURES INTO TELEVISION-TYPE ELECTRONIC SIGNALS, WHICH
CAN BE TRANSMITTED TO GROUND RECEIVERS ON COMMAND, THE SYSTEM
CAN ALSO PROCESS AND STORE UP TO 32 PICTURES ON MAGNETIC TAPE
FOR TRANSMISSION AT A LATER TIME., THE CAMERA HAS A MEDIUM ANGLE
(76 DEGREES) TEGEA F/1.8 LENS PRODUCING A RESOLUTION OF ABOUT
1.0 MILE. THE CAMERA HAS A SHUTTER SPEED OF 1.5 MILLISECONDS AND
A VIDEO-BANDWIDTH OF 62.5 KHZ. THE 500 LINE FRAME IS PROCESSED
FOR STORAGE IN 12 SECS. A MINIMUM INTERVAL, BETWEEN PICTURES, OF
10 SECONDS IS REQUIRED FOR THE TARGET IMAGE 7O BE ELECTRICALLY
ERASED. THE CAMERA IS ALIGNED PARALLEL TO THE SATELLITE'S SPIN
AXIS AND IS AUTOMATICALLY TRIGGERED SO AS TO BE IN A PICTURE
TAKING MODE ONLY WHEN DIRECTED TOWARD THE EARTH. TRANSMISSION OF
THE ENTIRE REEL OF 32 PICTURES CAN BE ACCOMPLISHED IN 100 SEC-
ONDS BY A 2-WATT FM TRANSMITTER OPERATING AT A NOMINAL FREQUENCY
OF 235 MHLZ.

32. PHENOMENA OBSERVED

CLOUD COVER OVER THE EARTH'S SURFACE
33. MEASUREMENT RANGE

7 70 B LEVELS OF GRAY
34. PRECISION AND ACCURACY
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35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION |37. TIME CONSTANT

0.5 10 0.65 MICRONS|[NA

38. FIELD OF VIEW 39. GROUND SWATH

56.0 BY 56.C DEG|S507 NM BY 500 NM FROM 450 NM ALTITUDE

40. ANGULAR RESOLUTION] 41, SPATIAL RESOLUTION

0.12 DEG| 1.0 NM PFR TV-LINE FROM 450 NM ALTITUDE

42.POINTING ACCURACY} 43. POINTING RATE 44. ALTITUDE 45. INCLINATION

MED CIRCULAR |MEDIUM POSIGRADE

46. SPECIAL REQUIREMENTS

47. COMPONENTS

TV CAMERA, TRANSMITTER, TAPE RECORDER

48. WEIGHT 49. VOLUME 50. AVERAGE POWER |51.STANDBY POWER | 52. PEAK POWER | 53. MTBF
7 L8 9 WATTS| NONF 9 WATTS
54 \NTERFERENCE 55 NTERE e NCE 6. |NTERFERENCE S7. iNTERFERENCE 58. SHIELDING
SENSITIVE MAGNETIC SHIELDING USED
59. CALIBRATION ’ 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION

NO IN-FLIGHY CALTRRATION[DELAYED CR REALTIME |DAYSIDE OF ORBIT

62. TELEMETRY REQUIREMENTS

FULL REEL OF 32 PICTURES CAN BE READ OUT IN 1CO SECONDS USING
AN FM TRANSMITTER OPERATING AT FREQUENCY OF 235 MHZ,

63. ADVANTAGES AND LIMITATIONS

BROAD SYNOPTIC VIEWING OF CLOUD-COVER PATTERNS. VALUABLE FOR
ICE STUDY AND ICE RECONNAFSSANCE.

64. REFERENCES

1) SIGNIFICANT ACHIEVEMENTS IN SATELLITE MEVEOROLOGY, 1958-1964%.
NASA SP-G6,*%%2) INSTRUMENTS AND SPACECRAFT, OCT 57-MAR 65, NASA
SP-3028.%%%3) NASA NEWS RELEASES FOR TIROS 4, 5, 6. RELEASE NO*S
62-24; 62=1363 62-194,%%%k4) DATA AVAILABLE FROM NATIONAL WEATHER
RECORDS CENTER (ESSA) ASHEVILLE, N.C,.

65. HISTORICAL REMARKS

IDENTICAL INSTRUMENTS FLOWN ON TIROS 4, 5, AND 6,
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE . 2. ACRONYM | 3. EXP NO
VIDICON CAMERA SYSTEM VCSM
{TITLE CONT.) anesume oare | Yepsion
MEDIUM=ANGLE LENS , Co/01/772] 7005
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
RADOSy ReM. (MGR,) GODDARD SPACE FLT CENTER]|301-982~-5042
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
2. GopRacT 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | " 8% 16 COMPLE'ONE17. STATUS
POST FLIGHT
18. MONITOR 19. AGENCY 20.PGM OFFICE 21. TELEPHONE :
TEPPER, Ma NASA HDQTRS OA/ERD 202=-755=2322
22. VENDOR 23. LOCATION -J 20 fuont  1o5 LEAD TIME
RCA ASTRO~-ELECTROUONICS PRINCETON, NEW JERSEY  [D6/62] NA
26. INSTRUMENT TYPE euauy)
IMAGER, 0,.5-INCH MEDIUM=-ANGLE F/1.8 VIDICON UNC|
28. APPLICATION 29. SPACECRAFT
MET TIRGS 5-
30. PURPOSE

PRIMARY-TO PROVIDE PICTURES OF EARTH'S CLOUD COVER AND INVESTI-
GATE FORMATIVE STAGES OF HURRICANES AND ATMOSPHERIC MOTIONS, *%**
SECONDARY-TO CONFIRM THE CAPABILITY Of USING A WEATHER SATELLITE
FOR ICE RECONAISSANCE.,

31. PRINCIPLES OF OPERATION

THIS MEDIUM ANGLE VIDICON CAMERA SYSTEM WAS ALSO FLOWN, IN IDEN-
TICAL CONFIGURATION, ON TIROS 4 AND 6. IT CONSISTS OF A 1/2~INCH
VIDICON TUBE AND A FOCAL-PLANE SHUTTER THAT PERMITS STORAGE OF
STILL PICTURES ON THE TUBE SCREEN. AN ELECTRON BEAM CONVERTS THE
STORED PICTURES INTO TELEVISION-TYPE ELECTRONIC SIGNALS, WHICH
CAN BE TRANSMITTED TO GROUND RECEIVERS ON COMMAND. THE SYSTEM
CAN ALSO PROCESS AND STORE UP TO 32 PICTURES ON MAGNETIC TAPE
FOR TRANSMISSION AT A LATER TIME., THE CAMERA HAS A MEDIUM ANGLE
(76 DEGREES) TEGEA F/1.8 LENS PRODUCING A RESOLUTION NF ABOUT
1.0 NM. THE CAMERA HAS A SHUTTER SPEED OF 1.5 MILLISECONDS AND

A VIDEO-BANDWIDTH OF 62.5 KHZ. THE 500 LINE FRAME IS PROCESSED
FOR STORAGE IN 12 SECS. A MINIMUM INTERVAL, BETWEEN PICTURES, OF
10 SECONDS IS REQUIRED FOR THE TARGET IMAGE TO BE ELECTRICALLY
ERASED. THE CAMERA IS ALIGNED PARALLEL TO THE SATELLITE'S SPIN
AXIS AND IS AUTOMATICALLY TRIGGERED SO AS TO BE IN A PICTURE
TAKING MODE ONLY WHEN DIRECTED TOWARD THE EARTH. TRANSMISSION

OF THE ENTIRE REEL OF 32 PICTURES CAN BE ACCOMPLISHED IN 100
SECONDS BY A 2-WATT FM TRANSMITTER OPERATING AT A NOMINAL FRE-
QUENCY OFfF 235 MHZ,

32. PHENOMENA OBSERVED
CLOUD COVER OVER THE EARTH'S SURFACE

33. MEASUREMENT RANGE
7 TO 8 LEVELS OF GRAY

34. PRECISION AND ACCURACY

62



35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION |37. TIME CONSTANT

05 10 0.65 MICRONS [NA

38. FIELD OF VIEW 39. GROUND SWATH

56,0 BY 56,0 DEG|480 NM BY 480 NM FROM 450 NM ALTITUDE

40. ANGULAR RESOLUTION]| 41. SPATIAL RESOLUTION

0.12 DEG|1.C NM PER TV-LINE FROM 450 NM ALTITUDE

42. POINTING ACCURACY| 43. POINTING RATE 44, ALTITUDE 45. INCLINATION

MED CTRCULAR [MEDTIUM POSTGRADE

46. SPECIAL REQUIREMENTS

47. COMPONENTS
TV _CAMERA, TRANSMITTER, TAPE RECORDER

48, WEIGHT 49. VOLUME 50. AVERAGE POWER |51. STANDBY POWER | 52. PEAK POWER | §3. MTBF
7 LB 9 WATTS|NONE 9 WATTS
S0 NTERFERENCE | 55 INTERFERESCE 56 N TERFE AENCE 57 \NTERFERERCE 58. SHIELDING
SENSITIVE MAGNETIC SHIELDING USED
59. CALIBRATION : 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION

NO IN-FLIGHT CALIRRATION|DELAYED OR REALTVTIME |DAY SIDE OF ORBIT
62. TELEMETRY REQUIREMENTS

FULL REEL OF 32 PICTURES CAN BE READ OUT IN 190 SECONDS USING
AN FM TRANSMITTER DPERATING AY FREQUENCY OF 235 MHZ,

63. ADVANTAGES AND LIMITATIONS

BROAD SYNQOPTIC VIEWING OF CLOUD COVER PATTERNS. VALUABLE FOR
ICE STUDY AND ICE RECONNAISSANCE.

64. REFERENCES ;
1) SIGNIFICANT ACHIEVEMENTS IN SATELLITE METEOROLOGY, 1958-1964%,
NASA SP=96,%%%2) [INSTRUMENTS AND SPACECRAFT, OCT 57-MAR 65. NASA
SP-3028,.%%x3) NASA NEWS RFELEASES FD® TIRDS 4, 5, 6. RELEASE NO'S
62=243 62=-13h; 62~194.%%%4) DATA AVAILABLE FROM NATIONAL WEATHER
RECORDS CENTER (ESSA) ASHEVILLE, N.C.

65. HISTORICAL REMARKS
IDENTICAL INSTRUMENTS FLOWN ON TIROS 4, 5, AND 6.
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO
VIDICON CAMERA SYSTEM VCSM
{TITLE CONT.) 4 RESUME DATE %ERSION
MEDIUM=ANGLE LENS nNa/01/72 129285
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
RADOS,y R.M, (MGR,) GODDARD SPACE FLY CENTER|[{301-982~5042
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
12 CONTRACT 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | 8%  |e “™Baf'°¥] 17. STATUS
POST FLIGHT
18. MONITOR 19. AGENCY 20.PGM OFFICE | 21. TELEPHONE
TEPPER, M, NASA HDQTKS OA/ERD 202-755-2322
22. VENDOR 23. LOCATION afuont |25 LEAD TIME
RCA ASTRO=-ELECTRONICS PRINCETON, NEW JERSEY 03/62 | NA
26. INSTRUMENT TYPE 2. v
IMAGER, 0.5-INCH MEDIUM-ANGLE F/1.8 VIDICON UNC
28. APPLICATION . 29. SPACECRAFT ]
MET TIROS 6
30. PURPOSE

PRIMARY-T( PROVIDE PICTURES CF EARTH'S CLQOUD COVER AND INVESTI-
GATE FORMATIVE STAGES OF HURRICANES AND ATMOSPHERIC MOTIONS,%%%
SECCNDARY=-TO CONFIRM THE CAPABILITY OF USING A WEATHER SATELLITE
FNOR ICF RECONAISSANCE.

31. PRINCIPLES OF OPERATION

THIS MEDIUM ANGLE VIDICON CAMERA SYSTEM WAS ALSO FLOWN, IN IDEN-
TICAL CONFIGURATION, ON TIROS 4 AND 5, IT CONSISTS OF A 1/2-INCH
VIDICCN TUBE AND A FOCAL-PLANE SHUTTER THAT PERMITS STORAGE OF
STILL PICTUKES ON THE TUBE SCREEN.AN ELECTRON BEAM CONVERTS THE
STORED PICTURES INTO TELEVISION-TYPE ELECTRONIC SIGNALS, WHICH
CAN BE TRANSMITTED TU GROUND RECFIVERS ON COMMAND. THE SYSTEM
CAN ALSO PRJCESS AND STORE UP TO 32 PICTURES ON MAGNETIC TAPE
FOR TRANSMISSICN AT A LATER TIME, THE CAMERA HAS A MEDIUM ANGLE
(76 CEGREES) TEGEA F/1.8 LENS PRODUCING A RESCLUTION QF ABQOUT
1.7 MILE, THE CAMERA HAS A SHUTTER SPEED OF 1.5 MILLISECONDS AND
A VIDEO-BANDWIOTH OF 62.5 KHZ. THE 500 LINE FRAME IS PROCESSED
FOR STORAGE IN 12 SECS. A MINIMUM INTERVAL,BRETWEEN PICTURES, OF
{10 SECONDS IS REQUIRED FOR THE TARGET IMAGE TO RE ELECTRICALLY
ERASED., THE CAMERA IS ALIGNED PARALLEL TO THE SATELLITE'S SPIN
AXIS AND IS AUTOMATICALLY TRIGGERED SO AS TO BE IN A PICTURE
TAKING MODE ONLY WHEN DIRECTED TOWARD THE EARTH., TRANSMISSION

OF THE ENTIRE REEL DF 32 PICTURES CAN BE ACCOMPLISHED IN 100
SECONDS BY A 2-WATT FM TRANSMITTER OPFRATING AT A NOMINAL FPRE-
QUENCY OF 235 MHZ,

32. PHENOMENA OBSERVED

CLOUD COVER OVER THE EARTH'S SURFACE
33. MEASUREMENT RANGE

7 10 8 LEVELS OF GRAY
34. PRECISION AND ACCURACY
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35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION |37. TIME CONSTANT

0.5 T0 L.65 MICRONS [NA

38. FIELD OF VIEW 39. GROUND SWATH

56.0 BY 56.0 DEG|[450 NM BY 450 NM FROM 400 NM ALTITUDE

40. ANGULAR RESOLUTION| 41, SPATIAL RESOLUTION

0.12 DEG|.84 NM/TV LINE FROM 400 NM ALTITUDE

42.POINTING ACCURACY| 43 POINTING RATE | 44. ALTITUDE 45. INCLINATION

> , e
MED CIRCUUAR [MEDYUM - POSTGRADE

46. SPECIAL REQUIREMENTS

47. COMPONENTS

TV, CAMERA, TRANSMITTER,TAPE RECORDER

48. WEIGHT _ |48. VOLUME . = 50. AVERAGE POWER | 51. STANDBY POWER | 52. PEAK POWER | 53. MTBF  * |
7 LB 9 WATTS [NONE 9 WAYTS
5% \NTERFERENCE 55 T ERF ERENCE 56 |NTERFERENCE S7. \nyeneERERCE 1 58 S"""E-D,lNG ; . |
_ SENSITIVE - MAGNETIC SHIELDING USED
59. CALIBRATION 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION |

NO IN-FLIGHT CALIBRATION[DELAYED OR REALTIME |DAY SIDE OF ORBIY

62. TELEMETRY REQUIREMENTS

FULL REEL OF 32 PICTURES CAN BE READ OUT IN 100 SECONDS USING
AN FM TRANSMITTER OPERATING AT FREQUENCY OF 235 MHZ,

63. ADVANTAGES AND LIMITATIONS -

BROAD SYNOPTIC VIEWING OF CLOUD COVER PATTERNS. VALUABLE FOR
ICE STUDY AND ICE RECONNAISSANCE.

64. REFERENCES

1)SIG.ACHIEV.IN SAT.MET,1958-1964,NASA SP-96, *x%2 ) INSTRUMENTS
AND SPACECRAFT OCT 57-MAR 65. NASA SP-3028.%*#%3)NASA NEWS RE~-
LEASES FOR TIROS 4+5+6. RELEASE NO'S, 62-24362-136;62~-194,%%%
4)DATA AVAILABLE FROM NATIONAL WEATHER RECORDS CTR(ESSA)
ASHEVILLE,N.C,

65, HISTORICAL REMARKS

IDENT ICAL INSTRUMENTS FLOWN ON TIROS 4, 5, AND 6.
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. AcCRONYM | 3. EXP NO
VIDICON CAMERA SYSTEM VCSN
{TITLE CONT.) . 4. RESUME DATE ?I'ERSION
NARROW=ANGLE LENS : Co/01/721n004
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
STROUDy W.Ge (MGR) GODDARD SPACE (LT CENTER| 301-982=-5042
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
s 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | 348 1o coLEl'oN 17 STATUS
POST FLIGHT
18. MONITOR 19. AGENCY 20.PGM OFFICE | 21. TELEPHONE
TEPPER, M, NASA HODQTRS DA/ERD | 202-755-2322
22. VENDOR 23, LOCATION uruenwr 125 LEAD TIME
RCA ASTRO-ELECTRONICS PRINCETON, NEW JERSEY 04/76C| NA
26. INSTRUMENT TYPE , Feumy)
IMAGER, NARROW=ANGLE F/1.8 GC.5-INCH VIDICON UNC
28. APPLICATION ~ ' 29. SPACECRAFT
MET TIROS 1
30. PURPOSE

PRIMARY-TO ACQUIRE AND TRANSMIT (FEALTIME OR DELAYED) PICTURES
OF THE EARTHS CLOUD COVER SHOWING SPECIFIC CLOUD TYPES IN GREAT-
ER DETAIL THAN WIDE AND MEDIUM ANGLE CAMERAS,

31. PRINCIPLES OF OPERATION

THIS NARRDW ANGLE VIDICON CAMERA IS IDENTICAL TO THE ONE THAT
WAS FLOWN SUBSEQUENTLY ON TIROS 2, IT CONSISTS OF A 1/2-INCH
VIDICON TUBE AND A FOCAL-PLANE SHUTTER THAT PERMITYS STORAGE OF
STILL PICTURES ON THE TUBE SCPEEN. AN ELECTRON BEAM CONVERTS THE
STORED PICTURES INTO TELEVISION-TYPE ELECTRONIC SIGNALS, WHICH
CAN BE TRANSMITTED TO GROUND RECEIVERS ON COMMAND, THE SYSTEM
CAN ALSO PROCESS AND STORE UP TO 32 PICTURES ON MAGNETIC TAPE
FOR TRANSMISSION AT A LATER TIME, THE CAMERA HAS A NARROW ANGLE
(12 DEGREES) CINEGOR F/1l.5 LENS PRODUCING A RESOLUTION OF AB3UT
1000 FEET, THE PHOTOGRAPHS ARE WITHIN THE WIDE-ANGLE CAMERA
VIEWS. THE CAMERA HAS A SHUTTER SPEED OF 1.5 MILLISECONDS AND A
VIDEDO BANDWIDYH OF 62,5 KHZ. THE 500 LINE FRAME IS PRNOCESSED FOR
STORAGE IN 2 SEC., A MINIMUM INTERVAL OF 10 SECONDS BETWEEN PIC-
TURES IS REQUIRED FOR THE TARGET IMAGF T0O BE ELECTRICALLY ERASED
THE CAMERA IS ALIGNED PARALLEL TU THE SATFLLITES SPIN AXIS AND
IS AUTOMATICALLY TRIGGERED SO AS TO BE IN A PICTURE TAKING MODE
ONLY WHEN DIRECTED TOWARD THE EARTH, TRANSMISSION OF THE ENTIRE
REEL OF 32 PICTURES CAN BE ACCOMPLISHEN IN 10 SFCONDS BY 4 2-
WATT FM TRANSMITTER OPERATING AT A NOMINAL FREQUENCY QOF 235 MHZ,

32. PHENOMENA OBSERVED
CLOUD COVER OVER THE EARTH'S SURFACE

33. MEASUREMENT RANGE

5 LEVELS OF GRAY

34. PRECISION AND ACCURACY
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35. SPECTRAL RANGE ' ~J36. SPECTRAL RESOLUTION |37. TIME CONSTANT |
Nel 10 N. 65 MICRON ‘
38 FIELD OF VIEW 39. GROUND SWATH ‘ co

10.0 By 10.0 DEG 54 NM BY 54 NM FROM 450 NM ALTITUDE
{40. ANGULAR RESOLUTION| 41. SPATIAL RESOLUTION

0.02 DEQG 850 FT PER TV LINE FROM 450 NM ALTITUDE
42.POINTING ACCURACY] 43. POINTING RATE 44. ALTITUDE 45 INCLINATION |

MED CIRCULAR | MEDIUM ___ POSIGRADE

46. SPECIAL REQUIREMENTS ; iy e ]

|47. COMPONENTS V e SR
[TV _CAMERA, TRANSWMITTER,TAPE RECORDER

48. "viétst-n‘ Jao.vOLUME ~ ['so.avemacepowen |51.sTanoey power | 52. PEAK POWER | 53. MTBF |
: 9 WATT
e NTEREERENCE 55 mr_”s;o’;:;zince ’ 'mgi%%‘i%‘szce 57 mt's’&?gghcs 58. SHIELDING i
SENSITIVE MAGNETIC SHIELDING USED
59. CALIBRATION ‘ ~ fe0, DATA RECOVERY 61, FREQUENCY OF OBSERVATION I

NO IN FLIGHT CALlBRATIDN] DELAYFD OR REALTIME DAYSIDE OF ORBIY
62. TELEMETRY REQUIREMENTS -
FULL REEL OF 32 PICTURFS CAN 8F READ OUT IN APPROX 100 SECS
USING AN FM TRANSMITTER OPFERATING AT FREQUENCY OF 235 MHZ.

'63. ADVANTAGES AND LIMITATIONS ' , . |
SHONED DETAILS OF SPECIFIC CLOUD TYPES.

64. REFERENCES =~ B ' R
1)SIGNIFICANT ACHIEVEMENTS IN SAT MFT 1958 1964. NASA SP=96,%%%
2)GOLDBERG,E. A, AND LANDON, V.D.:KEY EQUIP FIR TIRDS 1. ASTRO~
NAUTICS, V.5, JUNE 196N,%x%x3 )MESNER yM.H. AND STANISZEWSKI, Je:
TV CAMERAS FOR SPACE EXPLOR, ASTRONAUTICS, V.5, MAY 1960,.%%x%

4) INSTRUMENTS AND SPACECRAFT. NASA SP-3028, 1966. *%&5) DATA
AVAILARLE FROM NATIONAL WEATHER RECDRDS CTR (ESSA), ASHEVILLE:NC,

65. HISTORICAL. REMARKS Lo R
IDENTICAL CAMERA ALSD FLUHN DN T!RDS 2 '
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE : 2. ACRONYM | 3. EXP NO
VIDICON CAMERA SYSTEM VCSN

(TITLE CONT.) «nesume oate I yepsion
NARROW-ANGLE LENS , 097017720005
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
STAMPFL, R.A. (MGR) GODDARD SPACE FLT CENTER|[301~-982-5042
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
T Gomnac 13. CONTRACT NUMBER | 14. FLASH INDEX NUMBER | " 5ie’ | *%xii "] 17. STATUS

POST FLIGHT
18. MONITOR 19. AGENCY 20.PGM OFFICE | 21. TELEPHONE
TEPPER. M. NASA HDQTRS OA/ERD 202-755-2322
. VENDOR - 23. LOCATION weuowr 1265 LEAD TIME

RCA ASTRO-ELECTRONICS " |PRINCETON, NEW JERSEY 11/60]|NA
26. INSTRUMENT TYPE , S un)
IMAGER, NARROW-ANGLE F/1.8 0.5-INCH VIDICON UNC
28. APPLICATION 29. SPACECRAFT
MET TIROS 2.
30. PURPOSE ‘

PRIMARY-TO ACQUIRE AND TRANSMIT(REALTIME OR DELAYED) PICTURES OF
THE EARTH*'S CLOUD COVER SHOWING SPECIFIC CLOUD TYPES IN GREATER
DETAIL THAN WIDE AND MEDIUM ANGLE CAMERAS,

31. PRINCIPLES OF OPERATION

THIS NARROW ANGLE VIDICON CAMERA IS IDENTICAL TO THE ONE THAT
WAS FLOWN ON THE FIRST TIRDS. IT CONSISTS OF A 1/2-INCH VIDICON
TUBE AND A FOCAL-PLANE SHUTTER THAT PERMITS STORAGE OF STILL
PICTURES ON THE TUBE SCREEN. AN ELECTRON BEAM CONVERTS THE
STORED PICTURES INTO TELEVISION-TYPE ELECTRONIC SIGNALS, WHICH
CAN BE TRANSMITTED TO GROUND RECEIVERS ON COMMAND.THE SYSTEM CAN
ALSO PROCESS AND STORE UP TO 32 PICTURES ON MAGNETIC TAPE FOR
TRANSMISSION AT A LATER TIME., THE CAMERA HAS A NARROW ANGLE (12 .
DEGREES) CINEGOR F/1.5 LENS PRODUCING A RESOLUTION OF ABOUT 850
FEET. THE PHOTOGRAPHS ARE WITHIN THE FOV OF A COMPANION CAMERA,
THE CAMERA HAS A SHUTTER SPEED OF 1.5 MILLISECONDS AND A VIDEO-
BANDWIDTH OF 62.5 KHZ. THE 500 LINE FRAME IS PROCESSED FOR STOR-
AGE IN 2 SECS. A MINIMUM INTERVAL OF 10 SECONDS BETWEEN PICTURES
IS REQUIRED FOR THE TARGET IMAGE TO BE ELECTRICALLY ERASED. THE
CAMERA IS ALIGNED PARALLEL TO THE SATELLITES SPIN AXIS AND IS
TURNED ON BY COMMAND, TRANSMISSION OF THE ENTIRE REEL OF 32
PICTURES CAN BE ACCOMPLISHED IN 100 SECONDS BY A 2=-WATT fM
TRANSMITTER OPERATING AT A NOMINAL FREQUENCY OF 235 MHZ,

32, PHENOMENA OBSERVED

CLOUD COVER OVER THE EARTH'S SURFACE

33, MEASUREMENT RANGE

7 TO 8 LEVELS OF GRAY

34. PRECISION AND ACCURACY
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35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION ]37. TIME CONSTANT

0.5 T0 D.65 MICRON

38. FIELD OF VIEW 39. GROUND SWATH

10.2 BY 10.0 DEG|[S54 NM BY 54 LM FROM 41C NM ALTITUDE

40. ANGULAR RESOLUTION] 41, SPATIAL RESOLUTION

N.,02 DEG|850 FFET PFR Tv-LINE FROM 410 NM ALTITUDE

42. POINTING ACCURACY] 43. POINTING RATE | 44. ALTITUDE 45_ INCLINATION

MED CIRCULAR |MEDIUM ~POSTGRADE _

46. SPECIAL REQUIREMENTS

e » -

47.COMPONENTS

TV _CAMERA, TRANSMITTER, TAPE RECDRDER

48. WEIGHT ~ |49, VOLUME | |50 AVERAGE POWER |51.STANDBY POWER | 52. PEAK POWER | 53. MTBF
7 LB 9 WATTS |NONF 9 WATTS
4. \NTERFERENCE 55 IN'rE%l‘?éséh&:E 56 e e 5T wreheTheRee 58, SHIELDING |
SENSITIVE MAGNETIC SHIELDING USED
59. CALIBRATION ) s 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION I

DELAYED OR REALTIMF ’DAYSIDE OF ORBIT

62. TELEMETRY REQUIREMENTS !

FULL REEL OF 32 PICTURES CAN BE READ our IN APPROX lCD SECS
USING AN FM TRANSMITTER DOPERATING AT FREQUENCY NF 235 MHZ.

63. ADVANTAGES AND'LIMITATIONS

SHOWED DETAILS OF SPECIFIC ClOUD TYPES

64. REFERENCES ) ' ) S ]

1)SIGNIF ICANT ACHIEVEMENTS IN SAT METY 1958 1964, NASA SP-96.%%%
2)GOLDBERG,y FoAs. AND LANDDN, V.D.: KFY EQUIP FOR TIRDS 1., ASTRO-
NAUTICS, V.5, JUNE 196C.%%%3)MESNER, M.,H. AND STANISZEWSKI, J.:
TV CAMERAS FOR SPACE EXPLOR. ASTRONAUTICSs V.5, MAY 1960,%%x

4) INSTRUMENTS AND SPACECRAFT, NASA SP-3028, 1966. *%%x5) DATA
AVAILABLFE FROM NATIONAL WEATHER RECORDS CTR (FSSA);ASHEVILLE:NC.

65. HISTORICAL REMARKS

4 ol

IDENTICAL INSTRUMENT FLOWN ON TIRDS 1.
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO
VIDICON CAMERA SYSTEM VCSH
{TITLE CONT .) 4 RESUME DATE ‘SJERSSON
[ WIDE~=-ANGLE 09/01/72[0006
6. PRINCIFAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
O'BRIENy Joede(T,.MON)|GODDARD SPACE FLT CENTER|301~-982-5042
9. COINVESTIGATOR 10, ORGANIZATION 11, TELEPHONE
1T CORTRACT 13_CONTRACT NUMBER __]14. FLASH INDEX NUMBER | " 547 |’ O5kei o[ 17. STATUS
POST FLIGHT
8. MONITOR 19. AGENCY 20. PGM OFFICE 21. TELEPHONE
GLOVER, J,C, NESC/NOAA 202=-655-490C
22. VENDOR 23. LOCATION , wpugtr |25, LEAD TIME
RCA ASTRO-ELECTRONICS PRINCETON, N. Jo. 02766
26. INSTRUMENT TYPE F* N
IMAGER, O,5—INCH WIDE=-ANGLE F/1.5 LOW-RESOLUTION VIDICON
28. APPLICATION 29. SPACECRAFT ‘
MET ESSA 1
30. PURPOSE

PRIMARY-TO ACQUIRE AND TRANSMIT PICTURES OF THE EARTH'S CLOUD
COVER TO PROVIDE METEOROLOGISTS WITH DETAILED INFORMATION ON
INDIVIDUAL CLOUD TYPES OVER SPECIFIC AREAS. THE FIRST SATELLITE
IN THE TIROS OPERATIONAL SATELLITE (TOS) SYSTEM.

31. PRINCIPLES OF OPERATION

THE ESSA 1 WIDE ANGLE TV CAMERA WAS IDENTICAL TO THOSE CARRIED
ON ALL PREVIOUS TIROS MISSIONS, HOWEVER, THIS FLIGHT CARRIED 2,
IN A CARTWHEEL CONFIGURATION. (SIMILAR TO YIROS 9) THAT WERE
MOUNTED ON THE SIDE OF THE SPACECRAFT AND CANTED 26 DEG TO EACH
SIDE OF THE PLANE OF THE SATELLITES ROTATION. EACH CAMERA WAS
AUTOMATICALLY TRIGGERED SO AS TO BE IN A PICTYURE TAKING MODE
ONLY WHEN VIEWING THE EARTH, ONCE EACH SPACECRAFT ROTATION

(10 RPM), EACH CAMERA CONSISTS OF A 1/2-IN VIDICON TUBE AND A
FOCAL-PLANE SHUTTER THAT PERMITS STORAGE OF STILL PICTURES ON
THE TUBE SCREEN. AN ELECTRON BEAM CONVERTS THE STORED PICTURES
INTQ TV-TYPE ELECTRONIC SIGNALS, WHICH €AN ALSO PROCESS AND
STORE UP TO 32 PICTURES ON MAGNETIC TAPE FOR LATER TRANSMISSION,
THE CAMERA HAS A WIDE ANGLE (1G5 DEG) ELGEET F/1.5 LENS. THE
CAMERA HAS A SHUTTER SPEED OF 1.5 MILLISEC AND A VIDEG-BANDWIDTH
OF 62.5 KHZ. THE 500 LINE FRAME IS PROCESSED FOR STORAGE IN 2
SECS. A MINIMUM INTERVAL OF 10 SEC BETWEEN PICTURES IS REQUIRED
FOR THE TARGET IMAGE 7O BE ELECTRICALLY ERASED. TRANSMISSION OF
THE REEL OF 32 PICTURES CAN BE ACCOMPLISHED IN 100 SEC BY A 2~
WATT FM TRANSMITTER OPERATING AT A FREQUENCY OF 235 MHZ,. .

32. PHENOMENA QBSERVED
CLOUD COVER AND THE EARTH'S SURFACE
33, MEASUREMENT RANGE

5 LEVELS OF GRAY
34. PRECISION AND ACCURACY

70



35. SPECTRAL RANGE - |36. SPECTRAL RESOLUTION |]37. TIME CONSTANT
Dot T0 N.65 MICRON | NA
38. FIELD OF VIEW " 139. GROUND SWATH
74,0 BY T4.0 DEG[ 650 NM BY 650 NM FROM 400 NM ALTITUDE

| 40. ANGULAR RESOLUTION] 41. SPATIAL RESOLUTION

D2 DEG| 1,4 NM PERP Tv LINE FROM 400 NM ALTITUDE

42. POINTING ACCURACY] 43. POINTING RATE 44. ALTITUDE 45, INCLINATION '
MED CIRCULAR | SUN-SYNCH RETROGRADE

46. SPECIAL REQUIREMENTS

47. COMPONENTS ’ S

TV CAMERA, TRANSMIYTER, TAPE RECORDER

48. WEIGHT .  149. VOLUME 50. AVERAGE POWER |51. STANDBY POweR | 52. PEAK POWER | 53. MTBF
9 WATTS 9 WATTS

54 \NTERFERENCE 55 \NTERF ERERCE 56. |NTERFERENCE 57 INTERFERENCE 58. SHIELDING

SENSITIVE MAGNETIC SHIELDING USED

59. CALIBRATION ’ 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION

NO IN-FLIGHTY CALIRRATION| DELAYED TELEMETRY DAYSIDE OF DRBIT

62. TELEMETRY REQUIREMENTS , :

FULL REEL DF 32 PICTURES CAN BFE READ OUT IN 100 SECONDS USING

AN FM TRANSMITTER NPERATING AT A FREQUENCY OF 235 MHZ.V

63. ADVANTAGES AND LIMITATIONS

RROAD SYNOPTIC VIEWNING OF CLOUD COVER PATTERNS. MORE VALUABLE
‘DATA FOR WEATHER ANALYSIS THAN FROM MFD. OR NARROW ANGLE CAMERAS
64. REFERENCES f
1)SIGNIFICANT ACHIEVEMENTS IN SATY MET 1958-1964, NASA SP=06, %%
2)GOLDBERG, E.,A. AND LANDON, V.De.: KEY EQUIP FOR TIROS 1. ASTROD-
NAUTICS, V.5, JUNE 1960 ,%%%3)MESNER, M.H. AND STANISZEWSKI, J.:
TV CAMERAS FOR SPACE EXPLOR. ASTRONAUTICS, V.5y MAY 1960.%%%
4)INSTRUMENTS AND SPACECRAFT., NASA SP-3028, 1966. **%5) DATA
AVATLARLE FROM NATIONAL WEATHER RECURDS CYR (ESSA) ASHEVILLESNC,
65. HISTORICAL REMARKS

71



INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO
VIDICON CAMERA SYSTEM VCSW
(TITLE CONT.) ' 4. RESUME DATE ir’iensoou
WIDE~-ANGLE LENS 09/01/721950C4
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
STROUDy W.G. (MGR) GODDARD SPACE FLT CENTER| 301-982-5042
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
12.CONTRACT 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | 3 | SN 17. STATUS
POST FLIGHT
18. MONITOR 19. AGENCY 20.PGM OFFICE 21. TELEPHONE
TEPPER, M, NASA HDQTRS OA/ERD 202-755=2322
22. VENDOR 23. LOCATION 2. FLIGHY 25. LEAD TIME
RCA ASTRO-ELECTRONICS PRINCETON, NEW JERSEY 04/760] NA
26. INSTRUMENT TYPE gﬁm.n
IMAGER,y WIDE-ANGLE F/1.5 LOW-RESOLUTION C«5=-INCH VIDICON- UNC
28. APPLICATION . ; 29. SPACECRAFT
MET TIRGS 1
30. PURPOSE

PRIMARY-TO ACQUIRE AND TRANSMIT PICTURES OF THE EARTH'S CLOUD
COVER TO PROVIDE METEOROLOGISTS WITH DETAILED INFORMATION ON
INCIVIDUAL CLOUD TYPES OVER SPECIFIC AREAS.*¥*%SECONDARY-TO TEST
TV SENSOR IN SPACE.

31. PRINCIPLES OF OPERATION

THIS CAMERA SUB-SYSTEM HAS FLOWN IN AN IDENTICAL CONFIGURATION
ON TIROS 1-10 AND SIMILAR CONFIGURATION ON ESSA 1, ON TIROS 1-8,
10 THE CAMERAS WERE ALIGNED PARALLEL TO THE S/C SPIN AXIS AND
EXTENDED THROUGH THE BASE PLATE. IT CONSISTS OF A 9.5 IN VIDICON
TUBE AND A FOCAL-PLANE SHUTTER THAT PERMITS STORAGE OF STILL
PICTURES ON THE TUBE SCREEN, AN ELECTRON BEAM CONVERTS THE
STORED PICTURES. INTO TELEVISION-TYPE ELECTRONIC SIGNALS WHICH
CAN BE TRANSMITTED TO GROUND RECEIVERS ON COMMAND,THE SYSTEM CAN
ALSO PROCESS AND STORE UP TO 32 PICTURES ON MAGNETIC TAPE FOR
TRANSMISSION AT A LATER TIME, THE CAMERA HAS A WIDE ANGLE (175
DEG) ELGEET F/1.5 LENS PRODUCING A RESOLUTION OF 1.4 TO 2.0 NM,
THE CAMERA HAS A SHUTTER SPEED OF 1.5 MILLISEC AND A VIDEO-BAND=-
WIDTH OF 62.5 KHZ. THE 500 LINE FRAME IS PROCESSED FOR STDRAGE
IN 2 SEC. A MINIMUM INTERVAL OF 10 SEC BETWEEN PICTURES IS RE-
QUIRED FOR THE TARGET IMAGE TO BF ELECTRICALLY ERASED. THE CAM-
ERA IS ALIGNED PARALLEL TO THE SATELLITES SPIN AXIS AND IS AUTO-
MATICALLY TRIGGERED SO AS TO BE IN A PICTURE TAKING MODE ONLY
WHEN DIRECTED TOWARD THE EARTH. TRANSMISSION OF THE ENTIRE REEL
OF 32 PICTURES CAN BE ACCOMPLISHED IN 100 SEC BY A 2=WATT FM
TRANSMITTER OPERATING AT A NOMINAL FREQUENCY OF 235 MHZ,

32. PHENOMENA OBSERVED

CLOUD COVER AND THE EARTH'S SURFACE

33. MEASUREMENT RANGE

5 LEVELS OF GRAY

34. PRECISION AND ACCURACY
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35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION |[37. TIME CONSTANT

0.4 10 0.65 MICRON [NA
38. FIELD OF VIEW ' 39. GROUND SWATH
74.0 BY 74,0 DEL 740 NM BY 740 NM FROM 450 NM ALTITUDE

40. ANGULAR RESOLUTION] 41, SPATIAL RESOLUTION

0.2 DEG| 1.4 NM PER TV LINE FROM 450 NM ALTITUDE

42.POINTING ACCURACY| 43, POINTING RATE | J44. ALTITUDE 45. INCLINATION

MED CIRCULCAR [MFODIUM POSTGRADE

46. SPECIAL BEQUIREMENTS

TV CAMERA, TRANSMITTER, TAPE RECDRDER

48.WEIGHT _ 149. VOLUME | so.averacepower |51.STANDBY Power | 52. PEAK POWER | 53. MTBF -
| 9 WATTS 9 WATTS
,5‘* WTERFERENCE - | SS wTbhrthbace 55 N TEREERENCE 57, i TERFEAENCE '] 58. SHIELDING
S=NSITIVE ' MAGNETIC SHIELDING USED
[59.C CALIBRATION 60. DATA RECOVERY 61, FREQUENCY OF OBSERVATION

NO IN=-FLIGHT CALIBQATION DELAYED AND REALTIME DAYSIDE OF ORBIT

62, TELEMETRY REQUIREMENTS

FULL REEL OF 32 PICTURES CAN BE READ OUT IN 100 SECONDS US!NG
DATA FOR WEATHER ANALYSIS THAN FROM MED OR NARRQOW ANGLE CAMERAS

'63. ADVANTAGES AND LIMITATIONS

BROAD SYNOPTIC VIEWING OF CLOUD COVER PATTERNS. MORE VALUABLE
DATA FOR WEATHER ANALYSIS THAN FROM MED. OR NARROW ANGLE CAMERAS
64. REFEREMCES .

1)SIGNIFICANT ACHIEVFNENTS IN SAT MET 1958-1964, NASA SP=906.%%%
2)GOLDBERGyE.A. AND LANDON, V.D.:KEY EQUIP FIR TIRDS 1. ASTRO-
NAUTICSy Ve5y JUNE 196N .%%x%3)MESNER,M.,H. AND STANISZEWSKI, J.:
TV CAMERAS FOR SPACE EXPLOR. ASTRONAUTICS, V.5, MAY 1960.%%xx
4)INSTRUMENTS AND SPACECRAFT. NASA SP-3028, 1966, *%%x5) DATA
AVATLABLE FROM NATIONAL WEATHER RECDRDS CTR (ESSA),ASHEVILLE;NC.
65. HISTORICAL REMARKS ‘

IDENTICAL CAMERA FLOWN ON TIROS 1-10 AND SIMILAR ON ESSA 1
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO
VIDICON CAMERA SYSTEM VCSH

{TITLE CONT.) 4. RESUME DATE ‘\SJ'ERSION
WIDE-ANGLE TENS CO/CY /72100805
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE

STAMPFLy ReAe (MGR) |[GODDARD SPACE FLT CENTER[301-G982=-5042

9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
2. LongRAcT 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | " 3IA% ]t SOELEION 17, STATUS

POST FLIGHT

18. MONITOR 19. AGENCY 20. PGM OFFICE 21. TELEPHONE

TEPPER, M. NASA HDQTRS OA/ERD 202-755=-2322
22. VENDOR 23. LOCATION arueht |25 LEAD TIME
RCA ASTRO-ELECTRONICS PRINCETON, NEW JERSEY 11/60]NA
26. INSTRUMENT TYPE B
IMAGER, 0.5-INCH WIDE~ANGLE F/1.5 LOW-RESOLUTION VIDICON UNC
28. APPLICATION 29. SPACECRAFT

MET TIROS 2
30. PURPOSE

PRIMARY=-TO ACQUIRE AND TRANSMIT PICTURES OF THE EARTH'S CLOUD
COVER TO PROVIDE METEOROLOGISTS WITH DETAILED INFORMATION ON
INDIVIDUAL CLOUD TYPES OVER SPECIFIC AREAS.*¥%SECONDARY-TO TEST
TV SENSOR IN SPACE,

31. PRINCIPLES OF OPERATION

THIS CAMERA SUB-SYSTEM HAS FLOWN IDENTICALLY ON TIROS 1 THRU 10,
A SIMILAR CONFIGURATION HAS FLOWN ON ESSA 1. ON TIROCS 1 THRU 8 &
10 THE CAMERAS WERE ALIGNED PARALLEL TO THE S/C SPIN AXIS AND
EXTENDED THROUGH THE BASE PLATE. IT CONSISTS OF A 1/2-IN VIDICON
TUBE AND A FOCAL-PLANE SHUTTER THAT PERMITS STORAGE OF STILL
PICTURES ON THE TUBE SCREEN. AN ELECTRON BEAM CONVERTS THE
STORED PICTURES INTO TELEVISION-TYPE ELECTRONIC SIGNALS, WHICH
CAN BE TRANSMITTED TO GROUND RECEIVERS ON COMMAND.THE SYSTEM CAN
ALSO PROCESS AND STORE UP TO 32 PICTURES ON MAGNETIC TAPE FOR
TRANSMISSION AT A LATER TIME. THE CAMERA HAS A WIDE ANGLE(105
DEG)ELGEET F/1.5 LENS PRODUCING A RESOLUTION OF 1.4 TO 2.0 NM,
THE CAMERA HAS A SHUTTER SPEED OF 1.5 MILLISEC AND A VIDEO-BAND-
WIDTH OF 62.5 KHZ., THE 500 LINE FRAME IS PROCESSED FOR STORAGE
IN 2 SEC.A MINIMUM INTERVAL OF 10 SEC BETWEEN PICTURES [S RE-
QUIRED FOR THE TARGEY IMAGE TO BE ELECTRICALLY ERASED.THE CAMERA
IS ALIGNED PARALLEL TO THE SPIN AXIS OF THE SATELLITE, AND IS
TURNED ON BY COMMAND, TRANSMISSION OF THE ENTIRE REEL OF 32
PICTURES CAN BE ACCOMPLISHED IN 100 SECONDS BY A 2-WATT FM
TRANSMITTER OPERATING AT A NOMINAL FREQUENCY OF 235 MHZ.

32. PHENOMENA OBSERVED
CLOUD COVER AND THE EARTH'S SURFACE
° |33. MEASUREMENT RANGE

7 70 8 LEVELS OF GRAY
34. PRECISION AND ACCURACY
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35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION |37. TIME CONSTANT |

a5 10 -0.65 MICRON [NA

38. FIELD OF VIEW 39. GROUND SWATH |

14,0 RY 74.0 DEG[650 NM BY 650 NM FROM 410 NM ALTITUDE

40. ANGULAR RESOLUTION] 41, SPATIAL RESOLUTION !

0,2 DEG|1.4 NM PER TV-LINE FROM 410 NM ALTITUDE

42. POINTING ACCURACY| 43. POINTING RATE 44 ALTITUDE 45. INCLINATION

MED CIRCUCAR [MEDTUM — POSTGRADE

46. SPECIAL REQUIREMENTS X ‘ . |

47. COMPONENTS

TV CTAMERA, TRANSMITTER, TAPE RECORDER

48. WEIGHT 49. VOLUME 50. AVERAGE POWER |51. STANDBY POweRr | 52. PEAK POWER | 3. MTBF |
7 LB 9 WATTS|NONE 9 WATTS
54. wrenFEREnCE . T ERE L RERCE 6. NTERFERENCE 7.y TERFERENCE 58. SHIELDING ;
SENSITIVE - MAGNETIC SHIELDING USED
59. CALIBRATION 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION |

DELAYED AND REALTIME |DAYSIDE OF ORBIT

62. TELEMETRY REQUIREMENTS j

FULL REEL OF 32 .PICTURES CAN BE READ OUT IN 100 SECONDS USING
AN FM TRANSMITTER OPERATING AT FREQUENCY 0OF 235 MHZ.

63. ADVANTAGES AND LIMITATIONS |

BROAD SYNOPTIC VIEWING OF CLOUD COVER PATTERNS. MORE VALUABLE
DATA FOR NEATHER ANALYSIS THAN FROM MED OR NARRDW ANGLE CAMERAS

‘[64"REFERENCES - |
1)SIGNIFICANT ACHIEVEMENTS IN SAT MET 1958-1964, NASA SP=96.,%%%
2)GOLDBERG, E.A. AND LANDON, V.D.: KEY EQUIP FOR TIRDS 1. ASTRO-
NAUTICS,y Ve5y JUNE 1960, %%%3)MESNER,MeH, AND STANISZEWSKI, J.:

TV CAMERAS FDR SPACE EXPLOR. ASTRONAUTICS, V.5, MAY 1960,.%%x

4) INSTRUMENTS AND SPACECRAFT., NASA SP-3028, 1966, **%x5) DATA
AVAILABLE FROM NATIONAL WEATHER RECORDS CTR (ESSA),ASHFVILLE'NC.

65. HISTORICAL REMARKS N

IDENTICAL CAMERA FLOWN ON TIROS 1-10; SIMILAR CAMERA ON ESSA 1.
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO
VIDICON CAMERA SYSTEM VCSHW
(TITLE CONT.) . 4 RESUME DATE Version
WIDE-ANGLE LENS $9/01/7212005
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
RADOS,y ReM. (MGR,) GODDARD SPACE FLT CENTER|3D1=-982-5(042
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
12. CONTRACT 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | "8t s “OBafi'¥] 17. STATUS
POST FLIGHT
18. MONITOR 19. AGENCY 20.PGM OFFICE | 21. TELEPHONE
TEPPER, M. NASA HDQTRS QA/ERD |202-755-2322
22. VENDOR 23. LOCATION wruenr |25 LEAD TIME
RCA ASTRO-ELECTRONICS PRINCETON, NEW JERSEY 07/61 | NA
26. INSTRUMENT TYPE , kv
IMAGER, 0.,5—-INCH WIDE~ANGLE F/l.5 LOW RESOLUTION VIDICON UNE
28. APPLICATION 29. SPACECRAFT
MET TIROS 2
30, PURPOSE '

PRIMARY-T(Q ACQUIRE AND TRANSMIT PICTURES OF THE EARTH'S CLOUD
COVER TO PROVIDE METEQOROLOGISTS WITH DETAILED INFORMATION ON
INDIVIDUAL CLOUD TYPES UVER SPECIFIC ARFAS.®%xxSECONDARY-TQ TEST
TV SENSOR IN SPACE,

31. PRINCIPLES OF OPERATION

THIS CAMERA SUB-SYSTEM HAS FLOWN IN AN IDENTICAL CONFIGURATION
ON TIROS 1-10 AND SIMILAR CONFIGURATION ON ESSA 1. HOWEVER ON
THIS FLIGHT(TIROS 3) 2 WIDE ANGLE CAMERAS WERE USED. IT CONSISTS
OF A 172 IN VIDICON TUBE AND A FOCAL-PLANE SHUTTER THAT PERMITS
STORAGE OF STILL PICTURES ON THE TUBE SCREEN. AN ELECTRON BEAM
CONVERTS THE STORED PICTURES INTO TELEVISION-TYPE ELECTRONIC
SIGNALS +WHICH CAN BE TRANSMITTED TO GROUND RECEIVERS ON CCMMAND,
THE SYSTEM CAN ALSO PROCESS AND STORE UP TO 32 PICTURES ON MAG-
NETIC TAPE FOR TRANSMISSION AT A LATER TIME. THE CAMERA HAS A
WIDE ANGLE(105 DEG) ELGEET F/1.5 LENS PRODUCING A RESOLUTIGN OF
1.5 TO 2.9 NM, THE CAMERA HAS A SHUYTER SPEED OF 1.5 MILLISEC
AND A VIDEC-BANDWIDTH OF 62.5 KHZ., THE 507 LINE FRAME IS PRO-
CESSED FOR STORAGE IN 2 SEC. A MINIMUM INTERVAL OF 1¢ SEC RE-
TWEEN PICTURES IS REQUIRED FOR THE TARGET IMAGE TO BE ELECTRI-
CALLY ERASED. THE CAMERA IS ALIGNED PARALLEL TO THE SATELLITE®'S
SPIN AXIS AND IS AUTCMATICALLY TRIGGERED SO AS TN BE IN A PIC-
TURE TAKING MODE ONLY WHEN DIRECTED TOWARD THE EARTH, TRANSMIS-
SION OF THE ENTIRE REEL OF 32 PICTURES CAN BE ACCOMPLISHED IN
10C SEC BY A 2-WATT FM TRANSMITTER OPERATING AT NOMINAL FRE-
[QUENCY OF 235 MHZ,

32. PHENOMENA OBSERVED

CLOUD COVER AND THE EARTH'S SURFACE
33. MEASUREMENT RANGE

7 TO 8 LEVELS OF GRAY
34. PRECISION AND ACCURACY
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35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION |37. TIME CONSTANT
; 0.5 10 L.65 MICRONY NA
38. FIELD OF VIEW 39. GROUND SWATH

74.C0 BY 74.0 DEQ 75" NM 750 NM FROM 475 NM ALTITUDF

| 40- ANGULAR RESOLUTION| 41, SPATIAL RESOLUTION

0.2 DEG [1.5 NM PFR TV-LINE FROM 475 NM ALTITUDE

42. POINTING ACCURACY] 43. POINTING RATE’ 44, ALTITUDE 45. INCLINATION

MED CIRCULAR | MEOTUM - POSTGRADE

46. SPECIAL REQUIREMENTS

47. COMPONENTS

TV CAMERA, TRANSMITYER, TAPE RECORDER

48. WEIGHT |49, vOLUME 50. AVERAGE POWER |51. STANDBY POWER | 52. PEAK POWER | 53. MTBF
7 LA 9 WATTY NONE 9 WATTS
4. \\TERFERENCE 5. N TEL L Rt e 6. (N TERPE S RCE 57 \NTERFERENCE 58. SHIELDING
SENSITIVH MAGNETIC SHIFELDING USED
59. CALIBRATION ) 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION

NO IN-FLIGHT CALIBRATION DELAYED AND REALTIME DAYSIDE OF ORBIT

62. TELEMETRY REQUIREMENTS

FULL REEL OF 32 PICTURES CAN RE READ OUT IN 100 SECONDS USING
AN FM TRANSMITTER DPERATING AT FREQUENCY 0OF 235 MHZ.,

63. ADVANTAGES AND LIMITATIONS

BROAND SYNOPTIC VIEWING OF CLOUD COVER PATTFRNS, MORE VALUABLE
- DATA FOR WEATHER ANALYSIS THAN FROM MED DR NARROW ANGLE CAMERAS

64. REFERENCES

1)SIGNIFICANT ACHIEVEMENTS IN SAT MET 1958-1964. NASA SP-96,%%xx%
2)GOLDBERG, E.A. AND LANDON, V.D.: KEY EQUIP FOR TIRDS 1. ASTRO-
NAUTICSy Ve5¢ JUNE 196N, %k%3)MESNER, M.H. AND STANISZEWSKI, J.:
TV CAMERAS FOR SPACE EXPLOR., ASTRONAUTICS, V.5, MAY 196),%**

4) INSTRUMENTS AND SPACECRAFT. NASA SP=-3N28, 1966. *%%5) DATA
AVAILABLE FROM NATIONAL WEATHER RECORDS CTR (ESSA),ASHEVILLE,NC.

65. HISTORICAL REMARKS

IDENTICAL CAMERA FLOWN ON TIRDS 1-10; SIMILAR CAMERA ON ESSA 1
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO
VIDICON CAMERA SYSTEM ' VCSH
{TITLE CONT.) 4. RESUME DATE sv'ERSION
WIDE~ANGLE L ENS . 09/01/72]0C05
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
RADOS,y R.M. (MGR,) GODDARD SPACE FLT CENTER{ 301-982-5042
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
12. ONTRACT 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | 5T | C™Baf'°"]| 17. STATUS
POST FLIGHT
18. MONITOR 19. AGENCY 20. PGM OFFICE 21. TELEPHONE
TEPPFR, M. NASA HOQTRS OA/ERD 202~-7556-2322
22. VENDOR - 23. LOCATION . Jresyent 125 LEAD TIME
RCA ASTRO-ELECTRONICS PRINCETON, NEW JERSEY N2/762] NA
26. INSTRUMENT TYPE g&m‘,‘
IMAGER,y 0.5-INCH WIDE-ANGLE F/1.5 LOW-RESCLUTION VIDICON UNC
28. APPLICATION 29. SPACECRAFT
MET TIROS &
30. PURPOSE

PRIMARY~-TO -ACQUIRE AND TRANSMIT PICTURES OF THE EARTH'S CLOUD
COVER TO PROVIDE METEORGLOGISTS WITH DETAILED INFORMATION ON
INDIVIDUAL CLOUND TYPES OVER SPECIFIC AREAS.**%SECONDARY-TO TEST
TV SENSOR IN SPACE,

31. PRINCIPLES OF OPERATION

THIS CAMERA SUB-~-SYSTEM HAS FLOWN IN AN TDENTICAL CONFIGURATION
ON TIROS 1-10 AND SIMILAR CONFIGURATION ON ESSA 1, ON TIROS 1-8,
10 THE CAMERAS WERE ALIGNED PARALLEL YO THE S/C SPIN AXIS AND
EXTENDED THROUGH THE BASE PLATE. IT CONSISTS OF A 1/2-IN VIDICON
TUBE AND A FOCAL-PLANE SHUTTER THAY PERMITS STORAGE OF STILL
PICTURES ON THE TUBE SCREEN. AN ELECTRON BEAM CONVERTS THE
STORED PICTURES INTO TELEVISION-TYPE ELECTRONIC SIGNALS, WHICH
CAN BE TRANSMITYTED TO GROUND RECEIVERS ON COMMAND,THE SYSTEM CAN
ALSO PROCESS AND STORE UP TO 32 PICTURES ON MAGNETIC TAPE FOR
TRANSMISSION AT A LATER TIME., THE CAMERA HAS A WIDE ANGLE (125
DEG) ELGEET F/l.5 LENS PRODUCING A RESOLUTION OF 1.4 TO 2.0 NM,
THE CAMERA HAS A SHUTTER SPEED OF 1.5 MILLISEC AND A VIDEQ-BAND-
WIDTH OF 62.5 KHZ. THE 500 LINE FRAME IS PROCESSED FOR STORAGE
IN 2 SEC. A MINIMUM INTERVAL OF 1C SEC BETWEEN PICTURES [S RE-
QUIRED FOR THE TARGET IMAGE TO BE ELECTRICALLY ERASED.THE CAMERA
IS ALIGNED PARALLEL TO THE SATELLITE®'S SPIN AXIS AND IS AUTO-
MATICALLY TRIGGERED SO AS TO BE IN A PICTURE TAKING MODE ONLY
WHEN DIRECTED TOWARD THE EARTH. TRANSMISSION OF THE ENTIRE REEL
OF 32 PICTURES CAN BRE ACCOMPLISHED IN 100 SEC BY A 2-WATT FM
TRANSMITTER OPERATING AT A NOMINAL FREQUENCY OF 235 MHZ,

32. PHENOMENA OBSERVED
CLOUD COVER AND THE EARTH'S SURFACE

33. MEASUREMENT RANGE

7 70 8 LEVELS OF GRAY

34. PRECISION AND ACCURACY
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35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION [37. TIME CONSTANT

0.4 10 0,65 MICRONS|NA

38. FIELD OF VIEW 39. GROUND SWATH

74.0 BY 74,0 DEG|/ 750 NM BY 750 NM FROM 475 NM ALTITUDE

40. ANGULAR RESOLUTION] 41. SPATIAL RESOLUTION

Ce2 DEG| 1.5 NM PER TV=LINE FROM 475 NM ALTITUDE

42. POINTING ACCURACY| 43. POINTING RATE 44. ALTITUDE 45, INCLINATION

MED CIRCULAR [MEDIUM POSTGRADE

46. SPECIAL REQUIREMENTS

47. COMPONENTS

TV CAMERA, TRANSMITTER, TAPE RECODRDER

48. WEIGHT  149. VOLUME 50. AVERAGE POWER |51. STANDBY POWER | 52. PEAK POWER | 53. MTBF
7 LB 9 WATTS|NONE 9 WATTS
4. \NTERFERENCE S5 |NTERFERERCE 56 1YL RFE HENCE 57 nTenrERERCE 58. SHIELDING
SENSITIVE MAGNETIC SHIELDING USED
59. CALIBRATION 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION

NO IN=-FLIGHT CALIBRATION|DELAYED AND REALTIME|DAYSIDE OF ORBITY

62. TELEMETRY REQUIREMENTS

FULL REEL OF 32 PICTURES CAN BE READ OQUT IN 100 SECONDS USING
AN FM TRANSMITTER OPERATING AT FREQUENCY OF 235 MHZ.

63. ADVANTAGES AND LIMITATIONS

BROAD SYNOPTIC VIEWING OF CLOUD COVER PATTERNS. MORE VALUABLE
NATA FOR WEATHER ANALYSTS THAN FROM MED OR NARROW ANGLE CAMERAS

64. REFERENCES

1)SIGNIFICANT ACHIEVEMENTS IN SAT MET 1958-1964, NASA SP-96,%%x
2)GOLDBERG,y E.A. AND LANDON, V.D.: KEY EQUIP FOR TIROS 1. ASTRO-
NAUTICSy Ve5y JUNE 1960.%*%x3)MESNER, M,H, AND STANISZEWSKI, J.:
TV CAMERAS FOR SPACE EXPLOR. ASTRONAUTICSy V.5, MAY 1960,.%%%

4) INSTRUMENTS AND SPACECRAFT., NASA SP-3028, 1966, **%5) DATA
AVATLABLE FROM NATIONAL WEATHER RECORDS CTR (ESSA),ASHEVILLE, NC.

65. HISTORICAL REMARKS

IDENTICAL CAMERA FLOWN ON TIRDOS 1-10. SIMILAR CAMERA ON ESSA 1.
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 118
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE ' 2. ACRonYM | 3. EXP NO
VIDICON CAMERA SYSTEM VCSW
(TITLE CONT.) o mesuve oate | Yepsion
~ IDE=ANGLE L ENS £6e/01/72]1 20C5
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
KADOSy R.M, (MGFR,) GODDARD SPACE FLT CENTER]| 301-982-5042
9.CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
12. CONTRACT 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | "848 ] “OGAfI'o"] 17. STATUS
POST FLIGHT
18. MONITOR 19. AGENCY 20. PGM OFFICE 21. TELEPHONE
TEPPER, M, NASA HDQTFS NA/ERD 2D2~756=-2322
22. VENDOR 23. LOCATION zfuewt 105 LEAD TIME
RCA ASTRO-CELECTRONICS PRINCETON, NEW JERSEY C6/762] NA
26. INSTRUMENT TYPE .
IMAGERy (o5=INCH WIDE-ANGLE F/1.5 LOW-RESOLUTION VIDICON | UNC
28. APPLICATION . 29. SPACECRAFT
MET TIROS 5
30. PURPOSE

PRIMARY=-TO ACQUIRE AND TRANSMIT PICTURES OF THE EARTH'S CLOUD
COVER TO PROVIDE METEDROLOGISTS WITH DETAILED INFORMATION ON
INDIVIDUAL CLOUD TYPES OVER SPECIFIC AREAS.**%*SECONDARY-T(O TEST
TV SENSOR IN SPACE,

31. PRINCIPLES OF OPERATION

THIS CAMERA SUB-SYSTEM HAS FLOWN IN AN IDENTICAL CONFIGURATION
UN TIRCS 1-12 AND SIMILAR CONFIGUKATION ON ESSA 1. ON TIROS 1-8,
10 THE CAMERAS WERE ALIGNED PARALLEL TO THE S/C SPIN AXIS AND
EXTENDED THROUGH THE BASE PLATE., IT CONSISTS OF A 1/2-IN VIDICON
TUBE AND A FOCAL-PLANE SHUTTER THAT PERMITS STORAGE OF STILL
PICTURES ON THE TUBE SCREEN.AN ELECTRON BEAM CONVERTS THE STORED
PICTURES INTO TELEVISION-TYPE ELECTRONIC SIGNALS, WHICH CAN BE
TRANSMITTED TO GROUND RECEIVERS ON COMMAND. THE SYSTEM CAN ALSO
PROCESS AND STORE UP TO 32 PICTURES ON MAGNETIC TAPE FOR TRANS-
MISSION AT A LATER TIME, THE CAMERA HAS A WIDE ANGLE(105 DEG)
ELGEET F/1.5 LENS PRODUCING A RESOLUTION OF 1.4 TO 2.0 NM, THE
CAMERA HAS A SHUTTER SPEED OF 1.5 MILLISEC AND A VIDEQ-BANDWIDTH
OF 62.5 KHZ. THE 500 LINE FRAME IS PROCESSED FOR STORAGE IN 2
SEC. A MINIMUM INTERVAL OF 10 SEC BETWEEN PICTURES IS REQUIRED _
FOR YHE TARGET IMAGE TO BE ELECTRICALLY ERASED. THE CAMERA IS A-
LIGNED PARALLEL TO THE SATELLITE'S SPIN AXIS AND IS AUTOMATICAL-
LY TRIGGERED SO AS TO BE IN A PICTURE TAKING MODE ONLY WHEN DI-
RECTED TOWARD THE EARTH. TRANSMISSIGN OF THE ENTIRE REEL GF 32
PICTURES CAN BE ACCOMPLISHED IN 1€0 SEC BY A 2-WATT FM TRANS~-
MITTER OPERATING AT A NOMINAL FREQUENCY OF 235 MHZ,

32. PHENOMENA OBSERVED

CLOGUD COVER AND THE EARTH'S SURFACE

33. MEASUREMENT RANGE

7 T3 8 LEVELS OF GRAY

34. PRECISION AND ACCURACY
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35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION |37. TIME CONSTANT

.5 10 .65 MICRONS| NA

38. FIELD OF VIEW 39. GROUND SWATH

74,0 BY 74,0 DEGl 740 NM BY 740 NM FROM 450 NM ALTITUDE
40. ANGULAR RESOLUTION] 41_ SPATIAL RESOLUTION ) ) .

0.2 DEG| 1.5 NM PER TV=LINE FROM 450 NM ALTITUDE

42. POINTING ACCURACY| 43. POINTING RATE 44. ALTITUDE 45. INCLINATION

MED CIRCULAR | MEDIUM POSTGRANE

46. SPECIAL REQUIREMENTS

47. COMPONENTS

TV CAMERA, TRANSMITTER, TAPE RECORDER

48.WEIGHT _ 149. VOLUME 50. AVERAGE POWER | 51. STANDBY POWER | 52. PEAK POWER | 53, MTBF
7 LB 9 WATTS| NONE 9 WATTS
. wrenrerence | S5 inTeReERENCE 56. 1y AFERENCE 57 \yTeReERERCE 58. SHIELDING
SENSITIVE ' MAGNETIC SHIELDING USED
59. CALIBRATION 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION

NO IN-FLIGHT CALIRRATION| DELAYED AND REALTIME| DAYSIDE OF ORBITY

62. TELEMETRY REQUIREMENTS

FULL REEL OF 32 PICTURES CAN BE READ OUT IN 100 SECONDS USING
AN FM TRANSMITTER OPERATING AT FREQUENCY OF 235 MHZ.

63. ADVANTAGES AND LIMITATIONS

BROAD SYNOPTIC VIEWING OF CLOUD COVER PATTERNS., MORE VALUABLF
DATA FOR WEATHER ANALYSIS THAN FROM MED OR NARRDW ANGLE CAMERAS,

64. REFERENCES

1)SIGNIFICANT ACHIEVEMENTS IN SAT MET 1958-1964. NASA SP=96,%%*x%

2)GGLDBERG,y E.A. AND LANDDON, V.D.: KEY EQUIP FOR TIRDS 1. ASTRO-
NAUTICSy V.5y JUNE 1960.%%%3)MESNER, M.H. AND STANISZEWSKI, J.*

Tv CAMERAS FOR SPACE EXPLOR., ASTRONAUTICS, V.5, MAY 1960,%%x

4) INSTRUMENTYS AND SPACECRAFT, NASA SP-3N2B, 1966. *%%5) DATA

AVAILABLE FROM NATIONAL WEATHER RECORDS CTR (ESSA),ASHEVILLE,NC.
65. HISTORICAL REMARKS

IDENTICAL CAMERA FLOWN ON TIROS 1-10. SIMILAR CAMERA ON ESSA 1.
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO

VIDICON CAMERA SYSTEM VCSHW
{TITLE CONT.) 4.RESUME DATE "\;I'ERSlON
WIDE-ANGLE LENS C3/01/72[1 0005
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
RADOSy R.M. (MGR,) GODDARD SPACFE FLT CENTER| 301-982-5042
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
el 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | 88T | S84 17. STATUS
POST FLIGHT
18. MONITOR 18. AGENCY 20. PGM OFFICE 21. TELEPHONE
TEPPER, M. NASA HDQTRS OA/ERD 202-155-2322
22. VENDOR 23. LOCATION . rueHT 126 LEAD TIME
RCA ASTRO-ELECTRONICS PRINCETON, NEW JERSEY N9/62] NA
26. INSTRUMENT TYPE 2. .
IMAGER, C.5=-INCH WIDE=-ANGLE F/1.5 LOW=RESCLUTION VIDICON
28. APPLICATION 29. SPACECRAFT
MET TIROS 6
30. PURPOSE '

PRIMARY-TO ACQUIRE AND TRANSMIT PICTURES CF THE EARTH'S CLQUD
COVER TO PROVIDE METEOROLOGISTS WITH DETAILED INFORMATION ON
INDIVIDUAL CLOUD TYPES OVER SPECIFIC AREAS.**xSECONDARY-TO TEST
TV SENSOR IN SPACE.

31. PRINCIPLES OF OPERATION

THIS CAMERA SUB-SYSTEM HAS FLOWN IN AN IDENTICAL CONFIGURATION
ON TIRDS 1-10 AND SIMILAR CONFIGURATION ON ESSA 1. ON TIR(OS 1-8,
10 THE CAMERAS WERE ALIGNED PARALLEL YO THE S/C SPIN AXIS AND
EXTENDED THROUGH THE BASE PLATE, IT CONSISTS OF A 1/2-IN VIDICON
TUBE AND A FOCAL-PLANE SHUTTER THAT PERMITS STORAGE OF STILL
PICTURES ON THE TUBE SCREEN.AN ELECTRON BEAM CONVERTS THE STORED
PICTURES INTO TELEVISION-TYPE ELECTRONIC SIGNALS, WHICH CAN BE
TRANSMITTED TO GROUND RECEIVERS ON COMMAND., THE SYSTEM CAN ALSO
PROCESS AND STORE UP TO 32 PICTURES ON MAGNETIC TAPE FOR TRANS-
MISSION AT A LATER TIME. THE CAMERA HAS A WIDE ANGLE(105 DEG)
ELGEET F£/1.5 LENS PRODUCING A RESOLUTION OF 1.4 TQO 2.C NM, THE
CAMERA HAS A SHUTTER SPEED OF 1.5 MILLISEC AND A VIDEQ-BANDWIDTH
OF 62.5 KHZ. THE 500 LINE FRAME IS PROCESSED FOR STORAGE IN 2
SEC. A MINIMUM INTERVAL OF 1C SEC BETWEEN PICTURES IS REQUIRED
FOR THE TARGET IMAGE TO BE ELECTRICALLY ERASED., THE CAMERA IS A-
LIGNED PARALLEL TO THE SATELLITE®S SPIN AXIS AND IS AUTOMATICALW
LY TRIGGERED SO AS TO BE IN A PICTURE TAKING MODE ONLY WHEN DI-
RECTED TOWARD THE EARTH. TRANSMISSION OF THE ENTIRE REEL OF 32
PICTURES CAN BE ACCOMPLISHED IN 100 SEC BY A 2-WATT FM TRANS-
MITTER QPERATING AT A NOMINAL FREQUENCY OF 235 MHZ.

32. PHENOMENA OBSERVED

CLOUD COVER AND THE EARTH'S SURFACE
33. MEASUREMENT RANGE

7 1O 8 LEVELS OF GRAY
34. PRECISION AND ACCURACY
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35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION |37. TIME CONSTANT |

Be5_ 10 0.65 MICRONS [NA

38. FIELD OF VIEW 39. GROUND SWATH j

74,0 BY 74.0 DEG|725 NM BY 725 NM FROM 400 NM ALTITUDE

1]40. ANGULAR RESOLUTION] 41, SPATIAL RESOLUTION

0.2 DEG|l.4 NM PER TV LINE FROM 400 NM ALTITUDE

42. POINTING ACCURACY{ 43. POINTING RATE 44. ALTITUDE 45. INCLINATION

MED CIRCULAR |MEDIUM ~_ POSIGRADE

46. SPECIAL REQUIREMENTS

47. COMPONENTS o

YV _CAMERA, TRANSMITTER, TAPE RECORDER

48. WEIGHT {49, VOLUME 50. AVERAGE POWER _|51. STANDBY POWER | 52. PEAK POWER | 53. MTBF
7 LB 9 WATTS |NONE 9 WATTS
54. renfenence S e e R e 56 SRS e 57. INTEnF ERENCE 58. SHIELDING i
SENSITIVE "IMAGNETIC SHIELDING USED
59. CALIBRATION 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION |

NO IN-FLIGHY CALIBRATION|DELAYED AND REALTIME [DAYSIDE OF DRBIT

62. TELEMETRY REQUIREMENTS i

FULL REEL OF 32 PICTURES CAN BE READ OUT IN 100 SECONDS USING
AN FM TRANSMITTER OPERATING AT FREQUENCY OF 235 MHZ,

63. ADVANTAGES AND LIMITATIONS |

BROAD SYNOPTIC VIEWING OF CLOUD-COVER PATTERNS. MORE VALUABLE
DATA FOR NEATHER ANALYSIS THAN FROM MED DR NARROW ANGLE CAMERAS

64. REFERENCES - T

i

1)SIGNIFICANT ACHIEVEMENTS IN SAT MET 1958-1964. NASA SP-06.%%%
2)GOLDBERG,y E.A, AND LANDON, V.,D.: KEY EQUIP FOR TIROS 1. ASTRO-
NAUTICSy VeSy JUNE 1960.%%%3)MESNERy M.H, AND STANISZEWSKI, J.:
TV CAMERAS FOR SPACE EXPLOR. ASTRONAUTICS, V.5, MAY 1960.%%x

4) INSTRUMENTS AND SPACECRAFT., NASA SP-3028, 1966. *%%x5) DATA
AVATLABLE FROM NATIONAL WEATHER RECDRDS CTR (ESSA) ASHEVILLE,NC.

65. HISTORICAL REMARKS ]

IDENTICAL CAMERA FLOWN ON TIROS 1-10, SIMILAR CAMERA ON ESSA 1.
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO
VIDICON CAMERA SYSTEM VCSHW
(TITLE CONT.} . 4 RESUME 0ATE Version
WIDE=-ANGLE L ENS 09/01/7212CCS5
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
KADOSy ReM, (MGR.) GODDARD SPACE FLT CENTER| 301-982-~5042
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
12. CONTRACT 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | 838 e “*B4tI"N] 17. STATUS
PCST FLIGHT
18. MONITOR 19. AGENCY 20. PGM OFFICE 21. TELEPHONE
TEPPER, M, NASA HDQTRS NDA/ERD 202-755-2322
22. VENDOR 23. LOCATION i aruewr |26 LEAD TIME
RCA ASTRO ELECTRONICS PRINCETON, NEW JFERSEY C6/63] NA
26. INSTRUMENT TYPE . . ;’&‘wmn
IMAGER, O.5=-INCH WIDE-ANGLE F/1.5 LOW=-RESOLUTION VIDICON UNC
28. APPLICATION 29. SPACECRAFT
MET TIROS 7
30. PURPOSE

PRIMARY-TQ ACQUIRE AND TRANSMIT PICTURES OF THE EARTH'S CLOUD
COVER TO PROVIDE METEOROLOGISTS WITH DETAILED INFORMATICN ON
INDIVIDUAL CLOUD TYPES OVER SPECIFIC ARFAS.**%*SECONDARY-T( TEST
TV SENSOR IN SPACE.

31. PRINCIPLES OF OPERATION

THIS CAMERA SUB=-SYSTEM HAS FLOWN IN AN TIDENTICAL CONFIGURATION
ON TIRCS 1-10 AND SIMILAR CONFIGURATION ON ESSA 1, HOWEVEF, ON
THIS FLIGHT(TIROS 7) 2 WIDE ANGLE CAMERAS WFRE USED., IT CONSISTS
OF A 1/2 IN VIDICON TUBE AND A FOCAL-PLANE SHUTTER THAT PFRMITS
STURAGE OF STILL PICTURES ON THE TUBE SCREEN. AN ELECTRON BEAM
CONVERTS THE STOREC PICTURES INTO TELEVISION-TYPE ELECTRONIC
SIGNALS yWHICH CAN BE TRANSMITTYED TQ GROUND RECEIVERS ON COMMAND,
THE SYSTEM CAN 4LSO PROCESS AND STORE UP TG 32 PICTURES UN MAG-
NETIC TAPE FOIR TRANSMISSINN AT A LATER TIME. THE CAMERA HAS A
WIDE ANGLE(1C5 ODEG) ELGEET F/1.5 LENS PRODUCING A RESOLUTION OF
l.4 TO 2.0 NM, THE CAMERA HAS A SHUTTER SPEED OF 1.5 MILLSEC
AND A VIDEQ-BANDWIDOTH OF 62.5 KHZ. THE 5C0 LINE FRAME IS PRO-
CESSED FOR STORAGE IN 2 SECS. A MINIMUM INTERVAL 0OF 10 SEC BF-
TWEEN PICTURES IS REQUIRED FOR THE TARGET IMAGE TO BE ELECTRI-
CALLY ERASED. THE CAMERA IS ALIGNED PARALLEL TO THE SATELLITES
SPIN AXIS AND IS AUTOMATICALLY TRIGGERED SO AS TO BE IN A PIC-
TURE TAKING MODE ONLY WHEN DIRECTED TOWARD THE EARTH. TRANSM[S=-
SION OF THE ENTIRE REEL OF 32 PICTURES CAN BE ACCOMPLISHED IN
100 SEC BY A 2=-WATT FM TRANSMITTER OPFRATING AT A NOMINAL FRE-
QUENCY OF 235 MHZ,

32. PHENOMENA OBSERVED

CLCUD COVER AND THE EARTH'S SURFACE
33. MEASUREMENT RANGE

7 TO 8 LEVELS QF GRAY

34. PRECISION AND ACCURACY
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35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION |37. TIME CONSTANT

0.5 T0 Qe 65 MICRONS|[NA

38. FIELD OF VIEW 39. GROUND SWATH

-T4.0 BY T4.,0 DEG|75C NM BY 750 NM FROM 475 NM ALTITUDE

140. ANGULAR RESOLUTION| 41. SPATIAL RESOLUTION

0.2 DEG]le5 NM PER TV=-LINE FROM 475 NM ALVITUDE

42. POINTING ACCURACY] 43. POINTING RATE 44. ALTITUDE -145. INCLINATION

MED CIRCULAR [MEDIUM - POSTGRADE

46. SPECIAL REQUIREMENTS

47. COMPONENTS

TV _CAMERA, TRANSMITTER, TAPE RECDORDER

48. WEIGHT 49. VOLUME ) 50. AVERAGE POWER |51. STANDBY POWER | 52. PEAK POWER | 53. MTBF
7 LB 9 WATTS|NONE 9 WATTS
54, NTERFERENCE 5. |NTERFERERCE 56 N TERFERENCE 7. \NTERFERENCE 58. SHIELDING
SENSITIVE MAGNETIC SHIELDING USED
59. CALIBRATION ‘ 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION

NO IN-FLIGHT CALIBRATION|DELAYED AND REALTIME|DAYSIDE OF ORBIT

62. TELEMETRY REQUIREMENTS

FULL REEL 0OF 32 PICTURES CAN BE READ OUT IN 100 SECONDS USING
AN FM TRANSMITTER DPERATING AT FREQUENCY OF 235 MHZ.

63. ADVANTAGES AND LIMITATIONS

BROAD SYNORTIC VIEWING OF CLOUD-COVER PATTERNS. MORE VALUABLE
DATA FOR WEATHER ANALYSIS THAN FROM MED OR NARROW ANGLFE CAMERAS

64. REFERENCES

1)SIGNIFICANT ACHIEVEMENTS IN SAT MET 1958-1964, NASA SP-96.***
2)GOLDBERGsE. A, AND LANDON, V.D.:KEY EQUIP FIR TIROS 1. ASTRO-
NAUTICSy Ve5y JUNE 1960.%*%x3)MESNERyM,He AND STANISZEWSKI, Jo:
TV CAMERAS FOR SPACE EXPLOR., ASTRONAUTICS, V.5, MAY 1960,%%x

4) INSTRUMENTS AND SPACECRAFT. NASA SP-3028, 1966. *%%5) DATA
AVATLABLE FROM NATIONAL WEATHER RECORDS CTR (ESSA),ASHEVILLE,NC.

65. HISTORICAL REMARKS

IDENTICAL CAMERA FLOWN ON TIROS 1-10. SIMILAR CAMERA ON ESSA 1,
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. AcRONYM | 3. EXP NO
VIDICGN CAMERA SYSTEM VCSHW
(TITLE CONT.) 4. RESUME DATE '\SI'ERSION
WIDE-ANGLFE LENS . 08/01/7219005
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
RADDS,y ReM, (MGR,) GODDARD SPACE FLY CENTER|3201-98B2-5042
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
12.copIRAcT 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | 8% | “BAR'™"]17. STATUS
) POST FLIGHT
18. MONITOR 19. AGENCY 20. PGM OFFICE 21. TELEPHONE
TEPPER, M, NASA HOQTRS NAZERD 202-755-2322
22. VENDOR : 23. LOCATION 2 rLowT 125 LEAD TIME
RCA ASTRO-ELECTRONICS PRINCETON, N. J. 12/63 | NA
26. INSTRUMENT TYPE staumiv)
IMAGER, WIDE-ANGLE F/1.5 LOW-RESOQLUTION 0.5-INCH VIDICON UNC
28. APPLICATION 29. SPACECRAFT
MET TIROS 8.
30. PURPOSE

PRIMARY-TO ACQUIRE AND TRANSMIT PICTURES OF THE EARTH'S CLOUD
COVER 70O PROVIDE METEOROLCGISTS WITH DETAILED INFORMATION ON
INDIVIDUAL CLOUD TYPES OVER SPECIFIC AREAS.*¥*SECONDARY~-TO TEST
TV SENSOR IN SPACE,

31.PRINCIPLES OF OPERATION

THIS CAMERA SUB~SYSTEM HAS FLOWN IN AN IDENTICAL CONFIGURATION
ON TIROS 1-10 AND SIMILAR CONFIGURATION ON ESSA 1., ON TIROS 1-8,
10 THE CAMERAS WERE ALIGNED PARALLEL TO THE S/C SPIN AXIS AND
EXTENDED THROUGH THE BASE PLATE. IT CONSISTS OF A 1/2-IN VIDICON
TUBE AND A FOCAL-PLANE SHUTTER THAT PERMITS STORAGE OF STILL
PICTURES ON THE TUBE SCREEN,AN ELECTRON BEAM CONVERTS THE STORED
PICTURES INTO TELEVISION-TYPE ELECTRONIC SIGNALS, WHICH CAN BE
TKANSMITTED TO GROUND RECFIVERS CN COMMAND.THE SYSTEM CAN ALSO
PROCESS AND STORE uUP TO 32 PICTURES ON MAGNETIC TAPE FOR TRANS~
MISSICN AT A LATER TIME. THE CAMERA HAS A WIDE-ANGLE (195 DEG)
ELGEET F/1.5 LENS PRODUCING A RESCLUTION OF 1.4 TO 2.0 NM, THE
CAMERA HAS A SHUTTER SPEED JF 1.5 MILLISEC AND A VIDEO-BANDWIDTH
OF 62.5 KHZ. THE 570 LINE FRAME IS PRNCESSED FOR STORAGE IN 2
SEC. A MINIMUM INTERVAL OF 10 SEC BETWEEN PICTURES IS REQUIRED
FOR THE TARGET IMAGE TO BE ELECTRICALLY ERASED. THE CAMERA IS
ALIGNED PARALLEL TO THE SATELLITES SPIN AXIS AND IS AUTOMATICAL-
LY TRIGGERED SO AS TO BE IN A PICTURE TAKING MODE ONLY WHEN DI-
RECTED TOWARD THE EARTH. TRANSMISSION OF THE ENTIRE REEL OF 32
PICTURES CAN BE ACCOMPLISHED IN 1CC SEC BY A 2-WATT FM TRANS-

MITTER NDPERATING AT A NOMINAL FREQUENCY OF 235 MHZ,
32. PHENOMENA OBSERVED

CLOJUD COVER AND THE FARTH'S SURFACE

33. MEASUREMENT RANGE

7 T2 8 LEVELS 0OF GRAY

34. PRECISION AND ACCURACY
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35. SPECTRAL RANGE ) ) 36. SPECTRAL RESOLUTION |37. TIME CONSTANT

L5 10 Ne65 MICRONS| NA

38. FIELD OF VIEW 39. GROUND SWATH

T4.C BY 74,0 DEG[ 725 NM BY 725 NM FROM 450 NM ALTITUDE

40. ANGULAR RESOLUTION| 41, SPATIAL RESOLUTION

02 DFG| 1.4 NM PER TV-LINE FROM 450 NM ALTITUDE

42, POINTING ACCURACY] 43. POINTING RATE 44. ALTITUDE 45. INCLINATION

MED CIRCULAR | MEDIUM POSIGRADE
46. SPECIAL REQUIREMENTS -

47. COMPONENTS

TV CAMERA, TRANSMITTER, TAPE PECNRDER

48. WEIGHT 49. VOLUME 50. AVERAGE POWER |51. STANDBY POWER | 52. PEAK POWER | 53. MTBF
7 LB 9 WATTS|NONE . 9 WATTS
54 |\ TERFERENCE 55 INTERFERENCE 56 \NTERFE RENCE 57 \NTERFERENCE 58. SHIELDING
SENSITIVE MAGNETIC SHIELDING USED
59. CALIBRATION 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION

NO IN-FLIGHT CALIBRATION|DELAYED AND REALTIME|DAYSIDE OF ORBIT

62. TELEMETRY REQUIREMENTS

FULL REEL 0OF 32 PICTURES CAN BE READ OUY IN 100 SECONDS USING
AN FM TRANSMITTER DOPERATING AT FREQUENCY OF 235 MHZ.

63. ADVANTAGES AND LIMITATIONS

BRNOAD SYNOPTIC VIEWING OF CLOUD CDVER PATTERNS. MORE VALUABLE
DATA FDOR WFATHER ANALYSIS THAN FROM MED OR NARROW ANGLE CAMERAS

64. REFERENCES

1)SIGNIFICANT ACHIEVEMENTS IN SAT MET 1958-1964, NASA SP-96,.%%x
2)GOLDBERGy E<As AND LANDON, V.D.:KEY EQUIP FOR TIROS 1., ASTRO-
NAUTICS, V.5, JUNE 1960, %%%3)MESNERyM.H. AND STANISZEWSKI, J.:
TV CAMERAS FOR SPACE EXPLOR, ASTRONAUTICS, V.5, MAY 1960.%%x

4) INSTRUMENTS AND SPACECRAFT. NASA SP-3028, 1966, **%5) DATA
AVATLABLE FROM NATIONAL WFATHER RECORDS CTR (ESSA),ASHEVILLE,NC.

65. HISTORICAL REMARKS

IDENTICAL CAMERA FLOWN ON TIROS 1- 10. SIMIL AR CAMERA ON ESSA 1.
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE . 2. ACRONYM | 3. EXP NO
VIDICON CAMERA SYSTEM VCSH
(TITLE CONT.) ) 4. RESUME DATE VERSION
wIDE-ANGLE LENS A9/01/7/17212005
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
RADOSy ReM. (MGR,) GODDARD SPACE FLT CENTER]| 301-982-5042
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
2. qOpe nAeT 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | " 8:2°  |'s-°*Bafi'°%] 17. STATUS
POST FLIGHT
18. MONITOR 19. AGENCY 20. PGM OFFICE 21. TELEPHONE
GARBACZy Mol NASA HDQTRS DA/ERQO 202=-755=-2322
22. VENDOR 23. LOCATION . wfuewt  1og LEAD TIME
RCA ASTRO-ELECTRONICS PRINCETON,y No Je 01/65] NA
26. INSTRUMENT TYPE Seymry,
IMAGERy WIDE-ANGLE F/1.5 LOW-RESOLUTION C.5-INCH VIDICON UNC
28. APPLICATION 29. SPACECRAFT
MET TIROS 9
30. PURPOSE

PRIMARY-TO ACQUIRE AND TRANSMIT PICTURES OF THE EARTH'S CLOUD
COVER TO PROVIDE METEORGLOGISTS WITH DETAILED INFORMATION ON
INDIVIDUAL CLOUD TYPES OVER SPECIFIC AREAS.**xSECONDARY~-TO TEST
TV SENSOR IN SPACE,

31. PRINCIPLES OF OPERATION

THE TIROS 9 WIDE ANGLE TV CAMERA WAS IDENTICAL TO THOSE CARRIED
ON ALL TIROS MISSIONS AND ESSA 1. HOWEVER, THIS FLIGHT CARRIED
2¢ IN A NEW CONFIGURATION(CARTWHEEL), MOUNTED ON THE SIDE OF THE
SPACECRAFT AND CANTED 26 DEG TO EACH SIDE OF THE PLANE OF THE
SATELLITE®S ROTATION(10RPM)., EACH CAMERA WAS AUTOMATICALLY TRIG-
GERED SO AS TO BE IN A PICTURE TAKING MODE ONLY WHEN VIEWING THE
EARTH(ONCE EACH ORBIT), EACH CAMERA CONSISTS OF A 1/2-INCH VIDI-
CON TUBE AND A FOCAL-PLANE SHUTTER THAT PERMITS STORAGE OF STILL
PICTURES ON THE TUBE SCREEN. AN ELECTRON BEAM CONVERTS THE
STORED PICTURES INTO TV-TYPE ELECTRONIC SIGNALS, WHICH CAN BE
TRANSMITTED 7O GROUND RECEIVERS ON COMMAND. THE SYSTEM CAN ALSO
PRCCESS ANC STORE UP TO 48 PICTURES ON MAGNETIC TAPE FOR LATER
TRANSMISSION., THE CAMERA HAS A WIDE-ANGLE (105 DEG) ELGEET F/l.5
LENS. THE CAMERA HAS A SHUTTER SPEED OF 1.5 MILLISEC AND A VIDEO|
BANDWIDTH OF 62.5 KHZ. THE 500 LINE FRAME IS PROCESSED FOR
STORAGE IN 2 SECS. A MINIMUM INTERVAL OF 10 SEC BETWEEN PICTURES
IS REQUIRED FOR THE TARGET IMAGE TO BE ELECTRICALLY ERASED,
TRANSMISSION OF THE ENTIRE REEL OF 48 PICTURES CAN BE ACCOM-
PLISHED IN 120 SECONDS USING A S-WATT FM TRANSMITTER OPERATING
AT A NCOMINAL FREQUENCY QOF 235 MHZ,

32. PHENOMENA OBSERVED

CLOUD COVER AND THE EARTH'S SURFACE

33. MEASUREMENT RANGE

7 YO 8 LEVELS OF GRAY

34. PRECISION AND ACCURACY
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35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION |37. TIME CONSTANT

0.5 10 0.65 MICRONS |NA

38. FIELD OF VIEW 39. GROUND SWATH

74.0 BY 74,0 DEG|750 NM BY 750 NM FROM 500 NM ALTITUDE

40. ANGULAR RESOLUTION] 41. SPATIAL RESOLUTION

L.2 DEG[1.5 NM PER TV LINE FROM 500 NM ALTITUDE

42. POINTING ACCURACY| 43. POINTING RATE 44. ALTITUDE 45. INCLINATION

MED ECCENTRIC |[MEDIUM POS IGRADE

46. SPECIAL REQUIREMENTS

47. COMPONENTS

TV _CAMERA, TRANSMITYER, TAPE RECORDER

48. WEIGHT  149. VOLUME | 50. AVERAGE POWER |51. STANDBY POWER | 52. PEAK POWER - | 53. MTBF
7 L8 9 WATTS [NONE 9 WATTS
54 NTEREERENCE 55, |NTERG ERECE 5. NTERFERENCE 57, \nreReERENCE 58. SHIELDING .
' SENSITIVE ‘ MAGNETIC SHIELDING USED
69. CALIBRATION 60. DATA RECOVERY ) 61. FREQUENCY OF OBSERVATION

NO IN~FLIGHT CALIBRATION [DELAYED AND REALTYIME |DAYSIDE OF ORBIT

62. TELEMETRY REQUIREMENTS

FULL REEL OF 48 PICTURES CAN BE READ OUT IN 120 SECONDS USING
AN FM TRANSMITTER OPERATING AT FREQUENCY OF 235 MHZ,

63. ADVANTAGES AND LIMITATIONS

BROAD SYNOPTIC VIEWING OF CLOUD COVER PATTERNS. MORE VALUABLE
DATA FOR WEATHER ANALYSIS THAN FROM “MED OR NARROW ANGLE CAMERAS

64. REFERENCES

1)SIGNIFICANT ACHIEVEMENTS IN SAT MET 1958-1964, NASA SP-96,%%x
2)GOLDOBERGy Eo.A. AND LANDON, V,.D,: KEY EQUIP FOR TIRDS 1. ASTRO-
NAUTICSy Ve5¢ JUNE 1960.%%%3)MESNER, M.H. AND STANISZEWSKI, J.: |
TV CAMERAS FOR SPACE EXPLOR. ASTRONAUTICS, V.5, MAY 1960,%%xx

4) INSTRUMENTS AND SPACECRAFT, NASA SP-3028, 1966. *%*%x5) DATA
AVAILABLE FROM NATIONAL WEATHER RECORDS CTR (ESSA),ASHEVILLE,NC.

65. HISTORICAL REMARKS

BASIC CAMERA IDENTICAL TO THOSE FLOWN ON TIRIS 1'10 AND ESSA 1.
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM ] 3. EXP NO
VIDICON CAMERA SYSTEM VCSW
(TITLE CONT.) a.mesuve oate | Yepsion
WIDE=-ANGLE L ENS Co/C1/72]173005
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
RADOS, R.M., (MGR.) GODDARD SPACE FLT CENTER|301-982-5042
9.CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
12.CONTRACT 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | " 8:F  ['e-“OB4f""] 17. STATUS
POST FLIGHT
18. MONITOR 19. AGENCY 20. PGM OFFICE 21. TELEPHONE
GARBACZy M.iL. NASA HDQTRS 0A/ERO 202-755-2322
22. VENDOR 23. LOCATION 2fuonr |25 LEAD TIME
RCA ASTRO ELECTRONICS PRINCETON, No Jo Q7/65 | NA
26. INSTRUMENT TYPE sreuaiy)
IMAGERy WIDE-ANGLE F/1.5 LOW=-RESOLUTION 6.5~INCH VIDICON UNC
28. APPLICATION 29, SPACECRAFT
MET TIROS 10
30. PURPOSE

PRIMARY~-TO ACQUIRE AND TRANSMIT PICTURES OF THE EARTH*S CLOUD
COVER TO PROVIDE METEOROLGGISTS WITH ODETAILED INFORMATION ON
INDIVIDUAL CLOUD TYPES OVER SPECIFIC AREAS.***SECONDARY-TO TEST
TV SENSOR IN SPACE.

31. PRINCIPLES OF OPERATION

THIS CAMERA SUB-SYSTEM HAS FLOWN IN AN IDENTICAL CONFIGURATION
ON TIROS 1-10 AND SIMILAR CONFIGURATION ON ESSA 1, HCWEVER, ON
THIS FLIGHT, TWO WIDE-ANGLE CAMERAS WERE USED. EACH CONSISTS

OF A 0.5-IN VIDICON TUBE AND A FOCAL-PLANE SHUTTER THAT PERMITS
STORAGE Of STILL PICTURES ON THE-TUBE SCREEN. AN ELECTRON BEAM
CONVERTS THE STORED PICTURES INTO TELEVISION-TYPE ELECTRONIC
SIGNALS, WHICH CAN BE TRANSMITTED TO GROUND RECEIVERS ON DEMAND,
THE SYSTEM CAN ALSO PROCESS AND STORE UP TO 32 PICTURES ON MAG-
NETIC TAPE FOR TRANSMISSION AT A LATER TIME, THE CAMERA HAS A
WIDE-ANGLE (105 DEG) ELGEET F/1.5 LENS PRODUCING A RESOLUTION OF
le4 TO 2.0 NM, THE CAMERA HAS A SHUTTER SPEED OF 1,5 MILLISEC
AND A VIDEO-BANDWIDTH OF 62.5 KHZ., THE 50C LINE FRAME IS PRO-
CESSED FOR STORAGE IN 2 SECS. A MINIMUM INTERVAL OF 1C SEC BE-
TWEEN PICTURES IS REQUIRED FOR THE TARGET IMAGE TO BE ELECTRI-
CALLY ERASED. THE CAMERA IS ALIGNED PARALLEL TO THE SATELLITES
SPIN AXIS AND IS AUTOMATICALLY TRIGGERED SO AS TO BE IN A PIC-
TURE TAKING MODE ONLY WHEN DIRECTED TOWARD THE EARTH. TRANSMIS-
SION OF THE ENTIRE REEL OF 32 PICTURES CAN BE ACCOMPLISHED IN
100 SEC BY A 2-WATT FM TRANSMITTER OPERATING AT A NOMINAL FRE=-
IQUENCY OF 235 MHZ.

32. PHENOMENA OBSERVED

CLOYUD COVER AND THE EARTH'S SURFACE
33. MEASUREMENT RANGE

7 70 8 LEVELS OF GRAY
34. PRECISION AND ACCURACY

90



35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION |37. TIME CONSTANT |

) 10 De65 MICRONS NA

38. FIELD OF VIEW 39. GROUND SWATH i
T4.0 BY 74.0 DEdQ 725 NM BY 725 NM FROM 450 NM ALTITUDE

40. ANGULAR RESOLUTION] 41, SPATIAL RESOLUTION !

De2 DEQ l.4 NM PER TV=-LINE FROM 450 NM ALTITUDE ,

42. POINTING ACCURACY| 43. POINTING RATE 44. ALTITUDE 45. INCLINATION |

MED CIRCULAR | MEDIUM POSIGRADE‘

46. SPECIAL REQUIREMENTS

47. COMPONENTS V T T ) )
TV CAMERA, TRANSMITTER, TAPE RECORDER

48. WEIGHT  |49. VOLUME 50. AVERAGE POWER |51. STANDBY POWER | 52. PEAK POWER | 53. MTBF |
7 LB 9 WATTS NONE 9 WATTS
B4, nTEREERENCE 55, |\ TEHEL RE NCE 56, INTERFERENCE 7. \NTERE L RENCE 58. SHIELDING )
SENSITIVH MAGNETIC SHIELDING USED
59. CALIBRATION 60. DATA RECOVERY 61, FREQUENCY OF OBSERVATION

NO IN-FLIGHY CALIBRATION DELAYED AND REALTIME| DAYSIDE OF ORBIT
62. TELEMETRY REQUIREMENTS

FULL REEL OF 32 PICTURES CAN BE READ OUT IN 100 SECONDS USING
AN FM TRANSMITTER DPERATING AT FREQUENCY OF 235 MHZ.

63. ADVANTAGES AND LIMITATIONS

BROAD SYNOPTIC VIEWING OF CLOUD COVER PATTER“S. MORE VALUABLE
DATA FOR WEATHER ANALYSIS THAN FROM MED DR NARROW ANGLE CAMERAS’
64. REFERENCES - ’ \
1)SIGNIFICANT ACHIEVEMENTS IN SAT MET 1958-1964., NASA SP=96,.%¥%
2)GOLDBERG, E.A. AND LANDON, V.D.: KEY EQUIP FOR TIROS 1. ASTRO-
NAUTICS,y V.5y JUNE 1960,%%%3)MESNER,y, M.,H., AND STANISZEWSKI, J.:
TV CAMERAS FOR SPACE EXPLOR. ASTRONAUTICS, V.5, MAY 1960,.%%x%

4) INSTRUMENTS:  AND SPACECRAFT. NASA SP-3028, 1966. *%*%5) DATA
AVAILABLE FROM NATIONAL WEATHER RECORDS CTR (ESSA),ASHEVILLE:NCQ
65. HISTORICAL REMARKS

IDENTICAL CAMERA FLOWN ON TIROS 1-10. SIMILAR CAMERA ON ESSA 1.
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO
LASER DETECTOR LDEC
(TITLE CONT.) 4. RESUME DATE %easnon
) C9/7CL7 7210004
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
PLOVKIN, DRes HeHo GODDARD SPACE FLT CENTER[301-982-5n42
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
12. CONTRACT 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | "% s S™BAf'"]17. STATUS
OPFRATINNAL
18. MONITOR 19. AGENCY 20. PGM OFFICE 21. TELEPHONE
OSENBERG, J.D. NASA HDQTRS DA/ZECD 202=-155=-2322
22. VENDOR , 23. LOCATION 2 ruckr 125 | EAD TIME
WASHINGTON TECH., ASSOC. [ROCKVILLE, MARYLAND 01768 {NA
26. INSTRUMENT TYPE secuniTy)
PHOTOMETER, 488)0-ANGSTROM CW-LASER PHOTOMULYIPLIER DETECTOR |UNC
28. APPLICATION 29. SPACECRAFT
GEUD GEQS 2
30. PURPOSE

PRIMARY~T( OETERMINE WHETHER LASER BEAMS TRANSMITTED TO ORBITING
SATELLITES ARRIVE AT THE SATELLITE AT PREDICTED POWER LEVELS,%*%x*
SECONDARY~-TO DETERMINE THE FREQUENCY AND DEPTH OF MODULATION AND
SCINTILLATION DF THE LASER BEAM AS VIEWED FROM THE SATELLITE.

31. PRINCIPLES OF OPERATION

THIS LASER DETECTOR WAS DESIGNED TO DETECT MODULATION OF AN
ARGON LASER BEAM (488C A WAVELENGTH) CHOPPED AT 13 KHZ. THE
FIELD OF VIEW OF THE SYSTEM IS 80 DEG. A 0.6 IN (1.5 CM) DIA-
METER APERTURE STOP AND A SET OF 2 LENSES THAT FORM A 2.2 IN
(5.6 CM) FOCAL LENGTH, F/0G.78 OBJECTIVE COLLIMATE THE LIGHT SO
THAT THE BEAM STRIKES A WAVELENGTH FILTER WITHIN 8 DEG OF
NORMAL. THE FILTER IS 2.70 IN (6.9 CM) IN DIAMETER WITH A PEAK
TRANSMISSION OF 50 PERCENT AT 489C A AND A HALF-POWER BANDWIDTH
OF 46 A. TRANSMISSION OQUTSIDE THIS PASSBAND IS LESS THAN 0.0063
PER CENT FROM 2500 TO 2C0CN A. AFTER THE FILTER, ANOTHER SET OF
LENSES JUST LIKE THF OBJECTIVE CONDENSES THE LIGHT ONTO A 14
STAGE PHOTCMULTIPILER TUBE WITH A 1 IN (2.54 CM) DIAMETER BI-
ALKALI PHOTOCATHOCE (EMR TYPE 5410-Cl-14), FROM HERE AN QUTPUT
SIGNAL GOES INTO AN FET PREAMPLIRIER THEN INTO A PIEZO-ELECTRIC
FILTER WITH A 160 HZ BANDPASS CENTERED AT 13 KHZ. THUS THIS
DETECTOR IS SENSITIVE ONLY TO MODULATION IN FREQUENCY OF LESS
THAN 8C HZ. (THE MODULATIONS ARE EXPFCTED TO BE PREDOMINATELY
LESS THAN 10 HZ.) AFTER DETECTION A LOG AMPLIFIER COMPRESSES
THE SIGNAL RANGE QOF 1C2C INTO A =5 TO 45 V RANGE FOR TELEMETRY,

32. PHENOMENA OBSERVED

CONT INUOUS=-WAVE MODULATED ARGON-LASER LIGHT (4880 A).

33. MEASUREMENT RANGE

0.1 TO 12C PICOWATT,

34. PRECISION AND ACCURACY
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35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION | 37. TIME CONSTANT

4880, A NA
38. FIELD OF VIEW 39. GROUND SWATH
80.0 DEG{900 NM DIAM CIRCLE FROM 600 NM ALTITUDE
40. ANGULAR RESOLUTION| 41. SPATIAL RESOLUTION
NA NA ?
42. POINTING ACCURACY] 43. POINTING RATE 44. ALTITUDE 45. INCLINATION
NA NA MED ECCENTRIC|HIGH RETROGRADE

46. SPECIAL REQUIREMENTS

47. COMPONENTS i R -
PHOTOMULTIPLIER ASSEMRLY

48. WEIGHT  [49. VOLUME 50. AVERAGE POWER |51. STANDBY POWEﬁ_ 52. PEAK POWER | 53. MTBF
4 1B Nl CU FT 2 WATTS 2 WATTS
] S venfenence | 55 INTERPERENCE 5. \NTERFERENCE 57 \NTERFERERCE 58. SHIELDING ’
§9. CALIBRATION 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION
DELAYED TELEMETRY. 10 MIN PER DAY

62. TELEMETRY REQUIREMENTS

DATA TELEMETERED VIA A 136.32-MHZ -TRANSMITTER . BANDWIOTH NEEDED=’

63. ADVANTAGES AND LIMITATIONS

64. REFERENCES

1 )INASA PRESS KIT FOR GEOS-B. RELEASE NO: 68-2K, JAN 7, 68.%%%2)
PARAMETRIC ANALYSIS FOR FUTURE GEODETIC SPACECRAFT DEVELOPMENT. |
REPORT NO, R=-4035-50-2, COMMUNICATIONS AND SYSTEMS, INC. JAN 68,
*%%3)PLAN OF OPERATIONS FDR THE GEOS-B SPACECRAFT, REPORY NO. R-|
4035-2, COMMUNICATIONS AND SYSTFEMS, INCy OCTy 6T.¥*%4)DESIGN AND
PERFORMANCE OF GEOS-LASER DETECTOR, TMX~63222, QOCY, 67,

65. HISTORICAL REMARKS ’

GEQS 2 IS ALSO KNOWN AS EXPLORER 36,

E
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2.acronvym | 3. EXP NO
LASER REFLECTOR LRFF
{TITLE CONT.) 4.RESUME DATE %ERSION
CO/DT7TZ2[ 3104
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
PLOTKIN,y DRs HoHe. GODDARD SPACE FLT CENTER| 301-982-5042
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
2 qeve et 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | '8¢ | “5ifd'*]17. STATUS
OPERATIONAL
18. MONITOR 19. AGENCY 20.PGM OFFICE | 21. TELEPHONE
ROSENBERG, J.D. NASA HDQTIRS OA/ECD 2D2-155=-2322
22. VENDOR 23. LOCATION weueny |95 LEAD TIME
GE SPACE TECHNOLOGY CTR | VALLEY FORGE, PA 01/68] NA
26. INSTRUMENT TYPE gﬁmn
REFLECTOR, 4C0 1-INCH CUBICAL SILVERED-PRISM UNC
28. APPLICATION . 29. SPACECRAFT |
GEQD GEQS 2

30. PURPOSE
| PRIMARY=-TO MAKE ACCURATE RANGE AND ANGLE MEASUREMENTS TO THE
SATELLITE FROM ONE OR SEVERAL LOCATIONS SIMULTANEOUSLY, IN
CONJUNCTION WITH LASER GROUND EQUIPMENT.**%SECONDARY-TO OBTAIN
MEASUREMENTS 0OF CONTINENTAL DRIFT AND THE TIDAL MOVEMENT CF LAND
MASSES.

31. PRINCIPLES OF OPERATION

THIS IS AN ARRAY OF QUARTZ CUBIC CORNER REFLECTORS MOUNTED ON 4
OF THE 8 FLAT PANELS ON THE BOTTOM SURFACE OF THE SPACECRAFT,
EACH REFLECTOR IS A FUSED QUARTZ PRISM ABOUT ONE INCH IN SIZFE
WITH SILVERED REFLECTING SURFACES. THERE ARE A TOTAL OF 40C
PRISMS ON THE SPACECRAFT, PROVIDING A TOTAL REFLECTING AREA OF
360 SQUARE INCHES. THE PRISMS ARE JOINED TO AN ACCURACY OF 3
ARC=SEC AND REFLECT AT LEAST 50% NOF THE INCIDENT BEAM ANTI-
PARALLEL WITHIN A 20 ARC-SEC CONE, THE EFFECTIVE USABLE ANGLE
OFf THE REFLECTORS IS CONTAINED WITHIN A CONE OF 40G-DEG HALF-
ANGLE FROM THE SATELLITE NADIR. WHEN THE SATELLITE IS WITHIN
RANGEy THESE QUARTZ CUBES REFLECT BACK YO THE SOURCE THE HIGH=-
ENERGY SHORT-DURATION PULSES FIRED BY THE GROUND LOCATED LASER
TRACKING SYSTEMS. THE REFLECTED LIGHT IS PICKED UP BY A TELE=-
SCOPE AND THEN A DIGITAL COUNTER MEASURES THE ROUND-TRIP TRAVEL |
TIME OF THE LIGHT PULSES., THIS GIVES THE DISTANCE TO THE SATEL-
LITE AND THUS FORMS THE BASIS OF THE SATELLITE OPTICAL LASER
TRACKING SYSTEM. PHOTOGRAPHING THE REFLECTION AGAINST THF STAR=-
FIELD YIELDS ANGULAR POSITION.

32. PHENOMENA OBSERVED

HIGH-ENERGY SHORT-DURATION LASER PULSES FROM GROUND. STATIONS
33. MEASUREMENT RANGE

34. PRECISION AND ACCURACY
RANGE MEASUREMENT T 1.5 METFRS; PANGE-RAYE T0 ARNUT 1 C™/SEC
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35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION |37. TIME CONSTANT ' |

D.45 T0 N.7 MICRON |[NA
38. FIELD OF VIEW 39. GROUND SWATH ‘
B8C.0 DEG|9N0 NM DIAM CIRCLE FROM 600 NM ALTITUDE

40, ANGULAR RESOLUTION| 41, SPATIAL RESOLUTION - |
«33 DEG|3.5 NM FROM 600 NM ALTITUDE
42. POINTING ACCURACY| 43. POINTING RATE 44. ALTITUDE ’ 45. INCLINATION ) e E
MED ECCENTRIC[HIGH RETROGRADE
46. SPECIAL REQUIREMENTS , ' f

- _ N i

47. COMPONENTS - T B
400 PRISMS

48. WEIGHT  |49. VOLUME ~ |so.averacerower [s1.sTanoBy Power | 52. PEAK POWER | 53, MTBF |
NONE NONE NONE

54 (NTERFERENCE 55. I TERE ERENCE 56. |\ YERFERENCE 7. NTEREERENCE 58. SHIELDING o

NONE NONE NONE

§9. CALIBRATION 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION

NONE NONE AS SCHEDULED

62. TELEMETRY REQUIREMENTS ] i

NONE

63. ADVANTAGES AND LIMITATIONS |

64. REFERENCES -

1)NASA PRESS KIT FDR GEOS-B. RELEASE ND:68-2<, JAN 7, 6B,%%%k2)
PLAN OF OPERATIONS FOR THE GEOS-B SPACECRAFY, REPORT NO. R=4035-
45-2y COMMUNICATIONS AND SYSTEMS, INC., OCT 6T7.%%x%3)PARAMETRIC
ANALYSIS FOR FUTURE GEDDETIC SPACECRAFT DEVELOPMENT, REPORT ND.:
R-4C35-50-2, COMMUNICATIONS AND SYSTEMS INC, JAN 68,

65. HISTORICAL REMARKS __»
ALSC FLOWN ON EXPLORERS 22, 27, AND 29, GEOS 2 = EXPLORER 36,
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INSTRUMENT RESUME

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER

GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO

LASER RETROREFLECTOR LREF

(TITLE CONT.) 4. RESUME DATE VERSION
09/01/72][0CC1

6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
PLOTKINy H.H. GODDARD SPACE FLT CENTER|[301-982-5042
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
INOTT,y P.Us GODDARD SPACE FLY CENTER|3D1=-982-5042
2.0peRAcT 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | 84" |'s “™BAf'°%] 17. STATUS
18. MONITOR 19. AGENCY 20.PGM OFFICE | 21. TELEPHONE
DILLERy D.S. NASA HDQTRS DA/ES 2N2=-155=-2322
22. VENDOR 23. LOCATION usuent 125 L EAD TIME
APL ASSEMBLING RFLCTR

26. INSTRUMENT TYPE

mﬁ

REFLECTOR, 270 CUBE CORNER REFLECTORS = 35 MM ACROSS FLATS UNC

28. APPLICATION ‘ 29. SPACECRAFT
GEOD GEOS-C
30. PURPOSE

MOTION, EARTH ROTATION RATE, EARTH TIDES, AND CONTINENTAL
DRIFT THEQORY.xx% SECONDARY - CONTRIBUTE TO CALIBRATION, DATA
ACCURACY DETERMINATION, AND INPROVEMENT OF CANDIDATE TRACKING
SYSTEMS,

PRIMARY = SUPPURT INVESTIGATIONS SUCH AS POLAR MOTION, FAULT

31. PRINCIPLES OF OPERATION

WHEN THE SATELLITE IS WITHIN RANGE AND 15 OR MORE DEGREES
ABOVE THE HORIZON THE REFLECTCOR ARRAY REFLECTS BACK TO THE
SUURCH LASER TRACKING SYSTEMS. THE LASER ARRAY GEOMETRY SHALS6
BE DESIGNED AND ATTITUDE PASSIVELY CONTROLLED SUCH THAT DURING
/HE USEFUL ORBIT LIFETIME (10-20 YEARS) THE MAXIMUM ERROR IN
THE FIRST REFLECTION POINT OF THE ARRAY RELATIVE TO THE CENTER
OF GRAVITY OF THE S/C DOES NOT CAUSE MORE THAN A 5 CM ERROR
IN THE RANGE MEASUREMENT ASSUMING AN INFINITELY NARROW PULSE.
THE LASER ARRAY IS TO BE CONFIGURED ON THE LATERAL SURFACE
OF A CONIC FRUSTRUM WITH THE LATERAL SURFACE ADJOINING THE
BOTTOM SURFACE AT A 45 DEGREE ANGLE.

32. PHENOMENA OBSERVED

33. MEASUREMENT RANGE

34. PRECISION AND ACCURACY

RANGE MEASUREMENT GOAL IS 1C CM,
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35. SPECTRAL RANGE

36. SPECTRAL RESOLUTION [37. TIME CONSTANY

0.45 10

C.7 MICRON NA

38. FIELD OF VIEW

39. GROUND SWATH

FROM 15 DEG ABOVE

HOR,.

{|40. ANGULAR RESOLUTION| 41. SPATIAL RESOLUTION

42. POINTING ACCURACY| 43. POINTING RATE

44.

ALTITUDE | 45. INCLINATION

927 KM{MEAN

115 DEGREE S

46. SPECIAL REQUIREMENTS

47. COMPONENTS

MIN 270 CUBE CORNER REFLECTORS

48. WEIGHT  |49. VOLUME

50. AVERAGE POWER |51. STANPBY POWER

| 52. PEAK POWER | 53. MTBF

15-18 LB NONE INTERNAL NONE NONE NONE
54. \nTERFERENCE 55 i TERFERE NCE 6. iNTEREERENCE 7. \NTERF ERENCE 58. SHIELDING ﬁ
NONE NONE NONE
59. CALIBRATION j |60. DATA RECOVERY 61. FREGUENCY OF OBSERVATION |
NONE NONE NONE AS SCHEDULED
62. TELEMETRY REQUIREMENTS i
NONE

| 63. ADVANTAGES AND LIMITATIONS

64. REFERENCES

12 MAY 1972,

GEDS-C SPACECRAFT EXPERIMENT REQUIREMENTS DJCUMENT, REV 1,

65. HISTORICAL REMARKS

IMPROVED VERSION OF GFOS 2 LASER.REFLECTDR
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO
RADAR ALTIMETER _ RALT
(TITLE CONT.) e 4. RESUME DATE ?I'ERSION
QarnL/72] Y0«
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
STANLEY, H.R. NASA WALLOPS STATION T03=-824-3411
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
12 CONTRACT 13. CONTRACT NUMBER 18. FLASH INDEX NUMBER | " 84t | “Ouat o] 17. STATUS
18. MONITOR 19. AGENCY 20.PGM OFFICE | 21. TELEPHONE
DILLER,y DL.S. NASA HPQTRS OA/ES 202-155=-2322
22. VENDOR 23. LOCATION ) 2. fueny 125 LEAD TIME
6/74
26. INSTRUMENT TYPE . 2 oy
FADAR ALTIMETER ’ UNC
28. APPLICATION 20. SPACECRAFT
GEDD GEOS C
30. PURPOSE

PRIMARY = DEMUONSTRATE FEASIBILITY AND UTILITY TO MAP
TCPOGRAPHY GLUBAL SEA SURFACFE, *%x*x SECONDARY - DEVELOP
TECHNOLOGY LEADING TO ULTIMATE SYSTEM WITH 10 CM CAPABILITY,

31. PRINCIPLES OF OPERATION

WITH SUITABLE ALTIMETRY AND SUFFICIENT ACCURACY IN
DETERMINAT ION OF THE GEOCENTRIC POSITICN OF THE SPACECRAFT
THE GEOMETRY OF THE OCEAN SURFACE CAN BE DESCRIBED AND MEAN
SEA LEVEL DETERMINATIONS MADE. COMMAND TRANSMISSIONS IN THE
STADAN REGICN OF 148.2 TO 154,2 MHZ FOR MODE SELECTION AND
LOW=-NOISE RECEIVER IN/OUT. TELEMETRY IN THE 136 TO 137 MHZ
RANGE FOR MODE AND MEASUREMENT INFORMATION AND HOUSEKEEPING.
GLOBAL MODE MAX DAILY SCHEDULE OF 8-30 MIN OPERATIONS, EACH
SEPERATED BY ONFE HOUR, AND SHORT PULSE MODE MAX DAILY
SCHEDULE OF 3-30 MIN OPERATIONS EACH SEPERATED BY ONE HOUR.

32. PHENOMENA OBSERVED '

TIME-VARYING OCEAN SURFACE AND QUAST-STEADY STATE DEPARTURES,

33. MEASUREMENT RANGE

34. PRECISION AND ACCURACY

ABSOLUTE, PLUS/MINUS 5 METER: RELATIVE, PLUS/MINUS I METER,
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35. SPECTRAL RANGE

36. SPECTRAL RESOLUTION |[37. TIME CONSTANT

i3.9 GHLZ

38. FIELD OF VIEW

39. GROUND SWATH

]40. ANGULAR RESOLUTION] 41, SPATIAL RESOLUTION

42. POINTING ACCURACY| 43. POINTING RATE

44. ALTITUDE 45. INCLINATION

4

927 KM(MEAN) 115 DEGREES

46. SPECIAL REQUIREMENTS

TEMP LIMITS (FLECTPONI

CS) MINUS 10 TO PLUS 40 DEG C.

47. COMPONENTS

48. WEIGHT _ [49. VOLUME

50. AVERAGE POWER |51.STANDBY Power | 52. PEAK POWER | 53. MTBF

BS T.4 100
54, (NTERFERENCE 5. |y TERE ERENCE 56 (N TERFEHENCE 7. ITERTE RENCE 58. SHIELDING
59. CALIBRATION 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION

11-30 MIN DBS/DAY

62. TELEMETRY REQUIREMENTS

SEE ITEM 31

63. ADVANTAGES AND LIMITATIONS

64. REFERENCES

GEOS~C SPACECRAFT EXPERIMENT. REQUIREMENTS DICUMENT, REV 1,

12 MAY 1972,

65. HISTORICAL REMARKS
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO
SATELLITE RADIO BEACCN EXPERIMENT SRBE
{TITLE CONT.) 4. RESUME DATE ?I'ERSION
, ga/01/77210002
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
DAVIES, K, FSSA-BOULLCER, COL. 303=-447-100C
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE'
20T 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | 82" [ “Bak'°"] 17. STATUS
18. MONITOR 19. AGENCY 20.PGM OFFICE | 21. TELEPHONE
BURKE, Ja.R, NASA HDQTRS QA/ECS 202=-755-2322
22. VENDOR - 23. LOCATION rucnr 195 (EAD TIME
26. INSTRUMENT TYPE Steumy)
BEACON, TRANSMITTEK AND RECEIVER UNC
28. APPLICATION 29. SPACECRAFT
IONQSPHERES AND RADIG PHYSICS ATS=-F /G-
30. PURPOSE

PRIMARY~-TD STUDY IONOSPHERIC AND EXOSPHERIC PROCESSES THROUGH
RADIO TRANSMISSIONS SUITABLE FOR FARADAY ROTATION AND DIFFERENT-
I AL GROUP DELAY MEASUREMENTS *xxSECONDARY-MAKE COHERENT PHASE
SCINTILULATICN MEASUREMENTS AND PROVIDE A SGURCE FOR ACCURATE
MEASUREMENTS OF IONGCSPHERIC ABSORPTION AT A SINGLE FREQUENCY,

31. PRINCIPLES OF OPERATION

RADIO-BEACON TECHNIQUES EXPLOIT THE DISPERSION OF RADIO SIGNALS
IN THE PROPOGATION MEDIUM. THERE ARE TWO BASIC APPPOACHES. IN
THE PRESENCE OF A LONGITUDINAL MAGNETIC FIELD, THE DISPERSION
BETWEEN THE MAGNETO-IONIC COMPONENTS OF A LINEARLY=-POLARIZED
SIGNAL CAUSE THE PLANE OF POLARIZATION TO ROTATE PROGRESSIVELY
AS THE WAVE PRUPAGATES, THIS IS THE FARADAY EFFECT, RY WHICH IT
IS POSSIBLE TC DETERMINE THE ELECTRON CONTENT (THE NUMBER OF
ELECTRONS IN A COLUMN OF UNIT CROSS SECTION) ALONG VHE PROPOGA-
TION PATH., THE SECOND APPROACH COMPARES THE DISPERSION ON TWO
DISTINCT FREQUENCIES. FOR INSTANCE, IF TwWO PHASE-RELATED SIG-
NALS ARE TRANSMITTED, A MEASUREMENT OF THE RELATIVE CHANGE OF
PHASE BRETWEEN THE TWC SIGNALS RECEIVED AT A DISTANT POINT GIVES
THE ELECTRON CONTENT ALONG THE PROPOGATION PATH. THIS IS THE
PHASE-PATH METHOD, OFTEN CALLED DIFFERENTIAL DOPPLER, AND IT IS
[NDEPENDENT OF THE AMBIENT MAGNETIC FIELD., THE ESSENCE 0OF THE
BEACON TECHNIQUE FOR EXOSPHERIC STUDIES IS TO MEASURE THE I0ONO-
SPHERIC ELECTRON CONTENT BY THE FARADAY METHOD, AND TO SUBTRACT
ONE FROM THE OTHER TO ARRIVE AT THE ELECTRON CONTENT OF THE
EXOSPHERE, '

32. PHENOMENA OBSERVED
PHASE DIFFERFNCEGPOLARIZATION ROTATION OF VHEGUHF RADIO SIGNALS
33. MEASUREMENT RANGE
NA
34. PRECISION AND ACCURACY

0.05 CYCLE IN A 1 MHZ DIFFERENCE SIGNAL
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35. SPECTRAL RANGE ) 36. SPECTRAL RESOLUTION |37. TIME CONSTANT

NA : NA

38. FIELD OF VIEW 39. GROUND SWATH

NA NA

40. ANGULAR RESOLUTION| 41, SPATIAL RESOLUTION

NA NA
42. POINTING ACCURACY] 43. POINTING RATE 44. ALTITUDE 45, INCLINATION

46. SPECIAL REQUIREMENTS

47. COMPONENTS

TRANSMITTER, ANTENNA, ELECTRONICS

48. WEIGHT  149. VOLUME 50. AVERAGE POWER |51. STANDBY POWER | 52. PEAK POWER | 53. MTBF
5 L8 15 WATTS
. ;NTERFERENCE 55, | TERF L RENCE . nTEREERENCE | ¥ NTEATENERCE 58. SMIELDING ‘
SOURC/SEN]| SENSITIVE RF & MAGNETIC SHIELDING
59. CALIBRATION 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION
NA REALTIME TELEMETRY ON COMMAND

62. TELEMETRY REQUIREMENTS

ALL FREQUENCTES DERIVED FROM A 1 MHZ SOURCE. FOR FARADAY MEAS-
UREMENTS: 200 HZ BANDWITH REQUIRED,

63. ADVANTAGES AND LIMITATIONS

64. REFERENCES

1) GRUBB, R. N.o, ATS—-F BEACON TRANSMITTER AND RECEIVING SYSTEMS
ENGINEERING CONSIDERAT IONS

65. HISTORICAL REMARKS
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO
EXPERIMENTAL 24—-CHANNEL MULTISPECTRAL SCANNER ECMSS
(TITLE CONT.) 4. RESUME DATE Version
G3/04/71100Q02
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE -
KORB,yC.Co MANNED SPACECRAFT CENTER 713-483-3111‘
9.CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
12-0pe At 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | 832"  ['s- “"8AfI'Y] 17. STATUS
10/7€¢8106/71 IFINAL TESTS
18. MONITOR 19. AGENCY 20.PGM OFFICE | 21. TELEPHONE
CLEMENCE, R. MSC
22. VENDOR 23. LOCATION fuent 125 LEAD TIME
BENDIX CORPORATION ANN ARBOR, MICHIGAN
26. INSTRUMENT TYPE z
RADICMETER (SCANNING) UNC
28. APPLICATION 29. SPACECRAFT
ERSP ¢-130 A/C
30. PURPOSE

PRIMARY=-TO ACQUIRE AND RECORD MULTISPECTRAL SCANNING DATA OF THE
EARTH'S TERRAIN IN SEPERATE SPECTRAL BANDS IN A TIME-AND-SPACE=-
COINCIDENT MANNER*#%%*SECONDARY-TD ESTABLISH THE VARIOUS SPECTRAL
BANDS THAT PROVIDE USEFUL INFORMATION IN THE GEOLOGY, HYDROLOGY,
OCEANOGRAPHYy AND AGRICULTURAL DISCIPLINES.

31. PRINCIPLES OF OPERATION

THE RADIOMETER USES AN ALL REFLECTIVE SYSTEM., A 45-DEG MIRROR
SCANS CROSS-TRACK WHILE THE A/C FORWARD MOTION GIVES THE SECOND
DIMENSION., THE MIRROR RATE IS SELECTED TO GIVE CONTIGUOUS LINES
ACROSS THE TERRAIN. THE SPECTRAL BANDS ARE FORMED BY DETECTOR
ARRAYS IN THE FOCAL PLANE OF TWO GRATING SPECTROMETERS. THE DET-
ECTORS INCLUDE P/M TUBES, SI AND GE PHOTODIODES, IN-SB PHOTOVOL~-
TAIC CELLS AT 77 DEG.Ky, AND HG DOPED GE AT 25 DEG.K. DURING IN-
ACTIVE PART OF SCAN,THE TOTAL OPTICAL SYSTEM VIEWS FIELD FILLING
CALIBRATION SOURCES TO CALIBRATE OUT CHANGES IN OPTICAL TRANS-
MISSION CHARACTERISTICS. TWO THERMOELECTRICALLY CONTROLLED BLACK
BODIES ARE USED FOR THE THERMAL AND REFLECTIVE BANDS. ONE CALI-
BRATION SOURCE IS EITHER A UV/VIS./NEAR-IR OR "SKYLIGHT™ REFER-
ENCE.THE SIGNAL FROM A DETECTOR IS AMPLIFIED,THEN PROCESSED INTO
AN 8-BIT WORD, A MEMORY BUFFER UNIT REMOVES DEAD TIME IN THE
SCAN CYCLE TO GIVE A UNIFORM BIT RATE OUTPUT. TWO CHANNELS ARE
MULTIPLEXED AND PLACED ON ONE TRACK OF A 24-TRACK RECORDER, THE
13TH CHANNEL HAS HOUSEKEEPING DATA, THE 24TH HAS THE TIME CODE.
THE DATA ANALYSIS GROUND STATION GENERATES (A) SCREENING VIA A
3 COLOR TV DISPLAY, (B) IMAGERY OF 3 SEPERATE BANDS IN B/W OR
PES.

32. PHENOMENA OBSERVED

_E_’lﬁ_c_ED_AL‘lD_UiEBJLBAQIALID.N_E&Qﬂ_T.H.LEARTH'S SURFACE

33. MEASUREMENT RANGE

VISIBLE AND INFRARED REGIONS,

34. PRECISION AND ACCURACY
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35. SPECTRAL RANGE

36. SPECTRAL RESOLUTION

37. TIME CONSTANT

D.34

T0

13

MICRONS

24

CHANNELS

. 38. FIELD OF VIEW

39. GROUND SWATH

NA

80 DEG SCAN ANGLE

40. ANGULAR RESOLUTION

41, SPATIAL RESOLUTION

ND.1146DEG

42. POINTING ACCURACY

43. POINTING RATE

44. ALTITUDE

45, INCLINATION

NA .

1.5K TD 30K FT

46. SPECIAL REQUIREMENTS

47. COMPONENTS

OPTICS,

DETECTORS,

GRATING,

ELECTRONICS

48. WEIGHT

49, VOLUME

50. AVERAGE POWER

51. STANDBY POWER

52. PEAK POWER

53. MTBF

RF
5% INTERFERENCE

MAGNETIC
S5 \NTERFERENCE 56

NUCLEAR
T INTERFERENCE

7. . THERMAL
* INTERFERENCE

58. SHIELDING

§9. CALIBRATION

£

60. DATA RECOVERY

61. FREQUENCY OF OBSERVATION

INTERNALLY (SEE ITEM 31)

FROM RETURNED TAPES

CONTINUOUS

}162. TELEMETRY REQUIREMENTS

NA

63. ADVANTAGES AND LIMITATIONS

DATA CAN BE PROCESSED IN LARGE-SCALE DIGITAL COMPUTERS.,

64. REFERENCES

ZAITZEFF,

MULTISPECTRAL SCANNER SYSTEM,
1970.

AUTUMN

E. My ET. AL.y MSDS: AN EXPERIMENTAL 24-CHANNEL
BENDIX TECHNICAL JOURNAL,

SUMMER/

65. HISTORICAL REMARKS
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE ) 2. ACRONYM | 3. EXP NO
EARTH RADIAT ION BUDGET ERR
{TITLE CONT.) . 4.RESUME DATE ?/ERS!ON
. . 09/0C1/72 10002
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
SMITH, W. Lo NAT, OC. & ATM, AGENCY
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
DRUMMBONMND, A, J. EPPLEY LARORATORIES, INC
e 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | ® 88 |'s-“™Bari'oV] 17. STATUS
. ) : v PROPCSAL
18. MONITOR © |19. AGENCY 20.PGM OFFICE. | 21. TELEPHONE
SCHARDT, 3,8, NASA HDQTRS DA/ERN 1202-755=-2322
22. VENDOR 23. LOCATION utucnt |25 LEAD TIME
: ‘ 1974
26. INSTRUMENT TYPE - SEcuRyTy)
RADIOMETER UNC
28. APPLICATION 29, SPACECRAFT .
MET, SOLAR PHYSICS NIMBUS-F
30. PURPOSE

PRIMARY-TO ASCERTAIN EARTH RADIATION BUDGET BY 1) MEASURING IN-
COMING SOLAR RADIATION BETWEEN 0,2 TO >40 MICRONS, 2) MEASURING.
OUTGOING EARTH REFLECTED AND EMITYED RADIATION IN THE SAME SPEC-
TRAL BANDS.

31. PRINCIPLES OF OPERATION '
EMITTEC AND ReFLECTED RADIATION FROM EARTH IS MEASURED IN TWO
WAYS: 1) AN INTEGRATION OVER THE ENTIRE EARTH'YS DISC MEASURING
TOTAL TERRESTRIAL FLUX PASSING THROUGH A UNIT AREA AT SATELLITE
ALTITUDRES 2) A SERIES OF MEASUREMENTS OF THE - RADIANCE EMITTED
AND REFLECTED FROM RELATIVELY SMALL ARFAS AT A NUMBER OFf ZENITH
AND AZIMUTH ANGLES. ANGULAR DISTRIBUTION OF RADIANCFE IS DETER-
MINED BY A SCAN SYSTEM PROVIDING UBSERVATIONS OF LOCAL ZENITH
AND AZIMUTH ANGLES. THE INSTRUMENT INCLUDES A SCANNING RADIOME-
TER HEAD WHICH CONTAINS 4 SHORTWAVE AND 4 LONGWAVE CHANNELS WITH
0.25 DEG FOV IN THE SCAN PLANE AND 5 DEG IN THE NORMAL PLANFE,
SCANNING TAKES PLACE FROM THE NADIR TOWARD THE HORIZON. CCVERAGE
1IN 5 DEG GAPS IS OBTAINED BY ROTATION OF THE HEAD ARQUT A VERTI-
CAL AXIS, IN THIS MANNER COVFRAGE EXTENDS 20 DEG YO €£ACH SIDE
OF THE NOMIMAL SCAN. PLANE. FIVE SCAN MODES ARE AVAILABLE UPON
C CMMAND FROM THFE GRQOUND. SCANS TAKING PLACE AT 22.5, 90 DEG,
ETC. FROM THE ORBITAL PLANE ARE ACCOMPLISED BY PERFORMING ADDI-
TIONAL ROTATIONS 0OF THE HEAD ABOUT THE VERTICAL AXIS PRIGR 1O
SCAN., THE FIFTH MODE IS A COMPOSITE 0OF THE FIRST Tw(C MODES,

A COMPLETE SCAN CYCLE IN EACH CF THE FQOUR BASIC MODES IS 112 SEC
PERMITTING UP TQ 9 DIFFERENT VIEWS QOF AN INDIVIDUAL AREA,

32. PHENOMENA OBSERVED

INCOMING AND RFFL_ﬁCTED SOLAR RADIATION, TERRESTRIAL RADIATICN

33, MEASUREMENT RANGE .
UV, VISIBLE, IR TO GPEATER THAN 40 MICRONS

34 PRECISION AND ACCURACY :
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&SPECTRAL RANGE 36. SPECTRAL RESOLUTION |37. TIME CONSTANT

N, ? T3 >4, MICENNS 112 SFECONDS

38. FIELD OF VIEW 39. GROUND SWATH

—

140. ANGULAR RESOLUTION| 41, SPATIAL RESOLUTION

N.25 DEG

42. POINTING ACCURACY| 43, POINTING RATE 44. ALTITUDE 45. INCLINATION

MED-CIRCULAR SUN-SYNCH RETRNDGRADE

46. SPECIAL REQUIREMENTS

47. COMPONENTS

RADIOMETER, NPTICS, ELFCTRONICS

48. WEIGHT 49. VOLUME 50. AVERAGE POWER |51.STANDBY POWER | 52. PEAK POWER | 53. MTBF
56 L3 2.5 CU FT 37 WATTS|
54. N TEREERENCE Ss. m%ﬁ%’é%‘éﬁce 56. (N TERLEHENCE 57 INTERFERENCE 58. SHIELDING
59. CALIBRATION ) 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION
CONTINUDUS

62. TELEMETRY REQUIREMENTS

63. ADVANTAGES AND LIMITATIONS

64. REFERENCES ‘ 4
PRELIMINARY DATA SHEFT FOR NIMBUS~-F, NOV., 1970,

65. HISTORICAL REMARKS
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO
ELECTRICALLY-SCANNING MICROWAVE RADIOMETER £ SMR El12

(T'TLE CQNT.) 4 RESUME DATE %/ERSION

09/01/77212009
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
NORDBERGy DR. We GODDARD SPACE FLT CENTER|3C1-982-5042
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
12 GoNFRACT 13. CONTRACT NUMBER  |14. FLASH INDEX NUMBER | °34%  |s COBLirI'o% 17. STATUS
1769 ENG MODEL

18. MONITOR 19. AGENCY 20. PGM OFFICE 21. TELEPHONE
SCHARDT, B.B, NASA HDQTRS OA/ERN 202-755-2322
22. VENDOR 23. LOCATION ufueHr 125 LEAD TIME
SPACE GENERAL CORP EL MONTE, CALIFORNIA 12/72 130 MONTHS
26. INSTRUMENT TYPE euny,
RADIOMETER, 19,.,35-GHZ ELECTRONICALLY~SCANNING MICROWAVE UNC
28. APPLICATION 29. SPACECRAFT i
MET, GEOP, OCEAN NIMBUS E
30. PURPOSE

PRIMARY~- TG MAP GLOBALLY AND CONTINUOUSLY THE THERMAL RADIATION
EMITTED BY THE EARTH'S SURFACE AND ATMOSPHERE AT A FREQUENCY OF
19.35 GHZ,.,*%% SECONDARY - TJ) DEMONSTRATE THE FEASIBILITY OF
DEPLOYED PHASED-ARRAY ANTENNAS,

31. PRINCIPLES OF OPERATION

THE RADIOMETER WILL BE USED TO MEASURE PRECISELY THE INTENSITY
OF 19.35 GHZ THERMAL RADIATION. THE VIEWING DIRECTICN OF THE
ANTENNA IS ELECTRONICALLY SCANNED PLUS AND MINUS 50 DEGREES FROM
THE NADIR NORMAL TO THE SPACECRAFT GROUND TRACK, PRODUCING A
BRIGHTNESS TEMPERATURE MAP OF THE SURFACE OF THE BARTH AND ITS
ATMOSPHERE UNDER THE SPACECRAFT. THIS SCANNING CONSISTS OF 78
DISCRETE VIEW POSITIONS AND IS CONTROLLED BY AN INTERNAL COMPU=-
TER. ANGULAR SEPARATION OF VIEW POSITIONS ALLOWS AN 8.5 PERCENT
OVERLAP. THE ANTENNA THERMAL TEMPERATURE MUST BE MEASURED.
CALIBRATION IS ACHIEVED WITH TWO REFERENCE SOURCES, ONE AT 338
DEGREES KELVIN, THE OTHER NEAR 50 DEGREES KELVIN (A SPACE~-
VIEWING HORN)e THE 90 BY 90 CENTIMETER ANTENNA IS DEPLOYED AFTER
ORBIT IS ACHIEVED. THE ANGULAR RESOLUTION OF THE ANTENNA WILL BE
l.4 DEGREES AT THE 3 DB POINTS AT THE BROADSIDE SETTING AND 1.5
DEGREES AT THE MAXIMUM SCAN POSITIONS OF PLUS AND MINUS 50
DEGREES,

32. PHENOMENA OBSERVED

HORIZONTALLY POLARIZED TELLURIC THERMAL EMISSIONS AY 19,35 GHZ
33. MEASUREMENT RANGE

DYNAMIC TEMPERATURE RANGE= 50 TO 330 DEGREES K
34. PRECISION AND ACCURACY

RMS TEMPERATURE WITHIN 1.0 DEG K; ABSOLUTE TEMP,WITHIN 2,0 DEG
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35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION |37. TIME CONSTANT

19.35 GHZ 3.10 PERCENT
38. FIELD OF VIEW 39. GROUND SWATH
120, BY 1.28 DEG| 140C NM BY 13 NM FROM A0C NM ALTITUDE

40. ANGULAR RESOLUTION] 41. SPATIAL RESOLUTION

1.28 DEG| 13 NM FROM 600 NM QORBIT

42, POINTING ACCURACY} 43. POINTING RATE 44. ALTITUDE 45. INCLINATION
MED SUN=SYNCH HIGH NOON

46. SPECIAL REQUIREMENTS

47. COMPONENTS
RADIOMETER,RECEIVER, ANTENNA, CALIBRAYION TEMPERPATURE SOURCES

48. WEIGHT 49. VOLUME 50. AVERAGE POWER |51. STANDBY POWER | 52, PEAK POWER | 53. MTBF
55 LB 4.5 CU fT 42 WATTS| NA NA

54, |NTEREERENCE 55 | TEREERERCE 56. INTERFE HENCE 57. inTERFERENCE .| 58. SHIELDING

SENSITIVE| SENSITIVE| NONE SENSITIVE] INTEGRAL

59. CALIBRATION 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION

TWO REFERENCE SOURCES DELAYED TELEMETRY. CONTINUDUS

62. TELEMETRY REQUIREMENTS
10 BIT WORD READ FACH 25 MILLISECONDS. SERIAL READCUT,

63. ADVANTAGES AND LIMITATIONS

ANTENNA STIDELOBE SUPRESSICN TO EXCEED 95 PERCENT, ANTENNA DESIGN
AND DFPLOYMENT MOST CRITICAL.

64. REFERENCES ' : ]

1) NORDBERG, W.: PRIPOSAL FDR MAPPING EARTH RADIATION AND CLOUD
STRUCTURE WITH AN FLECTRICALLY SCANNING MICRIWAVE RADIOMETER,
GSFC.*%x%2) CATOE, ET AL: PRELIMINARY RESULTS FROM AIRCRAFT
FLIGHY TESTS OF AN FLECTRICALLY SCANNING MICIOWAVE RADIOMETER,
NASA X-622-67-352, AUG 6T7.%%*%*3) TOBIN, M.,: SUPPORT DATA FOR

CONVAIR 990 MET FLIGHT 2, NASA X~-622-67-450, SEP 67,
65. HISTORICAL REMARKS
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO
tLFCTRONTCALLY SCANNING MICROWAVE RADIOMETER ESMR-F
(TITLE CONT.) ) 4. RESUME DATE ?I'ERSION
CS/CTI7T213007
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
NORDREKGy We GODDARD SPACE FLIGHT CENJ3DTI-982-5C4%?
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
CONAWAY, A, W, GODNARD SPACE FLIGHT CEN|[3DT-GR?=-5747
12.opanact 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | "3 [1s SN 17. STATUS
PROPOSAL
18. MONITOR 19. AGENCY 20.PGM OFFICE 21. TELEPHONE
CHAKDT, E.2. NASA HDQTRS OA/ERN 202~T55=2322
22. VENDOR 23. LOCATION " J#eent T2s LEAD TIME
1374
26. INSTRUMENT TYPE . eumry,
RADIUMETEK, MICRONAVE UNC
28. APPLICATION 29. SPACECRAFT
MET, ERSP NEMRJC=F
30. PURPOSE

PRIMARY-Ti MFEASURE LIQUID WATER CONTENT OF CLOUDS***SECONDARY-TO
MEASURE OISTRIBUTION AND VARITATION OF SEA-ICE COVER%*%*%TERT[ARY-
TO MEASURE GRGSS CHARACTERISTICS OF LAND-SURFACES(VEGETATION,
SOIL MOISTURE, AND SNOW COVER),

31. PRINCIPLES OF OPERATION

THE INSTRUMENT IS A [ICKE TYPE RADIOMETER CONSISTING OF A SINGLF
TIME-SHARED RECEIVER AND AN ELECTRICALLY SCANNING PHASED ARRAY
ANTENNA OPFRATING AT (.8-CM. THE ANTENNA BFAM [S SCANNED
THROUGH +NR=-35 DEG THROUGH 98 DISCRETE BEAM POSITICNS. THE
ANGULAR RESCLUTION WILL BE APPRCXIMATELY C.75 DEG AT THE 2 DA
PCINTS AT 8kOADSIDF SETTING. THE BEAM TILT ANGLE IS 40 DEG FROM
THE ARKAY NORMAL., THE BRIGHTNESS TEMPERATURE MEASURED BRY THIS
INSTRUMENT DEPENDS PRIMARILY UPON THE LIQUID WATER CONTENT OF
CLOUDS WHEN MEASURED AT LOW-AND MID-LATITUDES. AT POLAR LATI-
TUDES,y THE MEASURED. BR IGHTNESS TEMPERATURE [S PRIMARILY RELATED
TO THE OCCURRENCE OF SEA ICE AND SNOW CNVER ON THE I[CE. OVER
LAND, THE MEASURED BRIGHTNESS TEMPERATURES wWILL DEPEND LARGELY
UN THE COMPGSITICNy RCUGHNESS, AND TEMPERATURE OF THE SURFACE,
MEASUREMENTS AT BOTH POLARIZATIONS WILL PERMIT THE DELINEATION
UF THESE PARAMETERS, ESPECIALLY BETWEEN SURFACE ROUGHNESS AND
MOISTUFE. THE ABSOLUTE VALUE OF THE RADIATION TEMPERATURE QF
THE ANTENNA WILL B8E MEASURED TO AN ACCURACY OF 2 DEG K. CALI-
BRATION wWILL BE ACHIEVED BY THE USE OF THREE REFERENCE SOURCES,
180y 373, AND 338 DEG K.

32. PHENOMENA OBSERVED

MICROWAVE EMISSION FRUM EARTH AND CLOUDS

33. MEASUREMENT RANGE

37 GHZ IN VERTICAL AND HORIZONTAL POLARIZATION

34. PRECISION AND ACCURACY

EE TTEM 31
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35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION |]37. TIME CONSTANT

37 GHZ
38. FIELD OF VIEW : 39. GROUND SWATH
0.75 DEG 8 NM BY 840 NM FROM 600 NM ORBIT

| 40- ANGULAR RESOLUTION] 41, SPATIAL RESOLUTION

0.75 DEG|8 NM

42. POINTING ACCURACY] 43, POINTING RATE 44. ALTITUDE 45. INCLINATION

46, SPECIAL REQUIREMENTS

47. COMPONENTS

ANTENNA RECEIVER, ELECTRONICS

48. WEIGHT  |49. VOLUME , | s0. AvEraGE POwER |[51.STANDBY POWER | 52. PEAK POWER | 53. MTBF
82 LB 5.1 CU FT 65 WATTS
| 5% wrerfinence 5 TN R NCE 56. i enis iR 57 \NTERPERENCE 58. SHIELDING
59. CALIBRATION 60. DATA RECOVERY ] 61. FREQUENCY OF OBSERVATION ,
ON BOARD CONTINUOUS

62. TELEMETRY REQUIREMENTS

63. ADVANTAGES AND LIMITATIONS

64. REFERENCES -

PRELIMINARY DATA SHEET FOR NIMBUS=F, OCT., 1070

65. HISTORICAL REMARKS
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE ‘ ] 2. acronym | 3. EXP NO
EREP MULTISPECTRAL SCANNER \ [EMSS S-192
| (TITLE CONT.) o sEsme DATE | JeRsioN

i ’ ] €C9/01/72130C4
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
KORB,y Cs L., MANNED SPACECRAFT CENTER|T713-483-0123
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
12.CopTRACT 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | 8% |- baid'®"} 17. STATUS

ENG.MODEL

18. MONITOR 19. AGENCY 20. PGM OFFICE 21. TELEPHONE
FISCHETTI, T,.La NASA HDQTRS DA/ERS 202-755-2322
22. VENDOR 23. LOCATION 2ruont 195 LEAD TIME
HONEYWELL RADIATION CEN. 1973
26. INSTRUMENT TYPE oune)
CONICAL SCANNING RADIOMETER UNC
28. APPLICATION . 29. SPACECRAFT
ERSP SKYLAB-A
30. PURPOSE

TO GATHER HIGH RESOLUTION LINE SCAN IMAGERY OF SELECTED EARTH
RESOURCES GROUND CALIBRATION SITES IN SIMULTANEQUS SPECTRAL
BANDS COMPARABLE TO ERTS A & ERAP DATA, OBJECTIVE IS FEASIBILITY
EVALUATION OF SPECTRUM MATCHING DATA PROCESSING TECHNIQUES FOR
IDENTIFICATICON OF EARTH RESOURCES FEATURES.

31. PRINCIPLES OF OPERATION

THE INSTRUMENT CONSISTS OF AN OPTICAL-MECHANICAL SCANNER, A
SPECTRAL DISPERSION SYSTEM, A GROUP OF THREE IN-FLIGHT CALIBRA-
TION SOURCES, AND AN ARRAY OF DETECTORS (SI, GE, HG-CD-TE). THE
OQUTPUT OF THE DETECTORS IS AMPLIFIED, DIGITIZED, REFORMATTED AND
RECORDED ON TAPE., A FOLDED 12-INCH REFLECTING TELESCOPE IS THE
COLLECTOR. THE USE OF THIS LARGE COLLECTOR WILL PROVIDE THE
NECESSARY DIFFRACTION=-LIMITED RESOLUTION FOR THE THERMAL IR
CHANNEL (10,2-12.5 MICRONS) AS WELL AS PROVIDING THE NECESSARY
ENERGY THROUGHOUT TO ACHIEVE MODERATE S/N RATIOS IN A HIGH RE-
SOLUTION SYSTEM, THE RADIANT ENERGY COLLECTED BY THE SCAN
MIRROR . IS CONSTRAINED TO PASS THROUGH TWO NEARLY ADJACENT EN-
TRANCE SLITS WHICH ARE SIZED FOR EQUIVALENT ANGULAR FOV'S.

THE SLITS ACT AS BOTH THE FIELD STOP OF THE TELESCOPE AND THE
ENTRANCE SLIT FOR THE PRISM SPECTROMETER,. SINCE THE RADIANT
ENERGY PASSES THROUGH THE FIELD STOPS PRIOR TO SPECTRAL SEPARA-
TION, EACH DETECTOR ON A GIVEN SCAN LINE OBSERVES THE SAME SPA-
TIAL ELEMENT ON THE GROUND, BUT IN A DIFFERENT SPECTRAL REGION.
THE THIRTEEN SPECTRAL BANDS ARE 0:.41-0.46, C.46-0.51y 0.52-0.556
AND 0.565-0.609, 0.62-0,67, 0,68-0.762, 0,783-0,.,88, 0.98-1.08,
1,09-1.19y 1,20-1430, 1.55~1,75, 2.10-2.35 AND 10.,2-12.5 MICRONS
32. PHENOMENA OBSERVED

FEFLECTED AND THERMAL RADIATION FROM THE EARTH'S SURFACE
33. MEASUREMENT RANGE

VISIBLE, NEAR JRKy AND THERMAL WAVELENGTHS
34. PRECISION AND ACCURACY

ABCUT 1% IN VISIBLE & REFLECTIVE IR, 0.4 DEG K IN THERMAL IR
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35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION |37. TIME CONSTANT

De41 10 12.5 MICRONS] SEE ITEM 31
38. FIELD OF VIEW 39. GROUND SWATH )
N02 RY 10, DEG] 40 NM FROM ORBIT
40. ANGULAR RESOLUTION| 41. SPATIAL RESOLUTION
0.7205 DEGJ13C FT VISIBLE, 260 FT IR F20M ORBIT
42. POINTING ACCURACY| 43. POINTING RATE 44 ALTITUDE 45. INCLINATION
235 NM 50 D EG

46. SPECIAL REQUIREMENTS

CPYO-CUQLER & DETECTORS REPLACEABLE BY OPERATOR,

47. COMPONENTS

NPTICAL~MECHANTCAL SCANNER, PRISM SPECTROMETER, DICHROIC FILTVER

48. WEIGHT 49. VOLUME '50. AVERAGE POWER |51. sSTANDBY POWER | 52. PEAK POWER | 53. MTBF
200 LS8 19.3 CU FT| 180 WATTS| 90 WATTS| 266 WATTS
54. |\ TERFERENCE ] INTERFERENCE 56. \NTERFERENCE 57. \nTeRFERENCE '58. SHIELDING
SENSITIVE
59. CALIBRATION 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION

SELF CONTAINED 10C/SEC. [MANUAL TAPE RETURN FLEXIBLE
62. TELEMETRY REQUIREMENTS . _

ONROARD RECNRD 22 DATA CHANNELS, B8-BIT ACCURACY.
1.0 MBITS/SEC/TRACK.

63. ADVANTAGES AND LIMITATIONS

PERMITS COMPARISONS OF SPECTRAL IMAGERY IN COMPATIBLE FORMAT
WITH ERTS-A, ERFP, & GROUND SITE INFORMATION,

64. REFERENCES

EXPERIMENT IMPLEMENTATION PLAN FOR MANNED SPACE FLIGHT EXPERI-
MENTS, TITLE: TEN-BAND MULTISPECTRAL SCANNER NO. $=192.
SKYLAB A, EREP USERS HANDROOK, NASA MSC, FEB. 1971.

65. HISTORICAL REMARKS
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
’ GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO
FLAT-PLATE RADCIOMETEK FPR
(T'TLE CONT_) 4. RESUME DATE ?/'ERSION
Q9/D1/ 72100209
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
PARFNT,y DR, R.J. UNIVERSITY OF WISCONSIN | 608=-262=-0T724
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
12 ggpE PacT 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | 8487 s “O0Af'%[17. STATUS
INTEGRATION
18. MONITOR 19. AGENCY 20. PGM OFFICE 21. TELEPHONE
GARBACZ, M.L. NASA HDQTRS OA/ERQD 202-755-2322
22. VENDOR 23. LOCATION uguont 195 | EAD TIME
UNIVERSITY OF WISCONSIN | MADISON,WISCONSIN 1770 | NA
26. INSTRUMENT TYPE ;an
RADIGCMETER, FOUR IR/VISIBLE LOW RESOLUTICN THERMISTORS. UNC
28, APPLICATION 29. SPACECRAFT
MET I1T0S-1
30. PURPOSE

PRIMARY-TO GATHER DATA TO AID IN DETERMINING: (1)THE GEGOGRAPHIC
DISTRIBUTION OF ENERGY RACIATED FROM THE EARTH AND THE RELATION-
SHIP OF THIS ENERGY TO INCOMING ENERGY FROM THE SUN AND (2) THE
REFLECTION AND SCATTERING OF SCLAR RADIATION BY THE EARTH-
ATMOSPHERE SYSTEM,

31. PRINCIPLES OF OPERATION ’

THE 170S FLAT PLATE RADIOMETER (FPR), WILL ALSO BE FLOWN CON ITOS
Ay By AND C. THE PRINCIPAL PART OF EACH RADIOMETER IS A THIN
ALUMINUM DISK, THE TEMPERATURE OF WHICH IS SENSED BY THERMISTORS
MOUNTED ON THE BACK SURFACF., THE HOUSING TEMPERATURES ARE
SEPARATELY SENSED AND RECORDED., THERE ARE 2 PAIRS OF SENSORS.
ONE DISK OF EACH PAIR IS PAINTED BLACK AND ONE IS ANCDIZED
ALUMINUM. THE BLACK PAINTED SURFACE WILL RESPOND TO THE SuM OF
THE REFLECTED SOLAR, DIRECT SOLAR, AND RERADIATED LONG-WAVE RA-
DIATION., THE ANCOIZED ALUMINUM (WHITE) DISKS REFLECT IN THE
VISIBLE RANGE BUT ARE BLACK TQ IR BEYOND 7 MICRONS. THESE
ABSORB THE RERADIATED ENERGY FROM THE EARTH AND EXCLUDE TO A
HIGH DEGREE THE DIRECT AND REFLECTED SOLAR RADIATION. ONE
BLACK/WHITE PAIR WILL OPERATE AS RADTATIVE EQUILIBRIUM DETEC-
TORS,y SIMILAR TO ESSA. THE 2ND PAIR IS OF A NEW THERMAL FEED-
BACK DESIGN. THE ENERGY REQUIRED TO MAINTAIN A CONSTANT TEMPER=-
ATURE WILL BE MEASURED. THE SET OF 4 RADIOMETERS ARE MOUNTED
BETWEEN THE 2 SCANNING RADICMETERS AND POINT YO THE NADIR, THE
FIELD OF VIEW IS 180 DEGREES FOR ALL FOUR SENSORS.,

32. PHENOMENA OBSERVED

ENERGY RADIATED FROM AND RPEFLECTED BY THE EARTH=-ATMOSPHERE

33. MEASUREMENT RANGE

NEAR UV VISIBLE, NEAR IR, THERMAL IR.

34. PRECISION AND ACCURACY o 3

5K DEGREES IN THERMAL Ik,
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35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION |37. TIME CONSTANT

0.3 30.°2 MICRON CONT INUOUS

38. FIELD OF VIEW 39. GROUND SWATH

187, DEG|LIMB-TN-LIMB (3700 NM) FROM 500 NM ALT,

140. ANGULAR RESOLUTION| 41, SPATIAL RESOLUTION

42. POINTING ACCURACY} 43. POINTING RATE 44. ALTITUDE 45. INCLINATION

MED CIRCULAR |SUN SYNCH RETROGRADE

46. SPECIAL REQUIREMENTS

47. COMPONENTS

4 SENSORS (THERMISTORS), ELECTRONICS

48. WEIGHT 49. VOLUME ) 50. AVERAGE POWER |51. STANDBY POWER | 52. PEAK POWER | 53. MTBF
7 0.75 ’ 1 _YEAR
54 (N TERFERENCE 55 N TEREERENCE 56 N TERFEHENCE 7. N TERFLRENCE 58. SHIELDING
SENSITIVE|[SENSITIVE|FPR THERMALLY [ISOLATED
59. CALIBRATION ’ 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION
VIEW 0OF HOUSING DELAYED TELEMETRY CONTINUOUS

62. TELEMETRY REQUIREMENTS

15 WORDS CONSTITUTE ONE FPR FRAME DOF DATA, 8 BITS TO THE WORD.
THE FRAME [S READ NUT SERIALLY AT 15 BPS TAKING 8 SECONDS. DATA
SAMPLING CYCLF TAKES 32 SECONDS,

63. ADVANTAGES AND LIMITATIONS

INSTRUMENT IS BROAD RANGE, LOW ACCURACY TYPE,

64. REFERENCES

1)DESIGN STUDY REPIRT FQOR THE IMPROVED TOS(ITOS) SYSTEM, V.1,2.
RCA ASTRO-FELECTRONICS, CONTRACT NO. NASS5-9034, JUNE T, 1968,%%%
2)RUBIN, L.t OPERATICNAL PROCESSING OF LOW RESOLUTION IR (LRIR)
DATA FROM ESSA SATELLITES. ESSA TECH REPORT NESC-42, FEB. 1968.

65. HISTORICAL REMARKS

THIS FPR IS SIMILAR TO THOSE FLOWN ON ESSA 3, 5, 7, AND 9,
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO
FLAT-PLATE RACIOMETER FPR
(TITLE CONT.) « mesuve oATE | VeRsioN
. 0a/01/72]7008
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
PARENT, DR. RoJe UNIVERSITY OF WISCONSIN (608-262-0724%
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
12. CORTRACT 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | " 84% 16 COTLEIONIM7. STATUS
CPFF OPERATIONAL
18. MONITOR 19. AGENCY 20.PGMOFFICE | 21. TELEPHONE
GAERBACZ, M,L, NASA HDQTPRS DA/ZERD 202=-755=-2322
22. VENDOR 23. LOCATION #ruent 195 LEAD TIME
UNIVERSITY GCF WISCONSIN [MADISON, WISCONSIN 12/70 | NA
26. INSTRUMENT TYPE 7. y
RADIOMETER, IR/VISIBLE LOW-RESOCLUTION THERMISTER BOLOMETER UNC
28. APPLICATION 29. SPACECRAFT
MET NOAA-1-
30. PURPOSE

PRIMARY=TO GATHER DATA TO AID IN DETERMINING: (1)THF GEOGRAPHIC
NISTRIBUTION JF ENERGY RADIATED FPOM THE EARTH AND THE RELATION-
SHIP QF THIS ENERGY TO INCOMING ENERGY FROM THE SUN AMD (2) THE
REFLECTION AND SCATTERING OF SOLAR RADIATION BY THE EARTH-
ATMOSPHERE SYSTEM,

31. PRINCIPLES OF OPERATION

AN IDENTICAL FLAT PLATE RADIOMETER (FPR), WILL ALSO BE FLCWN

UN ITOS B AND C AND HAS FLNWN ON IT0OS-1. THE PRINCIPAL PARTY

DF EACH RADIOMETER IS A THIN ALUMINUM DISK, THE TEMPERATURE 0OF
WHICH IS SENSED BY THERMISTORS MOUNTED ON THE BACK SURFACE. THE
HOUS ING TEMPERATURES ARE SEPARATELY SENSED AND RECORDED. THERE
ARE 2 PAIRS OF SENSORS. ONE DISK OF EACH PAIR IS PAINTED BLACK
AND ONE IS ANODIZED ALUMINUM, THE BLACK PAINTED SURFACE WILL
RESPOND YO THE SUM OF THE REFLECTED SOLAR, DIRECT SOLAR, AND RE=-
RADIATED LONG-WAVE RADIATION., THE ANODIZED ALUMINUM (WHITE)
DISKS REFLECT IN THE VISIBLE RANGE BUT ARE BLACK TO IR BEYOND 7
MICRONS., THESE ABSORB THE RERADIATED ENERGY FROM THE EARTH

AND EXCLUDE TO A HIGH DEGREE THE DIRECT AND REFLECTED SOLAR
RADIATION. ONE BLACK/WHITE PAIR WILL OPERATE AS RADIATIVE
EQUILIBRIUM DETECTORS, SIMILAR TC ESSA. THE 2ND PAIR IS OF A
NEW THERMAL FEEDBACK DESIGN., THE ENERGY REQUIRED TO MAINTAIN A
CONSTANT TEMPERATURE WILL BE MEASURED., THE SET OF 4 RADINMETERS
ARE MOUNTED BETWEEN THE 2 SCANNING RADIOMETERS AND POINT TO THE
NADIR, THE FIELD OF VIEW IS 180 DEGREES FOR ALL FDUR SENSORS.

32. PHENOMENA OBSERVED

APTH ALBEDPO-ENEFRGY RADIATED TO SPACE BY FARTH
33. MEASUREMENT RANGE

EAR UV, VISIBLE, NEAR JR, THERMAL IR
34. PRECISION AND ACCURACY

K DEG IN THERMAL [P
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35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION |37. TIME CONSTANT
N.3 T0 30,0 MICRONS CONT INUOUS
38. FIELD OF VIEW 39. GROUND SWATH '
187 DEG LIMB-TO-LIMB

40. ANGULAR RESOLUTION] 41, SPATIAL RESOLUTION
NA
42. POINTING ACCURACY| 43. POINTING RATE 44, ALTITUDE 45. INCLINATION ;
MEND CIRCULAR | SUN-SYNCH RETROGRADE

|

46. SPECIAL REQUIREMENTS

NONE
47. COMPONENTS

4 SENSDRS T(THERMISTORS), ELECTRONICS

48. WEIGHT 49. VOLUME 50. AVERAGE POWER |51. STANDBY POWER | 52. PEAK POWER | 53. MTBF
7 LB 0,75 CU FT 1 YEAR
4. |NTERFERENCE 5. INTENF ERENCE 56 \NTERFERENCE 57. inTERFERENCE 58. SHIELDING
SENSITIVE| SENSITIVE| FPR THERMALLY [ISOLATED
59. CALIBRATION 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION
VIEW 0OF HOUSING DELAYED TELEMETRY. CONTINUOUS

62. TELEMETRY REQUIREMENTS

15 WORDS CONSTITUTE ONE FPR FRAME OF DATA, 8 BITS TO THE WORD.
THE FRAME IS READ OUT SERIALLY AT 15 B8PS DATA RFADDOUT TAKING
8 SEC. DATA SAMPLING CYCLE TAKES 32 SEC.

63. ADVANTAGES AND LIMITATIONS

INSTRUMENT IS BROAD RANGE, LOW ACCURACY TYPE,

64. REFERENCES

1)DESIGN STUDY REPDRT FOR THE IMPROVED TOS(ITOS) SYSTEM, V.l,2.
RCA ASTRO-ELECTRONICS, CONTRACT NDO. NAS5-9034, JUNE 7, 1968.%x%%
2)RUBIN, L.: OPERATIONAL PROCESSING OF LOW RESOLUTION IR '(LRIR)
DATA FROM ESSA SATELLITES. ESSA TECH REPORT NESC-42, FEB. 1968,

65. HISTORICAL REMARKS
THIS FPR IS SIMILAR TO THJSE FLOWN ON ESSA 3,5,7,9 AND [TOS-1
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2, ACRONYM | 3. EXP NO
HIGH=-RESCLUTICN INFRARED KADIOMETER A HRIR
(TITLE CONT.) - a.mesume oate | Gepsion
CGIT 77213005
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
FOSHEE. Lalo GODDARD SPACE FLTY CENTER
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
12.CONTRACT 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | "84T | S"GAHI'OV]17. STATUS
POST FLIGHT
18. MONITOR 19. AGENCY 20.PGM OFFICE | 21. TELEPHONE
TEPPER, M, NASA HDQTRS DA/JERD 202-755-2322
22. VENDOR 23. LOCATION o auruent |25 LEAD TIME
ITTY INDUSTRIAL LASS FORT WAYNE, INDIANA 08764
26. INSTRUMENT TYPE feymry)
RACIOMETER,y SINGLE-CHANNEL SCANNING INFRARED UNC
28. APPLICATION 29. SPACECRAFT
MET NIMBUS 1
30. PURPOSE

PRIMARY-TO MAP THE EARTH'S CLOUD CCVER AT NIGHT, THUS COMPLE-
MENT ING THE TV COVERAGE DURING THE DAYTIME PORTION 0OF THE ORBIT,
*%%S ECONDARY- TO MEASURE THE RADIATIVE TEMPERATURE OF CLOUD
TGPS AND TERRAIN FEATURES.,

31. PRINCIPLES OF OPERATION

THE SINGLE-CHANNEL SCANNING HRIR WAS FLOWN ON NIMBUS 1 AND 2.
MODIFIED VERSIONS ARE SCHEDULED FOR FLIGHT ON NIMBUS B AND D,
THE NIMBUS 1 HRIR CONTAINED A LEAD SELENIDE (PBSE) PHOTOCONDUC-
TIVE CELL WHICH IS RADIATION COOLED TO -75 DFGREES C AND OPER-
ATES IN THE 3.4 TO 4.2 MICRON REGICON. COOLING IS ACCOMPLISHED BY
MEANS OF A BLACK COOLING PATCH AT THE BOTTOM OF A HIGHLY KEFLEC-
TIVE GOLD-COATED HORN. THE RADIOMETER HAS AN INSTANTANEQUS

FOV CF 0.5 DEGy, WHICH AT AN ALTITUDE OF 6CC NM GIVES A GROUND
RESOLUTICN UF 5 NM, THE SCAN MIRPOR IS INCLINED 45 DEGREES TO
THE AXIS OF ROTATION AND CONTINUOUSLY ROTATES THE FIELD 0OF VIEW
OF THE DETECTOR THROUGH 360 DEG IN A PLANE NORMAL TO THE SPACE-
CRAFT VELOCITY. THE VIEW OF THE HOUSING AND SPACE DURING A
ROTATION PROVIDE ZERO AND WARM BODY CALIBRATION POINTS. THE
RADIATION REFLECTED FROM THE SCAN MIRROR IS CHOPPED AT 1.5 KHZ
AT THE FOCUS OF A 4 INCH F/1 MODIFIED CASSEGRAINIAN TELESCOPE,
IT IS THEN REFOCUSED AT THE DETECTOR BY RELAY MIRRORS WITH THE
3¢4-4.2 MICRCN WAVELENGTH FILTER BETWEEN THEM, THE SCAN RATE IS
44,7 RPM, THE OUTPUT SIGNAL HAS AN INFORMATION BANDWIDTH OF

280 HZ. THE INFORMATION IS STORED ON TAPE FOR PLAYBACK ON

C OMMAND.,

32. PHENOMENA OBSERVED

EMITTED SURFACE RADIATION FROM 3,4 TO 4.2 MICRONS

33. MEASUREMENT RANGE

RADIANCE TEMPERATURE BETWEEN 210 AND 330 DEG K

34. PRECISION AND ACCURACY
NOISE EQUIV TEMP DIFF OF 1 K DEG FOR A 250-DEG K BACKGROUND
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35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION |37. TIME CONSTANT

3.4 T0 4e2 MICRONS
38. FIELD OF VIEW ; 39. GROUND SWATH
90, BY 0.5 DEG[I37°0 NM BY 5 NM FROM 600 NM ALTITUDE

40. ANGULAR RESOLUTION] 41, SPATIAL RESOLUTION

0.5 DEG|5 NM FROM 600 NM ALTITUDE

42. POINTING ACCURACY| 43. POINTING RATE 44. ALTITUDE 45, INCLINATION

1.0 DEG MED CTIRCULAR [SUN-SYNCH RETROGRADE
46. SPECIAL REQUIREMENTS ,

47. COMPONENTS

RADTOMETER, RECORDER, ELECTRONITS

48. WEIGHT 49. VOLUME = 50. AVERAGE POWER |51. STANDBY POWER | 52. PEAK POWER [ 53. MTBF
12 LB 4 WATTS 12 WATTS
54, inrenFERENCE 15 INTERT ERERCE 56. N TEREEHENCE 57, \NTERFERENCE 58. SHIELDING
SENSITIVE SENSITIVE
59. CALIBRATION 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION
2 MEAS EACH 360 DEG SCAN|DELAYED TELEMETRY NIGHTSIDE OF QORBIT

62. TELEMETRY REQUIREMENTS

THE SIGNAL IS RECTIFIFD, RESULTING IN A DC OUTPUT VARYING
FROM 0 TD -6 VOLTS AND HAVING A VIDED BANDWIDTH OF 280 HZ.

63. ADVANTAGES AND LIMITATIONS

USEFUL DATA DURING NIGHTTIME; RF INTERFERENCE DEGRADED SOME
[SCANS, MOVING PARTS.

64. REFERENCES

L)NIMBUS HIGH RESOLUTIDN RADTATION DATA CATALOG AND USERS MANUAL
Vele GSFCy JAN. 65%%x2)SIG ACHIEV IN SPACE APPLICATIONS 1966,
NASA SP-156, 1967.%**3GOLNBERG, T.L.:METEOROLOGICAL IR INSTRU-
MENTS FOR SATELLITES.PRESENTED AT 13TH ANNUAL TECH SYMP DOF SOC
OF PHOTO-OPTICAL ENGR, AUG 23, 1967.%%%4)HRIR DATA AVAILABLE

FROM: NIMBUS DATA, CODE 650, NASA SPACE SCIENCF DATA CTR, GSFC.
65. HISTORICAL REMARKS '

ALSO FLOWN ON NIMBUS 2, 3. MODIFIED VERSION WILL FLY ON NIMBUS D
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO
HIGH-RESCLUTION INFRARED RADIOMETER HRIR
(T‘TLE CONT,) 4. RESUME DATE ?I'ERSION
09/01/72 [0N04
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
FOSHFEy L.l GODDARD SPACE FLT CENTER
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
2. qopanact 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | ® 8487 [1s CO0AH'™[17. STATUS
POST FLIGHT
18. MONITOR 19. AGENCY 20.PGMOFFICE | 21. TELEPHONE
HALEY, DR, K. NASA HDQTRS QA/ERN 202=-755=-2322
22. VENDOR 23. LOCATION uruekt |25 LEAD TIME
ITT INDUSTRIAL LABS FORT WAYNE, INDIANA 05766
26. INSTRUMENT TYPE .
RADIOMETER, SINGLE-CHANNEL SCANNING INFRARED UNC
28, APPLICATION 29, SPACECRAFT
MET NIMBUS 2
30. PURPOSE

PRIMARY- T0O MAP THE EARTH'S CLCUD COVER AT NIGHT TO COMPLEMENT
THE TV COVERAGE DURING THE DAYTIME PORTION OF THE ORBIT, %%
SECONDARY-TO MEASURE THE TEMPERATURES OF CLOUD TGOPS AND TERRAIN
FEATURES.

31.PRINCIPLES OF OPERATION

THE SINGLE CHANNEL SCANNING HRIR WAS FLOWN IN NIMBUS 1 AND 2.
MODIFIED VERSIONS ARE SCHEDULED FOR FLIGHT ON NIMBUS B AND D.
THE NIMBUS 2 HRIR CONTAINED A LEAD SELENIDE (PBSE) PHOTOCONDUC-
TIVE CELL WHICH IS RADIATION COOLED TO -75 DEGREES C AND OPER-
ATES IN THE 3.4 TO 4.2 MICRON REGION. COOLING IS ACCOMPLISHED
BY MEANS OF A BLACK COOLING PATCH AT THE BOTTOM OF A HIGHLY RE=-
FLECTIVE GOLD-COATED HORN, THE RADIOMETER HAS AN INSTANTANEAOUS
FOV OF 1/2 DEGy WHICH AT AN ALTITUDE OF 600 NM GIVES A GROUND
RESOLUTION OF 5 NM, THE SCAN MIRROR IS INCLINED 45 DEGREES TO
THE AXIS OF ROTATION AND CONTINUQUSLY ROTATES THE FIELD OF VIEW
OF THE DETECTOR THROUGH 36C DEG IN A PLANE NORMAL TO THE SPACE-
CRAFT VELOCITY., THE VIEW OF THE HOUSING AND SPACE DURING A RO-
TATION PROVIDE ZERO AND WARM BODY CALIBRATION POINTS. THE
RADIATION REFLECTED FROM THE SCAN MIRROR IS CHOPPED AT 1.5 KHZ
AT THE FOCUS OF A 4 INCH F/1 MODIFIED CASSEGRAINIAN TELESCOPE.
IT IS THEN REFOCUSED AT THE DETECTOR BY RELAY MIRRORS WITH THE
3.4-442 MICRON WAVELENGTH FILTER BETWEEN THEM, THE SCAN RATE IS
44,7 RPM, THE OUTPUT SIGNAL HAS AN INFORMATION BANDWIDTH OF

280 HZ. THE INFORMATION IS STORED ON TAPE FOR PLAYBACK ON COM-
MAND OR ]S TRANSMITTED DIRECTLY TO APT STATIONS,

32. PHENOMENA OBSERVED

EMITTED SURFACE RADIATION FROM 3.4 YO 4.2 MICRONS
33. MEASUREMENT RANGE

RADIANT TEMPERATURE BETWEEN 210 AND 330 DEGREES KELVIN
34. PRECISION AND ACCURACY

NOISE EQUIVALENT TEMP DIFF OF 1 DEG K FOR A 250 DEG K BACKGROUND
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35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION }37. TIME CONSTANT

!

3.4 10 4.2 MICRONS
38. FIELD OF VIEW 39. GROUND SWATH |
92, BY 0.5 DEG|13CC NM BY 5 NM FROM 600 NM ALTITUDE

40, ANGULAR RESOLUTION] 41. SPATIAL RESOLUTION ?

0.5 DEG|5 NM FROM 600 ALTITUDE

42, POINTING ACCURACY| 43. POINTING RATE 44. ALTITUDE 45. INCLINATION [

MED CIRCULAR SUN~-SYNCH RETROGRADE
46. SPECIAL REQUIREMENTS |

47. COMPONENTS

RADIOMETER, RECORDER, ELECTRONICS

48. WEIGHT 49. VOLUME 50. AVERAGE POWER |51. STANDBY POWER | 52. PEAK POWER | 53. MTBF ,
12 LB 4 WATTS 12 WATTS

54 (NTERFERENCE 55, |\ TERT ERENCE 56, (NTEREE RENCE 7. INTeRF O RENiCE 58. SHIELDING

SENSITIVE SENSITIVE |RF SHIELD;RADIATIVE COOL

59. CALIBRATION 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION !

2 MEAS EACH 369 OFG SCAN|DELAYED AND REALTIME I[NIGHTSIDE OF ORBIT

62. TELEMETRY REQUIREMENTS . !

THE AC SIGNAL IS RECTIFIED, RESULTING IN A DT OUTPUT VARYING
FROM 0 TQ =6 VOLTS AND HAVING A VIDEO BANDWIDTH OF 280 HZ.

63. ADVANTAGES AND LIMITATIONS

IMPROVED SHIELDING REDUCED RF INTERFERENCE ON DATA WHEN APT WAS

OPERATING; USEFUL DATA ONLY DURING NIGHT,
64. REFERENCES . : i

1) NIMBUS 2 USER'S GUIDE. GSFC, JULY 1966.%%%x2)SIG ACHIEV IN
SPACE APP 1966, NASA SP-156, 196T.***3)GOLBERG, T.L.3METEOROLOGY
INSTRUMENTS FOR SATELLITES, PRESENTED AT 13TH ANNUAL TECH SYMP
OF SOC PHOTO-OPTICAL ENGR., AUG 23, 1968,.%*%4) OBSERVATIONS FROM
NIMBUS 1 MET SAT. NASA SP-89, 1965.%%%5) HRIR DATA AVAILABLE

FROM: NIMBUS DATA, CODE 650, NASA SPACE SCIENCE CTR, GSFC.
65. HISTORICAL REMARKS

ALSO FLOWN ON NIMBUS 1, 3., MODIFIED VERSION WILL FLY ON NIMBUS D
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO
HIGH-RESODLUT ION INFRARED RADIOMETER HRIR
{TITLE CONT.) 4. RESUME DATE %ERSION
09/01/772 |DN05
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
CHERRIXy GoTo GODDARD SPACE FLT CENTER {301=982-5042
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
ALL JSON, L oJs GODDARD SPACE FLT CENTEPR |301~-982~5042
12 GO RACT 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | "84T s coiEron] 17 STATUS
OPERATIONAL
18. MONITOR 19. AGENCY 20.PGM OFFICE | 21. TELEPHONE
SCHARDT, Bl.B,. NASA HDQTRS OA/ERN 202-755-2322
22. VENDOR 23. LOCATION 24 FLIGHT 25. LEAD TIME
ITT INDUSTRIAL L ABS FORT WAYNE, INDIANA 04769 |NA
26. INSTRUMENT TYPE 27. Y
RADIOMETER, DUAL-CHANNEL INFRARED SCANNING UNC
28. APPLICATION . 29. SPACECRAFT )
MET NIMBUS 3
30. PURPOSE

PRIMARY-TO PROVIDE BOTH DAYTIME CLCUD MAPPING AND NIGHTTIME
RADIATION MEASUREMENTS ON A FULL TIME BASIS.%***SECONDARY- TO
PROVIDE THIS INFORMATION TO APT STATIONS IN REALTIME ANYWHERE IN
THE WORLD AS THE NIMBUS 3 PASSES OVERHEAD.

31. PRINCIPLES OF OPERATION

A SINGLE~-CHANNEL SCANNING HRIR WAS FLCWN ON NIMBUS 1 AND 2. A
MODI FIED VERSION IS SCHEDULED FOR NIMBUS 3, THE NIMBUS 3 HRIR
WILL PROVIDE DATA IN 2 SPECTRAL REGIONS. NIGHTTIME DATA (3.4 TO
4.2 MICRONS) WILL PROVIDE CLOUD TOP OR SURFACE TEMPERATURES AS
IN PREVIOUS HRIR*S, THROUGH THE USE GOF A DUAL BAND-PASS FILTER,
DAYT IME DATA (0.7 TO 1.3 MICRONS) WILL PRIMARILY PROVIDE MAPS OF
CLOUD COVER BY MEASURING RELATIVE REFLECTED SOLAR RADIATION, THE
HRIR SENSES RADIATION WITH A LEAD SELENIDE PHOTO-CONDUCTIVE CELL
WHICH IS RADIATIVELY COOLED TO -75 DEG C. THE SCAN MIRROR IS
INCLINED 45 DEG TO THE AXIS OF ROTATION AND CONTINUOQUSLY ROTATES
THE FOV OF THE DETECTOR THROUGH 360 DEG AT A RATE OF 48 RPM, IN
A PLANE NORMAL TO THE SPACECRAFTY VELOCITY. THE VIEW OF THE
HOUS ING AND SPACE DURING A ROTATION PROVIDE ZERO AND WARM BODY
CALIBRATION POINTS. THE RADIATION REFLECTED FROM THE SCAN MIR-
ROR IS CHOPPED AT 1.5 KHZ AT THE FOCUS OF A 4 INCH F/1 MODIFIED
CASSEGRAINIAN TELESCOPE. IT IS THEN REFOCUSED AT THE DETECTOR BY
RELAY MIRRORS WITH THE FILTER BETWEEN THEM, THE QUTPUT SIGNAL
HAS AN INFORMATION BANDWIDTH OF 35C HZ. THIS INFORMATION IS
STORED ON TAPE FOR PLAYBACK ON COMMAND DR CAN BE TRANSMITTED
RECTLY TO APT GROUND STATIONS.
32. PHENOMENA OBSERVED

MITTED CLOUD-TQOP AND SURFACE RADIATION DURING NIGHT AND DAY
33. MEASUREMENT RANGE

ADIANT TEMPERATURE BETWEEN 210 AND 330 DEG K.
34. PRECISION AND ACCURACY

CLOUD-TOP ALTITUDE TO 1000 FT; SURFACE TEMP TO APPROX 1 C DEG
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35. SPECTRAL RANGE . 36. SPECTRAL RESOLUTION |37. TIME CONSTANT

, 0.7 T0 4.2 MICRONS
38. FIELD OF VIEW 39. GROUND SWATH
9C. BY 0.5 DEG| 1300 NM BY 5 NM FROM 600 NM ALTITUDE

]40. ANGULAR RESOLUTION] 41. SPATIAL RESOLUTION

0.5 DEG| 5 NM AT CENTER FROM 600 NM ALTITUNE

42. POINTING ACCURACY| 43. POINTING RATE 44, ALTITUDE 45. INCLINATION

1.0 DEG MED CIRCULAR | SUN-SYNCH RETROGRADE

46. SPECIAL REQUIREMENTS

47. COMPONENTS

RADIOMETER, ELECTRONICS

48. WEIGHT 49. VOLUME 50. AVERAGE POWER |51. STANDBY POWER | 52. PEAK POWER | 53. MTBF
18 LB 9 WATTS| -
5. \NTERFERENCE 55 \NTERFERENCE 56. |NTEREERENCE 57 INTERFERENCE 6§8. SHIELDING
SENSITIVE[RADIATIVE COOLING
59. CALIBRATION ’ 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION

2 MEAS EACH 360 DEG SCAN|DELAYED AND REALTIME| CONTINUGQUS

62. TELEMETRY REQUIREMENTS

VIDEO INFORMATICON BANDWIDTH IS 350 HZ.

63. ADVANTAGES AND LIMITATIONS

THIS HRIR CAN PROVIDE USEFUL DAYTIME PICTURES WHERE PREVIOUS
ONES COULD NOT3; MOVING PARTS

'164. REFERENCES

1) GOLDBERG, I.L.: METFORILOGY INSTRUMENTS FIR SATELLITES. PRE-
SENTED AT 13TH ANNUAL TECH SYMP QOF SOC PHOTO-OPTICAL ENGRS, AUG
23, 1968,%%%2)NIMBUS B8 PRESS KIT, NO., 68-84K, NASA MAY 10, 1968
*%%3 )NIMBUS 2 USER'S GUIDF. GSFC, JULY 1966.%%%4) SABATINI,R.R,:
NIMBUS B DATA UTILIZATION PLAN. ALLIED RES ASSOC, TECH REPT NO.
4y MARCH, 1968,

65. HISTORICAL REMARKS

SINGLE-CHANNEL HRIR WAS FLOWN ON NIMBUS 1 AND 2,
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE . 2. ACRONYM | 3. EXP NO
HIGH RESOQOLUTION INFRARED RADIATION SOUNDER HRIRS
{TITLE CONT.) 4 RESUME DATE Version
) 09/01/72100C2
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
MCCULLOCH, A, W, GODDARD SPACE FLT CENTER|3C1-9R2~-5C42
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
SMITHy, W. L, NOAA
12. CONTRACY 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | " &at¢ 16.COTAFE O] 17. STATUS
PROPOSAL
18. MONITOR 19. AGENCY 20.PGM OFFICE | 21. TELEPHONE
SCHARDT, R,8, NASA HDQTRS DA/ERN 202-755=-2322
22. VENDOR - 23. LOCATION uruonr 195 | EAD TIME
1974 _
26. INSTRUMENT TYPE Sovmu)
RACIOMETER, IR UNC
28. APPLICATION . |29. sPACECRAFT
MET NIMBUS~F
30. PURPOSE

PRIMARY~TO OBTAIN SIMULTANEOUS GLOBAL INFRARED RADIANCES IN THE
4.3 MICRON AND 15 MICRON (02 BANDS TO DETERMINE THE THERMAL
STRUCTURE OF THE ATMOSPHERE FROM THE GROUND TO 40 KM WITH THE
HIGHEST ATMOSPHERIC TEMPERATURE RESOLUTION ACHIEVABLE WITH IR
MEASUREMENTS,

31. PRINCIPLES OF OPERATION

THE INSTRUMENT IS A FILTER WHEEL DEVICE WITH TWO WAVELENGTH
RANGES SCANNING NORMAL TO THE ORBIT PLANE WITH A SCAN ANGLE OF
+DP=-35 DEG ABQOUT THE NADIR, THE SHORT WAVELENGTH DETECTOR
VIEWS THE 3.7 TO 4.6 MICRON RADIATION IN SIX INTERVALS. SIMuL-
TANECGUSLY, THE LONG WAVELENGTH DETECTOR VIEWS FROM 6.3 TO 15 MI-
CRONS IN TEN STEPS. AVERAGE CLEAR-COLUMN RADIANCES FOR EACH
CHANNEL WwILL BE DERIVED FROM A 10X10 MATRIX OF SPATIALLY INDE~-
PENDENT FOV'S. THE CLEAR COLUMN RADIANCE IS COMPUTED DIRECTLY
FROM THE OBSERVED RADIANCES USING SURFACE TEMPERATURES AND EF-
FECTIVE CBSCURATIGN AMOUNT (THE RATIONS OF THE FRACTIONAL CLOUD
COVERS OF ADJACENT FOV?'S) ESTIMATED FROM 3,8 AND 11 MICRON WIN-
DOW OBSERVATIONS. THE CLEAR-COLUMN RADIANCES IN THE 4,3 AND 15
MICRCON CO2 CHANNELS WILL BE USED TO CALCULATE THE TEMPERATURE
PROFILE FROM THE 40 KM LEVEL DOWN TO THE EARTH'S SURFACE. THE
NATER VAPOR PROFILE OF THE TROPOSPHERE WILL BE DEDUCED FROM THE
6.3 MICRON WATER VAPOR ABSORPTION BAND MEASUREMENTS., THE SPA-
TIAL PESOLUTION (15 NM) AND CONTIGUOUS GEOMETRIC SAMPLING WILL
ALLOW CLEAR CLOUD INTERSTICES TO BE RESOLVED AND CONSEQUENTLY
THE CLEAR AIR RADIANCE CONTRIBUTION TO BE EXTRACTED FROM THE 0OB-
SERVED RADIANCES EVEN UNDER PARTIAL CLOUDY CONDITIONS.

32. PHENOMENA OBSERVED

IR RADIANCES FROM THE ATMOSPHERE
33. MEASUREMENT RANGE

THERMAL IR REGION
34. PRECISION AND ACCURACY
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35. SPECTRAL RANGE

36. SPECTRAL RESOLUTION

37. TIME CONSTANT

3.8 10 15 MICRONS
38. FIELD OF VIEW 39. GROUND SWATH
1.5 BY 1.5 DEG] 16 NM BY 840 NM FROM 600 NM

40. ANGULAR RESOLUTION

41. SPATIAL RESOLUTION

1.5

DEG

16NM BY 16NM F

ROM ORBIT

42. POINTING ACCURACY

43. POINTING RATE

44. ALTITUDE

45. INCLINATION

MED CIRCULAR

SUN-SYNCH RETROGRADE

46. SPECIAL REQUIREMENTS

47. COMPONENTS

CRYODSTAT, ELECTRONICS

OPTICS, DECTECTOR,
48. WEIGHT 49. VOLUME | s0. AvErAGE PoweR |51. STANDBY PoweR | 52. PEAK POWER | 53. MTBF
45 LB 1.4 CU Ff 20 WATTYH
54 RF 55., MAGNETIC s7.  THERMAL
" INTERFERENCE INTERFERENCE INTERFERENCE

56, NUCLEAR
" INTERFERENCE

58. SHIELDING

59. CALIBRATION

60. DATA RECOVERY

61. FREQUENCY OF OBSERVATION

T

ELEMETRY

CONTINUOUS

62. TELEMETRY REQUIREMENTS

63. ADVANTAGES AND LIMITATIONS

64. REFERENCES

PPRELIMINARY DATA SHEET FOR NIMBUS-F, NOV., 1970.

65. HISTORICAL REMARKS
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO
INFRARED TEMPERATURE-PROFILE RADIOMETER [TPR
(TlTLE CONT_) . 4. RESUME DATE ?I'ERSION
N9/01/72[0C0N9
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION , 8. TELEPHONE
SMITH, W.L. NOAA 301=-899-1220
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
WARK,y DeQ. NOAA 301-89G6-122¢C
2. qopa AT 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | ™ 8%" e “ELEI'N 17. STATUS
ENG .MODEL
18. MONITOR 19. AGENCY 20.PGM OFFICE | 21. TELEPHONE
SCHARDT, 8.8. NASA HDQYRS OA/ERN 202-755-23272
22. VENDOR 23. LOCATION ufuent 196 LEAD TIME
GULTON INDUSTRIES ALBUQUERQUE, N.MEXICO 12/72] 40 MONTHS
26. INSTRUMENT TYPE Heunry)
RADIOMETER, 6-CHANNEL STEP-SCANNING INFRARED (MODIFIED MRIR)|PRD
28. APPLICATION 29. SPACECRAFT
MET NIMBUS E
30. PURPOSE

PRIMARY~- TO TEST AN IR RADIOMETER WHICH IS DESIGNED TC MEET THE
ENGINEERING AND SCIENTIFIC DEMANDS OF AN OPERATIONAL REMQTE
TEMPERATURE SOUNDER*x%SECONDARY-TO DEVELOP A TECHNIQUE FQOR DE-
RIVING THREE-DIMENSIONAL TEMPERATURE OF THE ATMOSPHERE FOR
OPERATIONAL FORECASTS BY THE MID 1970°'S.

31. PRINCIPLES OF OPERATION

INSTRUMENT IS SOMEWHAT SIMILAR TO THE NIMBUS-2 MRIR, ITPR WILL
MEASURE IR RADIATION IN FOUR SPECTRAL INTERVALS OF THE 15-MICRON
CARBON DIOXIDE BAND, A SPECTRAL INTERVAL OF THE ROTATIONAL WATER
VAPOR BAND,AND IN THE 3.8 AND 11-MICRON SPECTRAL WINDOWS. COVER=-
AGE IS CLUSTER-SAMPLED IN THREE CLUSTERS OF 1C BY 14 INSTANTAN-
EQUS FOV'S PER CLUSTER DISTRIBUTED SYMMETRICALLY ABOUT EITHER
SIDE OF NADIR BUT STAGGERED BY CLUSTER IN THE ORBITAL DIRECTION,
EACH CLUSTER MATRIX CONTAINS 140 RESOLUTION ELEMENTS. MEASURE~-
MENTS IN THE CARBON DIOXIDE AND WATER VAPOR ABSORPTION BANDS
WILL BE USE TO CALCULATE THE TEMPERATURE PROFILES AND THE TOTAL
WATER VAPOR IN THE LOWER STRATOSPHERE AND TROPOSHERE BY INVFRT-
ING THE RADIATIVE TRANSFER EQUATION USING NUMERICAL AND MATH=-
EMATICAL TECHNIQUES., THE STATISTICAL FLUCTUATIONS OF THE RAD-
ITATION DATA FROM THE INDEPENDENT RESOLUTION ELEMENTS WILL BF
UTILIZED IN THE SOLUTION TO ACCOUNT FOR THE ATTENUATION OF THE
CLOUDS IN ADDITION TO THE TWO WINDOW MEASUREMENTS WHICH SHOULD
ENABLE CLOUD CONTAMINATION OF THE RADIANCES TO BE DETECTED AND
ELIMINATED, THUS PERMITTING ACTUAL DETERMINATION OF TEMPERATURE
PROFILES DOWN TO THE EARTH®'S SURFACE,

32. PHENOMENA OBSERVED

IR ENERGY EMITYED FROM THE SURFACE AND ATMOSPHERE OF THE EARTH
33. MEASUREMENT RANGE

0-200 ERGS/SEC/SQ-CM/STERADIAN/CM*%—1

34. PRECISION AND ACCURACY

BETTER THAN C.25 ERG/SEC/SQ-CM/STERADIAN/CM*%=]
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E!i. SPECTRAL RANGE 36. SPECTRAL RESOLUTION |37. TIME CONSTANT

3.8 10 11, MICRONS Ne4& SEC
38. FIELD OF VIEW 39. GROUND SWATH
1.5 By 1.5 DEG]15 NM BY 15 NM-FROM 60C NM ALTITUDFE

40. ANGULAR RESOLUTION] 41. SPATIAL RESOLUTION

1.5 DEG|15 NM FROM 60C NM ALTITUDE

42. POINTING ACCURACY[ 43. POINTING RATE 44. ALTITUDE 45. INCLINATION

MED SUN=SYNCH HIGH NOON

46. SPECIAL REQUIREMENTS

15 AUXILIARY TEMPERATURES AND VOLTAGES MONITJRED

47. COMPONENTS

RADIOMETER WITH ASSOCIATED DPTICS PLUS ELECTRONIC PACKAGE

48. WEIGHT  149. VOLUME | 50. AVERAGE POWER |51. STANDBY POWER | 52. PEAK POWER | 53. MTBF
35 LB 0.84 CU FT 25 WATTS '
4. wyenrerence | 5% inTERbenence | 5% nteres e 57 \wTEnPEaENCE 58. SHIELDING
SENSITIVE |[THERM, STBLZD TQ 25+-5(
59. CALIBRATION 60. DATA RECOVERY . 61. FREQUENCY OF OBSERVATION
BLACK BODY;SPACE VIEW DELAYED TELEMETRY CONTINUOUS

62. TELEMETRY REQUIREMENTS

IR DATA - SEVEN 10-BIT WORDS 2,5 TIMES PER SECOND

63. ADVANTAGES AND LIMITATIONS

OBSERVATICONS OVER BROKEN -CLOUDS MAY BE USED TDO DETERMINE TEMPER-
ATURE PROFILE DOWN TO GROUND; MOVING PARTS,

64. REFERENCES

1) SMITH,y W.lL,: MEASUREMENT OF ATMOSPHERIC TEMPERATURE AND HUMI~-
DITY PROFILES WITH AN INFRARED TEMPERATURE PRROFILE RADIOMETER,
ESSA PROPOSAL, FEB 68.#%%%2) CHANEY, ET AL: TECH REPORT UNDER
CONTRACT NASR-54(03),

65. HISTORICAL REMARKS

SIMILAR TO THE NIMBUS 2 MRIR,
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO
L-BAND RADIOMETER: EFARTH RESOURCES EXPERIMENT L BR S~194
(TITLE CONT.) anesume oate | Yepsion
ACKAGE (EREP} 09/01/72]|00C04
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
EVANS, D. MANNED SPACECRAFTY CENTER|713-483=-0123
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
12 GONTRACT 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | 8%  ['s “™0AR'9"|17. STATUS
. ENG.MODEL
18. MONITOR 19. AGENCY 20. PGM OF FICE 21. TELEPHONE
FISCHETTI, T.L, NASA HDQTRS DA/ERS 202=-755=-2322
22. VENDOR 23. LOCATION apuont |26 LEAD TIME
AIRBOURNE INST. LABS. 1973 :
26. INSTRUMENT TYPE stcunty)
MICROWAVE RADIOMETER UNC
28. APPLICATION i 29. SPACECRAFT
ERSP SKYLAB=-A
30. PURPOSE

PRIMARY-T0O MEASURE BRIGHTNESS TEMPERATURE OF THE TERRESTRIAL
SURFACE IN ORDER TO COMPILE A COMPREHENSIVE SURFACE BRIGHTNESS
TEMPERATURE MAPx%%*SECONDARY=-TO DETERMINE THE DIELECTRIC CONSTANT
AND THE RATIO OF ELECTRICAL-TO~-THERMAL EFFECTIVE DEPTH ALONG THE
EARTH'S SURFACE BY COMPARING RADIOMETER DATA WITH SIMULTANEQOUS
MEASUREMENTS MADE AT VARIQUS GRDUND LOCATIONS.

31.PRINCIPLES OF OPERATION

THE RADICOMETER IS A LOW-NOISE SWITCHED RADIOMETER UTILIZING GAIN
MODULATION TECHNIQUES. A SIGNAL PROCESSOR DETECTS, AMPLIFIER,
AND SYNCHRONOUSLY DEMODULATES THE SIGNAL AND PROVIDES A DIGITAL
OUTPUT CORRESPONDING TO A 0-350 DEG K INPUT TEMPERATURE RANGE.
THE ANTENNA IS A 40-IN SQUARE ARRAY CONSISTING OF 64 FOLDED DI-
POLE ELEMENTS. RADIATION EMITTED BY A BODY, DIRECTLY PROPORT-
IONAL TO TEMPERATURE IS RECEIVED BY THE ANTENNA=- ENERGY IS THEN
COUPLYD FROM THE ANTENNA TO A CALIBRATION NETWORK PASSING
THROUGH A DIODE SWITCH WHICH IS SWITCHING PEIODICALLY BETWEEN
THE ANTENNA AND A THERMALLY CONTROLLED REFERENCE LOAD. BY CHANG-
ING THE GAIN OF THE RADIOMETER SYSTEM IN SYNCHRONISM WITH THE
SWITCHING BETWEEN THE ANTENNA AND THE REFERENCE TERMINATION, THE
QUTPUT OF THE RADIOMETER CAN BF NULLED TO ZERQO. THUS, WHEN THE
RADIOMETER GAIN IS INCREASED BY A FACTOR, Y, THE POWER AT THE
OUTPUT OF THE RADIOMETER CAN BE EQUATED FOR BOTH HALVES OF THE
SWITCHING CYCLE, RESULTING IN A ZERD SWITCH-RATE FRFQUENCY
COMPONENT. AS LONG AS THE RADIOMETER OPERATES IN ITS LINEAR
REGION, GAIN MODULATIGN CAN BE APPLIED ANYWHERE BETWFEN ANTENNA
AND DETECTOR TO ACHIEVE NULL,

32. PHENOMENA OBSERVED

PASSIVE MICROWAVE EMISSIONS FROM EARTH'S SURFACFE
33. MEASUREMENT RANGE

L-BAND

34. PRECISION AND ACCURACY

BETTER THAN 1 DEG K

130



35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION |37. TIME CONSTANT

l.4 10 1.427 GHZ 1,0 DEG K 1.0 SECOND

138. FIELD OF VIEW 39. GROUND SWATH

15, DEG]63 NM WIDTH,80 %2 OVERLAP ALONG TRACK

[}49- ANGULAR RESOLUTION{ 41, SPATIAL RESOLUTION

15. DEG|63 NM (HALF POWER BFAM WIDTH,)
42.POINTING ACCURACY| 43. POINTING RATE 144. ALTITUDE 45. INCLINATION
235N M 59 ) DEG

46. SPECIAL REQUIREMENTS

ANTENNA & COLD REFERENCE LOAD REQUIRE UNOBSTRUCTED FIELD OF VIEH

47. COMPONENTS o

ANTENNA, RECEIVER, REFERENCE LOADS, RECORDER ELECTRONICS

48. WEIGHT 49. VOLUME 50. AVERAGE POWER |51. STANDBY POWER | 52. PEAK POWER | 63. MTBF
38 LB 10,3 CU FTY 1C WATTS 15 WATTS
1 54 wrenfenence 55 N TENP L RERCE 56. (T REEHANCE S7. \TERE ERENCE 58. SHIELDING
SOURC/SEN SENSITIVE
59. CALIBRATION 60. DATA RECOVERY "1 61. FREQUENCY OF OBSERVATION |

HOT&COLD REFERENCE LOADS|FROM RETURNED TAPES |CONTINUOYS

62. TELEMETRY REQUIREMENTS

NA

63. ADVANTAGES AND LIMITATIONS °

LONG WAVELENGTH OF SYSTEM WILL PROVIDE MEASUREMENTS WHICH ARE
LESS AFFECTED BY METEOROLOGICAL CONDITIONS.,

64. REFERENCES - _ i

[EXPERIMENT IMPLEMENTATION PLAN FOR MANNED SPAtEFLIGHT EXPERlMENT
TITLE: L-BAND MICROWAVE RADIOMETER - SKYLAB A EREP USER'S
HANDBOOK, NASA/MSC, FEB.1971

65. HISTORICAL REMARKS . . ]
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO

LIMB-RADIANCE INVERSION EXPERIMENT LIRAINJEC]
{TITLE CONT.) 4. RESUME DATE ?/ERSION

09/01/72 2006

6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE

BATES, J.C. HONEYWELL AEROSPACE 612-331-4141

9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE

KING, DR. JEAN J.F. |GCA TECHNOLOGY DIVISION j617-275-9000C

12 CORFRACT 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | " 358 |16 °*Ga5{'*"] 17. STATUS

01/69 ENG.MODEL

18. MONITOR 19. AGENCY 20. PGM OFFICE 21. TELEPHONE

SCHARDT, B.R, NASA HDQTRS DA /ERN 202-756=2322

22. VENDOR 23. LOCATION 2ruont 125 | EAD TIME

SANTA BARBARA RES CENTER |GOLETA, CALIFORNIA 12/72 140 MONTHS

26. INSTRUMENT TYPE ScuniTy )

RADIOMETER, 15-MICRON INFRARED SCANNING PRECISION PRO_

28. APPLICATION . 29, SPACECRAFT

MET, ATM=-PHYS NIMBUS E

30. PURPOSE

PRIMARY-TO TEST INVERSION THEORIES FOR RADIANCE/TEMPERATURE MEA-
SUREMENTS ALONG THE EARTH'S LIMB.**xSECONDARY-TO PROVIDE DATA ON
THE ATMOSPHERIC TEMPERATURE-ALTITUDE STRUCTURE ABOVE 30 KM ON A
GLOBAL BASIS OVER AN EXTENDED PERIOD OF TIME. THIS DATA COULD
PROVIDE A FIRST STEP TOWARD DEVELOPING LONG-RANGE WEATHER FORE-
CAST ING TECHNIQUES,

31. PRINCIPLES OF OPERATION

THE EXPERIMENT WILL CONSIST OF SPACERORNE MEASUREMENTS OF
RADIANCE ALONG A TANGENT TO THE EARTH'S SURFACE. THE MEASUREMENT
WILL INCLUDE A RANGE OF ALTITUDES FROM 20 TO 80 KILOMETERS,., THE
EXPERIMENT WILL BE CARRIED OUT USING A PRECISION SCANNING RADI-
OMETER OPERATING IN THE 15-MICRON CO2 BAND WITH A 2,3-MICRON
BANDWIDTH AND A VERTICAL RESOLUTION OF APPROXIMATELY TWO KILO-
METERS AT THE EARTH'S HORIZON (SCAN RATE =1 HZ). A SIMPLE BUT
ACCURATE ATTITUDE-DETERMINATION SYSTEM WILL BE USED TO FIX
ACCURATELY THE LINE OF SIGHT OF THE RADIOMETER TO THE EARTH'S
ACTUAL HORIZON. THIS SYSTEM WILL CONSIST OF A SUN-SENSOR=-GYRO-
SCOPE-UNIT ALLOWING LINE OF SIGHT TO BE DETERMINED WITH APPROXI=-
MATELY TWO-KILOMETER RESOLUTION. THE INFRARED RADIOMETER SUB-
SYSTEM INCLUDES A SCANNING HEAD, OPTICAL SYSTEM, CHOPPER, DETEC~-
TOR (MERCURY-CADMIUM-TELURIDE), AND DETECTOR COOLER. THE DETEC-
TOR IS OPERATED AT APPROXIMATELY LIQUID-NITROGEN TEMPERATURE,
WHICH IS MAINTAINED BY MEANS OF A STORED-SOLID-METHANE COOLER,
APPLYING INVERSION TECHNIQUES TO THE RADIOMETER DATA WILL YIELD
A MORE ACCURATE TEMPERATURE=-ALTITUDE STRUCTURE OF THE EARTH'S
ATMOSPHERE ABOVE 25 KM THAN HAS BEEN OBTAINED PREVIOUSLY.

32. PHENOMENA OBSERVED
IR ENERGY EMITTED BY ATMOSPHERE ALONG LINE OF SIGHY

33. MEASUREMENT RANGE
B _DYNAMIC RANGE OF 700 TO 1 {220 TO 270 DEGREES KELVIN)

[34. PRECISION AND ACCURACY
FEMPERATURE WITHIN 5 CENTIGRADE DEGREES, ALTJTUDE WITHIN 1 KM
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35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION |37. TIME CONSTANT

14.0 - 19 16.3 MICRONS| NA
38. FIELD OF VIEW 39. GROUND SWATH
0.03 DEG| NA
] 40. ANGULAR RESOLUTION] 41, SPATIAL RESOLUTION
NA
42. POINTING ACCURACY| 43. POINTING RATE 44. ALTITUDE 45. INCLINATION
1.0 DEG s

46. SPECIAL REQUIREMENTS

PRELAUNCH WARMUP;CIRCULAR ORBITAL WITHIN 50 KM_

47. COMPONENTS

RADIGMETER;COOLERSATTITUDE AL IGNMENT AND INTEGRATION ASSEMBLIES
48. WEIGHT  [49. VOLUME ] | 50. AVERAGE POWER |51. STANDBY POWER | 52. PEAK POWER | 53. MTBF
66 LB - 30 WATTS 62 WATTS 6 _MON
54 (nTeRFERENCE 55 \NTEREE RENCE 50 |NTERFE RENCE 57 \NTERFERENCE 58. SHIELDING '
SENSITIVE| 200 K DEG QUYER SHELL
§9. CALIBRATION 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION
BLACKBODY STANDARD DELAYED TELEMETRY 2800 PROFILES/DAY

62. TELEMETRY REQUIREMENTS

DATA WILL BE RECORDED ON NIMBUS HIGH DATA RATE STORAGE SYSTEM
(HDRSS) .DATA TRANSMISSION IS ON S-BAND TO THE ALASKA AND ROSMAN
TRACKING STATJONS,HOUSEKEEPING DATA J5 TRANOMITTED ON VHF RBEACON
63. ADVANTAGES AND LIMITATIONS
THE TEST OF INVERSION THEDRIES WILL REQUIRE A SFRIES OF SIMULTA-
NEOUS TEMPFRATURE SOUNDINGS ACQUIRED BY ROCKEY PROBES,

64. REFERENCES .

1) NIMBUS E LIMB RADIANCE INVERSION EXPERIMENT, TECHNICAL PRO~-
POSAL, V.1, HONEYWELL AEROSPACE, FEB, 68.

65. HISTORICAL REMARKS
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO
LIMB RADIANCE INVERSION LR]
{TITLE CONT.) 4. RESUME DATE %EHS!ON
, ’ 09/01/7219002
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
GILLE,y Jo Co FLORIDA STATE UNIVERSITY
9.CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
HOUSE, F. B DREXEL UNIVERSITY
12 QORFRACT 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | ® 884 |- “*8afi'o"[17.STATUS
PROPGSAL
18. MONITOR 19. AGENCY 20.PGM OFFICE | 21. TELEPHONE
SCHARDT, B.8B, NASA HEGQRTRS QA/ERN 202-7565=-2322
22. VENDOR 23. LOCATION 2 ruowt 195 | EAD TIME
1974
26. INSTRUMENT TYPE Stcomry)
RADIOMETER, IR UNC
28. APPLICATION 29. SPACECRAFT
MET, PLANETARY ATMOSPHERES NIMBUS~-F
30. PURPOSE

PRIMARY-GLOBAL MEASUREMENT OF STRATOSPHERIC TEMPERATURE
STRUCTURE AND WATER VAPOR AND OZONE DENSITY DISTRIBUTIONS***%
SECONDARY-CALCULATION OF GEOSTROPIC WINDS FROM TEMPERATUREF
MEASUREMENTS,

31. PRINCIPLES OF OPERATION

A SCANNING IR RADIOMETER COUPLED WITH AN ATTITUDE REFERENCE UNIT
WILL PROCUCE CALIBRATED RADIANCE PROFILES IN FOUR SPECTRAL IN-
TERVALS BY MEASURING RADIATION EMANATING FROM AN ATMOSPHERIC
PATH TANGENT TO A GEOCENTRIC CIRCLE. THE SINGLE AXIS ATTITUDE
REFERENCE UNIT MEASURES THE EFFECTS OF SPACECRAFT MOTION ON THE
RADIOMETER LINE OF SIGHT. PRECISE RELATIVE PCINTING DIRECTION
IS USED IN THE INFERENCE OF TEMPERATURE, OZONE AND WATER VAPQOR
DISTRIBUTIONS AS FUNCTIONS OF PRESSURE; WHEN COMBINED WITH MET-
EOROLOGICAL (OR CLIMATOLOGICAL) DATA, THE GEQOMETRIC HEIGHT SCALE
IS OBTAINED., THE INSTRUMENT CONSISTS OF A RACIOMETER FRAME
HOUSING ASSEMBLY AND INTERFACE ELECTRONICS UNIT. THE FORMER [IN-
CLUDES A TELESCOPE ASSEMBLY, SOLID CRYOGEN AND DETECTOR, DETEC-
TOR BIAS AND PREAMP ELECTRONICS, AND ATTITUDE REFERENCE GYRO,
THE TELESCOPE INCLUDES A BAFFLE SYSTEM, SCANNING MIRRQR, COLLIM-
ATOR TUNING FORK CHOPPERS, RELAY OPTICS, AND IN-FLIGHY CALIBRA-
TION SUBASSEMBLY. THE SOLID CRYOGEN COOLER ASSEMBLY CONTAINS A
PROTECTIVE WINDOW AT AMBIENT TEMPERATURE, COLD RELAY LENSFS AND
THE ARRAY OF HG-CD-TE DETECTORS WITH FILTFRS DEPOSITED ON ThiM,
AS WELL AS THE METHANE PRIMARY CRYOGEN (65K) AND AMMONIA SECIND-
ARY (165K},

32. PHENOMENA OBSERVED

HORJZON'S EMITTED RADJANCES IN FOUR JR SPECTRA] REGIONS
33. MEASUREMENT RANGE '

BeB8-1001y 14¢6-154G49144,2~17.1, 20=-25 MICRONS
34. PRECISION AND ACCURACY

TEMP +-3 DEG K, WIND 4+-7 M/SEC, QZONE +— 18%, WATER VAPC& +_534,
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35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION |37. TIME CONSTANT

8.8 19 25 MICRONS

38. FIELD OF VIEW 39. GROUND SWATH

40. ANGULAR RESOLUTION] 41. SPATIAL RESOLUTION

42. POINTING ACCURACY| 43. POINTING RATE 44  ALTITUDE 45, INCLINATION

MED CIRCULAR SUN-SYNCH RETROGRADE
46. SPECIAL REQUIREMENTS ~ :

CRYOGENIC TEMPERATURES MUST BE MAINTAINED

47. COMPONENTS

RADIOMETER, COOLER, ELECTYRONICS

48. WEIGHT 49. VOLUME | 50. AVERAGE POWER |51. STANDBY POWER | 52. PEAK POWER [ 53. MTBF
89 L8 3.2 CU FT 37 WATTS
4. \nTERFERENCE 55 NTERTERENCE 56 |NTERFERENCE 57 \NTERFE BENCE 58. SHIELDING
SENSITIVE|
59. CALIBRATION 60. DATA RECOVERY ’ 61. FREQUENCY OF OBSERVATION
TELEMETRY . CONTINUOQUS

62. TELEMETRY REQUIREMENTS

63. ADVANTAGES AND LIMITATIONS

DATA OBTAINED WILL REPRESENT SIGNIFICANT ADVANCES OVER EXISTING
INSTRUMENTATION ALLOWING SOLUTION OF MANY DQUTSTANDING PROBLEMS,

64. REFERENCES

PRELIMINARY DATA SHEET FOR NIMBUS;F} NOV., 1970,

65. HISTORICAL REMARKS
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE ] 2. ACRONYM | 3. EXP NO
LOW=-RESOLUTION INFRARED RADIOMETER LRIR
(TITLE CONT.) B . 4.RESUME DATE Yension
9/01/7217290
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
MCDONALD, T. NESC/NOAA 202=655-4C0QC
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
12 ORTRACT 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | " 2%  D's “BiH'"] 17.STATUS
CPFF POST FLIGHTY
18. MONITOR 19. AGENCY 20. PGM OF FICE 21. TELEPHONE
GLOVERy J.C. NESC/NCAA 202=-655-4000
22. VENDOR 23, LOCATION ueent 125 LEAD TIME
UNIVERSITY OF WISCONSIN |MADISON,WISCONSIN 10/66
26. INSTRUMENT TYPE F;Emn
RADIOMETER, FLAT-PLATE IR/VISIBLE LOW-RESCLUTION
28. APPLICATION 29. SPACECRAFT
MET ESSA 3
30. PURPOSE

PRIMARY=TO GATHER DATA TO AID IN DETERMINING: (1) THE GEOGRAPHIC
DISTRIBUTION OF ENERGY RADIATED FROM THE EARTH AND THE RELATION-
SHIP OF THIS ENERGY TO INCOMING ENERGY FROM THE SUN AND (2) THE
REFLECTION AND SCATTERING OF SOLAR RADIATION BY THE EARTH-
ATMOSPHERE SYSTEM,

31. PRINCIPLES OF OPERATION

THE ESSA FLAT PLATE RADIOMETER SYSTEM, IS DIVIDED INTO 2 BASIC
COMPONENTS: A FLAT PLATE RADIOMETER WITH A 180 DEG FOV, AND A
FLAT PLATE RADIOMETER EMPLOYING A CONE SHIELD TO MINIMIZE OR RE-
MOVE ANY RESPONSE DUE TO DIRECT SOLAR RADIATION (70 DEG FOV).
THE HEART NF EACH SENSOR IS A THIN ALUMINUM DISK THERMALLY AND
RADIATIVELY ISOLATED FROM ITS MOUNTS, THE DISK TEMPERATURE IS
SENSED BY 2 THERMISTORS MOUNTED ON THE BACK SURFACE OF THE DISK.
THE HOUSING TEMPERATURES AND THE CONE TEMPERATURES ARE SEPAR-
ATELY SENSED AND RECORDED. TWO SPECTRAL RESPONSES ARE PROVIDED
FOR THE DISKS BY THE USE OF ANODIZED ALUMINUM OR BLACK PAINT.
THE BLACK PAINTED SURFACE WILL RESPOND TO THE SUM OF THE RE-
FLECTED SOLAR, DIRECT SOLAR, AND RERADIATED LONG WAVE RADIATION.
THE ANGIZED ALUMINUM SENSOR DISKS REFLECT IN THE VISIBLE RANGE
BUT ABSORB IR RADIATION IN THE 7 TO 30 MICRON RANGE., THESE RE-
SPOND TO THE RADIATED ENERGY FROM THE EARTH AND EXCLUDE 'TO A
HIGH DEGREE THE DIRECT AND REFLECTED SOLAR RADIATION. BOTH DISK
TYPES ARE USED WITH BOTH RADIOMETERS SO THAT 4 RADIOMETERS ARE
NEEDED TO COMPLETE A SET., TWO SUCH SETS ARE MOUNTED 180 DEG
APART ON THE S/C BUT ISOLATED THERMALLY AND RADIATIVELY FROM IF.

32. PHENOMENA OBSERVED

EARTH ALBEDO-ENERGY RADIATED TQ SPACE BY EARTH
33. MEASUREMENT RANGE

NEAR UV, VISIBLE, NEAR IR, THERMAL [R
34. PRECISION AND ACCURACY .

5 K DEG _IN THERMAL IR
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35. SPECTRAL RANGE 36, SPECTRAL RESOLUTION |37. TIME CONSTANT . |

0.3 10 3.0 MICRONS CONTINUOUS
38. FIELD OF VIEW 39. GROUND SWATH
SEE ITEM 3] LIMR-TO=-LIMB(4200 NM)FROM 750 NM ALTITUDE
40. ANGULAR RESOLUTION] 41. SPATIAL RESOLUTION
NA
42. POINTING ACCURACY] 43. POINTING RATE 44, ALTITUDE 45. INCLINATION

MED CIRCULAR | SUN-SYNCH RETROGRADE

46. SPECIAL REQUIREMENTS . . . |

NONE

47. COMPONENTS ’ .

8 SENSORS (THERMISTORS), ELECTRONICS, RECORDER —

48. WEIGHT 48. VOL.UME i 50. AVERAGE POWER |51. STANDBY POWER | 52. PEAK POWER 53. MTBF
7 LB 0.75 CU FY 1 YEAR
S4. \nTeREERENCE 55, | TR L RENCE | 56. |\ PEAFERENCE 57, NTEREFRERCE 58. SHIELDING ;
SENSITIVE|FPR THERMALLY ISOLATED
59. CALIBRATION 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION

DELAYED TELEMETRY CONTINUOUS

62. TELEMETRY REQUIREMENTS

S0 KBITS TAPE CAPACITY,

63. ADVANTAGES AND LIMITATIONS ~ - e k ’

TNSTRUMENT 1S BROAD RANGE, LOW ACCURACY TYPE,

64. REFERENCES -

1) FINAL ENGINEFRING REPORT T0S A MET SAT SYSTFM. voL 1. RCA
ASTRO-ELECTRONICS, CONTRACT NO. NAS5~9034, MAY 5, 1967 .%%x%x2)
RUBINy L.: OPERATIONAL PROCESSINGO OF RESOLUTION IR { LRIR)
DATA FROM ESSA SATELLITES. ESSA TECH REPDORT NESC-42, FFEB, 68.%%*
3) ESSA NEWS RELEASE ND. ES 66-54, SEPT 19, 1968,%%%x4) DATA
AVAILABLE FROM NESC, ESSA, WASH. D.C.

65. HISTORICAL REMARKS : ] 5

THIS RADIOMETER WILL ALSO FLY ON ITDS Ay, 8, C, AND D,

137



INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE : 2. AcRONYM | 3. EXP NO
LOW=RFSQLUTIUN INFRARED RADIOMETER LRIP
(TITLE CONT.) anesuve pate | Yepsion
. g9/01/772]12705
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
MCDONALD, T. NESC/NGAA 2M2-655=-4CCC
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
12. CONTRACT 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | "o’ }'6-“™Bafi'*"] 17. STATUS
POST FLIGHTY
18. MONITOR 19. AGENCY 20. PGM OFFICE 21. TELEPHONE
GLOVER, J.C. NESC/NDAA ] 202-655=-4000
22. VENDOR 23. LOCATION feuont |25 | EAD TIME
UNIVERSITY OF WISCONSIN |[MADISON, WISCONSIN Q4/67

26. INSTRUMENT TYPE 27

SECURITY 4
RADIOMETER, FLAT-PLATE IR/VISIBLE LOW-RESOLUTION

28. APPLICATION 29. SPACECRAFT
MET ESSA 5
30. PURPOSE

PRIMARY-TO GATHER DATA TO AID IMN DETERMINING: (1) THE GEOGRAPHIC
DISTRIBUTION DOF ENERGY RADIATED FROM THE EARTH AND THE RELATION-
SHIP OF THIS ENERGY TO INCOMING ENERGY FROM THE SUN AND (2) THF
REFLECTION AND SCATTERING OF SCLAR RADIATION BY THE EARTH-
ATMOSPHERE SYSTEM,

31.PRINCIPLES OF OPERATION

THE ESSA FLAT PLATE RADIOMETER SYSTEM, IS DIVIDED INTO 2 BASIC
COMPONENTS: A FLAT PLATE RADIOMFTER WITH A 187 DEG FOV, AND A
FLAT PLATE RADIOMETER EMPLOYING A CONE SHIELD TO MINIMIZE OR RE~-
MOVE ANY RESPONSE PUE TO DIRECT SOLAR RADIATION (T7C DEG FCV).
THE HEART OF EACH SENSOR IS A THIN ALUMINUM DISK THERMALLY AND
RADIATIVELY ISCOLATED FROM ITS MOUNTS. THE DISK TEMPERATURE 1S
SENSED BY 2 THERMISTORS MOUNTED ON THE BACK SURFACE OF THL DISK,
THE HOUSING TEMPERATUKES AND THE CONE TEMPERATURES ARE SEPAR-
ATELY SENSED AND RECCRDED., TWO SPECTRAL RESPONSES ARE PROVIDED
FOR THE DISKS BY THE USE OF ANODIZED ALUMINUM OR BLACK PAINT,
THE BLACK PAINTED SURFACE WILL RESPOND TO THE SUM OF THE RE-
FLECTED SCLAR, DIRECY SOLAR, AND RERADIATED LONG WAVE RADIATION,
THE ANOIZED ALUMINUM SENSUR DISKS REFLECT IN THE VISIBLE RANGE
BUT ABSORS IR RADIATION IN THE 7 TO 3N MICRON RANGE. THESE RE=-
SPOND TO THE RADIATED ENERGY FROM THE EARTH AND EXCLUDE TG A
HIGH DEGREE THE DIRECT AND REFLECTED SOLAR RADIATION. BOTH DISK
TYPES ARE USED WITH BOTH RADIOMETERS SO THAT 4 RADIOMETERS ARE
NEEDED TO COMPLETE A SET. TWO SUCH SETS ARE MOUNTED 180 DEG
APART ON THE S/C BUT ISOLATED THERMALLY AND RADIATIVELY FROM IT,

32. PHENOMENA OBSERVED

ENERGY RADIATED FROM AND REFILECTED BY THE EARTH/ATMOSPHERE
33. MEASUREMENT RANGE ’ ’

34. PRECISION AND ACCURACY
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35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION |37. TIME CONSTANT

0.3 10 32.0 MICRONS
38. FIELD OF VIEW 39. GROUND SWATH
SEE ITEM 31 LIMB-TO-LIMB (4200 NM)FROM 759 NM ALTITUDE

]40. ANGULAR RESOLUTION] 41. SPATIAL RESOLUTION

42. POINTING ACCURACY} 43. POINTING RATE 44. ALTITUDE 45. INCLINATION

MED CIRCULAR | SUN-SYNCH RETROGRADE

46. SPECIAL REQUIREMENTS

47. COMPONENTS

8 SENSORS (THERMISTORS), ELECTRONICS, PECQORDER

48. WEIGHT 49. VOLUME 50. AVERAGE POWER |51. STANDBY POWER | 52. PEAK POWER | 53. MTBF
54, \NTERFERENCE 55 N ENF L RE NCE 56. N TERFERENCE 7 nTeRFERENCE .58. SHIELDING

. SENSITIVE| FPR THERMALLY ISOLATED
59. CALIBRATION ) 60. DATA RECOVERY > T 61. FREQUENCY OF OBSERVATION

DELAYED TELEMETRY CONTINUGUS

62. TELEMETRY REQUIREMENTS

9 KBITS TAPE CAPACITY.

63. ADVANTAGES AND LIMITATIONS

THE FPR DID NDT GET GOOD DATA STARTS, THUS TIME ERRORS NERE‘
INCURRED IN MOST READOUTS.

64. REFERENCES .

1) FINAL ENGINEFRING REPORT TNS A MET SAT SYSTEM, VOL 1., RCA
ASTRO-ELECTRONICS, CONTRACT NO. NAS5-9034, MAY S5, 1967 .%x%%2)
RUBINy Le: OPERATIONAL PROCESSINGO OF RESOLUTION IR ( LRIR)
DATA FROM ESSA SATELLITES. ESSA TECH REPORT NESC-42, FEB. 68,%%x
3) ESSA NEWS RELEASE NO. ES 66~54, SEPT 19, 1968.%%x%4)} DATA
AVAILABLE FROM NESC, ESSA, WASH. D.C,

65. HISTORICAL REMARKS

THIS RADIQMETER WILL ALSG FLY ON ITQS A, B, C, AND D,

139



INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO
LOW-RESOLUTION INFRARED RADIOMETER LRIR
(TITLE CONT.) . 4. RESUME DATE F\’iERSlON
. 09/01/72[ 7007
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
MCDONALD, T. NESC/NOAA 272=655=47100
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
2ot 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | 83T | “"EiH'Y|17. STATUS
CPFF POST~FLIGHT
18. MONITOR 19. AGENCY 20. PGM OFFICE 21. TELEPHONE
GLOVER, J.C. NESC/NOAA 202-655-4000
22. VENDOR . 23. LOCATION weucnt |25 LEAD TIME
UNIVERSITY 2F WISCONSIN [MADISOMN,WISCONSIN - 08/68[ NA
26. INSTRUMENT TYPE ctevar)
RACIOMETER, FLAT-PLATE IR/VISIBLE LOW- R¢SOLUTION
28. APPLICATION ' 29. SPACECRAFT
METY FSSA 7
30. PURPOSE

PRIMARY-TD GATHER DATA T AID IN DETERMINING: (1) THE GEOGRAPHIC
DISTRIBUTION OF ENERGY RACIATED FROM THE FARTH AND THE RELATICN-
SHIP OF THIS ENERGY TO INCOMING ENFRGY FR(OM THE SUN AND (2) THE
REFLECTION AND SCATTERING UOF SOLAR FADTIATION BY THE EARTH-
ATMOSPHERE SYSTEM.

31. PRINCIPLES OF OPERATION

THE ESSA FLAT PLATE RADIOJOMETER SYSTEM, IS DIVIDED INTO 2 BASIC
COMPONENTS: "A FLAT PLATE RADIOMETEF WITH A 18C DEG FOV, AND A
FLAT PLATE RADIOMETER EMPLOYING & CONE SHIELD 70O MINIMIZE OR RE-
MOVE ANY RESPONSE DUE TO DIRECT SOLAR RADIATIGON (70 DEG FOV).
THE HEART OF EACH SENSOR IS A THIN ALUMINUM DISK THERMALLY AND
RADIATIVELY ISOLATED FROM ITS MOUNTS., THE DISK TEMPERATURE IS
SENSED BY 2 THERMISTORS MOUNTED ON THE BACK SURFACE OF THE DISK.
THE HOUSING TEMPERATURES AND THFE CUONE TEMPERATURES ARE SEPAR-
ATELY SENSED AND RECURDED. TWO SPECTRAL RESPUONSES ARE PROVIDED
FOR THE DISKS BY THE USE OF ANODIZED ALUMINUM OR BLACK PAINT,
THE BLACK PAINTED SURFACE WILL RESPOND TO THE SUM OF THE RE-
FLECTED SOLAR, DIRECT SOULAR, AND PERADIATED LONG WAVE RADIATION,
THE ANOIZED ALUMINUM SENSOR DISKS REFLECT IN THE VISIBLE RANGE
BUT ABSORB IR RADIATION IN THE 7 TO 30 MICRON RANGE. THESE RE-
SPOND TO THE RADIATED ENERGY FROM THE EARTH AND EXCLUDE TO A
HIGH DEGREE THE DIRECT AND REFLECTED SOLAR RADIATION. BOTH DISK
TYPES ARE USED WITH BOTH RADIOMETERS SO THAT 4 RADIOMETERS ARE
NEEDED TO COMPLETE A SET, TWO SUCH SETS ARE MOUNTED 180 DEG
APART ON THE S/C BUT ISOLATED THERMALLY AND RADIATIVELY FROM IT,

32. PHENOMENA OBSERVED

EARTH ALBEDO-ENERGY RADIATED TO SPACE BY EARTH
33. MEASUREMENT RANGE

NEAR UV, VISIBLE, NEAR IR, THERMAL IR

34. PRECISION AND ACCURACY '

5 K DEG IN THERMAL IR
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35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION |37. TIME CONSTANT

N.3 10 33.9 MICRONS CONT INUOUS
38. FIELD OF VIEW 39. GROUND SWATH
SEE ITEM 3] LIMB-TO-LIMB(4200 NMIFROM 750 NM ALTITUDE
40. ANGULAR RESOLUTION] 41, SPATIAL RESOLUTION :
(A
42. POINTING ACCURACY| 43. POINTING RATE 44. ALTITUDE 45. INCLINATION

MED GIPCULAR | SUN=SYNCH RETROGRADE

46. SPECIAL REQUIREMENTS

NONE

47. COMPONENTS

8 SENSORS (THERMISTORS), ELECTRONICS, RECORDER

48. WEIGHT 49. VOLUME 50. AVERAGE POWER |51.STANDBY POWER | 52. PEAK POWER | 53. MTBF
7 LB Ce75 CU FT 1 YEAR
54 INTERFERENCE 55 (N TERECRECE 56. INTERFERENCE 7. \nTeRFERENCE 58. SHIELDING
SENSITIVE|[FPR THERMALLY ISOLATED
§9. CALIBRATION 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION
DELAYED TELEMETRY. CONTINUOUS

62. TELEMETRY REQUIREMENTS

90 KBITS TAPE CAPACITY,.

63. ADVANTAGES AND LIMITATIONS

TNSTRUMENT TS BROAD RANGE, LOW ACCURACY TYPE

64. REFERENCES

1) FINAL ENGINEERING REPORT T0OS A MET SAT SYSTEM, VOL 1. RCA
ASTRO-ELECTRONICS, CONTRACT NO. NAS5-9034, MAY 5, 1967 .%%x%2)
RUBINy L.: OPERATIONAL PROCESSINGO OF RESOLUTION IR ( LRIR)
DATA FROM ESSA SATELLITES. ESSA TECH REPORT NESC-42, FEB, 68 ,%%x%
3) ESSA NEWS RELEASE NO. ES 66-54, SEPT 19, 1968.%%%x4) DATA
AVAILABLE FROM NESC, ESSA, WASH. D.C.

65. HISTORICAL REMARKS

THIS RADIOMETER WILL ALSO FLY ON IYOS A, B, C, AND D.
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. ITLE 2. ACRONYM | 3. EXP NO
LCOW=-RESOLUTION INFRARED RADIOUMETER LRIR
{TITLE CONT.) 4. RESUME DATE %/‘ERSION
_ Co701/772|C0
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
MCDONALD, T. NESC/NOAA 202-655=-40Q00C
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
12.comEnact 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | " 8477 J's “OEaf'*"] 17. STATUS
CPFF POST-FLIGHT
18. MONITOR 19. AGENCY 20.PGM OFFICE | 21. TELEPHONE
LOVER, J.C. NESC/NOAA 202-655~4000
22. VENDOR ' 23. LOCATION ueuont 125 LEAD TIME
UNIVERSITY OF WISCONSIN |MADISON,WISCONSIN nN2/769|NA
26. INSTRUMENT TYPE Scuniry)
RADIOMETER, FLAT-PLATE IR/VISIBLE LOW-RESOLUTION
28. APPLICATION 29. SPACECRAFT
MET ESSA 9
30. PURPOSE

PRIMARY-TO GATHER DATA TOQ AID IN DETERMINING: (1) THE GEOGRAPHIC
DISTRIBUTION OF ENERGY RADIATED FROM THE EARTH AND THE RELATION-
SHIP OF THIS ENERGY TO INCOMING ENERGY FROM THE SUN AND (2) THE
REFLECTION AND SCATTERING OF SOLAR RADIATION BY THE EARTH-
ATMOSPHERE SYSTEM.

31. PRINCIPLES OF OPERATION )

THE ESSA FLAT PLATE RADIOMETER SYSTEM, IS DIVIDED INTO 2 BASIC
COMPONENTS: A FLAT PLATE RADIOMETER WITH A 180 DEG FOV, AND A
FLAT PLATE RADIOMETER EMPLOYING A CONE SHIELD TO MINIMIZE OR RE-
MOVE ANY RESPONSE DUE TO DIRECT SOLAR RADIATION (7C DEG FOV).
THE HEART OF EACH SENSOR IS A THIN ALUMINUM DISK THERMALLY AND
RADIATIVELY ISOLATED FRQOM ITS MOUNTS. THE DISK TEMPERATURE IS
SENSED BY 2 THERMISTORS MOUNTED ON THE BACK SURFACE OF THE DISK.
THE HOUSING TEMPERATURES AND THE CONE TEMPERATURES ARE SEPAR-
ATELY SENSED AND RECORDED. TWO SPECTRAL RESPONSES ARE PROVIDED
FOR THE DISKS BY THE USE OF ANODIZED ALUMINUM QR BLACK PAINT,
THE BLACK PAINTED SURFACE WILL RESPOND TO THE SUM OF THE RE-
FLECTED SOLAR, DIRECT SOLAR, AND RERADIATED LONG WAVE RADIATION.
THE ANOCIZED ALUMINUM SENSODR DISKS REFLECT IN THE VISIBLE RANGE
BUT ABSORB IR RADIATION IN THE 7 TO 30 MICRON RANGE. THESE RE~-
SPOND TO THE RADIATED ENERGY FROM THE EARTH AND EXCLUDE TO A
HIGH DEGREE THE DIRECT AND REFLECTED SOLAR RADIATION. BOTH DISK
TYPES ARE USED WITH BOTH RADIOMETERS SO THAT 4 RADIOMETERS ARE
NEEDED TO COMPLETE A SET., TwO SUCH SETS ARE MOUNTED 180 DEG
APART ON THE S/C BUT ISOLATED THERMALLY AND RADIATIVELY FROM IT,

32. PHENOMENA OBSERVED

EARTH ALBEDO-ENERGY RADIATED TO SPACE BY EARTH
33. MEASUREMENT RANGE :

NEAR UVy VISIBLE, NEAR IR, THERMAL IR

34. PRECISION AND ACCURACY

5 K DEG IN THERMAL IR
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35. SPECTRAL RANGE ) 36. SPECTRAL RESOLUTION |]37. TIME CONSTANT ~ |

L3 10 32.0 MICRONS CONTINUOUS
38. FIELD OF VIEW 39. GROUND SWATH
SEE ITEM 31 LIMB-TO-LIMB(4200 NM)FROM 750 NM ALTITUDE
/] 40. ANGULAR RESOLUTION| 41. SPATIAL RESOLUTION !
NA
42. POINTING ACCURACY| 43. POINTING RATE 44, ALTITUDE 45. INCLINATION }

MED _CIRCULAR | SUN-SYNCH RETROGRADE

46. SPECIAL REQUIREMENTS ‘ o A i

NONE _ i
47.COMPONENTS - ——— 7 ]

8 SENSORS (THERMISTORS), ELECTRONICS, RECORDER T

48. WEIGHT  |49. VOLUME 50. AVERAGE POWER |51.STANDBY PoweR | 52. PEAK POWER [ 53. MTBF |
7 LB 0. 75 CU FT 1 YEAR
B4, i vERFERENCE 5. |NTERFERENCE 56. |NTEAFERENCE 57. \NTERFERENCE 58. SHIELDING ) }
SENSITIVE |FPR THERMALLY ISOLAYED
|59. CALIBRATION 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION |

DELAYED TELEMETRY CONTINUQUS

62. TELEMETRY REQUIREMENTS |

90 KBITS TAPE CAPACITY,

63. ADVANTAGES AND LIMITATIONS

INSTRUMENT IS BROAD RANGE, LOW ACCURACY TYPE, -

64. REFERENCES - o |

1) FINAL ENGINEERING REPORT TOS A MET SAT SYSTEM, VoL ‘1. RCA
ASTRO-ELECTRONICS, CONTRACT NO. NAS5-9034, MAY S5, 1967 .*%%x2)
RUBINy L.: OPERATIONAL PROCESSINGD OF RESOLUTION IR ( LRIR)
DATA FROM ESSA SATELLITES. ESSA TECH REPDRT NESC-42, FEB, 68.%%x%
3) ESSA NEWS RELEASE NO. ES 66-54, SEPT 19, 1968,.%%%4) DATA
AVAILABLE FROM NESC, ESSA, WASH, D.C,

65. HISTORICAL REMARKS |

THIS RADIOMETER WILL ALSO FLY ON JTOS A, By Cc AND D.
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE . 2. ACRONYM | 3. EXP NO
LOW=RESOLUTION NONSCANNING RADIOMETER LRNR
{TITLE CONT.) 4. RESUME DATE | ;jiE RSION
09/01/72 3704
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
HANEL,y DR, R, GODDARD SPACE FLT CENTER|301-982=-5042
9.CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
STAMPFL,y DR. R.A. GODDARD SPACE FLT CENTER|[301-982-5042
2 Qore nAcT 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | 88 s “™5afi"]17. STATUS
POST FLIGHT
18. MONITOR 19. AGENCY 20. PGM OFFICE 21. TELEPHONE
TEPPER, M, NASA HDQTRS NA/ERD 202=-755-2322
22. VENDOR 23. LOCATION #ruewt o5 LEAD TIME
BARNES ENGINEERING CO STAMFORD, CONN, 11/6C |NA
26. INSTRUMENT TYPE areumy,
RADIOMETERy 2-CHANNEL NON~-SCANNING LOW-RESOLUTION INFRARED UNC
28. APPLICATION 29. SPACECRAFT
MET TIROS 2
30. PURPOSE

PRIMARY-TO MEASURE THE THERMAL AND REFLECTED SOLAR RADIATION
FROM THE EARTH, TO PERMIT THE DETERMINATION OF THE APPARENT
BLACKBODY TEMPERATURES AND ALBEDO OF THE EARTH.

31. PRINCIPLES OF OPERATION

THIS LOW-RESOLUTION NON-SCANNING RADIOMETER WAS FLOWN IN AN
IDENTICAL CONFIGURATION ON TIROS 2, 3, AND 4., IT CONSISTS OF 2
DETECTORS, ONE OF THESE IS A BLACK THERMISTOR BOLOMETER DETECTOR
AND THE OTHER A WHITE ONE, EACH OF WHICH IS MOUNTED IN THE APEX
OF A HIGHLY REFLECTIVE CONE, THE BLACK DETECTOR 1S EQUALLY SEN-
SITIVE TO REFLECTED SUNLIGHT AND TO LONG WAVE TERRESTRIAL RADIA-
TION(O.2 TO 50 MICRONS). THE WHITE DETECTOR IS COATED TO BE RE-
FLECTIVE IN THE VISIBLE AND NEAR INFRARED, THUS, IT MEASURES
ONLY LONG WAVEL ENGTH THERMAL RADIATION(S5 TO 50 MICRONS). THESE
DETECTORS PRESENT THE INSTRUMENTATION PACKAGE WITH RESISTANCES
WHICH VARY WITH RADIATION. FROM THE DETECTED VALUES THE HEAT
BALANCE OF AN AREA CAN BE COMPUTED. THE FIELD WHEN VIEWING DI-
RECTLY BELOW IS PARALLEL TO THE SPIN AXIS AND IS A CIRCLE OF 470
NM DIAMETER(SO-DEGREE FIELD OF VIEW). THIS VIEW OBSERVES AN AREA
WHICH IS WITHIN THE FIELD OF THE WIDE ANGLE TELEVISION CAMERA,
THE OUTPUT OF EACH DETECTOR IS AMPLIFIED, AND THE RESULTING SIG-
NAL IS USED TO MODULATE SEPARATE AUDIO-FREQUENCY OSCILLATORS.
THIS MODULATED DUTPUT IS PROCESSED THROUGH THE TIME-SHARING
SWITCHING CIRCUIT WITH THE OUTPUT OF THE SCANNING RADIOMETER.

32. PHENOMENA OBSERVED

THERMAL AND REFLECTED SOLAR RADIATION FROM EARTH
33. MEASUREMENT RANGE

-100 DEG C TO +60 DEG C

34. PRECISION AND ACCURACY

S/N BETTER THAN 30 DB
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35. SPECTRAL RANGE B " ]36. SPECTRAL RESOLUTION |37. TIME CONSTANT

Del T0 5.0 MICRONS|SEE ITEM 31
38. FIELD OF VIEW 39. GROUND SWATH
o200 DEG]470 NM DIAM CIRCLE FRIM 410 NM ALTITUDE

40. ANGULAR RESOLUTION] 41, SPATIAL RESOLUTION

50.0 DEG|470 NM DIAM CIRCLE FROM 410 NM ALTITUDE

42.POINTING ACCURACY] 43. POINTING RATE 44, ALTITUDE 45. INCLINATION

MED CIRCULAR|MEDIUM POSIGRADE

46. SPECIAL REQUIREMENTS

47. COMPONENTS

Z THERWMTSTORS, REFERENCE RESTSTORS, ELECTRONICS

48, WEIGHT 49. VOLUME 50. AVERAGE '?F’_V!'Efim 51. STANDBY POWER 52. PEAK POWER | 63. MTBF
LB 5 WATTS 30 WATTS
4. |NTERFERENCE 5. |NTERPE R CE 58. 1N ERFERENCE 157 witheeRehce 58. SHIELDING
SENSITIVE
59. CALIBRATION 60. DATA RECOVERY . 61. FREQUENCY OF OBSERVATION

BY REFERENCE RESISTORS DELAYED TELEMETRY CONTINUOUS

62. TELEMETRY REQUIREMENTS

T FREQUENCY BANDS ARE USED FOR TOTAL IR PACKAGE (LOW + MED IR),
THE 7 CHANNELS HAVE A TOTAL WIDTH OF 310 HZ.

63 ADVANTAGES AND LIMITATIONS

RONG THERMAL COUPLING BETWEEN DETECTOR AND SATELLITE, WHITE
|DETECTOR COATING AND CONE OPTICS INADEQUATE IN SPECTRAL RESPONSE

64. REFERENCES

IYTR AND REFLECTED SULbP RADTATION MEASUREMENTS FROM TIRDS 2 MET
SAT. NASA TN D-1096, NOV. 1961.%**%2) BANDEEN, W.R.: EXPERIMENTAL
APPROACHES TO REMOTE ATMOSPHERIC PROBING IN THE IR FROM SATS.
NASA TM X-63188, MAY 1968.%%*%3)BARTKOy Fe.y ET.AL.: TIROS LOW
RESOLUTION RADIOMETER, NASA TN D-614, SEPT, 64.%%%4)DATA AVAIL-
ABLE FROM WORLD DATA CENTER, ASHEVILLE, N.C.

65. HISTORICAL REMARKS

IDENT ICAL RADIOMETERS FLOWN ON TIROS 2, 3, AND 4
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. ITLE 2. ACRONYM ! 3. EXP NO
LOW=-RESOLUTION NONSCANNING RADICMETER L RNR
{TITLE CONT.) 4 RESUME DATE %ERSION
09/01/7217CC4
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
HANEL, DR, R, GODDARD SPACE FLT CENTER|301-982-5042
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
STAMPFL, DR. R.A. GODDARD SPACE FLT CENTER|310]1-982-5042
12 GOpEnACt 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | 2% | “®%are ™| 17. STATUS
POST FLIGHT
18. MONITOR 19. AGENCY 20. PGM OFFICE 21. TELEPHONE
TEPPEFR, M, NASA HDQTRS OA/ERD 20? 7155-2322
22. VENDOR : 23. LOCATION 24. PLIGHT 25. LEAD TIME
BARNES ENGINEERING CC STAMFORD, CONN, 07/61 |NA
26. INSTRUMENT TYPE :75‘ v)
RADIOMETER, 2=-CHANNEL NON=-SCANNING LOW=-RESOLUTION INFRARED UNC
28. APPLICATION 29. SPACECRAFT
MET TYIROS 3-
30. PURPOSE

PRIMARY-TO MEASURE THE THERMAL AND REFLECTED SOLAR RADIATION
FROM THE EARTH, TO PERMIT THE DETERMINATION OF THE APPARENT
BLACKBODY TEMPERATURES AND ALBEDO OF THE EARTH.

31. PRINCIPLES OF OPERATION

THIS LOW-RESOLUTION NON-SCANNING PADIOMETER WAS FLOWN IN AN
IDENTICAL CONFIGURATION ON TIROS 24 3, AND 4, IT CONSISTS OF 2
DETECTORS, ONE OF THESE IS A BLACK THERMISTOR BOLOMETER DETECTOR
AND THE OTHER A& WHITE ONE, EACH OF WHICH IS MCUNTED IN THE APEX
O0F A HIGHLY REFLECYIVE CONE., THE BLACK DETECTOR IS EQUALLY SEN-
SITIVE TO REFLECTED SUNLIGHT AND TO LONG WAVE TERRESTRIAL RADIA-
TION(C.2 TO 50 MICRONS). THE WHITE DETECTOR IS COATED 7O BE RE-
FLECTIVE IN THE VISIBLE AND NEAR INFRARED, THUS,IT MEASURES ONLY
LONG WAVELENGTH THERMAL RADIATION(S TO 50 MICRONS). THESE DE-
TECTORS PRESENTY THE INSTRUMENTATION PACKAGE WITH RESISTANCES
WHICH VARY WITH RADIATION. FROM THE DETECTED VALUES THE HEAT
BALANCE OF AN AREA CAN BE COMPUTED. THE FIELD WHEN VIEWING DI-
RECTLY BELOW IS PARALLEL TO THE SPIN AXIS AND IS A CIRCLE OF 470
NM DIAMETER(S0-DEGREE FIELD OF VIEW). THIS VIEW OBSERVES AN AREA
WHICH IS WITHIN THE FIELD OF THE WIDE ANGLE TELEVISION CAMERA,
THE OQUTPUT OF EACH DETECTOR IS AMPLIFIED, AND THE RESULTING SIG-
NAL IS USED TO MODULATE SEPARATE AUDIO-FREQUENCY OSCILLATORS.,
THIS MODULATED OUTPUT IS PROCESSED THROUGH THE TIME-SHARING
SWITCHING CIRCUIT WITH THE OUTPUT OF THE SCANNING RADIOMETER,

32. PHENOMENA OBSERVED

THERMAL AND REFLECTED SOLAP RADIAY ION FROM THE EARTH

33. MEASUREMENT RANGE

-100 DEG C TO +60 DEG C

34. PRECISION AND ACCURACY

S/N BETTER THAN 30 DB
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35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION |37. TIME CONSTANT

.2 T0 50.C MICRONS|SEE ITEM 31
38. FIELD OF VIEW 39. GROUND SWATH
5C0.0C DEG| 470 NM DIAM CIRCLE FRJM 475 NM ALTITUDE

40. ANGULAR RESOLUTION] 41, SPATIAL RESOLUTION

50.0 DEG[470 NM DIAM CIRCLE FROM 475 NM ALTITUDE

42. POINTING ACCURACY| 43. POINTING RATE 44. ALTITUDE 45. INCLINATION

MED CIRCULAR |[MEDIUM ~ POSIGRADE
46. SPECIAL REQUIREMENTS ' '

47. COMPONENTS

2 THERMISTORS, REFERENCE RESISTORS, ELECTRONICS

48. WEIGHT 49. VOLUME : 50. AVERAGE POWER |51.STANDBY POWER | 52. PEAK POWER | 53. MTBF
2 LB S WATTS 30 WATTS
54. \NTEREERENCE 55 W TERF ERE SCE 56 INTERFERENCE 57 INTERE CRENCE 58. SHIELDING
SENSITIVE
59. CALIBRATION ] 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION

BY REFERENCE RESISTORS DELAYED TELEMETRY CONTINUQUS

62. TELEMETRY REQUIREMENTS

7 FREQUENCY BANDS ARE USED FOR TOTAL IR PACKAGE (LOW + MED IR),
THE 7 CHANNELS HAVE A TOTAL WIDTH OF 310 HZ,

63. ADVANTAGES AND LIMITATIONS

STRONG THERMAL COUPL ING BETWEEN DETECTOR AND SATELLITE. WHITE
DETECTOR COATING AND CONE OPTICS INADEQUATE IN SPECTRAL RESPONSE

64. REFERENCES

1)IR AND REFLECTED SOLAR RADIATION MEASUREMENTS FROM TIRQS 2 MET
SAT. NASA TN D-1096,y NOV. 1961.*%%2) BANDEEN, W.R.: EXPERIMENTAL
APPROACHES TO REMOTE ATMOSPHERIC PROBING IN THE IR FROM SATS.
NASA TM X-63188, MAY 1968,%**%3)BARTKO, F.y ET. AL, TIROS LOW
RESOLUTION RADIOCMETER, NASA TN D-614, SEPT, 64.%%%4)DATA AVAIL~-
ABLE FROM WORLD DATA CENTER, ASHEVILLE, N.C.

65. HISTORICAL REMARKS

IDENTICAL INSTRUMENT FLOWN ON TIROS 2 , 3, AND 4.
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO
LOW~RESOLUTION NONSCANNING RADICOMETER LRNR
(TITLE CONT.) . s.nesome oate | Yension
v Q9/01/72 [I0C4
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
HANEL, DR. R, GODDARD SPACE FLY CENTER |301-982=-5(042
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
STAMPFL, DRs R.A,. GODDARD SPACE FLTY CENTER |3N]1-982=-5C42
12.CopaRACT 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | 54T [ “™Bafl'°%] 17. STATUS
POST FLIGHT
18. MONITOR 19. AGENCY 20.PGM OFFICE 21. TELEPHONE v
TEPPER, M, NASA HDQTRS OA/ERD 202-755=2322
22. VENDOR 23. LOCATION ausuenr 125 LEAD TIME
BARNES ENGINEERING CO STAMFOKD, CONN, 02762 |NA
26. INSTRUMENT TYPE .
RADIOMETER, 2-CHANNEL NON=SCANNING LON RESOLUTION INFRARED UNC
28. APPLICATION 29. SPACECRAFT
MET TIROS 4
30. PURPOSE ‘

PRIMARY-TO MEASURE THE THERMAL AND REFLECTED SOLAR RADIATION
FROM THE EARTH, TO PERMIT- THE DETERMINATION OF THE APPARENT
BLACKBODY TEMPERATURES AND ALBEDO OF THE EARTH,

31. PRINCIPLES OF OPERATION

THIS LOW-RESOLUTION NON=-SCANNING RACIOMETER WAS FLOWN IN AN
IDENTICAL CONFIGURATION ON TIROS 2y 3y AND 4, IT CONSISTS OF 2
DETECTORS., ONE OF THESE IS A BLACK THERMISTOR BOLOMETER DEFTECTOR
AND THE OTHER A WHITE ONE, EACH OF WHICH IS MOUNTED IN THE APEX
OF A HIGHLY REFLECTIVE CONE. THE BLACK DETECTOR IS EQUALLY SEN-
SITIVE TO REFLECTED SUNLIGHT AND TO LONG WAVE TERRESTRIAL RADIA-
TION(O.2 TO 5C MICRONS). THE WHITE DETECTOR IS COATED TO BE RE=-
FLECTIVE IN THE VISIBLE AND NEAR INFRARED,THUS,IT MEASURES ONLY
LONG WAVELENGTH THERMAL RADIATION(S TQ 50 MICRONS). THESE DE-
TECTORS PRESENT THE INSTRUMENTATION PACKAGE WITH RESISTANCES
WHICH VARY WITH RADIATION, FROM THE DETECTED VALUES THE HEAT
BALANCE OF AN AREA CAN BE COMPUTED. THE FIELD WHEN VIEWING DI-
RECTLY BELOW IS PARALLEL TO THE SPIN AXIX AND IS A CIRCLE CF 470
NM DIAMETER(50-DEGREE FIELD OF VIEW). THIS VIEW OBSERVES AN AREA
WHICH IS WITHIN THE FIELD OF THE WIDE ANGLE TELEVISION CAMERA,
THE OUTPUT OF EACH DETECTOR IS AMPLIFIED, AND THE RESULTING SIG-
NAL IS USED TO MODULATE SEPARATE AUDIO-FREQUENCY OSCILLATORS,
THIS MODULATED OUTPUT IS PROCESSED THROUGH THE TIME=-SHARING
SWITCHING CIRCUIT WITH THE OUTPUT OF THE SCANNING RADIOMETER,

32. PHENOMENA OBSERVED

THERMAL AND REFLECTED SOLAR RADIATION FROM THE EARTH
33. MEASUREMENT RANGE

=100 DEG C TO +6C DEG C

34. PRECISION AND ACCURACY

S/N BETTER THAN 30 D8
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35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION |37. TIME CONSTANT -/

‘ 0.2 T0 50.0 MICRONS| SEE ITEM 31
38. FIELD OF VIEW 39. GROUND SWATH |
50.0 DEG| 480 NM DIAM CIRCLE FROM 450 NM ALTITUDE

40. ANGULAR RESOLUTION] 41, SPATIAL RESOLUTION |

5C0.0 DEG| 480 NM AT CENTER FROM 450 NM ALY

42, POINTING ACCURACY| 43. POINTING RATE 44, ALTITUDE - 45. INCLINATION

,I
WED CIRCULAR [MEDTUW ___ POSIGRADE _

46. SPECIAL REQUIREMENTS , ; o ]

47. COMPONENTS - ) ] R i |

2 THERMISTORS, REFERENCE RESISTORS, ELECTYRONICS

48. WEIGHT  [49. VOLUME | s0. AveraGe power |51 sTANDBY POWER | 52. PEAK POWER | 53. MTBF |
2 LB S WATTS| 30 WATTS
4. e TERFERENCE J 55 wWTERF e e | T 57 R ace 58. SHIELDING -
] SENSITIVE '
59. CALIBRATION 60. DATA RECOVERY - §1. FREQUENCY OF OBSERVATION |

BY REFERENCE RESISTORS DELAYED TELEMETRY CONT[NUOUS
62. TELEMETRY REQUIREMENTS ' E
7 FREQUENCY BANDS ARE USED FOR TOTAL IR PACKAGE (LOW + MED IR},
THE 7 CHANNELS HAVE A TOTAL WIDTH OF 310 HzZ,.

63. ADVANTAGES AND LIMITATIONS ' |
STRONG THERMAL COUPL ING BETWEEN DETECTOR AND SATELL[TE. WHITE
DETECTOR COATING AND CONE OPYICS INADEQUATE IN SPECTRAL RESPONSE

64. REFERENCES -

1)IR AND REFLECTED SOLAR RADIATION MEASUREMENTS FROM TIROS 2 MET
SAT. NASA TN D-1096, NOV. 1961.%*%2) BANDEEN, W.R.: EXPERIMENTAL
APPROACHES TO REMOTE ATMOSPHERIC PROBING IN THE IR FROM SATS,
NASA TM X-63188, MAY 1968.**%3)BARTKOy F., ET.,AL.: TIROS LOW
RESOLUTION RADIOMETER., NASA TN D=614, SEPT. 64,%%%x4)DATA AVAIL-,
ABLE FROM WORLD DATA CENTER, ASHEVILLE, N.C,

65, HISTORICAL REMARKS : 5 ]

IDENTICAL INSTRUMENT FLOWN ON TIROS 2, 3, AND 4
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO
LOW-RESOLUTION OMNIDIRECTIONAL RADIODMETER LRCOR
(TITLE CONT.) «.nesume 0aTe | GERsioN
09/C1/72| 0004
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
SUOM!, DR, V.E. UNIVERSITY OF WISCONSIN | 608-262-5938
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
12.CopE RAcT 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | 'S 8%7  [= SOLf'°N 17. STATUS
POST FLIGHTY
18. MONITOR 19. AGENCY 20.PGM OFFICE | 21. TELEPHONE
HOLTZ, J.R, NASA HDQTRS 0SS/SG 202~-7565=2322
22. VENDOR 23. LOCATION 2 ruowr o5 L EAD TIME
UNIVERSITY OF WISCONSIN |MADISON, WISCONSIN 10/59] NA
26. INSTRUMENT TYPE eumy,
RADIOMETER, IR OMNIDIRECTIONAL NON=SCANNING LOW-RESOLUTION UNC
28. APPLICATION . 29. SPACECRAFT :
MET EXPLORER 7
30. PURPOSE

PRIMARY=-T0O MEASURE THE GROSS HEAT BUDGET OF THE EARTH,*%%*
| SECONDARY-TO DETERMINE HOW MUCH SOLAR ENERGY IS ABSORBED,
REFLECTED, AND EMITTED BY THE EARTH AND ITS ATMOSPHERE.

31. PRINCIPLES OF OPERATION

EXPERIMENTS SIMILAR TO THIS WERE ALSO FLOWN ON TIROS 3,4, AND 7.
ON EXPLORER 7, THREE RADIATION CURRENTS ARE MEASURED WITH SIMPLE
BOLOMETERS IN THE FORM OF HOLLOW SILVER HEMISPHERES. THE HEMI-
SPHERES ARE THERMALLY ISOLATED FROM, BUT IN CLOSE PROXIMITY TO
SPECIALLY ALUMINIZED MIRRORS., THESE MIRROR BACKED BOLOMETERS ARE
MOUNTED ON THE EQUATOR OF THE SATELLITE. THE BOLOMETER'S TEMPERA
TURE IS MEASURED BY A GLASS COATED BEAD THERMISTOR MOUNTED ON
THE HEMISPHERE. ALSO, PROVISION IS MADE TO MEASURE THE TEMPERA-
TURE OF THE MIRRORS. TWO OF THE HEMISPHERES HAVE A BLACK COATING
AND RESPOND ABOUT EQUALLY TO SOLAR AND TERRESTRIAL RADIATION. A
THIRD HEMISPHERE, WHITE, IS MORE SENSITIVE TO TERRESTRIAL RADIA-
TION THAN TO SOL AR RADIATION. A FOURTH WITH A GOLD METAL SURFACE
IS MORE SENSITIVE TO SOLAR RADIATION THAN TO TERRESTRIAL RADIA-
TION. A BLACK SPHERE, ON THE AXIS OF THE SATELLITE AT THE TOP, _
IS USED TO DETERMINE ANY DETERIORATION IN THE MIRROR SURFACES BY
COMPARISON WITH BLACKENED HEMISPHERES. A SMALL TABOR-SURFACED
HEMISPHERE, PROTECTED FROM DIRECT SUNLIGHT CAN BE USED TO MEA-
SURE REFLECTED SUNLIGHT WHEN THE AXIS OF THE SATELLITE POINTS
TO THE EARTH'S SURFACE. THE RADIATION CURRENTS ARE OBTAINED BY
USING THESE TEMPERATURES IN HEAT BALANCE EQUATIONS,

32. PHENOMENA OBSERVED

SOLAR AND TERRESTRIAL RADIATION

33. MEASUREMENT RANGE

128 DEG K TO 488 DEG K

34. PRECISION AND ACCURACY

0.1 KELVIN DEGREE
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35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION [37. TIME CONSTANT

0.3 T0 60.0 MICRON | NA 5. SECONDS
38. FIELD OF VIEW 39. GROUND SWATH
30.0 DEG 300 NM DIAM CIRCLEF FROM 375 NM ALTITUDE
40. ANGULAR RESOLUTION] 41. SPATIAL RESOLUTION :
NA
42. POINTING ACCURACY! 43. POINTING RATE 44. ALTITUDE 45. INCLINATION .
NA : NA MED ECCENTRI(Q HIGH POSIGRADE

46. SPECIAL REQUIREMENTS

47. COMPONENTS
5 MIRROR-BACKED BOLOMFTERS

48. WEIGHT  {49. VOLUME 50. AVERAGE POWER |51 STANDBY PoweR | 52. PEAK POWER | 53. MTBF
3 LA 3 YRS
4. |\TERFERENCE 5. N TENE ERENCE 56. \NVEREERENCE 57, \NTERFERENCE 5§8. SHIELDING
SENSITIVH MIRRORS SHIELD SENSORS

59. CALIBRATION 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION
' REALTIME TELEMETRY CONTINUOUS

62. TELEMETRY REQUIREMENTS

DATA SENT ON THE 730 HZ SUBCARRIER IN THE FORM OF A TEN-BIT
NATURAL BINARY-CODED WORD, BANDWIDTH USED FDOR TRANSMISSION IS
10 HZ.,

63. ADVANTAGES AND LIMITATIONS _

NO DATA STORAGE, DATA LIMITED TO TIME WHEN SATELLITE IN VIEW OF
RECEIVING STATION.

64. REFERENCES [

1)JUNO 2 SUMMARY PROJECT REPDRT, VOL 1. EXPLIRER 7 SAT. NASA
TECH NOTE D-608, JULY 1961.%*x2)TELEMETRY CODE AND CALIBRATIONS
FOR SATELLITE 1959 IOTA(EXPLORER 7). NASA TECH NOTE D-484, MAY
1960, *%%3)DATA AVAILABLE FROM NASA/NATIONAL SPACE SCIENCE DATA
CENTER, :

"165. HISTORICAL REMARKS E
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
" GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO
LOW-RESOLUTION OMNIDIRECTIONAL RADIOMETER LROR
(TITLE CONT.) ] 4.RESUME DATE VERSION
Co/01/72]13004
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
SucMI, DR, V.E. UNIVERSITY OF WISCONSIN |608=262-5938
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
2. qonenacT 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | " 8i3F" s COELtl'ov 17. STATUS
POST FLIGHT
18. MONITOR 19. AGENCY 20.PGM OFFICE | 21. TELEPHONE
TEPPER, M, NASA HDQTRS CA/ERD 202-155=-2322
22. VENDOR 23. LOCATION auguent 125 LEAD TIME
UNIVERSITY UF WISCONSIN [MADISCN, WISCONSIN 07761 | NA
26. INSTRUMENT TYPE ovairy,
RADIOMETER, IR OMNIDIRECTIONAL NON-=-SCANNING LOW-RESOLUTION UNC
28. APPLICATION 29. SPACECRAFT
MET TIROS 3
30. PURPOSE

PRIMARY- TO MEASURE THE GROSS HEAT BUDGET OF THE EARTH.*¥*%*
SECONDARY-TO DETERMINE HOW MUCH SOLAR ENERGY IS ABSORBRED, RE-
FLECTED, AND EMITTED BY THE EARTH AND ITS ATMOSPHERE,

31. PRINCIPLES OF OPERATION

THIS EXPERIMENT WAS FLOWN IN AN IDENTICAL CONFIGURATION ON TIROS
39 49 AND 7y AND WAS ALSO SIMILAR TO ONE ON EXPLORER 7., TWO WIDE
ANGLE (55 DEG FOV) LOW-RESOLUTION IR DETECTION DEVICES, EACH
COMPOSED OF A BLACK—~AND-WHITE BOLOMETER AND A REFLECTING MIRROR,
ARE MOUNTED 180-DEGREES APART ON TELESCOPING SUPPORTS WHICH
PROJECT FROM THE SIDE OF THE SPACECRAFT, THE MIRRORS SHIELD EACH
SENSOR FROM DIRECT RADIATION EMIVYTED BY THE SATELLITE®S BRODY.
BOTH BOLOMETERS HAVE A HIGH ABSORPTIVITY TO THE IR RADIATION
FROM THE EARTH, THE BLACK BOLOMETER ALSO HAS A HIGH ABSORPTIVITY
FOR SOLAR RADIAT ION. THUS REFLECTED AND EMITTED RADIATION CAN BE
SEPARATED. THERMISTORS, FASTENED INSIDE OF THE HEMISPHERIC
SHELLS, MEASURE SENSOR TEMPERATURES.BECAUSE OF THE LIMITED TELE-
METRY CAPABILITY, MATCHED PAIRS OF THERMISTORS ARE CONNECTED IN
SERIES WITH SIMILAR SENSORS ON OPPOSITE SIDES OF THE SPACECRAFT,
THEREFORE, THE MEASURED SENSOR TEMPERATURE RECEIVED FROM THE
SATELLITE IS AN AVERAGE OF 2 TEMPERATURES FROM MATCHED THER-
MISTORS. THE INFORMATION TELEMETERED TO EARTH INCLUDES TEMPER-
ATURES OF THE MIRRORS AND SENSORS AND A FIXED RESISTANCE VALUE
WHICH ALLOWS ONE TO COMPENSATE FOR DRIFT OF THE ELECTRONICS IN
THE SATELLITE,

32. PHENOMENA OBSERVED

ABSORBED IRRADIANCE FROM SUN AND EARTHIENERGY EMITTYED FROM EARTH

33. MEASUREMENT RANGE

128 DEG K TO 488 DEG K

34. PRECISION AND ACCURACY o

0.1 KELVIN DEGREE
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35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION 137. TIME CONSTANT

0.3 10 60,0 MICRON |[NA 5 SECONDS
38. FIELD OF VIEW 39. GROUND SWATH . !
55.0 DEG|[ 500 NM DIAM CIRCLE FRIM 475 NM ALTITUDE
40. ANGULAR RESOLUTION] 41, SPATIAL RESOLUTION
NA NA
42. POINTING ACCURACY| 43. POINTING RATE 44, ALTITUDE 45. INCLINATION
NA NA MED CIRCULAR [MEDIUM POSIGRADE

46. SPECIAL REQUIREMENTS

47. COMPONENTS

2 DETECTION DEVICES, ELECTRONICS

A8. WEIGHT _ 149. VOLUME .| 50. AVERAGE POWER |51. STANDBY POWER |, 52. PEAK POWER | 63. MTBF
3 L8 1 WATT
4 nTeRFERENCE | 5% INTERFERENCE 58 |NTERFE RENCE 57. |y yERrEAENCE 58. SHIELDING
SENSITIVE |[MIRRORS SHIELD SENSORS
59. CALIBRATION 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION

DELAYED YELEMETRY CONTINUOUS

62, TELEMETRY REQUIREMENTS

DATA FROM THIS AND OTHER IR EXPTS ON-BOARD ARE RECORDED
CONTINUQUSLY FOR ONE ORBIT ON MAGNETIC TAPE FOR PLAYBACK ON
COMMAND FROM ONE OF THE GROUND STATIONS.

63. ADVANTAGES AND LIMITATIONS ;

64. REFERENCES

PHD THESIS,U., OF WISC. 196S5.%*%2)SATELLITE AND ROCKET EXPTS, NAT
SPACE SCI DATA CENTER, NASA/GSFC,JAN 68.***3)MISSION PLAN TIROS
7. GSFC REPORYT NO. X-650-63-99, MAY 63.%*%4)JUNO 2 SUMMARY PROJ.
REPORT VvOL 1, EXPLORER 7, NASA TN=-D=-608,JULY 61.%%%5)DATA
AVAILABLE FROM NATIONAL SPACE SCIENCE DATA CENTER, NASA/GSFC,

65. HISTORICAL REMARKS

IDENTICAL INSTRUMENT FLOWN ON TIROS 3, 4, AND T73SIMILAR ON EXP 7
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO
LOW—-RESOLUTION OMNIDIRECTIONAL RADIOMETER LROR
{TITLE CONT.) . 4.RESUME DATE 3’ERS|0N
CO/70L17 7210004
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
SUOMT, DR, V. Es UNIVERSITY OF WISCONSIN |608-262-5938
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
12. CONTRACT 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | 3% | “OTif'%] 17. STATUS
POST FLIGHT
18. MONITOR 19. AGENCY 20.PGM OFFICE 21. TELEPHONE
TEPPER, M, NASA HDQTRS DA/ERD 202-755-2322
22. VENDOR 23. LOCATION w.euent |26 LEAD TIME
UNIVERSITY OF WISCONSIN |MADISON,WISCONSIN - 02/62 | NA
26. INSTRUMENT TYPE me'
RADIOMETER,y IR OMNIDIRECTIONAL NON-=SCANNING LOW-RESOLUTION UNC
28. APPLICATION 29. SPACECRAFT
MET TIROS 4
30. PURPOSE )

PRIMARY- TO MEASURE THE GROSS HEAT BUDGEY OF THE EARTH, %%
SECONDARY-TO DETERMINE HOW MUCH SOLAR ENERGY IS ABSORBED, RE-
FLECTED, AND EMITTED BY THE EARTH AND [TS ATMOSPHERE.

31. PRINCIPLES OF OPERATION

THIS EXPERIMENT WAS FLOWN IN AN IDENTICAL CONFIGURATICN ON TIROS
3y 49 AND 74 AND WAS ALSO SIMILAR TO ONE ON EXPLORER 7., TWO WIDE
ANGLE (55 DEG FOV) LOW-RESOLUTION IR DETECTION DEVICES, EACH
COMPOSED OF A BLACK-AND-WHITE BOLOMETER AND A REFLECTING MIRROR,
ARE MOUNTED 180-DEGREES APART ON TELESCOPING SUPPORTS WHICH PRO-
JECT FROM THE SICE OF THE SPACECRAFT, THE MIRRORS SHIELD EACH
SENSOR FROUOM DIRECT RADIATION EMITTED BY THE SATELLITE*S BODY.
BOTH BOLOMETERS HAVE A HIGH ABSORPTIVITY TO THE IR RADIATION
FROM THE EARTH. THE BLACK BOLOMETER ALSO HAS A HIGH ABSORPTIVI=-
TY FOR SOLAR RADIATION, THUS REFLECTED AND EMITTED RADIATION IS
MEASURED., THE SENSOR TEMPERATURES ARE MEASURED RY THERMISTORS
|FASTENED TO THE INSIDE OF THE HEMISPHERIC SHELLS. BECAUSE OF
THE LIMITED TELEMETRY CAPIBILITY, MATCHED PAIRS OF THERMISTORS
ARE CONNECTED IN SERIES WITH SIMILAR SENSORS ON OPPOSITE SIDES
OF THE SPACECRAFT., THEREFORE, THE MEASURED SENSOR TEMPERATURE
RECEIVED FROM THE SATELLITE IS AN AVERAGE OF 2 TEMPERATURES FROM
MATCHED THERMISTORS. THE INFORMATION TELEMETERED TO EARTH IN-
CLUDES TEMPERATURES OF THE MIRR(ORS AND SENSORS AND A FIXED RE-
SISTANCE VALUE WHICH ALLOWS ONE YO COMPENSATE FOR DRIFT OF THE
ELECTRONICS IN THE SATELLITE.

32. PHENOMENA OBSERVED

IR _ENERGY ABSORBED FROM SUN AND FARTH AND EMXTTED BY THE EARTH

33. MEASUREMENT RANGE

128 DEG K TO 488 DEG K

34. PRECISION AND ACCURACY

O.1 KELVIN DEGREE
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35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION [37. TIME CONSTANT

0.3 10O 60,0 MICRON | NA 5 SECONDS
38. FIELD OF VIEW 39. GROUND SWATH t
55,0 DEG[ 470 NM DIAM CIRCLE FROM 450 NM ALTITUDE
40. ANGULAR RESOLUTION] 41, SPATIAL RESOLUTION |
NA
42. POINTING ACCURACY] 43, POINTING RATE 44. ALTITUDE - 45, INCLINATION |
NA& NA MED CTIRCULAR [MEDIUM ~ POSIGRADE

46. SPECIAL REQUIREMENTS ‘ - |

47. COMPONENTS

Z DETECTIUN DEVICES; ELECTRDN!CS

48. WEIGHT  |49. VOLUME 50. AVERAGE POWER |51. STANDEY PoweR | 52. PEAK POWER | 53. MTBF |
3 L 1 WATT ‘
B4 iy reRFERENCE ) 56 TeAEERENCE 7. mv's"a?&"ké&cs 58. SHIELDING |
SENSITIVE[MIRRORS SHIELD SENSORS
§9. CALIBRATION C 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION !

DELAYED TELEMETRY CONTINUGUS

62. TELEMETRY REQUIREMENTS

DATA FROM THIS AND OTHER IR EXPTS ON-BOARD ARE RECORDED
CONTINUOUSLY FOR NONE ORBIT ON MAGNETIC TAPE FDOR PLAYBACK ON
COMMAND FROM ONE OF THE GROUND STATIONS.

63. ADVANTAGES AND LIMITATIONS |

64. REFERENCES : ]

TTRADTATION BALANCE OF THE EARTH FROM A SATELLITE., HOUSE.F. B..
PHD THESIS,U.OF WISC., 1965.%*%2)SATELLITE AND ROCKETY EXPTS, NAT
SPACE SCI DATA CENTER, NASA/GSFC,JAN 68.***3)MISSION PLAN TIROS
7. GSFC REPORT NO. X=650-63-99y MAY 63.%%%x4)JUND 2 SUMMARY PROJ.
REPORT vOL 1y EXPLORER 7y NASA TN-D=-6/8,JULY 61.%%%5)DATA ‘
AVAILABLE FROM NATIONAL SPACE SCIENCE DATA CENTER, NASALE&ELL*__

65. HISTORICAL REMARKS -

IDENTICAL INSTRUMENT FLOWN ON TlROS 3,4, AND 73SIMILAR ON EXP 7
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO
LOW-RESOLUTION OMNIDIRECTIONAL RADIOMETER LROR
{TITLE CONT.) 4. RESUME DATE 'r\’/'enstou
Ng/C1/772|00C4
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
SUCMI, DR, V.E. UNIVERSITY OF WISCONSIN |608=-262-5938
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
12-40penAcT 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | " 83% [ “"BifI'°"] 17. STATUS
POST FLIGHY
18. MONITOR 19. AGENCY 20. PGM OFFICE 21. TELEPHONE
TEPPER, M, NASA HDQTRS CA/ERD 202-755=-2322
22. VENDOR - 23. LOCATION 2rusnt |96 LEAD TIME
UNIVERSITY OF WISCONSIN |[MADISCN, WISCONSIN Q6763 NA
26. INSTRUMENT TYPE iy
RADIOMETER, IR OMNIDIRECTIONAL NON-SCANNING LOW=-RESOLUTION UNC
28. APPLICATION 29. SPACECRAFT
MET TIROS 7
30. PURPOSE

PRIMARY- TO MEASURE THE GROSS HEAT BUDGET OF THE FARTH,***
SECONDARY-T(O DETERMINE HOW MUCH SGCLAR ENERGY IS ABSORBED, RE-
FLECTED, AND EMITTED BY THE EARTH AND ITS ATMOSPHERE.

31. PRINCIPLES OF OPERATION

THIS EXPERIMENT WAS FLOWN IN AN IDENTICAL CONFIGURATION ON TIROS
34y 49y AND 7, AND WAS ALSO SIMILAR TO ONE ON EXPLORER 7. TWO WIDE
ANGLE (55 DEG FOV) LOW-RESOLUTION IR DETECTION DEVICES, EACH
COMPOSED OF A BLACK-AND-WHITE BOLOMETER AND A REFLECTING MIRROR,
ARE MOUNTED 180~DEGREES APART ON TELESCOPING SUPPORTS SO THATY
THE SATELLITE DOES NCT INTERFERE WITH THE FIELD-OF-VIEW. THE
MIRRQORS SHIELD EACH SENSOR FROM DIRECT RADIATION EMITTED RY THE
SATELLITE®'S 80DY. BOTH BOLOMETERS HAVE A HIGH ABSORPTIVITY TO
THE IR RADIATION FROM THE EARTH, THE BLACK BOLOMETER ALSO HAS A
HIGH ABSORPTIVITY FOR SOLAR RADIATION. THUS BOTH REFLECTED AND
EMITTED RADIATION CAN BE MEASURED. THERMISTORS, FASTENED INSIDE
OF THE HEMISPHERIC SHELLS, GIVE THEIR TEMPERATURES. BECAUSE OF
THE LIMITED TELEMETRY CAPABILITY, MATCHED PAIRS OF THERMISTORS
ARE CONNECTED IN SERIES WITH SIMILAR SENSORS ON OPPOSIDE SIDES
OF THE SPACECRAFT, THEREFORE, THE MEASURED SENSOR TEMPERATURE
RECEIVED FROM THE SATELLITE IS AN AVERAGE OF 2 TEMPERATURES FROM
MATCHED THERMISTORS. THE INFORMATION TELEMETERED TO EARTH IN-
CLUDES TEMPERATURES OF THE MIRRORS AND SENSORS AND A FIXED RE-
SISTANCE VALUE WHICH ALLOWS ONE TO COMPENSATE FOR DRIFT OF THE
ELECTRONICS IN THE SATELLITE,

32. PHENOMENA OBSERVED

ABSORBED IRRADIANCE FROM SUN AND EARTHS;ENERGY EMITTED FROM EARTH

33. MEASUREMENT RANGE

128 DEG K TO 488 DEG K

34. PRECISION AND ACCURACY

0.1 KELVIN DEGREE
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35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION |37. TIME CONSTANT
0.3 T0 60,0 MICRUN | NA 5 SECONDS
38. FIELD OF VIEW 39. GROUND SWATH

4DC NM DIAM CIRCLE FROM 400 NM ALTITUDE
40. ANGULAR RESOLUTION] 41. SPATIAL RESOLUTION

NA .
42. POINTING ACCURACY]{ 43. POINTING RATE 44, ALTITUDE 45, INCLINATION
NA NA MED CIRCULAR | MEDIUM POSIGRADE

46. SPECIAL REQUIREMENTS

47. COMPONENTS ‘
2 DETECTYION DEVICES, ELECTRONICS

48. WEIGHT 49. VOLUME 50. AVERAGE POWER |51. STANDBY POWER | 52. PEAK POWER | 53. MTBF
3 LB
4. \NTEREERENCE 55 N TERPEBECE 56. (NTERFERENCE 7. \nTeReEAERCE 58. SHIELDING
SENSITIVE|MIRRORS SHIELND SENSORS
59. CALIBRATION 60. DATA RECOVERY ¢ 61. FREQUENCY OF OBSERVATION

DELAYED TELEMETRY CONTYINUQUS

62, TELEMETRY REQUIREMENTS
DATA FROM THIS AND OTHER IR EXPTS ON-BOARD ARE RECORDED
CONTINUOQUSLY FOR ONE ORBIT ON MAGNETIC TAPE FOR PLAYBACK ON

COMMAND FROM ONE OF THE GROUND STATIONS.
63. ADVANTAGES AND LIMITATIONS

64. REFERENCES

1)RADIATION BALANCE OF THE EARTH FROM A SATELLITE. HOUSE, FeB.y
PHD THESIS,U. OF WISC. 1965.%%x%2)SATELLITE AND ROCKEY EXPTS, NAT
SPACE SCI DATA CENTER, NASA/GSFC,JAN 68,.*%xx3)MISSION PLAN TIROS
7. GSFC REPORT NN, X-650-63-99, MAY 63.%%x%4)JUNO 2 SUMMARY PROJ.
REPORT VOL 1, EXPLORER 7, NASA TN-D-608,JULY 61.%%%5)DATA
AVAILABLE FROM NATIONAL SPACE SCIENCE DATA CENTER, NASA/GSFC.

65. HISTORICAL REMARKS

IDENTICAL INSTRUMENT FLOWN ON TIROS 3,4,AND 73SIMILAR ON EXP 7
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE ) 2. ACRONYM | 3. EXP NO
MEDIUM=RESOLUTION INFRARED RADIOMETER MRIR
{TITLE CONT.) 4. AESUME DATE ?I'ERSION
09/01/72 10005
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
MCCULLOGCH, A, GODDARD SPACE FLT CENTER |301-982~5042
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
12. CORTRACY 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | "> 3:F e “®Bai'% 17. STATUS
POST FLIGHT
18. MONITOR 198. AGENCY 20.PGM OFFICE 21. TELEPHONE
HALEY, DR, R NASA HDQTRS, OA/ERN 202-755-2322
22. VENDOR 23. LOCATION 24, FLIGHT 25. LEAD TIME
SANTA BARBARA RES CTR GOLETA, CALIFORNIA 05766 |NA
26. INSTRUMENT TYPE giumm
RADIOMETER, 5-CHANNEL MEDIUM=-RESOLUTION IR/VISIBLE SCANNING JUNC
28. APPLICATION 29. SPACECRAFT
MET NIMBUS 2
30. PURPOSE

PRIMARY=-TO MEASURE ELECTROMAGNETIC RADIATION EMITTED AND RE-
FLECTED FROM THE EARTH AND ITS ATMOSPHERE IN 5 SELECTED WAVE-
LENGTH INTERVALS. PARAMETERS TO BE STUDIED ARE: ATMOSPHERIC
WATER VAPOR ABSORPTION BAND; SURFACE OR NEAR-SURFACE TEMPERATURE
AND CLOUD COVER DATAZRADIATION FROM STRATOSPHERE(CO2) BAND 3HEATY
BUDGET OF THE EARTH AND INTENSITY OF REFLECTED SOLAR ENERGY,

31. PRINCIPLES OF OPERATION

THE 5 CHANNEL NIMBUS MRIR,USING FILTERS AND BOLOMETER DETECTORS,
WAS SIMILAR IN PURPOSE TO THE EARLIER TIROS MRR BUT WAS A NEW
INSTRUMENT DESIGN.THE SPECTRAL INTERVALS WERE: 6.4-6.,9510-11,14~
1695.0-30.04AND 0.2~4.0 MICRONS, THE RADIANT. ENERGY FROM THE
EARTH IS COLLECTED BY A FLAT SCANNING MIRROR INCLINED AT 45 DEG
TO THE OPTICAL AXIS. THE MIRROR ROTATES AT 8 RPM AND SCANS IN A
PLANE PERPENDICULAR TO THE DIRECTION OF MOTION OF THE SATEL-
[LITE. EACH OF THE 5 CHANNELS CONTAINS A 1.7 IN. DIAMETER FOLDED
TELESCOPE AND A THERMISTOR BOLOMETER WITH A 2.8 DEG FOV.CALIBRA-
TION OF THE IR CHANNELS OCCUR AT 2 POINTS DURING EACH SCAN, COLD
SPACE AND THE RADIOMETER HOUSING. THE INCIDENT FLUX FOCUSED ON
THE BOLOMETER DETECTOR IS MODULATED AT 60 HZ BY A MECHANICAL
CHOPPER TO PRODUCE AN A.C. SIGNAL FROM THE DETECTOR, (REFERENCE
TEMP OF THE RADIOMETER)., THE ABSOLUTE TEMP OF THE TARGET IS DE~-
TERMINED BY INTRODUCING AN ELECTRONIC VOLTAGE IN SUCH A PROPOR-
TION THAT A TARGET OF A GIVEN TEMP WILL ALWAYS PRODUCE THE SAME
ABSOLUTE VOLTAGE OUTPUT. THE ELECTRICAL SIGNAL FROM THE DETECTOR
IS THEN AMPLIFIED AND SYNCHROUNOUSLY DEMODULATED TO YIELD AN
ANALOG OUTPUT OF O TO -6.4 VOLTS TO COVER THE DESIRED RANGE OF
TARGET TEMPERATURE FOR EACH CHANNEL,

32. PHENOMENA OBSERVED

RADIATION FROM THE EARTH AND TS ATMOSPHERE
33. MEASUREMENT RANGE

34. PRECISION AND ACCURACY T o e Eﬂ
A _S/N RATIO OF BETTER THAN 30 DB. ABSOLUTE ACCURACY QOF +-3 DEG
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35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION [37. TIME CONSTANT ° |

. 0.2 10 30.0 MICRONS|SEE ITEM 31
*|38. FIELD OF VIEW ] 39. GROUND SWATH . |
2.8 DEG| 29 NM DIAM CIRCLE FRDOM 600 NM ALTITUDE

[#0-ANGULAR RESOLUTION] 41, SPATIAL RESOLUTION '

2.8 DEG| 29 NM FROM 600 NM ALTITUDE

42.POINTING ACCURACY| 43. POINTING RATE 44. ALTITUDE 45, INCLINATION B

MED CIRCULAR | SUN-SYNCH RETROGRADE

46. SPECIAL REQUIREMENTS ' * ] - ]

47. COMPONENTS _ — -
RADIOMETER, ELECTRONICS
48.WEIGHT [49, VOLUME | 50. AVERAGE POWER |51 STANDBY POWER| 52. PEAK POWER | 53. MTBF |
14 LB : 7 _WATTS
| 5% wrenfinence 55 (N TENPE RENCE 58 N TERPE HENGE 7. s TERFERENCE 58. SHIELDING ]
SENSITIVE
59. CALIBRATION 60. DATA RECOVERY h61. FREQUENCY OF OBSERVATION |

COLD SPACE AND HOUSING DELAYED TELEMETRY CONTINUOUS
62. TELEMETRY REQUIREMENTS I
ANALOG SIGNALS ARE SAMPLED 33-1/3 TIMES PER SEC AND CONVERTED TO
7-81T DIGITAL DATA, FACH DATA WORD BIT IS THEN RECORDED ON TAPE
FOR PLAYBACK,

63. ADVANTAGES AND LIMITATIONS ~ _ |
IMPROVED SPECTRAL RESPONSE AND AN IN-FL IGHT CALIBRATION OF THE

SIGNAL LEVEL HAS INCREASED ACCURACY DF DAYA DJDVER TIROS MRR,
64. REFERENCES . j

1) NIMBUS 2 USER'S GUIDE. GSFCy JUL.66.%%*2)DATA CATALOG OF SAT-
ELLITE AND ROCKET EXPERIMENTS. NASA/GSFC, NATIONAL SPACE SCI
DATA CTR, REPORT NO. NSSOC 68-01, JAN 68.**x3) SIG ACHIEV IN
SPACE APP.NASA SP-156y 1967.%**4) GOLDBERGs I.L.: MET IR INSTRU-
MENTS FOR SATELLITES., NASA/GSFC, AUG.68.%%%5) DATA AVAILABLE
{FROM NATIONAL SPACE SCIENCE DATA CENTFR, NASA/GSFC.
65. HISTORICAL REMARKS

SIMILAR IN PURPOSE TO EARLIER TIROS MRR, BUT NFW DFSIGN.

_
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO
MEDIUM=RESOLUTION INFRARED RADIOMETER MRIR
(TITLE CONT.) 4. RESUME DATE %ERSION
C9/01/72 |0005
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
MCCULLOCH, A, GODDARD SPACE FLT CENTER |301-982-5042
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
s e 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | 8538 s C™0afi°"]17. STATUS
OPERATIONAL
18. MONITOR 19. AGENCY 20.PGM OFFICE 21. TELEPHONE
SCHARDT, B.B, NASA HDQTRS DA/ERN 202-755=-2322
22. VENDOR 23. LOCATION zrueht 125 | EAD TIME
SANTA BARBARA RES CTR GOLETA, CALIFORNIA 04/69 |NA

26. INSTRUMENT TYPE gﬂuﬁun
RADIOMETER, 5-CHANNEL MEDIUM-RESCLUTION SCANNING IR/VISIBLE [UNC

28. APPLICATION . 29. SPACECRAFT
MET INIMBUS 3
30. PURPOSE

PRIMARY-TO MEASURE SELECTED ELECTRCMAGNETIC RADIATION EMITTED OR
REFLECTED FROM THE EARTH AND ITS ATMOSPHERE TO OBTAIN DATA ON
THE ALBEDO OF THE EARTH-ATMOSPHERE SYSTEM, WATER VAPOR DISTRIBU-
TIUN, SURFACE OR CLOUD TEMPERATURES AND SEASONAL CHANGES OF
STRATOSPHERIC TEMPERATURES.***SECONDARY- TO PROVIDE ABSOLUTE
RADIOMETRIC DATA TO AID IN EVALUATING DATA OF -OTHER EXPERIMENTS,
31. PRINCIPLES OF OPERATION
THE 5 CHANNEL NIMBUS MRIR IS SIMILAR IN PURPOSE TO YHE EARLIER
TIROS MRR, BUT USES AN ENTIRELY NEW INSTRUMENT DESIGN. RADIA-
TION ENTERS THE RADIOMETER BY REFLECTION FROM A FLAT SCANNING
MIRROR INCLINED AT 45 DEG TO THE OPTICAL AXIS. A MECHANICAL
CHOPPER MODULATES THE RADIATION AT 60 HZ., THE SPECTRAL REGIONS
ARE SELECTED BY FILTERS. FOR THIS MRIR THE REGIONS (IN MICRONS)
ARE 6.4=6.9 FOR WATER VAPOR DISTRIBUTION IN THE TROPOSPHERE,
10-11 FOR SURFACE OR CLOUD TEMPERATURES, 14,5-15.5 FOR STRATO~-
SPHERIC TEMPERATURES, 20-23 FOR ANOTHER WATER VAPOR MEASUREMENT,
AND 0.2-4.0 FOR ALBEDO MEASUREMENTS. EACH CHANNEL HAS A SEPARATE
OPTICAL SYSTEM CONTAINING A FOLDED TELESCOPE WITH A 1.7 INDIA-
METER OBJECTIVE AND A 2.8 DEG FOV. THE RADIATION IS FOCUSED ONTO
A THERMISTOR BOLOMETER DETECTOR., THE SCANNING MIRROR ROTATES AT
8 RPM SCANNING IN A PLANE NORMAL TO THE S/C VELOCITY. DURING
EACH REVOLUTION THE MIRROR VIEWS SPACE, THE EARTH FROM HORIZON
TO HORIZON, SPACE AGAIN, AND THE RADICOMETER HOUSING. THE TEMPER-
ATURES RECORDED FOR SPACE AND THE HOUSING ARE USED FOR CALIBRA-
TION. THE OUTPUT FOR EACH DETECTOR IS A ZERO TO 6.4 VOLT ANALOG
SIGNAL., THIS IS CONVERTED TO AN 8-BIT DIGITAL SIGNAL AND STORED
JTAPE FOR TRANSMISSION OVER S~BAND UPON COMMAND,
32. PHENOMENA OBSERVED

JNFRARED RADJATION FROM THE FARTH AND ATMQSPHERE
33. MEASUREMENT RANGE '

|L85=300 DEG K FOR 10 MCRN CHAN3185-270 DEG K FOR 6,15 MCRN CHANS
34. PRECISION AND ACCURACY

S/N OF BEYTER THAN 30 DB; ABSOLUTE ACCURACY OF #+-7 DEG C
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35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION |37. TIME CONSTANT

0.2 T0 23.0 MICRON 2.0 MSEC
38. FIELD OF VIEW _ 39. GROUND SWATH
360.0 BY 2.8 DEG/LIMB-TN-LTMB (3800 NM) FROM 600 NM ALT

] 40. ANGULAR RESOLUTION] 41, SPATIAL RESOLUTION

2.8 DEG] 25 NM FROM 600 NM ALTITUDE

42. POINTING ACCURACY| 43. POINTING RATE 44. ALTITUDE 45. INCLINATION

MED CIRCULAR | SUN-SYNCH RETROGRADE

46. SPECIAL REQUIREMENTS

47. COMPONENTS

RADTOMETER, ELECTRONICS

48. WEIGHT  }49. VOLUME 50. AVERAGE POWER |51. STANDBY POWER | 52. PEAK POWER | 53. MTBF
27 LB 8 WATTS 2 WATTS
54 N TERFERENCE 55, \NTERFERENCE 56 |NTEAFERENCE 57 \NTERFERENCE 58. SHIELDING
SENSITIVE
59. CALIBRATION ’ 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION
SPACE AND MRIR HOUSING DELAYED TELEMETRY CONTINUQUS

62. TELEMETRY REQUIREMENTS

ANALOG SIGNALS ARE SAMPLED 33-1/3 TIMES PER SEC AND CONVERTED T0
8-BIT DIGITAL DATA. EACH DATA WORD BIT IS THEN RECORDED ON TAPE
FOR PLAYBACK.

63. ADVANTAGES AND LIMITATIONS

[MPROVED SPECTRAL RESPONSE AND IN-FLIGHT CALIBRATION HAS IN-
CREASED ACCURACY OF DATA OVER TIROS MRIR; MOVING PARTS.

64. REFERENCES .

1)GOLDBERG, [.L.: METECROLOGY INSTRUMENTS FOR SATELLITES. PRE-
SENTED AT 13TH ANNUAL TECH SYMP OF SOC PHOTD-OPTICAL ENGRS, AUG
23, 1968.%%%2)NIMBUS B PRESS KIT,ND:68-84K, NASA, MAY 10, 1968,
*x%3) NIMBUS 2 USER'S GUIDE. GSFCy JULY 1966.%%%4)SABATINI, R.R.
NIMBUS B DATA UTILIZATION PLAN. ALLIED RES. ASSOC, TECH REPT NO.
4, MARCH 1968,

65. HISTORICAL REMARKS

SIMILAR IN PURPOSE TO EARLIER TIRDOS MRR
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. AcRONYM | 3. EXP NO
MEDIUM=RESOLUTION RADIOMETER MER
{TITLE CONT.) . 4. RESUME DATE VERsiON
. 09/01/72]970G5
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
NOKDRERGy DR. Wo GODDARD SPACE FLT CENTER|371-G82-5042
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
12 GopenacT 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | ® 8477 e “Uafi' "] 17. STATUS
POST FLIGHT
18. MONITOR 19. AGENCY 20. PGM OFFICE 21. TELEPHONE
TEPPER, M, NASA HDQTRS DA/ERD  |202=-755=2322
22. VENDOR 23. LOCATION usuowt 125 LEAD TIME
BARNES ENGINEERING CO STAMFORD, CONN, 11760 NA
26. INSTRUMENT TYPE Secuny)
RADIOMETER, 5-CHAN THERMISTOR-BOLOMETER MED=-RES SCANNING IR JUNC
28. APPLICATION 29. SPACECRAFT
MET TIRNDS 2
30. PURPOSE

PRIMARY=-TO MEASURE EMITTED THERMAL AND REFLECTED SOLAR RADIATICN
FROM THE EARTH AND ITS ATMOSPHERE IN 5 SPECTRAL REGIONS. PARAM-
ETERS TO BE STUDIED ARE: ATMOSPHERIC WATER VAPOR ABSORPTION
BAND, DAY-NIGHT TIME CLOUD COVER, ALBEDO, AND THERMAL RADIATION.
TO GENERATE RADIATION MAPS FOR RESEARCH IN ATMOSPHERIC PROPER-
TIES.

31. PRINCIPLES OF OPERATION

TIROS 2¢34447y AND NIMBUS 2 CONTAINED 5 CHANNEL SCANNING RADIOM-
ETERS USING FILTERS AND BOLOMETER DETECTORS. THE NIMBUS 2 RADI-
OMETER, WHILE SIMILAR IN PURPOSE, WAS A NEW INSTRUMENT DESIGN.
ON THE TIROS SERIES PRECISE BANDWIDTHS VARIED FOR EACH FLIGHT,
FOR TIROS 2 THEY WERE 5.72=7T.03 742-22.25 Ce26=T.65 T42-32.63
AND 0.365-3,35 MICRONS. A REFERENCE LEVEL WAS OBTAINED BY HAVING
THE DETECTORS ALTERNATELY LOOK INTO SPACE AT A 45 DEGREE ANGLE.
EACH CHANNEL HAS THE SAME PRINCIPLE OF OPERATION: THE ALTERNAT-
ING VOLTAGE GENERATED AT THE THERMISTOR BOLOMETER IS PROPCRTION-
AL TO THE DIFFERENCE IN RADIATICN ENERGY COMING FROM 2 OPPOSITE
DIRECTIONS (THROUGH THE SATELLITE WALL AND BASE) AND IMPINGENT
UPON A CHOPPER DISK THAT HAS ALTERNATE BLACK AND MIRRORED
HALVES. ALL 5 DISKS ROTATE SIMULTANEOUSLY AT 46 RPS, AND HAVE
IDENTICAL OUTPUT CIRCUITRY TO PREAMPLIFIERS AND TAPE RECORDERS.,
SATELLITE SPIN IS USED TO PROVIDE THE SCAN LINE, WHICH IS THEN
ACVANCED BY ORBITAL MOTION OF THE SATELLITE. THE INSTRUMENT HAS
A 5 DEG FOV FOR EACH CHANNEL. DATA ARE RECORDED ON THE SATEL-
LITE'S ENDLESS LOOP OF MAGNETIC TAPE FOR A PERIOD OF 100 MIN,

32. PHENOMENA OBSERVED

RACIATION FROM EARTH AND ATMOSPHERE IN 5 SPECTRAL REGIONS
33. MEASUREMENT RANGE :

34. PRECISION AND ACCURACY
A S/N RATIO OF BETTER THAN 30 DB; ABSOLUTE ACCURACY OF +-7 DEG K
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36. SPECTRAL RANGE 36. SPECTRAL RESOLUTION |[37. TIME CONSTANT |

- .25 TO 32.6 MICRONS]SEE TTEM 31
38. FIELD OF VIEW 39. GROUND SWATH {

>.0 DEG| 35 NMDTAM CTYRCLE FROM 410 NM ALTITUDE

40. ANGULAR RESOLUTION| 41, SPATIAL RESOLUTION

5.0 DEG B5 NM AT CENTER FROM 410 NM ALTITUDE
42. POINTING ACCURACY| 43. POINTING RATE 44. ALTITUDE 45. INCLINATION

I
MED CIRCULAR [MEDTUM POSTGRADE
46. SPECIAL REQUIREMENTS L ] ) o , . |

47. COMPONENTS o - V ]

48.WEIGHT 149.VOLUME | 50.AVERAGE POWER |51.STANDBY POWER | 52. PEAK POWER | 53, MTBF I
6 LR 3 WATTS
4. |\ TERFERENCE 55 |NTERFEBE SCE ] 58wt e S7. \NTERFERENCE _ 58. SHIELDING
SENSITIVE
59. CALIBRATION 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION

SPACE LOOK FOR ZEROING DELAYED TELEMETRY CONTINUOUS

62. TELEMETRY REQUIREMENTS

7 FREQUENCY BANDS ARE USED FOR TOTAL IR PACKAGE (LOW + MED IR)3;
THE 7 CHANNELS HAVE A WIDTH OF 310 HZ.

63. ADVANTAGES AND LIMITATIONS |
AN UNCERTAINTY EXISTS IN THE ABSOLUTE VALUES OF THE HEASUREMENTS
{BECAUSE OF NO INFL!GHT CALIBRAT[ON.

64. REFERENCES - j

TIBANDEEN, W.R. ET.AL.: INFRARED AND REFLECTED SOLAR RADIATION
MEASUREMENTS FROM TIROS 2 MET SAT, NASA TN D-1096, NOV. 1961,.%%%x
2) DATA CATALOG OF SAT AND ROCKET EXPTS. NASA/GSFC-NATIONAL
SPACE SCIENCE DATA CTR, REPT, NSSDC 68-01, JAN. 68. **%*3)
GOLDBERGy I«:MET IR INSTRUMENTS FOR SAT. NASA/GSFC, AUG. 68, **%
DATA AVAILABLE FROM NATIONAL SPACE SCIENCE DATA CTR, NASA/GSFC.

65. HISTORICAL REMARKS

SIMILAR PADIOMETERS FLOWN ON TIROS 2'314 7 AVD NIMBUS 2 (MRIR)
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO
MEDIUM=-RESGLUTION RADIOMETER MRR
(TITLE CONT.) enesume DATE | Jepsion
. na/o1/72120¢
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
NODRDRERG, DR, W, GODNDARD SPACE FLY CENTER|3701=-982-5042
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
12 GOpTRACT 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | "2t & “™BaiI'o17. STATUS
POST FLIGHT
18. MONITOR 19. AGENCY 20.PGM OFFICE | 21. TELEPHONE
TEPPER, M. NASA HDQTFS OA/ERD 20N2-755=2322
22. VENDOR - 23. LOCATION ufuont |05 LEAD TIME
BARNES ENGINEEFRING COQ. STAMFURD, CONN, 1/61
26. INSTRUMENT TYPE , SECuRITY )
RADIOMETER, S5-CHANNEL THERMISTOUR~-BULOMETER MED-RES SCANNING [UNC
28. APPLICATION 29. SPACECRAFT
MET TIROS 3
30. PURPOSE

PPIMARY-TO MEASURE EMITTED THERMAL AND REFLECTED SOLAR RADIATIGN
FROM THE EARTH AND [TS ATMOSPHERE IN 5 SPECTRAL PEGIONS. PARAM-
ETERS T0O BE STUDIED ARE: ATMOSPHERIC WATER VAPOR ARSQPPTICN
BAND, DAY-NIGHT TIME CLOUD CCVER, ALBEDO, AND THERMAL PRADIATICN,
TO GENERATE RADIATION MAPS FOR RESEARCH IN ATMOSPHERIC PROPF2=-
TIES,

31. PRINCIPLES OF OPERATION

TIKOS 2¢394s79 AND NIMBUS 2 CONTAINED S5-CHANNEL SCANNING RADIOM-
ETERS USING FILTERS AND BOLOMETER DETECTORS. THE NIMBUS 2 FADI-
OMETER, WHILE SIMILAR IN PURPOSE, WAS A NEW -INSTRUMENT DESIGN.
ON THE TIROS SERIES PRECISE BANDWIOTHS VARIED FQR FACH FLIGHT,
FOR TIROS 3 THEY WERE: 5,7-T7.0; 7.07-25,05 0.25-6.82;5 T.4-32,.63%
AND 0.475-2.900" MICRONS. A REFERENCE LEVEL WAS OBTAINED RY
HAVING THE DETECTORS ALTERNATELY LOOK INTD SPACE AT A 45 DFGREE
ANGLE., EACH CHANNEL HAS THE SAME PRINCIPLE OF OPERATION: THE
ALTERNATING VOLTAGE CENERATED AT THE THERMISTOR BROLOMETER IS
PROPCRTIONAL TO THE DIFFERENCE IN RADIATION ENERGY COMING FROM

2 OPPOSITE CIRECTIONS (THROUGH THE SATELLITE WALL AND BASE) AND
IMPINGENT UPON A CHOPPER DISK THAT HAS ALTERNATE BLACK AND
MIRRORED HALVES. ALL 5 DISKS ROUTATE SIMULTANECUSLY AT 46 KPS,
AND HAVE IDENTICAL OUTPUT CIRCUITRY TO PREAMPLIFIERS AND TAPE
RECORDERS. SATELLITE SPIN IS USED TG PROVIDE THE SCAN LINE,
WHICH IS THEN ANVANCED BY NORBITAL MOTION OF THE SATFLLITE, THE
INSTRUMENT HAS A 5 DEG FOV FOK EACH CHANNEL. DATA ARF RECORDFED
ON THE SATELLITE'S ENDLESS LOOP OF MAGNETIC TAPE FOR A PERIQD OF
100 MIN,

32. PHENOMENA OBSERVED

RADIATION FROM EARTH AND ATMQSPHERE M 5 SPECTRAL REGIOUNS
33. MEASUREMENT RANGE ’

34. PRECISION AND ACCURACY
A S/N RATIO OF BETTER THAN 30 NB;ABSOLUTE ACCURACY QF +-7 DFG K
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35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION [37. TIME CONSTANT

0.2 T0 32.6 MICRONS] SEE TTEM 31
38. FIELD OF VIEW 39. GROUND SWATH
5.0 DEG| 40 NM DTAM CTRCLE FROW 475 NM ALTITUDE

40. ANGULAR RESOLUTION] 41, SPATIAL RESOLUTION

5.0 DEG 40 NM AT CENTER FROM 475 NM ALTITUDE

42. POINTING ACCURACY| 43. POINTING RATE 44. ALTITUDE 45. INCLINATION

MED CTIRCULAR ] MEDIUM "POSTIGRADE

46. SPECIAL REQUIREMENTS

47. COMPONENTS

RADINDMETER (5 THERMISTOR BOLOMEVYER DETFUTDRS) - ELELUTRONICS

48. WEIGHT 49. VOLUME 50. AVERAGE POWER |51. STANDBY PoweRr | 52, PEAK POWER | 53. MTBF
6 LB 3 WATTS
54 \NTERFERENCE S5 |NTERF ERERCE 56 |NTERFERENCE 57. \NTERFERENCE 58. SHIELDING
SENSITIVE[
§9. CALIBRATION 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION
SPACE LOOK FOR ZEROING DELAYED TELEMETRY CONTINUCUS

62. TELEMETRY REQUIREMENTS

7 FREQUENCY BANDS ARE USED FOR TOTAL IR PACKAGE (LOW + MED IR);
THE 7 CHANNELS HAVE A WIDTH DOF 310 HZ.

63. ADVANTAGES AND LIMITATIONS
AN UNCERTAINTY EXISTS IN THE ABSOLUYE VALUES OF THE MEASUREMENTS
BECAUSE OF NN INFLIGHT CAL IBRATION.

64. REFERENCES

1)TIROS 4 RADIATION DATA CATALOG AND USER'S MANUAL GSFC, DEC 63.
xx%x2 )DATA CATALOG OF SATELLITE AND ROCKET EXPTS.NSSDC 68-014JAN
68.NASA/GSFC NATIONAL SPACE SCIENCE DATA CTR.**xx3)GOLDBERG, I.:
METEOROLOGICAL INFRARED INSTRUMENTS FOR SATELLITES. NASA/GSFC,
AUG. 19468, =*%x%4) DATA AVAILABLE FROM NATIONAL SPACE SCIENCE

DATA CENTER, NASA/GSFC.

65. HISTORICAL REMARKS

SIMILAR RADIOMETERS FLOWN ON TIROS 243,4,7 AND NIMBUS 2 (MRIR)
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO

MEDIUM=-RESOLUTION RADIOMETER MRR
(TITLE CONT.) anesume pate | Yepsion
09/C1/72 12005
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
NORDBERGy DRs We GODDARD SPACE FLT CENTER |3C1-982-5Q042
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
12 CONTRACT 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | ® 4% 16. COTLEIOM] 17. STATUS
POSYT FLIGHT
18. MONITOR 19. AGENCY 20.PGM OFFICE ]| 21. TELEPHONE
TEPPER, M, NASA HDQTRS OA/ERD 2D2=-755=-2322
22. VENDOR 23. LOCATION urucnwr 195 LEAD TIME
BARNES ENGINEERING CO. STAMFORD, CONN, 2762
26. INSTRUMENT TYPE ' E.
RADIOMETER, 5=~CHANNEL THERMISTOR-BOLOMETER MED-RES SCANNING JUNC
28. APPLICATION 29. SPACECRAFT
MET TIROS 4
30. PURPOSE

PRIMARY=-TO MEASURE EMITTED THERMAL AND REFLECTED SOLAR RADIATION
FROM THE EARTH AND ITS ATMOSPHERE IN 5 SPECTRAL REGIONS. PARAM-
ETERS TO BE STUDIED ARE:ATMOSPHERIC WATER VAPOR ABSORPTION BAND,
DAY-NIGHTTIME CLOUD COVERy ALBEDO, AND THERMAL RADIATION.

TO GENERATE RADIATION MAPS FOR RESEARCH IN ATMOSPHERIC PROPER-
TIES,

31. PRINCIPLES OF OPERATION

TIROS 2+344y7y AND NIMBUS 2 CONTAINED 5 CHANNEL SCANNING RADIOM-
ETERS USING FILTERS AND BOLOMETER DETECTORS. THE NIMBUS 2 RADI-
OMETER, WHILE SIMILAR IN PURPOSE, WAS A NEW INSTRUMENT DESIGN.ON
THE TIROS SERIES PRECISE BANDWIDTHS VARIED FOR EACH FLIGHT, FOR
TIROS 4 THEY WERE:6.0-6.5;8,0-12.030.2-6.,0;TIME REF CHANNEL; AND
0.55-0.75 MICRONS.A REFERENCE LEVEL WAS OBTAINED BY HAVING THE
THE DETECTORS ALTERNATELY LOOK INTO SPACE AT A 45 DEGREE ANGLE.,
CHANNEL HAS THE SAME PRINCIPLE OF OPERATION: THE ALTERNATING
VOLTAGE GENERATED AT THE THERMISTOR BOLOMETER IS PROPORTIONAL TO
THE DIFFERENCE IN RADIATION ENERGY COMING FROM 2 OPPOSITE DIREC-
TIONS (THROUGH THE SATELLITE WALL AND BASE) AND IMPINGENT UPON A
CHOPPER DISK THAT HAS ALTERNATE BLACK AND MIRRORED HALVES., ALL S
DISKS ROTATE SIMULTANEQUSLY AT 46 RPS, AND HAVE IDENTICAL OUTPUT
CIRCUITRY TO PREAMPLIFIERS AND TAPE RECORDERS, SATELLITE SPIN IS
USED TO PROVIDE THE SCAN LINE, WHICH IS THEN ADVANCED BY ORBITAL
MOTION OF THE SATELLITE. THE INSTRUMENT HAS A S DEG FOV FOR EACH
CHANNEL. DATA ARE RECORDED ON THE SATELLITE'S ENDLESS LOOP OF
MAGNETIC TAPE FOR A PERIOD OF 100 MIN.

32. PHENOMENA OBSERVED

RADIATION FROM EARTH AND ATMOSPHERE IN S5 SPECTRAL REGIONS
33. MEASUREMENT RANGE

34. PRECISION AND ACCURACY i
A S/N RATIO OF BETTER:THAN 30 DB;ABSOLUTE ACCURACY OF +=7 DEG K
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35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION |37. TIME CONSTANT !

| 0.25 10 12.0 MICRONS| SEE ITEM 31
|38. FIELD OF VIEW 39. GROUND SWATH |
5.0 DEG 35 NM DIAM CIRCLE FRDW 450 NM _ALTITUDE

140. ANGULAR RESOLUTION] 41. SPATIAL RESOLUTION

5.0 DEGl 35 NM A+ CENTER FROM 450 NM ALTITUDE

42, POINTING ACCURACY| 43. POINTING RATE 44. ALTITUDE 45. INCLINATION

MED CIRCULAR | MEDIUM ____ POSIGRADE _

46. SPECIAL REQUIREMENTS . e i

47. COMPONENTS ) ' L ;

RADIOMETER (5 THERMISTOR BOLOMETER DETECTORS) - ELECTRONICS
48. WEIGHT 49. VOLUME 50. AVERAGE POWER |51. STANDBY PoweR | 52. PEAK POWER | 53. MTBF
6 LY 4 3 WATTS
{ 5% wrenfénence 5. | TERFERENCE 58. \NTERPERENCE S7. v TERFERENCE 58. SHIELDING
SENSITIVE
159. CALIBRATION 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION

SPACE LOOK FOR ZEROING DELAYED TVELEMETRY CONTINUOUS

62. TELEMETRY REQUIREMENTS

7 FREQUENCY BANDS ARE USED FOR TOTAL IR PACKAGE (LOW + MED IR},
THE 7 CHANNELS HAVE A WIDTH OF 310 HZ. '

63. ADVANTAGES AND LIMITATIONS

AN UNCERTAINTY EXISTS IN THE ABSOLUTE VALUES OF THE MEASUREMENTS
BECAUSE OF NO INFLIGHT CALIBRATION,

64. REFERENCES : ‘ J

1) TIROS & RADIATION DATA CATALOG AND USER'S MANUAL . GSFC' DEC.
63.,%*%2) DATA CATALOG OF SATELLITE AND ROCKET EXPTS. NASA/GSFC~-
NATIONAL SPACE SCIENCE DATA CENTER, REPORT NJ. NSSDC 68-01, JAN.
1968 ,.,%%%3) GOLDBERG, l.: MET INSTRUMENTS FOR SATELLITES. NASA/

GSFCy AUG. 68.%**%x4) DATA AVAILABLE FROM NATIINAL SPACE SCIENCE

DATA CENTER, NASA/GSFC, : v
65. HISTORICAL REMARKS ]

M M R
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE . 2. acronym | 3. EXP NO
MEDIUM~-RESOLUTION RADIOMETER MRR
{(TITLE CONT.) 4. RESUME DATE %ERSION
. Q9/01/772]0005
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
MCCULLOCH, A. GODDARD SPACE FLY CENTER|301-982-5042
9. CO-INVESTIGATOR * |10. ORGANIZATION 11. TELEPHONE
12.CopaRAcT 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | 82 | cosioN 17. STATUS
POST FLIGHT
18. MONITOR 19. AGENCY 20. PGM OFFICE 21. TELEPHONE
TEPPER, M, NASA HDQTRS OA/ERD 202-755-2322
22. VENDOR 23. LOCATION ot [o5 LEAD TIME
BARNES ENGINEERING CO STAMFORD, CONN. 06763 | NA
26. INSTRUMENT TYPE Hcuny,
RADIOMETER, S-CHANNEL THERMISTOR-BOLOMETER MED-=RES SCANNING |UNC
28. APPLICATION . 29. SPACECRAFT :
MET TIROS 7
30. PURPOSE

PRIMARY~-TO MEASURE EMITTED THERMAL AND REFLECTED SOLAR RADIATION
FROM THE EARTH AND ITS ATMOSPHERE IN 5 SPECTRAL REGIONS. PARAM-
ETERS TO BE STUDIED ARE STRATOSPHERIC TEMPERATURES VIA THE 15
MICRON ABSORPTION BAND OF CO2y DAY-NIGHTTIME CLOUD COVER,
ALBEDO, AND THERMAL RADIATION. TO GENERATE RADIATION MAPS FOR
RESEARCH IN ATMOSPHERIC PROPERTIES,

31. PRINCIPLES OF OPERATION

TIROS 243444979y AND NIMBUS 2 CONTAINED 5 CHANNEL SCANNING RADIQOM-
ETERS USING FILTERS AND BOLOMETER DETECTORS. THE NIMBUS 2 RADI-
OMETERy WHILE SIMILAR IN PURPOSE, WAS A NEW INSTRUMENT DESIGN.,
ON THE TIRODOS SERIES PRECISE BANDWIDTHS VARIED FOR EACH FLIGHT,
AND 0.55-0.75 MICRONS. A REFERENCE LEVEL WAS OBTAINED BY HAVING
THE DETECTORS ALTERNATELY LOOK INTO SPACE AT 45 DEGREE ANGLE,
EACH CHANNEL HAS THE SAME PRINCIPLE OF OPERATION: THE ALTERNAT-
ING VOLTAGE GENERATED AT THE THERMISTOR BOLOMETER IS PROPORTION-
AL TO THE DIFFERENCE IN RADIATION ENERGY COMING FROM 2 OPPOSITE
DIRECTIONS (THROUGH THE SATELLITE WALL AND BASE) AND IMPINGENT
UPON A CHOPPER DISK THAT HAS ALTERNATE BLACK AND MIRRORED
HALVES. ALL 5 DISKS ROTATE SIMULTANEQUSLY AT 46 RPS AND HAVE
IDENTICAL OUTPUT CIRCUITRY TO PREAMPLIFIERS AND TAPE RECORDERS,
SATELLITE SPIN IS USED TO PROVIDE THE SCAN LINE, WHICH IS THEN
ADVANCED BY ORBITAL MOTION OF THE SATELLITE. THE INSTRUMENT HAS
A 5 DEG FOV FOR EACH CHANNEL. DATA ARE RECORDED ON THE SATEL=-
LITE'S ENDLESS LOOP OF MAGNETIC TAPE FOR A PERIOD OF 100 MIN,

32. PHENOMENA OBSERVED

RADIATION FROM EARTH AND ATMOSPHERE IN S5 SPECTRAL REGIONS
33. MEASUREMENT RANGE

34. PRECISION AND ACCURACY
A S/N KRATIO OF BETTER THAN 3C DB; ABSOLUTE ACCURACY OF +-7 DEG K
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35. SPECTRAL RANGE ' 36. SPECTRAL RESOLUTION [37. TIME CONSTANT

0.25 10 30.0 MICRONS|SEE IVEM 31
38. FIELD OF VIEW 39. GROUND SWATH

5.0 DEG| 35 NM DIAM C!RCLE FROM 400 NM ALT[TUDE
40. ANGULAR RESOLUTION] 41, SPATIAL RESOLUTION

5.0 DEG| 35 NM AT CENTER FROM 400 NM ALTITUDE
42. POINTING ACCURACY| 43. POINTING RATE 44. ALTITUDE 45. INCLINATION
MED CIRCULAR |MEDIUM POSIGRADE

46. SPECIAL REQUIREMENTS

47. COMPONENTS

RADIOMETER (5 THERMISTOR BOLOMETER DETECTORS) - ELECTRONICS

48.WEIGHT [49. vVOLUME | s0. Averace POWER |51.STANDBY POwER | 52. PEAK POWER | 53. MTBF
6 LB 3 WATTS ,
4. veareRence | 5% INTERE ERE NCE 56 \NTERFERENCE 57. \uTeRFERENCE 58. SHIELDING
SENSITIVE
59. CALIBRATION 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION

SPACE LOOK FOR ZEROING DELAYED TELEMETRY CONTINUOUS

62. TELEMETRY REQUIREMENTS

7 FREQUENCY BANDS ARE USED FOR TOTAL IR PACKAGE (LOW + MED IR},
THE 7 CHANNELS HAVE A WIDTH OF 310 HZ.

63. ADVANTAGES AND LIMITATIONS

AN UNCERTAINTY EXISTS IN THE ABSOLUTE VALUES OF THE MEASUREMENTS
BECAUSE OF NO INFLIGHT CAl JBRATION,

64. REFERENCES

1)TIR0S 7 RADIATION DATA CATALDG AND USER®S MANUAL V lvGSFC'SEPT
30964.%%x%2) DATA CATALOG OF SATELLITE AND ROCKET EXPTS. NSSDC
68-01y JAN 68. NASA/GSFC NATIONAL SPACE SCIENCE DATA CTR,*%%3)
MISSION PLAN TIROS 7,GSFC NO.X-650-63-99, NASA/GSFC, MAY 63.%%x |
4)GOLDBERGI. sMET IR INSTRUMENTS FOR SATELLITES. NASA/GSFC, AUG.

68, %%%5)DATA AVAILABLE FROM NAT SPACE SCIEN E DATA CTRs GSEL .
65. HISTORICAL REMARKS

SIMILAR RADIOMETERS FLDNN ON TIROS 2,3,4,7 AN_D_N_I.H.B.UL?_LMB_LRJ__
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO

MICROWAVE RADINDMETER/SCATTEROMETER AND ALTIMETER MRSA 5-193
{TATLE CONT.) 4 RESUME DATE %ERS!ON

FACILIY: EARTH RESOURCES EXP., PACKAGE (EREP) 09/01772|20C4
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
EVANS, D, MANNED SPACECRAFT CENTER| 713-483-0123

9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE

2. gopFRacT 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | " 8% [ CAEIoN] 17. STATUS

: ENG,MODEL

18. MONITOR 19. AGENCY 20. PGM OFFICE 21. TELEPHONE
FISCHETTI, Tels, NASA HDQTRS QA/ERS 202-755-2322

22. VENDOR . 23. LOCATION et 195 LEAD TIME
GENERAL ELECTRIC CQO. 1973

26. INSTRUMENT TYPE scuniTy,
MICROWAVE RADIOMETER/SCATTEROMETER AND ALTIMETER UNC

28. APPLICATION 29. SPACECRAFT

LERSP SKYLAB-A
30. PURPOSE

PRIMARY-T0O PROVIDE SIMULTANEOUS EVALUATIONS OF RADAR BACKSCAT-
TERING CROSS-SECTION AND PASSIVE MICROWAVE EMISSIVITY OF LAND
AND SEAx**%*SECONDARY-TO PROVIDE DATA FOR USE IN DESIGNING A RADAR
ALTIMETER FOR SPACE USE#***TERTIARY-TO OBTAIN INITIAL VALUE DATA
FOR THE ATMOSPHERE ABOVE THE BOUNDARY LAYER TO AID IN NUMERICAL
WEATHER PREDICTION,

31. PRINCIPLES OF OPERATION

THE ACTIVE/PASSIVE MICROWAVE SYSTEM IS A COMBINATION RADAR SCAT-
TEROMETER AND PASSIVE MICROWAVE RADIOMETER OPERATING AT 13,9GHZ.
THE ALTIMETER OPERATES INDEPENDENTLY, THE EXPERIMENT IS BASED

ON SIMULTANEOUS MEASUREMENTS OF RADAR DIFFERENTIAL BACKSCATTER~-
ING CROSS SECTION AND PASSIVE MICROWAVE EMISSIVITY OF LAND AND
SEA SURFACES. THE ANTENNA IS A 4 FOOT MECHANTICALLY SCANNING
PARABOLIC REFLECTOR WITH A 1.4 DEG HALF-POWER CONICAL PENCIL
BEAM. ON THE NON-CONTIGUOUS ®"ALONG TRACK"™ AND *CROSS TRACK"™
SCANNING MODES THE ANTENNA MOVES IN DISCRETE STEPS ( O, 15, 30,
40y AND 48 DEG ) FROM ONE CELL TO ANOTHER DWELLING ON EACH CELL
A PREDETERMINED PERIOCD OF TIME. DURING CONTIGUOUS SCAN MODES THE
ANTENNA MOVES CONT INUCQUSLY EITHER ALONG TRACK (0 TO 48 DEG ) OR
CROSS-TRACK (+-12.5 DEG CENTERED ON ROLL ANGLES OF +-30, +-15
AND O DEG AT PITCH ANGLES OF 0, 15, 30, 40, AND 48 DEG ).

THE ALTIMETER, A NARROW PULSE RADAR, TRANSMITS A 100 OR 10 NANO-
SECOND PULSE AT A PRR QOF 360/SECOND AND A PEAK POWER OF 2 KILO-
WATTS. THE RECEIVED SIGNAL IS DOWN-CONVERTED AND SQUARE~-LAW DE~-
TECTED., THE ALTIMETER ALSO PERFORMS .IN-PHASE AND QUADRATURFE
DETECTION. '

32. PHENOMENA OBSERVED
RADAR DIFFERENTIAL BACKSCATTERING, PASSIVE MICROWAVE EMISSIVITY

33. MEASUREMENT RANGE

K-8 AND

34. PRECISION AND ACCURACY

TRACKER HAS NOISE LEVEL <1-METER RMS AT S/N RATIOS =0R> 20 DB
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35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION |37. TIME CONSTANT

13.9 GHZ NA 4.5 SEC
38. FIELD OF VIEW 39. GROUND SWATH ‘,
SEE ITEM 31 342 NM

40. ANGULAR RESOLUTION| 41, SPATIAL RESOLUTION

1.4 DEG 6 NM CONE AT NADIR

42 POINTING ACCURACY] 43. POINTING RATE 44. ALTITUDE - ) 45 INCLINATION

N.5 DEG| 16.0 DEG/SEC| 235 NM 50 DEG.

46. SPECIAL REQUIREMENTS E

ANTENNA REQUIRES UNDBSTRUCTED VIEH +-48 DEG FROM NADIR,

47. COMPONENTS ]

RADIOMETER, SCATTEROMETER, ALTIMETER, ANTENNA, ELECTRONICS

48. WEIGHT  149. VOLUME 50. AVERAGE POWER |51. STANDBY PoweR | 52. PEAK POWER | 53. MTBF ||
210 LB 24,2 CU FT] 153 WATTS

54, \NTERFERENCE J 55 inTthitREnce 56. |NTERFERENCE N e mr?:we:ke'a‘i‘hcs 58. SHIELDING ‘ i

SOURC/SEN] SENSITIVE

59. CALIBRATION ) 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION

COLD SKY REFERENCE LOAD [FROM TAPE/10 KILOBIT| CONTINUQUS

62. TELEMETRY REQUIREMENTS

NA

63. ADVANTAGES AND LIMITATIONS

CAN OPERATE BOTH DAY AND NIGHT AND GENERALLY IS NOT AFFECTED BY
CLOUDS AND WEATHER.

64. REFERENCES

1. EXPERIMENT IMPLEMENTATION PLAN F3R MANNED SPACEFLIGHT EXPERI-
MENTS, TITLE: MICROWAVE RADIOMETER SCATTEROMETER-11/21/69;

2. EARTH RESOURCES REMOTE SENSING SYSTEMS, MSC P6-0406-N0OV.1970.
3. OPPORTUNITIES FOR PARTICIPATION IN SPACE FLIGHT INVESTIGA-
TIONS, MEMO CHANGE 33, DEC. 22, 1970.

4, SKYLABR-~A, EREP USERS HANDBDOK, NASA MSC, FFB,1971.
65. HISTORICAL REMARKS

;

171



INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. Acronym | 3. EXP NO
MULTI-SPECTRAL SCANNER , MSS
(TITLE CONT.) . a.resume oate | Yersion
: : n9/01/ 7212004
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
ARLAUSKAS, J. GODDARD SPACE FLY CENTER|301-982-5042
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
7 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | "848 |16 “Gafl'oV]17. STATUS
CPFF NAS5-11255 11/69] 8/71|0PFRATIONAL
18. MONITOR 19. AGENCY 20.PGM OFFICE | 21. TELEPHONE
SCHARDT, B. NASA HDQTRS DA /ERN 202-755-2322
22. VENDOR 23. LOCATION 2.e0onr - 125 LEAD TIME
HUGHES AIRCRAFT CQO. EL SEGUNDO, CALIF.- 7/72]| NA
26. INSTRUMENT TYPE , Steumiry)
RADIOMETER, ' UNC
28. APPLICATION 29. SPACECRAFT
ERSP, AGRI, GEOG, GEGL, OCEAN ERTS-1&B
30. PURPOSE '

PRIMARY-TO PROVIDE RADIOMETRIC DATA (FQUR SPECTRAL BANDS ON
ERTS—=A: 0u.5-Caby Deb6-0e7y Ca7-Ca8,y 048-1.1 MICRONS; A FIFTH BAND
ON ERTS=B: 1G.4-12.6 MICRONS) ALLOWING IDENTIFICATION, ANALYSIS,
AND IMAGERY OF EARTH TARGETS.

31. PRINCIPLES OF OPERATION .

THE MSS HAS A 2-ELEMENT CASSEGRAIN MIRROR SYSTEM (F/3.6) WITH A
9-IN DIAMETER PRIMARY AND A ROCKING SCAN MIRROR, LOCATED IN THE
OBJECT PLANE, WITH CROSS-CRBITAL-TRACK SWEEP RATE OF 13,6 HZ.
THE IMAGE IS FOLDED TWICE AND FOCUSED ON A SQUARE FIBER QOPTIC
MATRIX. INDIVIDUAL FIBERS COUPLE THE FOCUSED OPTICAL ENERGY 710
A BAND FILTER AND DETECTOR ASSEMBLY. BANDS 1,2,83 UTILIZE TRI-
AXTAL PHOTCMULTIPLIER TUBES WHILE BAND 4 USES SILICON PHOTO-
DIODES. SIX DETECTORS ARE PARALLELED IN EACH OF THE FIRST FOUP
BANDS BY A ROW OF FIBER OPTIC BUNDLES STACKED IN THE DIRECTINN
OF THE ORBITAL TRACK PERMITTING A SLOWER SCANNING MOTION OF THE
ROCKING MIRROR SYSTEM, TWO DETECTORS ARE USED IN THE THERMAL
BAND. THE BASIC MSS SCAN LINE SYNCHRONIZATION [S PROVIDED BY AN
OPTICAL PULSE GENERATOR, A MULTIPLEXER IS INCLUDED IN THE MSS
AND PROCESSES THE VIDEO DATA., THE 24 (OR 26) CHANNELS OF VIDEOD
ARE TIME-DIVISION-MULTIPLEXED INTO A SINGLE DATA STREAM OF
APPROXIMATELY 2.4 MHZ. THE MULTIPLEXED SIGNAL IS THEN CONVERTED
INTO A 15 MB/S PCM SIGNAL BY AN A/D CONVERTER, LINE START, PCM
FORMAT INFORMATION, AND CALIBRATION DATA ARE INCLUDED IN THE
MULT IPLEXER OUTPUT SIGNAL.

32. PHENOMENA OBSERVED '

REFLECTED SOLAR AND THERMAL RADIATION FROM THE EARTH

33. MEASUREMENT RANGE

VISIBLE AND NEAR INFRARED RADIATION

34. PRECISION AND ACCURACY :

S/N 17-39 DB DEPENDING ON RADIANCE LEVEL AND BAND (FREQUENCY)
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35. SPECTRAL RANGE

36. SPECTRAL RESOLUTION [37. TIME CONSTANT

0.5 10 12.6 ___ MICRONS

38. FIELD OF VIEW 39. GROUND SWATH

11.6 BY 0.723 DEG| 100 NM BY 1556 FT FROM 492 NM ALTITUDE.

40. ANGULAR RESOLUTION] 41, SPATIAL RESOLUTION

C.N05 DEG 259FT BY 1556 FT FROM 492 NM ALTITUDE

42. POINTING ACCURACY| 43. POINTING RATE

44. ALTITUDE 45. INCLINATION

46. SPECIAL REQUIREMENTS

MED C TRCULAR | SUN=-SYNCH RETROGRADE

DPERATING THERMAL RANGE. 10 TO 30 DEG.C

47. COMPONENTS

FIBER AND RELAY OPTICS, DETECTORS

TELESCOPE, SCAN MECHANISM,
48. WEIGHT {49, VOLUME _ 50. AVERAGE POWER |51, STANDBY POWER | 52, PEAK POWER | 53 MTBF |
136 LB 6.1 CU FT 55 WATTS 12 MDN
L . A— LT AL 56 \NTERPERENCE 5. \NTERFERENCE 58. SHIELDING i
SENSITIVE]| THERMAL SHIELDING
59, CALIBRATION 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION,

ROUTINE IN-FLIGHT CALIB.|DELAYED AND REALTVIME| CONTINUQUS

62. TELEMETRY REQUIREMENTS

60 ANALOG CHANNELS3; 39 DIGITAL POINTS

63. ADVANTAGES AND LIMITATIONS

FIRST MULTI-SPECTRAL SATELLITE RADIOMETER

64. REFERENCES -

LYMULTISPECTRAL SCANNER SYSTEM FOR ERTS (DOCUMENT OBTAINED FROMV
Jo ARLAUSKAS) 2) PROJECT PLAN FOR EARTH RESOURCES TECHNOLOGY
SATELLITE (ERTS-A/8) COMBINED PHASE B AND C

65. HISTORICAL REMARKS
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO

NIMBUS E MICROWAVE SPECTROMETER NEMS EQT

(TITLE CONT.) a.nesume oate | VeRsion

09/Q01/72] 0009

6. PRINCIPAL INVESTIGATOR 7. OBRGANIZATION 8. TELEPHONE

STAELIN, DR, D.H. MASS INSY OF TECHNOLDGY | 617-864-6900-X3711

9. CO-INVESTIGATOR ~ |10. ORGANIZATION 11. TELEPHONE

BARATHy, F., T.y ET AL]JJET PROPULSION LAB 213-354-3025

12. CONTRALY 43. CONTRACT NUMBER 14. FLASH INDEX NUMBER | 5% | SBari'™] 17. STATUS
01769 ENG . MODEL

18. MONITOR 19. AGENCY 20.PGM OFFICE | 21. TELEPHONE

SCHARDT, B.B. NASA HDQTRS DA/ERN 202=-756=2322

22. VENDOR 23. LOCATION wruent 125 LEAD TIME

JET. PROPULSION LAB PASADENA, CALTIFORNIA 12772136 MONTHS

26. INSTRUMENT TYPE 2. ]

RADICOMETER, S~CHANNEL DICKE SUPERHETERODYNE MICROWAVE UNC

28. APPLICATION . 29, SPACECRAFT

MET NIMBUS E

30. PURPOSE

PRIMARY— TO DEMONSTRATE THE CAPABILITIES AND LIMITATIONS OF
MICROWAVE SENSORS FOR MEASURING TROPOSPHERIC TEMPERATURE PRO-
FILES, WATER VAPOR ABUNDANCE, AND CLOUD WATER CONTENT.®=*
SECONDARY - TO SUPPLEMENT IR SENSORS IN GATHERING DATA FOR
WEATHER PREDICTION PURPOSES, ESPECIALLY OVER CLOUD-COVERED
REGIONS OF THE EARTH.

31. PRINCIPLES OF OPERATION

THE INSTRUMENT,VIEWING THE NADIR CONTINUOUSLY,WILL MEASURE THER-
MAL RADIATION AT 22.4, 3l.4 AND 53.65, 60.82 AND 64.42 GHZ NEAR
THE 5-MM WATER VAPOR AND 1.35-CM OXYGEN RESONANCES RESPECTIVELY.
THREE DISCRETE LAYERS OF THE ATMOSPHERE ARE SOUNDED TO INFER A
TEMPERATURE PROFILE; L IKEWISE TWO DISCRETE LEVELS ARE SOUNDED
FOR THE WATER VAPOR PROFILES. THROUGH CAREFUL INTERPRETATION,
MOST OF THESE METEOROLOGICAL PARAMETERS CAN BE SEPARATELY ESTI-
MATED., THE THREE CHANNELS NEAR 5-MM PRIMARILY MEASURE THE VERTI-
CAL ATMOSPHERIC-TEMPERATURE PROFILE. THE TWO CHANNELS NEAR 1.0-
CM BAND PERMIT WATER-VAPOR AND CLOUD-WATER CONTENT OVER THE
OCEAN TO BE ESTIMATED SEPARATELY BECAUSE THE 0.9-CM CHANNEL IS
ABOUT TWICE AS SENSITIVE TO CLOUDS AS THE 1.4-CM CHANNEL,BUT IS
ONLY 0.4 TIMES AS SENSITIVE TO WATER-VAPOR,GVER LAND THE TwWQ
WATER-VAPOR CHANNELS WILL YIELD AN ESTIMATE OF SURFACE TEMPERA- |,
TURE ONCE THE SURFACE EMISSIVITY HAS BEEN CALIBRATED BY COMPARI-
SON WITH DIRECT TEMPERATURE MEASUREMENTS.THE THREE OXYGEN RADI-
OMETERS SHARE A COMMON SIGNAL ANTENNA AND A COMMON REFERENCE AN-
TENNA. BOTH WATER-VAPOR RADIOMETERS HAVE THEIR OWN SIGNAL AND
REFERENCE ANTENNAS,THE RADIOMETERS ARE CALIBRATED. BY SEQUENTIAL
OBSERVATION OF THE SIGNAL AND COLD AND HOT REFFRENCES.

32. PHENOMENA OBSERVED

[ATMOSPHERIC AND SURFA .

33. MEASUREMENT RANGE

RADIANT TEMPERATURE FROM 175 10 51)0 DEG KELVIN
34. PRECISION AND ACCURACY

TEMP-2 DEG K; WATER—VAPOR- QJI,GMIASLCM CLOUDS-0.06 GMZSQ M
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35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION |37. TIME CONSTANT

38. FIELD OF VIEW 39. GROUND SWATH
3,0 DEG] 100 NM DIAM CIRCLE FRIM 600 NM ALTITUDE
40. ANGULAR RESOLUTION] 41. SPATIAL RESOLUTION
42. POINTING ACCURACY] 43, POINTING RATE 44, ALTITUDE 45, INCLINATION
MED SUN=-SYNCH HIGH NOON

46. SPECIAL REQUIREMENTS

CALIBRATION REFERENCE ANTENNAS MUST HAVE UNOBSTRUCTED SKY VIEW

47. COMPONENTS

RADIOMETERS (5}, ANTENNAS (3 SETS), ASSOCIATED ELECTRONICS

48. WEIGHT  149. VOLUME ‘ 50. AVERAGE POWER |51. STANDBY POWER | 52. PEAK POWER | 53. MTBF
50 LB 1.33 CU FY 35 WATTS| NONE 40 WATTS

5. |NTER?EFREM:E 58. INI."E‘:!%'EEE&E 6. lNY%‘éiAE%CE ’ 7. 'NTTE‘:‘EFRE:Q’L‘CE 58- s"" ELD' NG

SENSITIVE SENSITIVE] THERM, STBLZD T0O 25+-5(C

§9. CALIBRATION 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION

HOT & COLD REFERENCES DELAYED TELEMETRY. CONTINUQUS

62, TELEMETRY REQUIREMENTS :

60 BPS

63. ADVANTAGES AND LIMITATIONS

TECHNIQUE IS NOYT LIMITED TO SUN ANGLE CONSIDERATIONS OR CLOUD
FNRMATIQONS,

64. REFERENCES

1) PROPOSAL FOR MICROWAVE SPECTROMETER, FEB 68.%#%2) MEEKS, M.L.
AND LILLY) AeEe: JeGoRe V.68, P.1683, (1963).%%%3) LENDIR, WeB.:
PHD THESIS MIT, (1965).%%%4) STAELIN, DeHo: JoGoRo V.71 P.2875
(1966).

65. HISTORICAL REMARKS
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO
PRESSURE MODULATED C0O2 RADIOMETER FOR UPPER PMCR
{TITLE CONT.) 4. RESUME DATE &\-,I'ERSION
ATMOSPHERE SOUNDING 09/01/72[0002
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
HOUGHTON, Jo T. OXFORD UNIVERSITY
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
RODGERS, Cos Do OXFORD UNIVERSITY
12 CONTRACT 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | " 34%"  [s “™iEI'N[17. STATUS
PROPOSAL
18. MONITOR 19. AGENCY 20. PGM OF FICE 21. TELEPHONE
SCHARDT, B,8, NASA HDQTRS OA/ERN 202~755-2322
22. VENDOR 23. LOCATION agucnt 195 LEAD TIME
1974
26. INSTRUMENT TYPE 2. N
RADIOMETER, IR UNC
28. APPLICATION 29. SPACECRAFT
MET, PLANETARY ATMOSPHERES NIMBUS-F
30. PURPOSE

PRIMARY=-TO OBTAIN RADIOMETRIC MEASUREMENTS OF TEMPERATURE IN TWO
SELECTED REGIONS AT ALTITUDES BETWEEN 45 AND 70 KM ON A GLOBAL

SCALE.

31. PRINCIPLES OF OPERATION

THE PRESSURE BROADENED EMISSION LINES OF CO2 BECCME SO NARROW IN
THE UPPER STRATOSPHERE AND MESOSPHERE THAT CONVENTIONAL SPEC-
TROMETERS AND INTERFEROMETERS HAVE INSUFFICIENT SPECTRAL RESOLU-
TION TO SELECT THE RADIATION FROM THESE LEVELS. THE PRESSURE
MODULATION TECHNIQUE PERMITS THE EXTENSION OF SELECTIVE CHOPPING
TECHNIQUES TO THE HIGHER ALTITUDES. THE INSTRUMENTY COMPRISES
TWO SIMILAR RADIOMETER CHANNELS CONTAINING LEVELS, FILTERS, CO2
CELLS, CONICAL LIGHT PIPE TO WHICH DETECTORS ARE COUPLED. THE
WEIGHTING FUNCTIONS FOR EACH RADIOMETER ARE SELECTED BY CHOOSING
A MEAN CELL PRESSURE OF 0.325-MB FOR CHANNEL ONE AND 2.25 MB FOR
CHANNEL TwO. THE LENGTH OF THE CELLS ARE THE SAME, SIX CENTI-
METERS., THE HEIGHT OF THE WEIGHTING FUNCTION PEAKS ARE 65-KM
FOR CHANNEL ONE AND 50-KM FOR CHANNEL TwWO. THE MODULATION FRE-
QUENCY IS 15-HZ. THIS WILL PERMIT MEASUREMENTS OF MESOSPHERIC
TEMPERATURES TO BEYTER THAN +-2 DEG K AT 65 KM AND +-0,2

DEG K AT 50-KM, PROPOSED DETECTORS ARE PYROELECTRIC (TRIGLYCINE
SULPHATE) .

32. PHENOMENA OBSERVED
EARTH'S EMITTED RADIANCE AT 15 MICRONS

33. MEASUREMENT RANGE ’

15-MICRON CO2 BAND

34. PRECISION AND ACCURACY

SEE ITEM 31
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35. SPECTRAL RANGE

36. SPECTRAL RESOLUTION

37. TIME CONSTANT

15

MTICRONS

38. FIELD OF VIEW

39. GROUND SWATH

10.

DEG

§ 40. ANGULAR RESOLUTION

41. SPATIAL RESOLUTION

10 DEG

100 NM FROM 600 NM ORBIT

42. POINTING ACCURACY

43. POINTING RATE

44  ALTITUDE

45. INCLINATION

MED CIRCULAR

UN=-SYNCH RETROGRADE

46. SPECIAL REQUIREMENTS

47. COMPONENTS

RADIOMETER, ELECTRONICS
48.WEIGHT _ |49. VOLUME |50 AVERAGE POWER |51 STANDBY POWER | 52. PEAK POWER | 53. MTBF
5 LB 0.25 CU _FT 3 WATTS

RF
54 (NTERFERENCE

56, MAGNETIC
INTERFERENCE

56, NUCLEAR
" INTERFERENCE

57, THERMAL
" INVERFERENCE

58. SHIELDING

59. CALIBRATION

60. DATA RECOVERY

61. FREQUENCY OF OBSERVATION

TEL

EMETRY

62. TELEMETRY REQUIREMENTS

CONTINUOUS

63. ADVANTAGES AND LIMITATIONS

64. REFERENCES

PRELIMINARY DATA SHEET FOR NIMBUS-F, NOV., 1970,

65. HISTORICAL REMARKS
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO
PASSIVE MICROWAVE IMAGING SYSTEM PMIS
{TITLE CONT)) N 4. RESUME DATE Version
. . : 05/720/71[20C1
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
MATHEWS,y R, E. MANNED SPACECRAFT CENTER|T713-483-3111
9. CO-INVESTIGATOR 10. ORGANIZATION ] 11. TELEPHONE
2o nacT 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER B Tar [ couiio 17, STATUS
. PREFLT TEST
18. MONITOR 19. AGENCY 20.PGM OFFICE | 21. TELEPHONE '
22. VENDOR 23. LOCATION aruewt 125 LEAD TIME
' . - 08/71}|
26. INSTRUMENT TYPE . eury)
RADIOMETER/IMAGER, MICROWAVE ' UNC
28. APPLICATION 29, SPACECRAFT ~
ERSP NP3A A/C
30. PURPOSE

PRIMARY-TO GATHER TWO-DIMENSIONAL, QUANTITATIVE, ANTENNA TEMPER-
ATURE DATA OVER A VARIETY OF TARGETS,

31. PRINCIPLES OF OPERATION

THE RADIOMETER SUBSYSTEM INCLUDES THE RADOME, ANTENNA, AND RADI-
OMETER., THE ANTENNA WILL BE A TWO-DIMENSIONAL PHASED ARRAY,
ELECTRICALLY STEPPED TO ACHIEVE SCANNING TRANSVERSE TO THE
FLIGHT PATH., THE ANTENNA WILL BE A DUAL-POLARIZATION DEVICE
WITH TWO OUTPUT PORTS., A SCAN ANGLE OF +-35 DEG TRANSVERSE TO
THE FLIGHT LINE WILL RESULT IN 50 SCAN POSITIONS. SCAN STEPS
SHALL BE SIZED TO PRODUCE A 20 TO 30 PERCENT OVERLAP OF SUCCES-
SIVE BEAMS; PROVISION IS MADE TO STOP THE BEAM SCAN AND MANUALLY
STEP THROUGH ALL POSITIONS. THE RADIOMETER HAS A BANDWIDTH OF
LESS THAN 150 MHZ (3-DB POINTS) RMS SENSITIVITY. THE AIRBORNE
|CONTROL AND DISPLAY SUBSYSTEM INCLUDES THE EQUIPMENT NECESSARY
TO CONTROL AND MONITOR THE IMAGING RADIOMETER SUBSYSTEM WHICH
INCLUDES A SWITCHABLE, REAL-TIME DIGITAL READCUT FOR MCONITORING
THE INSTRUMENT AND ENGINEERING OUTPUTS. A REAL-TIME IMAGE PRE-
SENTATION PROVIDES QUICK-LOOK CAPABILITY AND A FRAMING CAMERA
RECORDS DATA FOR VERIFICATION OF SYSTEM OPERATION. RADIOMETER
OUTPUT DATA WILL BE RECORDED ON 35-MM BLACK-AND-WHITE FILM, AN |
ADAS NUMERIC DISPLAY WILL BE REQUIRED IN THE FILM RECORDING .= ‘[
UNIT. RECORDER WILL RECORD A MINIMUM OF 45 MINUTES OF DATA
WHILE AT THE HIGHEST V/H RATE,
32. PHENOMENA OBSERVED

JCROWAVE RADJAT JON EMITTED FROM EARTH'S SURFACE
33. MEASUREMENT RANGE - *

HF _FREQUENCY
34. PRECISION AND ACCURACY

<2.0 DEG K AT U/H 0.23; <0.5 DEG K AT V/H 0,013
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35. SPECTRAL RANGE

36. SPECTRAL RESOLUTION

37. TIME CONSTANT

o MICLTSEC

10.69 T0 150, MHZ +-5 MHZ
38. FIELD OF VIEW : 39. GROUND SWATH )
1.8 BY 3 DEG|[ 314 FT BY 524 T FROM 10,000 FT
| 30. ANGULAR RESOLUTION] 41, SPATIAL RESOLUTION .
1.8 DEG| 314 FT AT 10,000 FT ALTITUDE
42, POINTING ACCURACY| 43. POINTING RATE 44. ALTITUDE 45, INCLINATION
NA NA NA NA

46. SPECIAL REQUIREMENTS

147. cOMPONENTS

RADIOMETER, ANTENNA, DISPLAY SUBSYSTEM

48. WEIGHT _ |49, VOLUME 50. AVERAGE POWER

51. STANDBY POWER

52. PEAKPOWER

S3.MTBF

.

AF
1 B* wrenrerence

MAGNETIC . NUCLEAR THEAMAL
55 \NTERFERENGE 56- inTERFERENCE 57, \NTERFERENCE

58. SHIELDING

59. CALIBRATION 60. DATA RECOVERY

61. FREQUENCY OF OBSERVATION

CONTINUOUS
62. TELEMETRY REQUIREMENTS
NA
63. ADVANTAGES AND LIMITATIONS
64, REFERENCES . ' ~ — T
1. MSC AIRCRAFT CAPABILITIES MANUAL, PP. 2-57 TO 2-66

65, HISTORICAL REMARKS
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO
SURFACE-COMPOSITION MAPPING RADIOMETER SCMR E23
{TITLE CONT.) . 4.RESUME DATE VERSION
, 09/01/72]12009
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
HOVIS, DR, W. A, GODDARD SPACE FLTY CENTER|301-982~5042
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
CALLAHAN, WeR. FAIRFIELD UNIVERSITY _1203-255-1011
12 CONTRACT 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | 8% s “™Bifl'o"] 17. STATUS
N1/69 ENG.MODEL
18. MONITOR 19. AGENCY 20.PGM OFFICE | 21. TELEPHONE
SCHARDT, B.B. NASA HDQTRS QA/ERN 202-755-2322
22. VENDOR - . 23. LOCATION | #ruse 125. LEAD TIME
12/72133 MONTHS

26. INSTRUMENT TYPE
RADIOMETER, THREE-CHANNEL SCANNING INFRARED

4

28. APPLICATION 29. SPACECRAFT
ERSP’ NIMBUS €
30. PURPOSE

PRIMARY~-TO IDENTIFY VARIOUS IGNEOUS ROCK TYPES FROM AN ORBITING

SPACECRAFT,., TO PRODUCE A THERMAL MAP OFf THE SURFACE GIVING SOIL

AND SEA SURFACE TEMPERATURES AND ESPECTALLY STRONG SURFACE TEM-

PERATURE GRADIENTS.***SECONDARY-TOD TEST THE APPLICABILITY OF THE
RADIOMETER TO MEASURE THE RESTSTRAHLEN (RESIDUAL WAVES) OF ROCKS
AND_QTHER MATERIALS FROM SPACE,

31. PRINCIPLES OF OPERATION

MEASUREMENT OF THE RESTSTRAHLEN OR RESIDUAL WAVES OF VARIOUS
IGNEQOUS ROCKS WILL PERMIT ROCK IDENTIFICATION, SINCE THE WAVE-
LENGTH OF THESE WAVES VARIES WITH THE DEGREE OF THE ACIDITY OF
THE ROCK. IGNEOUS ROCKS ARE DESCRIBED BY A TERMINOLOGY BASED ON
THE SI02 OR *ACIDIC®' OXIDE CONTENT, THE RESTSTRAHLEN LOWERS THE
APPARENT TEMPERATURE, MEASURED RADIOMETRICALLY, BY 12 TO 15 DE-
GREES C AT CERTAIN WAVELENGTHS, THIS EFFECT CAN BE UTILIZED 8Y
SCANNING SIMULTANEDUSLY IN THREE CHANNELS: O+.7-1.4y 8.3-9.3 AND
10.2-11.2 MICRONS, AVOIDING THE OZONE BAND. 1IF ONE CHANNEL RE-
CORDS A LOWER APPARENT RADIANT TEMPERATURE THAN THE OTHER THE
DIFFERENCE IS MOST LIKELY DUE TO A DIFFERENCE IN EMISSIVITY., THE
PROPOSED RADIOMETER IS AN DUTGROWTH OF THE HRIR AND MRIR FLOWN
ON NIMBUS 1 AND 2. THE BASIC COMPONENTS ARE A SCAN MIRROR FOR
SPATIAL SCANNING PERPENDICULAR TO SPACECRAFT MOTION, A TELESCOPE
TO ENHANCE SPATIAL RESOLUTION, TWO DETECTORS WITH APPROPRIATE
FILTERS DEFINING THE WAVELENGTHS INTERVALS DESIRED AND A COOLING
DEVICE. THE ROTATING MIRROR IS SPUN AT A RATE SO THAT SUCCESSIVE
SCANS ARE CONTIGUQUS. THOUGH THE MIRROR WILL SCAN FROM HORIZON
TO HORIZON, DISTORTION AT HIGH ANGLES TO THE LOCAL VERTICAL WILL
LIMIT THE USEFUL PORTION OF THFE SCAN YO ABOUT 60 DEGREFS,

32. PHENOMENA OBSERVED

INFRARED RESTSTRAHLEN (RESIDUAL WAVES) OF SURFACE MATERTALS
33. MEASUREMENT RANGE

YECTIVITY (D*) OF ABQUT 10 VO THE TENTH AT 100 DEG KELVIN.
34. PRECISION AND ACCURACY

NOISE EQUIVALENT DELTA T =Q,17 DEG K AT 280 DEG K AND 10 MICRONS]
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35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION |37. TIME CONSTANT

8.3 10 11,2 MICRONS SOKHZ/CHANNEL

138. FIELD OF VIEW 39. GROUND SWATH

6C. BY 0.035DEG| 700 NM BY 0.35 NM AT 600 NM ALTITUDE

1 40. ANGULAR RESOLUTION{ 41, SPATIAL RESOLUTION

0.035 DEG|[0.35 NM BY 0.35 NM AT 600 NM ALTITUDE.

42.POINTING ACCURACY| 43. POINTING RATE 44. ALTITUDE 45, INCLINATION

MED

46. SPECIAL REQUIREMENTS

INSTRUMENT WILL REQUIRE A CLEAR DEEP SPACE VIEH

47. COMPONENTS T

SCAN MIRROR, OPTICS & DETECTOR,.ELECTRONICS,RADIANT COOLER. _

48. WEIGHT _ |49. VOLUME 50. AVERAGE POWER |51. STANDBY power | 52. PEAK POWER | 53. MTBF
55 LB 1.0 CU FT - B WATTS 15 WATTS
54, (NTERFERENCE 55. N TEREFERENCE 58, i TERrE RENCE S7. \nTERFERENCE 58. SHIELDING
NONE NONE NCNE ‘ SENSITIVE
159, CAUBRATCON 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION
SEE ITEM 62 ON COMMAND

62. TELEMETRY REQUIREMENTS

2-CHANNEL XMITYER, 50 KHZ VIDEO PER CHANNEL, 40 DB SIN WILL RE-
QUIRE 10%%4 SAMPLES PER SECOND PER CHANNEL FIR MAXIMUM OF 10
MINUITES PER ORBIT; LESS IF RESOLUTION IS DEGRADED,

63. ADVANTAGES AND LIMITATIONS

DAY AND NIGHT SCANNING, RADIATIVE COOLING, HIGH RESOLUTION,
BASED ON HRIR AND MRIR EXPERIENCE.kMOVING PARTS.

64. REFERENCES -

1) HOVIS, W.A. AND CALLAHAN, W. R.:PROPOSAL FIR A HIGH RESOLUTION
SURFACE COMPOSITION MAPPING RADIOMETER FOR NIMBUS E.***2) LYON,
ReJe: FIELD INFRARED ANALYSIS OF TERRAIN, 1ST ANNUAL REPT, NASA
GRANT NGR=05-020-115.%%%3) HOVIS, W.A.y APPLIED OPTICS,y V. 5,
1965,.%%%4) NORDBERGy W.y SCIENCE, V. 150, NO. 3696, 1965.

65. HISTORICAL REMARKS

OQUTGROWTH OF HRIR AND MRIR FLOWN ON NIMBUS 1 AND 2.
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO
SELECTIVE CHOPPER RADIOMETER SCR
(TlTLE CONT.) 4. RESUME DATE %ERSION
09/701772 10D0C7
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
HOUGHTON, DR.J. AND [OXFORD UNIVERSITY, ENG. 0Xx5=-9291
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
SMITH, DR.S/JOINT Pl |[READING UNIVERSITY, ENG. REB~4372
2. GopERACT 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | '*3W%%" s COMLETON 17 STATUS
OPERATINDNAL
18. MONITOR 19. AGENCY 20. PGM.OFFICE 21. TELEPHONE
SCHARDT, B,B, NASA HDQTYRS OA/ERN 202-7155=-2322
22. VENDOR 23. LOCATION 2 euont o5 | EAD TIME
UNIVERSITY OF OXFORD OXFORDy ENGL AND 04770 [NA
26. INSTRUMENT TYPE SECuRITY
RADIOMETER, 3 DUAL-CHANNEL INFRARED UNC
28. APPLICATION | 29. SPACECRAFT i
MET NIMBUS-4
30. PURPOSE

PRIMARY- TO DETERMINE THE THREE-DIMENSIONAL TEMPERATURE STRUC-
TURE OF THE EARTH®S ATMOSPHERE THROUGH THE USE OF THE 15 MICRON
ABSORPTION BAND OF C02 ON A GLOBAL BASIS BETWEEN THE GROUND OR
HIGHEST CLOUD TOP AND 50-KM ALTITUDE.

31. PRINCIPLES OF OPERATION

THE INSTRUMENT HAS 6 CHANNELS, EACH WITH A FIELD-OF-VIEW OF 10
DEG AND ARE ARRANGED IN 3 UNITS OF 2. THE BASIC SPECTRAL SELEC-
TION IS ACHIEVED BY INTERFERENCE FILTERS OF 2 TYPES., THREE CHAN-
NELS USE FILTERS 4 INV. CM., WIDE, AND 3 USE FILTERS 1C INV. CM,
WIDE. FOR THE NARROW BAND CHANNELS, A TECHNIQUE OF SELECTIVE
CHOPPING BY C0O2 IS USED TO FURTHER DELINEATE THE ENERGY COLLECT-
ED. THE FILTERED RADIATION IS SWITCHED BETWEEN A CELL CONTAIN-
ING C02 AND AN EMPTY CELL., THIS PERMITS ONLY WAVELENGTHS AB-
SORBED BY C02 TO BE CHOPPED., BY THIS MEANS, THE ENERGY COLLECT-
ED IS EQUIVALENT TO THAT FROM AN INTERVAL OF 1.3 INV. CM., IN 2
OF THE NARROW CHANNELS THE WEIGHTING FUNCTION IS FURTHER SHARP-
ENED BY ADDING A SMALL AMOUNT OF C02 AT VERY LOW PRESSURE TO THE
EMPTY CELL. TEMPERATURES CAN BE OBTAINED UP TO HEIGHTS OF 27 NM
USING THE WEIGHTING FUNCTIONS. FOR LOWER ALTITUDE MEASUREMENTS
HEIGHT RESOLUTION IS INCREASED FOR THE REMAINING 1 NARROW AND 3
BROAD CHANNELS BY USING A SINGLE CO2 CELL TO ABSORB THE CENTRAL
PORT IONS OF THE LINES. THE OPTICAL SYSTEM CONSISTS OF A MOVABLE
MIRRORy CHOPPERS, GERMANIUM LENSES, FILTERS, AND A LIGHT PIPE TO
CONDENSE RADIATION ONTO A THERMISTOR BOLOMETER, THE OUTPUT OF
ACH CHANNFI TS SAMPI ED ONCE FACH SECOND.
32. PHENOMENA OBSERVED

ADIATION FROM ATMOSPHERIC CARBON DIOXIDE.,
33. MEASUREMENT RANGE i

R RADJATION IN 15 MICRON BAND,
34. PRECISION AND ACCURACY

TEMPERATURE TO +~1 DEG C, ALTITUDE TO +-100 METERS

182



35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION |37. TIME CONSTANT

, 14,5 10 15,0 MICRONS 0,2 PERCENY 1.0 SECONDS
38. FIELD OF VIEW 39. GROUND SWATH
10, DEGIB] NM DIAM CIRCLE FROM 600 NM ALTITUDE
40. ANGULAR RESOLUTION| 41. SPATIAL RESOLUTION 5
10, DEGIB] NM FROM 600 NM ALYITUDE
42. POINTING ACCURACY| 43. POINTING RATE 44. ALTITUDE 45. INCLINATION

MED CIRCULAR (SUN-SYNCH RETROGRADE
46. SPECIAL REQUIREMENTS - 5

R R S CANNOT EXC
47. COMPONENTS

RADIOMETFRS, MIRROR, DETECTOR, FLECTRONICS

et

43. WEIGHT  |49. VOLUME 1 50. AVERAGE POWER |51. STANDBY POWER | 52. PEAK POWER | 53. MTBF
34 1B .5 CU FY 9 IS
54. \NTERFERENCE 55. |NTERFERERCE 56. |\ TERFERENCE 57 NTEReCRENCE 58. SHIELDING : |
SENSITIVE
59. CALIBRATION 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION |
SPECIEIC SEFQUENCFES DELAYED TELEMEIRY NYINUQUS

62. TELEMETRY REQUIREMENTS z

6 CHANNELS SAMPLED ONCE EACH SECOND WITH ONE-HALF PERCENT
ACCURACY

 63. ADVANTAGES AND LIMITATIONS ' » |

BETTER SPECTRAL RESOLUTION THAN CONVENTIONAL SPECTROMETERS OR

INTEREFEROMETERS . LIMITED TO ABOVE CLOUDS.
64. REFERENCES S ; —

1) SMITHy E.Wey SCR SUBSYSTEM DIRECTORY (PRELIM) GENERAL ELEC-
TRIC CO.y PHILADELPHIA, PA,, FEBRUARY 1968,%%%2) MININER, R.A,:
INTERIM REPORT ON SATELLITE METEOROLOGICAL INSTRUMENTS., NASA/ERC
REPORT NO. PM=6713y JUNE 1967.*%%3)GOLDBERGy T.L42MET IR INSTRU-

MENTS FOR SATELLITES. PRESENTED AT 13TH ANN TECH SYMP OF SPIE,
AUG 19, 1948
65. HISTORICAL REMARKS
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INSTRUMENT RESUME
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GODDARD SPACE FLIGHT CENTER
GREENBELT, MD. 20771

1. TITLE 2. ACRONYM | 3. EXP NO
SELECTIVE CHQPPER RADIOMETER SCR EOS
(TITLE CONT.) : 4 RESUME DATE YERSION
0Q/01/772100C9
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE
HOUGHTON,y DR.J. AND |CLARENDON LAB,OXFORD,LENG 0X5-9291
9.CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE
SMITHy DR.S/JOINT PI[READING UNIV,READING,ENG REB8-4372
12 GONTRACY 13. CONTRACT NUMBER 14. FLASH INDEX NUMBER | ® 8% | “OBARo% 17. STATUS
ENG .MODEL
18. MONITOR 19. AGENCY 20.PGM OFFICE | 21. TELEPHONE
SCHARDT, B.B., NASA HDQTRS OA/ERN 202-155-23272
22. VENDOR 23. LOCATION weuent |25 |LEAD TIME
ELLIOT-AUTOMATION ENGLAND 127721 30 MONTHS
26. INSTRUMENT TYPE euay)
RADIOMETER, 13-CHANNEL INFRARED SELECTIVE CHOPPER UNC
28. APPLICATION ‘ 29. SPACECRAFT
MET NIMBUS E
30. PURPOSE

PRIMARY - TO OBSERVE ATMOSPHERIC TEMPERATURE STRUCTURE UP TO

50 KM IN ALTITUDE =*#%% SECONDARY-TO PROVIDE QUANTITATIVE INFCRMA-
TION ABOUT THE DENSITY AND DISTRIBUTION OF CIRRUS CLOUDS AND
TROPODSPHERIC WATER VAPOR,

31. PRINCIPLES OF OPERATION

INSTRUMENT OBSERVES IN 16 CHANNELS FROM 2 TO 107 MICRONS. EIGHT
CHANNELS OBSERVE IN THE 15-MICRON CO2 BAND, 1 SOUNDS WATER VAPOR
DISTRIBUTION, ITS A CLEAR WINDOW CHANNEL, 2 OBSERVE REFLECTED
SUNLIGHT, 2 CIRRUS CLOUDS, AND 2 NIGHT EMISSION FROM CLOUDS.
CHANNEL SEPARATION IS OBTAINED BY OPTICAL FILTERING. THERE ARE

4 GROUPS OF 4 CHANNELS EACH: A)13.8-14.8, B)15.0y C)11-1-100,AND
D)2.08-3,5 MICRONS., THE SENSOR IS BASED ON MIRROR OPTICS AND
TIME-MULTIPLEXING OF THE 4 CHANNELS WITHIN EACH GROUP,THERE IS 1
DETECTOR AND ELECTRONIC SYSTEM FOR EACH GROUP. A FILTER WHEEL
MOUNTED IN FRONT OF EACH DETECTOR CONTAINS 4 FILTERS (0OR CO2
CELLS IN THE GROUP B CHANNELS) WHICH DEFINE THE 4 SPECTRAL INTER
-=VALS FOR THAT GROUP. IN THE LOWER C02 TEMPERATURE SOUNDING
CHANNELSy GROUP A, THE WEIGHTING FUNCTIONS MAY BE SHARPENED BY
ABSORBING QUT THE LINE CENTERS OF EACH BAND BY MEANS OF A CO02
PATH LENGTH WITHIN THE OPTICAL SYSTEM. CONVERSELY, IN THE GROUP
B CHANNELS, FOR SOUNDING IN THE UPPER ATMOSPHERE,GOOD VERTICAL
RESOLUTION IS OBTAINED USING A DIFFERENCE TECHNIQUE BETWEEN AD-
JACENT CHANNELS BUT WITH INCREASING AMOUNTS OF THE LINE CENTERS
ABSORBED OUT BY MEANS OF THE CO2-FILLED CELLS, THIS IS THE SE-
LECTIVE CHOPPING PRINCIPLE FROM WHICH THE INSTRUMENT IS NAMED.,
32. PHENOMENA OBSERVED

RADIATION FROM EARTH, ATMOSPHERE,CLOUDS

33. MEASUREMENT RANGE !

0-200 ERGS/SEC/SQ-CM/STERADIAN/CMx%=1

34. PRECISION AND ACCURACY

BETTER THAN 0.25 ERG/SEC/SQ-CM/STERADIAN/CM*%-1
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35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION [37. TIME CONSTANT
2. 10 100, MICRONS 1. SEC
38. FIELD OF VIEW 39. GROUND SWATH
1.5 BY 4.C DEG| 15NM AND 42 NM FROM 600 NM ALTITUDE
40. ANGULAR RESOLUTION] 41. SPATIAL RESOLUTION .
l.564 DEG| 15 NM AND 42 NM FROM DRRIT
42.POINTING ACCURACY]| 43. POINTING RATE 44  ALTITUDE 45. INCLINATION
NA NA MED SUN=-SYNCH HIGH NOON
46. SPECIAL REQUIREMENTS
4 FILTER WHEELS TEMP MUSY BE KEPT WITHIN 0,1 C DEG OF DETECTORS
47. COMPONENTS ’
RADIOMETER WITH ASSOCIATED DOPTICS AND EFLECTRINICS PACKAGE

48. WEIGHT 49. VOLUME 50. AVERAGE POWER |51. STANDBY POWER | 52. PEAK POWER | 53. MTBF
25 LB 0.31 CU FT 7 WATTS 6 WATTS 15 WATTS
54 (W TERFERENCE 55 (TNt et e 56 