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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 a r e  camera 
systems, sounders, interferometers, communications and experiments. In the 
text, these a r e  grouped by types, such a s  television and photographic cameras, 
l a se r s  and radars,  radiometers, spectrometers, technology experiments, and 
transponder technology experiments. Coverage of the brief history of develop- 
ment extends from the f i rs t  successful Earth Observation sensor aboard Ex- 
plorer  7 in October, 1959, through tk 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 blank 



FORE WORD 

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 i s  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 a r e  
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. 



ACRONYMS AND DEFINITIONS 

Spacecraft Acronyms 

ATS 
ERTS 
ESS A 

GEOS 
ITOS 
NOAA 
SMS 
Tiros 
TOS 

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 

Apollo Manned Lunar Program Series 
Explorer Scientific Satellite Program Series 
Nimbus Meteorological Research Satellite Program Series 
Sky lab Manned Space Station Experiment 
Tiros Meteorological Satellite Program Series leading to Operational 

Meteorological Spacecraft 

Earth Resources Survey Aircraft 

C-130 A/c Aircraft assigned to NASA as instrument car r ie rs  
NP3A A/c Aircraft assigned to NASA as instrument car r ie rs  

Spacecraft Designations 

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

1. Preflight: Spacecraft acronym o r  name followed by a letter (Example, 
ERTS-A) designates program sequence number for that indi- 
vidual spacecraft 

2. Postflight: Preflight program sequence letter i s  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 a t  the time 



ACRONYMS AND DEFINITIONS (Continued) 

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

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

viii 



INDEX OF SENSORS 

TELEVISION AND PHOTOGRAPHIC CAMERAS 

.......... Advanced Vidicon Camera System .......... Advanced Vidicon Camera System .......... Advanced Vidicon Camera System .......... Advanced Vidicon Camera System .......... Advanced Vidicon Camera System .......... Advanced Vidicon Camera System .......... Advanced Vidicon Camera System .......... Advanced Vidicon Camera System ..... Automatic Picture Transmission System ..... Automatic Picture Transmission System ..... Automatic Picture Transmission System ..... Automatic Picture Transmission System ..... Automatic Picture Transmission System ..... Automatic Picture.Transmission System ..... Automatic Picture Transmission System ..... Automatic Picture Transmission System ..... Automatic Picture Transmission System 
~ a ~ / N i g h t  Camera System ............... 
Image-Dissector Camera System .......... 
Image-Dissector Camera System .......... 
Image-Dissector Camera System .......... ... Multispectral .Photographic Facility (EREP) 
Multispectral Terrain Photography 

Experiment ...................... 
Return Beam Vidicon Camera ............ 
Spin-Scan Cloud-Cover Camera 

(monochromatic ) .................. 
Spin-Scan Cloud-Cover Camera 

(multicolor) ..................... 
Vidicon Camera System (medium-angle) ..... 
Vidicon Camera System (medium-angle) ..... 
Vidicon Camera System (medium-angle) ..... 
Vidicon Camera System (narrow-angle) ...... 
Vidicon Camera System (narrow-angle) ...... 
Vidicon Camera System (wide-angle) ........ 
Vidicon Camera System (wide-angle) ........ 
Vidicon Camera System (wide-angle) ........ 
Vidicon Camera System (wide-angle) ........ 
Vidicon Camera System (wide-angle) ........ 

ESSA-3 
ESSA-5 
ESSA-7 
ESSA -9 
ITOS-1 
NIMBUS-1 
NIMBUS-2 
NOAA-1 
ESSA-2 
ESSA-4 
ESSA-6 
ESSA-8 
ITOS-1 
NIMBUS-1 
NIMBUS-2 
NOAA-1 
TIROS-8 
ATS-4 
ATS-3 
NIMBUS-3 
NIMBUS-4 
SKYLAB-A 
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Experiment Spacecraft 

TELEVISION AND PHOTOGRAPHIC CAMERAS (continued) 

........ Vidicon Camera System (wide.angle) TIROS-5 ........ Vidicon Camera System (wide.angle) TIROS-6 ........ Vidicon Camera System (wide.angle) TIROS-7 ........ Vidicon Camera System (side-angle) TIROS-8 ........ Vidicon Camera System (wide-angle) TIROS-9 ........ Vidicon Camera System (wide.angle) TIROS-10 

LASERS AND RADARS 

...................... Laser Detector GEOS-2 ...................... Laser Reflector GEOS-2 ...................... Laser Reflector GEOS-C ..................... Radar Altimeter GEOS-C .......... Satellite Radio Beam Experiment ATS-F & G 

RADIOMETERS 

Experimental 24-Channel Multispectral 
Scanner ........................ ................. Earth Radiation Budget 

Electronically Scanning Microwave 
Radiometer ...................... 

Electronically Scanning Microwave 
Radiometer ..... : ................ 

EREP Multispectral Scanner ............. ................. Flat -Plate Radiometer ................. Flat-Plate Radiometer 
High-Resolution Infrared Radiometer ....... 
High-Resolution Infrared Radiometer ....... 
High-Resolution Infrared Radiometer ....... ... High-Resolution Infrared Radiation Sounder .... Infrared Temperature Profile Radiometer .............. L-Band Radiometer (EREP) ....... Limb-Radiance Inversion Experiment ............... Limb-Radiance Inversion ........ Low-Resolution Infrared Radiometer ........ Low-Resolution Infrared Radiometer ........ LOW-~esolution Infrared Radiometer ........ Low-Resolution Infrared Radiometer 

C-130 A/c 
NIMBUS-F 

NIMBUS-E 

NIMBUS-F 
SKYLAB-A 
ITOS-1 
NOAA-1 
NIMBUS-1 
NIMBUS-2 
NIMBUS-3 
NIMBUS-F 
NIMBUS-E 
SKYLAB-A 
NIMBUS-E 
NIMBUS-F 
ESSA-3 
ESSA-5 
ESSA-7 
ESSA-9 



Experiment Spacecraft Page No . 
RADIOMETERS 

.... Low-Resolution Non-Scanning Radiometer .... Low-Resolution Non-Scanning Radiometer .... Low-Resolution Non-Scanning Radiometer 
Low -Resolution Omni-Directional ...................... Radiometer 
Low-Resolution Omni-Directional ...................... Radiometer 
Low-Resolution Omni-Directional ...................... Radiometer 
Low-Resolution Omni-Directional ...................... Radiometer ..... Medium-Resolution Infrared Radiometer ..... Medium-Resolution Infrared Radiometer ........... Medium Resolution Radiometer ........... Medium Resolution Radiometer ............ Medium Resolution Radiometer ........... Medium Resolution Radiometer 
Microwave ~adiometer/~catterometer and ............ Altimeter Facility (EREP) 
Multi-Spectral Scanner ................. ........ Nimbus-E Microwave Spectrometer 
Pressure  Modulated CO, ~ a d i o m e t e r /  

o r  Upper Atmosphere Sounding ......... ........ Passive Microwave Imaging System 
Surface-Composition Mapping Radiometer .... 
Selective Chopper Radiometer ............ 
Selective Chopper Radiometer ............ 
Scanning Radiometer .................. 
Scanning Radiometer .................. 
Scanning Radiometer .................. 
Temperature/Humidity Infrared 

Radiometer ...................... 
Temperature/Humidity Infrared 

Radiometer ...................... 
Two-Channel Radiometer ............... 
Vertical Temperature Profile Radiometer .... 
Very High Resolution Radiometer .......... 
Very High Resolution Radiometer .......... 
Visible/Infrared Spin-Scan Radiometer ...... 

TIROS -4 

TIROS-7 
NIMBUS-2 
NIMBUS-3 
TIROS-2 
TIROS-3 
TIROS-4 
TIROS -7 

SKYLAB-A 
ERTS-1 & B 
NIMBUS-E 

NIMBUS-F 
NP 3A A/c 
NIMBUS-E 
NIMBUS-4 
NIMBUS-E 
ITOS-1 
NOAA-1 
NOAA-2 

NIMBUS-E 
NIMBUS-F 
NOAA-2 
ATS-F 
NOAA-2 
SMS-A 



Experiment Spacecraft 

SPECTROMETERS 

Backscattered Ultraviolet Radiation 
Experiment ..................... .............. Filter-Wedge Spectrometer ....... Infrared ~nterferometer/Spectrometer 

Infrared Interferometer/Spectrometer ....... ............ Infrared Spectrometer (EREP) 
Meteorological Infrared Spectrometer ...................... (8 -Channel) .......... Mapping Microwave Spectrometer ........ Monitor of Ultraviolet Solar Energy ...... Positive Ion Composition Spectrometer ........... Satellite Infrared Spectrometer ...... Ultraviolet Solar-Radiation Experiment 

TECHNOLOGY EXPERIMENTS 

............... C-Band Passive Reflector 
NIMBUS-E/ATS-F Data Acquisition 

Facility and Data Relay Link .......... ............. Data Relay Link Experiment 
Electrostatic Probe ................... ............. Electron Temperature Probe 
Fluxgate Magnetometer ................. 
Millimeter Wave ~ropagation/~ommunication . . 
S-Band Satellite to Satellite Tracking ....... ...... Solar Cosmic Ray and Trapped Particle ............... Solar-Proton Experiment ............... Solar-Proton Experiment ............... Solar-Proton Experiment 
Solar-Science Electron Flux Experiment 

(Electron Counter) ................. 
Tropical Wind. ~ n e r g y  Conversion and .................. Reference Level 

TRANSPONDER TECHNOLOGY EXPERIMENTS 

NIMBUS-4 
NIMBUS-4 
NIMBUS-3 
NIMBUS-4 
SKYLAB-A 

NIMBUS-3 
NIMBUS-F 
NIMBUS-4 
NIMBUS-F 
NIMBUS -4 
NIMBUS-3 

NIMBUS-F 
NIMBUS -E 
NIMBUS-F 
TIROS -7 
ATS-1 
ATS-F 
GEOS-C 
NIMBUS-F 
ITOS-1 
NOAA-1 
NOAA-2 

NIMBUS-F 

.................. C-Band Transponder GEOS-2 .................. C-Band Transponder GEOS-C ...................... Doppler Beacon GEOS-2 
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TRANSPONDER TECHNOLOGY EXPERIMENTS (continued) 

Doppler Beacon ...................... ..... Ten-PointSix Micron Laser Experiment 
Interrogation. Recording and Location 

Systems ........................ 
Interrogation. Recording and Location 

Systems ........................ ................ Microwave Transponder ................ Microwave Transponder ......... Non-Coherent C-Band Transponder ...................... Optical Beacon 
Omega Position and Location Equipment ...................... Experiment 
Position Location and Aircraft 

Communications .................. ... Radio Frequency Interference Measurement 
Satellite Range and Range-Rate ...................... Experiment 
Sequential Collation of Range System ........ 
ATS-F/NIMBuS-E Tracking and Data 

................. Relay Experiment 
NIMBUS-E/ATS-F Tracking and Data 

Relay Experiment ................. 
Television Relay Using Small Terminals ..... 
VHF Transponder .................... 
VHF Transponder .................... 
Weather Facsimile Experiment ........... 
Weather Facsimile Experiment ........... 

GEOS-C 
ATS-F 

NIMBUS-4 
ATS-1 
ATS-3 
GEOS-C 
GEOS-2 

ATS-F 
ATS-F 

NIMBUS-E/ATS-F 
ATS-F 
ATS-1 
ATS-3 
ATS-1 
ATS-3 

xiii 



Frontispiece. An example of transmitted imagery from orbit, ahowing quality 
of detail attainable from ERT8-1 Multispectral Scanner. The 
scene is the Chesapeake Bay area including Washington, D.C. 
and Baltimore, M a r y h d .  The image is from a single visible 
band (MS6 Band 5) in U e  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, a s  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 cri teria of experiment selection 
fo r  inclusion in the text a r e  a s  follows: 

1. Only custom designed spaceflight experiments were considered. 

2. Only experiments contributing direct o r  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 o r  no 
significant data was returned f rom the effort. 

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

Certain exceptions were taken to these cri teria 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. p,age 178) a r e  included, even though 
they were designed as  Earth Observation Experiments aboard air- 
craft. Both a r e  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, a s  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 a r e  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 i s  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 e ra  
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 Radiometerfv (LROR) (ref. page 15 0). The basic experimental 
objective was to map the "gross heat budget" of the Earth, and to determine 
how much solar energy is absorbed o r  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, 
etc. 

New and revolutionary information i s  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 TIROS 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 a later 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 a r e  active today. 

The Application Technology Satellite Program (ATS), initiated in the 
middle 601s, 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 111 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 i s  still in i ts  infancy, but showing 
signs of becoming an adolescent by the mid 70's. The current crop of 
developmental experiments, described herein, a r e  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 a re  
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 ar t  in remote sensors i s  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 intresponse 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 a r e  almost certain to govern 
the limits of initial utility for some users. However, one thing appears firm, 
the direction for instrumentation development i s  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 a r e  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. TlTLE 
A D V A N C E D  V I O I C U Y  C A P E P A  S Y S T F M  

(TITLE CONT.) 

2 ACRONYM 1 3. EXP NO 

A V C S  I 
a RESUME OATE 1 zERSION 

r \ 9 / Q 1 / 7 2  1 3 ~ ~ 5  ' 

6. PRINCIPAL INVESTIGATOR 

A L B E R T *  J. 
9. CO-INVESTIGATOR 

12 CONTRACT 
TYPE 113. CONTRACT NUMBER 114. FLASH INDEX NIIMBER 1 " 118 17. STATUS 

I I I I ]POST FLIGHT 
18. MONITOR 119. AGENCY I 20. PCM OFF%€ 1 21. TELEPHONE 

G L n V E K *  J.C. I ~ E  S C / N O A A  1 1 2 0 2 - 6 5 5 - 4 3 C C  
22. VENDOR 1 23. LOCATION I 24 &,GEHT 125. LEAD TIME 

R C A  A S T P U - F L E C T r i ! I N  I C S  ~ P R I ~ ! C E T @ ~ \ ; *  N . J .  1 1 0 / 6 6  I N 4  
26. INSTRUMENT TYPE 27 zts!mx*. 
I M A G E P  9 1 - I I L C H  W 1 3 E - A N G L E  H I G H - F E S O L U T I O N  V I D I C O N  ~ U N C  
28. APPLICATION 129. SPACECRAFT 

M E T ,  E R S P  ~ E S S A  3 
30. PURPOSE 
P R I M A F Y - T D  P P G V I D E  M E T E O R O L O G I C A L  D A T A  I h  T H E  F O R M  OF H I D E - A I I G L E  
HIGH-RESOLUTION T E L E V I S I O N  P I C T U E ~ S  OF E A R T H ' S  cLnun C O V E P ~  B Y  
T P A N S M I T T I N G  P F E P F C U R D E D  TV P I C T U h  E S  T O  C D A  S T A T I O N S . * * * S E C O N D -  
A R Y - M A I N T A I N  O P t h A T I O N A L  C A P A B I L I T Y  'lF T H F  A V C S .  

31. PRINCWLES OF OPERATION 

T H F  A V C S *  T E S T  FLOWQ O N  N I M B U S  1 A N D  2 A N D  O P E R A T I O N A L L Y  ON E S S A  
3 AND 5 ,  A R E - - S I M I L A R  E X C E P T  FClP D I F F E R E N T  C A M E R A  L E N S E S  AND F S S A  
H A V I N G  2 C A Y F K A S  S H I L E  N I M e U S  H A D  3. T H E  E S S A  S Y S T E M  C O N S I S T S  OF 
2 I D E N T I C A L  1 - I Y C H  V I C I C O N S  H A V I N G  8Q0 T V  L I N E  R E S O L U T I O N .  T H E  
C A M E R A S  A R E  Y O U N T E D  1 A O  D E G R E E S  A P A R T  O N  T H E  S I D E  OF T H E  S P A C E -  
C R A F T  A N D  P E R P E N D I C U L 4 K  TO T H E  S P I N  A X I S .  D U R I N G  P I C T U R E  T A K I N G  
S E Q U E N C E  T H E  C A V E R A  L O O K S  A T  THE N A D I R .  T H E  L E N S  I S  A  T E G F 4  K I N -  
O P T I C  1 G B  DEGREE W I D E  A Y G L E  L E N S  k I T H  A  F O C A L  L E N G T H  flF 5.7 Y M  
A N D  4 N  E L E C T R C ) M A G I \ I E T I C A L L Y  C O W T K O L L E D  S H U T T E R .  THE C A M E R A  CON- 
V E R T S  T H E  O P T I C A L  I Y A G E  T O  AhJ E L E C T R I C A L  S I G N A L  W H I C H  I S  PRO- 
C E S S E D  AND R E C O R D E D  VQ A M A G N E T I C  T A P E  RECORDER.  T H F  V I D I C O N  H A S  
A N  I N H E R E N T  S T O R A G E  P R O P E P T Y  W H I C H  P E R M I T S  A  N O M I N A L  6.5 SECOND 
F R A M E  T  I Y E .  CONCURP E N T L Y  W I T H  S H U T T E R  A C T U A T I O N *  A  1 6 - I N C R E -  
M E N T  G K A Y  S C 4 L E  I S  I h C L U D E D  A T  T H E  E D G E  O F  E A C H  P I C T U R E  F R A M E  A S  
4 C O N T R A S T  CHECK.  T H E  C A Y E R A  I S  I N D E P E N D E N T L Y  T R I G G E R E D  I N T O  
3 P E R 4 T I O N  O Q L Y  WHEN I T  COMES I N  V I E W  O F  T H E  E A R T H ;  T H I S  I S  DONE 
B Y  A  H O R I Z O N  C R O S S I N G  I N D I C A T O R ( H C I ) ,  O N E  FOR E A C H  CAMERA.  T H E  
C A M E R A  C A N  T A K E  6 OP 1 2  C L O U D  C O V E R  P I C T U R E S  PER O R B I T  A T  260- 
S E C O N D  I N T E R V A L S  W I T H  A 50 P E R C E N T  O V E R L A P .  

32. WENOMENA OBSERVED 

:LOUD C U V E R  UF E A R T H  ( R E F L E C T E D  V I S I B L E  S O L A R  R A D I A T I O N )  
33. YLAWREMENT RANGE . 
3 Y N A M I C  R A N G E  O F  14 TO 11 94CO F O O T - L A M B E R T S  

O'! T V - L I N E  R E S O L U T I O N ;  16  L E V E L S  OF GRAY 
Y 

A 

7. ORGANIZATION 

N E S C / Y O A A  
10. ORGANIZATION 

8. TELEPHONE 

202 -65  5-49AC 
11. TELEPHONE 



ONTRACT YO. NAS 5 - 9 3 3 4 9  M A Y  59 1 9 6 7 . * * * 2 )  SIG A C H I E V  I N  SPACE 
PP 1 9 5 6 .  N A S A  SP-156. 1 9 6 7 . * * * 3 )  OSTROW9H.: R E V I E W  OF A DFCADE 
F S P A C E  CAYERA S Y S T F M S  OEVELOP.  FOP METEOROLOGY. N A S A ~ G S F C I A U G .  
968.***4 1 O I T A  A V A I L A B L E  F S D M  N A T I O N A L  WFAT4ER R E C O R D S  C T R  

S I M I L A R  T O  4 V C S  3'4 N I Y R U S  1 AND 2, AND F S S A  5. 
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1. TITLE 
A C V A V C f  ? V I ' ;  I i O l j  CAS'i--A S Y 5 T F v  . - 

(TITLE CONT.) 

2 ACRONYM 1 3. EXP NO 
A V L  S I 
4 RESUME DATE I zERSION 

Y / f J L /  /c! 1 , l i ' r13 '  - 
6. PRINCIPAL INVESTIGATOR 1 7. ORGANIZATION 1 8. TELEPHONE 

A L P E Q T .  J. I " i E S C / U n A L  ! Z " 2  - 6 ' 5  - r ' r r >  

26. INSTRUMENT TYPE 

28. APPLICATION 129. SPACECRAFT 

M F T c  C R S ?  It5W 5 
30. PURPOSE 
P Q I  VIAPY-TI] P R P V I  3t- M t T t O P ! l L L ( ; I C A L  O A T 4  I N  T t l t  t r l F Y  !IF W ~ l l t  A r \ I C ; L t  - 
H I G H - k E S O L U T I O r 1  T E L E V 1 S l r ) N  P I C T U C ' E S  OF E A R T H ' S  C O U L O  C O V E ? ,  S Y  
T R A ~ J S Y I T T I Y G  P n E K E C l ] k D E 9  T V  P I C T U F E S  TO C D A  S T A T I ? N S . * * * S F C P N D -  
A Y Y - Y A I K T A I N  C P E R A T I O N A L  C A P A B I L I T Y  3F  T H F  6 V C S e  

31. PRINCIPLES OF OPERATION 

0 '3 c 
3 A N D  5 *  A Q E  S I Y I L A R  E X C E P T  F O F  D I F F E P E N T  C A M F R A  C E N S F S  A N D  ' S S A  
H A V I N G  2 C A M E R A S  d H I L E  F J I Y H U 5  H A D  3. T H E  E S S A  S Y S T E V  C Q N S I S T S  O f  
2 I D E N T I C A L  1 - I N C H  V I O I C O N S  H A V I N G  8 r c ~  T V  L I N E  P E S O L U T I O N .  T i E  
C A P E P A S  A R E  Y C I U N T f D  18C 3 r l G P F E S  A P A R T  ON T H E  S I D E  OF T H E  S P A C E -  
C R A F T  42;C P F R P E \ D I C U L A K  T I I  T H E  S P I R  A X I S .  D U R I & G  P I C T U Q E  T A K I N G  
S E Q U E N C E  T H E  C A M E R A  C O O K S  A T  T H F  N A 3 I K .  T H E  L E N S  I S  A  T E G E A  K I W -  
O P T I C  1 0 8  D f G k E E  WIUC ANGLE L 'NS W I T H  A  F O C A L  L F N G T H  OF 5.7 YM 
A V D  AN t L F C T F i ! l M A b r \ l f T  I C A L L Y  C O r V T P O L L E r )  S H U T T E R .  T H E  C A M E G A  CON-  
V E R T S  T H E  O P T I C A L  I M A G E  T f !  A r l  E L E C T R I C A L  S IGP !PL  W H I C H  I S  PFO-  
C E S S E I J  AN3 K E C G P D E D  [IN A  M A G N E T I C  T A P E  Q E C O F D F R ,  T H E  V I D I C O N  H A S  
A N  I N H E R E N T  S T P 9 A G F i  P P U P E Q T Y  W H I C H  P F P M I T S  A Y O M I N A L  6.5 S E C 3 N D  
F P A M E  T I M E .  C f i k C U R R E P I T L Y  W I T H  S H U T T E R  A f T U A T I O r V ,  A 1 6 - I N C F F -  
P E N T  G R A Y  S C Z L K  I S  I N C L U D E U  AT T H E  E 3 G f  OF E A C H  P I C T U R E  F P A M E  A S  
A  C D N T P A S T  C H E C K .  T H E  C A Y r R A  I S  I V D E D C N D E N T L Y  T R I G G E R E D  I N T O  
3 P F r R A T I n N  '?r\ lLY WHErJ I T  C O V E S  Ihi V I E k  OF T H E  F A R T H ;  T H I S  I S  D O N E  
Y Y  A  H L J P I Z O N  C F O S S I t r l G  I N D I C A T 3 P  ( H C I  1 ,  (?YE F O P  E A C H  C A M E R A *  T H F  
4 T R b C K  M4G!',ETIC T A P E  R E C O R D E R  C A N  S T O R E  UP T O  3 6  P I C T U O E S e  = A C H  
C A M E 2 A  C A Y  T A K F  6 OK 1 2  C L O U D  C O V E R  P I C T U R E S  P E P  O R 9  I T  A T  2 6 3 -  
S E C  1NP I r \ l T E k V A L S  W I T H  A 59 P E R C E N T  C3VFKLAP.  
32. PHENOMENA OBSERVED 

C L ~ U  C' c n v E a  UF E A R T H  ( R E F L E C T F ! )  VI SI ~ L F  S O L A R  Q A r I I P  i rcw - 
33. MEASUREMENT RANGE 

D Y h A Y I C  LAr<(;E UF 14 T O  11499 F P O T - L A Y V F Q T S  
34. PRECISION AND ACCURACY 
y 



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 
r . f+q  TI :  ? . C S  'IICC~)F\I I h!? I 49.c M I L L S E C  

38. FIELD OF VIEW 139. GROUND SWATH 
F . 1-V 89." n F G I  17Cr\ R Y  HY 1 7 P j T  N M  F V q Y  759 Y V  A L T I T U D E  
40. ANGULAR RESOLUT~ON~ 41. SPATIAL RESOLUTION 

^ . I 1  ! l -FG p.4 N" P r F :  T V - L I N E  A T  C E Y T F Q  F R O H  75'? FJY A L T I T U D E  
42 POINTING ACCURACY~ 43. POINTING RATE 144. ALTITUDE I 45. INCLINATION 

" . 5  [T(;] I MFD C  I Q C U L A R  I S U N - S Y N C Y  R E T R ' Y G P d D E  
46. SPECIAL REQUIREMENTS 

47. COMPONENTS 

2 T V  r 1 2 " l r q f i  S Y S T E v C , r  2 TAPF- P E C O P r ? E Y S q  S Y S T F Y  F L E C T R O N I C S  
48. WEIGHT 149. VOLUME 1 50 AVERAGE POWER 151 STANDBY POWER 1 52. PEAK POWER 1 53. MTBF 

/+ 3 L ~7 1 I 16 PJATTSI  I I 
INTERZRENC 1 IN~*R",",E'~cE 1 5. ~N~"E"R"F~'R*E"NcE 1 57 IN~'E"R'F"E"R~~cE I 58. SHIELDING 

I C W S I T I V C ]  1 I M A G Y E T I C  S t i I F L n I Y G  U S F O  
59. CALIBRATION 160. DATA RECOVERY 61 FREQUENCY OF OBSERVATION 

G r - W - 5 r ! l , F  C C L I n R b T  Inhl I P F L A Y E r )  T E L F V E T R Y  I D A Y S I D F  OF C I Q B I T  
62. TELEMETRY REQUIREMENTS 

G F C C P D E P  1'5 P L A Y E D  OACK ON C n 4  S T A T I O N  C O M M A I D  V I A  THE S P A C F -  
C P A F T  235-Y t iL  T F 4 Y S M I T T E R .  T R A N S M I S S I O N  T I Y F  FOR A  F U L L  O R B I T  
O r  D I C T U " E 7  I S  A P P Q 3 X I M A T F L Y  3 Y I N U T E S .  
63. ADVANTAGES AND LIMITATIONS 

DUF T 0  C A I M C E r \  M r j l l N T I Y G  P I C T U R E S  A P E  T A K E N  S T ? A I G H T  DOWN M I N I M I Z -  
ING Q I S T C I P T I ~ N  n v o  I ~ I C ~ E A S I Y G  a c c u P n c y .  

64. REFERENCES 

1)rIIVAL F ' d G I Y F F P I Y G  R F P O P T  T O S  A t V O L  1 9 2 9 3 0 ' 7 C A  A S T R O - E C F C T R O N I C S  
C 7 ; I T R P C T  N r t *  V A S  5-9!'34t M A Y  S t  1Q67.***2) S I G  A C H I F V  I N  S P A C E  
A P P  1965 .  Y A S 4  S P - 1 5 6 9  1 9 6 7 . * * * 3 )  PSTRf lW,H. :  R E V I E W  OF 4  DECADE 
"F S P P c F  C A R E R A  S Y C T F M S  D E V F L C I P *  FOR M E T E O R O L O G Y *  N A S A / G S F C * A U G .  
1 3 C R . * * * 4  Q A T A  A V A I L A B L E  F K 3 M  ' J A T I O N A L  W E A T i F 9  QECORDS C T 9  
( t 5 S A )  t A 5 t i E V I L L F q  '4.C. 

65. HISTORICAL REMARKS 

S I M I L A R  TLI AVCS O h  N I M B U S  1 4ND 2 9  A N D  E S 5 A  3. 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
GODDARD SPACE FLIGHT CENTER 

L A H  E X C E P T  FOR D I F F E R E N T  C A M E P A  L ENSFS.  T H E  E S S A / T O S  S P A C E C R A F T  
H A V E  2 C A M E R 4 S  W H I L E  N I M B U S  H A D  3. T H E  E S S A / T O S  S Y S T E M  C O N S I S T S  
OF 2 I D E N T I C A L  1 - INCH V I D I C O N S  H A V I N G  9 3 3  T V  L I N E  R E S O L U T I O N .  
T H E  CAMERAS ARE MOUNTED 1 8 0  D E G R E E S  A P A R T  ON T H E  S I D F  OF THE 
S P A C E C R A F T  A N D  P E R P E N D I C U L A R  T O  T H E  S P I N  A X 1  S. D U R I N G  P I C T U P E -  
T A K I N G  S E Q U E N C E  T H E  CAMERA L O O K S  A T  T H E  N A D I R .  THE L E N S  I S  4 
T E G A - K I N O P T I C  1 0 8 - D E G R E E  W I D E - A N G L E  L E N S  W I T H  A  F O C A L  L E N G T H  OF 
6.0 MM A N D  AN E L E C T R O M A G N E T I C A L L Y  C O N T R O L L E D  S H U T T E P .  T H E  CAMERA 
C O N V E R T S  T H E  O P T I C A L  I M A G E  T O  A N  E L E C T R I C A L  S I G N A L  W H I C H  I S  PRO- 
C E S S E D  A N D  R E C O R D E D  f lN M A G N E T I C  T A P €  RECORDER.  T H E  V I D I C O N  H A S  

. A N  I N H E R E N T  S T O R A G E  P R O P E R T Y  W H I C H  P E P M I T S  A N O M I N A L  6.5 SECOND 
F R A M E - S C A N  T I M E .  CONCURRENT W I T H  S H U T T E R  A C T U A T I O N *  A  1 6 - I N C R E -  
Y E N T  GRAY S C A L E  I S  I N C L U D E D  A T  T H E  E D G E  OF E A C H  P I C T U R E  F R A M E  A S  
A  C O N T R A S T  CHECK.  T H E  CAMERA I S  I N D F  P E N D E N T L Y  T R I G G E R F D  I N T O  
O P E R A T I O N  O N L Y  WHEN I T  COMES I N T O  V I E W  OF THE EARTH.  T H E  4 T R A C K  
M A G N E T I C  T A P E  RECORDER C A N  S T O R E  U P  TO 3 6  P I C T U R E S .  E A C H  CAMERA 
C A N  T A K E  6 OR 12 C L O U D  C O V E R  P I C T U R E S  P E R  O R R I T  A T  2 6 0 - S E C O N D  
I N T F R V A L S  W I T H  A  5 0  P F R E N T  f l V F U P .  
32. MWOYENA OBSERVED 

C L ( 3 U C  C I I V E R  O F  E A R T H  ( R F F W T F C  V I S I R I  F gnlm R A n T A T m \  
a LYAWREMENT W E  

D Y N A M I C  R A N G E  O F  14 T O  11*400 F O O T  L A M R F R T S  
+-W1D&lcamAc'# 
8 3 3 - C I N E  R E S O L U T I O N * 1 6  L E V F L S  OF G R A Y  A 



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 
Q.45 T O  ? . 6 5  M I C R O N S I N A  I 40. M I L L S E C  

38. FIELD OF VIEW 1 39. GROUND SWATH 

99.0 BY 8 9 . 3  D E G l  1 7 C 0  NM B Y  1700 NM FROM 750 NM A L T I T U D E .  
40. ANGULAR  RESOLUTION^ 41. SPATIAL RESOLUTION 

7 D E G ]  1.5 NM PER T V  L I Y E  A T  C E N T E R  F R 3 M  750 NM A L T I T U D E  
42.POlNTlNG ACCURACYI 43. POINTING RATE 144. ALTITUDE 145. INCLINATION 

Q.5 D t G l  1 MED CIPCULAR I SUN-SYNCH R E T R O G R A D ~  
46. SPECIAL REQUIREMENTS 

47. COMPONENTS 
2 T V  C A Y E R A  S Y 5 T t M S q  2 T A P E  P t C U R D t R S ,  S Y S T F Y  t L t C T R O N I C S  
48. WEIGHT 

43 L R  
49. VOLUME I 50. AVERAGE POWER (51 STANDBY POWER 1 52. PEAK POWER 1 53. MT6F 

I 16 W A T T S 1  I I 
~ W T E R F " ~ E L  1 55 IM~"Ê R%%'E'&E 1 ~NT%%FLE'R*ERE I 57 INT%?%%~E 1 58. SHlELOlNG 

- - 7 S E r \ l S I T I V E [  I I M A G W E T I C  S H I E L O I N G  
59. CALIBRATION 160. DATA RECOVERY 61 PREWENCY OF OBSERVATION 

GRAY S C A L E  C A L I R R A T I O N  1 D E L A Y E D  T E L E M E T R Y  1 D A Y S I D E  OF O R B I T  
62. TELEMETRY REQUIREMENTS 

RECORDER I S  P L A Y E D  B A C K  ON C D A  S T A T I O N  COMYAVD V I A  T H E  SPACE-  
C R A F T  2 3 5  Y H Z  T R A N S M I T T E R .  T R A V S M I S S I O N  T I M E  F 3 R  A  F U L L  O R B I T  
OF P I C T U R E S  I S  A P P Q O X  3 Y I N U T E S .  
63. ADVANTAGES AND LIMITATIONS 

CAMERA M O U N T I N G  A L L O W S  P I C T J R E S  T O  BE T A K E N  S T R A I G H T  OOWNI M I N I -  
M I Z I N G  D I S T O R T I O N  A N D  I N C R E A S I N G  ACCURACY.  
84. REFERENCES 

1 1 F I N 4 L  E N G I N E E R I N G  R E P O R T  T O S  A, V O L  1,293. R C A  A S T P O - E L E C T R O N -  
I C S ,  C O N T R A C T  NO. N A S  5-9"34,  Y A Y  5, 1 9 6 7 . * * * 2 )  S I G  A C H I E V  I N  
S P A C E  A P P  1966. N A S A  S P - 1 5 6 ,  1 9 6 7 . * * * 3 )  OSTR3W,H. AVO W E I N S T E I N I  
0.: R E V I E W  O F  A D E C A D E  O F  S P A C E  CAMERA S Y S T E Y S  O E V E L O P  FOR ME- 
TEOROLOGY.  N A S P / G S F C ,  AUG. 1 9 6 8 . * * * 4 )  D A T A  4 V A I L A B l - E  FROM 
N A T I O N A L  WEATHER P E C O P O S  CTR ( E S S A ) ,  A S H E V I L L E ,  N o C e  
6W. HISTORICAL REMARKS 

T E 5 T  F L O W N  ON N I M B U S  192 ;  O P E R A T I O N A L  ON E S S I  3 9 5 ,  4ND 9 .  

- 
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12 CONTRACT 
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SEcyqllv. 

I hhG?jk 9 1- I ' , L r l  1V I D E - L F i G L F  h I G I 4 - R f -  S L I L U T I l I N  V I  D I  C'?N u r! (- 
28. APPLICATION 129. SPACECRAFT 

M E T *  E F S P  I E S S A - 9  
30. PURPOSE 

P F  I NIARY-TO P $ : j V I  D E  METET!P!lLT:G L C A L  D P T G  I N  T I i F  f G H M  OF b I 9 f - A r J G L E  
h I G H - K F S i I L U T I O U  T E L E V I S I O N  P I C T U P E S  OF F O F T H ' S  CLTIUD C O V F F ;  9 Y  
T R A f J S M I T T I f 4 C  P i ;EPEC i IFDE [ :  T V  P I C T U R E S  TT1 C I I A  S T A T I O N S . * * *  
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31. PRINCIPLES OF OPERATION 

T H E  A V C S *  S C b E 3 i J L E T )  F 0 9  F L I G H T  Ubr T C S  G A N D  € 9  N 4 S  T E S T  F L O K ' d  ON 
N l M O U S  1 ANI )  2 AYE U P F R A T I O N A L L Y  QN E S S A  3 A N D  5. A L L  A F F  S I Y I -  
L A P  F X C E P T  FGa P I F F E b i - N T  C A M E R A  L F N S E S .  THE E S S 2 / T O S  S P t . C E C n 4 F T  
H A V E  2 C A I i E G A S  h l H I L f  r V I P P I J S  HOE ?. T H E  E S S A / T O S  S Y S T E M  C O W S I S T S  
P F  2 I D F - N T  I C A L  1 - I h C H  V I D I C 1 7 N S  H A V I N G  5 3 3 - T V - L I N E  F F S P L U T I 8 N .  
T H E  C A M F R G S  A P E  i l '3Up\ lTED l d ' ?  D E G q E F S  A P A P T  CN T H E  S I D F  O F  T H F  
S P A C t C P A F T  A V O  P t P P E N C I C U L A l i  TC T H F  S P I Y  A X I S ,  O U R I N G  P I C T U P E  
T A K I N G  S E O V E K C E  T H k  C A M E R A  L U O k S  A T  T H E  N A D I F .  T H E  L E N S  I S  A  
T E b A - K I r v 1 3 P T  I C  l r 1 9 - D F C P F E  W I D E - b h G L E  L E N S  W I T H  A F O C A L  C E N L T H  CIF 
4 . G  Y V  AFID A h  E L  ECTPI:"AGI\JET I C A L L Y  C O N T f i ' l L L E r l  S H U T T F H .  THE  C A r 4 E F 4  
C O h l V T K T S  T H E  O P T I C A L  I M A G E  T O  A N  E L E C T R I C A L  S I G N A L  W H I C H  I S  PRO-  
C E S S t D  AFdD R E C 9 F C ) E D  I l L  A M A G N F T I C  T A P [  R E C O R D E R .  T H E  V I D I C O h '  HAS 
AN I N H E H F N T  S T O k A G E  PGCIPEFTY  WHICH P F P M I T S  A N ' lY INAL 6.5 S E C l N D  
F R A Y E  S C A N  T I M E .  CDNCUiiPENT W I T H  S H U T T E R  A C T U A T I O Y  $1 l h - I V C k F -  
Y E h T  G F A Y  S C G L C  I S  I h C L U D E f )  A T  THE F O G €  OF E A C H  P I C T U R E  F P 4 t 4 F  A S  
A C O N T R A S T  C H E C K *  T H E  C A M E R A  I S  I f ' JDFPFN3ENTLY  T R I G G E R E D  I N T P  
O P E R A T I O N  ( I N L Y  d H F N  I T  COMES I N  V I E 4  O F  T H E  f A Q T H .  T H E  4 T R O C K  
M A G N E T I C  T A P E  K E C O P D F R  CAW S T O P E  UP T O  3 6  P I C T U Q F S .  F A C H  C A P E R A  
C A N  T A K E  6 3 K  12 C L O U D  CCIVER P I C T U P k S  P E 9  O R P I T  AT 2 6 0 - S C C O N 9  
I N T E R V A L S  f i I T H  A 5 C  P E R C E N T  O V E R L A P .  
32. PHENOMENA OBSERVED 

CLC iUC CflVEF; Of -  E 4 k T H  ( P E F L F C T E R  V I  S I  R L F  SLILAP P A P I A T  t C r \ l )  
33. MEASUREMENT RANGE 

D Y Q A M I C  F A N G E  OF 14 T O  l l r 4 C O  F D O T - L A M P F R T S  
34. PRECISION AND ACCURACY 

, 8 3 3 - L I N E  R E S C l L U T I G N 9  16 L E V E L S  O F  G I<AY  

7. ORGANIZATION 

N E S C / X C l A A  
10. ORGANIZATION 

8. TELEPHONE 

?%'?-655-4" : 
11. TELEPHONE 



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 
^ 0 4 5  T ' I  ? . S S  M I C Q O N I N A  I 4 3 .  Y I L L S F C  

38. FIELD OF VIEW 139. GROUND SWATH 
Q Q O n  B Y  9 3 . :  D C G I  17C9 N *  RY 17'30 NY F R f l Y  75 ( !  hlM 4 L T I T l J D E  

40. ANGULAR RESOLUT~ON~ 41. SPATIAL RESOLUTION 

.'.I7 DFGI 1.5 fi)M P F F  TV L I N E  AT C E N T E R  F R 7 Y  75n N M  4 L T I T U C ) E  
42 POINTING ACCURACY 43. POINTING RATE 144. ALTITUDE 145. INCLINATION 

.5 nF5l I q E r )  C I Q C U L f i R  I S U N - S Y N C H  Q E T R O G R A D E  
46. SPECIAL REQUIREMENTS 

47. COMPONENTS 

2 T V  C A Y F H A  S Y S T E Y S *  2 T A P F  R F C O P D F R S ,  S Y S T E Y  F L F C T R P V I C S  
48. WEIGHT 149. VOLUME 1 50 AVERAGE POWER 151 STANDBY POWER 1 52. PEAK POWER 1 53. MTBF 

4 1  Lr31 I 16 N A T T S l  I I 
54 INTER~:RENCE 1 55 ~NE"R"F!ER:I&E I % ~N~"E"R"F~'R*E"NcE I IN~'E"R';"R~~CE I 58. SHIELDING 

I Y F k S I T I V F I  I I Y A G N F T I C  S H I F L O I V C ,  U S E D  
59. CALIBRATION 160. DATA RECOVERY 61 FREQUENCY OF OBSERVATION 

G R b ' Y - S C P 1 . F  CAL I R . Q 4 T I ? U  I PEL A Y c D  T F L E M F T P Y  I D A Y S I D E  r)F O R R I T  
62. TELEMETRY REQUIREMENTS 

H F C O R D F R  I S  D L 4 Y f 0  BACK 0bJ T D A  S T A T I O N  COW'IIAVD V I A  THE SPdCE- 
C R A F T  235-FAt42 T H 4 N S Y I T T F R .  T Q A N S M I S S I O N  T I Y C  F O R  A F U L L  O Q B I T  
OF P I C T U P E S  I S  A P P Q 3 Y  Y I N U T F 5 .  

63. ADVANTAGES AND LIMITATIONS 

CAMFPA Y O U N T I U G  4 L L O H S  P l C T U Q F S  T O  R E  T A K F N  S T P A I G H T  r)OWhl, M I Y I -  
M 1 7 I q G  O I S T O R T I C N  4Nn 1 N C L " A S I h G  ACCURACY.  
64. REFERENCES 

1 )=I F:PL E ' \JGIN€FF TPIG I?f PORT T l l S  A t  V 7 L .  1 9 2 ~ 3 .  9 C A  A S T P O - E L E C T R O N -  
I C S ,  CCJNTPACT Nv. N 4 S  5 - 9 r 3 4 ,  Y A Y  5 9 1 9 6 7 . * * 2 )  FIG 4 C f i I E V  I Y  
SPACE App 1965. N A S A  S P - 1 5 6 ,  1 9 6 7 . * * * 3 )  D S T p 3 W e  Y o  A Y 9  W E I Y S T E I N  
0.: P E V I t W  nF A OFCf'-DF O F  S P A C F  CAMEPA S Y S T F Y S  D F V E L n P  F 3 R  
Y E T E O R O L ( i G Y .  M A % 4 / G S F C  t AUG. 1 G 6 A . * * * 4 )  D A T A  A V A I L A B L E  F R O M  NA- 
T I t ? k ! A L  d c 4 T Y F P  R E C T I R 9 S  CTR ( F S S A l r  A S H E V I L C F *  N.C. 

65. HISTORICAL REMARKS 

F i l J K Y  ON N I M B U S  1 1 2  A Y D  ESSA 3 9 5  AND 7 .  



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 
A D V A N C E D  V I D I C O N  C A M E R A  S Y S T E M  

(TITLE CONT.) 

2 ACRONYM 1 3. EXP NO 

A V C S  I 
4 RESUME DATE I &ERS,ON 

C9/01/72 13C06 
6. PRtNClPAL INVESTIGATOR 

O Q R I E N ,  J . ( T . M O Y )  
9. CO-INVESTIGATOR 

I M A G E P  H I G H - R E S O L U T I O N  W I D E - A N G L E  1 - I N C H  V I D I C O N  C A M E S A  1 UNC 
28. APPLICATION 129. SPACECRAFT 

MET,  E R S P  I I TOS-1 
38. PUWPOSt 

P R I  MARY-TO PROV I DE M E T E O R O L O G I C A L  D A T A  I N  T H E  F O R M  O f  W I D E - A N G L E  
H I G H - R F S O L U T I O N  T E L E V I S I O N  P I C T U R E S  O F  E A R T H ' S  C L O U D  COVEP. * * *  
S E C O N D A R Y - T O  M A I N T A I N  O P E R A T I O N A L  C A P A B I L I T Y  O F  T H E  AVCS.  

31. PRINCIPLES OF OPERATION 

T H E  A V C S  F O R  T l R O S  M  I S  B A S I C A L L Y  S I M I L A R  TO T H E  S Y S T E M S  T E S T  
F L O W N  O N  N I M B U S  1 A N D  2 A N D  O P E R A T I O N A L L Y  F L O W N  O N  E S S A  ? AND 5. 
T H E  T I P O S  M S Y S T E M  C O N S I S T S  O F  2 I D E N T I C A L  1 - I N  V I D I C O N S  H A V I N G  
833  T V  L I N E  k E S O L U T I O N  W I T H  O N L Y  1 I N  O P E R A T I O N  A T  A N Y  G I V E N  
T I M E .  T H E  C A M E R A S  A R E  M O U N T E D  ON T H E  R A S E P L A T E  O F  T H E  S P A C E C R A F T  
A N D  L O O K  A T  T H E  N A D I R  D U R I N G  P I C T U R E - T A K I N G  S E Q U E N C F S .  T H E  L E N S  
I S  A T E G E A - K I N O P T I C p  108 D E G *  W I D t - A N G L E ,  F / 1 . 8 (  5.7 M M  L E N S  
U S  I N G  AN E L E C T R O M 4 G N E T  I C A L L Y  C O N T R O L L E D  S H U T T E R .  THE V I D I C O N  I S  
A  " H Y B P  I D  V I D I C O N "  W H I C H  I S  E L E C T P O S T P T I C A L L Y  F O C U S E D  Ah(D MAG- 
N E T I C A L L Y  D E F L  ECTED.  I T  H A S  A N  I N H F K E N T  S T O R A G E  P R O P E R T Y  W H I C H  
P E R M I T S  A  N O Y I N A L  6.5 S E C  F R A M E  S C A N  T I M E .  A  G R A Y - S C A L E  C A L I B R A -  
T O R  A S S E M H L Y t  U T I L I Z I N G  A N  I N C A N D E S C E N T  L A M P  A S  A  L I G H T  SOURCE,  
P R O V I D E S  15 L I N E A R  D E N S I T Y  S T E P S .  T H E  L I G H T  O U T P U T  I S  D I R E C T E D  
THP.OUGH T H E  G R A Y - S C A L E  T R A N S P A R E N C Y  BY M E A N S  OF A  L E N S  A N D  P R I S M  
A R R A N G E M E h T  AND I M P R E S S E D  O N  T H E  V I D I C O N  P H O T O  CONDUCTOR.  T H E  
G R A Y - S C A L E  S E R V E S  AS A  R E F E R E N C E  WHEN T H E  T V  P I C T U R E S  A R F  PPO-  
C E S S E D  ON T H E  GROUND. A  C O M P L E T E  P I C T U R E  S E Q U E N C E  L A S T S  A B O U T  48 
M I N v  D U R I N G  W H I C H  11 P I C T U R E S  A R E  T A K E N  A T  I N T E R V A L S  OF  260 S E C  
( G I V I N G  A N  O V E R L A P  O F  50 P E R C E N T )  A N D  S T O R E D  I N  A  3 - C H A N N E L  T A P E  
R F C O k D F R  F O R  I A T F R  T R A N S M I S S I O N .  
32. PHENOMENA OBSERVED 

C L O U D  C O V E R  O F  E A R T H  ( R E F L E C T E D  V I S I B L E  S O L A R  R A D I A T I O N 1  ' 

33. MEASUREMENT W O E  

D Y N A M I C  R A N G E  O F  200 T O  10,000 F O O T - L A M B E R T S  
34. PREClslON AND MXURACV +rC--.., .. i 

II 

8 3 3 - L I N E  R E S O L U T I O N ,  15-16 L E V E L S  OF G R A Y  

7. ORGANIZATION 

GODCIAR D  S P A C E  F L T  C E N T E R  
10. ORGANIZATION 

8. TELEPHONE 
301-9R7-5942 
11. TELEPHONE 

1 



35. SPECTRAL RANGE 36. SPECTRAL RESOLUTION 137. TIME CONSTANT
n.4 TO] 0'.6 5 MICRON NA 9.5 SEC

38. FIELD OF VIEW 19. GROUND ATH
89.0 BY 89.' DF1 L1700 NM BY 1700 NM FROM 750 NM ALTITUDE

40. ANGULAR RESOLUTION 41. SPATIAL RESOLUTION
0.13 DEG 1.7 NM DPF TV-LINE AT THE CENTER FROM 750 NM ALT

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

A MFD CIRCULAR SUN-SYNCH RETROGRADE
46. SPECIAL -REQUIREMENTS

47. COPONENTS '

2 TV CAMERAS, 2 TAPE RECORDERS, SYSTEM ELECTRONICS
48. WEIGHT I 49. VOLUME s4. AVERAGE POWER 51. STANDBY POWER 52. PEAK POWER 53. MTBF

63 LB 3.5 CU FT 9 WATTS 210 WATTS YEAR
I MAIONETIC S5C NUCLEAR INT .THER t I

.NTEFERE INTERFERENCE . s INREF SIDING
SEFNSITIVFE _MAGNETIC SHIELDING USED

59. CALIBRATION 60. DATA RECOVERY N E6 FREQUENCY OF OBSERVATION

GRAY-SCALE CALIBRATION DELAYED AND REALTIMF DAYSIDE OF ORBIT
62. TELEMETRY REQUIREMENTS

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

63. ADVANTAGES AND LIMITATIONS

PROVIDE WIDE ANGLE VIEWING AT MODERATELY HIGH RESOLUTION

64. REFERENCES

1)DESIGN STUDY REPORT FOR THE IMPROVED TOS (ITOS) SYSTEM, V.1-3,
RCA ASTRO-ELECTRDNICS,CONTRACT NO. NAS5-9034,JUN 7,68.***2)FINAL
ENGINEERING REPORT TOS A,Vt1L 1,2,3. RCA ASTR3-ELECTRONICS DIV.
CONTRACT NO. NAS5-9034, MAY 5,1967.***3) ESSA PRESS RELEASE FOR
ESSA 3, ES 66054, SFPT. 19, 1966.***4) SIG. ACHIEV. IN SPACE
APP. 1966, NASA SP-156, 1967.

65. HISTORICAL REMARKS

SIMILAR TO AVCS ON NIMBUS I AND 2, AND FSSA 3 AND 5.

17



E D  I N  A  F A N - L I K F  ARRAY TO PHODUCF A 3-SEGMENT C O M P O S I T E  P I C T U R E .  
E A C H  CAMERA COVERS A 3 7 - D E C  FOV W I T H  THE CENTER CAMEPA P O I N T -  
I N G  S T R A I G H T  DOWN. THE O P T I C A L  A X I S  OF THE OTHER 2 U N I T S  ARE RO- 
T A T E D  3 5  D E G  T O  f I T H E R  S I D F  OF L O C A L  V E R T I C A L .  A  3 - P I C T U R E  S E T  
I S  T A K E N  F V F R Y  9 1  SECS ANC COVEPS AN AREA OF APPROX 400,000 S Q  
M I  W I T H  96 P I C T U R E S  PER O R B I T  ACQUIRED.  THE P I C K U P  T U B E S  ARE 833 
S C A N L I N E ,  1 - I N  O I A M  V I O I C O N S  G I V I N G  A L I N E A R  R E S O L U T I O N  OF ABOUT 
0.5 NM AT THE O P T I C A L  CENTER AT 575 NM ALTO E A C H  OF THF 3 CAY- 
t R A S  t M P L O Y  A 17 MM F / 4  L E N S  W I T H  A  SFRVOCONTROLLED I R I S  FOR EX- 
POSURE ADJUSTMENT.  SHUTTER S P E E D  I S  S E T  A T  40 Y I L L I S E C  EXPOSURE 



GROUND S T A T I O Y  U S I U G  THF 17P7.5  YHZ  FREQUFYCY l 

AND S P A C E C R A F T  OCT 5 7 - M A R  6 5 9  NASA S P - 3 0 2 8 0 * * * 3 )  N I Y S U S  I USER'S 
CATALOG:  A V C S  AND APT  1965, G S F C . * * * 6 ) 0 S T R O W v H . :  R E V I F W  OF A Of- 
C A D E  OF SPACE C A Y F R 4  S Y S T E M S  D E V E L O P  FOP METO 13TH ANNUAL TECH 
S Y M P  Sf lC P H O T O - O P T I C A L  ENGPo WASHoOoCo 19-23 AUGo 6 5 o * * * 5 )  D4TA * 
(35. HISTORICAL REMARKS F* 

S I M I L A R  T O  AVCS O Y  N I M R U S  2 1  E S S A  3 9  AND ESSA 5 0  



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD WACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 
ADVANC.FD V I D I C O N  CAMERA S Y S T E Y  

lTlTLE CONT.) 

2. ACRONYM 1 3. EXP NO 

AVCS I 
RESUME DATE I $ERSION 

n9 /01 /7210005  
6. PRINCIPAL INVESTIGATOR 1 7. ORGANIZATION 1 8. TELEPHONE 

ARL AU'jKAS I J . ~ G O D D A R D  SPACF F L T  C E N T E R ~ ~ Q I - 9 5 2 - 5 ~ 4 2  

TO T E S T  THE SYSTEM I N  SPACE P R I O R  TO A P P L I C A T I O N  I N  A N  OPERA- 
T  I O N A L  SPACECRAFT SYSTEM. 

H E  AVCS T E S T  FLOWN OY N I M B U S  1 AND 2 A N 0  O P E R A T I O N A L L Y  ON E S S A  
3 AND 5 A R E  -SIMILAR E X C E P T  FOR THE L E N S  U S E D  AND N I M B U S  H A V I Q G  3 
CAMERAS TO F S S A ' S  2. ON N I M B U S  T H E  3 V I D I C O N  CAMERAS ARE DEPLOY-  
E D  I N  A  F A N - L I K E  ARRAY T O  PRODUCE A  3-SEGMENT C O M P O S I T E  P I C T U R E .  
E A C H  CAMERA COVERS A  37  DEG F O V  W I T H  THE CENTER CAMEPA P O I N T -  
I N G  S T R A I G H T  DOWN. T H E  O P T I C A L  A X I S  OF THE OTHER 2 U N I T S  ARE RO- 
T A T E D  3 5  DEG TO E I T H E R  S I D E  f3F L O C A L  V E R T I C A L .  A  3 - P I C T U R E  S E T  
I S  T A K E N  EVERY 9 1  S E C S  AND C O V E R S  AN AREA OF APPROX 400*0@O 5 Q  
M I  W I T H  96 P I C T U R E S  PER O R B I T  ACQUIRED.  T H E  P I C K U P  T U B E S  ARE 833  
S C A N L I N E ,  1 - I N  D I A M  V I D I C O N S  G I V I N G  A  L I N E A R  R E S O L U T I O N  OF ABOUT 
O m 5  NM A T  T H E  O P T I C A L  CENTER AT 575 NM ALTO E A C H  O F  T H E  3 CAM- 
ERAS EMPLOY A  17 MM F14 L E N S  W I T H  A  SERVOCONTROLLED I R I S  FOR EX- 
POSURE ADJUSTMENT.  SHUTTER S P E E D  I S  S E T  A T  40 M I L L I S E C  EXPOSURE 
T I M E .  A  P O T E N T I O M E T E R  A T T A C H E D  T O  THE SOLAR ARRAY CONTROLS THE 
L E N S  G P E N I N G  FROM F / 1 6  WHEN THE S P A C E C R A F T  I S  OVER THE E B U A T 9 R  
T O  F / 4  MHEN THE S / C  I S  NEAR T H E  POLES.  THE CAMERAS ARE PROGRAM- 
MED TO O P E R A T E  O N L Y  AT A  SUN ANGLE OF H I G H E R  T H A N  85 DEG. A T A P E  
RECORDER W I T H  1200 F T  O F  T P P E  



S P - 9 6 . * * * 2 )  INSTRUMENTS AND SPACECRAFT OCT 57-MAR 6 5 9  NASA SP- 
3 0 2 8 . + * * 3 )  NIMBUS 2 OSEP'S GUIDE.  GSFC, J U L Y  66.***4) OSTROW, ti. 
AND W E I N S T E I N ?  0.: REVIEW OF A DECADE OF SPACE C 4 M E R A  SYSTEMS 
DEVELOPMENT FOR MET.,  GSFC? 1 9 6 8 . * * * 5 )  DATA 4 V A I L A R L E  FROM NA- 
T IONAL WEATHER RECORDS CTR ( E S S A )  4 S H E V I L L E ?  N.C. 

m, 

6S. HISTORICAL REMARKS 

' S I M I L A R  TO A V C S  ON NIMBUS 11 ESSA 3 ,  AN0 ESS4 5 .  - 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 
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1. TITLE 
A D V A \ C E O  V I D I C r l ' J  C A M E R A  S Y S T E M  

(TITLE CONT.) 

2 ACRONYM 1 3. EXP NO 
A V C S  I 
r RESUME Dnrr 1 ZERSION 
r ) 9 / O l /  ( 2  1 7 r r ' 6  

6. PRINCIPAL INVESTIGATOR 

O B F I F N ,  J. ( T e 4 3 h )  
9. CO-INVESTIGATOR 

12 CONTRACT 
TYPE 113. CONTRACT NUMBER 114. FLASH INDEX NUMBER 1 l5 "o;*,"ET 116 CmLk::'ONI 17. STATUS 

C P F F  I I I 1 I f ' P F " 6 T I l l K A L  
18. MONITOR 119. AGENCY 1 20 PGM OFFICE I 21. TELEPHONE 

G A R S A C L  Y e L .  I t'JAS3 HRQTF  S  ( A P  1 2 7 2 - 7 5 5 - 2 7 2 2  
22. VENDOR I 23. LOCATION 1 LLd,CT 125. LEAD TIME 

R C A  A S T P C - E L E C T R n h  I C S  ) P 2 1 N C F T C l r v r  N.J. 1 1 2 / 7 C I  N A  
26. INSTRUMENT TYPE il 

SEC , 
I M L G k K ,  H I G H - P E S C L U T  104 W I Q F - A M G L E  1 - I Y C H  V 1 I ) I C P N  C A l " k P h  UX 

28. APPLICATION 129. SPACECRAFT 

Y E T ,  F P S P  ( WOAA-1  
- 

30. PURPOSE 
P P I  IvlARY-TJ n f * J V I  ZF Y E T E d k Q L C G I C A L  114T.l I Y  T h f  F O R K  (7!- W I F F - ~ U G L ~ '  
H I G H - F E S U L U T  I q l d  T F L E V I S I r ! T \ I  P I C T U k t S  OF E A P T P ' S  C L C l J D  C O V E L . * * *  
S E C n Y C A R Y - T P  Y 4 I N T A I b ~  C I P r t < A T I f ! h A L  C A P A H  I L I  T Y  OF T H E  A V C S .  

31. PRINCIPLES OF OPERATION 

T H E  AVCS FO!- I \ l l ! A A - 1  I S  H A S I C A L L Y  S I V I L . A Q  T C  THE S Y S T E Y S  T F S T  
F L C J Y  Oh Y I I Y H U S  1 4 % \ i C  2 A U  C I P E D A T I O N A L L Y  F L O W N  O N  E S S A  3 A N 3  5 .  
T H E  N O A A - 1  S Y S T F Y  C U h S I S T S  3 F  2 [ P E N T I C A L  1 - I N C H  V I Z I C O N S  H A V I N G  
8 3 3  T V  L I N E  R E S C L U T I C V  W I T H  O r J L Y  1 I N  n P E K A T I U N  A T  A h Y  G I V E N  
T I M E .  T H E  C A M E P A S  A R E  M C U N T E D  ON T h E  B A S E P L A T E  PF T H E  S P C f E C P A F T  
A N C  LC'JK AT T F E  N A D I F .  DUR I V G  P I C T \ J R E - T A K 1 h . G  S E Q U E N C E S .  T t i C  L F N S  
I S  4 T E G E A - K I N O P T I C ,  1 9 8  DFG, \ < I D € - A Y G L E ,  F / l . F 3 p  5.7 Y M  L t N S  
U S I N G  AY E L E C T K O Y A G % t T I C C L L Y  C O h T P O L L E D  S H U T T E R .  T H E  V I D I C n N  I S  
A 1 1 ~ ~ ~ ~ ~ ~  v I u i c , r r U 1 '  N H I C H  IS E L E C T P O S T . A T I C A L C Y  F ~ C U S F D  A V O  M A G -  
N E T  I C A L L Y  C E F L  F C T F D .  I T  H A S  AN I ? l t i E Q  ChJT S T C F A G k  P P f l P E P T Y  WI-11 C H  
P F R M I T S  A  Y O Y I N A L  6.5 S E C  F R A Y E  S C A Y  T I V E .  A G R A Y - S C A L F  C A L I 3 R A -  
T O R  A S S F M P L Y ,  I J T I L I Z I Y G  AN I N C A N D E S C E N T  L A M P  4 s  rl L I G t l T  S C U K C r - 9  
P R U V I D E S  1 5  L I h k 2 R  U E Y S I T Y  S T E P S .  T H E  L I G H T  O U T P U T  I S  D I R T C T c O  
THROCJGH T H E  G R A Y - S C A L t  T R C N S P A q E N C Y  B Y  M F A N S  OF A  L E Y S  ANn P R I S V  
A R P A N G E M F N T  AhD I Y P P F - S S E D  O N  T H E  V I D I C O N  PHOTC! C O N D U C T O P .  T t i C  
G R A Y - S C P L E  S E R V E S  AS A  F F F E R E h C E  W h E N  T H E  T V  P I C T U R E S  4 P F  P P ' l -  
C F S S F D  !JN T H E  SKL iUND.  4 C O Y P L E T E  P I C T U R E  SFQUCNCF L A S T S  A B O U T  4 8  
W I N ,  D O P I N G  W H I C H  11 P I C T U R E S  A P E  T A K E h  A T  I N T E R V A L S  OF 76"EC 
( G I V I V G  A N  b V k Y L A P  O F  5C P F R C E N T )  A V O  S T O R E D  I N  4 3 - C H 4 % N E L  T A P E  
R E C O R C E P  FOR L A T E R  T F A N S V  I S S I O N .  

32. PHENOMENA OBSERVED 

- C L U U D  C O V E R  OF L A R T H  ( R E F L F C T F D  V I  S I S L E  S O L A P  R A O I A T I C Y )  
33. MEASUREMENT RANGE 

D Y N A M I C  R A N G E  O F  2 C C  T U  l r , p C n  F O C I T - L 4 U B E P T S  - 
34. PRECISION AND ACCURACY - 
8 3 3 - L I N F  PESULUTIC 'Pd ,  15 -16  L E V E L S  OF G R A Y  

7. ORGANIZATION 

G O O D A F D  SPACC F L T  C E N T E P  
10. ORGANIZATION 

8. TELEPHONE 

3 3 - 9 3 2 - 5 r 4 2  
11. TELEPHONE 



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

Q . 4  TO Q.65 M I C R C N  I N A  I 9.5 S E C  
38. FIELD OF VIEW (39. GROUND SWATH 

99.0 B Y  5 9 . 3  DEGI 17')- rVM 9 Y  1 7 0 C  Nu FP3M 75n q M  A L T I T U D E  
40 ANGULAR RESOLUT~ON~ 41. SPATIAL RESOLUTION 

DFGI 1.7 Y Y  P E P  TV-LINE A T  THF C E Q T F R  FsnY 759 NM A L T  
42 POINTING ACCURACY~ 43. POINTING RATE 144. ALTITUDE 145. INCLINATION 

N A 1 1 MEO t I P C U L A R  1 S U N - S Y N C H  R E T R O G R A D E  
46. SPECIAL REQUIREMENTS 

47. COMPONENTS 

2 T V  C h M F R 4 S r  2 T A D F  R F C t 7 Q D F R S g  S Y S T E M  E L E C T R O N I C S  
48. WEIGHT 149. VOLUME 1 50 AVERAGE POWER 151 STANDBY POWER 1 52. PEAK POWER 1 53. MTBF 

6 3  L R I  3.5 cu FT I  9 W A T T S ~  1 210 W A T T S ~  1 Y E A R  
IIITER~RENCE 1 55 ~N~",*R"F!ER:I&E I 5S u~r"E%kgiLE I 57 IN&%"E"R%~E I 58. SHIELDING 

I ~ " J S I T I V E ~  I ~ Y A G Y F T I C  SHIELDING USFD . 
59. CALIBRATION 160. DATA RECOVERY 61 FREQUENCY OF OBSERVATION 

, G R q Y - $ C A L E  T A L I P P 4 T I C l N  I D F L A V E O  A V O  QFALTIPEIP~YSIDE OF O R B I T  
62. TELEMETRY REQUIREMENTS 

THF A V C S  V I D E O  S I G h h L  H A S  A  D A S E R A N O  OF 6n K d Z v  W I T H  I T S  D A T A  
YAI!F U P  n F  Q I S C Q E T E  F R A M E S .  

63. ADVANTAGES AND LIMITATIONS 

P R O V I D E  W I D E  4 N G L F  V I F W I N G  4 T  P.10DERATFLY  H IGd  R E S O L U T I O N  

64. REFERENCES 

1 ) D E S T G N  Y T U D Y  R E P Q P T  F O R  T H E  I Y P R O V E D  T O S  ( I T C I S )  S Y S T E M ,  V.1-39 
P C A  A S T P O - F L C C T F ~ N I C S I C O ~ \ J T P A C T  NO. Y A S 5 - 9 f i 3 4 r J U N  7 * 6 8 . * * * 2 ) F I N A L  
EPiGINFER I N G  REPCIRT T O S  A  r V 3 L  1 . 2  93. R C A  A S T R 3 - E L E C T R O N I C S  D I V .  
C(1NTPACT N O *  h l A S 5 - 9 ' 2 3 4 ,  MAY 5 1 1 9 6 7 . * * * 3 )  F S S A  P R E S S  R E L E A S E  FOR 
F S q A  3 r  E S  ' 3 5 p 5 4 9  S F P T .  1 9 9  1 9 6 6 . * * * 4 )  S I G *  A C H I E V .  I N  S P A C F  
d p p *  19669 N A S A  SP-156, 1967. 
65. HISTORICAL REMARKS 

S T M I L A H  T 3  4 V C S  f3N N I M B U S  1 & 29  F S S A  3 & 5 A N D  I T O S - 1  

L 2 



NATIONAL AER INISTRATION 
GODDARD SPACE FLIGHT CENTER 

RECE I V I n l G  S T A T I O Y * * * S E t C l N D A R Y - M A I N T A  I N  C A P A B I L I T Y  OF THE TOS- 
E S S A  S A T E L L I T E  SYSTEM. 

ERAS WAS ALSO T E S T  FLOWN ON T I P C S  8  AND N I M B U S  1 AND 2 A h 0  
O P E R A T I O N A L L Y  FLOWN ON E S S A  4 AND 60 E A C H  CAMERA U T I L I Z E S  A  TE-  
G E A - K I N O P T I C ,  1 3 8 - D E G k E E ,  W I D E  ANGLE,  F / 1 . 8  O R J E C T I V E  L E Y S  W I T H  
A  F O C A L  L E N G T H  OF 5.7 MM. THE TWO CAMERAS ARE MOUNTED 1 9 0  DE- 
GREES A P A f i T  ON T H E  S I D E  OF THE S P A C E C R A F T  AND P E R P E N D I C U L A R  T O  
T H E  S P I N  A X I S ,  S O  THEY P O I N T  D I R E C T L Y  DOWNWARD nNCE EVERY 5.5 
S E C S ,  D U R I N G  W H I C H  T I M E  P I C T U R E S  ARE TAKEN.  THE SYSTEM I S  PRO- 
G R A M Y E O  TO T A K E  AND T k A N S M I T  A  P I C T U R E  EVERY 350 SECS, FOP A  TO- 
T A L  SEQUENCE O F  R P I C T U R E S ,  W H I L E  THE S A T E L L I T E  I S  I N  D A Y L I G H T .  
THE A C T U A L  PICTURE TAKING REQUIRES e SECS AND THE TPANSMISSION 
203 SECS. D U R I N G  T H I S  L A T T E R  P E R I O D  THE V I D I C O N  I S  SCANNED A T  
FOUR L I N E S  PER SECOND, AND THE S I G N A L S  T R A N S M I T T E D  P R O D U C I N G  AN 
CAMERA HAS A SHUTTER S P E E D  OF 1.5 M I C L S E C  AND A V I D E O - B A N D W I 9 T H  
TRACK. THE SHUTTER U T I L I Z E D  I S  A  M O D I F I E D  T I R O S  TYPE-F,  F U L L -  
SCAN, F O C A L - P L A N E  SHUTTER A D J U S T E D  F O R  A 1.5-MSEC EXPOSURF. TWO 
5-WATT TV T R A N S M I T T E R S  ARE USED,  E A C H  P R O V I D I N G  A 137.5 MHz CAP-  
R I E R .  AN APT GROUND S T A T I O N  W I T H  AN A P P R O P R I A T E  ANTENNA, FF-  

SE P I C T U R E S  WHEN THE 



36. m C T R A L  RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

3.45 TO 0.65 Y T C P R N  INA I 
1L FIELD OF VIEW 1 39. GROUND SWATH 

, R9.q R Y  89.3 D F G ~  181'13 NY R Y  180P N M  FRJY 7 5 0  NY At T I T U D F  
o. ANGULAR RESOLUT~ONI 41. SPATIAL RESOLUTION 

1.7 Y M  F P O Y  75? Y M  Al  T I T U D F  
42 POINTING nccuRncv 43. POINTING RATE 144. ALTITUDE I 45. INCLINATION 

I MED C I R C U I  AR I SUN - SYNCH RETROGRADF, 
46. SPECIAL REQUIREMENTS 

47. COYPONENTS 

7 V I D I C O Y  C A Y F P A S .  7 FI  

e m  I twr"f^R%EKELp 1 % IAYF:'R$&E 1 s7 INTE~%%&E 1 58. SHIELDING 

T N G  LJSFD . 
61 FREQUENCY OF OBSERVATION 

I R E R T F I _ E M E T P Y J S  Q A Y T  I M F  
62. TELEMETRY REQUIREMENTS 

E V I O E n  nUTPUT, TJPN-ON, 4ND PHASING CODE 3 R I V E  A  MODUL4TOR 
ICH AMPLITUDE YnnULATES THE 2400 HZ SUBCAR? I E R  THUS P E Q U I R I N G  

P . A .  AND STROUD, W e G * :  THE APT TV CAMERA SYSTEM FOR MET SATS. 
b!ASA/GSFC TN 0-1915, N O V .  1 9 6 3 . * * * 3 )  F I N A L  EVGINEERING REPORT* 
T O S / O T - 2 .  RCA C D R P o  Y A Y  1 9 6 7 . * * * 4 )  S I G  ACHIEV I N  SPACE APP. 1966 

65. HfSTORlCAL REMARKS 

< r M l l  A R  T n  APT r]Q T T R n C ,  A .  NrMRI Iq  1 A N n  7. A Q n  F<C,A 4 AND A -  

+ 

48. WtitGWT 

7 7  LR 

TTFRS 
53. MTBF 

FCTRDNICS MDDLII FS. 7 F Y  T R A N S M  
49. VOLUME SO AVERAGE POWER 151 STANDBY POWER 

79 W A T T S ~  

52. PEAK POWER 

40 W4TTS 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

I MAGER,  1- I N C H  AUTOMAT I C - P I C T U R E - T R A N S M I S S I O N  V I D I C O N  1 UNC 
28. APPLICATION 129. SPACECRAFT - 
M F T  ~ E S S A  4 
30. PURPOSE 

P R I M A R Y - T O  P R O V I D E  M F T E O R O L O G I S T S  W I  T H  R E A L T I M E  I N F O R M A T I O N  ON 
C L O U D  A N D  WE4THER C O N D I T I O N S  O V E R  A  L A R G E  AREA AROUND T H E  
R E C E I V I N G  S T A T  ION. * * *S  E C O Y D A R Y - M A I N T A I N  C A P A B I L I T Y  OF THF TOS-  
E S S A  S A T E L L I T E  S Y S T E P .  

7 

31. PRINCIPLES OF OPERATION 

T H I S  S Y S T E M *  C O Y S I S T I N G  O F  TWO I D E N T I C A L  1 - I N C H  V I D I C O N  A P T  CAM- 
E R A S ,  WAS A L S O  T E S T  FLOWN O N  T I R O S  8 A N D  N I M B U S  1 AND 2 A N 0  
O P E R A T I O N A L L Y  FLOWN ON E S S A  2 A N D  6. E A C H  CAMERA U T I L I Z E S  A  TE-  
G E A - K I N O P T I C ,  l Q 8 - D E G R E E ,  W I D E - A N G L E * F / 1 . 8  O B J E C T I V E  L E N S  W I T H  A 
F O C A L  L E N G T H  O f  5 . 7 M M .  T H E  TWO C A M E R A S  4 R F  MOUNTED 180 D E G R E E S  
A P A R T  O N  T H E  S I D E  O F  T H E  S P A C E C R A F T  A h 0  P E R P E N D I C U L A R  T O  T H E  
S P I N  A X I S ,  S Q  T H E Y  P O I N T  D I R E C T L Y  DOWNWARD ONCE E V E R Y  5.5 SECS,  
D U R I N G  W H I C H  T I M E  P I C T U R E S  A R E  T A K E N .  T H E  S Y S T E M  I S  PROGRAMMED 
T O  T A K E  AND T R A N S M I T  A P I C T U R E  E V E R Y  3 5 0  S E C S  F O P  A  T O T A L  O F  8 
P I C T U R E S *  N H I L E  T H E  S A T E L L I T E  I S  I N  D A Y L I G H T .  T H E  A C T U A L  P I C -  
T U R E  T A K I N G  R E Q U I R E S  8 S E C S  A N D  T H E  T R A N S M I S S I O N  200 SECS. DUR- 
I N G  T H I S  L A T T E R  P E R I O D  T H F  V I D I C O N  I S  S C A N N E D  A T  F O U R  L I N E S  P E R  
S E C O N D *  A N D  T H E  S I G N A L S  T R A N S M I T T E D  P R O D U C I N G  A N  8 0 0 - C I N E  P I C -  
T U R E  W I T H  S C A N  L I N E S  P E R P E N D I C U L A R  T O  T H E  O R B I T  TRACK.  T H E  S H U T -  
T E R  U T I L I Z E D  I S  A  M O D I F I E D  T I R O S  T Y P E - F *  F U L L - S C A N ,  F O C A L - P L A N E  
S H U T T E R  A D J U S T E D  FOR A  1.5-MSEC E X P O S U R E .  TWO 5-WATT T V  TRANS-  
M I T T E R S  A Q E  U S E D *  E A C H  P R O V I D I h G  A 137 .5 -MHz  C A R R I E R .  A N  A P T  
GROUND S T A T I O N  W I T H  AN A P P R O P R I A T E  A N T E N N A *  R E C E I V E R ,  AND A  RE-  
CORDER C A N  F E C E I V E  T H E S E  P I C T U R E S  WHEN T H E  S P A C E C R A F T  I S  W I T H I N  

I S I T  I O N  RANGF. 
82. PHEAIQMERiA OBSERVED 

U D  A N D  T F R R A I N  F F A T U R F S  O F  A P P R O X  2 N M  OR L A R G F R  
a. M E W R E M E N 1  R h J 6 E  

D Y N A M I C  P I C T U R E  R A N G E  7 5 : l  
PRE@lSION AM0 ACCURACY 

S I N  O F  30 OB AT 0.7  F O O T - C A N D L E S / S E C ;  10 L E V E L S  O F  G R A Y  



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

0.45 TO D . 6 5  MICRON I N A  I 
38. FIELD OF VIEW 139. GROUND SWATH 

89.0 BY 89.3  D E G ~  1 8 0 0  NY B Y  loon NM F R O M  7 5 0  NM ALTITUDE , 

40. ANGULAR RESOLUTION( 41. SPATIAL RESOLUTION 

0.132 DEG1 1.7 Y M  FROM 7 5 0  NY A L T I T U 3 E  
42. POINTING ACCURACVI 43. POINTING RATE 144. ALTITUDE 145. INCLINATION 

1 I YE0  C  IRCULAR I SUN-SYNCH RETROGRADE 
46. SPECIAL REQUIREMENTS 

47. COMPONENTS s 
48. WEIGHT 149. VOLUME 1 50. AVERAGE POWER 151. STANDBY POWER 1 52. PEAK POWER 1 53. MTBF 

5 5  LBI  I 2 8  W A T T S ~  I 40 W A T T S I  
mmER2EREW: I ~N%%%"RE I 56 IN=&'R"E"NCE 1 57 INTZRS!:~E 1 58. SHIELDING 

S F N S I T I V E ]  S E N S I T I V E ]  I ]  M A G N E T I C  S H I E L D I N G  USED 
59. CALIBRATION 160. DATA RECOVERY 61. FREQUENCY OF OBSERVATION 

1 R E A L T I Y E  T E L E M E T R Y  1 CONTINUOUS DAYTIME. 
62. TELEMETRY REQUIREMENTS 

THE V I O F O  OUTPUT, TURN-ON, AND PHASING CODE D R I V E  A  MODULATOR 
WHICH AMPLITUDE MODULATES THE 2400 HZ SURCAR?IER, T H U S  R E Q U I R I N G  
40CC HZ MAXIMUM FREQUEYCY C A P I B I L I T Y .  
63. ADVANTAGES AND LIMITATIONS 

DIRECT TRANSMISSI '7V TO MAYY GqOUND S T A T I O Y S  A ITHOUT INTERMEDIATE 
STORAGE ON MAGNETIC TAPE. 
64. REFERENCES I 

1)  APT USFRS GUIDE. ESSA 9 VAT WEATHER SAT CTRt  1 9 6 5 o * * * t )  STAHPFL, 
R.A. AND STROUD, WmGo: THE APT TV CAMERA SYSTEY F O R  MET SATSo 
NASA/GSFC TN 0 - 1 9 1 5 ,  NOV. 1963 . * * *3 )  F I N A L  EVGINEERING REPORT* 
TOS/OT-2. PCA CORP* MAY 1 9 6 7 * * * * 4 )  SIG ACHIEV I N  SP4CE APPo 1966 
NASA SP-156.***5)  OSTROWt H. AYD W F I N S T E I Y ,  3 0 :  REVIEW OF A 
-DECADE OF SPACE CAYFRA SYSTEYS DEVELOPMENT F 3 R  YET. G S F C I  1968. 
65. HISTORICAL REMARKS 

S I M I L A R  TO APT ON T I R O S  8, N i Y B U S  1 AND 2 ,  AYD ESSA 2 AND 6 .  

f 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TnLE 
AUTUMAT IC PICTUP E-TRANSMISSION S Y S T E Y  
(TITLE CONT.1 

2 ACRONYM 1 3. EXP NO 

A P T  I 
r RESUME DATE I $ERSION 

C9/01 /7213905  
8. TELEPHONE 

2?2-655-400C 
11. TELEPHONE 

6. PRINCIPAL INVESTIGATOR 

SCHWALR, A .  
9. CO-INVESTIGATOR 

E S S A  S A T E L L I T E  SYSTEM. 

A P A R T  ON THE S I D E  O F  T H E  SPACECRAFT AND P E R P E N D I C U L A R  TO THE 
S P I N  A X I S ,  SO T H E Y  P O I N T  D I R E C T L Y  DOWNHARD ONCE E V E R Y  5.5 SECS 
D U R I N G  W H I C H  T I M E  P I C T U R E S  ARE TAKEN.  THE SYSTEM I S  PROGRAMMED 
T O  T A K E  AND T R A N S M I T  A P I C T U R E  EVERY 3 5 0  SECS FOR A T O T A L  OF 8 
P I C T U R E S ,  W H I L E  T H E  S A T E L L I T E  I S  I N  D A Y L I G H T .  T H E  A C T U A L  P I C T U R E  
T A K I N G  R E Q U I R E S  8 SECS AND THE T R A N S M I S S I O N  200 SECS* D U R I N G  
T H I S  L A T T E R  P E R I O D  T H E  V I D I C O N  I S  SCANNED A T  FOUR L I N E S  PER SEC- 
OND, AND THE S I G N A L S  T R A N S M I T T E D  P R O D U C I N G  AN 8 0 0 - L I N E  P I C T U R E  
W I T H  SCAN L I N E S  P E R P E N D I C U L A R  TO THE O R B I T  TRACK. THE SHUTTER 

T H E S E  P I C T U R E S  WHEN THE S P A C E C R A F T  I S  W I T H I N  

7. ORGANIZATION 

NESC/NOAA 
10. ORGANIZATION 



WHICH AMPLITUDE MODULATES THE 2400 HZ SURCAP? I E R ,  THUS R E Q U I R I N G  
4Q00 HZ MAXIMUM FREQUENCY C A P A B I L I T Y .  
63. ADVANTAGES AND LIMITATIONS 

DIRECT TRANSMISSION TO M A Y Y  GROUND STATIONS H ITHOUT I Y T E R Y E O I A T E  
STORAGE ON MAGNETIC TAPE. 
6jd. REFERENCES 

1 )  APT U S t R S  G U I D t  t S S 4 ,  NAT WEATHtP SAT CTR, ~ ~ ~ s . * * * z ) s T A M P F L , '  
R.A. AND STROUD. W.G.: THE APT TV CAMEPA SYSTEM FOR MET SATSO 
NASA/GSFC TN 0 -1915 ,  NOV. 1 9 6 3 . * * * 3 )  F I N A L  EVGIYEERIMG PEPORT, 
TCIS/OT-2. RCA CORP. MAY 1 9 6 7 . * * * 4 )  S I G  ACHIEV I N  SPACE APP, 1966 
NASA SP-156.** *5)  OSTROWI H. 4ND WEINSTEIY I  3 . :  R E V I E W  OF A 
DECADE OF SPACE CAMFQA SYSTEMS DEVELnPMENT F3R Y E T *  GSFC, 1968, 
S. HISTORICAL REMARKS 

S I M I L A R  TO APT ON T I R O S  8,  NIMBUS 1 AN0 29 AVD ESSA 2 AND 4 .  



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 
A U T O P A T I C  P I  CTU'J C - T E  ,!:\ISM I S 5  Ir 'h S V S T E "  
(TITLE CONT.) 

2 ACRWYM 1 3. EXP NO 

APT I 
4 RE- DATE 1 sERSION 
Q Q / 0 1 / 7 2 1 0 0 0 5  

8. TELEPHONE 

2 9 2 - 6 5 5 - 4 o C C  
11. TELEPHONE 

6. PRINCIPAL INVESTIGATOR 

SWCWALR, A .  
9. CO-INVESTIGATOR 

12 CONTRACT 
TYPE 113. CONTRACT NUMBER 114. FLASH INDEX NUMBER 1 %%' Ite Cmgk;:'ON/ 17. STATUS 

I I I I  POST FLIGHT 
18. MONITOR 119. AGENCY I = . p a  O~FICE 1 21. TELEPHONE 

G L O V F R t  J.C. I N E S C / N O A A  I 1 2 3 2 - 6 5 5 - 4 O O C  
22. VENDOR 1 23. LOCATION I ~~~~T 125. LEAD TIME 

RCA ASTRO-ELECTON I C C S  I P R I N C E T O N ,  N.J. 1 1 2 / 6 8 1  
26. INSTRUMENT TYPE I1 

I M A G E R ,  1- I Y C H  AUTOMAT I C - P I C T U R E - T P A ' \ 1 S Y I S S I O N  V I D I C O N  
I %uuLEY4 

28. APPLICATION 129. SPACECRAFT 

, M E T  I E S S A - 8  
30. PURPOSE 

P R I M A R Y -  TO P R O V I D E  R E A L T I M E  C L O U D  COVER P I C T U R E S  OVER A  L A R G E  
AREA AROUND ANY S U I T A R L Y  EQU I P P E O  R E C E I V I N G  S T A T I O N .  *** 
SECONDARY- T O  MA I N T A I N  C A P A B I L I T Y  O f  THE TOS-ESSA S A T E L L I  T F  SYS- 
TEM. 

31. PRINCIPLES OF OPERATION 

T H I S  S Y S T E Y  SCHEDULED FOR F L I G H T  C N  TOS H t  C O N S I S T I N G  OF TWO 
I D E N T I C A L  1 - I N C H  V I D I C O N  APT CAMERAS, WAS A L S O  T E S T  FLOWN ON 
T I R O S  8 AND N I M B U S  1 A N D  2 ,  AND O P E R A T I O N A L L Y  FLOWN ON ESSA 294, 
6 AND 8. E A C H  CAMERA U T I L I Z E S  A  T E G E A - K I N O P T I C  , 1CR-DEG 
W I D E - A N G L E ,  F / 1 . 8  O R J E C T I V E  L E N S  W I T H  A  F O C A L  L E N G T H  OF 5.7 YM. 
THE 2  C A M E R A S  A R E  MOUNTED i e o  PEG A P A R T  ON THE SIDE OF THE 
S P A C E C R A F T  AND P E R P E N D I C U L A R  TO THE S P I N  A X I S ,  SO T H E Y  P O I N T  
D I R E C T L Y  DOkNWARD ONCE EVERY 5.5 SECS.  D U R I N G  W H I C H  T I M E  P I C -  
T U R E S  ARE TAKEN. THE S Y S T E M  I S  PROGRAMMED TO T A K E  AND T R A N S M I T  
A  P I C T U R E  EVERY 3 5 0  SECS FOR A  T O T A L  O F  8 P I C T U R E S ,  W H I L E  THE 
S A T E L L I T E  I S  I N  D A Y L I G H T .  T H E  ACTUAL P I C T U R E  T A K I N G  R E Q U I R E S  8  
SECS AND T H E  T R A N S M I S S I O N  200 SECS. D U R I N G  T H I S  L A T T E R  P E R I O D  
T H E  V I D I C O N  I S  SCANNED A T  FOUR L I N E S  PEP SECOND, AN@ THE S I G N A L S  
T R A N S M I T T E D  P R O D U C I N G  AN 8 0 0 - L I N E  P I C T U R E  ~ I T H  SCAN L I N E S  PER- 
P E N D I C U L A R  TO T H E  O R B I T  TRACK. T H E  SHUTTER U T I L I Z E D  I S  A  
MOD1 F I E 0  T  I R O S  TYPE-F ,  F U L L - S C A N  9 F O C A L - P L A N E  SHUTTER, A D J U S T E D  
FOR b 1.5 M I L S E C  EXPOSURE. TWO 5-WATT T V  T R A N S M I T T E R S  ARE USED, 
E A C H  P R O V I D I N G  A 137 ,5 -MHz C A R R I E R ,  4 N  A P T  GROUND S T A T I O N  W I T H  
A N  A P P R O P R I A T E  ANTFNNA. R E C E I V E R ,  AND A  RECORDER C A N  R E C F I V E  * 

T H E S E  PICTURES WHEN T H E  S P A C E C R A F T  I S  W I T H I N  A C Q U I S T I O N  RANGE. 
10?))ILmmEBAOOlERVED , 

, C L O U D  AND T E R R A I N  F E A T U R E S  O F  APPROX 2  NM OR LARGER 
a%MMWREmNT WE I 

I 

, D Y N A M I C  P I C T U R E  RANGE 25: 1 \ 
p n s r c w r a n A m , M x u R r c v  
? S / N  OF 30 DB AT 0.7 FOOT-CANDLES/SEC;  10 L E V E L S  OF GRAY 

7. ORGANIZATION 

NESC/NOAA 
10. ORGANIZATION 



D I R E C T  T R A N S Y I S S I O N  T O  M A ~ G R ~ N D  STATIOYS d I T H O U T  I Y T E R H E D I A T E  
STORAGE ON M4GNETIC TAPE. 2  CAYERAS INSURE LONG OPERATING PERIOD- 
64. REFERENCES 

Z ) A P T  USERS GUIDE. ESSA, NAT HEATHER SAT CTR, 1 9 6 5 * * * * 2 1 S T A M P F L *  
R . A .  AND STROUD, W.G.: THE APT TV CAMERA SYSTEM FOR M E T  S A T S e  
NASA/GSFC TN 0-1915, NOV. 1 9 6 3 * * * * 3 ) F I N A L  EYGIYEERIWG REPORT* 
T O S / O T - 2 .  RCA CORPS YAY 1967****4)SIG ACHIEV I N  SPACE APP. 1966. 
N A S A  SP-156.***5)OSTROH, H. AND WEINSTEIN ,  0.: REVIEW OF A 
DECADE OF SPACE CAYFRA SYSTEMS DEVELOPYENT F3R MET. GSFC. 1 9 6 8 .  
66. HISTORICAL REMARKS I 

FLOWN ON T l R O S  8vNTMSUS I v 2 9  AND ESSA 2,4,6;ALSO SCHEO FOR TOS H, 

i 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. T1TLE 1 2 ACRONYM 1 3. EXP NO 

AUTOMATIC PI CTURE-TRANSMISS IGN S Y S T E M  ] A P T  I 
(TITLE C0NT.j I a RESUME DATE [;ERS,ON 

/ 09 /01 /72  13C06 
6. PRINCIPAL INVESTIGATOR 

O B R I E N ,  J. ( T . V O N )  
9. CQINVESTIGATOR 

E X P A N D  THE O P E R A T I O N A L  C A P A B I L I T Y  OF T H E  B A S I C  TOS SYSTEM. 

M S U B S Y S T E M  W I L L  C O N S I S T  OF 2 I D E N T I C A L  1 - I N C H  V I D I C O N  A P T  CAM- 
ERAS ,EACH UT I L I Z  I N G  A T E G R A - K I N O P T I C ,  1 0 8 - D E G ?  WIDE-ANGLE,  F l 1 . 8  
O B J E C T I V E  L E N S  W I T H  A  F O C A L  L E N G T H  O F  5.7 MMe O N L Y  ONE CAMERA I S  
U T I L I Z E 0  FOR O P E R A T I O N  D U R I N G  ANY P I C T U R E - T A K I N G  SEQUENCE, T H E  
A P T  S U H S Y S T E Y  I S  CONTROLLED B Y  G R O U N D - I N I T I A T E D  COMMANDS T H A T  
A R E  T R A N S M I T T E D  TO AND STORED B Y  THE S A T E L L I T E . O N C E  THE SEQUENCE 
I S  I N I T I A T E D ,  T H E  CAMERA W I L L  T A K E  A  P I C T U R E  ONCE E V E R Y  260 SEC 
U N T I L  T H E  PRESCR I B E D  11 P I C T U R E S  H A V E  B E E N  TAKEN. THE A C T U A L  
P I C T U R E  T A K I N G  R E Q U I R E S  8  SEC W I T H  A N  EXPOSURE T I M E  OF 25 M I C L I -  
SFC,  AND T H E  T R A N S M I S S I O N  15O.SECS. D U R I N G  T H I S  L A T T E R  P E R I O D  
T H E  V I D I C O N  I S  SCANNED AT 4 L I N E S  PER SEC, AND THE S I G N A L S  
T R A N S M I T T E D  P R O D U C I N G  AN 6 0 0 - L I N E  P I C T U R E  H I T H  SCAN L I N E S  PER- 
P E N D I C U L A R  T O  T H E  O R B I T  TRACK. TWO 5-WATT TV T R A N S M I T T E R S  A R E  
U S E D ,  E A C H  P R O V I D I N G  A 137.62 MHz C A R R I E R .  AN A P T  GROUND S T A T I O N  
W I T H  AN A P P R O P R I A T E  ANTENNA, R E C E I V E R *  AND A RECORDER CAN RE- 
C E I V E  T H E S E  P I C T U R E S  WHEN THE S P A C E C R A F T  I S  W I T H I N  A C Q U l S P Y P O N  

7. ORGANtZATION 

GODDARO SPACE F L T  CENTER 
10. ORGANIZATION 

8. TELEPHONE 

3 0 1 - 9 8 2 - 5 C 4 2  
11. TELEPHONE 



PT U S E R ' S  GUIDE. ESSA,  NAT WEATHER SAT CTR,  1965.***3) STAMPFL, 

< 



NATIONAL AER MINISTRATION 

O P E R A T I O N A L  T O S  F L I G H T S  ( E S S A  7 ~ 4 9 6 )  4NP T I P C I S  Y ( 2  C A M F R A S ) .  
T H E  V I D I C l l N  U S E D  I h i I T I A L L Y  ( T I P C S  8 A N D  N I M R U S  11, H A D  4 D I -  
E L E C T R I C  L A Y E R  D E P Q S I T E D  ON Tt - iE  . G U b  S I D E  C)F T H E  P H O T O C O ~ L ) U C T O R  
T O  S T O R E  T H E  S C E N E  I ~ F O P Y A T I Q N .  H C N E V E P *  S I % C E  T H E  E L E C T P C N  R E A M  
A L T F P E O  T H E  E L E C T R I C  P P O P E P T I F S  OF T H I S  S U R F A C E *  T H E  V I D I C U h l  W A S  
UPGRADE[ )  FOP F U T U P E  F L I G H T S .  T H E  C A M E R A  U T I L I Z E S  h T E G E A - K I h q P -  
T I C *  lC8-!IEC;* N l D E  A N G L E ,  F/1 .1 \  O B J E C T I V E  L E N S  WITH A  5.7 V1.1 F L .  
T H E  S Y S T E Y  A U T ( j Y A T 1 C A L L Y  T A K E S  A N C  T R A N S Y I T S  A P I C T U F F  F V E P Y  2 p 8  
S E C S  W H I L E  THE S A T E L L I T E  I S  I r \ l  D A Y L I G H T .  O P T I C A L  E X P O S U R F  T I ' r l E  
I S  4'3 M I L L I S E C ,  G I V I I Y G  SMEAR OF L E S S  T H A N  1 C  P E R C E N T  CIF ClhF P I C -  
T U R E  E L E M E N T .  4h  8 - S E C O N r j  TUPr\;-ON A N D  S Y N C - S I  G N A L  PUECEPF S  T t i C  
20C SECON'I T R A P \ i S M I S S l O N ,  A T  W H I C H  T I M E  T H E  V ID ICCIF4  I S  SCC.NNFD P T  
4 L I N E S  P E K  S E C ,  P R i l D U C I N G  AIV F O Q - L I V E  P I C T U P E  W I T H  S C A N  L I V F S  
P E R P E N D I C U L L R  TC! T H E  D K B I T  ' T R A C K .  A + W A T T  T V  T R A N S M I T T E R  OR' IAC- 



'35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

0.45 T D  C.55 P I C R D Y  I YA  I 
38. FIELD OF VIEW 139. GROUND SWATH 

89.G RY f lq .3 r )FGJ 925 B Y  C)25 Y Y  FROM b r 3  N Y  A L T I T U D E  - 
40 ANGULAR RESOLUT~ON~ 41. SPATIAL RESOLUTION 

r . 1 6 2  PEG]  A P P g r 7 X I Y A T F L Y  1.7 N Y  F R O M  61$ NY A L T I T U D E  
42 POINTING ACCURACY 43. POINTING RATE 144. ALTITUDE 145. INCLINATION 

1.0 D E G l  C .  1 n F G / S E C I  M E 9  E C C E h l T P I C l  S U N - S Y N C H  PETRFIGRAOE 
46. SPECIAL REQUIREMENTS 

47. COMPONENTS 

V I O I C O N ,  E L F C T P O V I C S  9 T F A N S M I T T E R ,  T A P F  R E C O Q D C R  
48. WEIGHT 149. VOLUME 1 so. AVERAGE POWER 151 STANDBY POWER 1 52. PEAK POWER 1 53. MTBF 

3~ LRI I I I 4')  WATTSI  209 HRS 
54 I N T E R ~ R E N C E  1 55 INTME"R"F"EER:I~~E 1 56 IN%%&&RNCE 1 57 IN&"R?"E"R%cE 158. SHIELDING 

S F F I S I T 1 ~ ~ I  SFF~SITIVFI 1 M A G N F T I C  S H I E L D I N G  U S F D  _ 
59. CALIBRATION (60. DATA RECOVERY 6t FREOUENCY OF OBSERVATION 

FIDUCIAL M A R K S  IVCLLJDFD 1 P E A L T I Y E  T E L F V E T Q Y  I C ~ N T I Y \ I ~ U S  D A Y T I M E  
62. TELEMETRY REQUIREMENTS 

P I C T U R E  I S  C D Y Y U Y I C A T E f l  I3 A q  E A P T H  S T A T I O N  I N  T H E  S P 4 C E  R E S .  
H A N D  O F  1 3 6 - 1 3 7  "HZ. T H E  V I D E 3  3 U T P U T  R E O U I F E S  4 0 0 ' 3  HZ M A X I M U M  
F F E Q U E N C Y  C A P A B I L I T Y .  

63. ADVANTAGES AND LIMITATIONS 

D I P E C T  T R A N S Y I S S I O Y  ON COMMAYO T O  M A N Y  R F C F I V E Q S  W I T H O U T  I N T E P -  
Y K n I  ATE S T q K 4 G E .  O I F L E C T R f  C  5 I J P F A C E  O F  V I D I C 3 N  L I P 1  T E D  T U R F L I F E .  

64. REFERENCES 

1 ) S I G  A C H I E V  1 %  ? A T  Y F T  1 9 5 8 - 1 9 6 4 .  Y A S A  S P - 9 6 . * * * 2 1  S T A M P F L p R o A .  
AND S T R O U D ,  i4.G.: TYF:  A P T  T V  C A M F R A  SYSTFFA F J R  Y F T  S A T S ,  J C I U R N A L  
S M P T F ,  VOL  7 3 ,  F F 9  1Q6FO** *3 )  O S T P O W t  H. A N D  W E I N S T E I N *  0. :  
R E V I C W  OF A r lFCAnF nF S P 4 T . c  C A M E R A  S Y S T E M S  DCVEL I )PF (ENT  FOR MEI- 
E O P O L O G Y .  D Q " S E N T F n  AT 1 3 T H  hNNUAL T E C H  S Y Y P  O F  S P I E *  P U G  1968.  

, * * * 4 ) R A L A K P  I S H ' I A Y  : A D V  I N  C O Y Y  S Y S T F w S r  VOL I r  C H A P T E R  S r S T A M P F L . ~  
65. HISTORICAL REMARKS 

S I M I L A R  T O  A P T  ON V I t l P U S  2 ; F S S A  2 * 4 , 6 ; T I P O S  8 ;  S C H E O  FOP T I R O S  M,  



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 
A U T O M A T I C  P I C T U R E - T R A N S M I S S I O N  S Y S T E M  

(TITLE CONT.) 

2. ACRONYM 1 3. EXP NO 

A P T  I 
4 RESUME DATE l~CRSION 

0 9 / 0 1 / 7 2  10005 
8. TELEPHONE 

301-982-5542 
11. TELEPHONE 

6. PRINCIPAL INVESTIGATOR 1 7. ORGANlZATlON 

.IMAGER 9 1- I N C H  AUTOMAT I C - P I C T U R E - T R 4 N S M I S S I O N  V I D I C O N  1 UNC 
28. APPLICATION 129. *ACECRAFT . . 
M E T    NIMBUS 2 
30. PURPOSE 

P R I M A R Y - T O  P R O V I D E  R E A L - T I M E  W I D E - A N G L E  C L O U D  C O V E R  P I C T U R E S  F O R  
U S E  BY L C C A L  USERS.***SECONDARY-CHECKOUT F O R  SENSORS T O  R E  U S E D  
I N  F U T U R E  O P E R A T  I O N A L  T O S  FL I G H T S e  

31. PRtNCIPLES OF OPERATION 

T H E  APT S Y S T E M  WAS T E S T  F L O W N  I N  V A R I O U S  MODES O F  S O P H I S T I C A T I O N  
O N  T I R U S  8  NO N I M B U S  1 AND 2, P R I O R  T O  O P E R A T I O N A L  TOS F L I G H T S  
( E S S A  2,4,6) A N D  T I R O S  M. N I M B U S  2 U S E D  A  S I N G L E  1 - I N C H  C A M E R A  
V I D I C O N  ARRANGFMENT D E S I G N E D  TO O P E R A T E  FPOM A  S P I N  S T A B I L I Z E D  
S P A C E C R A F T .  T H I S  CAMERA H A D  A N  I M P R O V E D  L O N G  STORAGE T I M E  PHOTO- 
CONDUCTOR. T H E  C A M E R A  U T I L I Z E D  A  TEGEA-KINOPTICpl08-DEGREE, W I D E  
A N G L E ,  F / l . R  O B J E C T I V E  L E N S  W I T H  A  F O C 4 L  L E N G T H  O F  6.0 MM* THE 
S Y S T E M  A U T O M A T I C A L L Y  T A K E S  A N D  T R A N S M I T S  A  P I C T U R E  E V E R Y  208 
S E C S  W H I L E  T H E  S A T E L L I T E  I S  I N  D A Y L I G H T .  O P T I C A L  E X P O S U R E  T I M E  
I S  40 M I L L I S E C O N D S ,  G I V I N G  SMEAR O F  L E S S  T H A N  10 P E R C E N T  OF ONE 
P I C T U R E  ELEMENT.  AN 8 -SECOND TURN-ON A N D  SYNC S I G N A L  P R E C E D E S  
T H E  200 SEC T R A N S M I S S I O N .  D U R I N G  T H I S  L A T T E R  P E R I O D ,  T H E  V I D I C O N  
I S  S C A N N E D  A T  F O U R  L I N E S  PER SECOND, A N D  THE S I G N 4 L S  T R A N S M I T T E D  
P R O D U C I N G  AN 8 0 0 - L I N E  P I C T U R E  W I T H  S C A N  L I N E S  P E R P E N D I C U L A R  T O  
T H E  O R B I T  TRACK.  A  5-WATT T V  T R A N S M I T T E R  B R O A D C A S T S  THE S I G N A L  
I N  T H E  136.95 MHz S P A C E  T E L E M E T R Y  BAND. A N  A P T  GROUND S T A T I O N  
W I T H  AN A P P R O P Q I  A T E  ANTENNA,  R E C E I V E R  , AND A  RECORDER C O M P A T I B L E  
M I T H  SLOW S C A N  T V  T R A N S M I S S I O N  C A N  R E C E I V E  T H E S E  P I C T U R E S  WHEN 
T H E  S P A C E C Q A F T  I S  W I T H I N  A C Q U I S I T I O N  RANGE. T H E  S Y S T E M  I S  COYPA-  
T I R l  F  W I T H  C O M N F R C I A L  240 RPM F A C S I M I L E  E Q U I P M E N T *  
32. PHENOMENA OBSERVED 

C L O U D  AND T E R R A I N  F E A T U R E S  OF 2 NM OR L A R G E R  
33. MEASUREMENT RANGE 

D Y N A M I C  P I C T U R E  R A N G E  O F  25:l 
34. PRECISION AND ACCURACY 

1 C  L E V E L S  OF GREY;  3 0 - D B  S / N  A T  0.7 F O O T - C A N D L E S / S E C  

MOODY, J .  
9. CO-INVESTIGATOR 

GODDARD S P A C E  F L T  C E N T E R  
10. ORGANIZATION 



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

c.45 TO 0.65 M I C R O N ~ N A  I 
38. FIELD OF VIEW 139. GROUND SWATH 

89.C S Y  8 9 . 3  D E G ~  12Or) NM @ Y  1 2 0 0  NY F R 3 Y  6 t O  NY A L T I T U D E  
40 ANGULAR RESOLUT~ON~ 41. SPATIAL RESOLUTION 

C . 1 6 2  DEG]  1.7 NM F R O M  6I?? N Y  A L T I T U D E  
4t POINTING ACCURACY( 43. POINTING RATE 144. ALT ITUDE 145. INCLINATION 

1 .? DEGl  0.1 Q E G / S E C I  Y E 9  C  I Q C U L A R  I S U N - S Y N C H  RETROGRADE,  
46. SPECIAL REQUIREMENTS 

- 
47. COMPONENTS - 
V I D I C O N ,  E L E C T R O N I C S ,  T P A N S Y I T T E R ,  T A P E  RECORDER 

48. WEIGHT 149. VOLUME 1 50 AVERAGE P ~ E R  151 STANDBY POWER 1 52. PEAK POWER 1 53. MTBF 

3 5  L B I  I I I 4C W ~ T T S I  6 MCIY 
Y 1 '' IN%\%'%&E I IMT%%".<RE I IW~".%"~!%CE I 58. SHIELDING 

SENSITIVE] SFNSIT IVF~  I I M A G V E T I C  SHIELDING U S E D  - 
59. CALIBRATION 160. DATA RECOVERY 61 FREOUENCY OF OBSERVATION 

F I D U C I A L  ,YARKS I Y C L U D F O  IFEALTIYF T E L F M E T P Y  I C Q N T I W U ~ U S  D A Y T I M F ,  
62. TELEMETRY REQUIREMENTS 

P I C T U R E  I S  C O M M U N I C A T E D  TO AN E A P F H  S T A T I O N  I N  THE S P A C E  P E S .  
RAND OF 1 2 6 - 1 3 7  MHz. T H E  V I D E O  D U T P U T  R F Q U I R E S  4003 H Z  M A X I Y U H  
F R E Q U E N C Y  C 4 p A B I L I T Y .  
63. ADVANTAGES AND LtMlTATlONS 

I M P R O V E M E N T S  OVER P Q  I n R  APT R E L  I A R I L  I T Y  I PERFC)RMANCE9 AND L I F F  
C H A P A C T E P I S T I C S .  
64. REFERENCES 

1 1  S I G  A C H I E V  I N  S A T  Y E T  1 9 5 8 - 1 9 6 4 ,  N A S A  FP-96.***2) S T A H P F L 9  R e  
A. A V O  S T R O U D ,  HOG.: T H E  4 P T  T V  C A M E R A  S Y S T F Y  F O R  MET S A T S T  JOUR 
SMPTE,  V O L  739  FEB 1 9 6 4 . * * * 3 1  NIMBUS I 1  USER'S G l J I D F 9  G $ F C T  
J U L Y  1966.***4)  S I G  A C H I E V  I N  S P A C E  APP 1 9 6 5 .  N A S A  S P - 1 3 7 9  1966. 
* * * 5 )  S I G  A C H I E V  I Y  S P A C E  A P P ,  1966. N A S A  S P - 1 5 6 9  1967. 
* * * 6 ) R A L A K R I S H N A N :  ADV I N  COMM S Y S T F M S .  VOI  1 .  CHAP 5 .  STAMPFL 
65. HISTORICAL REMARKS 

S I M I L A R  T O  A P T  OW N I M B U S  1 ; E S S A  2 r 4 r 6 : T I R O S  8 ZSCHFD F 3 R  T I R O S  M . 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 

AUTtJWAT I C  P I C T U Y  E - T P A N S M I S S I O N  S Y S T k M  
(TITLE CONT.) 

2 ACRONYM / 3. EXP NO 
A P T  I 
4 RESUME O ~ T E  I :ERSION 

09 /01 /  f Z  ln?QS 
6. PRINCIPAL INVESTIGATOR 

U B k I F N *  J . ( T . A O h I )  
9. COdNVESTlGATOR 

12 CONTRACT 
TYPE 113. CONTRACT NUMBER 114. FLASH INDEX NUMBER 1 " L*r"ET 116 Cm~~:'ONI 17. STATUS 

C P F F  I I I 1 I Q P E P A T I U N A L  
18. MONITOR 119. AGENCY I 20 PGM OFFICE I 21. TELEPHONE 

. G A R B A C Z  'J.L. ] N A S A  H D Q T L S  1 CjA/FR-'3 1 2 0 2 - 7 5 5 - 2 3 2 2  
22. VENDOR 1 23. LOCATION I 24 Ly?FT 125. LEAD TIME 

P C A  A S T R O - L L E C T ~ I I N  I C S  I P ~ I N C E T C I ~ ,  Y.J. 1 1 2 / 7 c l t \ 1 4  
26. INSTRUMENT TYPE 27 

I V A G E P  , 1- I k C H  AUTOYGT I C - P I C T U P E - T R A N S M I  SS IC lN  V I D I C l l h J  is?y 
28. APPLICATION 129. SPACECRAFT 

PET I N U A A  1 
30. PURPOSE 

! I ~ Y - T ~ ?  P ~ I ~ v I D F M F T  E ~ R O L D G I  S T S  h I  T H  D A Y T I M E  l H 5 E R V A T I n b i S  r3F 
C L O U C  C O V E F  AS O F T F C T F D  I Y  T H E  V I S I H L E  SPECTRUM F O P  D I R F C T  
T F A I \ : S Y I S S I O N  TO U S E R S  L O C A T E D  APOUUD THE WORLD.*(L+*SFCPNfiOPY-TQ 
F X P A N O  T H E  C P E F A T I C Y A L  C A P A H I L I T Y  OF T H E  H A S I C  T O S  S Y S T E Y .  

31. PRINCIPLES OF OPERATION 

T H E  A P T  C A M T k A  S U B S Y S T E M  H A S  A L S C  B E F N  F L C W N  P F F V I U l J C L Y  ON T I H C S  
8 7  N I M P U S  1 .2 ;  E S S A  2 , 4 9 6  A N D  I T O S  1 I N  S I M I L A R  C O N F I G U Q A T I O Y .  
T H E  S U B S Y S T E M  WILL C O V S I S T  O F  2 I D E N T I C A L  1 - I N C H  V I C I C O N  APT C 4 Y  
ERAS , E A C H  3 T I L I L I N G  A T E G R A - K I N C P T I C *  I P S - D E G ,  W I D E - A N G L E  F / l . e  
O S J E C T I V E  L E N S  h ' I T H  A F C C A L  L E N G T H  O F  5.7 M P s  O V t Y  ONF C,Ak'ER4 I S  
U T I L I Z E 0  F C F  t l P F P A T I C h  D U H I h G  ANY P I C T U R E - T A K I N G  SEOUENCF.  THC 
APT S U S S Y S T E M  I S  C O N T R O L L E D  B Y  G P O U N D - I Q I T I A T E D  COKMAWDS T H A T  
A R F  T H A r u S H I T T E D  T O  AND S T O R E 9  B Y  T H E  S A T E L L I T E . 0 N C E  THE SFQIJEYCE 
I S  I N I T I A T F - 3 ,  T H E  CAMERA W I L L  T A K E  4 P I C T U R E  ONCE E V E P Y  2 6 q  S E C  
U N T I L  THE P P E S C R I S E D  11 P I C T U F F S  H A V E  S E E N  T A K E Y .  THE A C T U A L  
P I C T U g E  T A K I N G  R t Q U I F E S  8 SEC W I T H  A N  E X P O S U F E  T I M E  [IF 2 5  M I L L I -  
S E C *  ARD T H t  T P A N S M I S S I O N  1 5 O o S E C S m  D U F  I N G  T H I S  C O T T E R  P f F I O l l  
T H E  V I D I C O N  I S  S C A N Q F D  A T  4 L I N F S  PER S E C *  AND T H E  S I G P l A L S  
T R L : J S M I T T E D  P H O C U C I N G  AN h C E - L I N E  P I C T U R E  W I T H  S C h Y  L I N E S  PEQ- 
P E K 3 I C U L A 2  TI! T H E  O Q P I T  T F A C K .  T h e  5 -WATT TV  T R A N S V I T T E P S  A Z E  
U S E 9 9  E 4 C H  P G O V I D I Y G  A 1 3 7 . 6 2  M H z  C A R R I E P .  AN A P T  GROUND S T A T I O N  
M I T H  ArV A P P 2 0 D Q 1 4 T E  ANTE 'VNA*  9 E C E I V E F v  A Y D  A FECOKCIFP C A N  R E -  
C E I V E  T H E S F  P I C T U P E S  WHEN T H F  S P C C F C P 4 F T  I S  W I T H I N  A C O U I S I T I O N  
P A h G E .  

32. PHENOMENA OBSERVED 

,CL1711[? OND T F P P P I N  F F A T U F E S  UF P P P G U X  3.4 NY V R  L 4 P G E P  
33. MEASUREMENT RANGE 

~ Y N A ~ M I C  PICTURE P A N G F  (IF 2 r : i  
34. PRECISION AND ACCURACY 

S/h OF 3 2  C r 3 9  '+I'-JIuUP'; 8 C L A Y  L F V F L S  C A N  FE RESOLVE11 

7. ORGANIZATION 

GCDUAGU S P A C F  F L T  CFWTER 
10. ORGANIZATION 

8. TELEPHONE 

3 0 1 - 9 9 2 - 5 C 4 2  
11. TELEPHONE 



THE V IDEO OUTPUT, TURN-ON, aun PHASING CODE ?RIVE A MODULATOR 
WHOSE A M P L I T U O E  M 0 0 U L A T E S  T H E  2400  HZ S U e C A P R l E P t  W H I C H  I N  TURN 
M O D U L A T E S  THE 1 3 7 . 6 2  M H Z  C A P R  IEQ. 
63. ADVANTAGES AND LIMITATIONS 

AN I M P R 9 V E n  DOUSL E - R L A D E D ~ S O L E N n I D - A C T U A T E D  S H U T T E R  M I  LL RE USED 
f l t ~  T H l S  A P T .  QEVI ' iE f )  T I M I N G  T O  P R O V I O F  11 P l t T U R E S  F R O Y  1 C A M F R A  
64. REFERENCES 

1 ) D E S I G N  S T U D Y  Q E P D R T  FOP T H F  I Y P R ! 3 V € D  T O S (  I T O S )  S Y S T E M , V O t e l  t 2 e  
RCA A S T Q Q - E L E C T R C I N I C S  C O N T R A C T  NO. N A S  5 - 9 0 3 2 .  JUNE 7 r 6 5 . * * * 2 )  
APT U S E R ' S  G U I D E .  E S S A ,  N A T  WEATHER S A T  C T P ,  1 9 6 5 . * * * 3 )  S T A M P F L ,  
P.4. AND S T P O U D t  W.G.: T H E  A D T  T V  C A M E R A  S Y S T E M  FOR M E T  S A T S ,  
N E S A  T N  D - 1 9 1 5 r  YOV. 1 9 6 3 . * * * 4 )  F I Y A L  E q G I N E E R I N G  R E P O P T ,  T O S /  
OT-2 .  P C A  C! lPP. . r  M f i Y  9 1967. 
65. HISTORICAL REMARKS 

S F E  I T E M  3 1  

L 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 
A U T O M A T I C  P I C T U P  E - T R A N S 4 1  S S I O N  S Y S T F Y  

(TITLE CONT.) 

2 ACRONYM 1 3. EXP NO 

A P T  I 
4 RCSUIIE DATE I SVERSION 
"9/G1/72 ] " P C 4  

6. PRINCIPAL INVESTIGATOR 

S T A M P k L ?  DR. k e A e  
9. CO-INVESTIGATOR 

12 CONTRXT 
MPE 113. CON7 RACT NUMBER 1 14. FLASH INDEX NUMBER 1 l5 z?",' 116 CoM~~::'oNI 17. STATUS 

I I I I ] P O S T  FLIGHT 
18. MONITOR 119. AGENCY 120 PGM OFFICE I 21. TELEPHONE 

d 

T E P P E R ?  M. I P ~ A S A  H D Q T R S  I O A / E P - 0  1 2 0 2 - 7 5 5 - 2 3 2 2  
22. VENDOR 1 23. LOCATION I " ~~~~T 125. LEAD TIME 

R C A  4 S T K O - E L E C T R O N  I C S  IPPINCFTON, ~ L J .  1 1 2 / 6 3 1 N A  
26. INSTRUMENT TYPE 1 27 SECyaLIv, 

I M A G E R  1- I N C H  AUTOMCT I C - P I C T U R E - T R A N S Y I  S S I C ' N  V I  D I C D N  1 UhlC 
28. APPLICATION 129. SPACECRAFT 

. Y E T  ~ T I H O S  8 
30. PURPOSE 

P R I  M A F Y - T O  P q O V  I D E  R  E A L  T I M E  W I D E - A N G L E  C L O U D  C n V F R  P I C T U R E S  FOR 
U S E  BY L O C A L  USERS. * * *SECONDARY-TO C H E C K O U T  S E N S O R S  TO B F  U S E D  
I N  F U T U R E  O P E R A T I O N A L  T O S  F L I G H T S .  

31. PRINCIPLES OF OPERATION 

THE A P T  S Y S T C M ,  C O N S I S T I N G  O F  A 1- I N  V I O I C U N  ARRANGEMENT,  WAS 
T E S T  FLOWN UN T I R O S  8 A N D  N I M B U S  1 4 N G  2 ( 1  C A M F R A ) ,  P R I O R  T 3  
O P E R A T I O N A L  TOS F L I G H T S :  E S S A  2 ~ 4 ~ 6 ,  A N D  T I P O S  M  ( 2  C A M E R A S ) .  
T H E  V I D I C O N  U S E D  I N I T I A L L Y  ( T I R O S  8 A N D  N I M B U S  1 1 9  H A D  A  D I E L E C -  
T R I C  L A Y E R  OEPOS I T E O  O N  T H E  GUN S I D F  O F  T H E  PHOTOCONDUCTOR T O  
S T O R E  T H E  S C E N E  I N F O R M A T I O N .  HOWEVER S I N C E  T H E  E L F C T F O N  R E A Y  
A L T E P E D  T H E  E L E C T R I C  P R O P E R T I E S  O F  T H I S  S U R F A C E ,  T H E  V I D I C O N  WAS 
U P G R A D E D  FOR f U T U S E  F L I G H T S .  T H F  C A M E R A  U T I L I Z E S  A  T E G E A - K I N 3 P -  
T I C ?  1 0 9 - D E G ,  W I D E - A N G L E ,  F / 1 . 8  O B J F C T I V E  L E N S  W I T H  A  5 . 7  MM FLe 
T H E  S Y S T E M  4 U T O M A T I C 4 L L Y  T A K E S  A N D  T R A N S M I T S  A  P I C T U R E  E V E R Y  2F8 
S E C S  N H I L E  T H E  ' S A T E L L I T E  I S  I N  D A Y L I G H T .  O P T I C A L  F X P O S U R F  T I Y E  
I S  40  M I L L I S E C ?  G I V I N G  S Y E A P  OF L E S S  T H A N  10 P E R C E N T  O F  ONE P I C -  
T U R E  E L E M E N T .  AN 8 - S E C O N D  TUPN-ON A N D  SYNC S I G N A L  P R E C E D E S  T H E  
2GO-SECOND T R A N S Y I S S I O N ?  A T  W H I C H  T I M E  T H E  V I D I C O Y  I S  S C 4 N N E D  A T  
4 L I N E S  PER S E C T  P R O D U C I N G  AN @ O n - L I N E  P I C T U R E  W I T H  S C A N  L I N E S  
P E P P E N O I C U L A R  TO T H E  O R B I T  T P A C K .  A  5 -WATT T V  T R A N S M I T T E R  
B R O A D C A S T S  T H E  S I G N A L  I N  THE 136.95 MHz RAND.  A N  A P T  GROUND S T A -  
T I O N  W I T H  AN A P P R O P R I A T E  A N T E N N A ?  R E C E I V E P ?  AND A RECORDER C A N  
R E C E I V E  T H E S E  P I C T U R E S  WHEY T H E  S P A C E C R A F T  I S  W I T H I N  A C Q U I S I T I O N  
RANGE.  A P T  I S  C O M P A T I B L E  k I T H  C O M P E R C I A L  240 R P M  F A X  E Q U I P M E N T .  . 
32. PMENOMENA OBGERVED 

C L O U O  A N D  T E R R A I N  F E A T U R E S  A P P R O X I M A T E L Y  1.7 N Y  OR L A R G E R  
33. MEASUREMENT RANGE 

D Y N A M I C  P I C T U R E  R A N G E  OF 10 : l  
34. PRECIElOU AND ACCURACY 

6 TO 1 G  L E V E L S  O F  BR I G H T N F S S  V A R I A T I O N  

7. ORGANIZATION 

GOODARD S P A C E  F L T  C E N T E R  
10. ORGANIZATION 

8. TELEPHONE 

3 ? 1 - 9 9 2 - 5 9 4 2  
11. TELEPHONE 



Z .  THE VIDEO OUTPUT REQUIRES 4 K H Z  MAX-  

R E V I E W  OF A DECADE OF SPACE C A M E R A  SYSTEMS DEVELOPMENT FOR ME- 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 2. ACRONYM 1 3. EXP NO 

D A Y / N I G H T  CAYEPA S Y S T E M  DNCS I 
(TITLE CONT.) 4 RESUME DATE izERSION 

09/01/721 3 C G 4  
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE 

MOODY, J.C. GODDARO SPACE F L T  CENTER 301-982-5042 
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE 

L 

B A S I S  TO I N C L U D E  N I G H T  T I M E  I M A G I N G ;  TO E X A M I N E  O V E R A L L  F E A S I -  
B I L I T Y  O F  A  H I G H  R E S O L U T I O N  C O N T I N U O U S  SURVE I L L A N C E  CAMERA 
S Y S T E M  O P E R A T I N G  FROM SYNCHRONOUS A L T I T U D E  

I T  I S  THEN S I M U L T A N E O U S L Y  I N C I D E N T  ON A  P H O T O M U L T I P L I E R  TUBE 
( P M T )  AND T H E  I Y A G E  O R T H I C O N  TURF. A  P E T R A C T A B L E  SUNSHADE I S  
A V A I L A B L E  T O  PREVENT S T R A Y  L I G H T  FROM E N T E R I N G  THE CAMERA'S  
F I E L D  O F  V I E W  W H I L E  I M A G I N G  N I G H T T I M E  SCENES. THE I Y A G E  O R T H I C O N  
S A T U R A T E S  UNDER N O M I N A L  F U L L  MOON C O N D I T I O N S .  WHEN THE SCENE 
I L L U M I N A T I O N  I S  ABOVE T H I S  L E V E L *  A T T E N U A T I O N ,  I N  THE FORM OF 
TWO T A P E R E D *  D O U B L E  C Y C L E *  COUNTER R O T A T I N G  N E U T R A L  D E N S I T Y  F I L -  
T E R S ,  I S  INTP.ODUCED I N T O  THE O P T I C A L  PATH.  THE PMT GENERATES A  
S I G N A L  P R O P O R T I O N A L  TO T H E  AVERAGE SCENE I L L U M I N A T I O N  OVER T H E  
AREA V I E W E D  BY T H E  CAMERA. T H E  S I G N A L  FROM THE PMT F E E D S  AN 
A U T O M A T I C  L I G H T  CONTROL C I R C U I T  W H I C H  V A R I E S  THE F I L T E R S  U N T I L  
T H E  PMT S I G N A L  REACHES T H E  D E S I R E D  VALUE.  THE O P T I C S  ARE STEER-  
A B L E  BY MEANS OF GROUND COMMAND. S T E P S  OF 0.1 DEG THROUGH A N  
A N G L E  OF P L U S - M I N U S  1 2 . 5  DEG I N  B O T H  P I T C H  AND R O L L  ARE POS- 
S I B L E .  THUS T H E  CAMERA I S  A B L E  TO TRACK AREAS O F  M E T E O R O L O G I C A L  
I N T E R E S T  KNOWING THE S P A C E C R A F T  A T T I T U D E  AND THE L O C A T I O N  OF THE 
D E S I R E D  V I E W I N G  AREA. F U L L  E A R T H  COVERAGE CAN BE A C H I E V E D  B Y  ., 



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

7 . 3  T O  ".7 Y I C R O V  I U4 I 450.0 M I L L S F C -  
38. FIELD OF VIEW 139. GROUND SWATH 

4 .75  T)FC, I  L I U R - T 1 3 - L  I M R  17n9 N u  F R O M  G F O - S Y N C Y  P L T  
40 ANGULAR  RESOLUTION^ 41. SPATIAL RESOLUTION 

" . ? ? 5  3 ~ 5 1  ? . ! 6  r\lM A T  C E W T F R  
42 POINTING ACCURACY 43. POINTING RATE 144. ALTITUDE 45. INCLINATION 

1 ? O F G / S E C I  S Y N C H  c I R C U L A R ~  E Q U A T q R I A L  P O S I G R A D E  
46. SPECIAL REQUIREMENTS 

47. COMPONENTS - 
I V 4 G f  " ~ T H T C 3 h I p  P P T I C S *  S U N S H 4 3 F  

48. WEIGHT 149. VOLUME 1 50. AVERAGE POWER 151 STANDBY POWER 1 52. PEAK POWER 1 53. MTBF 

56 ~ 9 1  I 2 1  W A T T S ~  I 4 3  W A T T S ]  
5d INTERFE'RENCE 1 55 ~A*R",~'RN'N"cE 1 56 ~&E~'R*E"NcE 1 57 IN&"R'F"E",%cE 158. SHIELDING 

I I I I 
59. CALIBRATION 160. DATA RECOVERY 61 FREOUENCY OF OBSERVATION 

G F A Y - S C . j L F  C 4 L  I f i Q A T 7 0  1 9  F A L T I Y E  T c L E ' A F T p Y  I C ' 7 h l T I V U 3 U S  
62. TELEMETRY REQUIREMENTS 

6 r  KHz  V I q E O  RAP I9g IDTH 

63. ADVANTAGES AND LIMITATIONS 

N I G l t T - T  I M E  I M A G I N G .  

64. REFERENCES 

1 )  C S T c D d c  Ha A N O  u ' I Y % T F I N ?  0 . :  4 k F V I E W  9F A 3 E C A 3 E  OF S P A C E  
C A h l c * S  S Y 7 T F Y S  D E V F L r l P E v Y T  Fr?Q V E T E O R R L l l G Y ;  D P E S E N T F D  AT S O C I E T Y  
E F  P H I T I ' - O P T  I C A L  I Y S T P U Y F Q T P T  I O U  F Y G I N E F R  5 1 3 T H  ANYtJAL T E C H N I C A L  
5 Y u P i ' q I . I V ?  AIJG. 1q630***2 ) S k J C W (  5.R. : T H E  I Y . l G c  T I R T Y I C O N  C A Y E R A .  
P q E S C ~ I T F O  L,T f T S  S Y S T E M S  E ' V G I ' J F F R S  T q A I N I V G  " Q ? G 9 A M 9  G S F C p  S E P T .  
l O f , C , .  

65. HISTORICAL REMARKS 

S f J q C f C F . + F T  F A I L F D  T 3  P E A C H  S Y Y C H Q 3 ' V f l U S  O P q I T  

I 



NATIONAL AERONA 
GODDARD SPACE FLIGHT CENTER 

E V A L U A T E  T H E  O P E R A T I O N A L  C H A R A C T E R I S T I C S  O F  T H E  I D C  I N  A  S P A C E  
E N V I R O N M E N T ,  1.E. HOW E L E C T R I C A L  S C A N N I N G ,  A S  OPPOSED TO 
M E C H A N I C A L  S C A N N I N G ,  WILL P E R F O R M  I N  SPACE.  

O N  N I M B U S  3.THE 1 - I N C H  I M A G E  D I S S E C T O R  H A S  A  P E S O L U T I O N  C A P A R I L -  
I T Y  O F  130C T V - L I N E S .  I T  O P E R A T E S  I N  A L I N E - S C A N  MODE AND COY- 
T A I Y S  A  P H O T O C A T H O D E  T H A T  I S  M A S K E D  O F F  T O  F O R M  A  S L I T  S L I G H T L Y  
W I D E R  T H A N  A  L I N E .  A  S C E N E  I S  O P T I C A L L Y  F O C U S E D  ON T H E  PHOTO- 
C A T H O D E  A N D  P H O T O E L E C T R O N S  A R E  E M I T T E D  FROM T H E  SURFACE I N  PSO- 
P O R T I O N  T O  T H E  I N C I D E N T  I L L U M I N A T I O N .  T H E  P H O T O E L E C T R O N S  A R E  
A C C E L E R A T E D  A N D  F O C U S E D  O N  A  P L A N E  W H I C H  C O N T A I N S  A P I N - H O L E  
APERTURE.  T H E  E L E C T R O N  I M A G E  I S  D E F L E C T E D  P A S T  T H E  A P E R T U R E  B Y  
M E A N S  O F  MAGNET I C D E F L E C T  ION.  T H E  A P E R T U R E  S A M P L E S  THE E L E C T R O N  
I M A G E  A N D  A  S E C O N D A R Y - E M I S S I O N  F L E C T R O N - M U L T I P L I E R  S E C T I O N  A Y -  
P L I F I E S  THE S I G N A L  B Y  ABOUT 1@ M I L L I O N .  T H E  CAMERA I S  MOUNTED 
W I T H  I T S  O P T I C A L  A X I S  P E R P E N D I C U L A R  TO T H E  S A T E L L I T E ' S  AND 
E A R T H ' S  R O T A T I O N A L  AXIS. T H E  C A M E R A ' S  O P T I C A L  A X I S  T R A C E S  A  
P A T H  O N  T H E  E A R T H  FROM WEST T O  E A S T  A S  T H E  S A T E L L I T E  R O T A T E S .  . 
T H E  CAMERA S C A N S  A  P P O G R E S S I O N  O F  L I N E S ,  ONE PER S A T E L L I T E  ROTA-  

I O N ,  U N T I L  A  C O M P L E T E  R A S T E R  I S  GENERATED.  COVERAGE F R O M  50  N  
O 50  S  L A T I T U D E  I S  O B T A I N E D ,  W I T H  A GROUND R E S O L U T I O N  A T  T H E  



a 

35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

1 4 . 0  3 Y  14.6 D E G  ILIMS-TO L I M R ( 6 0 4 0  Y M )  F P O Y  G E O - S Y N C Y  A L T  
40 ANGULAR  RESOLUTION^ 41. SPATIAL RESOLUTION 

1 ~ ~ ~ 1 3 . 8  V X  AT C E Y T E Q  
42 POINTING ACCURACV~ 43. POINTING RATE 144. ALTITUDE 145. INCLINATION 

I I S Y N C H  C I R C U L 4 R  I F Q U A T O R  I a L  P O S I G R A D E  
46. SPECIAL REQUIREMENTS 

47. COMPONENTS 

. IMAGE n I  SSECTOR 9 S C A Y Y  I N G  A P E R T U R E ,  1 2  S T A G E  E L E C T R O N  M U L T I P L I E R  
48. WEIGHT 149. VOLUME 1 50 AVERAGE POWER 151 STANDBY POWER 1 52. PEAK POWER 1 53. MTBF 

73 L B  I '?. 3 8  CU F T  I 2 3  W ~ T T S  I I I 
Y INTER~RENCE 1 55 IN~"E"R",?%&E I SS IN%%'R"E"NCE 1 57 ~NTE&"R&E 1 58. SHIELDING 

I I I I 
59. CALIBRATION 160. DATA RECOVERY 61 FREOUENCY OF OBSERVATION 

IDEALTIYE T E L E M E T R Y  IEVEPY 11) MINUTES - 
62. TELEMETRY REQUIREMENTS 

L E S S  T H A N  193 KHz AT 1 P O  P P M  S b T E L L I T E  S P I Y  R A T E .  

63. ADVANTAGES AND LIMITATIONS 

C A N  OVERCOME E F F E C T S  OF S A T E L L I T E  S P I N  A X I S  V U T A T I O N  W I T H  PROPER 
D A T A  P F O C E S S I N G ;  Q 4 Y L I G H T  U S E  n V L Y  
64. REFERENCES 

1 )  B Q A N C H F L O ~ E R P  G* FCiOTE, 9.9 F I G G I N S *  F o :  THE A P P L I C A T I O N S  
TECHNOLOGY S A T F L L  I T F  I M A G E  D I S S E C T O R  CAMERA E X P E R I M E N T ,  N A S A  
T N - 4 1 8 6 9  N C V *  1 9 6 7 . * * * 2 1  A T S  T F C H U I C A L  D A T A  Q E P O R T *  S E C T I O N  8 . 5 .  
G S F C ?  J U N E  6 8 o * * * 3 ) M E T E O R O L 3 G I C A L  D A T A  C A T A L 3 G  FOR T H E  A T S q V O L  2 
G S F C ?  1 9 6 $ . * * * 4 ) O A T A  A V A I L A B L E  F R 9 M  T H E  Y A T I 3 Y A L  HEATHER RECORDS 
C E N T E R ,  F S S A t  A S H E V I L L E *  N e C .  
65. HISTORICAL REMARKS 

SIMILAR T O  NIMBUS n AND 3 rocs.  



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 

I E A G E - r ) I  S S F C T 3 q  C A M E P A  S Y S T r P  
(TITLE CONT.) 

2. ACRONYM 1 3. EXP NO 

I D C s  1 
4 RESUME O l T E  I ;ERSION 

C s / G l /  1 2  ? 0 ( .  5 
8. TELEPHONE 

3 c 1 - 9 5 7 - 5 ? 4 2  
11. TELEPHONE 

6. PRINCIPAL INVESTIGATOR 

5~ 5:" C H F L Q ! + ~ ~ ~ <  , I;. 
9. CO-INVESTIGATOR 

12. CONTRACT 
TYPE 113. CONTRACT NUMBER 114. FLASH INDEX NUMBER I '5-%"r"ET Ij6.COM~::'0NI 17. STATUS 

l r4~s5-$610  I I I IOPFRATIL INLL 
18. MONITOR 119. AGENCY I 20. PGM OFFICE 1 21. TELEPHONE 

SCHACr!1 3.5. I1 ,ASA H I?QTV  S  I! '?A/E.R-N 112?2-755 -2322  
22. VENDOR 1 23. LOCATION 1 24 LLd,Gr 125. LEAD TIME 

I T T  I N D U S T k l C L  L A 6 S  ~ F P P T  k A Y r ! E ,  I N D I A N A  I G 4 / 6 S  1NA 
26. INSTRUMENT TYPE 27. 

srcuqllv, 

I M A G E R ,  1- 1r::T.t-I P H i l T ( 7 C A T H O C E  E L E C T Q  I C A L C Y - S C A N h I b l C ,  V I  51RL.E 1 U  r\! C. 
28. APPLICATION 129. SPACECRAFT 

M E 1  I F d I Y E U S  3 
30. PURPOSE 

P i :  I Y  t P Y - T ! ?  J C ' J 1 . 1  I H E  HIGH-RESI ILUTI ( . ! .? ,<  P H ! r l ' l l G Q  A P H S  !.IF Tt-ll- FART t ! 'S  
i ) A V T  I M ~  ~L: 'L~FI C!':IVER. 

31. PRINCIPLES OF OPERATION 

T H E  I K A C E  D I S E C T Z P  C L i Y E k A  P E R F - O e M S  T t i E  F U N C T I O N S  T H A T  P P E V I O U S -  
L Y  R E Q U I k f D  HClTH Ah: A V C S  AND AN A F T *  I T  H A S  A L S O  FLnWN O Y  A T S  3 9  
U U T  W I T H  G I F F E E T N T  O P T I C S ,  PND I S  S C H E D U L E D  FOR N I M F U S  Dm A 
SCEbJF :  I S  O P T  I C A L  L Y  FOCUSFI?  ON Tt4F: P H O T O C  b T H O r ) €  AND PHI:T(?El .EC- 
T K O N S  ARE E h I T T E D  F R O M  T H E  S U R F A C E  I N  P R O P O P T I O N  T O  T H E  I N C I i l F N T  
I L t U \ I I N k T  I['li';. T H E  P H ( 1 T O E L E C T G C I J S  P P  E A C C E L E s A T E 3  TCWARD Ah;D 

F q C U S F D  ON P L A N E  W H I C t i  C O N T A I N S  A P I N H G L E  4 P E c T U P E  A T  I T S  CEh4- 
T E k .  T H E  E L E C T Q U b !  I M 4 G F  I S  D E F L E C T E U  P A S T  T H E  A P E R T U R E  R Y  V E b N S  
O F  YLSGPIET I C S E F L  E C T  1 0 % .  THL- A P F P T U Q E  SAb1PL t iS  T H E  F L E C T L I ? Y !  1  IYAGF: 
A N D  A  S F C O ' J D l Q Y - E f i l I S S I L l ~ l  E L E C T R C N - F C U L , T I P L I  EF? SECT1r)r.J A Y P L l F I f  S  
T H C  S I G R A L  R Y  AEAOUT 1.0 Y I L L I C I N .  T H E  C A M E R A  I S  U S E D  I K  T H E  L I q E  
S C A N  PODE h I T Y  T H E  S P A C E C R A F T  K C T I O h  ALr3rVG T H E  3 R R I T A L  T R A C K  
P Y C V  I D I ' J G  T H E  D T H E P  S C A N  C O M P O N F K T e  hi1 S H U T T E R  I S  R E Q U I R E 3  A S  
THE SENSOR I S  IVI- IN-STORAGE T Y P E t  Ah:D E X P U S U R E  T O  T H E  SCEI?IF I S  
L S X T I N U O U S .  THE V E R Y  N A R R O L  Q A N N D k I D T H  ( 1 P 3 C  HZ1  Q E S U L T S  I N  G E K -  
E R A T I ( - ] %  1JF A V I C I E O  S I G N A L  h I T H  T H E  H I G H  N O M I N A L  S / N  O F  4 Z  DR. 
T H F  C A M E L A - L I X E '  F R E Q U F N C Y  I S  4 H Z  W I T H  T H E  F Q A M E  P E P I O O  B C I W G  
L C C  S E C *  T! iE L E N S  4PERTUP.E I S  F I X E D  A T  F / 7 ,  T H E  G P Q U N O  R E S I L U -  
T I O N  I S  1.7 NM A T  T H E  S U B S A T E L L I T E  P O I N T .  R E A L T I M E  P I C T U P E S  C A N  
, g F  T P b N S M I T T c 2  T 3  A P T  R E C E I V I N G  S T A T I G R S .  
32. PHENOMENA OBSERVED 

V I S I S L E  L I G H T  k E F L E C T E D  FFF'd E A P T H  4 v 0  I T S  C L O U D  C U V E R  
33. MEASUREMENT RANGE 
1 !J 1.;. T u 1 7 9 : 1.1 -, .. F l I O T - L A M R E R  T S  
34. PRECISION AND ACCURACY 

8'?L T V  L I Y E  R k S 2 L U T I C . N ;  S/bI  = 4-CB A T  1 C , ? C 3  F O O T - L A M R E R T S  

7. ORGANIZATION 

GU[IL!PFL S P C C f  F L T  C E ? l T t F  
10. ORGANIZATION 



135. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 1 
I 

38. FIELD OF VIEW 139. GROUND SWATH 

Q2.9 B Y  92.3 D F C r l l 3 n Q  hJM R Y  13Pn N M  F R 7 W  660 . a Y M  A L T I  T I J D t  
40 ANGULAR RESOLUTIONI 41. SPATIAL RESOLUTION 

r o l l  n F G 1 ! . 7  N Y  AT C F Y T F 4  FROM 6pf' N M  A L T I T U D E  
2. POINTING ACCURACY( 43. POINTING RATE 144. ALTITUDE 145. INCLINATION 

I I U E D  C I P C U C A R  I S U N  - S Y N C H  R t T f R J G P A D t  
I I - I 

46. SPECIAL REQUIREMENTS 
S P P C F C R A F T  A T T I T U Q E  F P P n Q 5  V U S T  9Fr H t L O  TIJ V t R Y  F"ALL . ,  V A L U E S  
47. COMPONENTS 

I F t A G E  D I S F C T O P .  S C A ' J M I N G  A P t k ' T U R L .  1 2  S T A G t  F L L C T R O Y  M U L T I P L I E R  
48. WEIGHT 149. VOLUME 1 50 AVERAGE POWER 151. STANDBY POWER 1 52. PEAK POWER 1 53. MTBF 

14 L 9 1  9.7 CU F T I  12  W A T T S 1  1 W A T T  I 1 
I N T E R ~ R E N C E  1 55 INE"R"F?ER:TE 1 56 IN~"E".%'R"E"NCNCE I 57 IN~',"R?"E!:~cE 1 58. SHIELDING 

I S O U R C / S  EN I I I 
59. CALIBRATION 160. DATA RECOVERY 61 FREQUENCY OF OBSERVATION 

I ? F L A Y F ~  AN3  P E A L T I P E  114 P I C T I J R E S f O R B I T  
62. TELEMETRY REQUIREMENTS 

V I O F O  B A N D W I n T H  I S  l P n p  HZ. 

63. ADVANTAGES AND LIMITATIONS 

F F P L A C C S  A V C S  4 Y D  A P T  C 4 v F R 4 S  F L O W N  ON N I Y R t J S  1 A N D  2; R E D U C E S  
L . ~ ~ f i t q ~ ~  n~ P I C T ~ I R F S  T P   YE-SIXTH P e F v I n u s  AYQUNT.  
64. REFERENCES 1 
1 ) V : C l R M Y L F t  'rJ.J.: Y I Y H U S  f3 T O  T E S T  NEW W E A T H F R  5 F Y 5 f l R S q  I N  
A V I A T I O N  WEFK A V O  5 P A C F  T F C H Y D L O G Y ,  M A Y  6 ,  1 9 6 8 9  P P .  71-69.***2)  
P K F S S  K I T  Y I Y R U 5  89 N A F A  R E L E A S F  NP. 6 9 - 4 8 K 9  M A Y  19h8.***3)OS- 
TRCWq ti. 4 9 0  0. W F T Y S T E I N r :  R E V I E W  OF A  D E C A D F  O F  S P A C E  C A M E R A  
S Y S T F M S  D E V E L O P M E N T  F O P  Y E T E n R Q L O G Y  9 P R F S F V T F O  A T  S q C I E T Y  OF 
P H Q T O - O P T I C A L  1 N S T R J ~ ' E V T O T I O N  E Y G I Y E F R Y ,  W A S Y .  D.C. 9 AUG 1968. 
65. HISTORICAL REMARKS 



NATIONAL AERONAUTICS AND SPAC NlSTRATlON 
GODDARD SPACE FLIGHT 

B U T  W I T H  O I F F E P E N T  O P T I C S *  AND I S  C U R R E N T L Y  F L Y I N G  ON N I M B U S  3 .  
A SCENE I S  O P T I C 4 L L Y  FOCUSED ON THE PHOTOCATHODE AND PHOTOELEC-  
TRONS ARE E M I T T E D  FROM T H E  SURFACE I N  P R O P O R T I O N  TO THE I N C I D E N T  

L L U M I N A T  ION.  T H E  PHOTOELECTRONS ARE A C C E L E R A T E D  TOWARD AND 
OCUSED ON A P L A N E  W H I C H  C O N T A I N S  A P I N H O L E  APERTURE A T  I T S  CEN- 
ER. THE ELECTRON I M A G E  I S  D E F L E C T E D  P A S T  THE APERTURE R Y  MEANS 
F M A G N E T I C  D E F L E C T  I O N .  T H E  A P F P T U R E  SAMPLES T H E  E L E C T R O N  I Y A G E  
N D  A S E C O N D A R Y - E M I S S I O N  E L E C T R O N - M U L T I P L I E R  S E C T I O N  A M P L I F I E S  
HE S I G N A L  B Y  ABOUT 10 M I L L I O N .  THE CAMERA I S  U S E D  I N  THE L I N E  
CAN MODE W I T H  T H E  S P A C E C R A F T  M O T I O N  4LONG THF O R B I T A L  TRACK 
R O V I D I N G  T H E  OTHER SCAN COMPONENT. NO SHUTTER I S  R E Q U I R E D  4 s  
HE SENSOR I S  A NON-STORAGE TYPE,  AND EXPOSURE TO THE SCENE I S  
ONTINUOUS.  T H E  VERY NARROW B A N D W I D T H  (1800 H Z )  R E S U L T S  I Y  GEN 
R A T I O N  OF A V I D E O  S I G N A L  W I T H  THE H I G H  N O M I N A L  S / N  OF 40 D B *  

E C A M E R A - L m E  FREQUENCY I S  4 H Z  W I T H  THE FRAME P E R I O D  B F I N G  
0 SEC. THE L E N S  APERTURE I S  F I X F D  A T  F / 3 .  THE GROUND R E S 3 L U  
ON I S  1.7 NM AT THE S U B S A T E L L I T E  P O I N T .  R E A L T I M E  P I C T U R E S  CA 





INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD.  20771 

1. TITLE 2 ACRONYM 1 3. EXP NO 

M U L T  I S P E C T R A L  P H O T D G P A P H I C  F A C I L  I T Y :  E A R T H  M P F  1 s-190 
(TITLE CONT.) r RESUME DATE I :ERSION 

R E S O U R C C S  EXPEL? I M E N T  P A C K A G E  ( E P E P  ) 99/01/721 3 @ c 4  
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE 

D O P V B A C H ,  J m  Em MANNED S P A C E C F A f  T  C E N T E R  7 1 3 - 4 8 3 - q l 2 7  
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE 

I N C H  F O C A L  L E N G T H  ( 2 1 . 2 D E G  F O V  A C R O S S  F L A T S 1  P R O V I D I N G  A P P R O X I -  
M A T E L Y  8 8 N Y  S Q U A R E  S U R F A C E  CCIVERAGE FROM THE E X P E C T E D  235  NM OR 
B I T .  T H E  S Y S T E M  WILL RE D E S I G N E D  F O R  T H E  F O L L O W I N G  W A V E L E N G T H /  
F I L M  C O M B I N A T I O N :  m5-. h Y Y - P A N  X  6EWp .6 -m7MM-PAN X BCWI .7-.8MM 
I R  B & W T  m 8 - * 9 M M - I k  R & W ,  m5-• R 8 Y M - I P  COLOR,  m+-m7MM-HI-RES COLOR.  
V A R I O U S  F I L Y / F I L T E R  C O Y 0  I N A T  I O N S  WILL R E  S T U D I E D .  THE S P E C T R A L  
R E G I O N S  D E S I G N A T E D  d E R E  S E L E C T E D  T O  S E P E R A T E  T H E  V I S I B L E  AND 
P H O T O G R A P H I C  I N F R A R E D  S P E C T R U M  I N T O  T H E  R A N D S  T H A T  A P E  E X P E C T E D  
T O  B E  MUST U S E F U L  FOR M U L T I S P E C T R A L  4 N A L Y S I S .  T H E  S E L E C T I O N  WAS 
B A S E D  ON E X P E P I E N C E  G A I N E D  I N  T H E  PERFORMANCE OF E X P E R I M E N T  
5 0 6 5 .  T H E  T h o  C O L O R  F I L M S  WILL P P O V I D E  A  P R E R E G I S T E R E D  CRQSS-  
C H E C K  OF T H E  B L A C K  A N D  W H I T E  I M A G E R Y  I N  T H O  P R O V E N  COLOR C Q M R I N -  
A T I O N S m  P P I O R  T O  E A C H  P H O T O  P A S S ,  T H E  S K Y L A B  CREW WILL R E C E I V E  A 
C R O U N D  U P D A T E  F O R  E A C H  PHOTO S E Q U E N C E  C O N S I S T I N G  OF T H E  T I M E  
F O R  T H E  F I R S T  E X P O S U P E  T H E  I N T F R V A C Q M E T E R  S E T T I N G ,  E X P O S U R E  
S E T T I N G ,  A N D  NUMBER O F  E X P D S U R E S *  

a. PHENOMENA OBSERVED 

R E F 1  E C T E O  R A O I A T  I O N  F R O Y  E A P T H  
I 

33. MEASUREMENT RANGE 
I1 

W A V E L F N G T H S  O m 4  TO 0.9 M I C R O N S .  
PREClSlON ACCURACY 

F I L T E R  C A L I B R A T I O N S ,  P R E  AND P O S T  F L I G H T .  
J 



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

2.4  ~q c.0 ~ I C Q ~ P J ' ~ ~  ". 1 Y I C R O N ~  2.3 5EC 
38. FIELD OF VIEW 139. GROUND SWATH 

2 1 . 2  D F ~  8 8  NY F p O M  2 3 5  NM O Q R I T .  
40 ANGULAR RESOLUT~ON~ 41. SPATIAL RESOLUTION 

f . 3?4  3 ~ 4  l q 3  F T  FQnM 2 3 5  N M  9 P R I T .  
42 POINTING ACCURACY 43. POINTING RATE 144. ALTITUDE 145. INCLINATION 

+-3  r F g  I VED-C IRCULAR 15f' DEG 
46. SPECIAL REQUIREMENTS 

V,qNUAC I P F " 4 T I q N  
47. COMPONENTS 

SFT I T F M  3 1  
48. WEIGHT 149. VOLUME 1 50. AVERAGE POWER 151, STANDBY POWER 1 52. PEAK POWER 1 53. MTBF 

3 2 P  L f l  1Y.S C I J  Flf I 1 6 1 6  W 4 T T Q  
54 INTERERENCE 1 55 IN~","R"F"EZ'&E I '' IN~"E"R?'E"R*E"NcE 1 57 IN&"R'F"E"R%cE I 58. SHIELDING 

b! f I Y F I YON€ I SE\ISITIVE( S F Y S I T I V ~ ~  F I L M  5 T r l P F D  I N  VAlJLT. 
59. CALIBRATION 160. DATA RECOVERY 61. FREQUENCY OF OBSERVATION 

P P F - F L T  CHECK-OUT I F I L M  P F C n V F R Y  I F L F X I P L F  
62. TELEMETRY REQUIREMENTS 

NA 

63. ADVANTAGES AND LIMITATIONS 

YICH 9 ~ S r I L U T I O N  YlJLT I S P E C T P A L  PHnTnGRAPHY I N  R A Q D S  S I M I C I R  TO 
f R T S - A  5ENSI:RS. 

64. REFERENCES 

F X P F Q I M E \ T  1 4 P L F M F N T 4 T I O Y  P L A N  FOR YANNED S P A C E  F L I G H T  E X P E R I -  
MENT* 1 1 / ? 4 / 6 Q ;  T I T L F :  P U L T I S P E C T Q A L  PHOTOGR4PHIC F 4 C I L I T Y  
( F A R T H  APPL ICAT IC IVS  1 .  

EARTH R F S C U F C F S  QEM'7TF S E N S I N G  SYSTEMS*  Y S C - P b - f l 4 0 6  

65. HISTORICAL REMARKS 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 
M U C T I S P E C T R A L  T E R R A I N - P H O T O G R A P H Y  E X P F P I M E N T  
(TITLE CONT.1 

2 ACRONYM 1 3. EXP NO 

M T P  I SO65 
d RESUME DATE I SVERStON 
f , 9 / C  1 / 7 2  1 3 C C 4  

8. TELEPHONE 

3n1-992-5042 
11. TELEPHONE 

415 -845 -6900  

.6. PRINCIPAL INVESTIGATOR 

L O W M A N *  DR. PmDm 
9. CO-INVESTIGATOR 

C O L W E L L ,  DR. PmDm 
12 CONTRACT 

TYPE 113. CONTRACT NUMBER 114. FLASH INDEX NUMBER 1 E%"ET 116 CoM~~::'ONI 17. STATUS 

I I I I ] P O S T  FLIGHT 
18.MONlTOR 119. AGENCY 120. PGM OFFICE 1 21. TELEPHONE 

- T E R N  I C L I G E R ,  K.G. I N A S A  H O Q T F S  1 CJA/ERCl 1 2 0 2 - 7 5 5 - 2  3 2 2  
22. VENDOR 1 23. LOCATION I " Lz&"T 125. LEAD TIME 

MSC I N H D U S E  ( H A S S E L S L A D I I H ~ U S T O N ~  T E X A S  1031691 YA 
26. INSTRUMENT TYPE 27 

s-, 

I M A G E R *  FOUR 7 C - Y M  M O D E L  5 C O - E L  H A S S E L H L A R  C A M E R A S  I UNC, 
28. APPLICATION 129. SPACECRAFT 

E R S P  1 APOLLO 9 
30. PURPOSE 

P R I M A R Y - T O  O B T A I N  P H O T O G R A P H S  T A K E N  S I M U L T A N E O U S L Y *  I N  FOUR 
S P E C I F I C  P O R T I O N S  O F  T H E  V I S I B L E  AND N E A R  ( P H O T f l G R A P H I C  1 I N F R A -  
R E D  FOR E A R T H  P E S O U R C E S  A P P L  I C P T I O N S . * * * S E C O F J D A R Y - T O  A S S I S T  I N  
D E T E R M I N I N G  T H E  O P T I P U M  F I L Y - F I L T E R  C O M B I N A T I O N S  FOR T H E  E A R T H  
R E S O U R C E S  PhGGPAMm 

31. PMIJCIPLES OF OPERATION 

T H E  E Q U I P M E N T  U S E D  C O N S I S T S  OF FClUR H A S S E L B L A D ,  7 0  M M  C A M E R A S ,  
M O D E L  5 0 0 - E L .  T H E  I F \ r D I V I D U A L  C A M E P A S  A R E  S I Y I L A R  T O  T H E  500 C  
U S E D  ON P R E V I O U S  M A N N E D  Y I S S I O N S t  E X C F P T  T H A T  T H I  S  S E T  I S  E L E C -  
T R I C A L L Y  D R I V E N .  T H E  C A M E R A 5  A R E  I Y S T A L L E D  I N  A  COMMON MOUNT 
A N D  S Y N C H R O N I Z E D  FOR S I M U L T A N F O U S  E X P O S U R E .  T H E  MOUNT I S  I N -  
S T A L L E D  I N  T H E  CUMMAND M O D U L k  H A T C H  W I N O O H  D U R I N G  P H O T O G R A P H I C  
O P E R A T I O N S  A N D  T H E  S P A C E C R A F T  H I L L  B E  O R I E N T E D  TO P R O V I D E  V F R T I -  
C A L  PHOTOGRAPHY.  AN I N T E P V A L O M E T E P  I S  U S E D  T O  O B T A I N  S Y S T E M A T I C  
O V E R L A P P I N G  ( S T E R E O )  PHOTOGRAPHY.  POWER I S  S U P P L I E D  B Y  I N T E R N A L  
B A T T E P I E S .  E A C H  CAMERA H A S  A  S T A N D A R D  80 MM f O C A L  L E N G T H ,  
P L A N A R  L E N S  AND A  S I N G L E  F I L M  M A G A Z I N E  C O N T A I N I Y G  F R O M  160 T O  
209 F R A M E S .  T H E  F O L L O W I N G  F I L M / F  I L T E P  C O P B I N A T I O N S  WERE USED:  
1 )  I N F R A R E D  ~EROGRAPHIC F I L M  W I T H  AN 8 9 0  F I L T E R ,  0.7 TO 0.9 
M I C R O N ;  2 )  C O L O R  I R  M I T H  A W R A T T E N  1 5  F I L T E R ,  0.7 T O  C . 9  P I C S O N ;  
3 )  P A N A T O M  I C - X  W 1 T Y . A  2 5 A  F I L T E R ,  0. 58 M I C R O Y  I N T O  T H E  I R  R E -  
G I O N ;  A N D  4) P A N A T O M I C - X  W I T H  k 5 8  F I L T E R ,  0.48 T O  0 . 6 2  M I C R O N ;  
P H O T O G R A H I C  C O V E R A G E  O F  T H E  S O U T H W E S T  U.S.A. WAS E M P H A S I Z E D  
B E C A U S E  GROUND I N F O R M A T I O N  I S  MORE A V A I L A B L E  F O R  T H I S  R E G I O N  
T H A N  O T H E R  R E G I O N S .  

32. P H E m E N A  OBSERVED 

R E F L E C T E D  S O L A R  R A D I A T I O N  FROM T H E  S U R F A C E  O F  T H E  E A R T H  
33. MEASUREMENT RANGE 

V A R I E S  W I T H  T Y P E  OF F I L Y  U S E D  
w. P ~ C I S I O N  AND ACCURACY 

7. ORGANIZATION 

GODDAR D S P A C E  F L T  C E N T E F  
10. ORGANIZATION 

U N I V  OF C A L I F .  H E R Y L E Y  



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 
f 

0.48 TO 71, 9 M I C R O N  I I 
38. FIELD OF VIEW 138. GROUND SWATH I 

. 52.0 R Y  5 2 . 0  D E G ~  300 N M  B Y  300  NM F R O M  300 NM A L T I T U D F  
a. ANGULAR  RESOLUTION^ 41. SPATIAL RESOLUTION 

3.909 O E G ~  2 8 9  FEET  FROM 3 n ~ )  V Y  ALTITUDE 
42. POINTING ACCURACY] 43. POINTING RATE 144. ALTITUDE 145. INCLINATION ) 
v 

5.0 D E G ~  I L O H  C I R C U L A R  I M E D I U M  P O S I G R A D F  
46. SPECIAL REQUIREMENTS 

O R B I T A L  P O S I T I O N  D A T A  I S  D E S I R E D  A T  THE T I Y E  OF E A C H  EXPOSURE 
- 

47. COMPONENTS 

.4 H A S S E L B L A D  CAMERAS 
48. WEIGHT 149. VOLUME - I 50. AVERAGE POWER 151. STANDBY POWER I 52. PEAK POWER 1 53. MTBF _ J 

2e  LBI 1.5 cu FTI I I I 
INTERE~~LEE I ~-%?'R&-E 1 50 au~YFLEi"E"Ne, 1 57 INT%'F"E"R&E 1 58. SHIELDING 

NONE l NONE l NONE I SENSITIVEI 
59. CALIBRATION 160. DATA RECOVERY 1 61. FREQUENCY OF OBSERVATtON ' 
PRE- AND P O S T F L  I G H T  O V L Y ~  Y A Y N E D  RETURN 1 A S  PRnGRAYMFD 
62. TELEMETRY REQUIREMENTS 

NO S P E C I F I C  R E Q U I R E M E N T S  

63. ADVANTAGES AND LlMlTATlONS 

NO GROUND SUPPORT R E Q U I R E D ,  C A Y E R A S  H A V E  REEU F L I G H T  Q U A L I F I E O  

64. REFERENCES I 

1 ) E X P E R  I M E N T  I M P L E M E N T A T I O N  P L A Y  F3R Y U L T I  S P E C T R A L  T E R R A I N  
PHOTOGRAPHY ( S O 6 5 1  NASA,  SEPT 2 3 9  1 9 6 8 * * * * 2 ) N A S A  P R E S S  R E L E A S E  
NO:69-2?r  APOLCO 9- F E P  2 3 9  1 9 6 9 . * * * 3 ) V E R Y E R ,  S e  S.: O P T I C A L  
IMAGERS FOP THE S M A L L  E A R T H  R E S 3 U R C F S  S A T E L L I T E *  I I T  R E S E 4 R C H  
I N S T I T U T E ,  A P R I L  1967. 

65. HISTORICAL REMARKS . . ! 
S I M I L A Q  CAMERAS FLOWN ON 3 T H F R  YANYFD F I  TGHTS 

A 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE I 2. ACRONYM ( 3. EXP 

P F T U R N  B t A M  V I O I C O N  CAMERA ~ R ~ v C  I 
(TITLE CONT.) < 1 4 RE- DITE I kERSION 

I C9/01/721 30C7, 
6. PRINCIPAL INVESTIGATOR 1 7. ORGANIZATION 1 8. TELEPHONE 

, W E I N S T E I N *  0.  1 GOODARD SPACE F L T   CENTER^ 301-982-5042 

T I M E  I N T E R V A L  P O S S I B L E .  

T I O N  O P T I C S .  AN E L E C T R O N I C A L L Y  T R I G G E R E D *  VAR I A B L E - S P E E D *  F O C A L -  
P L A N E  SHUTTER ALLOWS P I C T U R E - T A K I N G  OVER A  W I D E  RANGE OF SCENE 
B R I G H T N E S S  AND P R O V I D E S  U N I F O R M  EXPOSURE OF THE V I D I C O N .  T H I S  
SENSOR, A  2 - I N C H  RETURN BEAY V I D I C O N ,  C O M B I N E S  THE V I D I C O N  AND 
O R T H I C O N  TUBE. T H E  V I D E O  OUTPUT I S  D E R I V E D  FROM THE RETURN SCAN 
N I N G  BEAM. A  P H Q T O C O h D U C T I V E  SURFACE CHARGES THE TARGET SURFAC 
I N  P R O P O R T I O N  T O  T H E  L I G H T  R E C E I V E D .  T H E N  A S  T H E  E L E C T R O N  S C A N  
N I N G  BEAM T R A V E R S E S  T H E  TARGET,  T H E  CHARGE M O D U L A T E S  T H I S  B E 4 H  
W H I C H  I S  T H E N  A M P L I F I E D  BY AN E L E C T R O N  M U L T I P L I E R .  THE V I D E O  
OUTPUT OF T H E  S Y S T E M  MAY BE F E D  D I R E C T L Y  TO THE MODULATOR OF THE 
SPACECRAFT C O M M U N I C A T I O N  SYSTEM. T H E  CAMERAS ARE P O I N T E D  AT 
N A D I R  AND A  NEW SCENE I S  I M A G E D  t l N  T H E  PHOTO CONDUCTOR SURFACES 

L COVER AN AREA OF 100 X 100 NM A T  A  R E S O L U T I O N  OF 



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

p . 4 7 5  T r l  r . 8 3 0  Y I C R Q N  I Y 4 I 
38. FIELD OF VIEW 39. GROUND SWATH 

1 1 . 5  gY 11.5 D E G l  1 9 7  Y M  R Y  I C T !  NP FRCIY 4 9 6  N M  A L T I T I J D E  
40 ANGULAR RESOLUT~ON~ 41. SPATIAL RESOLUTION 

C . r L 7 2  n c G 1  2 3 r  F F C T  P E R  T V  L I N E  FROM 50'). M Y  A L T I T U D E .  
42 POINTING ACCURACY~ 43. POINTING RATE 144. ALTITUDE 145. INCLINATION 

I I V E D  C I Q C I J L A R  I S g Y - S Y N C H  P F T S O G R A D E  
46. SPECIAL REQUIREMENTS 

47. COMPONENTS 
' V P V  C A Y F Q A S  (CS'- 'FPb H E b r  + F ' L E C T R 0 h ) I C S ) r  Q C C 9 R D t R p  T R A N S Y I T ~  

48. WEIGHT 149. VOLUME 1 5 0  AVERAGE POWER 151 STANDBY POWER 1 52. PEAK POWER 1 53. MTBF 

1 7 5  L.iJ 3 .  C d  F T I  144 k d 4 T T S I  76 W A T T S ]  1 6 8  W 4 T T S I  1 2  MON ' 

54 I N ~ E ~ Y R E N C E  1 55 IN~",".",'E&E 1 IN~"E".%~'R"E"N~E 1 57 IN&"R'F"E"R:~cE I 58. SHIELDING 
I S E Y S I T I V ~ ~  I I V A G N E T I C  S H I E L D I N G  U S E D  

59. CALIBRATION 160. DATA RECOVERY 61 FREQUENCY OF OBSERVATION 

I h - F L I G b i T  C A L I H R b T I l Y  I P E L A Y E D  T F L E M F T P Y  1 ON C O Y V A N D  
62. TELEMETRY REQUIREMENTS 

? r  M I \ ? I T F S  P F ?  3 R 9 I T  R A S F D  ON A V E P A G F  OF 1 4  3 R P I T S  PER D A Y  

63. ADVANTAGES AND LIMITATIONS 

tiIC,h ~ F S C L d T I O Y  M U L T I - S P E C T R A L  P H O T O G R A P H Y  W I T H  1 Y E b S  O P E R A -  
T I ' l Y 3 L  C A P A d I L I T Y .  

64. REFERENCES 

-1 I ~ ~ C A  P S T k f J - E L E C T P q U I C S  D I V .  T E C H N I C A L  PEPfIRTS, 1965. 

65. HISTORICAL REMARKS 



NATIONAL AE NlSTRATlON 

, I M A G E R ,  TELESCOPE-PHCTOMULTIPCIER OY E-CHANNEL VI SIBLE 
28. APPLICATION 129. SPACECRAFT 

V E T  1 A T S  1 
30. PURPOSE 

P k I M A F Y - T i 3  PROV I D E  H I G H - R E T O L U T I O N  P  I C T U R E S  OF T H E  WHOLE E A P T H ' S  
D I S K  B F T W E E N  5 2  D E G  N AND 5 2  D E G  S  A L T I T U D E  O N  A  C O N T I N U O U S  
B A S 1  S  T O  P E R M I T  S U R V F I L L A N C E  O F  S H O R T  D U R 4 T I O N  WFATHER CHANGES.  

31. PRINCIPLES OF OPERAT ION 

T H E  A T S  S P I N  S C A N  CAMERA U T I L I Z E S  A  H I G H  R E S O L U T I O N  C A S S E G R A I N  
T E L E S C O P E  H A V I N G  A  q q P I N H O L E t '  A P E R T U R F  F O L L O W E D  B Y  A  PHOTO-  
M U L T I P L I E R  T U B E .  T H E  V I D E O  R A S T E R  I S  G E N E R A T E D  I N  T H E  W E S T - E A S T  
D I R E C T I O N  HY T H E  S A T E L L I T E  S P I N *  N O M I N A L L Y  100  R P M t  A N D  I N  T H E  
N O R T H - S O U T H  D I R E C T I O N  B Y  M E C H A N I C b L  T I L T I N G  OF T H E  T E L E S C O P E  
O P T I C A L  A X I S  IhJ D I S C P E T F  S T E P S  F R O M  +7.5 TO - 7 . 5  D E G e  T H I S  PRO- 
V I D E S  E A R T H  C O V E R A G E  FROM 5 2  D F G  N o  TO 52  D E G  S, L A T I T U D t  A M 9  
F P O M  T H E  WEST L I M B  TO T H E  E A S T  L I P B .  T H I S  AREA I S  C O V E R E D  B Y  
2 0 C O  H O R I Z O f v T A L  ( N  T O  E l  T V  L I h E S .  T H E  T O T A L  L I N E  S C A N  P E R 1 9 0  
P E R  R E V O L U T I O N  I S  0.6 SEC. A T O T A L  T I Y E  O F  20 M I N  I S  R E Q U I R E 9  T O  
S C A N  1 P I C T U R E  A N D  2 M I N  T@ R F T P A C E .  A  B A C K - T O - B A C K  MODE I S  A L S O  
P O S S I B L E  I N  W H I C H  T H E  R E T R A C E  I S  A T  T H E  SAME P 4 T E  A S  T H E  F O R N A R D  
SCAN.  T H E  S C A N  M A Y  B E  R E V E R S E D  A T  A N Y  T I M E  O N L Y  I N  T H E  B A C K - T O -  
B A C K  MODE. A P A K A R O L I C  P R I M A R Y  Q U A P T Z  Y I R R O P  W I T H  A  5 - I N  D I A M  
A N D  A 1 C - I N C H  F L  I S  U S E D  W I T H  A F L A T  S E C O N D A K Y  Q U A R T Z  M I R R O R  T O  
P R O D U C E  AN I M A G E  ON T H E  F A C E  Of- AN A P E R T U R E  PLATE.  T H E  . C C l - I N C H  
D I A M  A P E R T U R E  P R O V I D E S  AN ANGULAR R E  S O L U T I O N  OF q.1 M I L L I R A D I A N .  
T H E  I N S T A N T A N E O U S  O P T I C A L  F O V  I S  1.94 NM. T H E  S P A C E C R A F T  S P I N  
A X I S  I S  N O P M A L L Y  O R I E N T E D  P E R P E N D I C U L A R  TO T H E  O R B I T  P L A N E  OF 
T H F  S I C  AND PARA1  I € I  T O  T H E  S P I N  A X 1  S O F  THE E A R T H .  
32. PHENOMENA OBSERVED 

SUNL I G H T  R F F L F C T F D  F P O M  T H E  F A R T H g  S  S U R F A C E  A N D / O R  C L O U D S  
33. MEASUREMENT RANGE 

D Y N A M I C  RANGE - - 00 FOR B R I G H T N E S S  R F S O L U T I O N  
34. PRECISION AND ACCURACY 



- 
1 

35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

0 .475  TO 0 . 6 3 0  MICRONSJ N A  1 
38. FIELD OF VIEW 139. GROUND SWATH 

15.0 BY 18.3 o F G ~ L I M B - T o - L T M B ( ~ S O O  NM) FROM GEO-SYNCH A L T  
40. ANGULAR RESOLUT~ON~ 41. SPATIAL RESOLUTION 

0.977 D E G ~  2.5 NM AT CEYTER 
42. POINTING ACCURACY~ 43. POINTING RATE 144. ALTITUDE 145. INCLINATION 

I I SYNCH CIRCULAR]  EQUATORIAL POSIGPADE 
46. SPECIAL REQUIREMENTS 

OPERATES ONLY DURIUG D A Y L I G H T i H l G H L Y  S E N S I T I V E  T O  SWEEP D I S T O R T  : 
- --  - - - -  -- -- - - -- - - -  - -- 

47. COMPONENTS 

1 - I N C H  PHOTOMULT TUBE, 5 - I V C H  PARABOLOID, 2 - I Y C H  F L A T  MIRROR 
48. WEIGHT 149. VOLUME 1 SO. AVERAGE POWER 1st. STANDBY POWER I 52. PEAK POWER / 53. MTBF - - - - 

1 6  C B I  c.45 cu FTI I 7 W A T T S ]  2 4  W A T T S ~  5 Y P S  . 
INTERF"E'RENCE 1 56. IN~"E"RO,!ER~EE 1 56 INT?%%$%&E 1 s'. INrFR'PE%kcE 1 58. SHIELDING 

1  SENSITIVE^ I I 
59. CALl8RAf ION 160. DATA RECOVERY 61. FREQUENCY OF OBSERVATION 

1 REALTIYE TELEMFTRY 1 EVERY 22  MINUTES 
62. TELEMETRY REQUIREMENTS 

15Q KHz V IDEO BANDWIDTH 

63. ADVANTAGES AND LIMITATIONS 

F U L L  EARTH D I S K  PHOTOGRAPHY. EARTH SYNCHRDN3US O R B I T  ALLOWS 
COMPLETE STORM H I S T O R I E S  TO BE RECORDED. 
M. REFERENCES 

- .- 

1 1  MET D A T A  CATALOG FOR ATSc VOL l a  GSFCI OCT 6 7 * * * * 2 1 S U O M I *  V *  
E *  ANC PARENT, P.J*:PROPOSAL FOR A S P I N  SCAN CAMERA SYSTEM FOR 
A SYNCHRONOUS SATELLIT€.J!JLY 1 9 6 5 * * * * 3 ) 0 S T R O J 1 H e  AND W E I N S T E I N *  
0.: A R E V I E H  OF A DECADE O F  SPACE CAMERA SYSTEMS DEVELOPMENT FOR 
YET. PRESENTED AT S3C OF PHOTO-3PTICAL ENGRS 1 3 T H  ANNUAL TECH 
SYMP. 2 3  AUG 6 8 * * * * 4 ) F I L H  D I T A  A V A I L  FROM N4T WEATHFR RFCJlRD CTR 
F. HISTORICAL REMARKS __  J 

I 



ND SPACE ADMINISTRATION 
FLIGHT CENTER 

W O R I Z O N T A L  E X T E N T  O F  O C E A V  C U R R E N T S ;  S C A T  THE ATMOS- 

F P O Y  T H F  F A F T H  I S  G A T H E R E D  B Y  A  5 - I h C H  D I A M E T E R  F / 3  D A L L - K I R K H A M  
T E L E S C O P E  ANC FOCUSED A L T E R N A T E L Y  ON A S E T  OF THREE r.nni5 INCH 
D I A M C T E  R F I E L D - D E F I N I N G  A P E F T U P E S .  AN A P E R T U P E  P 4 S S E S  E I T H F 9  
P E l I b  G F E E N o  ( 7 R  B L U E  D E T E K M I i V E D  B Y  A  C r l M H I N A T I O N  3 F  T H E  N A T U R A L  
C U T O F F S  (-IF T H t  D I F F E R N E T  D E T E C T O R  P H n T O C A T H O D E S t  C O R N I N G  F I L T E P -  
G L A S S  D I V E R G T N G  L E N S E S  A N D  I Y T E F F E F F N C E  F I L T E R S .  T H E  S P I N N I Y G  
M O T I O N  O F  T H E  S P A C E C F A F T  P R 3 V I D E S  T H E  C A M E R P  S C A N  P A P A L L E L  T O  
T H E  E U U A T O K .  T H E  CAMERA S T f P S  ONE I N C R E M E N T  I N  L A T I T U D E  F O L L O W -  
I N G  EACH S P A C E C R A F T  P  E V O L U T I O N  P R P V I  D I N G  P C L E - T O - P O L E  C O V E R A G E  
I N  2450  S C A h  L I N E S .  W I T H  A  S P I N  P A T E  O F  100 RPM9 T H F  T I M E  T O  
C O V E R  O N E  F R A M E  I S  2 4  M I N U T E S .  R E T R 4 C E  T A K E S  4 M I N U T E S .  T H E  
S C A N  C A Y  A L S O  R t  O P E P A T E D  I V  A  P A C K - T O - R A C K  H f l D E .  O P E R 4 T I O N  
H E R E  I S  I O E N T I C A L  TO T H E  N O R M A L  MODE D U R I N G  N O R T H - T O - S O U T H  O P E P -  
A T I O N  R U T  D U P I N S  P E T F A C E  T H E  S O U T H - T O - Y O R T H  S T E P  I S  A T  THE SAME 
R A T E  AS T H E  FORWARD T R A C E  A N D  U S F F U L  V I D E O  I S  PRODUCED.  T H E  O U T -  
P U T S  F F O M  T H E  T H R E E  P t i O T O T U B E S  A P E  M U L T I P L E X E D  A N D  T R A N S M I T T E D  
T O  E A R T H  OVER T H E  S H F  W I D E - i 3 A N D  L I N K .  

32. PHENOMENA OBSERVED 

I N T F N S I T Y  O F  F A K T H ' S  S P F C T R A I  R F F l  F C T I O N  I N  T H F  R I  I I F *  GRFEN.  RFQ 
33. MEASUREMENT RANGE 

34. PRECISION AND ACCURACY 



s. SPECTRAL RANGE 136. SPECTRAL RESOLUTION In. TIME CONSTANT I 
0.390 T O  9.700 M I C R O N  I I 

38. FIELD OF VIEW 139. GROUND SWATH I 

1 5 . 0  B Y  1 D E G ~  LIMB-TO-LIMB( 10000 NY)  F F O Y  GEO-SYNCH A L T  _ 
40. ANGULAR RESOLUT~ON~ 41. SPATIAL RESOLUTION I 

0.036 D E G ~ ~  NM AT C E N T E R  
42. POINTING ACCURACY~ 43. POINTING RATE 144. ALTITUDE 1 45. INCLINATION I 

NA 1 1 SYNCH  CIRCULAR^ EQUATORIAL P O S I G R A D F  , 
46. SPECIAL REQUIREMENTS " I  

- - -* 

47. COMPONENTS 1 
T F L F S C O P E p 3  P H O T O M U L T I P L I E R  L I G H T  D E T E C T O R S * S T E P  D R I V E  M E C H A N I S M ,  

_48. WEIGHT ___149. V O L e E  - - I --- 50. AVERAGE-POWER 151. STANDBY - POWER - -  I 52. - PEAK P O W y  1 53. MTBF 1 
2 3  LBI 0.54 cu FTI i q  H A T T S ~  I 22  W A T T S ~  

IUTER&FREIICE I Sli tdE*R"F?"R$'b I tm%'E'R%k~ ]ST I~~T%E,"E%~E 1 58. WIELDING I 

I I I 1 
59. CALIBRATION 160. DATA RECOVERY 161. FREauaNcY OF OBSERVATION 1 

l RFALTI  ME TEI E M E T R Y  l FVFRY 2 8  MINUTES . 
62. TELEMETRY REQUIREMENTS 

5 C 0  K B I T ,  3 TOM C H A N N E L S  O F  150 K R I T  EACH. 

a. ADVANTAGES AND LtMlTATlONS 

R E D U C T I O N  I N  S I Z E  AND W E I G H T  2 V E R  C 3 M B I N E D  T E L E S C O P E - P H O T O M U L T I -  
P L I E R  T U B E  ASSEMBLY.  
64. REFERENCES - 

1 )  A T S  M E T E O R O L O G I C A L  D A T A  C a T A L 3 G .  GSFC.***Z)  Y I N Z N E R *  R .  A. ED: 
I'NTERIM R E P O R T  OY S A T E L L I T E  MET. I N S T R U M E N T S *  P M - 6 7 1 3 1  N A S A / E R C *  
P R 6 7 . * * * 3 ) S U O M I *  V. AN0 P A R E N T *  R.3.: P R O P D S 4 L  A N D  SUP,PLEMENT 
FOR S P I N  S C A N  CAMERA FOR A T S  C. U N I V .  OF W I S C .  N O V  65, J U N  66.** 
* 4 ) D A T A  A V A I L A B L E  FROM F S S A *  A S H E V I L L E *  Y.C.  FDR B/W 4ND 4 T  N I M -  
B U S / A T S  D A T A  U T I L I Z A T I O N  C E Y T E R *  G S F C *  FflR C 3 l O R .  
65. HISTORICAL REMARKS 

4DVANCEMENT CIVER Y U L T I C O C O R  S P I V - S C A N  C A Y F R A  ( S S C C I  nN ATS 1 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT. MD. 20771 

1. TITLE 
V I D I C O N  CAMERA S Y S T E M  

(TITLE CONT.) 

Y E D I U M - A Y G L E  L E N S  

2 ACRONYM 1 3. EXP NO 

VCSf.9 I 
4 ResuwE DATE I:ERSION 
0 9 / 0 1 / 7 2 ]  0305 

6. PRINCIPAL INVESTIGATOR 

- R A D O S ,  R.M. ( M G R .  
9. CO-INVESTIGATOR 

12 CONTRACT 
TYPE 113. CONTRACT NUMBER 114. FLASH INDEX NUMBER 1 l5 1'6 CONIgkf~ONI 17. STATUS 

I I I 1 1 P O S T  F L I G H T  
18. MONITOR 119. AGENCY I ZO. PGM OFFICE 1 21. TELEPHONE 

T E P P E R ,  Y .  ] N A S A  HDQTRS 1 O A / E R D  1 2 0 2 - 7 5 5 - 2 3 2 2  
22. VENDOR 1 23. LOCATION I " &g&"T 125. LEAD TIME 

P C A  A S T P O - E L E C T P O N I C S  I P R I N C E T O N  NElrJ J E R S E Y  I ~ 2 / 6 2 1  NA 
26. INSTRUMENT TYPE il SECy&IV, 

IMAGER,  C. 5 - I N C H  Y E D I U M  ANGLE F / 1 . 8  V I D I C O N  1 UNC 
28. APPLICATION 128. SPACECRAFT 

MET 1 T I R O S  4 
30. PLII)%Q% 
PRIMARY-TO P R O V I D E  P I C T U R E S  O F  E A R T H ' S  CLOUD COVER AND I N V E S T I -  
GATE F O R M A T I V E  S T A G E S  O F  HURR I C A N E S  AND A T M O S P H E R I C  MOTIONS. *** 
SECONDARY-TO C O N F I R M  T H E  C A P A B I L I T Y  O F  U S I N G  A  WEATHER S A T E L L I T E  
FOP I C E  R E C O N A I S S A N C E .  

31. PRINCIPLES Of  OPERATION 

T H I S  M E D I U M  ANGLE V I D I C O N  CAMERA SYSTEM WAS A L S O  FLOWN, I N  I D E N -  
T I C A L  C O N F I G U R A T I O N ,  ON T I R O S  5 AND 6 .  I T  C O N S I S T S  OF A  1 / 2 - I N C H  
V I D I C O N  T U B E  AND A  F O C A L - P L A N E  SHUTTER T H A T  P E R M I T S  STORAGE l3F 
S T I L L  P I C T U R E S  ON THE T U B €  SCREEN. A N  E L E C T R O N  B E A M  CONVERTS THE 
STORED P I C T U R E S  I N T O  T E L E V I S I O N - T Y P E  E L E C T R O N I C  S I G N A L S ,  W H I C H  
C A N  BE T R A N S M I T T E D  T O  GROUND R E C E I V E R S  ON COMMAND. THE SYSTEM 
C A N  A L S O  PROCESS AND S T O R E  U P  TO 32  P I C T U R E S  OM M A G N E T I C  T A P E  
FOR T R A N S M I S S I O N  A T  A  L A T E R  T I M E .  THE CAMERA H A S  A  M E D I U M  ANGLE 
( 7 6  DEGREES) T E G E A  F / 1 . 8  L E N S  P R O D U C I N G  A  R E S O L U T I O N  O F  ABOUT 
1.0 M I L E .  T H E  CAMERA H A S  A  SHUTTER SPEED OF 1.5 M I L L I S E C O N D S  AND 
A  V I D E O - H A N D W I O T H  OF 62 .5  KHz .  THE 5 0 0  L I N E  FRAME I S  PROCESSED 
FOR STORAGE I N  1 2  SECS. A  M I N I M U Y  I N T E R V A L ,  SETWEEN P I C T U R E S ,  OF 
10 SECONDS I S  P F Q U I P E D  FOP T H E  T A R G E T  I M A G E  TO R E  E L E C T P I C A L L Y  
E R A S E D *  THE CAMERA I S  A L I G N E D  P A R A L L E L  TO THE S A T E L L I T E ' S  S P I N  
A X I S  AND I S  A U T C l M 4 T I C A L L Y  T P I G G F R E D  SO A S  TO B E  I N  A  P I C T U R E  
T A K I N G  YODE ONLY WHEN D I R E C T E D  TOWARD THE EARTH. T R A N S M I S S I O N  OF 
THE E N T I R E  R E E L  OF 3 2  P I C T U R E S  CAN B E  A C C O M P L I S H E D  I N  100 SEC- 
ONDS BY A  2-WATT FY T R A N S M I T T E R  O P E R A T I N G  AT A  N O Y I N A L  FREQUENCY 
OF 2 3 5  MHz. 

32. PHENOMENA OBSERVED 

, C L O U D  COVER OVER THE E A R T H ' S  SURFACE 
33. MEASUREMENT RANGE 

7 TO 8 L E V E L S  OF GRAY 
34. PRECISION AND ACCURACY 

7. ORGANIZATION 1 8. TELEPHONE 

GODOAPO SPACE F L T  CENTER 
10. ORGANIZATION 

301-982-5042 
11. TELEPHONE 



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

0.5 TO 0.65 MICRONSINI I 
38. FIELD OF VIEW 139. GROUND SWATH 

56.0 RY 56.0 DFGI  SO'! NY B Y  500 NM FROM 4 5 0  NY A L T I T U D E  
40. ANGULAR  RESOLUTION^ 41. SPATIAL RESOLUTION 

0.12 D E G I ~ , ~  MY PER T V - L I N E  FROY 4 5 0  NM A L T I T U D E  
42 POINTING ACCURACY 43. POINTING RATE 44. ALTITUDE I 45. INCLINATION 

I I M E D  CIRCULAR 1 YFDIUM POSIGRADE 
46. SPECIAL REQUIREMENTS 

47. COMPONENTS 

T V  C A Y E R P *  TKANSYITTER I TAPE RECnRDFR 
48. WEIGHT 149. VOLUME 1 50 AVERAGE POWER 151 STANDBY POWER 1 52. PEAK POWER 1 53. MTBF 

7 LS I  I 9 W ~ T T S I  NONF I 9 H A T T S ~  
54 INTERERENEE I 55 IN~","R%!'R~&E I Ss IN~"E"R"F'E'R"E"N~E 1 57 ~NT%%:~cE 1 58. SHIELDING 

1 SENSIT IVF~ I ~ Y A G N E T I C  S H I E L D I N G  USED - 
59. CALIBRATION 160. DATA RECOVERY 61 FREQUENCY OF OBSERVATION 

NO I N - F L I G H T  CALISQATIONIDECAYED OR R E A L T I M F  I ~ A Y S I D E  OF O R B I T  
62. TELEMETRY REQUIREMENTS 

F U L L  R E E L  OF 32 P ICTURES CAN BE R E P 0  OUT I N  120 SECONDS U S I N G  
AN FM TRANSMITTER OPERATING AT FREQUENCY OF 235  MHz. 

63. ADVANTAGES AND LIMITATIONS 

BROAD SYNOPTIC VIEW I N G  OF CLOUD-COVER PATTERVS* VALUABLE FOR 
-ICE: STUDY AND I C E  RECONNAISS4NCF. 
64. REFERENCES 

1 )  S I G N I F I C A N T  ACHIEVEMENTS I N  S A T E L L I T E  Y E T E O R O L O G Y t  1 9 5 8 - 1 9 6 4 .  
NASA SP-96.***2)  INSTRUMFNTS AVD SPACECRAFT, OCT 57-PAR 6 5 .  NASA 
SP-3028.** *3)  NASA NEWS RELEASES FOR T I R O S  49 5r 6 .  RELEASE NO'S 
6 2 - 2 4 ;  6 2 - 1 3 6 ;  62-194,* * *4)  DATA A V A I L A B L E  FROY NATIONAL WEATHER 
RtCORDS CENTER (ESSP 1 A S Y F V I L L E  t NoCm 

65. HISTORICAL REMARKS 

. I D E N T I C A L  INSTRUYENTS FLOWN ON T I R O S  4 9  5 ,  AVO 6 .  



A 

INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 
V I D I  CnN C A Y E H A  S Y S T E M  

(TITLE CONT.) 

M E D I U M - A h G L E  L E N S  

2 ACRONYM 1 3. EXP NO 

VCSM I 
4 RESUME DATE I SVERSION 
C 9 / 0 1 / 7 2 ] 3 3 C 5  

8. TELEPHONE 

3 0 1 - 9 8 2 - 5 0 4 2  
11. TELEPHONE 

6. PRINCIPAL INVESTIGATOR 

R A D O S  F .M.  ( M G R .  ) 
9. CO-INVESTIGATOR 

12 CONTRACT 
W E  113. CONTRACT NUMBER 114. FLASH INDEX NUMBER 1 l5 116 C ~ ~ f : ' O N I  17. STATUS 

I I I 
1 l POST FLIGHT- 

18. MONITOR 119. AGENCY 120 PGM OFFICE I 21. TELEPHONE 

, T E P P E R ,  M e  I N A S A  H D Q l R S  I CIAIERD 1 2 0 2 - 7 5 5 - 2 3 2 2  
22. VENDOR 1 23. LOCATION I " ky:2T 125. LEAD TIME 

R C A  A S T R O - E L E C T R O N I C S  I PP I Y C E T O N ~  NEH J F R S E Y  I 0 6 1 6 2 1  NA 
26. INSTRUMENT TYPE 

I7 
s u v .  

I M A G E R ,  0 . 5 - I N C H  M E D I U M - A N G L E  F / l m  8 V I D I C O N  I UNQ 
28. APPLlCATlON 12% SPACECRAFT 

M E T  ITIROS 5 
30. PURPOSE 

P R I M A R Y - T O  P R O V I D E  P I C T U R E S  O F  E A R T H ' S  C L O U D  COVER A N D  I N V E S T I -  
G A T E  F O R M A T I V E  S T A G E S  O F  H U R R I C A N E S  AND A T M O S P H E R I C  M O T I O N S .  *** 
SECONDARY-TO C O N F I R M  T H E  C A P A B I L I T Y  O F  U S I N G  A  WEATHER S A T E L L I T E  
F O R  I C E  R E C O N A I S S A N C E .  

31. PRINCIPLES W OPERATION 

T H I S  M E D I U M  A N G L E  V I D I C O N  C A M E R A  S Y S T E M  WAS A L S O  F L O H N t  I N  I D E N -  
T I C A L  C O N F I G U R A T I O N ,  O N  T I R O S  4 A N D  6. I T  C O N S I S T S  O F  A  L / 2 - I N C H  
V I D I C O N  T U B E  A N D  A F O C A L - P L A N E  S H U T T E R  T H A T  P E R M I T S  STORAGE O F  
S T I L L  P I C T U R E S  O N  T H E  T U B E  SCREEN.  A N  E L E C T R O N  B E A M  C O N V E R T S  T H E  
S T O R E D  P I C T U R E S  I N T O  T E L E V I S I O N - T Y P E  E L E C T R O N I C  S I G N A L S *  W H I C H  
C A N  B E  T R A N S M I T T E D  T O  GROUND R E C E I V E R S  ON COMMAND. T H E  S Y S T E Y  
C A N  A L S O  PROCESS A N 0  S T O R E  U P  TO 32  P I C T U R E S  O N  M A G N E T I C  T A P E  
F O R  T R A N S M I S S I O N  A T  A  L A T E R  T I M E .  T H E  CAMERA H A S  A  M E D I U Y  A N G L E  
( 7 6  D E G R E E S )  T E G E A  F/1.8 L E N S  P R O D U C I N G  A R E S O L U T I O N  '3F ABOUT 
1.0 NMe T H E  CAMERA H A S  A  S H U T T E R  S P E E D  O F  1.5 M I L L I S E C O N D S  A N D  
A  V I D E O - B A N D W I D T H  OF 62.5 K H z ,  T H E  500 L I N E  F R A M E  I S  P R O C E S S E D  
F O R  S T O R A G E  I N  1 2  SECS. A  M I N I M U M  I N T E R V A L *  B E T W E E N  P I C T U R E S *  O F  
10 SECONDS I S  R E Q U I R E D  f O R  T H E  T A R G E T  I M A G E  T O  B E  E L E C T R I C A L L Y  
ERASED.  T H E  CAMERA I S  A L I G N E D  P A R A L L E L  TO THE S A T E L L I T E ' S  S P I N  
A X I S  A N D  I S  4 U T O M A T I C A L L Y  T R I G G E R E D  SO A S  TO HE I N  A  P I C T U R E  
T A K I N G  MODE O N L Y  WHEN O I P E C T E D  TOWARD THE EARTH.  T R A N S M I S S I O N  
OF T H E  E N T I R E  R E E L  O F  32  P I C T U R E S  C A N  B E  A C C O M P L I S H E D  I N  100 
S E C O N D S  BY A 2 - Y A T T  FM T R A N S M I T T E R  O P E R A T I N G  A T  A N O M I N A L  FRE- 
QUENCY O F  235  M H z m  

32. PHENOMENA OBSERVED 

C L O U C  COVER '3VEQ T H E  E A R T H ' S  S U R F A C E  
33. MEASUREMENT RANGE 

7 TO 8 L E V E L S  OF GRAY 
34. PRECISION AND ACCURACY 

7. ORGANIZATION 

GODDARD S P A C F  F L T  C E N T E R  
10. ORGANIZATION 



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

0.5 T O  0 . 6 5  M I C P O N S I N A  I 
38. FIELD OF VIEW [ 39. GROUND SWATH 

5 6 . 9  BY  56.Q D E G 1  480 NM R Y  480 NM FROM 450 N M  A L T I T U D E  
40. ANGULAR RESOLUT~ON~ 41. SPATIAL RESOLUTION 

0.12 D E G I ~ . O  N Y  P E R  T V - L I N E  F R n M  4 5 0  N Y  A L T I T U D F  
42 POINTING ACCURACY 1 43. POINTING RATE 144. ALTITUDE / 45. INCLINATION 

1 ] MED C I R C U L A R  ] Y F D I U M  P O S T G R A D t  
46. SPECIAL REQUIREMENTS 

- - - - 
47. COMPONENTS 

. T V  CAMEPA,  T R A N S M I T T F P  T A P E  RECORDER 
48. WEIGHT 149. VOLUME 1 50. AVERAGE POWER 161. STANDBY POWER 1 52. PEAK POWER 1 53. MTBF _ 

7 L B ~  I 9 W A T T S I N O N E  I 9 W A T T S  1 
INTERFE'RENCE I 55 INTME"RZER:I&E / 54 tw~%k\~"Nc~ 1 57 IN~'E"R'F"E!%~E 1 58. SHIELDING 

1  SENSITIVE^ I [ M A G N E T I C  S H I E L D I N G  U S E D  - 
59. CALIBRATION 160. DATA RECOVERY 61. FREOUENCY OF OBSERVATION 

NO I N - F L I G H T  C A C I P R A T I O N ~ D E L A Y E D  OR R E A L T I Y E   DAY S I D E  OF O R B I T  
62. TELEMETRY REQUIREMENTS 

F U L L  R E E L  OF 32  P I C T U R E S  C A N  BE R E A D  O U T  I N  l Q @  S E C O N D S  U S I N G  
AY F Y  T Q 4 N S M I T T E R  O P E R A T I Y G  A T  F R E Q U E N C Y  OF 2 3 5  YHZ. 

63. ADVANTAGES AND LIMITATIONS 

R R F A D  S Y N O P T I C  V I E W I N G  OF CLOUO C O V E R  P A T T E R U S .  V A L U A B L E  FOR 
I C F  S T U D Y  AND I C E  R E C O N N A I S S P Y C E o  
64. REFERENCES 

1 )  S I G N I F I C A N T  A C Y I E V E M F N T S  I N  S A T F L L I T E  METEOROLOGYI  1958-1964.  
N A S A  S P - 9 6 .  ***2 1 I N S T R U M E N T S  AVD S P A C E C R A F T ,  O C T  5 7 - M A R  65 NASA 
S P - 3 0 2 5 . * * * 3 )  N A S A  NEWS Q E L E A S E S  F O R  T I R O S  4 9  5 ,  6. R E L E A S E  NO'S 
62-24; 6 2 - 1 3 6 ;  62 -194 . * * *4 )  D A T A  4 V A I L A B t E  F R O M  N A T I O N A L  WEATHER 
RFCORDS C E N T E R  ( E S S A  1 P S Y E V I L L E ,  NmCm 

65. HISTORICAL REMARKS 

, I D E N T I C 4 L  I ~ J S T ~ U M E ~ J T S  FLOWN O V  T I R O S  4 9  5 ,  A V O  6 .  



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 

V I D I C O N  C A M E R A  S Y S T E M  
(TITLE CONT.) 

M E D I U M - A N G L ~  L E N S  

2 ACRONYM 1 3. EXP NO 

VC SM I 
4 RESUME D ~ T E  I 5VERSION 

o ~ / o i / 7 2  1 3 n t 5  
6. PRINCIPAL INVESTIGATOR 

R A D O S ,  R.M. (MGP . 1 
9. C0-INVESTIGATOR 

I M A G E R ,  0 ,5 - I r \ lCH  M E D I U M - A N G L E  F / l m 8  V I D I C O N  1 U N C  
28. APPLICATION 129. SPACECRAFT 

, Y E T  ITIROS 6 
30. PURPOSE 

P P I M A R Y - T O  P R O V I D E  P I C T U R E S  O F  E A R T H ' S  C L O U D  COVER A N D  I N V E S T I -  
G A T E  F O R M A T I V E  S T A G E S  O F  H U R R I C A N E S  AND A T M O S P H E R I C  M C T I O h S . * * *  
S E C C N D O R Y - T O  C O N F I R M  T H E  C A P A P I L I T Y  O F  U S I N G  A  WEATHER S A T E L L I T E  
F n R  I C F  P E C O ' l A I 5 S A N C E a  

31. PRINCIPLES OF OPERATION 

T H I S  Y E D I U M  A N G L E  V I D I C O N  C A M E R A  S Y S T E M  WAS A L S O  FLOWN, I N  I 3 E N -  
T I C A L  C O N F  I G U R A T  I O N ,  ON T I R O S  4 F N D  5. I T  C O N S I S T S  O F  A  1 / 2 - I N C H  
V I D I C C N  T U B E  AND A  F O C A L - P L A N E  S H U T T E R  T H A T  P E R M I T S  STORAGE 3F 
S T  I L L  P I C T U F E S  O N  T H E  TUBE S C R E E N a A N  E L E C T R O N  R E A M  C O N V E R T S  T H E  
S T O R E D  P I C T U R E S  I N T O  T E L E V I S I O N - T Y P E  E L E C T R O N I C  S I G N A L S ,  W H I C H  
C A Y  S E  T R A N S M I T T E D  T O  GRQUND R E C E I V E R S  ON COMMAND. T H E  S Y S T E Y  
C A a  A L S O  P R O C E S S  ANC S T O R E  U P  TO 3 2  P I C T U R E S  O N  M A G N E T I C  T A P E  
F O R  T R A N S M I S S I O N  A T  A  L A T E R  T I M E ,  T H E  C A M E R A  H A S  A  M E D I U M  A N G L E  
( 7 6  C F G R F E S )  T E G E A  F / l m 8  L E h S  P R O D U C I N G  A  R E S O L U T I O N  QF ABOUT 
l a r  M I L E .  T H E  C A M E P A  H A S  A  S H U T T E R  S P E E D  O F  1.5 M I L L I S E C O N D S  AND 
A V I D E O - B A N D W I 3 T H  OF  62.5 K H z .  THE 50C L I N E  F R A M E  I S  P R O C E S S E D  
F O R  S T O R A G E  I N  1 2  S E C S *  A  M I N I M U M  I N T E R V A L I R E T W E E N  P I C T U R E S *  OF 
{JO S E C O Y O S  I S  P F Q U I R E D  FOR T H E  T A R G E T  I P A G E  TO F3E E L E C T R I C A L L Y  

E R A S E D *  T H E  C 4 Y E R A  I S  A L I G N E D  P A R A L L E L  TO THE S A T E L L I T E ' S  S P I N  
A X I S  AND I S  A U T O M A T I C A L L Y  T R I G G E R E D  SO A S  TO R E  I N  A  P I C T U R E  
T A K I N G  Y n O E  O N L Y  WHEh D I Q F C T E D  TOWARD T H E  E A R T H .  T R A N S M I S S I O N  
O F  T H E  E N T I R E  P E E L  O F  3 2  P I C T U R E S  C 4 N  BE A C C O M P L I S H E D  I N  1 P 0  
S E C O N D S  BY A 2 - d A T T  FM T R A N S M I T T E R  O P F P A T I N G  A T  A  N O Y I N A L  FPE- 
QUENCY OF 2 3 5  YHZ. 

32. PHENOMENA OBSERVED 

C L O U D  C O V F K  9 V E R  T H E  E A R T H ' S  S U R F A C E  
33. MEASUREMENT RANGE 

,7 T O  8  L E V E L S  OF G R A Y  
34. PRECISION AND ACCURACY 

7. ORGANIZATION 

GODDAPD S P A C E  F L T  C E N T E R  
10. ORGANIZATION 

8. TELEPHONE 

3 0 1 - 9 8 2 - 5 0 4 2  
11. TELEPHONE 



4)DATA AVAILABLE FROM NATIONAL WEATHER RECORDS CTR(ESSA) 
ASHEV1CLEvN.C. 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 

V I U I C O h  C A Y E P A  S Y S T E M  
(TITLE CONT.) 

R A R H O W - A N G L E  L E N S  

2 ACRONYM 1 3. EXP NO 

V C S N  I 
4 RCSUME DATE I &ERSION 

C 9 / 0 1 / 7 2 1  9 0 P 4  
6. PRINCIPAL INVESTIGATOR 

S T K O U D *  k . G .  ( M G R )  
9. CO-INVESTIGATOR 

12 CCUTRACT 
TYPE 113. CONTRACT NUMBER 114. FLASH INDEX NUMBER 1 " %*r",T 118 C?kfz'ONI 17. STATUS 

I 1 I I 1 P O S T  F L I G H T  
18. MONITOR 119. AGENCY I 20. PGM OFFICE 1 21. TELEPHONE 

T E P P E R ,  4. 1 N A S A  H G Q T P S  1 O A / E R D  1 2 0 2 - 7 5 5 - 2 3 2 2  
22. VENDOR 1 23. LOCATION 1 24 125. LEAD TIME 

R C A  A S T P O - E L E C T R O N I C S  I P R I Y C E T O ~ *  NEW J E R S E Y  1 0 4 / 6 C I  NA  
26. INSTRUMENT TYPE il 

I M A G E R *  Y P K R I I v J - A h G L E  F / l . S  0 . 5 - I N C H  V I D I C O N  ~ T C  
28. APPLICATION 129. SPACECRAFT 

M F T  I T I R O S  1 
30. PURPOSE 

P R I M A R Y - T O  A C Q U I R E  A N D  T R A Y S W I T  ( P E A L T I M F  OR D E L A Y E D )  P I C T U R E S  
OF THE E A R T H S  C L O U D  C O V E R  S H G W I N G  S P E C I F I C  C L O U D  T Y P E S  I r J  G P E A T -  
E R  D E T A I L  T H A N  W I D E  A N D  Y E D I U M  4 N G L E  C A M E P A S .  

31. PRINCIPLES OF OPERATION 

T H I S  N A R R O W  A N G L E  V I O I C O N  C A M E F A  I S  I D E N T I C A L  T O  T H E  O N E  T H A T  
d A S  F L l l W N  S U B S F U U E N T L Y  O N  T I P O S  2. I T  C O N S I S T S  O F  A  1 1 2 - I N C H  
V I D I C O N  T U B E  A N D  A  F O C A L - P L A N E  S H U T T E R  T H A T  P E R M I T S  S T O R 4 G E  3 F  
S T I L L  P I C T U R E S  ON THE T U R E  S C P F E N .  A N  E L E C T R O N  9 E A M  C O N V E R T S  T H E  
S T O R E D  P I C T U R E S  I N T O  T E L E V I S - I O N - T Y P E  E L E C T H C I N I C  S I G N A L S  W H I C H  
C A V  9 E  T R A N S Y I T T E D  T O  GROUND P E C E I V E R S  ON COMMAND.  T H E  S Y S T E Y  
C A N  A L S O  P R O C E S S  ANC S T O R E  U P  TO 32  P I C T U R E S  O N  M A G N E T I C  T A P E  
F O R  T R A N S M I S S I O V  A T  A  L A T E P  T I M E .  T H E  C A M E R A  H A S  A  NARROW A N G L E  
(12 D E G P E E S )  C I N E G O R  F / 1 . 5  L E N S  P R O D U C I N G  A  R E S O L U T I O N  OF A313UT 
1000 F E E T .  T H E  P H O T O G R A P H S  A R E  W I T H I N  T H E  W I D E - A N G L E  C A M E P A  
V I E t d S .  T H E  C A Y E R A  H A S  A  S H U T T C P  S P E E D  OF 1.5 M I L L I S E C O N D S  AND A  
V I D E O  B A Y D W I D T H  OF 62.5 K Y Z .  T H E  500 L I N E  F R A M E  I S  P R q C F S S E D  F O R  
S T O R A G E  14 2 SEC.  A M I N I M l l M  I N T E P V 4 L  O F  10 SECOn lDS  P E T I J E E N  P I C -  
T U R E S  I S  R E G U I R E D  FOR T H E  T A R G E T  I M A G F  T I1  R E  E L E C T R I C A L L Y  EF;ASFD 
T H E  C 4 M E R 4  I S  A L I G N E D  P A R A L L E L  T O  T H E  S A T F L L I T E S  S P I N  4 x 1 s  A Y D  
I S  A U T O M A T I C A L L Y  T R I G G E R E L )  St) PIS T O  8 E  I N  A P I C T U R F  T A K I N G  M r I D E  
O N L Y  WHEN D I R E C T E D  TOWARD T H E  E A K T H .  T R A N S M I S S I n N  OF T H E  F N T I Q E  
R E E L  OF 32 P I C T U R E S  C A N  R F  A C C O M P L I S H E Q  I N  10 S F C O N O S  B Y  A 2 -  
W A T T  FM T H A N S M I T T E 4  O P E R A T I N G  A T  A N O Y  I N A L  F R E Q U E N C Y  O F  2 3 5  Y H Z .  

- 

32. PHENOMENA OBSERVED 

, C L O U D  C O V E R  Q V E R  T t i E  E A R T H ' S  S U R F A C E  
33. MEASUREMENT RANGE 

-5 L E V E L S  OF G R A Y  
34. PRECISION AND ACCURACY 

7. ORGANIZATION 

GODDPRU S P A C E  F L T  C E Y T E R  
10. ORGANIZATION 

8. TELEPHONE 

3 0 1 - 9 8 2 - 5 C 4 2  
11. TELEPHONE 





GODDARD SPACE FLIGHT CENTER 

E T A I L  T H A N  W I D E  AND M E D I U M  ANGLE CAMERAS. 

WAS FLOWN ON T H E  F I R S T  T I R O S .  I T  C O N S I S T S  O F  A 1 / 2 - I N C H  V I D I C O N  
T U B E  AND A F O C A L - P L A N E  SHUTTER T H A T  P E R M I T S  STORAGE OF S T I L L  
P I C T U R E S  O N  THE T U B E  SCREEN. AN E L E C T R O N  BEAM CONVERTS THE 
STORED P I C T U R E S  I N T O  T E L E V I  S I O N - T Y P E  E L E C T R O N I C  S I G N A L S *  W H I C H  
C A N  BE T R 4 N S M I T T E D  T O  GROUND P E C E I V E R S  OM COMMANDOTHE SYSTEM C A N  
A L S O  PROCESS AND STORE U P  TO 32 P I C T U R E S  O N  M A G N E T I C  T A P E  FOR 
T R A N S M I S S I O N  AT A L A T E R  T I M E .  THE CAMERA H A S  A NARROW ANGLE ( 1 2  
D E G R E E S )  C I N E G O R  F / 1 . 5  L E N S  PRODUCING A R E S O L U T I O N  OF ABOUT 8 5 0  
F E E T .  T H E  PHOTOGRAPHS ARE W I T H I N  THE F O V  O F  A C O M P A N I O N  CAMEQA. 
T H E  CAMERA H A S  A SHUTTER SPEED OF 1.5 M I L L I S E C O N D S  AND A V I D E O -  
B A N D W I D T H  OF 62.5 KHz. THE 5 0 Q  L I N E  FRAME I S  PPOCESSEO FOP STOR- 
AGE I N  2 SECS. A M I N I M U M  I N T E R V A L  OF 10 SECONDS BETWEEN P I C T U R E S  
I S  R E Q U I R E D  FOR T H E  T A R G E T  I Y A G F  TO R E  E L E C T R I C A L L Y  ERASED. THE 
CAMERA I S  A L I G N E D  P A R A L L E L  T O  THE S A T E L L I T E S  S P I N  A X I S  AND I S  
T U R N E D  O N  BY COMMAND. T R A N S M I S S I O N  O F  THE E N T I R E  R E E L  OF 32  
P I C T U R E S  CAN BE A C C O M P L I S H E D  I N  1 C O  SECONDS R Y  A 2-WATT F M  
T R A N S M I T T E R  O P E R A T I N G  AT A N O M I N A L  FREQUENCY O F  235  MHz. 





C O V E R  T O  P R O V I D E  M E T F O Q U L O G I S T S  W I T H  D E T A I L E D  I N F O R M A T I O N  ON 
I N D I V I D U A L  C L O U D  T Y P E S  OVER S P F C I F I C  AREAS.  T H E  F I R S T  S A T E L L I T E  
I N  T H E  T I H O S  O P E R A T I O N A L  S A T E L L I T E  ( T O S )  SYSTEM.  

MOUNTED ON T H E  S I D E  OF T H E  S P A C E C R A F T  A N D  C A N T E D  2 6  D E G  T O  E A C H  
S I D E  OF T H E  P L A N E  OF T H E  S A T E L L I T E S  R O T A T I O N .  E A C H  CAMERA WAS 
A U T O M A T I C A L L Y  T R I G G E R E D  SO A S  T O  BE I N  A  P I C T U R E  T A K I N G  MODE 
O N L Y  WHEN V I E W I N G  T H E  E A R T H *  ONCE E A C H  S P A C E C R A F T  P O T A T I O N  
I10 R P M ) .  E A C H  CAMERA C O N S I S T S  O F  A  1 / 2 - I N  V I D I C O N  T U S E  AND 4 
F O C A L - P L A N E  S H U T T E R  T H A T  P E R M I T S  S T O R A G E  OF S T I L L  P I C T U R E S  O N  
T H E  T U B E  SCREEN.  AN E L E C T R O N  REAM C O N V F R T S  T H E  STORED P I C T U R E S  
I N T O  T V - T Y P E  E L E C T R O N I C  S I G N A L S *  W H I C H  C A N  A L S O  P R O C E S S  A N D  
S T O R E  U P  T O  3 2  P I C T U R E S  O N  M A G N E T I C  T A P E  FOR L A T E R  T R A N S M I S S I O N .  
T H E  CAMERA H A S  A  W I D E  A N G L F  ( 1 G 5  D E G )  E C G E E T  F / 1 . 5  L E N S .  T H E  

Of  6 2 . 5  KHZ. T H E  500 L I N E  F R A M E  I S  P R O C E S S E D  F O R  S T O R A G E  I N  2 
SECS.  A  M I N I M U M  I N T E R V A L  O F  10 S E C  B E T W E E N  P I C T U R F S  I S  R E Q U I R E D  
F O R  T H E  T A R G E T  I M A G E  T O  B E  E L E C T R I C A L L Y  ERASED.  T P 4 N S M I S S I O N  OF 



r 
35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

0.4 T O  0.65 M I C R O N  1 NA I 
38. FIELD OF VIEW 139. GROUND SWATH 

7 4 . 0  BY  74.q PEG1 651) NM RY 65'? NM FQOM 40C NM A L T I T U D E  
40. ANGULAR  RESOLUTION^ 41. SPATIAL RESOLUTION 

0.2 0 ~ G l 1 . 4  NM PEP TV L I N E  F P O M  40C NY A L T I T U D E  
42.POlNTlNG ACCURACY~ 43. POINTING RATE 144. ALTITUDE 145. INCLINATION 

I I Y E D  C I R C U L 4 R  I SUM-SYNCH R E T R O G R A D E  
46. SPECIAL REQUIREMENTS 

47. COMPONENTS 
T V  C A Y E R A *  T R A N S M I T T E R  T A P E  RECORDER 
.48. WEIGHT 149. VOLUME I 50. AVERAGE POWER 151. STANDBY POWER 1 52. PEAK POWER 1 53. MT BF 

I I 9 ~ A T T S ~  I 9 M A T T S ]  
~NTER,EREHCE 1 55 IN~"E"R"F!G'&E 1 54 IWT%%\\?'&E I s7 I N T ~ ~ ? " A % c E  1 58. SHIELDING 

I S E N S I T I V F ~  I I M A G N E T I C  S H I E L D I N G  USED 
69. CALIBRATION 160. DATA RECOVERY 61. FREQUENCY OF OBSERVATION 

NO I N - F L I G H T  CALIRPATIONI D E L A Y F D  T E L E M E T R Y  I D A Y S I D E  OF O R B I T  
62. TELEMETRY REQUIREMENTS 

F U L L  R E E L  O F  3 2  P I C T U R E S  C A N  RF R E A D  O U T  I N  100 SECONDS U S I N G  
AN FM T R A N S M I T T E R  9 P F P A T I N G  A T  A  F R E Q U E N C Y  OF 235 YHZ. 

63. ADVANTAGES AND LIMITATIONS 

E!ROAO S Y N O P T I C  V I E d I N G  O F  C L O U D  CCIVER P A T T F R ' J S .  MORE V A L U d R L E  
D A T A  F O P  WEATHER A N A L Y S I S  T H A N  F P O M  MED. O R  VARROW A N G L E  C A M E R A S  

64. REFERENCES 

1 ) S I G Y I F I C A N T  A C H I E V E M F N T S  I N  S A T  M E T  1 9 5 8 - 1 9 6 4 .  N A S A  SP-96.***  
2 ) G n L D B E R G ,  E.A. AND L A N D O Y  1 V.D.: K E Y  E Q U I P  F O R  T I R O S  1. ASTRO-  
4 A U T I C S  V.5, J U N E  1 9 6 0 . * * * 3  I M E S N E R  T M.H. A N 3  S T A N I S Z E W S K I  I J.: 
T V  CAMERAS FOR S P A C E  E X P L D R .  A S T R O N A U T I C S ,  V.5, MAY 1960m*** 
4 )  I N S T R U Y F N T S  AND S P A C E C R A F T .  NASA S P - 3 0 2 8 ,  1966. * * * 5  1 9 4 T 4  

, A V A I  L 4 B L E  F R O M  N A T I O Y A L  WEATHER R E C O R D S  CTR ( E S S A )  r 4 S H E V I L L E e N C a  
65. HISTORICAL REMARKS 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 2 ACRONYM 1 3. EXP NO 

V I D I C O N  C A M E R A  S Y S T E M  VCSW I 
(TITLE CONT.) 4 RESUME DATE I &ERSION 

' W I D E - A N G L E  L E N S  0 9 / 0 1 / 7 2 1 0 n C 4  
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE 

STROUD,  W. G. ( Y G R  GODDARD S P A C E  F L T  C E N T E R  3 0 1 - 9 8 2 - 5 0 4 2  
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE 

I 

I M A G E R ,  M I  D E - A N G L E  F / L .  5 L O W - R E S O L U T I O N  0 . 5 - I N C H  V I D I C O N  1 UNC 
28. APPLICATION 129. SPACECRAFT 

, M E T  1 T I R O S  1 
310. PURPOSE 

P R I M 4 P Y - T O  A C Q U I R E  A N D  T R A N S M I T  P I C T U R E S  O F  T H E  E A R T H ' S  C L O U D  
C O V E R  T O  P R O V I D E  M E T E O R O L O G I S T S  W I T H  D E T A I L E D  I N F O R M A T I O N  ON 
I N D I V I D U A L  C L O U D  T Y P E S  OVER S P E C I F I C  AREAS.***SECONOARY-TO T E S T  
T V  S E N S O R  I N  SPACE.  

31. PRINCIPLES OF OPERATION 

T H I S  C A M E R A  S U B - S Y S T E M  H A S  FLOWN I N  AN I D E N T I C A L  C O N F I G U R A T I O N  
O N  T I R O S  1-10 A N D  S I M I L A R  C O N F I G U R A T I O N  O N  E S S A  1. O N  T I R O S  1 - 8 9  
10 T H E  CAMERAS WERE A L I G N E D  P A R A L L E L  TO T H E  S / C  S P I N  A X I S  AND 
E X T E N D E D  THROUGH T H E  B A S E  P L A T E .  I T  C O N S I S T S  O F  A  3.5 I N  V I D I C O N  
T U B E  AND A  F O C A L - P L A N E  S H U T T E R  T H A T  P E R M I T S  STORAGE OF S T I L L  
P I C T U R E S  O N  T H E  T U B E  SCREEN.  A N  E L E C T R O N  B E A M  C O N V E R T S  THE 
S T O R E D  P I C T U R E S  I N T O  T E L E V I S I O N - T Y P E  E L E C T R O N I C  S I G N A L S  W H I C H  
C A N  BE T R A N S V I T T E D  T O  GROUND R E C E I V E R S  O N  COMMANDoTHE S Y S T E M  C A N  
A L S O  P R O C E S S  A N C  S T O R E  U P  T O  32  P I C T U R E S  O N  M A G N E T I C  T A P E  F09 
T R A N S M I S S I O N  AT A  L A T E R  T I M E .  T H E  C A M E R A  H A S  A W I D E  A N G L E  ( 1 3 5  
D E G )  E L G E E T  F / 1 ,  5 L E N S  P R O D U C I N G  A  R E S O L U T I O N  O F  1.4 T O  2 . 0  YM. 
T H E  CAMERA H A S  A S H U T T E R  S P E E D  OF 1 .5  M I C L I S E C  A N 0  A  V I D E O - R A N D -  
W I D T H  O F  6 2 . 5  K H z .  T H E  5 0 0  L I N E  F R A M E  I S  P R O C E S S E D  F n R  STORAGE 
I N  2 SEC. A  M I N I M U M  I N T E R V A L  O F  10 SEC B E T W E E N  P I C T U R E S  I S  R E -  
Q U I R E D  F O R  T H E  T A R G E T  I M A G E  TO B F  E L E C T R I C A L L Y  ERASED.  T H E  CAM- 
E R A  I S  A L I G N E D  P 4 S A L L E L  T O  T H E  S A T E L L I T E S  S P I N  A X I S  A N D  I S  AIJTO- 
M A T I C A L L Y  T R I G G E R E D  SO AS 10 B E  I N  A  P I C T U R E  T A K I N G  MODE D N L Y  
WHEN D I R E C T E D  TOWARD T H E  EARTH.  T R A N S M I S S I O N  O F  T H E  E N T I R E  R E E L  
O F  3 2  P I C T U R E S  C A N  B E  A C C O M P L I S H E D  I N  LOO SEC B Y  A  2 -WATT F M  
T R A Y S M I T T E R  O P E R A T I N G  A T  A  N O Y I N A L  F R E Q U E N C Y  O F  235 MHz. 
32. PHENOMENA OBSERVED 

. C L O U D  C O V E R  A N D  T H E  E A R T H ' S  S U P F A C F  
33. MEASUREMERT RANGE 

5 L E V E L S  OF GRAY 
34. PRECISION AND ACCURACY .- 



DATA FOR WEATHER ANALYSIS  THAN FROM ME0 OR N9RROW ANGLE CAMERAS 

N A U T I C S T  V.59  JUNE 1960 , * * *3 )MESNER,M*H*  AND STANISZEWSKI9  J a :  

TV CAMERAS FOR SPACE E X P C O R *  ASTRONAUTICSI V.59 MAY 1960a*** 
4 ) INSTRUMENTS AN0 SPACECRAFT* N A S A  SP-30289  1966, * * * S )  D4TA 

A 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

I N O I V I G U A L  C L O U D  T Y P E S  O V E R  S P E C I F I C  AREAS. * * *SECONnARY-TO T E S T  
T V  S E N S O R  I N  S P A C F .  

A S I M I L A R  C C N F I G U R A T I O N  HAS FLOWN ON E S S 4  1. O N  T I R O S  1 T H R U  8 G 
10 T H E  C A M E P 4 S  WERE A L I G Y F D  P A R A L L E L  T O  THE S / C  S P I N  A X I S  AND 
E X T E N D E D  THROUGY T H E  B A S E  P L A T E .  I T  C O N S I S T S  O F  A 1 / 2 - I N  V I D I C O N  
T U B E  AND A F O C A L - P L A N E  S H U T T E R  T H A T  P E R M I T S  STORAGE Of S T I L L  
P I C T U R E S  ON T H E  T U B E  SCREEN.  AN E L E C T R O N  B E A Y  C O N V E R T S  T H E  
S T O R E D  P I C T U R E S  I N T O  T E L E V I S I O N - T Y P E  E L E C T R O N I C  S I G N A L S ,  W H I C H  
C A N  BE T R A N S M I T T E D  T O  GROUlUD R E C E I V E R S  ON C O M M A N D o T H E  S Y S T E M  C A N  
A L S O  PROCESS A N D  S T O R E  U P  TO 32  P I C T U R E S  O N  M A G N E T I C  T A P E  FOR 
T R A N S M I S S I O N  AT A L A T E R  T I M E .  T H E  CAMERA H A S  A  W I D E  A N G L E ( l O 5  
D E G I E L G E E T  F / 1 . 5  L E N S  P R O D U C I N G  A  R E S O L U T I O N  O F  1.4 T O  2.0 NYm 
T H E  CAMERA H A S  A S H U T T E R  SPEED OF 1.5 M I L L I S E C  4 N D  A  V I D E O - B 4 N D -  
M I D T H  Of 6 2 . 5  KHz. T H E  500 L I N E  F R A M E  I S  P R O C E S S E D  F O P  STORAGE 
I N  2 S E C O A  M I N I Y U M  I N T E R V A L  O F  10 S E C  B E T W E E N  P I C T U R E S  I S  R E -  
Q U I R E D  FOR T H E  T A R G E T  I M A G E  T O  BE  E L E C T R I C A L L Y  ERASED.THE CAMERA 

S A L I G N E D  P A R A L L E L  T O  T H E  S P I N  A X I S  O F  T H E  S A T E L L I T E ,  AND I S  
U R N E D  O N  BY COMMAND. T R A N S M I S S I O N  OF T H E  E N T I R E  P E E L  O F  32 
I C V U R E S  C A N  B E  A C C O M P L I S H E D  I N  100 SECONDS B Y  A 2 -WATT F M  
R A N S M I T T E R  O P E R A T I N G  A T  A  N O M I N A L  F R E Q U E N C Y  O F  235 MHz.  



63. ADVANTAGES AND LIMITATIONS 1 
B R O A D  S Y N O P T I C  V I E W I N G  O F  C L O U D  COVER P A T T E R V S o  MORE V A L U A B L E  
D A T A  FOR WEATHER A N A L Y S I S  T H A N  F R O M  MED OR N4RRClW A N G L E  C A M E R A S  . 
64: REFERENCES 1 
 SIGNIFICANT A C H I E V E M E N T S  I N  S A T  MET 1958-1964. N A S A  SP-96,*** 
2 ) G O L D B E R G 1  €.A. AND L A N D O N ,  V o D o :  K E Y  E Q U I P  F O R  T I R O S  l o  ASTRO-  
N A U T I C S ,  V 0 S t  JUNE 1 9 6 0 o * * * 3 ) M E S N E R t H o H o  A N D  S T A N I S Z E W S K I *  J.2 
T V  C A M E R A S  FOR S P A C E  EXPLOR.  A S T R O N A U T I C S t  V o S t  MAY 1960o*** 
4) I N S T R U M E N T S  AND S P A C E C R A F T *  N A S A  SP-3028, 1966, * * * 5 )  D A T A  
A V A I L A B L E  F R O M  N A T I O N A L  WEATHER R E C O R D S  C T R  ( E S S A ) t A S H E V I L L E e N C o  
65. HISTORICAL REMARKS I 

I O F & T I C A C  C A Y E R A  F L O W N  O N  T I R O S  1-10: S I M I L A R  CAMERA O N  E S S A  1. _ 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 

V I D I C O N  C A M E R A  S Y S T E M  
(TITLE CONT.) 

W I D € - A N G L E  L E N S  

2 ACRONYM 1 3. EXP NO 

VCSW 1 
4 RESUME DATE I :ERSION 

G 9 / @ 1 / 7 2  ( 9 0 0 5  
8. TELEPHONE 

3 q 1 - 9 8 2 - 5 0 4 2  
11. TELEPHONE 

6. PRINCIPAL INVESTIGATOR 

R A D O S  R.M. ( M G t i .  1 
9. CO-INVESTIGATOR 

12 CONTRACT 
TYPE 113. CONTRACT NUMBER 1 14. FLASH INDEX NUMBER 1 " 116 CW:~::(ONI 17. STATUS 

1 I I I ] P O S T  F L I G H T .  
18. MONITOR 119. AGENCY 1 m. PGW OFFICE -1 TELEPHONE - 
, T E P P E P ,  M e  ~ N A S A  HDGITFS ~ o A / E R D  1 2 0 2 - 7 5 5 - 2 3 2 2  
22. VENDOR 1 23. LOCATION 1 f T  125. LEAD TIME 

P C A  A S T R O - E L  ECTRDN I C S  IPRINcFTOV, NFW J E R S E Y  107161 I N 4  
26. INSTRUMENT TYPE 27 

Y. 

I M A G E R ,  C.5- I r \ iCH W I D E - A N G L E  F / 1 . 5  LCinl F E S f l L U T I O N  V I D I C O N  1%' 
28. APPLICATION 129. SPACECRAFT 

M E T  I T I R O S  3 , 

30. PURPOSE 

P R I Y A R Y - T O  A C Q U I P E  A N D  T R A N S M I T  P I C T U R E S  OF T H E  E A R T H ' S  CLOUI) 
C O V E R  T O  P R O V I D E  M E T E O R O L O G I S T S  W I T H  D F T A I L E D  I N F O R M A T I n N  ON 
I N p I V I D U A L  C L O U D  T Y P E S  OVER S P E C I F I C  ARFAS.+* *SECONDARY-T@ T f  S T  
T V  S E N S O R  I N  S P A C E *  

31. PRINCIPLES OF OPERATION 

T H I S  CAMERA S U 3 - S Y S T E M  H A S  FLOWN I N  AN I D E N T I C A L  C U N F I G U R A T I q V  
ON T I P O S  1-10 AND S I M I L A R  C O N F I G U R A T I O N  ON E S S A  l r  HOWEVFP (nlv 
T H I S  F L I G H T ( T 1 P O S  3 )  2 W I D E  A N G L E  C A M E R A S  WERE USFD.  I T  C Q N S I S T S  
O F  A 1 / 2  I N  V I D I C O N  T U B E  AND A F O C A L - P L A N E  S H U T T E Q  T H A T  P E R M I T S  
S T O R A G E  OF S T I L L  P I C T U R E S  ON T H E  T U B E  SCREEN.  AN E L E C T R O N  B E 4 M  
C O V V E R T S  T H E  S T O R E C  PICTURES I r i r o  TELEVISI(IIV-TYPF ELECTRONIC 
S  I G N 4 L S e W H I C H  C A N  8E T R A N S M I T T E D  T O  GQOUNO R E C E I V E P S  O N  CGMM4NOo 
T H E  S Y S T E M  C A N  A L S O  P R O C E S S  A N D  S T O R E  U P  T O  3 2  P I C T U R E S  O N  MAG- 
N E T I C  T A P E  F O R  T R A N S M I S S I O N  A T  A L A T E R  T I Y E ,  THE CAMERA H A S  4 
H I D E  A N G L E ( l O 5  D E G )  E L G E E T  F / 1 . 5  L F N S  P R O D U C I N G  A  R E S O L U T I O N  OF 
1.5 T O  2.3 NM. T H E  C A M E P A  H A S  A S H U T T E R  S P E E D  OF 1 .5  M I L L I S E C  
AND A V I D E O - B A b D W I D T H  OF 62.5 K H z .  T H E  50? C I N E  F R A Y E  I S  PRO- 
C E S S E D  F O R  S T O R A G E  I N  2 S t C .  A  M I N I M U M  I N T E R V A L  OF 1 P  SFC R F -  

T W E E N  P I C T U P E S  I S  P F Q U I P E D  Ff lR T H E  T 4 R G E T  I M A G E  TO RF  E L E C T F I -  
C 4 L L Y  E P A S E D .  T H E  CAMERA I S  A L I G h l E D  P A Q A L L E L  TO THE S A T E L L I T E ' S  
S P I N  A X I S  AND I S  A U T O M A T I C A L L Y  T R I G G E R E D  SO A S  TO 9F I N  A P I C -  
T U R E  T A K I N G  MODE O h L Y  WHEK D I R E C T E D  TOWAPD THE EPPTH.  T R A N S M I S -  
S I O r Y  O F  T H E  E N T I R E  R F E L  O F  3 2  P I C T U R E S  C A N  B E  A C C O M P L I S H E D  I Y  
1 0 C  SEC B Y  A  2 - W A T T  f*l T K 4 N S M I T T E R  O P E R A T I N G  A T  N O M I N A L  F R F -  
O U E N C Y  O F  2 3 5  Y H Z .  
32. PHENOMENA OBSERVED 

, C L O U D  COVER AND T H E  E A R T H ' S  S U R F A C E  
33. MEASUREMENT RANGE 

7 T O  8 L E V E L S  O F  GRAY 
34. PRECISION AND ACCURACY 

7. ORGANIZATION 

GDODARD S P A C E  F L T  C E N T E R  
10. ORGANIZATION 



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

0.5 TO C.65 M I C Q 0 N q  MA I 
38. FtELD OF VIEW 139. GROUND SWATH 

74.C BY 74.0 D E q  75" NY 750 NM FROM 475 NM A L T I T U D E  
40. ANGULAR RESOLUT~ON~ 41. SPATIAL RESOLUTION 

9.2 D E G  11.5 N Y  P F P  T V - L I N F  F R O Y  475 NM A L T I T U D F  
42. POINTING ACCURACY~ 43. POINTING RATE 144. ALTITUDE 145. INCLINATION 

I I MEn C I R C U L A R  I W F O I U M  ' POS I G R A D t  
46. SPECIAL REQUtREMENTS 

47. COMPONENTS 

T V  CAMERA, T K A N S Y  I T T E R  T A P E  R F C O R D E R  
48. WEIGHT 149. VOLUME I SO. AVERAGE POWER 151. STANDBY POWER I 52. PEAK POWER 1 53. MTBF 

7 ~d I 9 W A T T q  NONE I 9 W A T T 1  
L.. 

r* I N T E R ~ E N C E  1 55 INE*,G,?",?&E I ~NT%E'E'R"EL, / 57 I N T ~ $ " E % ~ E  1 58. SHIELDING 

I S F N S I T I V ~  I I M A G N E T I C  S H I F L O I N G  U S E D  ' 

59. CALIBRATION 160. DATA RECOVERY 61. FREQUENCY OF OBSERVATION 

NO I N - F L I G H T  CALIRRATIO~ D E L A Y E D  AND R E A L T I M d  D A Y S I O E  O F  D R R I T  
62. TELEMETRY REQUIREMENTS 

F U L L  R E E L  O F  3 2  P I C T U P F S  CAN SE R E A D  O U T  I N  lC!Q S E C O N D S  U S I N G  
4 N  FM T R A V S M I T T E R  O P F Q A T I Y G  A T  F R E Q U E N C Y  !IF 2 3 5  Y H Z .  

63. ADVANTAGES AND LIMITATIONS 

B H O A n  S Y N O P T I C  V I  EL I Ih lG  OF CLQIJD COVER P A T T F R V S .  YORE V A L U A B L E  
, D A T A  F O R  WEATHER A N A L Y S I S  T H A N  F90M Y E 0  OP NARROW A N G L E  C A M E R A S  
64. REFERENCES 

l ) S I G N I F I C 4 W T  A C H I F V E M E N T S  I Y  S A T  MET 1 9 5 8 - 1 9 6 4 .  N A 5 A  SP-96.** *  
~ I G O L D H E P G T  €.A. AND L A N O O V ,  V.D.: K E Y  E Q U I P  F O R  T I R O 5  1. A S T R O -  
N A U T I C S ,  V.5, J U N E  1 9 6 n . * * * 3 ) H E S N E R ,  N.H. AND S T A N T S Z E W S K I ,  J.2 
T V  C A M E R A S  FOR SPACE EXPLOR. a S T R O N A U T I C S ,  V.5, MAY 1960.*** 
4 )  I N S T R U M E N T S  AND S P A C E C R A F T .  Y A S A  S P - 3 f l 2 8 ,  1966. * + * 5 )  D A T A  
A V A I L A B L E  FROY N A T I O N A L  WEATHER R E C O R D S  C T R  ( E S S A )  , A S H E V I L L E , Y C .  

65. HISTORICAL REMARKS 

. I D E N T I C A L  C A Y E R A  FLOWN ON T I R O S  1 - 1 Q ;  S I M I L A ?  C A Y E R A  n N  E S S A  1 

i 



INSTRUMENT RESUME 
i 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
GODDARD SPACE FLIGHT CENTER 

GREENBELT, MD. 20771 
1. TITLE 

V I D I C O N  C A Y F R A  S Y S T E M  
(TITLE CONT.) 

N I G E - A N G L E  L E N S  

2. ACRONYM 1 3. EXP NO 

vcsw I 
r RESUME DATE I tERSIOAI 
0 9 / 0 1 / 7 2 1 9 C Q 5  

6. PRINCIPAL INVESTIGATOR 

R A E O S 1  P.M. ( Y G K .  ) 
9. CO-INVESTIGATOR 

L 

- -  

. I M A G E R *  3 . 5 - I N C H  W I D E - A N G L E F / ~ .  5 L O W - P E S C L U T I O N  V I D I C O N  1 UNC 
28. APPLICATION 123. SPACECRAFT 

, M E T  I T I R O S  4 
30. PURPOSE 

P R I M A R Y - T O  . A C Q U I R E  A M 0  T R A N S W I T  P I C T U R E S  O F  T H F  E A R T H ' S  C L O U D  
C O V E R  T O  P R O V I D E  M E T E O R O L O G I S T S  W I T H  D E T A I L E D  I N F O R M A T I O N  ON 
I N D I V I D U A L  C L O U D  T Y P E S  OVER SPEC I F  I C  4 R E A S o * * * S E C Q N D A R Y - T O  T E S T  
T V  S E N S O R  I N  SPACE.  

31. PRIIUCIPLES OF OPERATION 

T H I S  C A M E R A  S U B - S Y S T E M  H A S  F L O W N  I N  AN I D E N T I C A L  C O N F I G U R A T I O N  
O N  T I R O S  1-10 A N D  S I M I L 4 R  C O N F I G U R A T I O N  O N  E S S A  1. O N  T I Q O S  1 - 8 9  
10 T H E  C A M E R A S  WERE A L I G N E D  P A R A L L E L  T O  THE S / C  S P I N  A X I S  AND 
E X T E N D F D  THROUGH T H E  B A S E  P L A T E .  I T  C O N S I S T S  O F  A  1 / 2 - I N  V I D I C O N  
T U B E  A N 0  A  F O C A L - P L A N E  S H U T T E R  T H A T  P E R M I T S  STORAGE O F  S T I L L  
P I C T U R E S  O N  T H E  T U B E  SCREEN.  A N  E L E C T R O N  B E A M  C O N V E R T S  T H E  
S T O R E D  P I C T U R E S  I N T O  T E L E V I S I O N - T Y P E  E L E C T R O N I C  S I G h l A L S ,  WHICH 
C A N  B E  T R A N S M I T T E D  T O  GROUND R E C E I V E R S  ON COMMAND.THE S Y S T E M  C A N  
A L S O  PROCESS A N D  S T O R E  U P  T O  3 2  P I C T U R E S  O N  M A G N E T I C  T A P E  FOR 
T R A h S M I S S I O N  A T  A  L A T E R  T I M E .  THE C A M E R A  H A S  A  W I D E  A N G L F  ( 1 3 5  
D E G )  E L G E E T  F / l o  5 L E N S  P R O D U C I N G  A  R E S O L U T I O N  O F  1.4 TO 2.0 Y M o  
T H E  CAMERA H A S  A  S H U T T E R  S P E E D  O F  1.5 M I L L I S E C  AND A  V I D E O - B 4 N D -  
W I O T H  O F  6 2 . 5  K H z .  T H E  500 L I N E  F F A M E  I S  P R O C E S S E D  FOR STORAGE 
I N  2 SEC. A Y I N I M U M  I N T E R V A L  O F  1 C  S E C  B E T W E E N  P I C T U R E S  I S  R E -  
Q U I R E D  FOR T H E  T A R G E T  I M A G E  T O  R E  E L E C T R I C A L L Y  ERASED.THE C A Y E R A  
I S  A L I G N E D  P A R A L L E L  T O  T H E  S A T E L L I T E ' S  S P I N  A X I S  A N D  I S  AUTO-  
M A T I C A L L Y  T R I G G E R E D  SU A S  TO BE I N  A P I C T U R E  T A K I N G  MODE O N L Y  
WHEN D I R E C T E D  ' T O N A R D  T H E  EARTH.  T R A N S M I S S I O N  O F  THE E N T I R E  R E E L  
O F  3 2  P I C T U R E S  C A N  B E  A C C O M P L I S H E D  I N  100 SEC BY A 2 -WATT FM 

- T R A N S M I T T E R  O P E R A T I N G  A T  A N O M I N A L  F R E Q U E N C Y  O F  2 3 5  MHz. 
32. PHENOMENA OBSERVED 

C L O U D  COVER A h D  T H E  E A R T H ' S  S U P F A C E  
33. MEASUREMENT RANGE 

7 T O  8 L E V E L S  OF GRAY 
34. PRECISION AND ACCURACY 

7. ORGANIZATION ' 
GOOOARO S P A C E  F L T  C E N T E R  

10. ORGANIZATION 

8. TELEPHONE 

3 0 1 - 9 8 2 - 5 0 4 2  
11. TELEPHONE 



Xi. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 
0.4 TO 9.65 M  ICRONS 1 NA I 

38. FIELD OF VIEW 139. GROUND SWATH 

7 4 . 0  R Y  7 4 0 0  OEG1 7 5 C  NY RY 750 NM FROM 475 NM A L T I T U D E  
40. ANGULAR RESOLUT~ON~ 41. SPATIAL RESOLUTION 

0.2 D E G ~  1.5 NM PER T V - L I N E  f R O M  475 NM A L T I T U D E  
42. POINTING ACCURACY~ 43. POINTING RATE 144. ALTITUDE 145. INCLINATION 

I 1 M E 0  C I R C U L A R  I M E D I U M  P n S I G R A D t  
46. SPECIAL REQUIREMENTS 

47. COMPONENTS t 

, T V  CAYERA, T R A N S M I T T F P  TAPE RECORDER 
48. WEIGHT 149. VOLUME 1 50. AVERAGE POWER 151. STANDBY POWER 1 52. PEAK POWER 1 53. MTBF 

7 L B I  I 9 WATTS]  NONE I 9 H A T T S l  
I N T E R ~ ~ ~ E N C E  I 55 IN$"R",%~&E 1 IN~"E"R%\\*E%E 1 57 IN&%","R~~E 158. SHIELDING 

I S E N S I T I V E 1  I I M A G N E T I C  S H I E L D I N G  USED 
59. CALIBRATION 160. DATA RECOVERY 61. FREauENcY OF OBsERvATtoN 

NO I N - F L I G H T  C A L I R R A T I O N ~  DELAYED AND REAL TIME^ D A Y S I O F  OF O R B I T  
62. TELEMETRY REQUIREMENTS 

'FULL REEL  OF 32  P I C T U R E S  CAN RE R E A D  OUT I N  100 SECONDS USING - 
AN FM T R A N S M I T T E R  O P E R A T I N G  AT FREQUENCY OF 235  MHz. 

63. ADVANTAGES AND LIMITATIONS 

BROAD S Y N O P T I C  V I E W I N G  O F  CLOUD COVER PATTERVS.  MORE V A L U A B L E  
DATA FOR WFATHEP ANALYSTS THAN F R O Y  MED OR N4RROW ANGLE CAMERAS 
64. REFERENCES 

1 ) S I G N I F I C A N T  ACHIFVEMENTS I N  SAT  MET 1 9 5 0 - 1 9 6 4 .  NASA SP-96e*** 
Z)GOLDBERG,  € . A .  AND LANDDN,  VoD.: K E Y  E Q U I P  FOR T I R O S  1. ASTRO- 
N A U T I C S ,  V.5, J U N E  1 9 6 0 * * * * 3 ) P l E S N E P ,  M e l i e  AND S T A N I S Z E H S K I t  J e t  
T V  CAMERAS FOR SPACE EXPLOR. A S T R O N A U T I C S t  V.5 ,  M A Y  1 9 6 G e * * *  
4 )  INSTRUMENTS AND SPACECQAFT.  YASA S P - 3 0 2 8 9  1966. * * * 5 )  3 A T A  

- A V A I L A B L E  F R O Y  N A T I O N A L  WFATHER RECORDS CTR f E S S A )  r A S H E V I L L F  ,NCe 
65. HISTORICAL REMARKS 

I D E N T I C A L  CAMERA FLOWN ON T I R O S  1-10. S I M I L A P  C A Y E R A  ON E S S A  1. 

' 

I 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 2 1 8  

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 

V 1 D I C : I N  C 4 Y E K A  S Y S T E M  
(TITLE CONT.) 

#A I D E - A N G L E  L  ENS 

2 ACRONYM 1 3. EXP NO 

VCSW I 
4 RESUME DATE I SVERSION 
~ 9 / 0 1 / 7 2 I  3 9 ~ 5 ,  

8. TELEPHONE 

3 0 1 - 9 8 2 - 5 0 4 2  
11. TELEPHONE 

6. PRINCIPAL INVESTIGATOR 

L A D O S T  R.M.  (MGF.  ) 
9. CO-INVESTIGATOR 

12 CONTRACT 
TYPE 113. CONTRACT NUMBER 114. FLASH INDEX NUMBER 1 " i%%' 1'6 CoM~~f:'DNI 17. STATUS 

I 1 I I 1 P O S T  F L I G H T ,  
18. MONITOR 119. AGENCY 1 20 PGM OFFICE I 21. TELEPHONE 

T E P P E K ,  '4. I Y A S A  H D Q T F S  I O A / E R D  1 2 ~ 2 - 7 5 5 - 2 3 2 2  
22. VENDOR 1 23. LOCATION I " Ei:"tT / 26. LEAD TIME 

q T P  A S T P O - E L E C T k O N I C S  I PR INCETON 1 NEW J E R S E Y  I ~ 6 / h 2 I  NA 
26. INSTRUMENT TYPE 27 

S S C ~ Y  

I ' r lAGER,  C l . 5 - INCI i  W I D E - A N G L E  F / 1 . 5  L O W - R E S O L U T I O N  V I O I C O N  1 UNC. 
28. APPLICATION 129. SPACECRAFT 

M E T  ITIROS 5 
30. PURPOSE 

P P I M P R Y - T O  P C Q d I S E  A N D  T R A N S M I T  P I C T U R E S  O F  T H E  E A R T H ' S  CL0Uf-l 
C O V E R  T O  P R O V I D E  M E T E O R n L O G I S T S  W I T H  D E T A I L E D  I N F O R M A T I O N  O N  
I h i 3 1  V I D U A L  C L C l J D  T Y P E S  OVER SPEC I F  I C  AREAS. * * *SECONDAPY-TO T E S T  
T V  S E N S O R  I Y  SPACE.  

31. PRINCIPLES OF OPERATION 

T H I S  C A M E R A  S U B - S Y S T E M  H A S  F L O W N  I N  A N  I D E N T I C A L  C O N F I G U R A T I ' I N  
(IN T I R C S  1-13 A N D  S I M I L A R  C O N F I G U R A T I O N  O N  E S S A  1. O N  T I Q O S  1 - 6 9  
10 T H E  C A M E R A S  k E R E  A L I G N E D  P A R A L L E L  TO T H E  S / C  S P I N  A X I S  AND 
E X T E N D E D  THROUGH T H E  R A S E  P L A T E .  I T  C C I N S I S T S  OF A  1 / 2 - I N  V I D I C O N  
T U S E  A N D  A  F g C A L - P L A N E  S H U T T E R  T H A T  P E R M I T S  STORAGE OF S T I L L  
P I C T U R E S  ON T H E  T U B E  SCFEEN.AN E L E C T R O N  B E A M  C O N V E R T S  T H E  S T O R E D  
P I C T U R E S  I N T f l  T E L E V I S I O N - T Y P E  E L E C T R O N I C  S I G N A L S *  W H I C H  C A N  B E  
T K A N S M I T T E O  T O  G R O U Y n  R E C E I V E R S  ON COYYANO.  T H E  S Y S T F M  C A N  A L S O  
P R O C E S S  A N D  S T n F E  U P  T O  3 2  P I C T U R E S  ON M A G N E T I C  T A P E  FnR T R A Y S -  
M I S S I O N  AT A  L A T E R  T I M E .  T H E  C A M F P A  H A S  A  W I D E  A N G L E ( 1 0 5  D F G )  
E L G E E T  F / 1 . 5  L E N S  P R O D U C I N G  A  R E S O L U T I O N  O F  1.4 T O  2 .0  NM. T H E  
C C Y E R A  H A S  A  S H U T T E R  S P E E D  O F  1 .5  M I L L I S E C  AND A  V I D E O - B A N i 3 W I D T H  
(-IF 62.5 KHz. T H E  5 0 0  L I N E  F R A M E  I S  P R O C E S S E D  F O R  S T O R A G E  I N  2 
S E C o  A  Y I N I M U M  I N T E R V A L  O F  10 S E C  B E T k E E N  P I C T U R E S  I S  R E Q U I R E D  
FOR T H E  T A R G E T  I M 4 G E  T O  B E  E L E C T R I C A L L Y  ERASED.  T H E  CAMERA I S  4- 
L I G N E D  P A R 4 L L E L  TO T H E  S A T E L L I T E ' S  S P I N  A X I S  A N D  I S  A U T O M A T I C A L -  
LY T R I G G E R E D  SO A S  T O  BE I N  A  P I C T U R E  T A K I N G  MODE O N L Y  WHFN 31- 
R E C T F I )  T O d A P D  T H E  EARTH.  T P I N S M I S S I O N  OF T H E  E N T I R E  R E E L  OF  3 2  
P I C T U R E S  C 4 N  B E  A C C O M P L I S H E D  I N  1 C O  SEC B Y  A  2 - W A T T  F M  T R A N S -  
M I T T E R  O P E R A T I N G  A T  A  N O M I N A L  F R E Q U E N C Y  O F  3 3 5  MHz .  

32. PHENOMENA OBSERVED 

C L U U C  COVER AND T H E  E A R T H ' S  S U P F A C E  
33. MEASUREMENT RANGE 

7 T I  R L E V E L S  O f  GRAY 
34. PRECISION AND ACCURACY 

7. ORGANIZATION 

GOODAPD S P A C E  F L T  C F N T E F  
10. ORGANIZATION 



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

0.5 T O  C.65 Y I C R f l N S l  NA 1 
38. FIELD OF VIEW 139. GROUND SWATH 

74.0 RY 74.3 D F G ~  740 NM B Y  74r) N Y  FROM 450 NM A L T I T U D E  
40. ANGULAR  RESOLUTION^ 41. SPATIAL RESOLUTION 

0.2 ~ E ~ l 1 . 5  NM P E R  T V - L I N E  F R n Y  4 5 C ) N M  A L T I T U D E  
42 POINTING ACCURACY( 43. POINTING RATE 1 44. ALTITUDE 145. INCLINATION 

I I MED C I R C U L A R  I M E O I U Y  P O S I  GRAOE 
46. SPECIAL REQUIREMENTS 

- 

47. COMPONENTS 

, T V  C A M E R A *  T R A N S Y  I T T E R  9 T A P E  RECORDER 
-48. WEIGHT-- 149. VOLUME 1 50. AVERAGE POWER 151. STANDBY POWER 1 52. PEAK POWER 1 53. MTBF 

7 I. RI I 9 W A T T S ]  NONE 1 9  WATT^ 
Y INTERERENCE 1 55 tNTME"R",!'R:&E I 56 IN~%'R"E"NERNCE 1 57 INT~~",!%~E, 1 58. SHIELDING 

I SEWSIT IVE~  I I MAGNETIC SHIELDING USED , 

59. CALIBRATION 160. DATA RECOVERY 61. FREQUENCY OF OBSERVATION 

NO I N - F L I G H T  CALIRRATIONI D E L A Y E D  A N 0  REAL TI YE^ D A Y S I D E  OF O R B I T  
62. TELEMETRY REQUIREMENTS 

F U L L  R E E L  OF 3 2  P I C T U R E S  C A N  8E R E A D  O U T  I N  100 S E C O N D S  U S I N G  
A N  FM T R A N S M I T T E R  n P E R A T I N G  A T  F R E Q U E N C Y  OF 2 3 5  MHz. 

63. ADVANTAGES AND LIMITATIONS 

B R O A D  S Y N O P T I C  V I E W  I N G  O F  C L O U D  COVER P A T T F R V S e  MOPE V A L l J A B L F  
DATA F O R  WEATHER A N A L Y S I S  T H A N  F R O M  MED OR N4RROW A N G L E  CAMERAS.  

64. REFERENCES 

I I S I G N I F I C A N T  A C H I E V E M E N T S  I N  S A T  M E T  1958-1966. N A S A  SP-96.***  
Z I G O L D B E R G *  E e  A. AND L A N O O N *  V.0.: K E Y  E Q U I P  F O R  T I R O S  1 .  ASTRO-  
N A U T I C S *  v . 5 ~  JUYE 1 9 6 0 * * * * 3 ) M E S N E R *  M e H e  AND S T A N I S Z E W S K I *  J.2 
T V  CAMERAS FUR S P A C E  EXPLOR. A S T R O N A U T I C S *  V.59 M A Y  1960,***  
4 )  I N S T R U M E N T S  AND S P A C E C Q A F T .  Y 4 S A  S P - 3 0 2 8 ,  1966. * * * 5 1  D A T A  
A V A I  L A B L F  FRnM N A T I O q A L  WEATHER R E C O R D S  C T R  ( E S S A )  , A S H E V I L L E * N C e  

65. HISTORICAL REMARKS 

I D F Y T I C A L  C A Y E R A  F L O W N  O N  T I R O S  1-10. S I M I L A S  CAMERA ON E S S A  1, 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 2 ACRONYM 1 3. EXP NO 

V I D I C O N  C A M E R A  S Y S T E M  VCSW 1 
(TITLE CONT.)  RESUME DATE 1 ~ E A S I O N  

# I D E - A N G L E  L E N S  09 
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE 

RADOSI  K.M. (MGR.  1 GODDARO S P A C E  F L T  C E N T E R  3 0 1 - 9 8 2 - 5 0 4 2  
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE 

I M A G E F ,  0 . 5 - I N C H  W I D E - A N G L E  F / 1 . 5  L O W - R E S O L U T I O N  V I D I C O N  I 
28. APPLICATION (29. SPACECRAFT 

M E T  I T I R O S  6 
30. PURPOSE 

P R I M P R Y - T O  A C Q U I R E  A N D  T R A N S M I T  P I C T U R E S  CF T H E  F A P T H ' S  C L O U D  
C O V E R  T O  PRO'VIOE M E T E O R O L O G I S T S  W I T H  9 E T A I L E D  I N F O P M A T I O N  ON 
I N D I V I D U A L  C L O U D  T Y P E S  OVER S P E C I F I C  AREASe***SEC[lNDPRY-Tfl T E S T  
T V  S E N S O R  I N  SPACE.  

31. PRINCIPLES OF OPERATION 

T H I S  C A M E R A  S U B - S Y S T E M  H A S  F L O W N  I N  AN I D E N T I C A L  C O N F I G U R A T I O N  
O N  T I P O S  1-10 A N D  S I M I L A R  C O N F I G U R A T I O N  ON E S S A  1. O N  T I R O S  1-89 
10 T H E  CAMERAS A E R E  A L I G N E D  P A R A L L E L  TO T H E  S / C  S P I N  A X I S  AND 
E X T E N D E D  THROUGH T H E  B A S E  P L A T E .  I T  C O N S I S T S  OF A  I / ? - I N  V I D I C O N  
T U B E  A N D  A F O C A L - P L A N E  S H U T T E R  T H A T  P F R M I T S  STORAGE O F  S T I L L  
P I C T U R E S  O N  T H E  T U B E  S C R E E N O A N  E L E C T R O N  B E 4 M  C O N V E R T S  THE S T O R E D  
P I C T U R E S  I N T O  T E L E V I S I O N - T Y P E  E L E C T R O N I C  S I G N A L S ,  W H I C H  C A N  B E  
T R A N S M I T T E D  T O  GROUND R E C E I V E R S  ON COMMAND. T H E  S Y S T E M  C A N  A L S O  
P R O C E S S  A N D  S T O R E  UP T O  3 2  P I C T U R E S  ON M A G N E T I C  T A P E  F O R  T R A Y S -  
M I S S I O N  A T  A  L A T E R  T I M E .  THE CAMERA H A S  A W I D E  A N G L E ( l O 5  O E G )  
E L G E E T  F / 1 . 5  L E N S  P R O D U C I N G  A  R E S O L U T I O N  O F  1.4 T O  2.0 NM. T H E  
C A M E R A  H A S  A  S H U T T E R  S P E E D  OF 1.5 M I L L I S E C  AND A  V I D E O - B A N D W I D T H  
O F  6 2 . 5  K H z .  T H E  5 0 0  L I N E  FRAME I S  P R O C E S S E D  F O R  S T O P A G E  I N  2 
SEC.  A  M I N I M U M  I N T E R V A L  O F  10 SEC B E T A E E N  P I C T U R E S  I S  R E Q U I R E D  
F O R  THE T A R G E T  I M A G E  T O  B E  E L E C T R I C A L L Y  ERASED.  T H E  C 4 M E R b  I S  A- 
L I G N E D  P A P A L L E L  TO T H E  S A T E L L I T E ' S  S P I N  A X I S  A N D  I S  A U T O M A T I C A L -  
L Y  T R I G G E R E D  SO AS T O  BE I N  A P I C T U R E  T A K I N G  MODE O N L Y  WHEN 01- 
R E C T E D  TOWARD T H E  EARTH.  T R A N S M I S S I O N  O F  T H E  E N T I R E  R E E L  OF 3 2  
P I C T U R E S  C A N  B E  A C C O M P L I S H E D  I N  100 SEC B Y  A  2 -WATT FM TRANS-  
M I T T F R  O P E R A T I N G  A T  A  N O M I N A L  F R E Q U E N C Y  O F  2 3 5  MHz. 
32. PHENOMENA OBSERVED 

C L O U D  COVER A N D  T H E  E A R T H ' S  S U P F A C E  
33. MEASUREMENT RANGE 

4 

7 T O  8 L E V E L S  OF GRAY 
34. PRECISION AND ACCURACY 



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT : 
Q.5 TO 0.65 MICRONSIN4  I 

38. FIELD OF VIEW 139. GROUND SWATH I 

74.0 BY 74.0 DEG1725  N M  R Y  725 NM FROM 400 NY A L T I T U D E  
40. ANGULAR RESOLUT~ON~ 41. SPATIAL RESOLUTION I 

0.2 ~ ~ ~ 1 1 . 4  NM PER TV L I N E  FROM 400 NM 4 L T I T U O E  - 
42. POINTING ACCURACY ( 43. POINTING RATE 144. ALTITUDE 145. INCLINATION . I 

I 1 Y E 0  CIRCULAR ]MEDIUM P O S I  GRADE 
46. SPECIAL REQUIREMENTS - - -  

- - - - - - - - - - - - - .- 
47. COMPONENTS - . -J 

TV CAMFRA, TRANSMITTER, TAPE RECORDER 
48. WEIGHT - 149. VOLUME 1 50. AVERAGE POWER-151. STANDBY POWER 1 52. PEAK POWER 1 53:MTBF - ! 

7  L B ~  1 9 UITTSINONE' I - 9 W A T T S ~  
M N T E R ~ R E N C E  1 56 IN~"E"R"F'E%E I INA"R"F'E'R"ELE 1 57 INT';"R%"R%cE 1 58. SHIELDING I 

ISEVSITIVEI I ' IMAGNETIC  S H I E L D I N G  USED 
59. CALIBRATION 160. DATA RECOVERY 161. FREQUENCY OF OESERvATlON 1 
NO I N - F L I G H T  C A L I B R A T I O N ~ O E L A V E D  AND R E A L T I M E I D A Y S I D E  OF O R B I T  
62. TELEMETRY REQUIREMENTS I 

I 

F U L L  REEL OF 32 P ICTURES CAN BE READ OUT I N  100 SECONDS U S l N G  
AN FM TPANSMITTER OPERATING AT FREQUENCY OF 2 3 5  MHz. 

63. ADVANTAGES AND LIMITATIONS I 
BROAD SYNOPTIC V I E W I N G  O F  CLOUD-COVER PATTERVS. MORE VALUABLE 
DATA FOR WEATHER A N A L Y S I S  THAN FROM ME0 OR NARROW ANGLE CAMERAS 
64. REFERENCES 1 
1 ) S I G N I F I C A b J T  ACHIEVEMENTS I N  SAT MET 1 9 5 8 - 1 9 6 4 .  NASA SP-96m*** 
Z)GOLDBERC, €.A. AND LANDON, V-0.: KEY E Q U I P  F O R  T I R O S  1 m  ASTRO- 
NAUTICS,  V.5, JUNE 1960,***3)MESNER, P.H. AND S T I N I S Z E W S K I ,  J e t  
TV CAMERAS FOR SPACE EXPLOR* ASTRONAUTICS* V.51 MAY 1960-*** 
4 )  IYSTRUMENTS AYD SPACECR4FT. NASA SP-3C28, 1 9 6 6 .  * * * S )  DATA 
A V A I L A B L E  FROM NATIONAL WEATHER RECORDS CTR ( ESSA)  9 ASHEVILLE,NCa 
65. HISTORICAL REMARKS 1 
I D E N T I C A L  CAMERA FLOWN ON T I R O S  1-10. S I M I L A R  CAMERA ON ESSA 1. 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 

V I D I C O N  CAMERA S Y S T E M  
(TITLE CONT.1 

W I D F - A h G L E  L  ENS 

2 ACRONVM 1 3. EXP NO 

VCSW 1 
4 RESUME DATE I SVERSION 
Q9/@1/721  ? C C 5  

6. PRINCIPAL INVESTIGATOR 

F A D O S  P  , M e  ( M G Q e  1 
9. CO-INVESTIGATOR 

12 CONTRACT 
M P E  ..,, I 17. STATUS 113. CONTRACT NUMBER 114. FLASH INDEX NUMBER 1 l5 %"r"ET COHPLET'ON 

1 I I I I P O S T  F L I G H T  
18. MONITOR 119. AGENCY I m. PGM OFFICE 1 21. TELEPHONE 

T E P P E R ,  M e  I N A S 4  H D O T F  S  1 !IA/ERD 1 2 0 2 - 7 5 5 - 2 3 2 2  
22. VENDOR 1 23. LOCATION I " LF;FT 125. LEAD TIME 

k C A  A S T R U  E L E C T F O N I C S  I PR I N C t T O I V ,  N E W  J F R S E  Y  1 ~ 6 / 6 3 1  fiJA 
26. INSTRUMENT TYPE srcytll~v, 27 

I M A G E R  9 0 . 5 - I N C t i  H I D E - A R G L E  F / 1 .  5 L O L I - H F S C I L U T I O N  V I D I C C l N  I UNC 
28. APPLICATION 129. SPACECRAFT 

M E T  I T I P O S  7 
30. PURPOSE 

P F I M A K Y - T C I  A C Q U I R E  4 N D  T R A N S M I T  P I C T U R E S  O F  T H E  E A R T H ' S  C L O U D  
C O V E R  T O  P R C I V I  DE M E T E O R O L O G I S T S  N I T H  D E T A I L E D  I N F O G M A T I O N  11h 
I N D I V I D U A L  C L O U D  T Y P E S  OVER S P E C I F I C  A R F A S . * * * S E C O N D A R Y - T P  T E S T  
T V  S E N S O R  I N  S P 4 C E e  

31. PRINCIPLES OF OPERATION 

T H I S  C A M E P A  S U B - S Y S T E M  H A S  F L O k N  I N  A N  I D E N T I C A L  C U N F I G U P A T I q N  
ON T I R E S  1-13 A N D  S I M I L A R  C O N F I G U R A T I O N  ON E S S A  1 9  HOWEVFF,  O N  
T H I S  F L I G H T ( T I R 0 S  7 )  2 W I D E  A N G L E  C A M E P A S  WFRE USED.  I T  C O N S I S T S  
OF A  1 / 2  I N  V I D I C O N  T U B E  AND A F O C A L - P L A N E  S H U T T E R  T H A T  P F R M I T S  
S T O R A G E  O F  S T I L L  P I C T U R E S  O N  THE T U B E  S C R F E N e  A N  E L E C T R O Y  B E A M  
C O N V E R T S  T H E  S T O H E C  P I C T U R E S  I N T O  T E L E V I S I O N - T Y P E  E L F C T R O N I C  
S I G N A L S I W H I C H  C S N  EE T P A Y S M I T T E G  T O  GROUND P E C E I V E R S  ON CQMMAND. 
T H E  S Y S T E M  C A N  4 L S O  P P O C E S S  A N D  S T O P E  U P  TO 3 2  P I C T U R E S  ON M A G -  
N E T I C  T A P F  FtlIP T R A N S P " I S S I r I N  A T  A  L A T E R  T I M E .  T H E  CAMERA H A S  A 
k I D E  A N G L E ( l C 5  I I E G )  E L G E E T  F / 1 . 5  L E N S  P P O D U C I F J G  A  R E S O L U T I O N  OF 
1.4 T O  2.3 N Y e  T H E  C A P E R 4  H A S  A  S H U T T E R  S P E E D  O F  1.5 V I L L S E C  
A N D  A  V I D E O - R A t J D N I C i T H  O F  62.5 K H z .  T H E  50C L I N F  F R A Y E  I S  PRO- 
C E S S E D  F O R  S T 9 K A G E  I N  2 SECS.  A  V I N I V U V  I N T E R V A L  9 F  LO SEC BF-  
T W E E N  P I C T U R E S  I S  R E Q U I R E D  F O R  T H E  T A R G E T  I M A G E  TO R E  E L F C T P I -  
C A L C Y  E Q A S E D e  T H E  C A M E R A  I S  A L I G N E D  P A R A L L E L  T O  THE S A T E L L I T E S  
S P I N  4 x 1 s  A N D  I S  A U T O M 4 T I C A L L Y  T R I G G E R E D  SO 4 S  T O  BE 1 Y  A P I C -  
T U R E  T A K I N G  MODE O N L Y  WHEN D I P E C T F O  T O N A R D  T H F  EARTH.  T R A N S M I S -  
S I O q  O F  T H E  E N T I R E  R F E L  OF 3 2  P I C T U R E S  C A N  R E  A C C Q M P L I S H E D  I N  
100 SCC BY A 2 - W A T T  FM T R A N S M I T T E R  ' 3 P F P A T I N G  A T  A  N O M I N A L  F R C -  
QUENCY O F  2 3 5  V H Z .  

32. PHENOMENA OBSERVED 

,CLC;UC C O V E P  A N D  T H E  E A R T H ' S  S U R F A C E  
33. MEASUREMENT RANGE 

7 T U  8 L E V E L S  OF G P A Y  
34. PRECISION AND ACCURACY 

7. ORGANIZATION 

G O D D A P D  S P A C E  F L T  C E N T E R  
10. ORGANIZATION 

8. TELEPHONE 

3 9 1 - 9 8 2 - 5 2 4 2  
11. TELEPHONE 



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

'2.5 TO fl. 65  Y I C R O N S l  NA I I 
38. FIELD OF VIEW 139. GROUND SWATH 

7 4 . 0  BY 74.0 DEG1 7 5 C  NM R Y  750 NM FROM 4 7 5  NM A L T I T U D E  
40. ANGULAR R E ~ ~ L U T I O N ~  41. SPATIAL RESOLUTION 

0.2 DEG1 1.5 NM PEP T V - L I N E  F R O M  475 NY A L T I T U D E  

47. COMPONENTS + 

I A N  FM T R A N S M I T T E R  O P E R A T I N G  A T  FREQUENCY OF 235 MHZ. 

163. ADVANTAGES AND LIMITATIONS 
I 

BROAD S Y W f l P T I C  V I E W  I Q G  OF CLOUD-COVER PATTERVS.  MORE V A L U A B L E  
D A T A  F O R  WEATHER A N A L Y 5 I S  T H A N  FROM M E 0  OR NARROW 4NGLE CAMERAS 

'64. REFERENCES 

11 S  I G N I F  I C A N T  A C H I E V E M E N T S  I N  S A T  Y E T  1 9 5 8 - 1 9 6 4 .  NASA So-96.*** 
2 ) G O L D B E R G t E . A .  AND LANDON, V.De:KEY E Q U I P  F 3 R  T I R O S  1. ASTPO-  
N A U T I C S ,  V.5, J U N E  lQ60.***3)MESNER,M.H. AND S T A N I S Z E W S K I ,  Je: 
TV CAYERAS FOR SPACE EXPLOR. A S T R O N A U T I C S ,  V m 5 r  MAY 1960.*** 
4 )  I N S T R U Y E N T S  AND SPACECSAFT.  Y 4 S 4  SP-3C2Rw 1966. * * * 5 )  OAT& 
A V A I L 4 R L E  FROM N A T I O N A L  WFATHER RECORDS CTR ( E S S A )  , A S H E V I L L E p N C .  
65. HISTORICAL REMARKS 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 

V I D I C O N  C A M t R A  S Y S T E M  
(TITLE CONT.1 

W I D E - A N G L E  L E N S  

2 A C R ~ Y M  1 3. EXP NO 

VCSW I - 
4 RESUME DATE I 5VERSION 
0 9 / 0 1 / 7 2 1 3 0 0 5  

8. TELEPHONE 

3 0 1 - 9 8 2 - 5 0 4 2  
11. TELEPHONE 

6. PRINCIPAL INVESTIGATOR 

R A D O S  R  . M a  (MG?. ) 
9. CO-INVESTIGATOR 

12 CONTRACT 
TVPE 113. CONTRACT NUMBER 114. FLASH INDEX NUMBER 1 " Cm~::'DNI 17. STATUS 

I I 1 I IPOST FLIGHT 
18. MONITOR 119. AGENCY (20 PGM OFFICE I 21. TELEPHONE 

T E P P E R ,  M, I N A S A  H O Q T K S  IOA/ER-D  1 2 0 2 - 7 5 5 - 2 3 2 2  
22. VENDOR 1 23. LOCATION 1 24 :ST / 25. LEAD TIME 

R C A  A S T P O - E L E C T R O N I C S  [PRINCETON, N. J. 1 1 ? / 6 3  1 NA 
26. INSTRUMENT TYPE 27 

I M A G E R ,  W I I I E - A N G L E  F / 1 . 5  L 3 W - R E S O L U T I O N  0 . 5 - I N C H  V I D I C O N  1 UNC 
28. APPLICATION 129. SPACECRAFT 

M E T  ~TIRCIS R 
30. PURPOSE 

P R I M A R Y - T O  A C Q U I R E  AND T R A N S M I T  P I C T U R F S  OF T H E  E A R T H ' S  C L O U 9  
C O V E R  T O  P R O V I L I F  Y F T E U R O L Q G I S T S  W I T H  D E T A I L E D  I N F O R M A T I O N  O N  
1 N D I  V I O U A L  C L O U D  T Y P E S  OVEP SPEC l F I C  APEAS. * * *SECUNDARY-TO TEST 
T V  S E N S O R  I N  S P A C E .  

31. PRINCIPLES OF OPERATION 

T H I S  C A M E R A  S U B - S Y S T E M  H A S  F L O W N  I N  A N  I D E N T I C A L  C O N F I G U R A T I 9 N  
U N  T I R O S  1 - 1 Q  A N D  S I M I L A R  C O N F I G U R A T I O N  O N  E S S A  1. O N  T I R O S  I-€?, 
10 T H E  C A M E R A S  WERE A L i G N E O  P A F A L L E L  T O  T H E  S / C  S P I N  A X I S  A N D  
E X T E h D t O  T H h i l U G H  T H F  B A S E  P L A T E .  I T  C O N S I S T S  OF A  1 / 2 - I N  V I D I C O N  
T U B E  A N D  A  F O C A L - P L A N F  S H U T T E R  T H A T  P E R M I T S  S T O R A G E  OF S T I L L  
P I C T U P E S  nN T H E  T U B E  S C P € E N . A N  E L E C T R O N  B E 4 M  C O N V E R T S  T H E  S T O R E D  
P I C T U R E S  I N T n  T E C E V I S I O N - T Y P F  E L E C T R O N I C  S I G N A L S ,  W H I C H  C A N  RE  
T k 4 N S M I T T E D  T O  GPOUNO R E C F I V E P S  G N  COMMAND.THE S Y S T E M  C A N  A L S O  
P R G C E S S  A N C  S T O P E  U P  T O  3 2  P I C T U R E S  O N  M A G N E T I C  T A P E  FOP T R b V S -  
M I S S I C N  A T  A  L A T E R  T I M E *  THE C A M E R A  H A S  P W I D E - A N G L E  (1 '35 D F G )  
E L G E E T  F / 1 * 5  L E Q S  P R O D U C I N G  A R E S O L U T I O N  O F  1.4 T O  2.0 NM. T H E  
C A Y E R A  H A S  4  S H U T T E R  S P E E D  3 F  1.5 M I L L I S E C  A q D  A  V I D E O - B A N D W I D T H  
OF 6 2 . 5  K H z *  THE 5'20 L I N E  F R A M F  I S  P R O C E S S E D  FOR S T O R A G E  I N  2 
SEC.  A M I N I M U M  I N T E R V A L  O F  1 C  SEC B E T k E E N  P I C T U R E S  I S  R E Q U I P E D  
FOR THE T 4 K G E T  I M A G E  TO F!E E L E C T R I C A L L Y  E R A S E D .  T H E  C A M E R A  I S  
A L I G N E D  P A R A L L E L  T O  T H E  S A T E L L I T E S  S P I N  A X I S  A N D  I S  A U T O Y A T I C A L -  
L Y  T R I G G E R E D  SO AS T O  BE I N  A  P I C T U R E  T A K I N G  MODE O N L Y  H H C N  D I -  
R E C T E D  T O d A P D  T h e  E A R T H *  T R A N S M I S S I O N  O f  T H E  F N T I P F  R E E L  OF 3 2  
P I C T U R E S  C A Y  BF 4 C C U M P L I S H E D  I N  1 C C  SEC B Y  A 2 - W A T T  F Y  T R A N S -  
M I T T E R  O P E R A T I N G  4 T  A NOY I N A L  F R E Q U E N C Y  O F  2 3 5  M H z .  
32. PHENOMENA OBSERVED 

C L O U D  COVER AND T H E  F A R T H ' S  S U P F A C E  
33. MEASUREMENT RANGE 

7 TI 8 L E V t L S  OF GRAY 
34. PRECISION AND ACCURACY 

7. ORGANIZATION 

GOOOARD S P A C F  F L T  C E N T E R  
10. ORGANIZATION 



- 
35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

11 -5  TO " . 65  MICRONS1 NA I 
38. FIELD OF VIEW 139. GROUND SWATH 

74.C R Y  74.0 D E G l  725 NY BY 7 2 5  NM FROM 4 5 0  NM A L T I T U O E  
a ANGULAR  RESOLUTION^ 41. SPATIAL RESOLUTION - 

0.2 nFG1 1.4 NM PER T V - L I N E  FROM 450 NM 4 L T I T U D E  
42 POINTING ACCURACY( 43. POINTING RATE 144. ALTITUDE 145. INCLINATION 

I I MED C  IRCUCAP I MEDIUM P O S I  GRADE 
46. SPECIAL REQUIREMENTS 

47. COMPONENTS 

TV C A Y F k A *  T Q A N S Y I T T E P *  TAPE PFCnRDER 
48. WEIGHT 149. VOLUME 1 50. AVERAGE POWER 151. STANDBY POWER 1 52. PEAK POWER 1 53. MTBF 

7 LBI I 9 WATTS1 NONE I 9 WATTS1 
~NTER%EWCE 1 55 INTME"."F?ER:I&E 1 5e ~~T%&'R"E'&E I I N I ~ ~ ~ " . $ ~ E  1 58. SHIELDING 

I S F N S I T I V E ~  I I MAGNETIC  S H I E L D I N G  USED 
59. CALIBRATION 160. DATA RECOVERY 61. FREQUENCY OF OBSERVATION 

NO I h - F L  I G H T  C A L I B P A T I O N ~  O E L A Y E D  AND REALTIMEI D A Y S I D E  OF O R B I T  
62. TELEMETRY REQUIREMENTS 

F U L L  R E E L  'IF 3 2  P I C T U R E S  C A N  BE READ OUT I N  100 SECONDS U S I N G  
AN FM TRANSMITTER O P E R A T I N G  AT FREQUENCY OF 2 3 5  M H z *  

63. ADVANTAGES AND LIMITATIONS 

B R O A D  S Y N O P T I C  V I E W I N G  OF CLOUD COVER PATTERVS.  MORE VALUABLE  
DATA FOR WEATHEP A N A L Y S I S  THAN FROY Y E 0  OR NIRROW ANGLE CAMER4S 
64. REFERENCES 

I I S I G N I F I C A N T  ACHIEVEMENTS I N  SAT  MET 1 9 5 8 - 1 9 6 4 .  NASA SP-96,*** 
Z)GOLDE!ERG* €.A. AND LANDON, V.D.:KEY E Q U I P  FOR T I R O S  1. ASTRO- 
N A U T I C S *  V . 5 ,  JUNE 1966,***3)MESNER,M.H, AND S T A N I S Z E W S K t r  J o :  

TV  CAMERAS FOR SPACE EXPLOR. A S T R O N A U T I C S *  V . 5 ,  MAY 1960.*** 
4 )  I N S T R U P E N T S  AND SPACECRAFT.  VASA S P - 3 0 2 8 9  1966. * * * S )  DATA 
A V A I L A B L E  FROM N A T I O N A L  WEATHER RECORDS CTR f E S S A )  vASHEVILLE,NC.  
65. HISTORICAL REMARKS 

I D E N T I C A L  CAYERA FLOWN ON T I R O S  1-10. S I M I L A R  CAMERA ON ESSA 1. 

d 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 
V I D I C O N  C A Y E K A  S Y S T E M  

(TITLE CONT.) 

k I D t - A h G L k  L E N S  

2 ACRONYM 1 3. EXP NO 

VCSW I 
4 nrsuwE oarc I :ERSION 

39/01/7213005 
6. PRINCIPAL INVESTIGATOR 

p ~ ~ ~ ~ ~ t  P.M. ( M G R .  1 
9. CO-INVESTIGATOR 

12 CONTRACT 
TYPE 113. CONTRACT NUMBER 1 14. FLASH INDEX NUMBER 1 " 1 COM~kf:'ONI 17. STATUS 

I I I I 1 POST F L I G H T  
18. MONITOR 119. AGENCY 120. PGM OFFICE 1 21. TELEPHONE 

GARBACZ t M.L. ] N A S A  H D Q T R S  I O A / E R O  1 2 0 2 - 7 5 5 - 2 3 2 2  
22. VENDOR 1 23. LOCATION I " gy$cT 125. LEAD TIME 

R C A  A S T K U - E L E C T R O N I C S  I P R I N C E T ~ N ,  Y o  J. 1 0 1 / 6 5 1  NA 
26. INSTRUMENT TYPE i7 

S W Y .  

I M A G E R ,  W I D E - A V G L E  F / 1 . 5  L O W - R E S O L U T I O N  C . 5 - I N C H  V I D I C O N  1 UNC 
28. APPLICATION 129. SPACECRAFT 

Y F T  ~ T I R O S  9 
30. PURPOSE 

' P F I M A G Y - T U  A C Q U I R E  A h 0  T R A N S M I T  P I C T U R E S  O F  T H E  E A R T H ' S  C L O U D  
C O V E R  T O  P P O V I D F  M E T E O R G L U G I S T S  W I T H  D E T A I L E D  I N F O R M A T I O N  ON 
I N D I V I D U A L  C L O U D  T Y P E S  OVER SPEC I F  I C  AREAS.**+SECONDARY-TO T E S T  
T V  SENSOR I N  SPACE.  

31. PRINCIPLES OF OPERATION 

T H E  T I R O S  9 W I D E  A N G L E  T V  CAMERA WAS I D E N T I C A L  T O  THOSE C A P R I E D  
ON A L L  T I R O S  M I S S I O N S  A N D  E S S A  1. HOWEVER, T H I S  F L I G H T  C A P R I E D  
2 9  I N  A  NEW CONFICURATION(CARTWHEEL)  9 MOUNTED O N  T H E  S I D E  OF T H E  
S P A C E C R A F T  A N D  C A N T E D  26  DEG TO E A C H  S I D E  O F  T H E  P L A N E  OF THE 
S A T E L L I T E ' S  R O T A T I O N  ( L O R P M ) .  E  A C H  CAMERA H A S  A U T O M A T I C A L L Y  T R I G -  
GERED SO A S  T O  R E  I N  A  P I C T U R E  T A K I N G  MODE O N L Y  WHEN V I E H I N G  T H E  
E A R T H ( O N C E  E A C H  O R B I T ) .  E A C H  C B P E R A  C O N S I S T S  O F  A  1 / 2 - I N C H  V I D I -  
C O N  T U B E  AND A  F O C A L - P L A N E  S H U T T E R  T H A T  P E R M I T S  STORAGE O F  S T I L L  
P I C T U R E S  O N  T H E  T U B E  SCREEN.  AN E L E C T R O N  BEAM C O N V E R T S  T H E  
S T n R E D  P I C T U R E S  I N T O  T V - T Y P E  E L E C T R O N I C  S I G N A L S ,  W H I C H  CAN BE 
T R A N S M I T T E D  T O  GROUND R E C E I V E R S  ON COMMAND. T H E  S Y S T E M  C A N  A L S O  
P P C C E S S  ANC S T O R E  UP T O  4 8  P I C T U R E S  O N  M A G N E T I C  T A P E  F O R  L A T E R  
T K A r \ l S M I S S I O N .  T H E  CAMERA H A S  A  W I D E - A N G L E  (105  D E G )  E L G E E T  F/1.5 
L E N S .  T H E  CAMERA H A S  A  SHUTTER S P E E D  O F  1.5 M I L L I S E C  A N D  A V I D E O  
B A N D W I D T H  OF 6 2 . 5  K H z .  T H E  5 C O  L I N E  F R A M E  I S  P R O C E S S E D  F O R  
S T O R A G E  I N  2 SECS.  A  M I N I M U M  I N T E R V A L  O F  10 S F C  B E T W E E N  P I C T U R E S  
I S  R E C U I R E D  FOP T H E  T A R G E T  I M A G E  T O  R E  E L E C T R I C A L L Y  ERASED.  
T R A N S M I S S I O N  OF T H E  E N T I R E  R E E L  O F  4 8  P I C T U R E S  C A N  B E  ACCOM- 
P L I S H E D  I N  120 SECONDS U S I N G  A 5 -WATT F M  T R A N S M I T T E R  O P E R A T I N G  
AT A  N O M I N A L  F R E Q U E N C Y  O F  2 3 5  MHz. 
32. PHENOMENA OBSERVED * 
C L O U D  COVER A N D  T H E  E A R T H ' S  S U R F A C E  
33. MEASUREMENT RANGE 

7 TO 8 L E V E L S  OF GRAY 
34. PRECISION AND ACCURACY 

7. ORGANIZATION 

GODDARD SPACE F L T  C E N T E R  
10. ORGANIZATION 

8. TELEPHONE 

3 0 1 - 9 8 2 - 5 0 4 2  
11. TELEPHONE 



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

0 5 TO 0.65 MICQONS INA I 
38. FIELD OF VIEW 139. GROUND SWATH 

74.Q BY 74.0 DEG1750  NY BY 7 5 0  NM FROW 590 NM A L T I T U D E  
40. ANGULAR  RESOLUTION^ 41. SPATIAL RESOLUTION 

2.2 ~ ~ ~ 1 1 . 5  NM PER TV L I N E  FROM 500 NM A L T I T U D E  
42. POINTING ACCURACY~ 43. POINTING RATE 144. ALTITUDE 145. INCLINATION 

I lMED ECCENTRIC IMEDIUY POSIGRADE 
46. SPECIAL REQUIREMENTS 

47. COMPONENTS 

,TV CAMEPA* TRANSMITTER9 TAPE RFCORDER 
48. WEIGHT 149. VOLUME I 50. AVERAGE POWER 151. STANDBY POWER 1 52. PEAK POWER 1 53. MTBF 

7 L R I  I 9 W A T T S  INONE I 9 W A T T S ]  
Y I N T E R % E ~ ~ E  I 55 INX"R"F'~!~?&E I IWE%%&%"E&E - IS7 ~NT%'F"E"R:~E 158. SHIELDING 

 SENSITIVE^ I ] M A G N E T I C  S H I E L D I N S  USED . 
59. CALIBRAT ION 160. DATA RECOVERY 61. FREQUENCY OF OBSERVATION 

NO I N - F L I G H T  CALIRR~TIONIDELAYED AND REALTIME~oPYsIDE OF O R B I T  
62. TELEMETRY REQUIREMENTS 

F U L L  REEL OF 48 P I C T U R E S  CAN RE READ OUT I N  1 2 0  SECONDS U S I N G  
AN FM TRANSYITTER OPERATING AT FREQUENCY O F  235  MHZa 

63. ADVANTAGES AND LIMITATIONS 

BPOAD SYNOPTIC V I E d I N G  O F  CLOUD COVER PATTERVSa MORE VALUABLE 
DATA F O R  WEATHER A N A L Y S I S  THAV FROM WED OR NARROW ANGLE CAMERAS 
64. REFERENCES 

1 ) S I G N I F I C A N T  ACHIEVEMENTS I N  S 4 T  MET 1 9 5 8 - 1 9 6 4 ,  NASA SP-96.*** 
2)GOLDRERGv €.A. AND LANDON, Ve0.Z KEY E Q U I P  F O R  T I R O S  l a  ASTRO- 
NAUTICS, V e  5 ,  JUNE 1960.***3)MESNERv H.H. AND STANISZEWSKI  J a :  

TV CAMERAS FOR S P I C E  EXPLOR. ASTRONAUTICSI V.5, YAY 1960.*** 
4 )  INSTRUMENTS AND SPACECRAFT. NASA SP-30289  1966, * * * 5 )  DATA 
A V A I L A B L E  FROM NATIONAL WEATHER RECORDS CTR ( E S S A ) r A S H E V I L L E w N C . -  
65. HISTORICAL REMARKS 

.BASIC CAMERA I D E N T I C A L  TO THOSE FLOWN ON T I R 3 S  1-10 AND ESSA 1, 

' 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 

V I D I C O N  C A M E R A  S Y S T E M  
(TITLE CONT.) 

WIDE-ANGLE LENS 

2 ACRONYM 1 3. EXP NO 

VCSW I 
4 RESUME DATE I &ERSION 

r 9 / c i / 7 2  I 3 ~ 5 .  
8. TELEPHONE 

3 0 1 - 9 8 2 - 5 0 4 2  
11. TELEPHONE 

6. PRINCIPAL INVESTIGATOR 

R A D O S ?  R O Y .  ( V G F .  1 
9. CO-INVESTIGATOR 

(2 CWTRACT 
TYPE 113. CONTRACT NUMBER 114. FLASH INDEX NUMBER 1 l5 g%"ET 156 camt?~~~oNl 17. STATUS 

I I I I IPOST FLIGHT 
18. MONITOR 119. AGENCY 1.20. PGM OFFICE 1 21. TELEPHONE 

G A P B A C Z  9 M.L. I V A S A  H D Q T R S  1 0 4 / E R O  1202-755-2322 
22. VENDOR 1 23. LOCATION 1 24 :kTT 125. LEAD TIME 

R C A  A S T R O  E L E C T R O N I C S  IPRINCETON, N. J.  1 0 7 / 6 5  1 h ~ 4  
26. INSTRUMENT TYPE 27 

sscyBLTy 

I M A G E R ?  H I D E - A N G L E  F / 1 . 5  L O W - P E S O L U T I O N  0 . 5 - I N C H  V I D I C O N  I U N C  
28. APPLICATION 129. SPACECRAFT 

M E T  l T 1 R f l s  19 
30. PURPOSE 

P R I Y A R Y - T O  A C Q U I R E  A h 0  T R A N S M I T  P I C T U R E S  O F  T H E  E A P T H ' S  C L O U D  
C O V E R  T O  P R O V I D E  M E T E O R O L O G I S T S  W I T H  D E T A I L E D  I N F O R M A T I O N  ON 
I N D I V I D U A L  C L O U D  T Y P E S  OVER S P E C I F I C  AREAS.***SECONDARY-TO T E S T  
T V  S E N S O R  I N  SPACE.  

31. PRINCIPLES OF OPERATION 

T H I S  CAMERA S U B - S Y S T E M  H A S  F L O W N  I N  AN I O E N T  I C A L  C O N F I G U R C T I O N  
O N  T I R O S  1-10 AND S I M I L A R  C O N F I G U R A T I O N  ON E S S A  1, H C W E V E P ?  3 N  
T H I S  F L I G H T ?  TWO W I D E - A N G L E  C A M E R A S  WERE USED.  E A C H  C O N S I S T S  
O F  A  0 . 5 - I N  V I D I C O N  T U B E  AND A  F O C A L - P L A N E  S H U T T E R  T H A T  P E R M I T S  
S T O R A G E  O F  S T I L L  P I C T U R E S  O N  T H E  T U B E  SCREEN.  A N  E L E C T R O N  R E A M  
C O N V E R T S  T H E  S T O R E D  P I C T U R E S  I N T O  T E L E V I S I O N - T Y P E  E L E C T R O N I C  
S I G N A L S ?  W H I C H  C A N  B E  T R A N S M I T T E D  TO GROUND R E C E I V E R S  O N  @EMAND. 
T H E  S Y S T E M  C A N  A L S O  P R O C E S S  A N D  S T O R E  U P  TO 3 2  P I C T U R E S  O N  MAG- 
N E T I C  T A P E  F O R  T R A h S M I S S I Q N  A T  A  L A T E R  T I V E .  T H E  C A M E R A  H A S  A  
U I D E - A N G L E  ( 1 0 5  D E G )  E L G E E T  F / 1 . 5  L E N S  P R O D U C I N G  A  P E S O L U T I O N  O F  
1.4 T O  2.0 NM. T H E  CAMEPA H A S  A  S H U T T E R  S P E F D  OF 1.5 M I L L I S E C  
A N 0  A  V I D E O - B A N D W I D T H  OF 62.5 K H z .  T H E  50C L I N E  F R A M E  I S  PRO- 
C E S S E D  F O R  S T O R A G E  I N  2 SECS.  A  M I N I M U M  I N T E R V A L  O F  1 C  SEC B E -  
T W E E N  P I C T U R E S  I S  R E Q U I R E D  FOR T H E  T A R G E T  I M A G E  TO E E  E L E C T R I -  
C A L L Y  ERASED.  T H E  CAMERA I S  A L I G N E D  P A R A L L E L  TO THE S A T E L L I T E S  
S P I N  A X I S  A N 0  I S  A U T O M A T I C A L L Y  T R I G G E R E D  SO A S  TO B E  I N  A  P I C -  
T U R E  T A K I N G  MODE O N L Y  WHEN D I R E C T E D  TOWARD T H E  E A R T H .  T R A N S M I S -  
S I O N  OF T H E  E N T I R E  R E E L  OF 3 2  P I C T U R E S  CAN B E  A C C O M P L I S H E D  I N  
100 S E C  BY A  2-WATT F M  T R A N S M I T T E R  O P E R A T I N G  A T  A  N O M I N A L  F P E -  
Q U E N C Y  OF 235 YHZ. 
32. PHENOMENA OBSERVED 

C L O U D  COVER A N D  T H E  E A R T H ' S  S U R F A C E  
33. MEASUREMENT RANGE 

7 T O  8 L E V E L S  O F  GRAY 
34- PRECISION AND ACCURACY 

7. ORGANIZATION 

GOOOAPO S P A C E  F L T  C E N T E R  
10. ORGANIZATION 

I 



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT ' 
T.5 TO 0 .65  Y I C R O N ~ N A  1 

38. FIELD OF VIEW 1 39. GROUND SWATH I 

74 .0  B Y  74.0  D E q  7 2 5  N Y  R Y  725  NM FROM 4 5 0  NM A L T I T U O E  
40. ANGULAR  RESOLUTION^ 41. SPATIAL RESOLUTION a 1 

3.2 D E ~  1.4 NM PER T V - L I N E  FROM 4 5 6  NY 4 L T I T U D E  
42. POINTING ACCURACY~ 43. POINTING RATE 144. ALTITUDE 145. INCLINATION I 

I I Y E 0  CIRCULAR I MEOIUM P O S I  GRADE 
46. SPECIAL REQUIREMENTS 

- - 
47. COMPONENTS -1 
TV CAYERA, TRANSMITTER* TAPE RECORDER 

48. WEIGHT (49. VOLUME I 50. AVERAGE POWER 151. STANDBY POWER I 52. PEAK POWER 1 53.-MTBF j 
7  ca( I 9 W A T T S ~  NONE I 9  WATT^ 

I 58. SHIELDING ~ . ~ N T E R & E N C E  I 55 IN~"E".C,!'RE~E I INTNE"FZ'R*E"NCE 1 57 ~NTFHREE~~E i 

I S E N S I T I V ~  I I MAGNETIC SHIELDING USED _ 
59. CALIBRATION 160. DATA RECOVERY 161. FREQUENCY OF OBSERVATION ' 

NO I N - F L I G H T  C~LIBPATIO~ DELAYED AND REALTIMF~ DAYSIOE OF O R B I T  
62. TELEMETRY REQUIREMENTS 

F U L L  REEL OF 3 2  P ICTURES CAN BE R E A D  OUT I N  1 0 0  SECONDS U S I N G  
4N F M  TR4NSYITTER OPERATING AT FREQUEWCY OF 2 3 5  MHZe 

63. ADVANTAGES AND LIMITATIONS 

BROAD SYNOPTIC V I E W I N G  OF CLOUD COVER PATTEPVS. MORE VALUABLE 
DATA FOR WEATHER A N A L Y S I S  THAN FROM Y E D  OR N4RROW ANGLE CAMERAS 

64. REFERENCES 

1 ) S I G N I F I C A N T  ACHI  EVFMFNTS I N  SAT MET 1 9 5 8 - 1 9 6 4 ,  NASA SP-96.*** 
2)GOLDBERGp €.A. AND LANDON, VeDa: KEY EQUIP  FOR T I R O S  1. ASTRO- 
NAUTICS,  V.5, JUNE 1960 . * * *3  IMESNER 1 MeH. AND S T A N I S L E U S K I  J e :  

TV CAMERAS FOR SPACE EXPLORe ASTRONAUTICS, V.5 ,  M A Y  1960e*** 
4 )  INSTRUMENTS AND SPACECPAFT. N A S A  SP-3028,  1966. * * * 5 )  DATA 
A V A I L A B L E  FROM NATIONAL WEATHER RECORDS CTR ( E S S A ) r A S H E V I L L E , N C t  

65. HISTORICAL REMARKS I 

I D F N T I C A L  CAMERA FLOWN ON T I R O S  1-10. S I M I L A R  CAMERA ON ESSA 1. 



LASERS AND RADARS 

Preceding page blank I 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 
L A S t R  D t l t C T O R  

(TITLE CONT.) 

2 ACRONYM 1 3. EXP NO 

L O E C  I 
4 RESUME DATE 1 ZERSION 
C 9 / 0 1 / ( 2  10 I? 04  .. 

8. TELEPHONE 

3 0 1 - 9 8 2 - 5 A 4 2  
11. TELEPHONE 

6. PRINCIPAL INVESTIGATOR 

P L O T K I N ,  DR. H.H. 
9. CO-INVESTIGATOR 

12 CONTRACT 
TYPE 113. CONTRACT NUMBER 114. FLASH INDEX NUMBER 1 l5 E%?T 116 C(MpLETJON DATE 117. STATUS 

I I I I I O P F R A T I ' I N h L  
18. MONITOR 119. AGENCY 120 PGM OFFICE I 21. TELEPHONE 

4 

H O S F N B t R G ,  J.U. ] N A S A  H D Q T R S  l O A / E C D  1 2 3 2 - 7 5 5 - 2 3 2 2  
22. VENDOR 1 23. LOCATION I " 125. LEAD TIME 

h A S H  IPJGTOh TECH.  ASSOC. I R O C K V I L L E  9 Y A R Y L A N D  l C 1 / 6 8  l N A  
26. INSTRUMENT TYPE 27 

s r c u q U v ,  

P H O T O M E T F R  4 8 8 3 - A N G S T R O M  CW-LASFP P H O T O ' 4 U L T I  P L I  ER D E T E C T C R  ~ U N C  
28. APPLICATION 129. "ACECRAFT 

G f  UD I G E o S  2 
30. PURPOSE 
'PHIMAPY-TI) J E T E R M I N E  k l H F T H E K  L A S E R  B E A M S  T R A N S Y I  T T E D  TO O R B I T I N G  
S A T E L L I T E S  A F R I V E  AT T H E  S P T E L L I T E  A T  P P E D I C T E D  POWER L E V F L S . * + *  
S E C O N D A R Y - T U  D E T E R M I N E  T H E  F R E Q U E N C Y  A N D  D E P T H  n F  M O D U L A T I O N  AND 
S C I N T I L L A T I O ' V  O F  THE L A S E R  B E A M  A S  V I E W E D  F R O M  THE S A T E L L I T E *  

31. PRINCIPLES OF OPERATION 

T H I S  L A S E P  D F T t C T O R  WAS D E S I G N E D  TO D E T E C T  M O D U L A T I f l N  O F  A N  
ARGON L A S E R  BEAM ( 4 8 8 C  A W A V E L E N G T H )  C H O P P E D  A T  1 3  K H z .  T H E  
F I E L D  O F  V I E W  OF T H E  S Y S T E M  I S  8 0  LEG.  A  0.6 I N  ( 1 . 5  C M )  D I A -  
M E T E R  A P E R T U R E  S T O P  A h D  A  S F T  OF 2  L E N S F S  T H A T  FORM A  2.2 I N  
(5 .6  C M )  F O C A L  L E N G T H *  F/r j . 78  O B J E C T I V E  C O L L I M A T E  T H E  L I G H T  S O  
T H A T  T H E  B E A M  S T R I K E S  A  W A V E L E N G T H  F I L T E P  W I T H I N  8 D E G  OF 
N O H M A L e  THF F I L T E R  I S  2 . 7 Q  I N  (6.9 C M )  I N  D I A Y E T E R  W I T H  A P E A K  
T R A N S M I S S I O N  OF 5!? P E R C E N T  AT 4 8 Q C  A A N D  A HALF-POWER r 3 A Y D W I D T H  
O F  4 6  A. T R A N S M I S S I O N  O I J T S I D E  T H I S  P A S S B A N O  I S  L E S S  T H A N  0.9063 
P F R  C E N T  F K O V  2 5 C 9  T 3  2POCn A .  A F T E R  THE F I L T E R ,  ANOTHER S E T  O F  
L E N S E S  J U S T  L I K E  T H F  O H J E C T I V F  C O N D E N S E S  T H E  L I G H T  ONTO A  14 
S T A G E  P H O T C M U L T I P I L E K  T U Q E  W I T H  A 1 I N  ( 2 . 5 4  C M )  D I A M F T E R  R I -  
A L K A L I  P H O T O C A T H O C E  (EMR T Y P E  5 4 1 0 - C 1 - 1 4 ) .  F R O M  H E R E  A N  O U T P U T  
S I G N A L  GOES I h T I I  AN F E T  P R E A M P L I R I E R  T H E N  I N T O  A  P I E Z O - E L E C T R I C  
F I L T E R  k I T H  A  160 HZ B A q D P A S S  C E N T E R E D  A T  1 3  K H z .  T H U S  T H I S  
D E T E C T O R  I S  S E N S I T I V t  O N L Y  T 3  M O D U L A T I O N  I N  F R E Q U E N C Y  O F  L E S S  
T H A N  80  HZ. ( T H E  M O D U L A T I O N S  ARE E X P E C T F D  TO BE  P F E D O M I N A T E L Y  
L E S S  T H A N  l c  H Z .  1 A F T E R  D E T E C T I O N  A  L O G  A M P L I F I E R  C O M P F E S S E S  
T H E  S I G N A L  h 4 N G f  O F  1 C 3 C  I N T O  A  - 5  T O  +5 V R A N G E  FOR T E L E M E T R Y .  

32. PHENOMENA OBSERVED 

C O N T  INUOIJS-WAVF M O D U L A T E D  ARGON-LASER L I G H T  ( 4 8 8 0  A I .  
33. MEASUREMENT RANGE 

0.1 TO 196 P I C O W A T T .  
34. PRECISION AND ACCURACY 

- 

7. ORGANIZATION 

GODDAPD S P A C E  F L T  C E N T E R  
10. ORGANIZATION 



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

458C).  A  I NA I 
38. FIELD OF VIEW 139. GROUND SWATH 

8 0 . 0  ~ ~ G 1 9 0 0  N M  D I A M  C I R C L E  F R 3 M  600 NM A L T I T U D E  
40. ANGULAR RESOLUT~ON~ 41. SPATIAL RESOLUTION 

NA [ NA n 

42. POfNTlNG ACCURACV~ 43. POINTING RATE 144. ALTITUDE 145. INCLINATION 

N A  I NA ] M E 0  E C C E N T R I C l H I G H  R E T R O G R A D E  
46. SPECIAL REQUIREMENTS - 

47. COMPONENTS 

P H O T O M U L T I P L I E R  4 S S E M P L Y  
-48. WEIGHT 149. VOLUME 1 50. YERAGE POWER 151. STANDBY POWER I 52. PEAK POWER -1 53. MTBF 

4 LRI ".1 CU  TI 2 W A T T S  I I 2 W A T T $  
5. ~K(ZR;&EUCE 1 IW=?EL I 56 1UT%%&'R%"U,E 1 57 &2&%%c~ 1 58. SHIELDING 

I I I I 
59. CALIBRATlON 160. DATA RECOVERY 61. F R E W N C Y  OF OBSERVAT1ON 

IDFLAYED TELEMETRY 119 MIN PER D A Y  
62. TELEMETRY REQUIREMENTS 

D A T A  T E L E Y E T E R E D  V I A  A 1 3 6 . 3 2 - M H z  - T R A N S M I T T E ?  R A N D W I O T H  NEEDED- 
8C HZ. 

63. ADVANTAGES AND LIMITATtONS 

64. REFERENCES , 
1 ) N A S A  P R E S S  K I T  FOR GEOS-R. R E L E A S E  NO: 6 8 - 2 K p  JAN 79 680***2) 
P A R A M E T R  l C  A N A L Y S  I S  FOP F U T U R E  G E O D E T I C  S P A C E C R A F T  D E V E L O P M E N T a  
REPORT NO. R - 4 0 3 5 - 5 3 - 2 .  C O M M U N I C A T I O N S  A N D  S Y S T E M S *  I N C a  JAN 68. 
* * * 3 ) P L P N  O F  O P E R A T I C l N S  FOP T H E  GEOS-B S P I C F Z R A F T .  R E P O R T  NO. R- 
4 0 3 5 - 2 1  C O M M U N I C A T I O N S  AND S Y S T F M S *  I N C *  O C T *  67.**+410ESIGN A N D  
PEPFORMANCE OF G E O S - L A S E R  D E T E C T O R  I T M X - 6 3 2 2 2  9 O C T e  6 7 .  
66. HISTORICAL REMARKS 1, 
GEC'S 2  I S  A L S O  KYOWV A S  E X P L O R E R  3 6 0  

- 



S A T E L L I T E  F R O Y  O N E  OF S E V E R A L  L O C A T I O Y S  S I M U L T A N F O U S L Y I  I N  
CONJUNCT I O N  W I T H  L A S E R  GROUND EOUIPMENT. * * *SFCONDARY-TO O B T A I N  
Y E A S U R E Y E N T S  O F  C O N T I N E N T A L  D R I F T  A N D  THE T I 0 4 L  MOVEMENT CF L A N D  

W I T H  S I L V E R E D  R E F L E C T I N G  S U R F A C E S *  T H E R E  APE A  T O T A L  O F  400 
P R I S M S  ON T H E  S P A C E C R A F T ,  P R O V I D I N G  A  T O T A L  R E F L E C T I N G  AREA OF 
3 6 0  SQUARE I N C H E S *  THE P R I S M S  A R E  J O I N E D  T O  A N  A C C U R A C Y  nF 3 
ARC-SEC A N D  R E F L E C T  A T  L E A S T  50% f l F  THE I N C I D E N T  B E A M  A N T I -  
P A R A L L E L  W I T H I N  A  20 ARC-SEC C O N E *  THE E F F E C T I V E  U S A S L E  ANGLE 
O F  T H E  R E F L E C T O R S  I S  C O N T A I N E D  W I T H I N  A  CONE O F  4 0 - D E G  H A L F -  
A N G L E  FROM T H E  S A T E L L I T E  N A D I R *  WHFN T H E  S A T E L L I T E  I S  W I T H I Y  
RANGE,  T H E S E  Q U A R T Z  C U B E S  R E F L E C T  B A C K  TO T H E  SOURCE T H E  H I G Y -  
ENERGY S H O R T - D U R A T I O N  P U L S E S  F I R E D  BY T H E  GROUND C O C A T E U  L A S E R  
T R A C K I N G  S Y S T E M S *  T H E  R E F L E C T E D  L I G H T  I S  P I C K E D  U P  BY A  T E L E -  
S C O P E  A N D  T H E N  A  D I G I T A L  COUNTER M E A S U R E S  THE R O U h D - T R I P  T R 4 V E L  
T I M E  O F  T H E  L I G H T  P U L S E S .  T H I S  G I V E S  T H E  D I S T A N C E  T O  THE S A T E L -  
L I T E  A N D  T H U S  F O R M S  T H E  B A S I S  OF THE S A T E L L I T E  O P T I C A L  L A S E R  
T R A C K I N G  SYSTEM. P H O T O G R A P H I N G  T H E  R E F L E C T I O N  A G A I N S T  T H F  S T A R -  
F I E L D  Y I E L D S  A N G U L A R  P O S I T I O N e  

32. PHENOMENA OBSERVED 

H I G H - E N E R G Y  SHORT-OtJRAT I O N  L 4 S E R  PUL S E S  FROM GRnUNO STATIPP!: 
33. MEASUREMENT RANGE 

34. PRECISION AND ACCURACY 

KAYJ\rGE M F A S U K t P E P J T  Tcl 1.5 Y F T r k S ;  r ) / \Y(;F-L'ATF T O  A S f l U T  1 C"/SCT, 



63. ADVANTAGES AND LIMITATIONS ! 

46. SPECIAL REQUIREMENTS 1 

- . - . -  
47. COMPONENTS . - - - A  I 

400 P R I S Y S  
48. WEIGHT 149. VOLUME I SO. AVERAGE POWER 151. STANDBY POWER I 52. PEAK POWER 1 53.-MTBF i 

I I N 3 N E  1 N O N F  1 NOrVE I 
1 '' INT%~&%!~cE 1 58. SHIELDING INTERF~FRENCE 1 55 IN%"RGF~'RI'&E I 5. sNTNE"R"F'E'&"NcE 

NONE 1 N n N F  I N O N E  I I 
59. CALIBRATION 160. DATA RECOVERV 1 61. FREQUENCY OF OBSERVATION I 

, N C N E  1 YONE 1 A S  SCHEDULED 
62. TELEMETRY REQUIREMENTS I 

NONE 

64. REFERENCES 1 

J 

~ ~ ~ N A S A  P R E S S  K I T  FnR GEOS-8 .  REL-EASE N O : 6 R - 2 < 9  J A N  7 1  6R.***ZI 
P L A N  O F  O P E P A T I O Y S  F O R  T H E  G E O S - B  S P A C F C R A F T .  R E P O R T  NO. R-4035- 
4 5 - 2 9  C O M Y U N I C b T I C l N S  A N D  S Y S T E M S ?  1 N C . t  O C T  6 7 e * * * 3 ) P A P A M E T R I C  
E N A L Y S I S  F O R  F U T U R E  G F O D E T I C  S P A C E C R A F T  D E V E L O P M E N T .  R E P O S T  NO.: 
R - 4 C 3 5 - 5 C - 2 9  C O Y Y U N I C A T I O N S  A N D  S Y S T E M S  I Y C 9  J A N  68. 

I 
65. HISTORICAL REMARKS 

aLso FLOWN ON E X P L D P E R S  2 2  27, AND 2 9 .  GEOS 2 = EXPLORER 36. 



NATIONAL AE D SPACE ADMINISTRATION 

R E F L E C T O R I  7 7 0  C U B E  CORNER R E F L E C T O R S  - 35 MY A C R O S S  F L A T S  J U N C  
28. APPLICATION la. SPACECRAFT 

GEOD I GEOS-C 
30. PURPOSE 

P u I M 4 P Y  - S U P P g R T  I N V E S T I G A T I O N S  S U C H  A S  P O L A R  M O T I O N ,  F A U L T  
M O T  I ON 9 E A R T H  R O T A T  I O N  R A T E ,  E A R T H  T I D E S ,  A N D  C O N T I N E N T A L  
D R I F T  THEORY.***  SECONDARY - C O N T P  I B U T E  TO C A L I B R A T I O N ,  D A T A  
ACCURACY D E T E R M I N A T I O N  , AND I N P R O V E M E N T  OF C A N D I D A T E  T R A C K I N G  
S Y S T E M S .  

31. PRINCIPLES OF OPERATION 

WHEN T H E  S P T E L L  I T E  I S  W I T H I N  R A N G E  AND 15  OR MORE D E G R E E S  
A B O V E  T H E  H O R I Z O N  T H F  R E F L E C T O R  A R R A Y  R E F L E C T S  B A C K  TO T H E  
S U U P C H  L A S E R  T R A C K I N G  SYSTEMS,  T H E  L A S E R  A R R A Y  G E O F E T R Y  S H A L 6  
B E  D E S  I G N E O  AND A T T I T U D E  P A S S I V E L Y  C O N T R O L L E D  SUCH T H A T  D U R I N G  
/HE U S E F U L  O R B I T  L I F E T I M E  (10-20 Y E A R S )  T H E  M A X I M U M  ERROR I N  
T H E  F I R S T  R E F L E C T I O N  P O I N T  OF T H E  A R R A Y  R E L A T I V E  T O  T H E  C E N T E R  
O F  G R A V I T Y  O F  T H E  S / C  D O E S  N O T  C A U S E  MORE T H A N  A  5 C M  ERROR 
I N  T H t  RANGE M E 4 S U R E M E N T  A S S U M I N G  AN I N F I N I T E L Y  NARROW P U L S E .  
T H F  L A S E R  ARRAY I S  T O  B E  C O N F I G U R E D  O N  T H E  L A T E R A L  S U R F A C E  
OF A C O N I C  F R U S T R U Y  W I T H  T H E  L A T E R A L  S U R F A C E  A D J O I N I N G  THE 
B O T T O M  S U R F A C E  A T  A  45 DEGREE ANGLE.  

32. PHENOMENA OBSERVED 

33. MEASUREMENT W O E  

34. PREClSlON AND ACCURACY 
W G Y G E  MEASUREMENT G(IAL I S  1 C  CM. 



IS. SPECTRAL RANGE 136. SPECTRAL RESOLUTION In. TIME CONSTANT 

0 . 4 5  TO C.7 M I C R U N  I N A I 
18. FIELD OF VIEW 1 39. GROUND WATH 
FROM 1 5  DEG ABOVE H0R.I 
o. ANGULAR  RESOLUTION^ 41. SPATIAL RESOLUTION 

I 
I 

2. PO(NTfffi ACCURACY 1 43. POlNT ING RATE 144. ALTlT UDE 146. lNCLlNATlON 
I 1 9 7 7  K M t M I - A N  1 1 1  5 D t - G R k k  S 

16. SPECIAL REQUIREMENTS 

- 
17. COMPONENTS - - - . - . . - - 1 

MIN 279  CUB^ I CORNER P F F L ~ C T U R ~  
I8. WEIGHT 149. VOLUME I so. AVERAGE WWER 151. STANDBY POWER I 52. PEAK POWER 1 53. MTBF 

~ 

15-18  LEI NONE INTERVAL I NDNE I NCNE I %LINE 1 
~ ( ~ L R ~ ~ ~ * c F  I ss INT-&"U:E 1 w ~~n%k%%~ I S7 ,NTE?%~E 1 58. SHIELDING 1 
NONE 1 NONE 1 NONE I 1 

IS. CALIBRATION 160. DATA RECOVERY 61. FREWENCY OF OBSERVATION ] 
NONE NONE N 0 NIE I AS SCHEDULED 

i2. TELEMETRY REQUIREMENTS 

NONE 

33. ADVANTAGES AND LIMITATIOW 
~ 

u. REFERENCES 

GEOS-C SPACECRAFT E X P  ER IMEYT REQUIREYFNTS D3CUMFNT. R E V  1.  
I 

1 2  YAY 1 9 7 2 .  

i6. HISTORICAL REMARKS 
r 

IMPROVED VERSInN OF GFOS 2 LASER REFLECTDR 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 
2 A P A R  A L T I Y E T E R  
(TITLE CONT.) < 

2 ACRONYM 1 3. EXP NO 

R A L T  I 
4 RESUWE OITC I tERSION 
c 9 / 0 1 /  121 3001 

6. PRINCIPAL INVESTIGATOR 1 7. ORGANIZATION 1 8. TELEPHONE 

STAPJLFY,  H O R *  N A S A  W A L L O P S  S T A T I O N  1 703-824-341  1 
9. CO-INVESTIGATOR 10. ORGANIZATION Ill. TELEPHONE 

I 

F A C A R  A L T I M E T E R  1 UNC 
28. APPLICATION 12s. SPACECRAFT 
G  El l9 I GEOS C 

30. PURPOSE 
' P R I Y A P Y  - D E Y I ) N S T R A T E  F E A S I S I L I T Y  A N D  U T I L I T Y  T O  M A P  

T C P O G R A P h Y  G L U B A L  SEA S U R F A C E .  *** S E C n N D A R Y  - D E V E L O P  
T E C H h O L O G Y  L E O I J I N G  T O  U L T I M A T E  S Y S T E M  W I T H  10 C Y  C A P A B I L I T Y ,  

31. PRINCIPLES OF OPERATION 

W I T H  S U I T A B L E  A L T I M E T R Y  AND S U F F I C I E N T  A C C U R A C Y  I N  
G F T E K M I N A T I O N  OF T H E  G E O C E N T R I C  P O S I T I C N  O F  T H E  S P A C E C R A F T  
T H f  GEOMETRY O F  T H E  O C E A N  S U R F A C F  C A N  B E  D E S C R I B E D  A N D  M F A N  
S E A  L E V E L  D E T E R Y  I N A T  I O N S  MADE. COMMAND T P A N S M I  S S I O N S  I N  T H E  
S T A D A N  R E G I C N  OF 1 4 8 . 2  TO 1 5 4 . 2  MHz F O R  MOOE S E L E C T I O Y  A N D  
L O W - Y O I S E  R E C E I V E R  I N / O U T e  T E L E M E T R Y  I N  T H E  1 3 6  TO 137 M H z  
R A N G E  FOR MODE A N D  M E A S U R E M E N T  I N F O R M A T I O N  A N D  H O U S E K E E P I N G .  
GLC lBAL  MOOE MAX D A I L Y  S C H E D U L E  O F  8-30 M I N  O P E R A T I O N S ,  E A C H  
S E P F 9 A T E Q  PY ONE HOUP,  A N D  S H O R T  P U L S E  MODE M 4 X  D A I L Y  
S C H E D U L E  OF  3-3c M I Y  O P E R A T I O N S  E A C H  S E P E P A T E D  B Y  ONE HOUF.  

32. PHENOMENA OBSERVED 

T  I Y t - V L k Y I N G  O C E L Y  S U R F A C k  A N D  Q U k S I - S T E A D Y  S T A T E  DEPAPTUPES.  
33. MEASUREMENT RANGE 

34- PRECISION AND ACCURACY 
A R S q L U T t v  P L U S / Y I N U S  5 METER:  F E L A T I V F ,  P L U S / M I Y U S  1 M F T F R e  



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 
13.9 GHZ I I 
38. FIELD OF VIEW 139. GROUND SWATH 

I 
40. ANGULAR  RESOLUTION^ 41. SPATIAL RESOLUTION 

I 
az. POINTING ACCURACY~ 43. POINTING RATE 144. ALTITUDE 45. INCLINATION 

2 1 1927 K M t M E A N )  1115 DEGREES 
46. SPECIAL REQUIREMENTS 

T t M P  L I M I T S  ( t L E C T P n N I C S )  - 
- - .  

M I Y U S  10 TO PLUS 4Q f3EG C, 
47. COMPONENTS 

48. WEIGHT- - 149. VOLUME I 50. AVERAGE POWER 151. STANDBY POWER 1 52. PEAK POWER / 53. MTBF 
5 3  I I I I l o o  I 

Y INT~&LNCE 1 % IN~?E'&E I 56 $NT?%"R"E?ICE / 57 IUT%'F"E"R%~E 1 58. SHIELDING 

I I I I 
59. CALIBRATION 160. DATA RECOVERY 61. FREQUENCY OF OBSERVATION 

I 111-30 M I W  ORSIDAY 
62. TELEMETRY REQUIREMENTS 

SEE I T E M  3 1  

$3. ADVANTAGES AND LIMITATIONS 

64. REFERENCES 

GEOS-C SPACECRAFT F X P E R I Y F N T  REQUIPEMFNTS 03CUMENT. R E V  1, 
1 2  M A Y  1972 .  

65. HISTORICAL REMARKS 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE I 2 4CRONVM 1 3. EXP NO 

S A T E L L I T E  R A U I 9  H E A C I l N  EXPEQ I M E Q T  
(TITLE CONT.) 

SRRE I 
4 RESUME DATE I 
2 9 / 0 1 / 7 2 1 0 @ 0 7  

8. TELEPHONE 

3 0 3 - 4 4 7 -  1"Pf  
11. TELEPHONE 

3 

6. PRINCIPAL INVESTIGATOR 

D A V I E S t  K *  
9. CQINVESTIGATOR 

82 COUTRYT 
pm 113. CONTRACT NUMBER 114. FLASH INDEX NUMBER 1 %%' 116 C~k~:'ON1 17. STATUS 

I I 1 I I 
18. MONITOR 119. AGENCY 120. PGM OFFICE 1 21. TELEPHONE 

B U R K E *  J.K. ] N A S A  H D Q T F S  I OA/EC-s  1 2 0 2 - 7 5 5 - 2 3 2 2  
22. VENDOR 1 23. LOCATION I " &'$,G,Hr 125. LEAD TIME 

I I I 
26. INSTRUMENT TYPE -27 

S W " .  

B E k C O N ,  T F A N S Y I T T E h  bND R E C E I V E R  1 UNC 
28. APPLICATION 129. SPACECRAFT 

A 

, I O N O S P H t R E S  A N D  R A D I G  P H Y S I C S  I 4 T S - F / G  
30. PURPOSE 

' P R I M A R Y - T O  STIJ~)Y IONOSPHER IC AND EXOSPHEKIC  P R O C F S S E S  THROUGH 
R A D I O  T R A Y S Y I S S I O Y S  S U I T A B L E  F O F  F A R A D A Y  R O T A T I O N  AYD D I F F F P E Y T -  
I A L  GFOUP D E L A Y  Y E A S U R E M E N T S  * * *SECONDARY-MAKE C O H E R F N T  P H A S E  
S C I N T I L L A T  I C N  Y t  A S U R E M F N T S  AND P R O V I D E  A  SGURCE FOR A C C U R A T E  
M E A S U G E Y E N T S  O F  I O N O S P H F R I C  A S S O U P T I O N  A T  A  S I N G L E  F R E Q U E N C Y .  

- 
31. PRINCIPLES OF OPERATION 

A 

R A 3 I  0 - B E A C O N  T E C h N I Q U F S  E X P L O I T  T H E  n I  SPEP S I O N  O F  P A D 1 0  S I G N A L S  
I N  T H E  P K O P ( 1 G A T I O N  M E D I U Y *  T H E R E  ARE TW9 B A S I C  A P P P O A C H E S *  I N  
T H F  P R E S E N C E  O F  A L O N G I T U D I N A L  M A G N E T I C  F I E L D ,  T H E  D I S P E P S I O Y  
B E T W E E N  T H E  M A G N E T O - I O N I C  C O M P O h E N T S  O F  A  L I N E A R L Y - P O L A R I Z E D  
S I G N A C  C A U S t  T H E  P L A N E  O F  P O L A R  I Z A T I n N  T O  R O T A T E  P R O G R E S S I V E L Y  
A S  T H E  WAVE P H U P A G A T E S .  T H I S  I S  T H E  F A R A D A Y  E F F E C T ,  B Y  W H I C H  I T  
I S  P O S S I B L E  T C  D E T F R M I N F  T H E  F L E C T P O N  C O N T E N T  ( T H E  NUMBER O F  
E L E C T R O N S  I N  A  COLUMN O F  U N I T  C P O S S  S E C T I O N )  A L O N G  THE PPOPOGA- 
T I O N  P A T H *  T H E  SECOh l )  APPROACH C O M P A R F S  T H E  D I S P E R S I O N  O N  TWO 
D I S T I N C T  F R E Q U E V C I E S *  FCIR I N S T A N C E ,  I F  T k O  P H A S E - S t C A T E O  S I G -  
N A L S  A R E  T R A N S M I T T E D ,  4  MEASUREMENT O F  THE R E L A T I V E  CHANGE OF 
P H A S E  B E T W E E N  T H E  T k @  S I G N A L S  F E C E I V E D  A T  A  D I S T A N T  P O I N T  G I V E S  
T H E  E L E C T R O N  C O Y T E N T  A L O N G  T H E  P R O P O G 4 T I O N  P A T H *  T H I S  I S  T H E  
P H A S E - P A T H  METHOD,  O F T E N  C A L L F D  D I F F E G E N T I A L  D O P P L E R ,  A N D  I T  I S  
I N D E P E N D E N T  OF T H E  A M B I E N T  M A G N E T I C  F I E L D .  T H E  E S S E N C E  OF T Y E  
B E A C O N  T E C H N I Q U E  FOR E X O S P H E R I C  S T U D I E S  I S  T O  MEASURE THE I O Y O -  
S P H E R I C  E L E C T R O N  C O N T E N T  BY T H E  F A R A D A Y  METHOD,  4 N D  TO S U R T P 4 C T  
O N E  FROM T H E  OTHER T O  A R R I V E  A T  THE E L E C T R O N  C O N T E N T  OF T H E  
E X O S P H E R E .  

32. PHENOMENA OBSERVED 

P H A S E  D I F F E R F N C E C P O L A R  I Z A T I O N  P O T A T I O N  O F  VHF & U H F  R A D I O  S I G N A I  S , 
33. MEASUREMENT RANGE 

NA 
34. PRECISION AND ACCURACY 

0.05 C Y C L E  I N  A  1 MHz D I F F E R E N C F  S I G Y A I  

7. ORGANIZATION 

E S S A - S O U L C E R  , C O L .  
10. ORGANIZATION 



i 

36. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 1 

N A 1 NA I 
38. FIELD OF VIEW 139. GROUND SWATH 

I 
I 

NA I "JA 
40. ANGULAR  RESOLUTION^ 41. SPATIAL RESOLUTION 

N  A  I NA 
42. POINTING ACCURACY~ a. POINTING RATE 144. ALTITUDE 145. INCLINATION 

I I I A 

48. SPECIAL REQUIREMENTS 

47. COMPONENTS 

TRANSMITTER ANTENNA, FLECTRONICS 
48. WEIGHT 149. VOLUME I SO. AVERAGE POWER 151. STANDBY POWER I 52. PEAK POWER 1 53. MT BF 

5 L B ~  I 1s  W A T T S [  I I 
64 )((TEI~~REWCE 1 sn IIIT%"F?O'E%E [ IIITFFLE'R*ELE 1 INTE'P,M.$LE [ 58. WIELDING 

SOURC/SENI  SENSITIVE^ 1 I RF t MAGNETIC S H I E L D I N G  
M). CALIBRATION 160. DATA RECOVERY 61. FREQUENCY OF OBSERVATION 

NA ] R E A L T I Y E  TELEMETRY 1 0 ~  COYMAND 
62. TELEMETRY REQUIREMENTS 

ALL  FREQUENCIES D E R I V E 0  F R O M  A  1 MHZ SOURCE, FDR FARAOAY Y E I S -  
UREMENTS: 200 HZ RANOWITH RFQUIRED. 

63. ADVANTAGES AND LIMITATIONS 

64. REFERENCES 

11 GRURBI R.  No, ATS-F BEACON TRANSMITTER AN3 R E C E I V I N G  SYSTEMS 
ENGINEERING CONSIDERATIONS 

*. 
65. HISTORICAL REMARKS I 



R A D  IOMETERS 

__  _____- - 
Preceding page b l a n q  105 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT. MD. 20771 

1. TITLE 
E X P E R I M E N T A L  24-CHANNEL MULT I SPECTRAL SCANNER 

(TITLE CONT.1 

2. ACRONYM 1 3. EXP NO 

ECMSS I 
e RrsuuE DITE I CERSION 
C 3 / 0 4 / 7 1 1 9 0 0 7 ,  

6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE 

KOR8vC.C. MANNED SPACECRAFT CENTER 7 1 3 - 4 8 3 - 3 1 1 1  - 

9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE 

OCEANOGRAPHY 9 AND AGR I C U L T U R A L  D I S C  I P L  I N E S .  

D I M E N S I O N .  THE  M IRROR R A T E  I S  SELECTED TO G I V E  CONTIGUOUS L I N E S  
ACROSS THE T E R R A I N .  T H E  SPECTRAL BANDS APE FORMED BY DETECTOR 
ARRAYS I N  T H E  F O C A L  P L A N E  OF TWO G R A T I N G  SPECTROMETERS* THE DET- 
ECTORS I N C L U D E  P / Y  T U B E S *  S I  AND GE P H O V O D P O O E S ~  I N - S B  PHOTOVOL- 
T A I C  C E L L S  AT 77 DEG.K( AND HG DOPED GE AT 2 5  DEGOK. D U R I N G  I N -  
A C T I V E  PART OF S C A N 9 T H E  TOTAL  O P T I C A L  SYSTEM V I E W S  F I E L D  F I L L I N G  
C A L I B R A T I O N  SOURCES TO C A L I B R A T E  OUT CHANGES I N  O P T I C A L  TRANS- 
M I S S  I O N  CHARACT E R I  ST I C S .  TWO T H E R M O E L E C T R I C A L L Y  CONTROLLED B L A C K  
B O D I E S  APE USED FOR T H E  THERMAL AND R E F L E C T I V E  BANDS. ONE C A L I -  
BRAT I O N  SOURCE I S  E I T H E R  A U V / V I  So /NEAR- IR  OR " S K Y L I G H T n  REFER- 
ENCEOTHE S I G N A L  FROM A DETECTOR I S  A M P L I F I E D v T H E N  PROCESSED I N T O  
AN 8 - B I T  WORD. A MEMORY BUFFER U N I T  REMOVES D E A D  T I M E  I N  THE 
SCAN CYCLE T O  G I V E  A U N I F O R M  B I T  R A T E  OUTPUT. TWO CHANNELS  ARE 
Y U L T I P L E X E D  AND PLACED ON ONE TRACK OF  A 24 -TRACK RECORDER. THE 



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

0.34 TO 1 3  MICRONSI 2 4  CHAVNELS] 
38. FIELD OF VIEW 139. GROUND SWATH 

N A  j 8 0  DEG SCAN 4NGLE 
40. ANGULAR RESOLUT~ON~ 41. SPATIAL RESOLUTION 

0.1146DEGI  
42 POINTING ACCURACY~ 43. POINTING RATE 144. ALTITUDE 145. INCLINATION 

N4 I 11.5K TO 30K FTI 
46. SPECIAL REQUIREMENTS 

47. COMPONENTS 
.OPTICS, DF fECTORSt  G R A T I N G *  ELECTRONICS 
48. WEIGHT 149. VOLUME 1 so. AVERAGE POWER 151 STANDBY POWER 1 52. PEAK POWER 1 53. MTBF 

I I I I I 
~NTER%EWE / 55 INE"R"F!'RKE I 6B ~NG%\%PNCE / s7 &NT!'A'&"R~~cE / 58. SHIELDING 

I I I 1 
59. CALIBRATION f 60. DATA RECOVERY 

" 
161 FREQUENCY OF OBSERVATION 

INTERNALLY (SEE I T E M  3 1 1 1 ~ ~ 0 ~  RETURNED TAPES  CONTINUOUS 
62. TELEMETRY REQUIREMENTS 

N A  

63. ADVANTAGES AND LIMITATIONS 

DATA CAN BE PROCESSED I N  LARGE-SCALE D I G I T A L  COMPUTERS. 

84. REFERENCES 

Z A I T Z E F F *  E. M, ET. AL., MSDS: AN EXPER I Y E N T A L  24-CHANNEL 
MULTISPECTRAL SCANNER SYSTEM, RENOIX TECHNICAL JOURNAL, SUMMER/ 
AUTUMN 1970. 

6S. HlSTORtCAL REMARKS 

- 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 

E A R T H  P  A D 1  AT I O N  9 U n G E T  
(TITLE CONT.) i 

2 ACRONYM 1 3. EXP NO 

F P R  I 
4 RESUME DATE I 5VERSION 

C 9 / G 1 / 7 2  1 9 0 0 2 -  
8. TELEPHONE 

11. TELEPHONE 

6. PRINCIPAL INVESTIGATOR 

S M I T H ,  i d .  L o  
9. CO-INVESTIGATOR 

DRUYMObID, A .  J *  
12 CONTRACT 

TYPE 113. CONTRACT NUMBER 114. FLASH INDEX NUMBER 1 l5 %"r"ET CoM%f~ON1 17. STATUS 

I 1 t IPPPPCSPL 
18. MONITOR 119. AGENCY I 20. PGM OFFICE 1 21. TELEPHONE 

S C H A R U T ,  3.3 .  ] N A S A  H D Q T F S  I ~ ~ ~ / E R N  1 2 0 2 - 7 5 5 - 2 3 2 2  
22. VENDOR 1 23. LOCATION 1 24 G ~ ' F c T  125. LEAD TIME 

I 1 1 9 7 4  1 
26. INSTRUMENT TYPE 27 

SECU&p 

P A D I O Y E T E R  IUNC 
28. APPLICATION 129. SPACECRAFT 

M F T *  SOLAR P H Y S I C S  INIYBUS-F 
30. PURPOSE 

P R I M A R Y - T I 1  O S C E R T A I h  E A P T H  R A D I A T I O N  B U D G E T  B Y  1 )  M E A S U Q I h G  I N -  
C O M I N G  S O L A R  R A D I A T I C I N  B F T w E E N  0 - 2  TO >40 M I C R O N S ,  2 )  Y E A S U R I N G .  
U IJTGOI rvG E 4 R T H  F E F L E C T E D  AND E M I T T E D  R A D I A T I O N  I N  T H E  S b Y F  S P E C -  
T R A L  SANDS.  

31. PRINCIPLES OF OPERATION 

E M l T T t C  AN9 R t F L E C T l i D  3 A D I A T I C I N  FROM E A P T H  I S  MEAS lJPED I Y  TWO 
WAYS: 1 )  A N  I N T F G K A T I O W  OVER T H F  E N T I R E  F A 9 T H 8 S  D I S C  M E A S U R I N G  
T O T A L  T E F K E S T R I A L  F L U X  P A S S I N G  T H k O U G H  A  U N I T  A R E A  A T  S A T E L L I T E  
O L T I T U D E ;  2 )  4 S E R I E S  3 F  M F A S U P E M E N T S  O F  THE R A D I A N C E  E M I T T E D  
A N D  R E F L E C T E D  FROM R E L A T I V E L Y  S M A L L  A P E A S  A T  A  VUMBFR O F  Z F N I T H  
A N D  A L  I M U T H  A N G L E S .  ANGULAR D I S T P  I S U T I O N  OF H A D I P h C F  I S  D E T F R -  
M I N E D  B Y  4 S L A Y  S Y S T E M  P R U V I D I N G  O B S E R V A T I O N S  O F  L O C A L  Z E N I T H  
AND 4 Z  I M U T H  A N G L E S *  T H E  I N S T R U N E K T  I N C L U D E S  A  S C A N N I N G  Q A D I  :]ME- 
T E R  H E A D  W H I C H  C O N T A I N S  4 SHORTWAVE A N D  4 LONGWAVE C H A N N E L S  W I T H  
0 . 2 5  D F G  F O V  I N  T H E  S C A N  P L A N E  AND 5 D f G  I N  T H F  N O R M A L  P L A N E .  
S C A N N I N G  T b K E S  P L A C E  f k O Y  T H E  N A D I R  TQWAQD T H E  H O P I Z O N *  C C V E R A G E  
I N  5  C E G  G A P S  I S  O B T A I N E D  B Y  P O T A T I O N  O F  T H E  H E A D  A P O U T  4 V E S T I -  
C A L  A X I S .  I Y  T H I S  M A N N E R  C D V F P A G E  E X T E N D S  23 DEG TO E A C h  S I D E  
OF T H E  Y O M I N A L  S C A N  P L A N E .  F I V E  S C A N  M O D E S  ARE A V A I L A B L F  U P g N  
COFAMANO FFUM T H F  GPOUND. S C A N S  T A K I N G  P L A C E  A T  2 2 . 5 ,  99 D E G p  
ETC.  FROM T H E  O R B I T A L  P L A N E  A Q E  A C C O M P L I S E D  R Y  P E P F O R M I N G  A D D I -  
T I O N A L  P O T A T I O N S  OF THC H E A D  A B O U T  T H E  V E R T I C A L  A X I S  P R I O F  T Q  
SCAN.  T H E  F I F T H  MODE I S  A  C O M P O S I T E  O F  THE F I R S T  TWO YODFS.  
A C O Y P L E T E  SCAW C Y C L E  I Y  E A C H  CF T H E  F O U R  R A S I C  MOrZFS I S  1 1 2  SEC 
P E R M I T T I N G  U P  TO 9 D I F F E R E N T  V I E W S  O F  AN I N D I V I D U A L  A R E A .  - -- -- - -- - 
32. PHENOMENA OBSERVED - 

I N C O M I N G  A N 0  R E F L E C T E D  - S O L A R  R A D I A T I ~ ~ N I  T F R R F S T P I A I  R A D I 4 T I C Y  - - --- - 
33. MEASUREMENT RANGE 

J V ,  V I S I B L E ,  1 9  T O  G P E A T E R  T H A N  40 Y I C P O N S  
-SYFR~ISION AND ACCURACY 

7. ORGANIZATION 

V b T .  OC. C ATM. A G E V C Y  
10. ORGANIZATION 

E P P L E Y  L A P D F A T U R  I E S ,  I " 4C  



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

Q.?  T 1  > L r e  kA 1 r L'?h!5 1 I 1 1 3  S F C n Y Q S  
38. FIELD OF VIEW 139. GROUND SWATH 

I 
40. ANGULAR  RESOLUTION^ 41. SPATIAL RESOLUTION 

n.25  DFGI - 
42 POINTING ACCURACY~ 43. POINTING RATE 44. ALTITUDE / 45. INCLINATION 

I I WFD-C I R C U L A R  I S U N - ~ Y N C H  R F T R O G R A D E  - 
46. SPECIAL REQUIREMENTS 

47. COMPONENTS 

R ~ P I O M E T E P I  O P T I C S  I F L F C T Q n N  ICS 
48. WEIGHT 149. VOLUME 1 50 AVERAGE POWER 151 STANDBY POWER 1 52. PEAK POWER 1 53. MTBF 

5 6  C R I  ?.5 cu F T I  3 e ~ ~ ~ ~ ~ l  I I 
54 INTERGENCE 1 wr","R"F",'RZ'&E I % IN~"E"R"F~"R"E"NEE 1 57 INT%~";:%cE 1 58. SHIELDING 

I I I I 
59. CALIBRATION 160. DATA RECOVERY 61 FREQUENCY OF OBSERVATION 

I I CPNTINUQUS 
62. TELEMETRY REQUIREMENTS 

63. ADVANTAGES AND LIMITATIONS 

64. REFERENCES 

P R E L I Y I N A P Y  DATA SHFFT FOP N IMRUS-F 9 NnV. 9 1970. 

65. HISTORICAL REMARKS 

> 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD.  20771 

1. TITLE 
E L E C T R I C A L L Y - S C A N N  I N G  MICPOWAVE P A D I O M E T E R  

(TITLE CONT.1 ' 

2 ACRONYM 1 3. EXP NO 

ESMP I F 1 2  
4 RESUME DATE 1 kERSION 

1 0 9 / 0 1 / 7 2  13009 
8. TELEPHONE 

3 0 1 - 9 8 2 - 5 0 4 2  
11. TELEPHONE 

6. PRINCIPAL INVESTIGATOR 

N O P D B E R G T  D9 W m  

9. CO-INVESTIGATOR 

R A D I O M E T E R  9 19 .35-GHZ E L E C T R O N I C A L L Y - S C 4 N N I N G  MICROWAVE 1 UNC 
28. APPLICATION 129. SPACECRAFT 

MET9 GEOPT OCEAN  NIMBUS E 
30. PURPOSE 

P R I  MARY- TO MAP G L O B A L L Y  AND C O N T I N U O U S L Y  THE THERMAL R 4 D I  A T 1  ON 
E M  I T T E D  BY T H E  E A R T H ' S  SURFACE AND ATMOSPHERE A T  A  FREQUENCY O F  
19.35 GHZ.*** SECONDARY - T 3  DEMONSTRATE THE F E A S I B I L I T Y  OF 
DEPLLIYED PHASED-ARRAY A N T E N N A S *  

31. PRINCIPLES OF OPERATION 

T H E  R A D I O M E T E R  WILL f3E U S E D  TO MEASURE P R E C I S E L Y  THE I N T E Y S I T Y  
OF 19.35 GHZ THERMAL R A D I A T I O N .  T H E  V I E W I N G  D I R E C T I O N  OF THF 
ANTENNA I S  E L E C T R O N I C A L L Y  SCANNED P L U S  AND M I N U S  50  DEGREES FROM 
T H E  N A D I R  NORMAL T O  T H E  S P A C E C R A F T  GROUND TRACK, P R O D U C I N G  A 
H R I G H T N E S S  TEMPERATURE MAP O F  THE SURFACE O F  THE E A R T H  AND I T S  
ATMOSPHERE UNDER THE SPACECRAFT,  T H I S  S C A N N I N G  CONS1 S T S  OF 78 
D I S C R E T E  V I E W  P O S I T I O N S  AND I S  C O N T R O L L E D  B Y  AN I N T E R N A L  COMPU- 
T E R *  ANGULAR S E P A R A T I O N  OF V I E W  P O S I T I O N S  ALLOWS AM 8.5 PERCENT 
O V F P L A P .  T H E  ANTENNA THERMAL TEMPERATURE MUST B E  MEASURED*  
C A L I B R A T I O N  I S  A C H I E V E D  W I T H  TWO R E F E R E N C E  SOURCES, ONE AT 338  
OEGREES K E L V I N *  T H E  OTHER NEAR 5 0  DEGREES K E L V I N  ( A  SPACE- 
V I E W I N G  HORN ) *  T H E  90 BY 90 C E N T I M E T E R  ANTENNA I S D E P L O Y E D  A F T E R  
O R B I T  I S  A C H I E V E D .  T H E  ANGULAR R E S O L U T I O N  OF THE ANTENNA WILL B E  
1.4 DEGREES AT T H E  3 0 8  P O I N T S  A T  THE B R O A D S I D E  S E T T I N G  AND 1.5 
OEGREES AT THE MAXIMCJM SCAN P O S I T I O N S  O F  P L U S  AND M I N U S  50 
DEGREES. 

32. PHENOMENA OBSERVED 

H O R I Z O N T A L L Y  P O L A R I Z E D  T E L L U R I C  THERMAL F M I S S I O N S  A T  19.35 G H Z  . 
33. MEASUREMENT RANGE 

D Y N A M I C  TEMPERATURE RANGE- 5 0  TO 330 OEGREES K 
34. PRECISION AND ACCURACY 

RMS TEMPERATURE W I T H I N  1.6 D E G  K; A B S O L U T E  T E M P w W I T H I N  7 . 0  D F G  K ,  

7. ORGANIZATION 

GODDAPD SPACE F L T  CENTER 
10. ORGANIZATION 



'35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

1 9 . 3 5  GHZ I 3.10 P F R C E N T ~  
38. FIELD OF VIEW 139. GROUND SWATH 

l ? n .  BY 1.28 D E G l  1 4 P 0  N M  BY 1 3  NM FPOM 6OF NY A L T I T U D E  
40 ANGULAR RESOLUT~ON~ 41. SPATIAL RESOLUTION 

1.28  DEG]  1 3  YY FRrlM 600 NM O R B I T  
42 POINTING ACCURACY~ 43. POINTING RATE 144. ALTITUDE 145. INCLINATION 

I 1 WED I SUN-5YNCH H I G H  NOON 
46. SPECIAL REQUIREMENTS 

47. COMPONENTS 

F P D I O Y E T E P ,  RECF I V E R  9 hh!TENh!At CAL I B R A T I n N  TFYPEPATURE SOURCES 
48. WEIGHT 149. VOLUME 1 50. AVERAGE POWER 151 STANDBY POWER 1 52. PEAK POWER 1 53. MTBF 

5 5  LP 4.5 cu  FTI 42 W A T T S ~  NA I NA I 
54 ~ N T E R ~ R E N C E  1 5s IN~"E"."F?ER:I&E 1 56 tN$%S\"R"E"NcE 1 57 INT%~%%CE 158. SHIELDING 

SFYSITIVEI SEYSITIVFI NCNE 1  SENSITIVE^ I N T F S R A L  
59. CALIBRATION 160. DATA RECOVERY 61 FREQUENCY OF OBSERVATION 

T W O  FEFFRENCE SClU9CES 1 O F L A V E D  T F L E Y F T R Y  1 CONTT NUOUS 
62. TELEMETRY REQUIREMENTS 

1 C  H I T  WORD READ EACH 2 5  P I L L I S E C O N D S .  S E R I A L  READOUT. 

63. ADVANTAGES AND LIMITATIONS 

ANTrNYA S I D F L n R E  S U P P E S S I O N  T O  EXCFFD 9 5  P F P Z E N T *  ANTENNA D E S I G N  
&AND OFPLOYMENT MO5T CR I T I C A L .  
64. REFERENCES 

1 )  NORDBFHGT W e :  P E 3 P n S A L  F O R  Y A P P I N G  EARTH 9 A D I A T I q N  AND CLOUD 
STPUCTURE W I T H  AY F L F C T R I C A L L Y  S C A N q I N G  M l C R 3 H A V E  R A D I O M F T E R ~  
GSFC. * * *2 )  C4TOET ET AL: P R F L I Y I N A P Y  RESULTS FROM A I R C R A F T  
F L I G H T  T E S T S  OF AY F L E C T R I C 4 L L Y  SCANNING MIC70WAVE R A D I O M F T E P *  
N A S A  X - 6 2 2 - 6 7 - 3 5 2 9  AUG 6 7 . * * * 3 )  T O R I N r  M e :  SUPPORT DATA FOR 
C O Y V A I R  990  MET F L I G H T  29 NASA X - 6 2 2 - 6 7 - 4 5 0 9  SEP 6 7 .  
65. HISTORICAL REMARKS 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
GODDARD SPACE FLIGHT CENTER 

S O I L  M U I S T U Z E *  A N D  S h O M  COVER 1 .  

ANTElur\ lA O P F P A T I N G  AT C.9-CFJI. T H F  A k T E N N A  B E A M  I S  S C A N N E D  
T H R O U G H  +r7H-?5 [ IFG T H R O U G H  98 D I S C R E T E  OEAM P O S I T I O N S .  T H E  
A N G U L A R  R E S C L U T I O V  WILL P E  A P P R C X I Y A T E L Y  0 . 7 5  D F G  A T  THE ? D S  
P Q I I V T S  A T  S k O A l I S  I D F  S E T T I N G .  T H E  B E A M  T I L T  A N G L E  I S  4 C  D E G  FROM 
T H E  A R F A Y  h U K M A C .  T H E  B R I G H T N E S S  TEMPEPATURF:  M E A S U R E D  R Y  T H I S  
I N S T  R lJYFNT D E P E N D S  P R I M A P  I L Y  U P O N  T H E  L  I Q U I D  WATER C O N T F N T  PF 
C L O U D S  !4HEN M E C S U K E D  A T  LOW-AND M I D - L A T I  TUDES.  A T  P O L A R  L A T I -  
T U D E S *  T t I E  M E A S U R E D -  bii I G H T N E S S  T E M P E R A T U R E  I S  P R I M A P  I C Y  R E L A T E D  
T O  T H E  O C C U R Q E N C E  flF S E A  I C E  AND SNOW C n V E R  O N  T H E  I C E *  O V E R  
L A N D *  T H E  MEASURE13 BP I G H T F I E S S  T E P P E Q A T U R E S  h I L L  9 E P F h l D  L A R G E L Y  
UN T H E  C O W P O S I T  I C N *  R C U G H N E S S p  AND T F M P F R A T U R E  OF T H E  S U R F A C E .  
M E A S U P E M E N T S  A T  B O T H  P O L A R I Z A T I O N S  WILL P E R M I T  THE D E L I Y E A T I Q N  
OF T H E S E  P A H A Y E T E K S  9 E S P E C I A L L Y  B E T W E E N  S U P F A C E  P O U G H N E S S  AN3 
M O I S T I J F E .  T H E  A B S O L U T E  V A L U E  OF T H E  R A r ) I A T I O N  T E M P E R A T U R E  OF 
T H E  A R T E N N A  ;JILL F3E M E A S U R E D  T O  A N  A C C U R A C Y  OF 2 P E G  K. C A L I -  
€!PATION WILL H E  A C H I E V E D  BY T H E  U S E  OF T H R E E  R E F E P E N C E  S O U Q C E S p  
1839 3 p ; ? 9  AND 3 3 8  D E G  Y. 

32. PHENOMENA OBSERVED 

M I C R O W A V E  E i V I S S I O N  FROM E A R T H  A N D  C L O U D S  
33. MEASUREMENT RANGE 

3 7  G t i Z  I N  V E K T I C 4 L  A N D  H O R I Z g N T A L  P O L A R I Z A T I O N  
34. PRECISION AND ACCURACV 
S E E  I T E M  3 1  



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

3 7 GHZ I I 
38. FIELD OF VIEW 139. GROUND SWATH 

0 .75  OF$ 8 NY R Y  t?4n NM FRnM 600 NM O R B I T  
a. ANGULAR R E S O L U T ~ ~ N ~  41. SPATIAL RESOLUTION 

3 . 7 5  D E G I ~  NY 
42. POINTING ACCURACY 1 43. POINTING RATE 144. ALTITUDE 1 45. INCLINATION 

I I I 
46. SPECIAL REQUIREMENTS 

. - - - -  - . . -  . - 
47. COMPONENTS 

ANTEWNA R E C E I V E R ,  E L E C T P @ N I C S  
48. WEIGHT I~~:VOLUME 

8 C  L B I  5 . 1  CU F T  
50. AVERAGE POWER 151. STANDBY POWER 1 52. PEAK POWER 1 53. MTBF 

6 5  WATTS I 1 I 
157 INT';"%%?$~cE 1 58. SHIELDING INTERERENCE 1 55 IN%%%~%E I 56 lNr"E"R%%%CE 

I I I I 
59. CALIBRATION 160. DATA RECOVERY 61. FREQUENCY OF OBSERVATION , 
ON BOARD I I C ~ ~ N T I Q U O U S  
62. TELEMETRY REQUIREMENTS 

63. ADVANTAGES AND LIMITATIONS 

a. REFERENCES 
P R E L I M I N A R Y  D A T A  SHEET FOR NIMBUS-F, OCT.9 197Q 

65. HISTORICAL REMARKS 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE I 1 2 ACRONYM 1 3. EXP NO 

, EREP MULTISPECTRAL SCANNER W S  1 s - 1 9 2  
(TITLE CONT.) 1 I RE- DI\TL I :ERSION 

I C 9 / 0 1 / 7 2  13Q04 
8. TELEPHONE 

7 1 3 - 4 6 3 - 0 1 2 3  
11. TELEPHONE 

6. PRINCIPAL INVESTIGATOR 

K O P R ,  C. L. 
9. CGINVESTIGATOR 

C O N I C A L  S C A N N I h G  P A O I O M F T E R  1 UNC 
28. APPLICATION 129. SPACECRAFT 

E R S P  I S K Y L A B - A  
30. PURPOSE 

' T O  G A T H E R  H I G H  K E S O L U T I U N  C I N E  S C A N  I M A G E R Y  OF S E L F C T E D  E A R T H  
P E S Q U R C E S  GROUND C A L  I E R A T ~ O N  S I T E S  I N  S I M U L T A N E O U S  S P E C T R A L  
B A N D S  C O M P A R A B L E  T O  E R T S  A & E k A P  D A T A .  O B J E C T I V E  I S  F E A S I B I L I T Y  
E V A L U A T I O N  O F  S P E C T R U M  M A T C H I N G  D A T A  P R O C E S S I N G  T E C H N I Q U E S  F O R  
I D E N T I F I C A T I O N  O F  E A P T H  R E S O U R C E S  F E A T U R E S .  

31. PRINCIPLES OF OPERATION 

T H E  I N S T R U M E N T  C O N S I S T S  O F  AN O P T I C A L - M E C H A N I C A L  SCANNER,  A 
S P E C T R A L  D I S P E R S I O N  S Y S T E M ,  A  GROUP O F  THREE I N - F L I G H T  C A L I B R A -  
T I O N  SOURCES,  AND AN A R R A Y  O F  D E T E C T O R S  ( S I ,  GE, HG-CD-TE) .  T H E  
O U T P U T  O F  T H E  D E T E C T O R S  I S  A M P L I F  I F D  9 D I G 1  T I Z E D ,  R E F O R M A T T E D  AND 
F E C O R O E D  ON T A P E .  A  F g L D E D  1 2 - I N C H  R E F L F C T I Q G  T E L E S C O P E  I S  T H E  
C O L L E C T O R .  T H E  U S E  O F  T H I S  L A P G E  C O L L E C T O R  WILL P R O V I D E  THE 
N E C E 5 S A R Y  D I F F R A C T I O N - L I M I T E D  R E S O L U T I O N  F O P  T H E  T H E R M A L  I R  
C H A N N E L  ( 1 0 . 2 - 1 2 . 5  M I C R O N S )  A S  W E L L  A S  P R O V I D I N G  THE N E C E S S A R Y  
ENERGY THROUGHOUT TO A C H I E V E  M O D E R A T E  S / N  R A T I O S  I N  A  H I G H  RE-  
S O L U T I O N  SYSTEM.  T H E  R A D I A N T  ENERGY C O L L E C T E D  B Y  T H E  S C A N  
M I R R O R  I S  C O N S T R A I N E D  T O  P A S S  THROUGH TWO N E A R L Y  A D J A C E N T  EN-  
T R A N C E  S L I T S  W H I C H  A R E  S I Z E D  FOR E Q U I V A L E N T  ANGULAR F O V ' S .  
T H E  S L I T S  ACT AS B O T H  T H E  F I E L D  S T O P  O f  T H E  T E L E S C O P E  AND T H E  
E N T R A N C E  S L I T  FOR T H E  P R I S M  S P E C T R O M E T E R .  S I N C E  T H E  P A D I A N T  
E N E R G Y  P A S S E S  THROUGH T H E  F I E L D  S T O P S  P R I O R  TO S P E C T R A L  SEPARA-  
T I O N ,  E A C H  D E T E C T O R  ON A  G I V E N  S C A N  L I N E  O B S F R V E S  T H E  SAME SPA- 
T I A L  E L E M E N T  ON T H E  GROUYDp R U T  I N  A  D I F F E R E N T  S P E C T R A L  R E G I O N .  
T H E  T H I R T E E N  S P E C T R A L  BANDS A R E  0341-0.44, 0.46-9.51 0 . 5 2 - 0 . 5 5 6  
A N D  0 . 5 6 5 - 0 . 6 0 9 ,  3 . 0 2 - 0 . 6 7 9  0 . 6 8 - 0 . 7 6 2 ,  0 . 7 8 3 - 0 . 8 8 ,  0 . 9 8 - 1 . 0 8 ,  
1 . f 9 - 1 e 1 9 v  1 . 2 0 - 1 . 3 0 ,  1 . 5 5 - 1 . 7 5 ,  2 . 1 0 - 2 . 3 5  A N D  10 .2 -12 .5  M I C R O N S  
32. PHENOMENA OBSERVED 

F E F L  E C T E G  AND T H E R M A L  K A O I A T  I O N  FROM THE E A R T H ' S  S U R F A C E  
33. MEASUREMENT RANGE 

V I S I B L E  1 N E A R  I k  9 AND T H E R M A L  W A V E L E N G T H S  
34. PRECISION AND ACCURACY 

ABOUT 1 %  I N  V I S I B L E  C Q E F L E C T I V E  I R ,  0.4 DEG K I N  T H E R M A L  I R  

7. ORGANlZATtOLU 

M A h N E D  S P A C E C R A F T  C E N T E R  
10. ORGANIZATION 
I 



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

0.41 TO 1 2 . 5  M I C P O N S ~  SEE I T E M  3 1  I 
38. FIELD OF VIEW 139. GROUND SWATH I 

n.?2 RY 10. DEG[  40 NM 
- 

FROM O R B I T  
40. ANGULAR RESOLUT~ON~ 41. SPATIAL RESOLUTION 

0."35 D E G ~  1 3 C  F T  V I S I R L F ,  260 F T  IQ F ? O Y  O R B I T  
42. POINTING ACCURACY~ 43. POINTING RATE 144. ALTITUDE 145. INCLINATION 

I 1 2 3 5  NY 5  0 EG 
46. SPECIAL REQUIREMENTS 

CPYO-COPLER & D E T F C T O P S  R E P L A C F A B L E  BY OPERATOR. -- 

47. COMPONENTS 

, C l P T I C A L - M F C H A N I C A L  SCANNFP , P R I S M  SPFCTROMETER, D I C H P O I C  F I L T E R  A 

48. WEIGHT 149. VOLUME 50. AVERAGE POWER 151. STANDBY POWER 1 52. PEAK POWER ( 53. MTBF , 
? O C  LBI 1 0 . 3  CU F T I  1 8 0  W A T T S [  90 W A T T S ~  266 W A T T S I  

INTER~RENCE 1 55 IN~"E"R"F"E'RZE~E I IN~"E"."F"E\'%CE 1'' INT?E"E",%CE 1'58. SHIELDING 

I I l SFNSITIVF~ 
59. CALIBRATION 160. DATA RECOVERY 61. FREQUENCY OF OBSERVATION , 

SELF CONTAINED ~ ~ G / S E C .  IMANUAL T A P E  RETURN IFLEXIBLF 
62. TELEMETRY REQUIREMENTS 

ONBOARD QFCCIRD 2 2  D A T A  CHANNELS,  8 - B I T  ACCUR4CY. 
1.0 P R I T S / S E C / T P A C K .  

63. ADVANTAGES AND LIMITATIONS I 

P E R Y T T S  C O Y P A R I S D N S  O F  S P E C T R A L  I M A G E R Y  I N  C 3 M P A T I R L E  FORMAT 
W I T H  ERTS-A,  ERFP,  & GROUND S I T E  I N F O R M A T I O N .  
64. REFERENCES -. 

E X P E R I M E N T  I Y P L E Y E N T A T I O N  P L 4 N  F3R MANNED S P 4 C E  F L I G H T  E X P E R I -  
MENTS 9 T I T L E :  TEN-RAND M U L T I  S P E C T R A L  SCANNER NO. 5 - 1 9 2 ,  
S K Y L A B  A, EREP USERS HANDBOOK, N A S A  MSC, FER. 1971. 

65. HISTORICAL REMARKS 1 
I 

1 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 
F L A T - P L A T E  h A C I U M E T E k  

(TITLE CONT.1 

2 ACRONYM 1 3. EXP NO 

F PP 1 
4 RESUME DATE I 5VERSION 
09/?1/721"2C9 

6. PRINCIPAL INVESTIGATOR 

P A K F N T ,  DH. n o J o  
9. CO-INVESTIGATOR 

12 CONTRACT 
TYPE 113. CONTRACT NUMBER / 14. FLASH INDEX NUMBER 1 " E"rtT 116 CoMgkfFONI 17. STATUS 

I I 1 I 1 I N T E G R A T I O N  
18. MONITOR 119. AGENCY I 20. PGM OFFICE 1 21. TELEPHONE 

' G A R U A C Z ,  M . L .  I h A S A  H O Q T P S  I O A / E R O  1 2 0 2 - 7 5 5 - 2 3 2 2  
- 

22. VENDOR 1 23. LOCATION I 24 kFd,GT 125. LEAD TIME 

U N I V E R S I T Y  i3F L U I S C O N S I N  \I I A D I S T I N , k I S C C l N S I N  1 1 / 7 0  1 NA 
26. INSTRUMENT TYPE 27 

K A O I O M E T F P  9 FOUR I R / V I S  I B L E  LOW RE S ( 1 L U T I O N  T H F R M I  STORS.  is?%? 
28. APPLICATION 129. SPACECRAFT 

Y E T  I I T O S - 1  
30. PURPOSE 
P R I M A R Y - T O  G A T H E R  D A T A  TO A T D  I N  D E T E R M I N I N G :  ( 1 ) T H E  G E O G P A P Y I C  
D I S T P I B U T I O N  OF E N t P G Y  K A C I A T E D  FROM T H E  E A R T H  A N D  T H E  P E L A T I [ I N -  
S H I P  O F  T H I S  ENERGY T O  I N C O M I N G  E N E R G Y  F R O M  T H E  SUN AYD ( 2 )  T H F  
R E F L E C T I O N  A N D  S C A T T E R I N G  OF SOLAR R A D I A T I O N  R Y  THE E A P T H -  
A T M O S P H E R F  SYSTEM.  

31. PRINCIPLES OF OPERATION 

T H E  I T l l S  F L A T  P L A T E  R A D I O M E T E R  ( F P R )  WILL A L S O  B E  F L O W Y  O N  I T O S  
A *  8,  A N D  C e  T H t  P R I N C I P 4 L  P A R T  OF E A C H  P A D I O M E T E R  I S  A  T H I N  
A L U M I N U M  D I S K ,  T H E  T E M P E R A T U R E  O F  h H I C H  I S  S E N S E D  B Y  T H E R M I S T O R S  
M O U V T E D  ON T H E  H A C K  SURFACF.  T H E  H O U S I N G  T E M P E R A T U R E S  ARE 
S E P A R A T E L Y  S E N S E D  A N D  HECORDE[ I .  T H E R E  A P F  2  P A I R S  O F  SENSORS.  
O N E  D I S K  O F  E A C H  P A I R  I S  P A I N T E D  B L A C K  A N D  ONE I S  A N O D I Z E D  
A L U M I N U M .  T H E  B L A C K  P A I N T E D  S U R F A C E  k I L L  R E S P O N D  T O  THE SUM OF 
T H E  R E F L E C T E D  S O L A R ,  D I R E C T  S O L A R ,  A N D  R E R A O I A T E D  L O N G - d A V E  R A -  
D I A T I O N .  T H E  A N U O I Z E O  A L U M I N U M  ( W H I T E )  D I S K S  R E F L E C T  I N  T H E  
V I S I R L E  RANGE R U T  A R E  B L A C K  T C  I R  B E Y O N D  7 M I C R O N S .  T H E S E  
A B S O R B  T H E  P E R A O I A T E O  ENERGY FPOM T H E  E A R T H  AND E X C L U D E  T O  A  
H I G H  D E G R E E  T H E  D I R E C T  AND R E F L E C T E D  SOLAR R A D I A T I O N .  ONE 
B L A C K / k H I T E  P A I Q  WILL O P E R A T F  A S  P A f l I A T I V E  E Q U I L I B P I U M  D E T E C -  
T O P S ,  S I M I L A R  TO ESSA.  THE 2 N D  P A I R  I S  OF A  NEW T H E R M A L  F E E D -  
B A C K  D E S I G N *  T H E  ENERGY P F Q U I R E D  TO M A I N T A I N  A  C O N S T A N T  TEMPER-  
A T U R E  WILL B E  M E A S U R E D *  T H E  S E T  OF 4 R A D I O M E T E R S  ARE MOUNTED 
C E T H E E N  T H E  2 S C A N N I N G  R A D I C M E T E R S  A N D  P O I N T  T O  T H E  N A D I R .  T H E  
F I E L D  OF V I E W  I S  180 D E G R E E S  FOR A L L  FOUR SENSORS.  

32. PHENOMENA OBSERVED 

ENERGY R A D I A T E D  FROM A N D  PEFLECTEO B Y  T H E  E A P T H - A T M O S P H E R E  
33. MEASUREMENT RANGE 

N E A R  U V  V I S I B L E *  N E A R  I R ,  T H E R M A L  I R .  
34. PRECISION AND ACCURACY . f 

5 K  DEGREES I h  T H E R M A L  I H .  

7. ORGANIZATION 

U N  I V E P S  I T Y  OF W I S C O N S I N  
10. ORGANIZATION 

8. TELEPHONE 

b C 8 - ? 6 2 - C 7 2 4  
11. TELEPHONE 

I 



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

n .3  3 9 .  '1 MICROrV I 1 C O N T  I N U O U S  - - 
38. FIELD OF VIEW / 39. GROUND SWATH 

183. P E G I  L I M B - T O - L I M R  (37pq N Y )  F D O M  5P" N M  A L T .  . 
40. ANGULAR RESOLUT~ON~ 41. SPATIAL RESOLUTION 

1 
QZ.POINTING ACCURACY~ 43. POINTING RATE 144. ALTITUDE I 45. INCLINATION 

I I MFD C I F C U L A P  I SUN S Y N C H  R F T R n G R A O E  
46. SPECIAL REQUIREMENTS 

- 

47. COMPONENTS 

4 S f N S I 3 Q S  ( T H F R M I S T O R S ) ,  F L F C T P O N I C S  
48. WEIGHT 149. VOLUME 1 50 AVERAGE POWER 151 STANDBY POWER 1 52. PEAK POWER 1 53. MTBF 

7 I g. 75 I I I I 1 YFAP 
INTEREREFRFNCE 1 55 1wr"E"R%!'Rt&~ 1 IN;!?\;~\CE 1 57 IN~'%SYE~E I 58. SHIELDING 

I 1 SFNSIT IVE ~ S E N S I T I V ~ R  T H F R M A L C Y  I S O C 4 T E n  
59. CALIBRATION 160. DATA RECOVERY 61 FREQUENCY OF OBSERVATION 

V I E W  ClF H O L J ~ I N G  I D E L A Y  ED T F L E M F T R Y  I CONTI NUOUS 
62. TELEMETRY REQUIREMENTS 

1 5  Wr)RDS C O N S T I T U T E  O V E  F P R  FPAME OF D A T P ?  8 B I T S  TO T H E  WORD. 
T H E  F R A M E  I S  R E E D  O U T  S E R I A L L Y  A T  15 B P S  T A K I Y G  8 SECONDS.  D A T A  
S A M P L I N G  C Y C L F  T A K F S  3 2  SFCONQS.  
63. ADVANTAGES AND LIMITATIONS 

I N S T R L J M E N T  I S  R Q f l A D  R A N G E ?  LOW A C C U R A C Y  T Y P F .  

64. REFERENCES 

1 I D F S I G N  STU '3Y  F E P 3 R T  FOR T H E  I Y P R O V E D  T O S (  I T O S )  S Y S T E M ?  V . 1  * 2 m  
R C A  A S T Q O - E L E C T R O N I C S ?  C O U T R A C T  NO. N A S 5 - 9 n 3 4 ,  JtJNE 7 ,  1968.***  
? ) R U B I N ,  L o :  O P E P A T I P N A L  P R O C E S S I N G  OF LOW R F S O L U T I O N  I R  ( L R I R )  
D A T A  F R O M  E S S A  S A T F L L I T E S .  F 5 S A  TECH R F P O P T  V E S C - 4 2 1  F E B *  196 f7 .  

65. HISTORICAL REMARKS 

T H I S  FPR I S  S I Y I L A R  T 9  T H O C E  FLnWY !3Y E S S A  3 9  5 ,  7 9  A Y D  9, 

C 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 

F L A T - P L A T E  R A G I C I Y E T E P  
(TITLE CONT.) 

2 ACRONYM 1 3. EXP NO 

F PR I 
4 RESUME DATE I SVERSION 
0 0 / 0 1 / 7 2  130C8 

8. TELEPHONE 

6 C 8 - 2 6 2 - 0 7 2 4  
11. TELEPHONE 

6. PRINCIPAL INVESTIGATOR 

P A F F Y T ,  D R .  K.J.  
9. CO-INVESTIGATOR 

12 CONTRACT 
TYPE 113. CONTRACT NUMBER 114. FLASH INDEX NUMBER 1 l5 g*r"ET 1'6 Cm%::'ONI 17. STAT US 

C P F F  I I I I I ~ P E R A T I  O N b L ,  
18. MONITOR 119. AGENCY 120 PGM OFFICE I 21. TELEPHONE 

G A F B A C Z *  V.L. INASA H D G T D S  IOA/FQO 1 2 0 2 - 7 5 5 - 2 3 2 2  
22. VENDOR 1 23. LOCATION I " LLd,GT / 25. LEAD TIME 

.- 
26. INSTRUMENT TYPE 27 

SECuuv.  

R A C I ~ I ~ ~ E T E R ,  I K / V  IS IHLE LOW-RESGLUTION THEQMI S T E K  ROLOPETFF 1 ~ J N C .  
28. APPLICATION 129. SPACECRAFT 

MET I N O A A - 1  
30. PURPOSE 

P R I M A R Y - T O  G 4 T H E K  D A T A  TO A I D  I N  D E T E R M I N I N G :  ( L I T H F  G E O G F A P H I C  
D I S T R I B U T I O I V  ( I F  ENEPGY R A O l A T E C I  FPUY T H E  E A R T H  AND THE P F L A T I Q N -  
S H I P  3 F  T H I S  E h E H G Y  T d  I N C O M I Y G  E N E R G Y  FROM T H E  SUN AND ( 2 )  THE 
R E F L E C T I O N  A Y D  S C A T T E R I N G  flF SOLAR R A D I A T I O N  B Y  T H E  F A P T H -  
A T M O S P H E R E  SYSTEM.  

31. PRINCIPLES OF OPERATION 

AN I D F N T  I C A L  F L A T  P L A T E  R A D I O M E T E P  ( F P R )  k I L L  A L S O  B E  FLOWN 
U N  I T O S  0 AND C A N D  H A S  F L n W N  O N  I T O S - 1 .  T t l E  P R I N C I P A L  P A P T  
OF E A C H  H A D I O Y E T E H  I S  A T H I N  A L U M I N U Y  D I S K *  THE T E M P E R A T U F F  OF 
W H I C H  I S  S E N S E D  B Y  T H E R M I S T O R S  MOUNTED ON T H F  B 4 C K  SURFACE.  T H E  
HOUS I N G  T E M P E R A T U R E S  AR E  S E P 4 R A T E L Y  S E N S E D  A N D  RECORDED.  T H E R E  
A R E  2 P A I R S  OF SENSOFS.  O V E  Q I S K  OF E A C H  P A I R  I S  P A I N T E D  B L A C K  
A N D  ONE I S  A N O D I Z E D  A L U M I N U M .  T H F  B L A C K  P A I N T E D  S U R F A C E  k I L L  
R E S P O N D  TO T H E  S U Y  UF T H E  R E F L E C T E D  SOLAR,  D I R E C T  SOLAR,  4 N D  RE-  
R A O I A T E D  LOFJG-HAVE R A D I A T I C I N .  T H E  A N q D I  Z E D  A L U M I N U M  ( W H I T E )  
D I S K S  R E F L E C T  I!l T H E  V I S I B L E  RANGE R U T  ARE B L A C K  T O  I R  B E Y O N 3  7 
M I C P O N S .  T H E S E  4 3 S O R R  T H E  R E R A D I A T E D  E N E R G Y  FROM THE E A R T H  
AND E X C L U D E  TO A H I G H  D E G R E F  T H E  DIRECT AN[) R E F L E C T E D  SULAR 
9 4 0 1  AT ION. nNt B L A C K / W H I T E  P A I R  WILL O P E R A T E  A S  P A D I A T I V F  
E Q U I L I H H I U M  D E T F C T O Q S ,  S I M I L A R  T C  E S S A .  THE 2 N D  P A I R  I S  O F  A 
NEW T H E R M A L  FEEDdACK D E S I G N .  T H E  E N E R G Y  R E Q U I R E D  TO M A I W T A I Y  A  
C O N S T A N T  T E M P F R A T U P E  WILL R E  M E 4 S U R E D .  THE S E T  OF 4 P A D I n Y F T E R S  
A R E  M(1UNTED Y E T H E E N  T H E  2 S C A N N I N G  R 4 D I O M E T E R S  A N D  P O I N T  T O  T H E  
NAOIR. THE FIELD OF VIFW IS 180 D F G R E E S  FOP ALL Foue SENSCIRS. 

32. PHENOMENh OBSERVED 

F A P T H  A L R f C l r - F V F R G Y  P A D I A T E O  TO S P A C F  BY F A P T H  
33. MEASUREMENT RANGE 

, N E A R  U V *  V I S  I B I  F 9 N E A L  I R  T H E P V A L  I R 
34. PREClSlON AND ACCURACY 

5 K D E G  I N  Tt4EFluAI  I F  

7. ORGANIZATION 

U N I V t R S  I T Y  CIF W I SCONS I N  
10. ORGANIZATION 



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

9.3 TO 3 0 . 0  M I C R O N S l  I C O N T I N U O U S  
38. FIELD OF VIEW 139. GROUND SWATH i 

1 Q~ D E G  I L I M B - T O - L I M B  
40. ANGULAR RESOLUT~ON~ 41. SPATIAL RESOLUTION I 

NA I 
42 POINTING ACCURACY~ 43. POINTING RATE 144. ALTITUDE 45. INCLINATION 

1 I MFD C I R C U L A R  I SUQ-SYNCH P F T P O G R A D E  
46. SPECIAL REQUIREMENTS 

NONE 
47. COMPONENTS 
' 4  S E N S C R S  I T H F R M I S T O R S ) ,  E L E C T R O N I C S  
48. WEIGHT 149. VOLUME 1 50. AVERAGE POWER 151. STANDBY POWER 1 52. PEAK POWER 1 53. MTBF 

7 L B I  5 - 7 5  CU F T I  I I I 1 YEAR 
5. ~NTERFR:RENcE I wTME".?%'&E I SS IN~"E"."F\\"E",E 1 57 ~NTT"R~P,".&E 1 58. SHIELDING 

I I S E N S I T  I v F l   SENSITIVE^ FPR T H E R M A L L Y  I S O L A T E D  , 
59. CALIBRATION 160. DATA RECOVERY 61 FREQUENCY OF OBSERVATION 

V I E W  ' IF H O U S I N G  1 D E L A Y  ED T E L F M E T R Y  I CCINTI N U ~ U S  
62. TELEMETRY REQUIREMENTS 

1 5  WORDS C O N S T I T U T E  O N E  FPR F R A M E  OF D A T A *  8 R I T S  TO THE WORD* 
T Y E  F R P M E  I S  R E A D  OUT S E R I A L L Y  A T  15  B P S  DATA R E A D O U T  T A K I N G  
8 S F C e  P A T 4  S A M P L I N G  C Y C L E  T A K E S  32 S E C *  
63. ADVANTAGES AND LIMITATIONS 

I N S T R U M E N T  I S  B R O A D  RANGE,  LOW ACCURACY TYPE.  

64. REFERENCES 

1 ) P E S I G N  5 T U D Y  P E P O P T  FOR T H E  I Y P R O V E D  T O S ( I T O S )  SYSTEM, V e l r 2 .  
RCA A S T Q O - E L E C T R O N I C S ,  C O N T R A C T  NO. NAS5-9034,  JUNE 7 ,  1968* * * *  
Z I R U R I N ,  Le :  O P E R A T I O N A L  P R O C E S S I N G  OF LOW R E S O L U T I O N  I R ' ( L R I R 1  
D A T A  FROM E S S A  S A T E L L I T F S .  E S S A  T E C H  R E P O R T  V E S C - 4 2 ,  f E B .  1 9 6 8 .  

65. HISTORICAL REMARKS 

T H I S  F P R  I S  S I M I L 4 R  T O  T H 3 S E  FLOWN ON E S S A  3 9 5 , 7 9 9  A N D  I T O S - 1  

J 



2 

INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 

H  H-  I G - k  
(TITLE CONT.) 

2 ACRONYM 1 3. EXP NO 

7 
4 RESUME DATE 1 :ERSION 

i r? 1 /  1 2  1{?@5 
8. TELEPHONE 

11. TELEPHONE 

6. PRINCIPAL INVESTIGATOR 

~ D S H E E *  L.L. 
9. CO-INVESTIGATOR 

12 CONTRACT 
~ P E  113. CONTRACT NUMBER 1 14. FLASH INDEX NUMBER 1 "6,::' I t 6  CoMlkt~ONI 17. STATUS 

I I I I I P O S T  F L I G H T  
18. MONITOR 119. AGENCY / 20 PGM OFFICE I 21. TELEPHONE 

T E P P E P I  M. ] N A S A  H D Q T R S  I Q A / E R D  1 2 Q 2 - 7 5 5 - 2 3 2 2  
22. VENDOR 1 23. LOCATION I 24 gYfgT 125. LEAD TIME 

I T T  I N D U S T K I  AL L A B S  I F G k T  N A Y N E T  I K D I A N A  IOP/h41 
26. INSTRUMENT TYPE 27 

sf c w v ,  

R A C I  O Y E T  EG S  I N G L E - C H A N N E L  S C A N N I N G  I R F R A R E D  I UNC 
28. APPLICATION 129. SPACECRAFT 

M E T  I N I M B U S  1 
30. PURPOSE 
P R I V A R Y - T O  Y A P  T H E  E A R T H ' S  C L n U D  C C V E R  A T  N I G H T ,  T H U S  COMPLE-  
M E N T I N G  T H E  T V  C O V E R A G E  D U R I N G  T H F  D A Y T I M E  P L I R T I O N  17F T H E  O R B I T .  
* * * S E C O N D A R Y -  T'J M E A S U R E  THE P P D I A T I V E  T E M P E R A T U R E  O F  C L O U D  
T O P S  A N D  T E R R A I N  F E A T U R E S .  

31. PRINCIPLES OF OPERATION 

T H E  S I N G L E - C H A N q E L  S C A N N I N G  H R I R  WAS F L O W N  O N  N I M B U S  1 A N D  2. 
M O D I F I E D  V E R S I O N S  A R E  S C H E D U L E D  F O P  F L I G H T  O N  N I M B U S  P A Y D  D. 
T H E  N I M B U S  1 HP I R C O h T A I h E D  4 L E A D  S E C E F J I O E  ( P R S E )  PHOTOCONDUC-  
T I V E  C E L L  k H I C H  I S  R A D I A T I O N  C O O L E D  TO - 7 5  D F G R E E S  C  A N D  OPEQ- 
A T E S  I N  T H E  3 . 4  T O  4 . 2  M I C P O N  R E G I O N .  C O O L I N G  I S  A C C O M P L I S H E D  R Y  
M E A N S  OF A  B L A C K  C O O L I N G  P A T C H  A T  T H E  B O T T O M  O F  A H I G H L Y  k E F L F C -  
T I V E  G O L D - C O A T E D  HORN. T H E  P A D I O M E T E R  H A S  AN I N S T A Y T A N E O U S  
FOV C F  (2.5 DEG, W H I C H  A T  AN A L T I T U D E  O F  60c N M  G I V E S  A  GRPUYr) 
R E S D L U T I C N  U F  5 NM. T H E  S C A N  M I R P O G  I S  I N C L I N E D  4 5  D E G R E E S  T O  
T H E  A X I S  O F  R O T A T I O N  A N D  C O N T I N U O U S L Y  R O T A T E S  T H E  F I E L f l  OF V I E W  
O F  T H E  D E T E C T O R  T H R O U G H  360 D E G  I N  A P L A Y E  N O P M a L  TO T H E  S P A C E -  
C R A F T  V E L O C I T Y .  T H E  V I E W  O F  T H E  H O U S I N G  A N D  S P A C E  P U P I N G  A  
R O T A T I O N  P R O V I D E  Z E P O  A N D  W A P M  B O D Y  C A L I B R A T I O N  P O I N T S .  T H E  
R A D I A T I O N  R E F L E C T E D  FROM T H E  S C A N  M I R R O R  I S  C H O P P E D  AT 1.5 KHz 
A T  T H E  F O C U S  O F  A  4 I N C H  F / 1  M O D I F I k D  C A S S E G R A I N I A N  T F L E S C O P E .  
I T  I S  T H E N  R E F O C U S E D  A T  T H E  D E T E C T O R  B Y  P F L A Y  M I R R O R S  W I T H  T H E  
3.4-4.2 M I C R C N  W A V E L E N G T H  F I L T E R  B E T W E E N  THEM, T H E  S C A N  P A T E  I S  
44.7 PPM. T H E  O U T P U T  S I G N A L  H A S  AN  I N F O R M A T I O N  B A N D W l D T H  OF 
280 HZ.  T H E  I N F O R M A T I O N  I S  S T O K E D  ON T A P E  F O R  P L A Y B A C K  Oh 
COMMAND. 
32. PHENOMENA OBSERVED 

E M I T T E D  S U R F A C E  R A D I A T I O N  F P O M  3.4 T O  4.2 M I C R O N S  
33. MEASUREMENT RANGE 

R A D I A N C E  T E M P E R A T U R E  B E T b i E E N  21C A N D  333 D E G  K  
34. PRECISION AND ACCURACY 

N O I S E  E Q U I V  T E M P  [ ) I F F  O F  1 K D E G  F @ k  A 2 5 0 - D E G  K R A C K G P O U N D  

7. ORGANIZATION 

GnunaHo S P A C E  F L T  C E N T E R  
lo. ORGANIZATION 



V o l e  GSFC. JAN* 55***2 IS I G  A C H I F V  I N  SPACE APPLICATIO3lS 1966. 
NASA S P - 1 5 6 ,  1967o***3GOLDBEPG,  IoL.:MFTEOPOLOGICAL I R  INSTRU-  
MENTS FOR SATELLITES.PRESENTED AT 1 3 T H  ANNUAL TECH SYMP OF SOC 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 

H I G H - R E S O L U T  ION I N F R A R E D  R A D I O M E T E R  
(TITLE CONT.) 

2 ACRONYM 1 3. EXP NO 

H P I R  I 
4 RESUME DATE I ;ERSION 

P 9 / 0 1 / 7 2  1 C 0 0 4  
6.  PRINCIPAL INVESTIGATOR 

F O S H F E ,  LoLe  
9. CO-INVESTIGATOR 

12 CONTRACT 
NPE 113. CONTRACT NUMBER 114. FLASH INDEX NUMBER 1 l5 ::?\PET 116 CMn!kf?ONI 17. STATUS 

I I I I  POST FLIGHT 
18. MONITOR 119. AGENCY I 20 PGMOFFICE 1 21. TELEPHONE 

H A L E Y ,  DR. R .  ~ N A S A  H D Q T R S  ~ u A / E P N  1 2 0 2 - 7 5 5 - 2 3 2 2  
22. VENDOR 123. LOCATION 1 24 Lx&"T 125. LEAD TIME 

I T T  I N D U S T R I A L  L A B S   FORT WAYNE, I N D I A N A  1 0 5 / 6 6  1 
26. INSTRUMENT TYPE i7 

I s E c u m v .  

R A O I  O M E T E P  , S I N G L E - C H A N N E L  S C A N N I N G  I N F R A R E D  1 UNC 
20. APPLICATION 129. SPACECRAFT 

.MET  NIMBUS 2 
30. PURPOSE 

P R I M A R Y -  T O  M A P  T H E  E A R T H ' S  C L C U D  COVER A T  N I G H T  TO C O M P L E M E N T  
T H E  T V  C O V E R A G E  D U R I N G  T H E  D A Y T I M E  P O P T I O N  O F  T H E  O R B I T . * * *  
S E C O h D A R Y - T O  M E A S U R E  T H E  T E M P E R A T U R E S  O F  C L O U D  T O P S  A N D  T E R R A I N  
F E A T U R E S .  

31. PRINCIPLES OF OPERATION 

T H E  S I N G L E  C H A N N E L  S C A N N I N G  H P I R  WAS F L O W N  I N  N I M B U S  1 A N D  2. 
M O D I F I E D  V E R S I O N S  A R E  S C H E D U L E D  F O R  F L I G H T  O N  N I M B U S  8 A N D  Dm 
T E E  N I M S U S  2  HP I R  C O N T A I N E D  b L E A D  S E L E N I D E  ( P B S E )  PHOTOCONDUC-  
T I V E  C E L L  W H I C H  I S  R A D I A T I O N  C O O L E D  TO -75 D F G R E E S  C A N D  OPER-  
A T E S  I N  T H E  3.4 TO 4.2 M I C R O N  R E G I O N .  C O O L I N G  I S  A C C O M P L I S H E D  
B Y  M E A N S  O F  A  B L A C K  C O O L I N G  P A T C H  A T  T H E  B O T T O M  O F  A  H I G H L Y  RE-  
F L E C T I V E  G O L D - C O A T E D  HORN. T H E  R A D I O M E T E R  H A S  A N  I N S T A Y T A N E 7 U S  
F O V  O F  1 / 2  DEG, W H I C H  A T  AN A L T I T U D E  O F  6Q0 N M  G I V E S  A GROUND 
R E S O L U T I O N  O F  5 NM. T H E  S C 4 N  M I R R O R  I S  I N C L I N E D  4 5  D E G R E F S  T O  
THE A X I S  O F  R O T A T I O N  A N D  C O N T I N U O U S L Y  R O T A T E S  T H E  F I E L D  OF  V I E W  
O F  T H E  D E T E C T O R  T H R O U G H  3 6 C  D E G  I N  A  P L A N E  N O R M A L  T O  T H E  S P A C E -  
C R A F T  V E L O C I T Y .  T H E  V I E W  O F  T H E  H O U S I N G  A N D  S P A C E  D U R I N G  A  R 3 -  
T A T I O N  P R O V I D E  Z E R O  A N D  WARY BODY C A L I B R A T I O N  P f 3 I N T S .  THE 
R A D I A T I O N  R E F L E C T E D  FROM T H E  S C A N  M I R R O R  I S  C H O P P E D  A T  1.5 K M Z  
AT T H E  F O C U S  O F  A  4 I N C H  F / 1  M O D I F I E D  C A S S E G P A I N I A N  T E L E S C O P E .  
I T  I S  T H E N  R E F O C U S E D  A T  T H E  D E T E C T O R  B Y  R E L A Y  M I R R O R S  W I T H  T H E  
3 .4 -4 .2  M I C R O N  W A V E L E N G T H  F I L T E R  B E T W E E N  THEM.  T H E  S C A N  R A T E  I S  
44.7 FPM. T H E  O U T P U T  S I G N A L  H A S  A N  I N F O R M A T I O N  B A N D W I D T H  O F  
280  HZ. T H E  I N F O R M A T I O N  I S  S T O R E D  ON T A P E  F O R  P L A Y R A C K  O N  COM- 
Y A N D  OR I S  T R A N S M I T T E D  D I R E C T L Y  T O  A P T  S T A T I O N S .  
32. PHENOMENA OBSERVED 

, E M I T T E D  S U R F A C E  R A D I A T I O N  FROM 3.4 T O  4.2 M I C R O N S  
33. MEASUREMENT RANGE - 
R A D I A N T  T E M P E R A T U R E  B E T W E E N  210 A N D  330 D E G R E E S  K E L V I N  
34. PRECISION AND ACCURACY 

N O I S E  E Q U I V A L E N T  T E M P  D I F F  O F  1 D E G  K  F O R  A 250 D E G  K  B A C K G R O U N D  

7. ORGANIZATION ' 

GODDARO S P A C E  F L T  C E N T E R  
10. ORGANIZATION 

8. TELEPHONE 

11. TELEPHONE 



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

3.4 TO 4.2 MICRONS 1 I 
38. FIELD OF VIEW ( 39. GROUND SWATH ! 
, 9" .  BY 0.5 D F G ~ I ~ C C  NM B Y  5 NM FROM 600 NM A L T I T U D E  
40. ANGULAR RESOLUT~ON~ 41. SPATIAL RESOLUTION 

8 

I 

1 
42. POINTING ACCURACYI 43. POINTING RATE 144. ALTITUDE 145. INCLINATION I 

I I MED C I R C U L A S  I SUN-SYNCH RETROGRAOE 
46. SPECIAL REQUIREMENTS 

- -- - - - 

47. COMPONENTS - 

RADIOMETEPI  REC0Rr )FP I  F L E C T R O N I C S  
48. WEIGHT (49. VOLUME 1 50. AVERAGE POWER 151. STANDBY POWER 1 52. PEAK POW-ER 1 53. MTBF , 

1 2  LBI 1 4 W A T T S  1 I 12 W A T T S I  
INTER$RENCE 1 55 EN~"E"R"FK'&E 1 56 INTNE%Z'R"E&E 157 INTL'%"E"R%cE I 58. SHIELDING 

 SENSITIVE^ I ISENSITIVE IRF SY 1 E L D ; R A D I A T I V E  COOL 
59. CALIBRATION 160. DATA RECOVERY 1 61. FREQUENCY OF OBSERVATION ' 

MEAS EACH 3 6 3  OFG S C A N ~ D E L A Y E D  AND REALTIME INIGHTSIDE OF O R B I T  
62. TELEMETRY REQUIREMENTS I 

THE AC S I G N A L  I S  R F C T I F I E O ,  R E S U L T I N G  I N  A  D t  OUTPUT  V A R Y I N G  
FROM 3 T O  -6 VOLTS  AND H A V I V G  d V I D E O  RANDWIDTH OF 280 HZ. 

63. ADVANTAGES AND LIMITATIONS 

IMPROVED S H I E L D I N G  REDUCED RF INTERFERENCE OY D A T A  WHEN A P T  WAS 
,OPERATING;  USEFUL OATA ONLY D U R I N G  N I G H T .  
64. REFERENCES 

1 )  NIMRUS 2 USER 'S  GUIDE.  GSFC, J U L Y  1 9 6 6 . * * * 2 ) S I G  A C H I E V  I N  
SPACE APP 1966. NASA SP-156 ,  1967 . * * *3 )GOLRERGp 1.Lm:YETEOROLOGY 
INSTRUMENTS FOR S A T E L L I T E S .  PRESENTED A T  1 3 T H  ANNUAL TECH SYMP 
OF SC)C PHOTO-OPT ICAL  E N G R .  p AUG 23, 1968.**+4 1 O B S E R V A T I O N S  F R O M  
NIMBUS 1 MET SAT. NASA S P - 8 9 9  1965 .+* *5 )  H R I S  OATA A V A I L A B L E  

,FROM: N I M B U S  D A T A *  C O D E  6509 NASA SPACE S C I E V C E  CTRp GSFC. 
65. HISTORICAL REMARKS 

ALSO FLOWN ON N I M B U S  I *  3 .  M O D I F I E D  V E R S I O N  WILL F L Y  ON N I M B U S  D 



> 

INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 

H I G H - R E S O L U T  1014 I N F R A R E D  R A D I O M E T E R  
(TITLE CONT.) 

2 ACRONYM 1 3. EXP NO 

H P I P  I 
4 RESUME DATE / 5VERSION 

0 9 / 0 1 / 7 2  13Q05 
6. PRINCIPAL INVESTIGATOR 

C H E R R I X ,  GmTm 
9. CO-INVESTIGATOR 

A L L I S O N *  L.J. 
12 CONTRACT 

GODDARO S P A C E  F L T  C E N T E P  1 3 0 1 - 9 8 2 - 5 0 4 2  
TYPE 113. CONTRACT NUMBER 114. FLASH INDEX NUMBER 1 l5 ii'!T 116 COMPLET'ON DATE 117. STATUS 

I 1 I I ~OPFPAT IONAL  
18. MONITOR 119. AGENCY I 20. PGM OFFICE 1 21. TELEPHONE 

S C H A R D T I  B.B. ~ N A S A  H D Q T R S  I ~ A / E R N  1 2 0 2 - 7 5 5 - 2 3 2 2  
22. VENDOR / 23. LOCATION / " &YFT / 25. LEAD TIME 

I T T  I N D C J S T R I A L  L A B S   FORT WAYNE 9 I N D I A N A  104/6Q I N 4  
26. INSTRUMENT TYPE 21 

,RADIOMETER,  DUAL-CHANNEL INFRAPED SCANNING -3  
28. APPLICATION 129. SPACECRAFT 

M E T   NIMBUS 3 
30. PURPOSE 

P R I M A R Y - T O  PPOV I D E  B O T H  D A Y T  I M E  C L O U D  M 4 P P I N G  A N D  N I G H T T I M E  
R A D I A T I O N  M E A S U R E M E N T S  ON A  F U L L  T I M E  B A S I S . * * * S E C O N D A R Y -  T O  
P R O V I D E  T H I S  I N F O R M A T I O N  TO A P T  S T A T I O N S  I N  R E A L T I M E  ANYWHERE I N  
T H E  WORLD AS T H E  N I M R U S  3 P A S S E S  OVERHEAD.  

31. PRINCIPLES OF OPERATION 

A S I N G L E - C H A N N E L  S C A N N I N G  H R I R  WAS F L C W N  O N  N I M R U S  1 A N D  2. A  
M O D I F I E D  V E R S I O N  I S  S C H E D U L E D  F O P  N I M B U S  30 T H E  N I M R U S  3  H R I R  
WILL P R O V I D E  D A T A  I N  2 S P E C T R A L  R E G I O N S .  N I G H T T I M E  D A T A  (3.4 T O  
4.2 M I C R O N S )  WILL P R O V I D E  C L O U D  T O P  OR S U R F A C E  T E M P E R A T U R E S  A S  
I N  P R E V I O U S  H R I R ' S .  THROUGH T H E  U S E  O F  A  D U A L  R A N D - P A S S  F I L T E R ,  
D A Y T I M E  D A T A  (0.7 TO 1.3 M I C R O N S )  WILL P R I M A R I L Y  P R O V I D E  MAPS O F  
C L O U D  C O V E R  BY M E A S U R I N G  R E L A T I V E  R E F L E C T E D  S O L A R  R A D I A T I O N .  T H E  
H R I R  S E N S E S  R A D I A T I O N  W I T H  A  L E A D  S E L E N I D E  P H O T O - C O N D U C T I V E  C E L L  
W H I C H  I S  P A D I A T I V E L Y  C O O L E D  T O  - 7 5  D E G  C. T H E  S C A N  M I R R O R  I S  
I N C L I N E D  4 5  D E G  T O  T H E  A X I S  O F  R O T A T I O N  A N D  C O N T I N U O U S L Y  P O T 4 T F S  
T H E  F O V  O F  T H E  D E T E C T O R  THROUGH 360 D E G  A T  A  R A T E  OF 4 8  R P M *  I N  
A  P L A N E  NORMAL T O  T H E  S P A C E C R A F T  V E L O C I T Y .  T H E  V I E W  O F  T H E  
H O U S I N G  A N D  S P A C E  D U R I N G  A  P O T A T I O N  P R O V I D E  Z F R O  A N D  W4RM RODY 
C A L I  B R A T  I O N  P O I N T S .  T H E  R A D I A T I O N  R E F L E C T E D  FROM T H E  S C A N  M I P -  
ROR I S  C H O P P E D  A T  1.5 K H z  b T  T H E  F O C U S  O F  A 4 I N C H  F / 1  M O D I F I E D  
C A S S E G P A I N I A N  T E L E S C O P E .  I T  I S  T H E N  R E F O C U S E D  A T  THE D E T F C T O R  B Y  
R E L A Y  M I R R O R S  W I T H  T H E  F I L T E R  B E T W E E N  THEY.  T H E  O U T P U T  S I G N A L  
H A S  A N  I N F O R M A T I O N  B A N D W I D T H  O F  35C HZ.  T H I S  I N F O R M A T I O N  I S  
S T O R E D  ON T A P E  F O R  P L A Y B A C K  ON COMMAND OR C A N  B E  T R A N S M I T T E D  
D I R f C T I  Y  T O  4 P T  GROUND S T A T I O N S .  
32. PHENOMENA OBSERVED 

I T T F D  C L O U D  - T O P  AND S U  P F A C E  P A D I A T I O N  D U R I N G  N I G H T  AND D A Y  
33. MEASUREMENT RANGE 

R A D I A N T  T E M P E R A T U R E  B E T H F E N  210 A N D  3 3 0  D E G  K. 
34. PRECISION AND ACCURACY 

C L O U D - T O P  A L T I T U D E  T O  1000 FT;  S U R F A C E  TEMP T O  A P P R O X  1 C D F G  
- 

7. ORGANIZATION 

GODDARD S P A C E  F L T  C E N T E R  
10. ORGANIZATION 

8. TELEPHONE 

3 0 1 - 9 9 2 - 5 0 4 2  
11. TELEPHONE 



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

0.7 TO 4.2 Y ICRONSI  I 
38. FIELD OF VIEW 139. GROUND SWATH 

9C. BY 0.5 DEGJ 1309 hJY B Y  5 NM FROM 5 0 0  NM A L T I T U D E  
40. ANGULAR RESOLUT~ON~ 41. SPATIAL RESOLUTION 

0.5 D E G ~  5 NY AT CENTFR FRflM 600 NM A L T I T U D E  
az POINTING ACCURACY~ 43. POINTING RATE 144. ALTITUDE 145. INCLINATION 

1.0 DEGl I MFD C I R C U L A R  I SUY-SYNCH RETROGRADE 
46. SPECIAL REQUIREMENTS 

47. COMPONENTS 

F R A @ I O M E T E R ~  E L E C T R O N I C S  
48. WEIGHT 149. VOLUME 1 50 AVERAGE POWER 151 STANDBY POWER 1 52. PEAK POWER 1 53. MTBF 

1 8  LBI  I 9 WATTS1 I I 
5. I~.~REREFRENCE 1 55 IN~","R",!'R~&E I 56 tNTNE"R"FZ'R2"NfE 1 57 INT%$"R~~cE I 58. SHIELDING 

I I I S E N S I T I V F I  R A O I A T I V F  C O O L I N G  
59. CALIBRATION 160. DATA RECOVERY 61 FREQUENCY OF OBSERVATION 

2 MEAS EACH 363 DEG S C A ~ ! ]  D E L A Y E D  AND REAL TIME^ CONTINUOUS 
62. TELEMETRY REQUIREMENTS 

V I D E O  I N F O R Y A T I O N  PANDWIDTH I S  350  HZ. 

63. ADVANTAGES AND LIMITATIONS 

T H I S  H R I R  CAN P R O V I D E  USFFUL  O A Y T I V E  PICTURES WHERE P R E V I D U S  
,ONES COULD W I T ;  MOVING PAPTS  
64. REFERENCES 

1 ) GOLDBEPG9 I .L. : ~ E T E O R 3 L O G Y  INSTRUMENTS F3R S A T E L L I T E S .  PRE- 
SENTED AT 1 3 T H  AYNlJAL TECH SYMP OF SOC P H O T O - O P T I C A L  ENGRS? AUG 
? 3 T  l 9 6 9 . * * * 2 ) N I M R U S  B PRFSS K I T ?  NO. 6 8 - 8 4 K p  NASA MAY 109 1968 
* * * 3 l N I M B U S  2 U S E R ' S  G U I D F .  GSFC r J U L Y  1966.***4) S 4 B 4 T I N I  9 R . R . :  

NIMBUS B D A T A  U T l L I Z A T I f l N  PLAN. A L L I E D  PES  ASSOC? TECH R E P T  NO. 
4 9  MARCH, 1 9 6 8 .  
65. HISTORICAL REMARKS 

SINGLE-CHANNEL  H R I P  WAS FLOWY ON N I Y B U S  1 AN3 2.  



INSTRUMENT RESUME 
NATIONAL  AERONAUTICS A N D  SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 
H I G H  K F 5 O L U T I O N  I N F R A R E D  R A D I A T I O N  SOUNDER 

(TITLE CONT.) 

2 ACRONYM 1 3. EXP NO 

H R I P S  I 
4 RESUME DATE I ZERSION 
09/01/7213007 

8. TELEPHONE 

3 C 1 - 9 R 2 - 5 C 4 2  
11. TELEPHONE 

6. PRINCIPAL INVESTIGATOR 

M C C U L L O C H ,  4 .  W e  

9. CO-INVESTIGATOR 

S M I T H *  W e  L. 
12 CONTRACT 

TYPE 113. CONTRACT NUMBER 114. FLASH INDEX NUMBER 1 l5 %"r"ET /16 COM~%:'ONI 17. STATUS 

I I 1 I 1 P R O P O S A L  
18. MONITOR 119. AGENCY I xi PGM OFFICE I 21. TELEPHONE 

S C H A R D T  9 9.9. ] N A S A  H D Q T R S  IOA/ERN 1702 - 755  - 2377 
22. VENDOR 1 23. LOCATION I EY&!" 125. LEAD TIME 

I 1 19741 
26. INSTRUMENT TYPE 27 

s r c w v .  

R A C I O M E T E R *  I R  1 U N C  
28. APPLICATION 129. SPACECRAFT 

M E T  I NIMBUS-F 
30. PURPOSE 

P P I M A F Y - T U  0 8 T 4 I N  S I M U L T A N E O U S  G L O B A L  I N F R A R E D  R A D I A N C E S  I N  T H E  
4.3 M I C R O N  A N D  1 5  M I C R O N  C 0 2  B A N D S  T O  D E T E R Y I N E  T H E  T H E R M A L  
S T E U C T U P E  Of- T H E  A T M O S P H E P E  F P O M  T H E  GROUND TO 40 KM W I T H  T H E  
t i I G H E S T  A T M U S P H E R I C  T E M P E R A T U R E  P E S O L U T I O N  A C H I E V A B L E  W I T H  I R  
M E A S U R E M E N T S .  

31. PRINCIPLES OF OPERATION 

T H E  I N S T R U M E N T  I S  A  F I L T E R  WHEEL D E V I C E  W I T H  TWO k A V E L E N G T H  
RAtdGES S C A N N I N G  N O R M A L  TO T H E  O R B 1  T  P L A N E  W I T H  A  S C A N  A N G L E  O F  
+ D p - 3 5  D E G  ABOUT THE N A D I P .  T H E  S H O R T  W A V E L E N G T H  D E T E C T O R  
V I E W S  T t i E  3.7 T O  4 . 6  M I C R O N  P A D I A T I O N  I N  S I X  I N T E R V A L S *  S I M U L -  
T A N E O U S L Y *  T H E  L O N G  k P V E L E N G T H  D E T E C T O R  V I E W S  F P O Y  6 . 3  T O  1 5  M I -  
C P O N S  I N  T E N  S T E P S *  A V E R A G E  C L E A R - C O L U M N  R A D I A N C E S  FOR E A C H  
C H A N N E L  W I L L  BE  D E R I V E D  FROM A l O X l O  M A T R I X  O F  S P A T I A L L Y  I N D E -  
P E N D F N T  F U V ' S m  T H E  C L E A R  C O L U M N  R A D I A N C E  I S  C O M P U T E D  D I R E C T L Y  
F R O M  T H E  O H S E R V E O  R A D I A N C E S  U S I N G  S U R F A C E  T E M P E R A T U R E S  A N D  E F -  
F F C T I V k  C H S C U R A T I O N  P M O U Y T  ( T H E  P A T I O S  O F  THF F R A C T I O N A L  C L O U D  
C O V E R S  O F  A D J A C E N T  F O V ' S )  E S T I M A T E D  FROM 3 . 8  A N D  11 M I C R O N  W I N -  
DOW O B S E R V A T I O N S .  T H E  C L E A P - C O L U M N  R A D I A N C E S  I N  T H E  4.3 AND 1 5  
M I C R C N  C 0 2  C H A N N E L 5  WILL SF U S E D  T O  C A L C U L A T E  T H E  T E M P E R A T U R E  
P R O F I L E  FPOM T H E  40 K M  L E V E L  DOWN TO T H E  E A R T H ' S  S U R F A C E .  T H E  
' n A T f R  VAPOR P R O F I L E  OF  T H E  T R O P O S P H E R E  WILL B E  D E D U C E D  F R O M  T H E  
6.7 Y I C R r l N  WATER VAPOR A S S O R P T I O N  B A Q D  M E A S U R E M E N T S *  T H E  S P A -  
T I A L  F E S U L U T I O N  ( 1 5  N M )  A N D  C O N T I G U O U S  G E O M E T R I C  S A M P L I N G  WILL 
A L L O W  C L E A R  C L O U D  I N T E R S T  I C E S  T O  B E  R E S O L V E D  A N D  C O N S E Q U E N T L Y  
T H F  C L E 4 P  A I R  R A D I A N C E  C O N T R I R U P I O N  TO B E  E X T R A C T E D  F R O M  T H E  08- 
_SEGVED P A C I I A Y C E S  E V E N  U N D E R  P A R T I A L  C L O U D Y  C n N D I T I O N S .  
32. PHENOMENA OBSERVED 

I R  Q A O I A N C E S  FROM T H E  A T M O S P H F R F  
33. MEASUREMENT RANGE 

T H E R M A L  I R  R E G I O N  
34. PRECISION AND ACCURACY 

7. ORGANIZATION 

G O D D A P D  S P A C E  F L T  C E N T E R  
10. ORGANIZATION 

N O A A  



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

3.8 TO 1 5  M I C P Q N S ~  I 
38. FIELD OF VIEW 139. GROUND SWATH I 

1 . 5  R Y  1 . 5  f )€GI  16 N M  BY 840 NM F R O M  600 N M  
40. ANGULAR RESOLUTION[ 41. SPATIAL RESOLUTION 

1 . 5  0 E G I l S k Y  BY 16NM F R O M  O R B I T  
42. POINTING ACCURACYI 43. POINTING RATE 144. ALTITUDE 145. INCLINATION 

I 1 M E D  C I R C U L A R  1 S U N - S Y N C H  R E T R O G R A D E  ' 
46. SPECIAL REQUIREMENTS 

47. COMPONENTS 

' O P T I C S ,  D E C T E C T O R ,  C R Y C I S T A T ,  E L E C T R O N I C S  
48. WEIGHT 149. VOLUME 1 50 AVERAGE POWER 151. STANDBY POWER 1 52. PEAK POWER / 53. MTBF ' 

45 L B I  1.4 CU Fp 20 WATTb I I 
54 INTERF"E'RENCE I 55 IN%$",!~&E I ~NT=~%"E"NcE I S7 INTT"R'F"E",~&E 158. WIELDING 

I I I I 
59. CALIBRATION 160. DATA RECOVERY 61. FREQUENCY OF OBSERVATION 

I T E L E M E T R Y  1 C C I N T I N U O U S  
62. TELEMETRY REQUIREMENTS 

63. ADVANTAGES AND LIMITATIONS 

64. REFERENCES 

P P E L I M I N A R Y  D A T A  S H E E T  FOR NIMRUS-Fq NOV.  9 1970. 

65. HISTORICAL REMARKS 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE - 
I N F R A R E D  T E M P F P A T U R E - P R O F I L E  R A D I O M E T E R  
(TITLE CONT.) 

2 ACRONYM 1 3. EXP NO 

I TPR I 
4 RESUME DATE I$ERSION 
9 Q / 0 1 / 7 2 1 0 0 ~ 9  

6. PRINCIPAL INVESTIGATOR 

S Y I T H t  W.L. 
9. CO-INVESTIGATOR 

M A R K ,  D.Q. 
12 CONTRACT 

NPE 113. CONTRACT NUMBER 114. FLASH INDEX NUMBER 1 l5 &"r2T 1'6 C?~~:'ONI 17. STATUS 

I I I 1 I E N G ~ M Q D E L  
18. MONITOR 119. AGENCY 120 PGM OFFICE I 21. TELEPHONE - 
S C H A Q D T ,  R O B .  \ N A S A  H D Q T P S  I O A / E R N  1 2 0 2 - 7 5 5 - 2 3 3 7  

22. VENDOR 123. LOCATION I " LL,:CT 125. LEAD TIME 

G U L T O Y  I N D U S T R I E S  I ALBUQUERQUE, q . M F X I C 0  112/72140 MONTHS 
26. INSTRUMENT TYPE 27 

R A D I O M E T F H  9 6 - C H A N N E L  S T E P - S C A N N I N G  I N F R A R E D  ( M O D I F I E D  M R I R )  ~'LY; 
28. APPLICATION 129. SPACECRAFT 

M E T  ~ N I M R U S  E 
30. PURPOSE 

P R I M A R Y -  T U  T E S T  A N  I R  R A D I O M E T E R  W H I C H  I S  D E S I G N E D  TO MEET T H E  
E N G I N E E R I N G  AND SC I E N T  I F  I C  D E M A N D S  OF A N  O P E R A T I O N A L  R E M O T E  
T E M P E R A T U R E  S O U q D E P * * * S E C O N D A R Y - T O  D E V E L O P  A  T E C H N I Q U E  F O R  DE- 
R  I V l  N G  T H H E k - D I M E N S  I D N A L  T E M P E P A T U R E  O f  T H E  A T M O S P H E R E  F O P  
O P E R A T I O N A L  F O R E C A S T S  B Y  T H E  M I D  1970's.  

31. PRINCIPLES OF OPERATION 

I N S T H U M F N T  I S  SOMEWHAT S I M I L A R  T O  THE N I M B U S - 2  M R I R .  I T P R  WILL 
M E A S U R E  I R  R A D I A T I O N  I N  FOUR S P E C T P A L  I N T E R V A L S  OF THE 1 5 - M I C P O N  
C A R B O N  D I O X I D E  B A N D ,  A S P E C T R A L  I N T E R V A L  O F  T H E  R O T A T I O N A L  W 4 T F R  
V A P O R  B A N D t A N D  I N  T H E  3 . 8  b N D  1 1 - M I C R O N  S P E C T R A L  WINDOWS. COVER- 
A G E  I S  C L U S T E R - S A M P L F D  I N  T H R E E  C L U S T F Q S  O F  1 C  R Y  14 I N S T A N T 4 N -  
EOUS F O V ' S  PER C L U S T E R  D  I S T R  I B U T E D  SYMMETR I C A L L Y  A B O U T  E I T H E R  
S I D E  O F  N A D I R  B U T  S T A G G E R E D  BY C L U S T E R  I N  THE O R B I T A L  D I R E C T I n N o  
E A C H  C L U S T E G  M 4 T R  I X  C O N T A I N S  140 R E S O L U T I O h  E L E M E N T S  MFASURE-  
M E N T S  I N  T H E  C A R B O N  D I O X I D E  A N D  WATER VAPOR A B S O R P T I O N  B A N D S  
WILL B E  U S E  T O  C A L C U L A T E  THE T E M P E R A T U R E  P R O F I L E S  A N D  THC T O T A L  
J A T E P  V A P O R  I N  T H E  L O N E R  S T R A T O S P H E R E  A N D  T R O P O S H E R E  B Y  I N V F R T -  
I N G  T H E  R A D I A T I V E  T R A N S F E R  E Q U A T I O N  U S I N G  N U M E R I C A L  A N D  M 4 T H -  
E M A T I C A L  T F C H N I Q U E S .  THE S T A T I S T I C A L  F L U C T U A T I O N S  O F  THE R A D -  
I A T I O N  D A T A  FROM T H E  I N D E P E N D E N T  R E S O L U T I O N  E L E M E N T S  WILL BE 
U T I L  I Z E O  I N  T H E  S O L U T I O N  TO A C C O U N T  FOR T H E  A T T E N U A T I O N  OF T H E  
C L O U D S  I N  A D D I T I O N  T O  THE TWO W I N D O #  MEASIJREMENTS W H I C H  S H O U L D  
E N A B L E  C L O U D  C O N T A M I N A T I O N  O F  T H E  R A D I A N C E S  TO BE  D E T E C T E D  A N D  
E L  I M I N A T E D  t T H U S  P E R M I T T  I N G  A C T U A L  D E T E R Y  I N A T I O N  OF T E M P E P A T U R E  
P R O F I L E S  DOWN T O  T H E  E A R T H ' S  SURFACE.  

32. PHENOMENA OBSERVED 

I R  E N E R G Y  E K I T T E D  FROM T H E  S U P F A C E  A N D  A T M O S P H E R E  O F  T H E  E A R T H  
33. MEASUREMENT RANGE 

0-200 E Q G S / S E C / S Q - C M / S T E R A D I  P N / C M * * - 1  
34. PREC16110N AND ACCURACY 

B E T T E R  T H A N  C . 2 5  E R G / S E C / S Q - C M / S T E R A D I A N / C M * * - 1  

7. ORGANIZATION 

N O A A  
10. ORGANIZATION 

QOAA 

8. TELEPHONE 

3 0 1 - 8 9 9 - 1 2 2 0  
11. TELEPHONE 

3 0 1 - 8 9 9 - 1 2 2 0  



CONTRACT N A S R - 5 4 ( 0 3 ) .  

65. HISTORICAL REMARKS 

S I M I L A R  TO THE N I M B U S  2 M R I R .  



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 
' L -HAND R A D I O M E T E R :  E A R T H  R E S O U P C E S  E X P E R I M E N T  

(TITLE CONT.) 

P A C K A G E  ( ! = R E P )  

2 ACRONYM 1 3. EXP NO 

L B P  1 S - 1 9 4  
4 RESUME DATE I;ERSION 
C 9 / 0 1 / 7 2 1 0 0 0 4  

8. TELEPHONE 

7 1 3 - 4 8 3 - C 1 2 3  
11. TELEPHONE 

6. PRINCIPAL INVESTIGATOR 

E V A N S ,  0. 
9. CO-INVESTIGATOR 

M I C R O W A V F  R A D I O Y  E T E R  I UNC. 
28. APPLICATION 129. SPACECRAFT 

E R S P  1 SUYLAB-A 
30. PURPOSE 

P R I M P R Y - T O  M E A S U R E  B R I G H T N E S S  T F M P E R A T U R E  O F  T H E  T E R R E S T R I A L  
S U R F A C E  I N  ORDER TO C O M P I L E  A  C O M P R E H E N S I V E  S U R F A C E  B R I G H T N E S S  
T E M P E R A T U R E  MAP***SECOWDARY-TO O F T E R M I N E  T H E  D I E L E C T R I C  C O N S T 4 N T  
A N 0  T H E  R A T I O  OF E L E C T R  I C A L - T O - T H E R M A L  E F F E C T I V E  D E P T H  A L O N G  T H E  
E A R T H ' S  S U R F A C E  9 Y  C O M P A R I N G  R A D I O M E T E R  D A T A  W I T H  S I M U L T A N E O U S  
M E A S U P F M E N T S  M A D E  AT V A R I O U S  GROUND L O C A T I O N S .  
31. PRINCIPLES OF OPERATION 

T H E  R A D I O M E T E R  I S  A  L O W - N O I S E  S W I T C H E D  R A D I O M E T E R  U T I L I Z I N G  G A I N  
PODULATION TECHNIQUES. A SIGNAL P P O C E S S O R  n E T E c r s t  AMPLIFIER, 
A N D  S Y N C h H O N O U S L Y  D E M O D U L A T E S  T H E  S I G N A L  AND P R O V I D E S  A  D I G I T A L  
O U T P U T  C O R R E S P n N O I N G  T O  A  0-350 D E G  K I N P U T  T E M P E R A T U R E  RANGE.  
T H E  A N T E N N A  I S  A  4 0 - I N  SQUARE A R R A Y  C O N S I S T I N G  O F  64 F O L D E D  D I -  
P O L E  E L E M E N T S .  R A D I 4 T I O N  E M I T T E D  B Y  A B O D Y (  D I R E C T L Y  P R O P O P T -  
I O N A L  T O  T E M P E R A T U R E  I S  R E C E I V E D  B Y  THE ANTENNA-  E N E R G Y  I S  T H E N  
C O U P L Y D  FROM T H F  A N T E R N A  TO A  C A L I B R A T I O N  NETWORK P A S S I N G  
THROUGH A  D I O D E  S W I T C H  W H I C H  I S  S W I T C H I N G  P E I O D I C A L L Y  B E T W E E N  
T H E  ANTENNA AN[? A T H E R M A L L Y  C O h T R O L L E D  R E F E R E N C E  LOAD.  B Y  C H 4 N G -  
I N G  T H E  G A I N  O F  T H E  R A D I O M E T E R  S Y S T E M  I N  S Y N C H R O N I S M  W I T H  T H E  

G d I T C H I N G  E F T M E E N  T H E  A N T E N N A  A N D  T H E  R E F E R E N C E  T E R M I N A T I O N ,  T H E  
O U T P U T  O F  T H E  R A D I O M E T E R  CAN R E  N U L L E D  T O  ZERO. THUS,  WHEN T H E  
R A D I O M E T E R  G A I N  I S  I N C R E 4 S E D  RY A  F A C T O R (  Y c  T H E  POWER A T  T H E  
O U T P U T  O F  T H E  R A D I O M E T E R  C A N  B E  E Q U A T E D  F O R  B O T H  H A L V E S  OF T H E  
S W I T C H I N G  C Y C L E ,  R E S U L T I N G  I N  A  Z E R O  S W I T C H - R A T E  F R F Q U E N C Y  
COYPONENT.  AS  L O N G  AS T H E  R A D I O M t T E R  O P E R A T E S  I N  I T S  L I W F A R  
R E G 1  QN 1 G A I N  Y O D U L A T  I G q  C A N  BE A P P L I E D  A N Y k H E R E  B E T W F E N  A N T E Y N A  
A N D  DETECTOR T O  A C H I E V E  Q U L L .  

32. PHENOMENA OBSERVED 

P A S S  I V F  M I C R O h 4 V E  E M I S S I O N S  F R O M  E A R T H ' S  SURFACF 
33. MEASUREMENT RANGE 

L - B A N D  
34. PRECISION AND ACCURACY 

B F T T E H  T H A N  1 D t G  K 

7. ORGANIZATION 

M A N N E D  S P P C E C R A F T  C E N T F R  
10. ORGANIZATION 



, 

35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

1.4 TO 1.427 GHZ I 1.0 D E G K  I 1,0 SECOND 
38. FIELD OF VIEW 139. GROUND SWATH 

15. DEG163  NM WIDTH*BO R OVERLAP ALONG TRACK 
1 40. ANGULAR RESOLUT~ON~ 41. SPATIAL RESOLUTION 

1 5 .  0 ~ ~ 1 6 3  Y M  ( H A L F  POWER B E A M  WIDTH, 
42.POlNTlNG ACCURACY~ 43. POINTING RATE 144. ALTITUDE 145. INCLINATION 

I 1 2 3 5 N  M 1 5 3  DEG 
46. SPECIAL REQUIREMENTS 

ANTErVNA & COLD REFERENCE LOAD REQUIRE UNOBSTRUCTED F I E L D  DF VIEW 
- - - - - - - -  

47. COMPONENTS 

ANTENNA* RECEIVER 9 REFERENCE LOADS* RFCORDEP ELECTRONICS 
48. WEIGHT 149. VOLUME I 50. AVERAGE POWER 151. STANDBY POWER 

3 8  LBI  10.3 CU FT 1 1 0 U A T T S  1 
52. PEAK POWER 1 53, MTBF _ , 

15  W A T T S ~  
~TERF"E'RENEE ( 55 ~N%"."F?%'N'cE I ~N%"R"F'E'R*E&E 1 57 INT%'%~CE I 58. SHIELDING 

,SOURCISEN I I   SENSITIVE 1 
59. CALIBRATION 160. DATA RECOVERY ' / 61. FREQUENCY OF OBSERVATION 1 

HOT&COLD REFERENCE L O A D S ~ F P O M  RETURNED TAPES  CONTINUOUS 
62. TELEMETRY REQUIREMENTS 

N A 

63. ADVANTAGES AND LIMITATIONS 51 i 
LONG WAVELENGTH OF SYSTEV W I L L  PROVIDE MEASU7EYENTS WHICH ARE 
LESS AFFECTED BY METEOROLOGICAL CONDITIONS.  
64. REFERENCES I 

EXPERIMENT IMPLEMFNTATIO!4 PLAN FOR MANNEO S P I C E F L I G H T  EXPFRIMEWT 
T I T L E :  L-BAND MICROHAVE RAOIOMETER - SKYLAB A EREP USER'S 
HANDBOOK* NASA/MSC, FEB.1971 

65. HISTORICAL REMARKS i 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

SUPEMENTS ALONG T H E  E A R T H ' S  LIME.***SECONDARY-TO P R O V I D F  O A T 4  ON 
T H E  A T M O S P H E R I C  T E M P E R A T U R E - A L T I T U D E  STRUCTURE ABOVE 30 KM ON A 
G L O B A L  B A S I S  OVER AN E X T E N D E D  P E R I O D  O F  T I M E .  T H I S  D A T A  COULD 

WILL I N C L U D E  A RANGE O F  A L T I T U D E S  FROM 2 0  TO 80 K I L O M E T E R S .  THE 
E X P E R I M E N T  W I L L  eE C A P R I E D  OUT U S I N G  A P R E C I S I O N  S C A N N I N G  R A D I -  
OMETER O P E R A T I N G  I Y  THE 1 S - Y I C R O N  C 0 2  BAQD H I T H  A 2 .3-MICRON 
B A N D H I D T H  AND A V E R T I C A L  R E S O L U T I O N  O F  A P P R O X I M A T E L Y  TWO K I L Q -  
METERS AT T H E  E A R T H ' S  H O R I Z O N  ( S C A N  R A T E  = 1 H Z )  A S I M P L E  B U T  
ACCURATE A T T I T U D E - D E T E R M I N A T I O N  SYSTEM WILL BE U S E D  TO F I X  
A C C U R A T E L Y  T H E  L I N E  O F  S I G H T  OF THE R A D I O M E T E R  T O  THE E A R T H ' S  
A C T U A L  H O R I Z O N .  T H I S  S Y S T E M  WILL C O N S I S T  O F  A  SUN-SENSOR-CYRO- 
S C O P E - U N I T  A L L O W I N G  L I N E  OF S I G H T  TO BE D E T E R M I Q E D  W I T H  A P P R O X I -  
M A T E L Y  TWO-KILOMET ER R E S O L U T I O N .  THE I N F R A R E D  R A D I O M E T E R  SUR- 
S Y S T E M  I N C L U D E S  A S C A N N I N G  HEAD,  O P T I C A L  SYSTEM, C H O P P E R *  DETEC-  
TOR ( M E R C U R Y - C A D M I U M - T E L U P I D E ) ,  AND DETECTOR COOLER. T H E  DETEC-  
TOR I S  O P E R A T E D  AT A P P R O X I M A T E L Y  L  I Q U I D - N I T R O G E N  TEMPERATURE, 
W H I C H  I S  M A I N T A I N E D  BY MEANS OF A  STOPED-SOLID-METHANE COOLER. 
A P P L Y I N G  I N V E R S I O N  T E C H N I Q U E S  TO THE R A D I O M E T E R  D A T A  W I L L  Y I E L D  
A MORE ACCURATE T E M P E R A T U R E - A L T I T U D E  STRUCTURE O F  THE E A R T H ' S  
ATMOSPHERE ABOVE 25 KM T H A N  H A S  B E E N  O B T A I N E D  P R E V I O U S L Y .  

32. PHENOMENA OBSERVED 

I R  ENERGY E M I T T E D  BY ATMOSPHERE ALONG I I N F  I1F S I G H T  
33. MEASUREMENT RANGE 

h O Y Y A f A I C  RANGF OF 700 TO 1 (220 T O  270 DEGREFS K E I  V I N I  
a. PRECISION AND ACCURACY 

TEMPERATURE W I T H I N  5 C E N T I G R A D E  DEGREES. A L T I T U D F  W I T H I N  1 K M  



3s. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

14.0 Tr3 15.3 Y ICRONSI NA I 
38. FIELD OF VIEW 139. GROUND SWATH 

0 03 D E G ~  NA 
40. ANGULAR  RESOLUTION^ 41. SPATIAL RESOLUTION 

NA I 
42. POINTING ACCURACY / 43. POINTING RATE 144. ALTITUDE 145. INCLINATION 

1.p OEGI ,a 1 1 
46. SPECIAL REQUIREMENTS 

,PRELAUNCH WARMUP;CIRCULAR O R B I T A L  W I T H I N  50 Y M  
- 

47. COMPONENTS 

RAOI0MFTER;COOLER;ATTITUDE ALIGNMENT AND I N T E G R A T I O N  ASSEMBLIES 
48. WEIGHT 149. VOLUME I SO. AVERAGE POWER 151 STANDBY POWER 1 52. PEAK POWER 1 53. MTBF 

66 LBI 1.. 30 W A T T S ~  I 6 2  W A T T S ~  6 MON A 

gr( INTER%ENCE I IN~"E"R%!'R'E'&E 1 .js ~NT%:'E'R"E%cE 1 57 IN&"R'F"E"R%cE I 58. SHIELDING 

I I I  SENSITIVE^ ?PO Y D E G  OUTER SHELL 
59. CALIBRATION 160. DATA RECOVERY 61. FREQUENCY OF OBSERVATION 

BLACKBODY STANDAR O I DELAYED TELEMETQY 1 2 8 0 0  P P O F I L E S / D A Y  
62. TELEMETRY REQUIREMENTS 

E-STORAGE SYSTEM 
ALASKA 4ND ROSMAN 

1 )  NIMPUS E L IMB RADIANCE IYVERS I O N  EXPER IMEVT,  TECHNICAL PRO- 
POSAL* V . 1 ,  HOWEYWELL AEROSPACE, FERm 6 8 .  



NATIONAL AER NlSTRATlON 

L I M O  R A D I A h C E  I N V E P S I O N  

S E C O N D A R Y - C A L C U L A T  I O N  O F  G E O S T R O P I C  W I N D S  FROM T E M P E R A T U R F  ' 

M E A S U P F M E N T S *  

WILL PROOUCE C A L I B R A T E D  R A D I A N C E  P R O F I L E S  I N  FOUR S P E C T R A L  I V -  
T E P V A L S  BY M E A S U R I N G  R A D I A T I O N  E M A N A T I N G  FROM A N  A T M O S P H F P I C  
P A T H  T A N G E N T  TO A  G E O C E N T R I C  C I R C L E .  T H E  S I N G L E  A X I S  A T T I T U D E -  
R E F E R E N C E  U N I T  M E A S U R E S  T H E  E F F E C T S  O F  S P A C E C R A F T  M O T I O N  ('IN THE 
R A D I O M E T E R  L I N E  O F  S I G H T .  P R E C I S E  P E L A T t V E  P O I N T I N G  D I R E C T I O N  
I S  U S E D  I N  T H E  I N F E R E N C E  OF T E M P E R A T U R E ,  O Z O N E  AND WATER VAPOR 
D I S T Q I P U T I O N S  AS F U N C T I O N S  O F  P R E S S U R E ;  WHEN C O M B I N E D  W I T H  MET-  
E O R O L O G I C A L  (OP C L I M A T O L O G I C A L  ) D A T A  , T H E  G E O M E T R I C  H E I G H T  S C 4 L E  
I S  O B T A I N E D .  T H E  I N S T R U M E N T  C O N S I S T S  O F  A R A C I O M E T E R  F Q A M E  
H O U S I N G  A S S F M P L Y  A N D  I N T E R F A C E  E L E C T R O N I C S  U N I T .  THE FORMER I N -  
C L U D E S  A  T E L E S C O P E  A S S E M B L Y  9 SOL I D  C R Y O G E N  AND D E T E C T O R ,  D E T E C -  
TOR B I A S  AND PREAMP E L E C T R O N I C S ,  AND A T T I T U D F  R E F E R E N C E  GYRO. 
THE T E L E S C O P E  I N C L U D E S  A  B A F F L E  SYSTEiV,  S C A N Y I N G  MIEPC!R, C O L L I M -  
ATOR T U N I N G  F O R K  C H O P P E R S  R E L A Y  O P T I C S ,  AND I N - F L I G H T  C A L I B R A -  
T I O N  S U B A S S E M B L Y  T H E  S O L I D  C P Y O G E N  COOLER A S S E M B L Y  C O N T A I N S  A 
P R O T E C T I V E  bi I N D O d  AT A M B I E N T  T E M P E P A T U P E ,  C O L D  Q E C P Y  L E N S F S  AND 
T H E  ARP.AY OF HG-CD-TE D E T E C T O R S  W I T H  F 1 L T F R . S  D E P O S I T E D  O N  T h E P ,  
AS  W E L L  AS T H E  M E T H A N E  P R I M A R Y  CFYOGEQ ( 6 5 K )  AND A M M O N I A  S E C I N D -  



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

8.8 T O  2 5 M I C W O Y S ~  I 
38. FIELD OF VIEW 139. GROUND SWATH 

I 
40. ANGULAR RESOLUT~ON~ 41. SPATIAL RESOLUTION 

I 
42. POINTING ACCURACY~ 43. POINTING RATE 144. ALTITUDE 145. INCLINATION 

I I R E D  C I R C U L A R  I SUN-SYNCH RETROGRADE 
46. SPECIAL REQUIREMENTS 

CRYOGENIC TEYPEPATURES MUST BE M A I N T A I N F D  
47. COMPONENTS 
* 

- R A D I O M E T E R ,  CnnLEP. FLFCTPONICS 
48. WEIGHT 149. VOLUME 1 50. AVERAGE POWER 151. STANOBY POWER 1 52. PEAK POWER 1 53. MTBF - 

8 0  LRI 3.2 cu FTI 37  W A T T S ~  I I 
59 INTER,"E'REWE 1 5s IN?&"FE;&E I 5S INT?".%\%%E 1 57 I N % % % ? ~ ~ E  1 58. SHIELDING 

I I I SENSITIVEI 
59. CALIBRATION 160. DATA RECOVERY ' 16% FREQUENCY OF OBSERVATION 

1 T E L F M F T R Y  1 CONTINUOUS - 
62. TELEMETRY REQUIREMENTS 

63. ADVANTAGES AND LIMITATIONS 

DATA O B T A I N E D  WILL R FPRESENT S I G N I F  I C A N T  ADV4NCES OVER E X I S T I N G  
INSTRUYENTLZTION 4 L L n W  1 Y G  S O L U T I O N  O F  MANY OUTSTANDING PROBLEMS. 

64. REFERENCES 

P R E L I M I N A R Y  OATA SHEET FOP N I M B U S - F  I NOV. 9 197Qe 

65. HISTORICAL REMARKS 

i 

I 



NATIONAL AER ACE ADMINISTRATION 

H I P  OF T H I S  ENERGY T O  I N C O M I N G  E N E R G Y  F R O M  T H E  S U N  AND (2) THE 
R E F L E C T I O N  A N D  S C A T T E R I N G  O F  SOLAR R A D I A T I O N  B Y  THE E A R T H -  
A T M O S P H E R E  S Y S T E M *  

C O M P O N E Y T S :  A  F L A T  P L A T E  R A D I O M E T E R  W I T H  A  130 D E G  F O V ,  A N D  A 
F L A T  P L A T E  P 4 D I O M E T E P  E M P L O Y I N G  A  C O N E  S H I E L D  T O  M I N I M I Z E  OR RE-  
MQVE ANY R E S P O N S E  DUE T O  D I R E C T  S O L A R  R A D I A T I O N  ( 7 0  D E G  F O V ) .  
T H E  H E A R T  O F  E A C H  SENSOR I S  A  T H I N  A L U M I N U M  D I S K  T H E R M A L L Y  A Y D  
P A O I A T I V E L Y  I S D L A T E D  FROM I T S  M O U N T S *  T H E  D I S K  T E M P E R A T U R E  I S  
S E N S E D  B Y  2 T H E R M I S T O R S  M O U N T F D  ON T H E  B A C K  S U R F A C E  OF T H E  D I S K .  
T H E  H O U S I N G  T E M P E R A T U R E S  A N D  T H E  C O N E  T E M P E R A T U R E S  A R E  S E P A R -  
A T E L Y  S E N S E D  AND RECORDED.  TWO S P E C T R A L  R E S P O N S E S  A R E  P R O V I D E D  
F O R  T H E  D I S K S  BY T H E  U S E  OF A N O D I Z E D  A L U M I N U M  OR B L A C K  P A I N T .  
T H E  B L A C K  P A I N T E D  S U R f A C E  WILL R E S P O N D  TO THE SUM O F  T H E  RE-  
F L E C T E D  S O L A R *  D I R E C T  S O L A R ,  AND R E R A D I  A T E 0  L O N G  WAVE R A D I A T I O N .  
T H E  A N O I Z E D  A L U M I N U M  S E N S O R  D I S K S  R E F L E C T  I N  T H E  V I S I B L E  R A N G E  
B U T  A B S O R B  I R  R A D I A T I O N  I N  T H E  7 T O  30 M I C R O N  RANGE.  T H E S E  R E -  
S P O N D  T O  T H E  R A D I A T E D  ENERGY FROM T H E  E A R T H  A N D  E X C L U D E  T O  A  
H I G H  D E G R E E  T H E  D I R E C T  A N D  R E F L E C T E D  SOLAR R A D I A T I O N .  B O T H  D I S K  
T Y P E S  A R E  U S E D  W I T H  B O T H  R A O I O M E T E R S  SO T H A T  4 R A D I O M E T E R S  A R E  
N E E D E D  T O  C O M P L E T E  A S E T .  TWO S U C H  S E T S  A R E  M O U N T E D  1 8 0 ' D E G  
A P A R T  ON T H E  S / C  B U T  I S O L A T E D  T H E R M A L L Y  A N D  R A D I A T I V E L Y  F R O M  I T  



3S. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT I 

r3.3 T O  3 3 . 0  '4 I C R O N S l  I C O N T I N U O U S .  
38. FIELD OF VIEW 139. GROUND SWATH 

S E E  I T F M  3 1  I L I M R - T O - L I M B  14200 N M I F R O M  750 N M  A L T I T U D E  
40. ANGULAR RESOLUT~ON~ 41. SPAT lAL RESOLUTION 

N4 I 
42. POINTING ACCURACY( 43. POINTING RATE 144. ALTITUDE 145. INCLINATION 

I 1 MEO c IRCULAR I SUN-SYNCH RETROGRADE,  
46. SPECIAL REQUIREMENTS I 

NONE 
47. COMPONENTS - -  - L 1 

8 SENSORS ( T H E R M I S T O R S ) ,  E L E C T R O N I C S ,  RECORDER 
48. WEIGHT 149. VOLUME 1 50. AVERAGE POWER 151. STANDBY POWER 1 52. PEAK POWER 1 53. MTBF 

7 L B J  0 . 7 5  CU FT I  I I I 1 Y E A R -  
Y INTER~~RENCE I % l$&"F%?&E I 1W%'Et%"UcE I 57 INT%~F?% hjCE I 58. SHIELDING 

I I I S E N S I T I V E  ( F P R  T H E R M A L L Y  I S O L A T E D  
59. CALIBRATION 160. bATA RECOVERY 61. FREOUENCY OF OBSERVATION 

1 Q E L A Y  ED T E L E M E T R Y  1 C~NTINUOUS 
62. TELEMETRY REQUIREMENTS 

90 K B I T S  T A P E  C A P A C I T Y .  

63. ADVANTAGES AND LlMtTATlONS 

I N S T R U M E N T  I S  B R 0 4 0  RANGE,  LOW ACCURACY TYPE. 

64. REFERENCES I 

1 )  F I N A L  E N G I N E F R I V G  R E P O R T  T O S  A M E T  S A T  S Y S T F H ,  VOL  1- R C A  
A S T R O - E L E C T R O N I C S ,  C O N T R A C T  NO. N A S 5 - 9 0 3 4 ,  H A Y  5 ,  1 9 6 7 . * * * 2 )  
R U R I N ,  L a :  O P E P A T I O N A L  P R O C F S S I N G O  OF R E S O L U T I O N  I R  ( C R I R )  
O A T A  FROM E S S A  S A T F L L I T E S .  E S S A  T E C H  R E P O R T  Y E S C - 4 2 ,  FEB. 68.*+*  
3 )  E S S A  NEWS R E L E A S E  NO. E S  66-54, S E P T  19, 1960.***4) D P T A  
A V A I L A B L E  FROM NESC,  E S S A ,  dASH.  DOC. 
65. HISTORICAL REMARKS i 

T H I S  R A D I O M E T E R  WILL A L S O  F L Y  ON I T O S  A, 61 C, AND 0 .  



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 
L O W - R F S O L U T  IOrU I N F K A R E  U R A D I O M E T E F  

(TITLE CONT.) 

2 ACRONYM 1 3. EXP NO 

L F  I F  I 
4 RESUME DATE I :ERS,ON 

0 9 / C 1 / 7 2  1 ?"C5 
8. TELEPHONE 

2 $ 2 - 6 5 5 - 4 G C C  
11. TELEPHONE 

6. PRINCIPAL INVESTIGATOR 

MCDCINALOT T o  
9. CO-INVESTIGATOR 

12 CONTRACT 
TYPE 113. CONTRACT NUMBER 1 14. FLASH INDEX NUMBER 1 l5 %+"ET 116 COM%f:'ONl 17. STATUS 

I I I 1 ] P O S T  FLIGHT. 
18. MONITOR 119. AGENCY 120 PGM OFFICE I 21. TELEPHONE 

G L O V E R 9  J.C. I ~ J ~ S C / N ~ A A  I 1 2 0 2 - 6 5 5 - 4 0 : ~  
22. VENDOR 1 23. LOCATION 24 gyfcT 125. LEAD TIME 

UNIVERSITY OF WI  S C O N S I ~  I M A D I S O ~ J ~  k 1  S C O N S I N  104/67 1 
26. INSTRUMENT TYPE 27 

s a c u y .  

R A D I  O M E T E P  9 F L A T - P L A T E  I R / V  I S I B L E  L O W - P E S O L U T I O N  1 
28. APPLICATION 129. SPACECRAFT 

M E T  ~ E S S A  5 
30. PURPOSE 

P R I M A R Y - T O  G A T H E R  D A T 4  TO A I D  I N  D E T E R M I N I N G :  ( 1 )  T H E  G E O G Q A P H I C  
~ I S T P I B U T I O ~ ~  OF ENERGY P A n I E T E G  FPOM T H E  E A R T H  A N D  THE R E L P T I O h -  
S H I P  OF T H I S  F N E R G Y  T O  I N C O M I N G  E N E R G Y  FRnM T H E  SUN AND ( 2 )  T H E  
R E F L E C T I O N  A N D  S C A T T E R I N G  UF SCLAG P P U I A T I O N  B Y  T H E  E A R T H -  
A T M O S P H E R E  S Y S T E M .  

31. PRINCIPLES OF OPERATION 

T H E  E S S A  F L A T  P L A T t  R A D I O M E T E R  S Y S T E M 9  I S  D I V I D E D  I N T O  2 R C S I C  
C O M P O N E N T S :  A F L A T  P L A T E  H A O I O M F T E P  N I T H  A l R ?  D E G  F O V ,  A h D  4 
F L A T  P L A T E  R A D I O M E T E R  E M P L O Y I N G  A CONE S H I E L D  T O  M I V I M I Z E  OR P E -  
MOVE ANY R E S P O N S E  DUE TO D I P F C T  S O L A R  R A D I A T I O N  (7C' r )EG F C V )  
T H E  H E A R T  O F  E A C H  SENSOR I S  A  T H I N  A L U M I N U M  D I S K  T I - IEPMALLY A N 0  
R A D I  A T  I V E L Y  I S L I L A V E T )  FROM I T S  MOUIUTSD T H E  D I S K  T E M P E R A T U R F  15  
S E V S E O  B Y  2 T H E k M I S T O P S  M O U N T E D  ON T H E  B A C K  S U R F A C E  OF THC DISK. 
T H E  H O U S I N G  T E M P E P A T U k E S  AND T H E  C O h E  T E M P E F A T U R E S  A R E  S E P A R -  
A T E L Y  S E N S E D  A N P  RECCHDED.  TWO S P E C T R A L  R E S P O N S E S  ARE P R O V I D E D  
f O R  T H E  D I S K S  d Y  T H E  U S E  U F  A N O O I Z F O  A C U Y I N U M  OP B L A C K  P A I N T .  
T H E  B L A C K  P A I N T E D  S U R F A C E  WILL R E S P O N D  TO THE SUM OF T H E  RF-  
F L E C T E D  S C L 4 K q  D I R E C T  S O L A F  q A R D  R E R A D I A T E D  L O N G  WAVE R A D I  AT IL Ih ' .  
T H E  AF !O IZED A L U M I N U M  S E h S U R  D I S K S  R E F L E C T  I N  T H E  V I S I B L E  PAI'JGE 
B U T  AHSORS I R  R A D I A T I O N  I N  T H E  7 T O  30 M I C R O N  RANGE,  T H E S E  R E -  
S P O N D  T O  T H E  R A D I A T E D  E N F R G Y  FPOM T t i E  E A R T H  A N D  E X C L U D E  TCI A 
H I G H  D E G R E E  T H E  D I R E C T  A N D  R E F L E C T E D  S O L A R  R A D I A T I O N .  B O T H  D I S K  
T Y P E S  A R E  U S E D  h I T H  B O T H  P A D I n M F T E R S  SO T H A T  4 R A D I O Y E T E R S  A R E  
N E E D E D  T O  C O M P L E T E  A  S E T .  TWO SUCH S E T S  APE M O U Q T E D  re0 DFG 
A P A R T  ON T H E  S / C  BUT I S O L A T E D  T H E P M A L L Y  A N D  P A D I A T I V E L Y  FROM I T .  

32. PHENOMENA OBSERVED 

E N E R G Y  R A D I A T E D  FROM A N D  R E F L F C T E D  R Y  T H E  € A R T H / A T M O S P H E R F  
33. MEASUREMENT RANGE 

34. PRECISION AND ACCURACY 

7. ORGANIZATION 

N E S C / N O A A  
10. ORGANIZATION 



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

~ , 3  TCI 3 ? . 9  M I C R ~ N S I  I 
38. FIELD OF VIEW 139. GROUND SWATH 

S E E  I T E M  3 1  I L I Y R - T O - L I M B  (4200 NY I F R O Y  753 N Y  A L T I T U D E  
40 ANGULAR  RESOLUTION^ 41. SPATIAL RESOLUTION 

I 
42 POINTING ACCURACY[ 43. POINTING RATE 144. ALTITUDE 45. INCLINATION 

I ( MED C I R t U L A R  1 SUN-SYNCH RETROGRADE 
46. SPECIAL REQUIREMENTS 

47. COMPONENTS 

8 SFNSORS ( T H E R M I S T O R S ) ,  F C E C T R O N I C S ,  P E C O R D F Q  
48. WEIGHT 149. VOLUME 1 50 AVERAGE POWER 151 STANDBY POWER f 52. PEAK POWER 1 53. MTBF 

1 I I I I 
5. #NTER$ENCE 1 55 ON~"E"R"F:",'E'&E I 56 INT?"R"F~'R"E&E I 57 w~TEHP,"RtkcE 158. SHIELDING 

I I I SENSITTVF] FPR T H E R M A L L Y  I S O L A T E D  , 
59. CALIBRATION 160. DATA RECOVERY 61 FREQUENCY OF OBSERVATION 

1 D F L A Y F O  T E L F M E T P Y  I C o N T I W U C l U S  
62. TELEMETRY REQUIREMENTS 

9P K H I T S  T A P E  C A P A C I T Y ,  

63. ADVANTAGES AND LIMITATIONS 

T H E  F P P  D I D  NOT GET GnOD D A T A  S T A R T S ,  THUY T I  YE E R R O R S  WERE 
I N C U R R E D  I N  YOST READOUTS,  

64. REFERENCES 

1 )  F I N A L  E N G I M E F R I N G  P E P O P T  T n S  A M F T  S A T  SYSTEM,  VOL 1, RCA 
P S T R O - E L E C T R O N I C S ,  C O N T R A C T  N O *  N A S 5 - 9 P 3 4 ,  M I Y  59 1967** *+2)  
R U H [ N *  Lm: O P E F A T I O N A L  P R O C E S S I N G O  OF P E S Q L U T I O N  I R  ( L R I R )  
D A T A  FROM E S S A  S A T E L L I T E S *  F S S A  TECH R E P O R T  V E S C - 4 2 ,  F E E *  6 8 * + * *  
3 )  F S S A  NEWS P E L E A S F  N O *  f S  66-54, SEPT 1 9 ,  1 9 6 8 * * * * 4 )  DbT4 
A V A I L A B L F  FROP N E S C *  E S S A *  W4SH. D.C. 
65. HISTORICAL REMARKS 

T H I S  R A D T O M E T E R  W I L L  A L S O  F L Y  O N  I T O S  A .  R e  C AND D m  



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 
LOW-UFSTILUT IC)Y  I f d F R A k k O  R A O I O M E T E P  

(TITLE CONT.) 

2 ACRONYM 1 3. EXP NO 

L P I R  I 
4 RESUME DATE / cERSION 
"9/01/7?1'007 

6. PRINCIPAL INVESTIGATOR 

MCDOrGALD , T. 
9. CO-INVESTIGATOR 

12 CONTRACT 
WPE 113. CONTRACT NUMBER 114. FLASH INDEX NUMBER 1 l5 %"ET 116 C ~ k : ~ O N I  17. STATUS 

C P F F  I 1 I I I P O S T - F L  I G H T  
18. MONITOR 119. AGENCY 120 PGM OFFICE / 21. TELEPHONE 

G L O V E V r  J.C. 1 Y E S C / N O A A  I 1202-655-4C9C 
22. VENDOR 1 23. LOCATION I 24 :!@" 125. LEAD TIME 

U N I V E K S I T Y  ?F F I S C O N S I N  I M A ~ I S O N ~ W I S C O N S I N  l 0 8 / 6 8 )  N4 
26. INSTRUMENT TYPE Lv 2 1  

R A C I q M E T E R  F L A T - P L A T E  I R / V  I S I B L F  L O W - P F S O L U T I O ' V  1 
28. APPLICATION 129. SPACECRAFT 

M E T  I F S S A  7 
30. PURPOSE 
L ~ ~ ~ ' 4 ~ ~ ~ - ~ ( :  G A T H E R  D A T A  T O  A 1 0  I N  P F T F Q U I N I N G :  ( 1 )  T V E  G E P G F A P H I C  

D I S T R I t 3 U T I O N  O F  ENERGY H A C I A T E C  F P I N  T H E  F A Q T H  A Y D  THE P E L A T I C N -  
S H I P  OF  T H I S  E Y E R G Y  TO I N C U M I V G  E h F R G Y  F R O M  T H E  S U N  AND ( 2 )  THE 
R E F L E C T I O N  AND S C A T T E R  I N G  [IF S O L A P  P 4 E 1 4 T I O N  H Y  THE E A R T H -  
A T Y O S P H E Q F  S Y S T E M .  

31. PRINCIPLES OF OPERATION 

T H E  E S S A  F L A T  P L A T E  R A U 1 3 M E T E P  S Y S T F V r  I S  D I V I D E D  I N T 3  2 R A S I C  
C U M P O N E Y T S : - A  F L A T  P L A T E  K A D I O M E T E F  'VJITH A  1 Q Q  D E G  F O V ,  4 k D  A 
F L A T  P L A T E  R A D I Q M E T E P  EMPLOY I ' V G  A C O q F  S H I E L D  T O  Y I N I M I Z F  OR RE-  
MOVE A h Y  HESPOrUSE IJUE T n  D I P F C T  S O L 4 9  R A D I A T I O U  ( ? ?  D E G  F C V ) .  
T H E  H E A R T  O F  E A C H  S E N S O R  I S  A T H I N  A L l l Y I Y U M  D I S K  T H E P Y 4 L L Y  b Y D  
R A D I A T I V E L Y  I S O L A T E D  F R O 4  I T S  MI IUNTS.  T H E  D I S K  T E M P f F A T U R E  I S  
S E N S E D  B Y  2 T H E R M I S T O k S  Y O U N T E D  ON T H E  R A C K  S U P F A C E  OF THE D I S K .  
T H E  H O U S I N G  T E M P E R A T U R E S  A N D  Tt1F C I ' N E  T E M P E R A T U R E S  ARE SEPAR-  
A T E L Y  S E N S E D  AhL) RECORDED.  T h 3  S P E C T P A L  R E S P O N S E S  A P E  P R O V I D E D  
F O K  T H E  O I S K S  HY THE J S E  Of  A R D D I Z E D  A L U Y I N U M  OR B L A C K  P A I N T .  
T H E  B L A C K  P A I N T E D  S U R F A C E  WILL R E S P O N D  TO T H F  SUM OF T H E  P E -  
F L E C T F D  S O L A k p  D I R F C T  S O L A R ,  A h D  F E R A D I A T E D  L O N G  WAVE R A D I A T I O N .  
T H E  A N O I Z E D  A L U Y I N U M  SENSOR D I S K S  R E F L E C T  I N  T H E  V I S I B L E  P A N S €  
B U T  A B S O R B  Ili. R A D I A T I O N  I N  T H E  7 T O  3t M I C R O N  RANGE.  T H E S E  R E -  
S P O N D  T O  T H E  9 A 3 1 A T E D  ENERGY FROM T H E  E A R T H  AND E X C L U O F  T O  A  
H I G H  D E G R E E  T H E  D I R E C T  A Y D  R E F L E C T E D  S O L A R  R A D I 4 T I O N .  B O T H  D I S K  
T Y P E S  A R E  U S E D  W I T H  B O T H  R A D I O M E T E R S  SO T H A T  4 R A D I O M F T E R S  A R E  
h E E O E D  T O  COIMPLETE A  S E T .  TWO SUCH S E T S  A R E  M O U N T E D  180 DEG 
A P E R T  ON T H E  S / C  B U T  I S O L A T E D  T H E R M A L L Y  A N D  R A D I A T I V E L Y  FROM I T .  

32. PHENOMENA OBSERVED 

, E A R T H  A L B E D O - E N E R G Y  R A D I A T E D  TO S P A C E  B Y  E A R T H  
33. MEASUREMENT RANGE 

. N E A R  U V ?  V I S I H L E ,  N E A R  I R ,  T H E P M A L  I R  
34. PRECISION AND AWURACY 

5 K DEG I N  T H E P M A L  It? 

7. ORGANIZATION 

rd E sc / ' d l j ~  A 
10. ORGANIZATION 

8. TELEPHONE 
z A 2 - ~ 5 5 - 4 r - r  

11. TELEPHONE 



? 

35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 1 37. TIME CONSTANT 

0.3 TO 33.9 M ICRONS 1 I C O N T I N U O U S  
38. FIELD OF VIEW 139. GROUND SWATH 

S E E  I T E Y  3 1  I L 1 ' 4 8 - T O - L  I Y R ( 4 2 0 p  N Y  ) F R O M  750 NY A L T I T U D E -  
40. ANGULAR RESOLUT~ONI 41. SPATIAL RESOLUTION 

( A  I 
42. POINTING ACCURACYI 43. POINTING RATE 144. ALTITUDE 145. INCLINATION 

1 I PFn C I Q C U C A R  I SUN-SYhlCH R F T R I T S R ~ D E :  
46. SPECIAL REQUIREMENTS 

NONF 
47. COMPONENTS 

8 SE'VSQRE ( T H E R M I S T O R S ) ,  E L F C T R O N I C S p  RECORDEQ 
48. WEIGHT 149. VOLUME I 50. AVERAGE POWER 151. STANDBY POWER 1 52. PEAK POWER 1 53. MTBF 

7 L B I  C . 7 5  C U  F T I  I I I 1 Y E A R  
5. ~NTER&ENCE 1 IU%"R"F!%%E I 5e INGDi'R"E"NcE 1 57 INT~'F"E"R:~E 158. SHIELDING 

I I 1 SENSITIVE ~ F P R  T H E P Y A L L Y  ISOLATED 
59. CALIBRATION 160. DATA RECOVERY 61. FREQUENCY OF OBSERVATION 

1 D E L A Y  ED T E L E M F T R Y  1 CPNTI NUOUS 
62. TELEMETRY REQUIREMENTS 

90 K R I T S  T A P E  C A P A C I T Y .  

63. ADVANTAGES AND LIMITATIONS 

I N S T R U M E N T  I S  B R O A D  RANGE,  LOW ACCURACY T Y P E  

64. REFERENCES 

1 )  F I N A L  E N G I N E E R I N G  R E P O R T  TOS A  Y E T  S A T  S Y S T E M *  VOL 1. R C A  
A S T R O - E L E C T R O N I C S  9 C O N T R A C T  NO. N A S 5 - 9 Q 3 4 ,  M 4 Y  5, 1 9 6 7 * * * * 2 )  
R U B I N ,  L a :  O P E R A T I O N A L  P P Q C F S S I N G O  OF R E S O L U T I O N  I R  ( L R I R )  
D A T A  FROM E S S A  S A T E L L I T E S .  F S S A  T E C H  R E P O R T  V E S C - 4 2 9  F E B e  68.** *  
3 )  E S S A  NEWS R E L E A S E  NO. E S  66-54? S F P T  19, 1 9 6 5 * + * * 4 )  D h T A  
A V A I L A B L E  FROM N E S C ,  E S S A ,  WASH. D m C *  
65. HISTORICAL REMARKS 

T H I S  R A D I O M E T E R  WILL A L S O  F L Y  ON I T O S  A *  6 ,  C, A N D  D e  



NATIONAL AE NlSTRATlON 

D I S T R I B U T I O N  O F  ENERGY R A D I A T E D  FROM THE E A R T H  AND THE R E L A T I O N -  
S H I P  O F  T H I S  ENERGY T O  I N C O M I N G  ENERGY FROM T H F  SUN AND ( 2 )  THE 
R E F L E C T I O N  AND SCATTER I N G  OF SOLAR R A D I A T I O N  B Y  THE EARTH- 
ATMOSPHERE SYSTEM. 

31. PRINCIPLES OF OPERATION 

T H E  ESSA F L A T  P L A T E  R A D I O M E T E R  S Y S T E M *  I S  D I V I D E D  I N T O  2 B A S I C  
COMPONENTS: A F L A T  P L A T E  R A D I O M E T E R  W I T H  A 1 8 0  DEG F O V *  AND A 
F L A T  P L A T E  R A D I O M E T E R  E M P L O Y I N G  A CONE S H I E L D  TO M I N I M I Z E  OP RE- 
MOVE ANY R E S P O N S E  DUE TO D I R E C T  SOLAR R A D I A T I O N  ( I @  D E G  F O V ) .  
THE HEART O F  E A C H  SENSOR I S  A T H I N  A L U M I N U M  D I S K  T H E R M A L L Y  AND 
R A D I A T I V E L Y  I S O L A T E D  FROM I T S  MOUNTS. THE D I S K  TEMPERATURE I S  
S E N S E D  BY 2 T H E R M I S T O R S  MOUNTED ON T H E  B A C K  SURFACE OF THE D I S K .  
T H E  H O U S I N G  TEMPERATURES AND THE CONE TEMPERATURES ARE SEPAR- 
AT E L Y  SENSED AND RECORDED. TWO S P E C T R A L  RESPONSES ARE P R O V I D E D  
F O R  THE D I S K S  BY THE U S E  OF A N O D I Z E D  A L U M I N U M  OR B L A C K  P A I N T .  
T H E  B L A C K  P A I N T E D  SURFACE W I L L  RESPOND TO THE SUM OF THE RE- 
F L E C T E D  S O L A R *  D I R E C T  SOLAR * AND R E R A D I A T E D  L O N G  WAVE R A D I A T I O N .  
T H E  A N O I Z E D  A L U M I N U M  SENSOR D I S K S  R E F L E C T  I N  THE V I S I B L E  RANGE 
BUT ABSORB I R  R A D I A T I O N  I N  T H E  7 T O  30 M I C R O N  RANGE. T H E S E  RE- 
SPOND TO THE R A D I A T E D  ENERGY FROM THE E A R T H  AND E X C L U D E  TO A 
H I G H  DEGREE T H E  D I R E C T  AND R E F L E C T E D  SOLAR R A D I A T I O N .  B O T H  D I S K  
T Y P E S  ARE U S E D  W I T H  B O T H  R A D I O M E T E R S  SO THAT 4 R A D I O M E T E R S  ARE 
N E E D E D  T O  COMPLETE A SET.  THO SUCH S E T S  ARE MOUNTED 180 DEG 
A P A R T  ON T H E  S / C  BUT I S O L A T E D  T H E R M A L L Y  AND R A D I A T I V E L Y  FROM I T .  

82. PHENOMENA OBSERVED 

E A R T H  ALBEDO-ENERGY R A D I A T E D  TO SPACE 8 Y  E A R T H  
33. MEASUREMENT RANGE , 
NEAR U V v  V I S I B L E *  NEAR I R ,  THERMAL I R  
34- PRECISION AND ACCURACY 

5 K OEG I N  THERMAL I R  



3S. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT " 
P o  3 T O  33 0 M I C R O N S  1 I C O N T I N U O U S  

38. FIELD OF VIEW 139. GROUND SWATH 

S E E  I T E M  3 1  I L I M R - T O - L I M B ( ~ ~ ~ @  N M I F R O M  750 N M  A L T I T U D E  
40. ANGULAR  RESOLUTION^ 41. SPATIAL RESOLUTION 

N A  I 
42. POINTING ACCURACY ( 43. POINTING RATE 144. ALTITUDE 145. INCLINATION I I 

I 1 MED c IRCULAR I SUN-SYNCH RETROGRADE- 
46. SPECIAL REQUIREMENTS - . .  I 

NONE 
- . - - - - - - . -  - 

47. COMPONENTS - - . I  I 

8 S E N S O R S  ( T H E R M I S T O R S  p E L E C T R O N I C S *  R E C O R D F R  
48. WEIGHT 149. VOLUME I 50. AVERAGE POWER 151. STANDBY POWER . . -  I 52. PEAK POWER 1-53. -. M T E  - - -- 

7 LHI  0.75 cu FTI  I I I 1 Y E ~ R  
54 S N T E R ~ E N C E  I IN~"E".%%~&E I 56 sNTNE"R%'E"R"ELE 1 57. INI%&"R%CE 158. SHIELDING 

I I I SENSITIVE IFPP T H E R M A L L Y  I S O L A T F D  . 
59. CALIBRATION 160. DATA RECOVERY 161. FREWENCY OF OBSERVATION 1 

IOELAYED TELEMETPY IC~NTINUOUS 
62. TELEMETRY REQUIREMENTS i~ 
90 K B I T S  T A P E  C A P A C I T Y .  

63. ADVANTAGES AND LIMITATIONS 1 
I N S T R U M E N T  I S  R P O A D  RANGE,  LOW A C C U R A C Y  TYPE.  - 

64. REFERENCES 1 
1 )  F I N A L  E N G I V E E R I N G  R E P O R T  T O S  A  M E T  S A T  S Y S T E M *  V O L  1. R C A  
A S T R O - E L E C T R O N I C S *  C O N T R A C T  NO. N A S S - 9 0 3 4 9  M 4 Y  5, 1967.***2) 
R U B I N ,  L.: O P E R A T I O N A L  P R O C E S S I N G 0  O F  R E S O L U T I O N  I R  f L R I R )  
D A T A  F R O M  E S S A  S A T E L L I T E S .  E S S A  T E C H  R E P O R T  V E S C - 4 2 1  FEB. 68.*** 
3 )  E S S A  NEWS R E L E A S E  NO. ES  66 -56 ,  S E P T  1 9 9  1 9 6 8 . * * * 4 )  D 4 f A  
A V A I L A B L E  F R O M  NESC.  E S S A *  WASH. D O C ,  
65. HISTORICAL REMARKS 1~ 
THIS RADIOMETER WILL A L S O  FLY ON ITOS A. B. c c  AND n. 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

R A D I O M E T E R  9 2-CHANNEL NON-SCANNI  NG L O W - R E S O L U T I O N  I N F R A R E D  I U ~ C  
28. APPLICATION 129. SPACECRAFT 

MET ~ T I R O S  2 
30. PURPOSE 
P R I M A R Y - T O  MEASURE T H E  THERMAL AND R E F L E C T E D  SOLAR R A D I A T I O N  
FROM T H E  EARTH,  TO P E R M I T  T H F  D E T E R M I N A T I O N  OF THE A P P A R E N T  
B L A C K B O D Y  T E M P E 2 A T U R E S  AND A L a E n O  OF THE EARTH. 

31. PRINCIPLES OF OPERATION 

T H I S  L O W - R E S O L U T I O N  MON-SCANNING R A D I O M E T E R  WAS FLOWN I N  AN 
I D E N T I C A L  C O N F I G U R A T I O N  ON T I R O S  2 ,  3 ,  AND 4. I T  C O N S I S T S  OF 2 
DETECTOPS.  ONE O F  T H E S E  I S  A BLACK T H E R M I S T O R  BOLOMETER DETECTOR 
AND T H E  OTHER A W H I T E  O N E *  E A C H  O F  W H I C H  I S  MOUNTED I N  THE A P E X  
OF A H I G H L Y  R E F L E C T I V E  CONE. THE B L A C K  DETECTOR I S  E Q U A L L Y  SEN- 
S I T I V E  TO R E F L E C T E D  S U N L I G H T  AND T O  L O Y G  WAVE T E R R E S T R I A L  R A 3 I A -  
T I O N ( 0 . 2  T O  50 M I C R O N S ) .  THE W H I T F  D E T E C T O R  I S  COATED TO B E  RE- 
F L E C T I V E  I N  T H E  V I S I B L E  AND NEAR I N F R A R E O ,  THUS,  I T  MEASURES 
O N L Y  L O N G  WAVELENGTH THERMAL R A D I A T I O N (  5 TO 50 M I C R O N S  1 T H F S E  
D E T E C T O R S  PRESENT T H E  I N S T R U M E N T A T I O N  PACKAGE W I T H  R E S I S T A N C E S  
W H I C H  VARY W I T H  R A D I A T I O N .  FROM T H E  D E T E C T E D  V A L U E S  THE H E A T  
B A L A N C E  OF AN AREA CAN B E  COMPUTED. THE F I E L D  H H E N  V I E W I N G  D I -  
R E C T L Y  BELOW I S  P A R A L L E L  TO T H E  S P I N  A X I S  AND I S  A  C I R C L E  OF 470 
NM O I A M E T E R ( S 0 - D E G R E E  F I E L D  O F  V I E W ) .  T H I S  V I E W  OBSERVES A N  4 R E A  
W H I C H  I S  W I T H I N  T H E  F I E L D  O F  THE W I D E  ANGLE T E L E V I S I O N  CAMERA. 
T H E  OUTPUT OF E A C H  DETECTOR I S  A M P L I F I E D *  AND THE R E S U L T I N G  S I G -  
NAL I S  U S E D  TO MODULATE S E P A R A T E  AUDIO-FREQUENCY OSC I L L A T O R S .  
T H I S  MODULATED OUTPUT I S  PROCESSED THROUGH T H E  T I M E - S H A R I N G  
S W I T C H I N G  C I R C U I T  W I T H  T H E  O U T P U T  OF T H E  S C A N N I N G  RADIOMETER.  

32. PHENOMENA QBSERVED 

T H E R M A L  AND R E F L E C T E D  SOLAR R A D I A T I O N  FROM F 4 R T H  
33. MEASUREMENT RANGE 

-100 DEG C T O  +60 DEG C 
34. PRECISION AND ACCURACY 

S / N  B E T T E R  T H A N  30 DB 



SAT.  NASA T N  0-1096, NOV. 1961.***2 1 BANDEEN, WoRm: E X P E R I M E N T A L  
APPROACHES T O  REMOTE A T M O S P H E R I C  PROBING I N  T H E  I R  FROM SATS. 
NASA TM X-63188r Y A Y  l 9 6 8 . * * * 3 ) 8 A R T K O v  F o r  E T o A L o t  T I R O S  LOW 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 
L O W - R E S O L U T I O N  Y O N S C A N V  I N G  R A D I O M E T E R  

(TITLE CONT.1 

2 ACRONYM 1 3. EXP NO 

L R N R  I 
4 RESUME DATE I 5VERSION 

0 9 / 0 1 / 7 2  1 3 C C 4  
8. TELEPHONE 

3 e 1 - 9 8 2 - 5 0 4 2  
11. TELEPHONE 

3 0 1 - 9 8 2 - 5 0 4 2  

6. PRINCIPAL INVESTIGATOR 

H A N E L ,  DR. 
9. CO-INVESTIGATOR 

S T A M P F L V  DR. R o A -  
12 CONTRACT 

TYPE 113. CONTRACT NUMBER 114. FLASH INDEX NUMBER 1 ~1'2' 116 C~k::'o*ll 17. STATUS 

I I 1 1 IPOST FLIGHT '  
m 

18. MONITOR 119. AGENCY 120 PGM OFFICE I 21. TELEPHONE 

T E P P E F ,  14. ~ N A S A  H D W T R S  IOA/EPD 1 2 0 2 - 7 5 5 - 2 3 2 2  
22. VENDOR 123. LOCATION 1 " gLd,OT 125. LEAD TIME 

, 3 A P N E S  E N G I N E E R I N G  CG IST~PFOPO,  CDNN.  l 0 7 / 6 1  I ~ A  
26. INSTRUMENT TYPE il 

S Z C U ~ Y .  

R A D I O M E T E R  * 2 - C H A N N E L  N O N - S C P N N I  NG L 9 W - R E S O L U T I O N  I N f  P A R E D  ~ U N C ,  
28. APPLICATION 129. SPACECRAFT 

M E T  ITIROS 3 
30. PURPOSE 

P R I M A R Y - T O  M E A S U R E  T H F  T H E R V A L  A N D  R E F L E C T E D  SOLAR R A D I A T I O N  
F R O M  T H E  E A R T H *  T O  P E P M I T  T H E  D E T E R M I N A T I O N  O F  THE A P P A R E N T  
B L A C K B O D Y  T E M P E R A T U R E S  AND A L B E D O  OF T H E  E A R T H .  

31. PRINCIPLES OF OPERATION 

T H I S  LOW-RFSOLUT I O h  h O N - S C A N N I N G  P A C I O P E T E R  WAS F L O W N  I N  A N  
I D E N T I C A L  C O N F I G U R A T I O N  O N  T I R O S  2 1  3 ,  A N D  4. I T  C O N S I S T S  OF 2 
D E T E C T O R S .  ONE O F  T H E S E  I S  A  R L A C Y  T H E P M I S T O R  B O L O M E T E R  D F T E t T O P  
A N D  T H E  OTHER A W H I T E  O N E *  E A C H  O F  W H I C H  I S  MCUNTED I N  T H F  A P E X  
O F  A  H I G H L Y  R E F L E C T I V E  CONE. T H E  B L A C K  D E T E C T O R  I S  F Q U A L L Y  SEN-  
S I T I V E  T O  R E F L E C T E D  S U N L I G H T  A N D  T O  L O N G  WAVE T E P R E S T R I A L  R A 3 1 A -  
T I O N ( C . 2  13  50 M I C R O N S ) .  THE W H I T E  D E T E C T O R  I S  C O A T E D  T O  B E  R E -  
F L E C T I V E  I N  T H F  V I S I B L E  AND NEAR I N F Q A R E D ,  T H U S , I T  M E A S U R E S  O N L Y  
L O N G  W A V E L E N G T H  T H E R M A L  R A D I A T I O N ( 5  T O  5 0  M I C P O N S )  T H E S E  DE-  
T E C T O R S  P R E S E N T  T H E  I N S T R U M E N T A T I O N  P 4 C K A G E  W I T H  R E S I S T A N C E S  
W H I C H  V A R Y  W I T H  R A D I A T I O N .  FROM T H E  D E T E C T E D  V A L U E S  THE H E A T  
B A L A N C E  O F  A N  A R E A  C A N  RE COMPUTED.  T H E  F I E L D  WHEN V I E W I N G  01- 
R E C T L Y  B E L O h  I S  P A R A L L E L  T O  T H E  S P I N  A X I S  AND I S  A  C I R C L E  OF 470 
N Y  D I A M E T E R ( 5 0 - D E G R E E  F I E L D  O F  V I E W ) .  T H I S  V I E W  O B S E R V E S  A N  4 R E A  
W H I C H  I S  W I T H I N  T H E  F I E L D  OF T H E  W I D E  A N G L E  T E L E V I S I O N  CAMEPA.  
T H E  O U T P U T  O F  E A C H  D E T E C T O R  I S  A M P L I F I E D ,  A N D  T H E  R E S U L T I N G  S I G -  
N A L  I S  U S E D  T O  M O D U L A T E  S E P A R A T E  A U D I O - F R E Q U E N C Y  OSC I L L A T O R S .  
T H I S  M O D U L A T E D  O U T P U T  I S  P R O C E S S E D  THROUGH THE T I M E - S H A R I N G  
S W I T C H I N G  C I P C U I  T  W I T H  T H E  O U T P U T  OF T H E  S C A N N I N G  R I D I O M E . T E R .  

32. PHENOMENA OBSERVED 

T H E R M A L  A'VD R E F L E C T E D  S O L A P  R A D I A T I O N  FROM T H E  E A R T H  
33. MEASUREMENT RANGE 

-130 D E G  C  T O  +60 D E G  C  
34. PRECISION AND ACCURACY 

S / N  B E T T E R  T H A N  30 D B  

7. ORGANIZATION 

GODDARD S P A C E  F L T  C E N T E R  
10. ORGANIZATION 

GOCDARD S P A C E  F C T  C E N T E R  



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

0.2 TO 50.C WICRONSI SEE I T E M  3 1  1 
38. FIELD OF VIEW 139. GROUND SWATH 

5 Q .  C: DEG1 4 7 0  NM D I A M  C I R C L E  FR3M 4 7 5  NM A L T I T U D E  
a. ANGULAR  RESOLUTION^ 41. SPATIAL RESOLUTION 

59.0 ~ E G 1 4 7 0  NY D I A M  C I P C L E  FROM 4 7 5  NM 4 L T I T U D E  
e2. POINTING ACCURACY 1 43. POINTING RATE 144. ALTITUDE 1 45. INCLINATION 

I 1 ME0 CIRCULAR I MEDIUM POSIGRADE , 
46. SPECIAL REQUIREMENTS 

47. COMPONENTS 

-2 THEPMISTORS, REFERENCE RESISTORS*  ELECTRONICS 
48. WEIGHT 149. VOLUME I SO. AVERAGE POWER 151 STANDBY POWER 1 52. PEAK POWER 1 53. MTBF 

2 L B I  I 5 WATTS 1 I 3 0  WATTS1 
S4 INTER&ENCE I 55 IN~"E"R"FFL'E%E I S6 ~NT~&"R$"WE Is7 INI%"E"R;~CE 1 58. SHIELDING 

I 1 1 S E N S I T I V E  1 
59. CALIBRATION 160. DATA RECOVERY 61. FREQUENCY OF OBSERVATION 

BY REFERENCE RES I5TORS 1 DELAYED TELEMETRY I CONTI NUOUS 
62. TELEMETRY REQUIREMENTS 

7 FREQUENCY BANDS ARE USED FOR TOTAL I R  PACKIGE (LOW + ME0 I R l r  
THE 7 CHANNELS HAVF A  TOTAL WIDTH OF 310 HZ. 

63. ADVANTAGES AND LIMITATIONS 

STR~~GIHFPMAL COUPLING BETWEEN DETECTOR AND S A T E L L I T E .  WHITE 
DETECTOR COATING AND CONE O P T I C S  INADEQUATE I N  SPECTRAL RESPONSE 
64. REFERENCES 

1 ) I R  AND REFLECTED SOLAR R A D I A T I O N  MEASUREMEYTS FROM T I R O S  2 MET 
SAT. NASA T Y  0-1996, NOW. 1961.**?2)  BANDEEN* WeR.: EXPEP IMENTAL 
APPROACHES TO REMOTF ATMOSPHERIC PRDBING I N  THE I R  FROM S ITS .  
NASA T Y  X - 6 3 1 8 8 ,  MAY 1968 . * * *3 )8ARTKO*  F EToAL.: T I R O S  LOW 
RESOLUTION RADIOMETER. NASA TN 0 - 6 1 4 ,  SEPT. 6 4 * * * * 4 ) D A T A  4 V 4 I  L-  
ABLE FROM WORLD DATA CENTER, A S H E V I L L E *  N e t .  
65. HISTORICAL REMARKS 

I D E N T I C A L  INSTRUMEYT FLOWN ON T I R O S  2 t 3 ,  AYD 4. 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 
L O d - R F S q L U T  I O N  M g N S C A N N I N G  K 4 P I f l M E T E R  

(TITLE CONT.) 

2 ACRONYM 1 3. EXP NO 

L R M R  I 
s ~ r s u m c  o A ~ r  I ZERSION 

S Q / O 1 / 7 2  1 3 ~ ~ 4 '  
6. PRINCIPAL INVESTIGATOR 

H A K E L ?  DR. P o  
9. CO-INVESTIGATOR 

S T A Y P F L *  DR. 2 e A e  
12 CONTRACT 

TYPE 113. CONTRACT NUMBER 114. FLASH INDEX NUMBER 1 " %"ET 116 COMzk::'ONI 17. STATUS 

I I I I [ P O S T  FLIGHT 
18. MONITOR 119. AGENCY I m.PGM OFFICE 1 21. TELEPHONE 

r . 
T E P P E R *  P ,  I N A S A  H D Q T P S  l o A / € R D  1 2 0 2 - 7 5 5 - 2 3 2 2  

22. VENDOR 1 23. LOCATION I 125. LEAD TIME 

B A R N E S  F N G I N E F R  I N G  CO I S T A M F O ~ D T  CONN. 1 0 2 / 6 2  l N A  
26. INSTRUMENT TYPE i7 

: R A O I O V E T F R ,  2 - C H A Q h l t L  N O h l - S C A h N I N G  LOW-RESO;UTI@N I N F U A P E D  !?h?? 
28. APPLICATION 129. SACECRAFT 

, M E T  [TIROS 4 
30. PURPOSE 

P R I M A R Y - T O  M E A S U R E  T H E  T H E R M A L  A N D  R E F L E C T E D  SOLAR R A D I A T I O N  
FROM T H E  E A R T H *  T O  P E R M I T .  T H E  D E T E P M I N A T I O N  O F  THE A P P A R E N T  
8 L A C K R O D Y  T E M P E R A T U R E S  AND A L B E D O  O F  T H E  EARTH.  

31. PRINCIPLES OF OPERATION 

T H I S  LOW-RESOLUT I O N  N U N - S C A N N I N G  P A C I O M E T E R  WAS FLOWN I N  A N  
I D E N T I C A L  C G N F I G U R A T I O N  O N  T I R O S  2 9  3, AND 4. I T  C O N S I S T S  OF 2 
D F T E C T U R S .  ONE O F  T H E S E  I S  A  B L A C K  T H E R M I S T O R  B O L O M E T E R  D F T F C T O R  
A N D  T H E  OTHER A  W H I T E  O N E ,  E A C H  OF W H I C H  I S  MOUNTED I N  T H E  A P E X  
O F  A  H I G H L Y  R E F L E C T I V E  CONE. T H E  B L A C K  D E T E C T O R  I S  E Q U A L L Y  SEN-  
S I T I V E  YO R E F L E C T E D  S U N L I G H T  AND T O  L O N G  WAVE T E R P E S T R I A L  R A D I A -  
T I O N ( O . 2  T O  5 C  Y I C R O N S ) .  THE W H I T E  D F T E C T O P  I S  C O A T E D  T O  BE R E -  
F L E C T  I V f  I Y  T H E  V I S  I R L E  AND NEAR I N F R A P E D , T H U S t  I T  M E A S U R E S  O N L Y  
L O N G  A A V E L E N G T H  T H E R M A L  R A D I A T I O N ( 5  TO 5 3  M I C R O N S ) .  T H E S E  D E -  
T E C T O R S  P R E S E N T  T H E  I N S T R U M E N T A T I O N  P A C K A G E  W I T H  R E S I S T A N C E S  
W H I C H  V A R Y  W I T H  R 4 D I A T I O N .  FROM T H E  D E T E C T E D  V A L U E S  T H E  H E A T  
B A L A N C E  O F  A N  A R E A  CAN RE C O Y P U T E D .  T H E  F I E L D  WHEN V I E W I N G  01- 
R E C T L Y  BELOW I S  P A R A L L E L  T O  T H E  S P I N  A X I X  AND I S  A C I P C L E  O F  470 
N M  D I A M E T E R ( 5 O - D E G R E E  F I E L D  O F  V I E W ) .  T H I S  V I E W  O B S E R V E S  A N  AREA 
W H I C H  I S  W I T H I N  T H E  F I E L D  O F  T H E  W I D E  ANGLE T E L E V I S I O N  CAMERA.  
T H E  O U T P U T  O F  E A C H  D E T E C T O R  I S  A M P L I F I E D ,  AND T H E  R E S U L T I N G  S I G -  
N A L  I S  U S E D  T O  M O D U L A T E  S E P A R A T E  A U D I O - F R E Q U E N C Y  O S C I L L A T O R S .  
T H I S  M O D U L A T E D  O U T P U T  I S  P R O C E S S E D  THROUGH T H E  T I M E - S H A R I N G  
S k I T C H I N G  C I R C U I T  W I T H  T H E  O U T P U T  OF T H E  S C A N N I N G  R A D I O M E T E R .  

32. CHENOMENA OBSERVED 

T H E K M A L  AND R E F L E C T E D  SOLAR R A D I A T I O N  FROM T H E  E A R T H  
33. MEASUREMENT RANGE 

-106 DEG C  T O  + h C  DEG C  
34. PRECISION AND ACCURACY 

S / N  B E T T E R  T H A N  30 DB 

7. ORGANIZATION 

GOODAP D  S P A C E  F L T  C E N T E R  
10. ORGANIZATION 

G( l ' IDAR8 S P A C E  F L T  C E N T f R  

8. TELEPHONE 

3 0 1 - 9 8 2 - 5 0 4 2  
11. TELEPHONE 

3 p l - 9 R 2 - 5 C 4 2  



I @. IM,%"#&~%E 1 57 INT%%%%~E 1 !i& SHIELDING 1 
I I 1 S E N S I T I V F l  

59. CALIBRATION 160. DATA RECOVERY ]el. FRE[IUENCV OF OBSERVATtON 1 
BY REFERENCE RESISTORS ( DELAY ED TELEMETRY 1 CONTINUOUS 
62. TELEMETRY REQUIREMENTS a ! 
7 FREQUENCY BANDS ARE USED FOR TOTAL I R  PACKAGE (LOU + ME0 IR!, 
THE 7 CHANNELS HAVE A TOTAL WIDTH OF 310 HZ. 

63. ADVANTAGES AND LIMITATIONS 1 
STPONG THERMAL COUPLING BETHEEN DETECTOR AND SATELLITE.  WHITE 
DETECTOR COATING AND CONE OPTICS INADEQUATE I N  SPECTRAL RESPONSE 
64. REFERENCES 

1)IR AND REFLECTED SOLAR R P D I A T I O N  MEASUREHENTS FROM TIROS 2 HE? 
SAT. NASA TN 0 -10969  NOV. 1961.***21 RANDEEN* UoR.: EXPERIMENTAL 
APPROACHES TO REMOTE ATMOSPHERIC PROBING I N  THE I R  FROM SATS. 
NASA TM X-631889 M A Y  1968.***3)BARTKOt F o r  ETOAC.: T IROS LOW 
RESOLUTION RADIOMETER. NASA TN 0 -614 ,  SEPT. b4.***4)DATA AVAIL- .  
ABLE FROM WORLD DATA CENTER, ASHEVILCE, N.C. 
6S. HISTORICAL REMARKS .- _I 
I D E N T I C A L  INSTRUMENT FLOWN ON TIROS 2 9  3 9  AND 4 

L 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 
L O W - R E S O L U T  I O N  O M N I D I K  E C T  I O b A L  R A D I O M E T E R  

(TITLE CONT.) 

2 ACRONYM 1 3. EXP NO 

L R O R  I 
4 RESUME DATE I $ERSION 

0 9 / C 1 / 7 2 1 0 0 0 4 ~  
8. TELEPHONE 

6 q 8 - 2 6 2 - 5 9 3 8  
11. TELEPHONE 

6. PRINCIPAL INVESTIGATOR 

SUU?lI 1 DR. V.E. 
9. CO-INVESTIGATOR 

R A D I O M E T E R  I R  O M N I D I R E C T I O N A L  N O N - S C A N N I N G  LOW-RE S O L U T I O N  1 UNC 
28. APPLIGATIQM 129. SPACECRAFT 

MET 1 E X P L O R E R  7 
30. PURPOSE 
L 

P R I M A R Y - T O  N E A S U R E  T H E  GROSS H E A T  B U D G E T  O F  THE EARTH.*** 
S E C O N D A R Y - T O  D E T E R M I N E  HOW MUCH S O L A R  E N E R G Y  I S  ABSORBED,  
R E F L E C T E D ,  A N D  E M I T T E D  B Y  T H E  E A R T H  AND I T S  ATMOSPHERE.  

31. PRINCIPLES OF OPERATION 

E X P E R I M E N T S  S I M I L A R  TO T H I S  WERE A L S O  F L O W N  O N  T I R O S  3 9 4 9  AND 7 .  
O N  E X P L O R E R  7 ,  T H R E E  R A D I A T I O N  C U R R E N T S  ARE MEASURED W I T H  S I M P L E  
B O L O M E T E R S  I N  T H E  FORM O F  HOLLOW S I L V E R  H E M 1  SPHERES.  T H E  H E M I -  
S P H E R E S  A R E  T H E R M A L L Y  I S O L A T E D  FROM, B U T  I N  C L O S E  P R O X I M I T Y  T O  
S P E C I A L L Y  A L U M I N I Z E D  M I R R O R S .  T H E S E  M I R R O R  B A C K E D  B O L O M E T E R S  APE 
MOUNTED ON T H E  EQUATOR OF T H E  S A T E L L I T E .  THE B O L O M E T € R s S  T E Y P E R A  
T U R E  I S  M E A S U R E D  B Y  A G L A S S  C O A T E D  B E A D  T H E R M I S T O R  MOUNTED ON 
T H E  H E M I S P H E R E .  A L S O ,  P R O V I S I O N  I S  MADE T O  M E A S U R E  THE TEMPERA-  
T U R E  O F  T H E  M I R R O R S .  TWO OF T H E  H E M I S P H E R E S  H A V E  A B L A C K  C O A T I N G  
A N D  R E S P O N D  A B O U T  E Q U A L L Y  T O  SOLAR A N D  T E R R E S T R I A L  R A D I A T I O N .  A 
T H I R D  H E M I S P H E R E  9 W H I T E ,  I S  MORE S E N S I T I V E  T O  T E R R E S T R I A L  R A D I A -  
T I O N  T H A N  T O  S O L P R  R A D I A T I O N .  A F O U R T H  W I T H  A G n L D  M E T A L  S U R F A C E  
I S  MORE S E N S I T I V E  T O  S O L A R  R A D I A T I O N  T H A N  TO T E R R E S T R I A L  P A D I A -  
T I O N .  A B L A C K  S P H E R E ,  O N  T H E  A X I S  O F  T H E  S A T E L L I T E  A T  T H E  TOP,  
I S  U S E D  T O  D E T E R M I N E  A N Y  D E T E R I O R A T I O N  I N  THE M I R R O R  S U R F A C E S  B Y  
C O M P A R I S O N  W I T H  B L A C K E N E D  HEM I S P H E R E  S. A S M A L L  TABOR-SURFACED 
H E M I S P H E R E ,  P R O T E C T E D  FROM D I R E C T  S U N L I G H T  C A N  B E  U S E D  T O  MEA- 
S U R E  R E F L E C T E D  S U N L I G H T  WHEN T H E  A X 1  S O F  T H E  S A T E L L I T E  P O I N T S  
T O  T H E  E A R T H ' S  SURFACE.  T H E  R A D I A T I O N  C U R R E N T S  A R E  O B T A I N E D  R Y  
U S I N G  T H F S F  T F M P F R A T U R E S  I N  H E A T  B A L A N C F  F Q U A T I n N S .  
32. PHENOMENA OBSERVED 

S O L A R  A N D  T E R R F S T R I A L  R A D I A T I O N  
33. MEASUREMENT RANGE 

1 2 8  D E G  K TO 4 8 8  D E G  K 
'36. PRECJSION AND ACCURACY 

0 . 1  K E L V I N  D E G R E E  

7. ORGANIZATION 

U N I V E R S I T Y  OF W I S C O N S I N  
10. ORGANIZATION 



'35. SPECTRAL RANGE 136. SPECTRAL RESOLUTfON 137. TIME CONSTANT 

0 . 3  TO 60. Q MICRON 1 NA 1 5 .  SECONDS 
38. FIELD OF VIEW 139. GROUND !SWATH 

30.0 DEG 300 NY O I A M  C I R C L E  F R 3 M  375 NM A L T I T U D E  
40. ANGULAR RESOLUT~ON~ 41. SPATIAL RESOLUTION 

N  A  I 
42. POINTINO ACCURACY/ 43. POINTING RATE 144. ALTITUDE 145. INCLINATION 

NA I NA I MED E C C E N T R I q  H T G H  POSIGRAOE 
46. SPECIAL REQUIREMENTS 

47. COMPONENTS 

5 MIRROR-BACKED BOLOMFTERS 
48. WEIGHT 149. VOLUhlE 1 SO. AVERAGE POWER 151. STANDBY POWER 1 52. PEAK POW6R 1 53. MTBF 1 

3 L q  I 1 I I 3 Y R S .  
INTERF"E'RENCE I IN%"F!"R~&E I IUTW&'R~"NCE 1 57 INr'E"R$"E%hE I 58. SHIELDING 

I I I SFNSITIVE~ M IPRORS SHIELT )  SENSORS 
59. CALIBRATION 160. DATA RECOVERY 61. FREQUENCY OF OBSERVATION 

I R E A L T I M E  TELEMETRY 1 CONTINUOUS 
62. TELEMETRY REQUIREMENTS 

DATA SENT ON THE 739- SUBCARR IER I N  THE FORM OF A  T E N - B I  T  
NATURAL BINARY-CODED WORD. BAYDW I D T H  USED FOP T R A N S M I S S I O N  I S  
10 HZ. 

63. ADVANTAGES AND LIMITATIONS 

NO DATA STORAGE? D A T A  L I Y I T E D  TO T I M E  WHEN S h T E L L I T E  I N  V I E W  OF 
R E C E I V I N G  STAT ION.  

64. REFERENCES I 

1 )  JUNO 2 SUYYARY PROJECT  REPORT?  VOL 1. EXPL3RER 7  SAT. NASA 
TECH NOTE 0-6989 J U L Y  1 9 6 1 . * * * Z ) T E L F M E T R Y  CODE AND C A L I B R A T I O N S  
F O R  S A T E L L I T E  1959 I O T A ( E X P L 0 R E R  7 ) .  NASA TECH NOTE D-484t MAY 
1 9 6 0 . * * * 3 ) D A T A  A V A I L A B L E  F R O M  N A S A / N A T I O N A L  SPACE S C I E N C E  DATA 
CENTER. 

65. HISTORICAL REMARKS I 
I 

b 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 
L O W - R E S O L U T I O N  O M V I D I R E C T  I O N A L  R A D I O M E T E R  

(TITLE CONT.) 

2 ACRONYM 1 3. EXP NO 

LPOR I 
4 RESUME DATE 1 kERSION 
0 9 / 0 1 / 7 2 1 ~ 9 0 4  

6. PRINCIPAL INVESTIGATOR 

S U O M I *  DR. V o E e  
9. CO-INVESTIGATOR 

p P A D I O M F T E R ,  IROMNIDIRECT IONAL NON-SCANIVING LOW-RE S n L U T I  ON IUNC 
28. APPLICATION (29. SPACECRAFT 

M E T  ITIROS 3 
30. PURPOSE 

P R I M A R Y -  TO MEASURE T H E  GROSS H E A T  BUDGET OF THE EARTH.*** 
SECONDARY-TO D E T E R M I N E  HOW MUCH SOLAR ENERGY I S  ABSORRED*  RE- 
F L E C T E D *  AND E M I T T E D  BY T H E  E A R T H  AND I T S  ATMOSPHERE. 

31. PRINCIPLES OF OPERATION 

T H I S  E X P E R I M E N T  WAS FLOWN I N  AN I D E N T I C A L  C O N F I G U R A T I O N  ON T I R O S  
3 ,  49 AND 7 9  AND WAS A L S O  S I M I L A R  TO ONE ON E X P L O R E P  7 .  TWO W I D E  
ANGLE ( 5 5  DEG F O V )  L O W - R E S O L U T I O N  I R  O E T E C T I O N  D E V I C E S ,  EACH 
COMPOSED OF A BLACK-AND-WHITE BOLOMETER AND A R E F L E C T I N G  M I P R O R ,  
ARE MOUNTED 1 8 0 - D E G R E E S  APART ON T E L E S C O P I N G  SUPPORTS WHICH 
P R O J E C T  FROM THE S I D E  O F  THE SPACECRAFT.  THE M I R R O R S  S H I E L D  E A C H  
SENSOR FROM D I R E C T  R A D I A T I O N  E M I T T E D  B Y  THE S A T E L L I T E a S  BODY. 
B O T H  BOLOMETERS H A V E  A H I G H  A B S O R P T I V I T Y  TO T H E  I P  R A D I A T I O N  
FROM THE EARTH. T H E  B L A C K  BOLOMETER A L S O  H A S  A H I G H  A B S O R P T I V I T Y  
FOR SOLAR R A O I A T  ION. T H U S  R E F L E C T E D  AND E M I T T E D  R A D I A T I O N  C A N  BE 
SEPARATED. T H E R M I S T O R S ,  F A S T E N E D  I N S I D E  O F  T H E  H E M I S P H E R I C  
S H E L L S *  MEASURE SENSOR TEMPERATURES.BECAUSE Of  THE L I M I T E D  T E L F -  
METRY C A P A B I L I T Y ,  MATCHED P A I R S  O F  T H E R M I S T O R S  ARE CONNECTED I N  
S E R I E S  W I T H  S I M I L A R  SENSORS ON O P P O S I T E  S I D E S  O F  THE SPACECRAFT.  
T H E R E F O R E *  T H E  MEASURED SENSOR TEMPERATURE R E C E I  VED FROM THE 
S A T E L L I T E  I S  AN AVERAGE O F  2 T E M P E R A T U R E S  FROM MATCHED THER- 
M I  STORSO T H E  I N F O R M A T I O N  T E L  €METERED TO E A R T H  I N C L U D E S  TEMPER- 
A T U R E S  O F  T H E  M I R R O R S  AND SENSORS AND A F I X E D  R E S I S T A N C E  VALUE 
W H I C H  ALLOHS ONE T O  COMPENSATE FOR D R I F T  O F  T H E  E L E C T R O N I C S  I N  
FTHE S A T E L L  I T € .  
32. PHENWENA OBSERVED 

.ABSORBED I R R A D I A N C E  FROM SUN AND EARTH:ENERGY F M I T T E D  FROM FARTH.  
33. MEASUREMENT RANGE 

1 2 8  OEG K T O  4 8 8  DEG K 
a- PRECWON AND ACCURACY 

. . 
t 

P e l  K E L V I N  DEGREE 

7. ORGANIZATION 

U N I V E R S I T Y  OF W I S C O N S I N  
10. ORGANIZATION 

8. TELEPHONE 

6 0 5 - 2 6 2 - 5 9 3 8  
11. TELEPHONE 



3S. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

0 . 3  TO 60.0 MICPON INA I 5 SECONDS 
38. FIELD OF VIEW 139. GROUND SWATH I 

5 5 . 0  OEG1500  N M  D I A M  C I R C L E  FRJM 4 7 5  NM A L T I T U D E  
40. ANGULAR RESOLUT~ON~ 41. SPATIAL RESOLUTION 

N A I NA 
42 POINTING ACCURACY 43. POINTING RATE 144. ALTITUDE 145. INCLINATION - 

NA I NA 1 MED C IRCULAR 1 MEDIUM POSIGRADE 
46. SPECIAL REQUIREMENTS 

-- - -- - - -  - 
47. COMPONENTS 
2 DETECT f ON DEVICES 9 ELECTRONICS 
48. WEIGHT _ _  149. VOLUME , 1 - so: AVERAGE POWER 151. STANDBY --..- POWER - 52. PEAK POWER 1 53. M T B F  _ 

3 L B ~  I 1 H A T T  I I I 
54 INTER~~RENCE _ . 1 55 ~M%"R"F~'R~&E 1 58 I N ~ % Z ' R R ~ + ~ E  1 57. I N T ~ ~ % % C E  158. SHIELDING 

I I ISENSITIVEIMIRRORS SHIELD SENSORS 
59. CALIBRATION 160. DATA RECOVERY 61. FREQUENCY OF OBSERVATION 

1 DELAYED TELEMETRY  CONTINUOUS 
62. TELEMETRY REQUIREMENTS 

OATA FROM T H I S  AND OTHER I R  EXPTS ON-BOARD ARE RECORDED 
CONTINUOUSLY FOR ONE O R B I T  DN MAGNETIC TAPE FOP PLAYBACK ON 
COMMAND FROM ONE OF THE GROUND STATIONS. 
63. ADVANTAGES AND LIMITATIONS I 

64. REFERENCES 

1 ) R A D I A T I O N  BALANCE OF THE EARTH FROM A S A T E L L I T E .  HOUSEI F.0,. 
PHD T H E S I S v U e  OF WISC, 1 9 6 5 * * * * 2 ) S A T E L L I T E  AYD ROCKET EXPTS, NAT 
SPACE S C I  OATA CENTER* NASA/GSFC * J A N  68.***3) Y I  S S I O N  PLAN T I R O S  
7. GSFC REPORT NO. X -650 -63 -99 ,  MAY 63,***41JUNO 2 SUMMARY PROJ, 
REPORT VOL 1 9  EXPLORER 7 9  NASA T N - 0 - 6 0 8 r J U L Y  6 1 e * * * S I D A T 4  
A V A I L A B L E  FROM NATIONAL SPACE SCIENCE OAT4 CENTER* NASA/GSFC. 
%. HlSTORlCAL REMARKS I 

I D E N T I C A L  INSTRUMENT FLOWN ON T I R O S  3, 4, AND 7 ; S I M I I A R  ON EXP 7 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 
L O W - R E S O L U T I O N  O Y f 4 I D I R E C T  I O N A L  R A D I O M E T E R  

(TITLE CONT.) 

2 ACRONYM 1 3. EXP NO 

L R O R  I 
4 RESUME DATE I 
f?9/01/ f 2  10004 

8. TELEPHONE 

6 0 8 - 2 6 2 - 5 9 3 8  
11. TELEPHONE 

6. PRINCIPAL INVESTIGATOR 
S U O M I ,  DR. V. € 0  

9. CO-INVESTIGATOR 

12 CONTRACT 
TYPE 113. CONTRACT NUMBER 114. FLASH INDEX NUMBER 1 lS E"r"ET 116 c%+~ONI 17. STATUS 

I I I I I P O S T  F L I G H T  
18. MONITOR 119. AGENCY 120. PGM OFFICE 1 21. TELEPHONE - 
T t P P E R ,  M. I N A S A  H D Q T R S  ' [ O A / E R D  1 2 0 2 - 7 5 5 - 2 3 2 2  

22. VENDOR 1 23. LOCATION I i?$$' 125. LEAD TIME 

U N I V E R S I T Y  O F  W I S C O N S I N  I M A D I S @ N , W  I S C O N S I M  1 0 2 / 6 2  1 NA 
26. INSTRUMENT TYPE il 

wi!4Lu% 
R A O I  OMETER I R  O M N I O I R E C T  I O N A L  N O N - S C A N N I N G  LOW-RE S O L U T I  ON I U N C  
28. APPLICATION 123. SPACECRAFT 

M E T  ~ T I R O S  4 
30. PURPOSE 
'PRIMARY-  T O  M E A S U R E  T H E  GROSS H E A T  B U D G E T  OF T H E  EARTH.***  
SECONDARY-TO D E T E R M I N E  HOW M U C H  S O L A R  E N E R G Y  I S  ABSORBED,  RE-  
F L E C T E D ,  AND E M I T T E D  B Y  T H E  E A R T H  A N D  I T S  A T M O S P H E R E o  

31. PRINCIPLES OF OPERATION 

T H I S  E X P E R I M E N T  WAS FLOWN I N  AN I D E N T I C A L  C O N F I G U R A T I C N  ON T I R O S  
3 9  49 A N D  79 A N D  WAS A L S O  S I M I L A R  T O  ONE O N  E X P L O R E R  7 .  TWO H I D E  
A N G L E  ( 5 5  D E G  F O V )  L O W - R E S O L U T I O N  I R  D E T E C T I O N  D E V I C E S ,  E A C H  
COMPOSED O f  A B L A C K - A N D - W H I T E  B O L O M E T E R  AND A R E F L E C T I N G  M I P R O F ,  
A R E  MOUNTED 1 8 0 - D E G R  E E S  A P A R T  O N  T E L E S C O P I N G  S U P P O R T S  W H I C H  PRO- 
J E C T  FROM T H E  S I C €  O F  T H E  S P A C E C R A F T .  THE M I R R O R S  S H I E L D  E A C H  
S E N S O R  FROM D I R E C T  R A D I A T I O N  E M I T T E D  B Y  T H E  S A T E L L I T E ' S  BODY. 
B O T H  B O L O M E T E R S  H A V E  A  H I G H  A B S O R P T I V I T Y  TO T H E  I R  R A D I A T I O N  
F R O M  T H E  EARTH. T H E  B L A C K  B O L O M E T E R  A L S O  H A S  A HIGH A B S O R P T I V I -  
T Y  F O R  S O L A R  R A D I A T I O N .  T H U S  R E F L E C T E D  AND E M I T T E D  R A D I A T I O N  I S  
MEASURED.  T H E  SENSOR T E Y P E R b T U R E S  A R E  M E A S U R E D  B Y  T H E R M I S T O R S  
F A S T E N E D  T O  T H E  I N S I D F  O F  T H E  H E M I S P H E R I C  S H E L L S .  B E C A U S E  OF 
T H E  L I M I T E D  T E L E M E T R Y  C A P I R I L I T Y  M A T C H E D  P A I R S  O F  T H E R M I S T O R S  
A R E  CONWECTED I N  S E R I E S  W I T H  S I M I L A R  SENSORS ON O P P O S I T E  S I D E S  
O F  T H E  S P A C E C R A F T .  T H E R E F O R E  T H E  M E A S U R E D  SENSOR T E M P E R A T U R E  
R E C E I V E D  FROM T H E  S A T E L L I T E  I S  A N  A V E R A G E  OF 2 T E M P E P A T U R E S  F R O M  
M A T C H E D  T H E R M I S T O R S .  T H E  I N F O R M A T I O N  T E L E M E T E R E D  TO E A R T H  I N- 
C C U D E S  T E M P E R A T U R E S  Of T H E  M I R R O R S  A N D  S E N S O R S  AND A  F I X E D  RE- 
S I S T A N C E  V 4 L U E  W H I C H  A L L O W S  O N E  TO C O Y P E N S A T E  FOR D R I F T  O F  T H F  
E L E C T R O N I C S  I N  T H E  S A T E L L I T E .  
32. PHENOMENA OBSERVED 

I R  E N E R G Y  A B S O K B E O  F P O M  SUN A N D  E A R T H  A N D  E M I T T E D  B Y  T H E  E A R T H  
33. MEASUREMENT RANGE 

1 2 8  D E G  K TO 4 P 9  D E G  K 
34. PRECISION AND ACCURACY 
0.1 K E L V I N  D E G R E E  

7. ORGANIZATION 

U N  I V E R  S  I T Y  O F  W I S C O N S I N  
10. ORGANIZATION 

I 



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 
I 

0.3 TO 60.0 MICRON 1 NA I 5 SECONDS, 
38. FIELD OF VIEW 1 39. GRWNO SWATH 

5 5  *o D t G 1 4 7 0  N Y  O I A H  CIRCLE FROM 450 YM ALTITUDE 
40. ANGULAR RESOLUT~ON~ 41. SPATIAL RESOLUTION 1 

NA I 

RF 
51 I~ERFIRCNCE 1 t*%%'iEe 1 5. ~wrr"i\'R%k~ 1 INT%%%~E 1 58. SHlELOlNG I 

I I I SENSITIVE IMIRR~RS SHIELD SENSORS 
59. CALIBRATION 160. DATA RECOVERY 161. FREWENCV OF OBSERVATION 1 

1 DELAY ED TELEMETRY 1 CONTINUOUS 
62. TELEMETRY REQUIREMENTS I 
DATA F R O M  T H I S  AND OTHER IR EXPTS ON-BOARD ARE RECORDED 
CONTINdOUSLY FOR gNE ORBIT 3 N  MAGNETIC TAPE FOR PLAYBACK ON 
COMMAND FROM ONE OF THE GROUND STATIONS; 
@3. ADVANTAGES AND LIMITATIONS 1 

64. REFERENCES 1 
T )RADIATION BALANCE OF THE EARTH FROM A S A T E L L I T E *  HOUSEIF.B,, 
PHD T H € S I S T U * O F  WISC* 1 9 6 5 o * * * 2 ) S A T E L L t T E  AND RnCKET EXPTS, NAT 
SPACE S C I  DATA CENTER* NASA/GSFCrJAN 6 8 - * * * 3 ) M I S S I O N  PLAN TIROS 
7 -  GSFC REPORT NO* X-650-63-99,  MAY 63** * *4 )JUNO 2 SUMMARY PROJ* 
REPORT VOL 1, EXPLORER 7 r  NASA TN-0-6/8,JULY 61****5)DAT4 
AVAILABLE FROM NATIONAL SPACE SCIENCE OAT4  CENTER. NASA/GSFC-  
65. HISTORICAL REMARKS 

I A R  ON EXP 7 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 - 

1. TITLE 

L O W - R E S O L U T I O N  O M N I D I R E C T I O N A L  R A D I O M E T E R  
(TITLE CONT.) 

2 ACRONYM 1 3. EXP NO 

LROR I 
r RE~UME D ~ T L  I ZERStON 
n 9 / C 1 / 7 2  1 3 0 ~ 4 '  

6. PRINCIPAL INVESTIGATOR 

S U O M I p  DR. VmE* 
9. CO-INVESTIGATOR 

12 CONTRACT 
WPE ..,, I 17. STATUS 113. CONTRACT NUMBER 114. FLASH INDEX NUMBER 1 " %?:' 116 COMsLET'oN 

I 1 I I I P O S T  F L I G H T  
18. MONITOR 119. AGENCY 1 m PGM OFFICE I 21. TELEPHONE 

T F P P E H I  M a  ~ N A S A  HDQTRS 1 @ A / E a D  1 2 0 2 - 7 5 5 - 2 3 2 2  
22. VENDOR 1 23. LOCATION 1 24 LYrGzT 125. LEAD TIME 

U N I V E R S I T Y  OF W I S C O N S I N  IPADISCN, W I S C O N S I N  1 r36/63 1 NA 
26. INSTRUMENT TYPE 27 

s r w v  

R P O I O M E T F R  * I R  O M N I D I R  ECT I O N A L  N O N - S C A N N I N G  LOW-RE S O L U T I O N  I UNC 
28. APPLICATION 129. SPACECRAFT 

. MET 1 T I R O S  7 
30. PURPOSE 

P R I M A R Y -  T O  MEASURE T H E  GROSS H E A T  BUDGET OF THE FARTHm***  
SECONDARY-TO D E T E R M I N E  HOW MUCH SOLAR ENERGY I S  ABSORBED*  RE-  
F L E C T E D ,  AND E M I T T E D  BY THE E A R T H  AND I T S  ATMOSPHERE*  

31. PRINCIPLES OF OPERATION 

T H I S -  E X P E R I M E N T  WAS F L O H N  I N  AN I D E N T I C A L  C O N F I G U R A T I O N  O h  T I R O S  
3 ,  4 ,  AND 79 AND WAS A L S O  S I M I L A R  TO ONE ON EXPLORER 7. TMO W I D E  
A N G L E  ( 5 5  DEG F O V f  L O N - R E S O L U T I O N  I R  D E T E C T I O N  D E V I C E S *  E A C H  
COMPOSED O F  A BLACK-AND-WHITE BOLOMETER AND 4 R E F L E C T I N G  M I R R O R *  
ARE MOUNTED l a @ - D E G R E E S  APART ON T E L E S C O P I N G  SUPPORTS SO T H A T  
T H E  S A T E L L I T E  DOES NOT I N T E R F E R E  k I T H  THE F I E L D - O F - V I E W *  THE 
M I R R O R S  S H I E L D  E A C H  SENSOR FROM D I R E C T  R A D I A T I O N  E M I T T E D  P Y  THE 
S A T E L L I T E ' S  BODY*  BOTH BOLOMETERS H A V E  A H I G H  A B S O R P T I V I T Y  T O  
T H E  I R  R A D I A T I O N  FROM THE E A R T H *  THE B L A C K  BOLOMETER ALSO HAS A  
H I G H  ARSORPT I V I T Y  FOP SOLAR R A D I A T I O N ,  T H U S  B O T H  R E F L E C T F D  AND 
E M I T T E D  R A D I A T I O N  CAN BE MEASURED. T H E R M I S T O R S *  F A S T E N E D  I N S I D E  
O F  T H E  HEM I S P H E H  I C  S H E L L S  * G I V E  T H E 1  R T E M P E R A T U R E S *  BECAUSE CIF 
T H E  L I M I T E D  T E L E M E T R Y  C A P A B I L I T Y  * MATCHED P A I R S  OF T H E R M I S T O R S  
A P E  CONNECTED I N  S E R I E S  W I T H  S I M I L A R  SENSORS ON O P P O S I D E  S I D E S  
OF T H E  SPACECRAFT.  T H E R E F O R E *  THE MEASURED SENSOR TEMPERATURE 
R E C E I V E D  FROM T H E  S A T E L L I T E  I S  AN AVEPAGE OF 2 TEMPERATURES FROM 
MATCHED THERMISTORS.  T H E  I N F O R M A T I O N  T E L E M E T E R E D  TO E A R T H  I N -  
C L U D E S  T E M P E R A T U R E S  OF T H E  M I R R O R S  AND SENSORS AND A F I X E O  RE- 
S ISTANCE VALUE WHICH A L L O W S  ONE TO C O M P E N S A T E  FOR DRIFT OF THE 
F L F C T R n N I C S  I N  T H E  S A T E L C  I T E .  

32. PHENOMENA OBSERVED 

ABSORBED I R R A D I  ANCE FROM SUN AND EARTH;ENERGY E M I T T E D  FROM EARTH 
33. MEASUREMENT RANGE 

1 2 8  DEG K TO 4 8 8  DEG K 
31- PRECISION AND ACCURACY 

0.1 K E L V I N  DEGREE 

7. ORGANIZATION 

U N  IVEW S I T Y  OF W I SCONS I N  
10. ORGANIZATION 

8. TELEPHONE 

6 0 8 - 2 6 2 - 5 9 3 8  
11. TELEPHONE 



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

0.3 T O  6 0 . 0  M I C R O N  I NA I 5 SECONDS, 
38. FIELD OF VIEW 139. GROUND SWATH 

4P0 NM O I A M  C I R C L E  F R O M  400 NM A L T l T U O E  
sn. ANGULAR  RESOLUTION^ 41. SPATIAL RESOLUTION 

NP I 
42. POINTING ACCURACY~ 43. POINTING RATE 144. ALTITUDE 145. INCLINATION 
NA I NA I Y E 0  C I R C U L A R  I MEDIUM P O S I G R A D E  

46. SPECIAL REQUIREMENTS 



- 
INSTRUMENT RESUME 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
GODDARD SPACE FLIGHT CENTER 

GREENBELT, MD. 20771 
1. TITLE / 2. ACRONYM 1 3. EXP NO 

MEDIUM-RESOLUT ION INFRARED RADIOMETER ~ M R I  R 1 ,  1 

'12. CoNTRiwr 
I I 

w s s  113. CON1 RACT NUMBER 114. FLASH INDEX NUMBER I " %$"ET 1'6 CM$kf:lONI 17. STATUS 

I 1 I I I P ~ S T  FI IGHT 

(TITLE CONT.) 1 4 RESUME DATE 1 GERSION 
1 0 9 / 0 1 / 7 2  10005  

I I 
. . - - . . - - - . . . 

18. MONITOR 119. AGENCY I Zo.PGM OFFICE 1 21. TELEPHONE - 
HALEY DR. R INASA HOQTRS. ~ O A / E R N  1202-755-2322  - 
22. VEPIWR 1 23. LOCATION 1 12s. LEAD TIME 

S A N T A  B A R B A R A  R E S  CTR IGOLETA, CALIFORNIA 105/66 INA 
26. INSTRLIMENT TYPE 17 

c=-. a,...-.. - - - - . - - - - - - - - - -. - - - - - - 

 RADIOMETER 5-CHANNEL MEDIUM-RESOLUT ION - I R / V I  S I B L E  SCANNING iK1 

8. TELEPHONE 

3 0 1 - 9 8 2 - 5 0 4 2  
11. TELEPHONE 

6. PRlNCtPAL INVESTiGATOR 

MCCULLOCHt A m  
9. CO*lNV€STIGATOR 

1". SPACECRAFT 

INTMRIIC 7 I 

7. ORGANIZATION 

GODDARD SPACE F L T  CENTER 
10. ORQANIZATION 

30. PURPOSE 
'PRIMARY-TO MEASURE ELECTROMAGNETIC R A D I A T I O N  EMITTED AND RE- 
FLECTED FROM THE EARTH AND I T S  ATMOSPHERE I N  5 SELECTED WAVE- 
LENGTH INTERVALS. PARAMETERS TO BE STUD1 ED ARE: ATMOSPHERIC 
WATER VAPOR ABSORPT ION BAND; SURFACE OR NEAR-SURFACE TEMPERATURE 
AND CLOUD COVER DATA;RADIAT ION FROM STRATOSPHERE( C 0 2  1 BAND ;HEAT 
,BUDGET OF THE EARTH AND I N T E N S I T Y  OF REFLECTED SOLAR ENFRGY. 
31. PRIAIGIPLES OF OPERAT10EI 

THE 5 CHANNEL NIMBUS MRIR ,US I N G  F I L T E R S  AND BOLOMETER DETECTORS 9 

WAS S I M I L A R  I N  PURPOSE TO THE EARLIER T IROS MRR BUT WAS A NEW 
INSTRUMENT DESIGNaTHE SPECTRAL INTERVALS WERE: 6a4 -6~9~10 -11 r14 -  
16.5  .0-30.01AND 0.2-4.0 MICRONS. THE RADIANT ENERGY FROM THE 
EARTH I S  COLLECTED BY A FLAT SCANNING MIRROR I N C L I N E D  AT 4 5  DEG 
TO THE OPTICAL AXIS. THE MIRROR ROTATES AT 8 RPM AND SCANS I N  A 
PLANE PERPENDICULAR TO THE DIRECTION OF MOTION OF THE SATEL- 
L I T E .  EACH OF THE 5 CHANNELS CONTAINS A 1.7 IN, DIAMETER FOLDED 
TELESCOPE AND A THERMISTOR BOLOMETER WITH A 2.8 DEG FOVaCALIBRA- 
T I O N  OF THE I R  CHANNELS OCCUR AT 2 POINTS DURING EACH SCAN* COLD 
SPACE AND THE RADIOMETER HOUSING. THE I N C I D E N T  FLUX FOCUSED ON 
THE BOLOMETER DETECTOR I S  MODULATED AT 60 HZ BY A MECHANICAL 
CHOPPER TO PRODUCE AN A.C. SIGNAL FROM THE DETECTOR* (REFERENCE 
TEMP OF THE RADIOMETER 1. THE ABSOLUTE TEMP OF THE TARGET I S  DE- 
TERMINED BY INTRODUCING AN ELECTRONIC VOLTAGE I N  SUCH A PROPOR- 
T I O N  THAT A TARGET OF A G I V E N  TEMP W I L L  ALWAYS PRODUCE THE SAME 
ABSOLUTE VOLTAGE OUTPUT. THE ELECTRICAL SIGNAL FROM THE DETECTOR 
I S  THEN A M P L I F I E D  AND SYNCHROUNOUSLY DEMODULATED TO Y I E L D  AN 
ANALOG OUTPUT OF O TO -6.4 VOLTS TO COVER THE OESIRED RANGE OF 
TARGET TEMPERATURE FOR . EACH -. - CHANNEL 
'32. PHENOMENA & R V ~ D -  

A D I A T I O N  FROM THE EARTH AND I T S  ATMOSPHFRF 
. MEASUREMENT RANGE . . 

'51. PR~cIS~ON AN0 ~ c c u ~ ~  
" 9 '  

,A S /N  R A T I O  OF BETTER THAN 30 DB: ABSOLUTF ACCURACY OF +-3 DFG C 



ATA C T R ,  REPORT NO. NSSOC 6 8 - O l r  J A N  6 8 * * * * 3 )  SIG A C H I E V  I N  
PACE APPoNASA SF-156, 1 9 6 7 * * * * 4 )  GOLD BERG^ I a t * :  MET I R  I N S T R U -  
ENTS FOR S A T E L L I T E S .  9 NASA/GSFC,  A U G o 6 8 * * * * 5  -DATA A V A I L A B L E  

S I M I L A R  I N  PURPOSE TO F A R L I F R  T I R n S  H R R *  BUT NFW DFSICN-  

I 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMiNlSTRATlON 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 
MEDIUM-RFSOLUT I O N  I N F R A R E D  R A D I O M E T E R  

(TITLE C0NT.i 

2 ACRONYM 1 3. EXP NO 

M R l R  I 
6 RESUME DATE I 5VERSION 

C 9 / 0 1 / 7 2  10005 
8. TELEPHONE 

3 0 1 - 9 8 2 - 5 0 4 2  
11. TELEPHONE 

6. PRINCIPAL INVESTIGATOR 

MCCULLOCH, A. 
9. CO-INVESTIGATOR 

T H E  ALBEDO O F  T H E  EARTH-ATMOSPHERE SYSTEM,  HATER VAPOR D I  S T R I  BU- 
T I O N *  S U R F A C E  OR CLOUD TEMPERATURES AND SEASONAL CHANGES OF 
S T R A T O S P H E R I C  TEMPERATURES.***SECONDARY- T O  P R O V I D E  ABSOLUTE 

T I R O S  MRR, BUT U S E S  AN E N T I R E L Y  NEW I N S T R U M E N T  D E S I G N .  R A D I A -  
T I O N  E N T E R S  T H E  R A D I O M E T E R  B Y  R E F L E C T I O N  FROM A F L A T  S C A N N I N G  
M I R R O R  I N C L I N E D  AT 45 DEG TO THE O P T I C A L  A X I S .  A M E C H A N I C A L  
CHOPPER MODULATES T H E  R A D I A T I O N  A T  60 HZ. T H E  SPECTRAL R E G I O N S  
A R E  S E L E C T E D  BY F I L T E R S *  FOR T H I S  M R I R  THE R E G I O N S  ( I N  M I C R O N S )  
ARE 6.4-6.9 FOR WATER VAPOR D I S T R I B U T I O N  I N  THE TROPOSPHERE* 
10-1 1 FOR SURF ACE OR C L O U D  TEMPERATURES,  14.5-15.5 F O P  STRATO- 
S P H E R I C  TEMPERATURES 9 2 0 - 2 3  FOR ANOTHER WATER VAPOR MEASUREMENT 9 

A N D  002-4.0 FOR ALBEDO MEASUREMENTS. E A C H  CHANNEL H A S  A SEPARATE 
O P T I C A L  S Y S T E M  C O N T A I N I N G  A F O L D E D  T E L E S C O P E  W I T H  A 1.7 I N e D I A -  
METER O B J E C T I V E  AND A 2.8 D E G  FOV. THE R A D I A T I O N  I S  FOCUSED ONTO 
A T H E R M I S T O R  BOLOMETER DETECTOR. THE SCANN I N G  MIRROR R O T A T E S  AT 
8 RPM S C A N N I N G  I N  A P L A N E  NORMAL T O  THE S / C  V E L O C I T Y .  D U R I N G  
E A C H  R E V O L U T I O N  T H E  M I R R O R  V I E W S  SPACE, THE E A R T H  FROM H O R I Z O N  
T O  H O R I Z O N v  S P A C E  A G A I N ,  AND THE R A D I O M E T E R  HOUSING.  THE TEMPER- 
ATURES RECORDED FOR S P A C E  AND THE H O U S I N G  ARE USED FOR C A L I B R A -  
T I O N .  T H E  OUTPUT FOR EACH DETECTOR I S  A ZERO TO 6.4 V O L T  ANALOG 

N A L  AND STORED 

ENA OflSERVEO 

7. ORGANIZATION 

GODDARD SPACE F L T  CENTER 
10. ORGANIZATION 



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

0.2 TO 23.3 Y ICRON I I 2 . P  MSEC 
38. FIELD OF VIEW 139. GROUND SWATH 

360.0 BY 2.8 PEG1 L I M B - T O - L I M B  (38CC! NY)  FROM 600 NM ALT  
4 0  ANGULAR RESOLUT~ON~ 41. SPATIAL RESOLUTION 

2 . 8  DEG]  2 5  N M  FROM 6nO NM A L T I T U D E  
42 POINTING ACCURACY~ 43. POINTING RATE 144. ALTITUDE 145. INCLINATION 

I I MFD C IRCULAR I SUN-SYNCH RETROGRADE 
46. SPECIAL REQUIREMENTS 

47. COMPONENTS 

R A D I f I M E T E P *  ELECTROY I C S  
48. WEIGHT 149. VOLUME 1 50 AVERAGE POWER 151 STANDBY POWER 1 52. PEAK POWER / 53. MTBF 

2" L B ~  I 8 W A T T S ~  2 WITTS~ I 
IIITERERENCE 1 55 IN~"E"R%K"RE I 56 ~N%\'R%E 1 '' ,NT=~~".&E 1 58. SHIELDING 

I I 1  SENSITIVE^ 
59. CALIBRATION 160. DATA RECOVERY 61 FREQUENCY OF OBSERVATION 

SPACE AVD M R  I R  HOUSING I ~ J E L A Y F D  TELEMETRY 1 CONTINUOUS 
62. TELEMETRY REQUIREMENTS 

ANALOG S I G N A L S  ARE SAMPLED 3 3 - 1 1 3  T I M E S  PER SEC AND CONVFRTED TO 
8 - B I T  D I G I T A L  DATA. EACH DATA UORD B I T  I S  THFY RFCCIRDED ON T4PE 
FOR PLAYBACK. 
63. ADVANTAGES AND LIMITATIONS 

IMPROVED SPECTRAL RFSPONSF AND I N - F L I G H T  C A L I R R A T I O N  HAS I N -  
CREASED ACCURACY OF DATA OVER T I R O S  MRIR;  MOVING PARTS. 
64. REFERENCES 

1 )GOLDBERGt  1.L.: METECRQLOGY IYSTRUMENTS FOS S A T E L L I T E S *  PRE- 
SENTED AT 1 3 T H  AYYUAL TECH SYYP OF SOC PHOTO-OPTICAL ENGRS* 4UG 
2 3 9  1 9 6 R . * * * 2 ) N I Y B U S  B PRESS KIT ,NO:68-84K,  VASAp MAY 10, 1968. 
* * * 3 )  N I M B U S  2 USFP'S GUIDE.  G S F C t  JULY 1 9 6 6 . * + * 4 I S A B A T l N I *  R.R. 
NIMBUS B  DATA U T I L I Z A T I O N  PLAN. A L L I E D  RES. L\SSOC* TECH R E P 1  NO. 
,4, MARCH 1 9 6 8 .  
65. HISTORICAL REMARKS 

S I M I L A R  I N  PURPOSE TQ E A R L I E R  T I R O S  MRR 

0 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 
M E O I U W - H F S O L U T I O N  R A D I O M E T E R  

(TITLE CONT.) 

2 ACRONYM 1 3. EXP NO 

MER I 
4 RESUME DATE I :ERSION 

3 9 / 0 1 / 7 2  1 3 0 0 5  
8. TELEPHONE 

3 1 1 - 9 8 2 - 5 Q 4 2  
11. TELEPHONE 

6. PRINCIPAL INVESTIGATOR 

NOKDSERG,  DP . W e  

9. CO-INVESTIGATOR 

12 CONTRACT 
TYPE 113. CONTRACT NUMBER 114. FLASH INDEX NUMBER 1 " 116 C M % f ~ O N /  17. STATUS 

I 1 I I ] P O S T  F L I G H T  
18. MONITOR 119. AGENCY 120. PGM OFFICE 1 21. TELEPHONE 

T E P P E R ,  M. ~ N A S A  H U Q T K S  IOA/ERD 1 2 ~ 2 - 7 5 5 - 2 3 2 2  
22. VENOOR 1 23. LOCATION I " Lg$F7 125. LEAD TIME 

8 A H N E S  E N G I N E E R I N G  CO 1 S T A M F O R D ,  CONN. 1 1 1 / 6 0 l ~ ~  
26. INSTRUMENT TYPE 27 

SSCUqlZY, 

R A D I O M E T E R ,  5 - C H A N  T H E R M  I S T O R - B O L O M E T E R  M F D - R E S  S C A N N I N G  I R  IUNC. 
28. APPLICATION 129. SPACECRAFT 

M E T  ~ T I R ~ S  2 
30. PURPOSE 

' P R I M A R Y - T O  M E A S U R E  EMITTED T H F R M A L  A Y D  REFLFC T E D  S O L A R  RADIATION 
FROM T H E  E A R T H  A N D  I T S  A T M O S P H E P E  I N  5 S P E C T R A L  R E G I O N S .  PACAM-  
E T E R S  T O  B E  S T U D I E D  ARE:  A T M D S P H F R  I C  WATER VAPOP A 5 S O P P T I O N  
B A N D  , D A Y - N I G H T  T I M E  C L O U D  COVER t A L B E D O ,  A N D  T H E R M A L  R A D I A T I O N .  
T O  G E N E R A T E  R A D I A T  I O N  M A P S  FOR R E S E A R C H  I N  A T M O S P H E P  I C  PRQPER-  

. T I E S *  
31. PRINCIPLES OF OPERATION 

T I R O S  2 9 3 , 4 9 7 9  AND N I M B U S  2  C O N T A I N E D  5 C H A N N E L  S C A N N I N G  P A D I O M -  
E T F R S  U S I N G  F I L T E R S  A K D  BOLOtJ IETER D E T E C T O R S .  T H E  N I M B U S  2  P A D I -  
O M E T E R ,  k H I L E  S I M I L A R  I N  P U R P O S E ,  WAS A  NEW I N S T R U M E N T  O E S I G Y .  
O N  T H E  T I P Q S  S E R I E S  P R E C I S E  B A N D W I D T H S  V A R I E D  FOR E A C H  F L I G H T ,  
F O R  T I R O S  2  T H E Y  WERE 5 .72 -7 .C ;  7 0 2 - 2 2 . 2 ;  C . 2 6 - 7 . 6 ;  7 0 2 - 3 2 0 4 ;  
A N D  9 .365 -3 .35  M I C R O N S .  A  R E F E R E N C E  L E V E L  WAS O B T A I N E D  R Y  H A V I N G  
T H F  D E T E C T O R S  A L T E R N A T E L Y  L O O K  I N T I 1  S P A C E  A T  A  45 D E G R E E  ANGLE.  
E A C H  C H A N N E L  H A S  T H t  S A M E  P R I N C I P L E  O F  O P E R A T I O N :  T H E  A L T E R N 4 T -  
I N G  V O L T A G E  G E N E R A T E D  A T  T H E  T H E R M I S T O R  B O L O M E T E R  I S  P R O P C R T I O N -  
A L  T O  T H E  D I F F E P E N C E  I N  R A D I A T I O N  E N E R G Y  C O M I N G  F R O M  2 O P P O S I T E  
D I R E C T I O N S  ( T H R O U G H  T H E  S A T E L L I T E  W A L L  A N D  B A S F I  A N @  I M P I N G E N T  
U P O N  A  C H O P P E R  D I S K  T P A T  H A S  A L T E R N A T E  B L A C K  A N D  M I R P O R E D  
H A L V E S *  A L L  5 D I S K S  R O T A T E  S I M U L T A N E O U S L Y  A T  46 R P S t  A N D  H A V E  
I D E N T I C A L  O U T P U T  C  I R C U I T R Y  T O  P P E A M P L  I F  I E R S  A N D  T A P E  RECORDERS.  
S A T E L L I T E  S P I N  I S  U S E D  T O  P R O V I D E  T H E  S C A N  L I N E *  W H I C H  I S  T H E N  
A O V A N C E D  B Y  O R B I T A L  M O T I O N  OF T H E  S A T E L L I T E .  T H E  I N S T R U M E N T  HAS 
A  5 D E G  F U V  FOR E A C H  C H A N N E L .  D A T A  A R E  R E C O R D E D  O N  T H E  S A T E L -  
L I T E ' S  E N D L E S S  L O O P  O F  M A G N F T I C  T A P E  F O R  4 P E R I O D  OF 1Q0 Y I N .  

32. PHENOMENA OBSERVED 

R A G I A T  I O N  FROM E A R T H  A N D  A T M O S P H E R E  I N  5 S P E C T R A L  R E G I O N S  
33. MEASUREMENT RANGE 

34. PRECISION AND ACCURACY 

A  S / R  R A T I O  OF R E T T E F  T H A N  30 DR; A B S O L U T E  A C C U Q A C Y  O F  +-7 D E G  K 

7. ORGANIZATION 

G O D D A k  O S P A C F  F L T  C E N T E R  
10. ORGANIZATION 



36. SPECTRAL RANGE 136. SPECTRAL RESOLUTlOfU 137. TIME CONSTANT 1 
0.25 TO 3 2 . 6  M I C R O N S 1  SEE I T E M  3 1  I 

38. FIELD OF VIEW 139. GROUND SWATH 1 
5 . 0  D t G 1 3 5  NMDIAM C I R C L E  FROM 410 NM A L T I T U D E  

MEASUREYENTS FROM T I R O S  2 MET SAT. NASA TN 0-10969 N O V *  1961.*** 
2 1  DATA CATALOG OF SAT AND ROCKET EXPTS .  NASAIGSFC-NAT IONAL 
S P A C E  S C I E N C E  DATA CTR. REPT .  NSSDC 66-01, JAN. 6 8 .  * * *3 )  
G O L O R E R G ,  I . :MET I R  INSTRUMENTS FOR SAT.  NAS4 /GSFC,  AUG. 68. *** 
D A T A  A V A I L A B L E  FROM N A T I O N A L  SPACE S C I E N C E  D4TA CTR. NASA/GSFC. 
65. HISTORICAL REMARKS 

S I M I L A R  PADIOMETERS FLOWN ON T I R O S  2 9 3 , 4 , 7  A V O  NIMBUS 2 ( M R I R )  

* 
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INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

I. TITLE 

M F D I U Y - R E S G L U T I O N  R A 0 1 0 v E T F R  
(TITLE CONT.) 

2 ACRONYM 1 3. EXP NO 

Y H F  I 
4 RESUME DATE I :ERSION 

1 > ~ / 1 2 ! / 7 2 1  ? P C 5  
8. TELEPHONE 

3 n l - ~ ~ ? - 5 n 4 2  
11. TELEPHONE 

6. PRINCIPAL INVESTIGATOR 

NOPO!?FPGt  3 K .  w. 
9. CO-INVESTIGATOR 

12 CONTRACT 
TYPE 113. CONTRACT NUMBER 114. FLASH INDEX NUMBER 1 l 5  116 COM~k~:'ONI 17. STATUS 

I I 1 I 1 P O S T  F L T G H T ~  
18. MONITOR 119. AGENCY 120 PGM OFFICE I 21. TELEPHONE .. 
T E P P ~ P ,  c:. INASA HPQTF s IOA /EYD 1 2 ~ - 7 5 5 - 2 3 2 7  

22. VENDOR 1 23. LOCATION 1 &"d2T 125. LEAD TIME 

R A F N E S  ENGI'JEEFIIJG cn. 1 S T A M F L K C  , COMN. 1 7 / 6 1 1  
26. INSTRUMENT TYPE 27 

secyqlIv.  

R A 9 I  O Y E T F R  9 5 - C H A N N E L  T H E W  I S T O P - R U L 3 Y E T E P  M E D - R F S  SCANNIb !G  I Ub,C 
28. APPLICATION 129. SPACECRAFT 

M E T  ~TIPOS -3 
30. PURPOSE 

P P I M A R Y - T O  .MEASURE EM I T T E O  T H F F M A L  A N D  R E F L E C T E D  S O L A h  P A r I I A T I C J U  
FROM T H E  E A R T H  ? N D  I T S  ATMOSPHCRF I N  5 S P E C T R A L  P F G I O R S .  P A R A V -  
E T E R S  T O  BE STU! ) IE !3  A R E :  A T M O S P H E R I C  IJJ4TFP VAPOR A F S O P P T I r ' N  
BAND D A Y - N I G H T  T I M E  C L O U D  C'OVEK 9 A L B E D 9 ,  A N U  T H F R M A L  P A R I A T  I CN. 
T O  G E N F H A T E  K A O I A T I O N  Y A P S  F O P  P E S E A R C H  I N  A T M O S P H E F ' I C  PRCIPF2- 

. T I E S .  
31. PRINCIPLES OF OPERATION 

T I t i O S  2 *3 ,4 ,7 ,  A N D  N I M B U S  2 C O h T A I N E D  5 - C H A N N E L  S C A N N I N G  P A n I 1 7 p -  
E T E R S  U S I N G  F I L T E R S  A N D  B O L O M E T E R  I I E T E C T O R S .  T H E  rV IwBUS ? F A 3 I -  
O M E T E R P  W H I L E  S I P I L A R  I N  P ' JHPOSE,  k A S  A  NEW I h S T R l J ~ F N T  D E S I G . d e  
O N  T H E  T l R O S  S E P  I E S  PR t C I S E  B A N O k I O T H S  V A R I E D  FOR E A C H  F L I G H T ,  
F O R  T I R O S  3 T H E Y  WERE: 5.7-7.C; 7 . 0 7 - 2 5 . 0 ;  9.25-6.82; 7 0 4 - 3 2 . 6 ;  
A N D  0 . 4 7 5 - 2 . 9 C : n  Y I C P O N S .  4  F E F F R E N C E  L E V E L  WAS 9 S T A I v E T )  P Y  
H A V I N G  T H E  D E T E C T O R S  A L T E Q Y A T E L Y  LO(7K I N T O  S P A C E  4 T  A 4 5  q F G 9 E E  
A N G L E .  E @ C H  C H 4 N N E L  H A S  T H E  S A K E  P F I Y C I P L E  OF O P E R A T I O N :  T H F  
A L T E R N A T I N G  V O L T A G E  C E N E P A T E D  A T  T H E  T H E R M I S T @ P  R O L O M E T F R  I S  
P R O P C R T I O h A L  TO T H E  D l F F E P F N C E  I N  F A D I A T I O Y  E N E R G Y  C O M I N G  F P O Y  
2 O P P O S I T E  C I R E C T I O N S  ( T H F O U G H  T H E  S A T E L L I T E  W A L L  A N D  B A S E )  AN0 
I M P I N G E N T  U P O N  A C H O P P E R  D I S K  T H G T  H A S  A L T E R Q A T E  B L A C K  AND 
M I R R O R E D  H A L V E S .  A L L  5 O I S K S  R O T A T E  S I M U L T A Y E O U S L Y  A T  46 k P S c  
A N D  H A V E  I D E N T I C A L  O U T P U T  C I R C U I T P Y  TT) P R E A M P L I F I E R S  L N D  T A P E  
RECOQDERS.  S A T E L L I T E  S P I N  I S  U S F D  TI3 P R O V I D E  T H E  S C A K  L I N F I  
W H I C H  I S  T H E N  A Q V P N C E D  B Y  f lRBIT4L M O T I O N  OF T H E  S A T F L L I T E .  T Y E  
I N S T R U M E N T  H A S  A 5 D E G  F O V  F O k  E A C H  C H A N Y E L .  O A T A  A P F  K E C O R D F P  
ON T H E  S A T E L L I T E ' S  E N D L E S S  L O O P  OF M A G N F T I C  T A P F  FOQ A  P E F I C 3  GF 
100 M I N .  

32. PHENOMENA OBSERVED - 

, P A D I A T I i l N  FPnP.: t A R T H  A N D  G T Y O S P H F R E  IF'  5 S P E C T S A l  R E G I O N S  
33. MEASUREMENT RANGE 

34. PRECISION AND ACCURACY 

A  5 / N  R A T I D  !3F R E T T E P  T H A N  ?2! @ R : A B S r I I  U T F  A C C U R . A C Y  f ?F  +-7 n F G  K 

7. ORGANIZATION 

GGDDAPP S P A C E  F L T  C E N T E R  
10. ORGANIZATION 



THE 7 C H A N N E L S  H 4 V E  A  WIDTH DF 310 HZ. 

M E T E O R O L O G I C A L  I N F R A R E D  I N S T P U M E N T S  FOR SATFLL I TES. N A S A / G S F C  
AUG. 1958 .  ***4) D A T A  A V A I L A B L E  F R O M  N A T I O Y A L  S P A C E  S C I E N C E  



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 

M E D I  UM-RESOLUT I O N  R A D I O M E T E R  
(TITLE CONT.) 

2. ACRONYM 1 3. EXP NO 

YRR I 
4 RESUME DATE I :ERSION 

3 9 / 0 1 / 7 2  13005. 
8. TELEPHONE 

3 C 1 - 9 8 2 - 5 0 4 2  
11. TELEPHONE 

6. PRINCIPAL INVESTtGATOR 

NORDBEPG, DR. W. 
9. CO-INVESTIGATOR 

7. ORGANIZATION 

GODDARD SPACE F L T  CENTER 
10. ORGANIZATION 

R A D I O M E T E R ,  +CHANNEL THERM ISTOR-BOLOMETER MED-RES S C A N K I N G  IUNC 
28. APPLICATION 129. SPACECRAFT 

MET ~ T I R O S  4 
30. PURPOSE 

P R I M A R Y - T O  MEASURE E Y I T T E D  THERMAL AND R E F L E C T E D  SOLAR R A D I A T I O N  
FROM THE E A R T H  AND I T S  ATMOSPHERE I N  5  S P E C T R A L  REGIONS.  PARAM- 
E T E R S  TO BE S T U D I E D  ARE:ATMOSPHERIC WATER VAPOR A B S O R P T I O N  B 4 N D p  
D A Y - N I G H T T  I M E  C L O U D  COVER ALBEDO, AND THERMAL R A D I A T I O N .  
T O  G E N E R A T E  R A D I  AT I O N  M A P S  FOP R E S E A R C H  I N  A T M O S P H E R I C  PROPER- 
. T I E S .  
31. PRINCIPLES OF OPERATION 

T I R O S  2 ~ 3 , 4 9 7 ~  4 N D  N I M B U S  2  C O N T A I N E D  5  CHANNEL S C A N N I N G  R A D I O M -  
E T E R S  U S I N G  F I L T E R S  AND BOLOMETER DETECTORS. THE N I M B U S  2 R A D I -  
OMETER, W H I L E  S I M I L A R  I N  PURPOSE, WAS A NEW I N S T R U M E N T  D E S I G N o O N  
THE T I R O S  S E R I E S  P R E C I S E  B A N D W I D T H S  V A R I E D  FOR E A C H  F L I G H T ,  FOR 
T l R O S  4 T H E Y  W E R E : 6 . 0 - 6 . 5 ; 8 ~ 0 - 1 2 . 0 ~ 0 ~ 2 - 6 ~ 0 ~ T I M E  R E F  CHANNEL;  AND 
0 . 5 5 - 0 . 7 5  M1CRONS.A REFERENCE L E V E L  WAS O B T A I N E D  B Y  H A V I N G  THE 
T H E  DETECTORS A L T E R N A T E L Y  LOOK I N T O  SPACE AT A  45 DEGREE ANGLE. 
CHANNEL H A S  T H E  SAME P R I N C I P L E  O F  O P E P A T I O N :  THE A L T E R N A T I N G  
V O L T A G E  G E N E R A T E D  AT Tt-E T H E R M I S T O R  BOLOMETER I S  P R O P O R T I O N A L  TI1 
T H E  D I F F E R E N C E  I N  R A D I A T I g N  ENERGY C O M I N G  FROM 2 O P P O S I T E  D I R E C -  
T I O N S  (THROUGH T H E  S A T E L L I T E  WALL AND B A S E )  4 N D  I M P I N G E N T  U P 3 N  A 
CHOPPER D I S K  T H A T  HAS A L T E R N A T E  B L A C K  AND M I R R O R E D  H A L V E S .  A L L  5  
D I S K S  R O T A T E  S I M U L T A N E O U S L Y  A T  46 RPS,  AND H A V E  I D E N T I C A L  OUTPUT 
C I R C U I T R Y  TO P R E A M P L I F I E R S  AND T A P E  RECORDERS. S A T E L L I T E  S P I N  I S  
U S E D  T O  P R O V I D E  T H E  SCAN L I N E ,  W H I C H  I S  THEN ADVANCED R Y  O R B I T A L  
M O T I O N  OF T H E  S A T E L L I T E .  THE I N S T R U M E N T  H A S  A  5 DEG F O V  FOR E A C H  
CHAMFJELa D A T A  ARE RECORDED O N  THE S A T E L L I T E ' S  E N D L E S S  LOOP OF 
M A G N E T I C  T A P E  FOR A P E R I O D  O F  100 M I N .  

32. PHENOMENA OBSERVED 

R A D I A T I O N  FROM E A R T H  AND ATMOSPHERE I N  5 S P E C T R A L  R E G I O N S  
33. MEASUREMENT RANGE 

a. PRECISON AND ACCURACY 

A S / N  R A T I O  O F  B E T T E R  T H A N  3 0  0 B ; A B S O L U T E  ACCURACY OF 4-7 DEG K . 



i 

3 ~ .  SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 1 

0 . 2 5  TO 12.0 M I C R O N S ~  SEF I T E M  31 I 
38. FIELD OF VtEW 139. GROUND SWATH i 

5 . 0  D E ~  3 5  N M  O I A Y  C I R C L E  F R O Y  450 N M  A L T I T U D E  
40. ANGULAR RESOLUTION( 41. SPATIAL RESOLUTION I 

5.0 D E ~  3 5  NM A +  CENTER FROY 450 NM A L T I T U O E  
42. POINTING ACCURACY I 43. POINTING RATE 144. ALTITUDE 145. fNCLlNATlON 

I I MED C I R C U L A R  I M E O I U M  P O S I G R A O E  
46. SPECIAL REQUIREMENTS 

THE 7 C H A N N E L S  H A V E  A  W I O T H  O F  310 HZ. 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 
M E D I U M - R E S O L U T I O N  R A D I O M E T E R  

(TITLE CONT.) 

2 ACRONYM / 3. EXP NO 

MR R I 
4 RESUME DITE I SVERSION 
0 9 / 0 1 / 7 7  1 0 0 0 5  

6. PRINCIPAL INVESTIGATOR 

MCCUCLOCH* A .  
9. CO-INVESTIGATOR 

R A D I O M E T E R *  5-CHANNEL THERMISTOR-BOLOMETER MED-RES S C A N N I N G  I U N C  
28. APPLICATION 129. SPACECRAFT 

,MET ~ T I R O S  7 
30. PURPOSE 

P R I M A R Y - T O  MEASURE E M I T T E D  THEPMAL AND R E F L E C T E D  SOLAR R A D I A T I O N  
FROM T H E  E A R T H  A N D  I T S  ATMUSPHERE I N  5 S P E C T R A L  REGIONS.  PARAH- 
E T E R S  TO BE S T U D I E D  ARE S T R A T O S P H E R I C  TEMPERATURES V I A  THE 1 5  
M I C R O N  A B S O R P T I O N  BAND O F  C 0 2 ,  DAY-N I G H T T I M E  CLOUD COVER, 
ALBEDO, AND THERMAL R A D I A T I O N .  TO GENERATE R A D I A T I O N  MAPS FOR 

.RESEARCH I N  ATMOSPHEP I C  P P O P E R T I E S .  
31. PRINCIPLES OF OPERATION 

T I R O S  2,3,4,7, AND N I M B U S  2 C O N T A I N E D  5 C H A N N E L  S C A N N I N G  RADIOM-  
E T E R S  U S I N G  F I L T E R S  AND BOLOMETER DETECTORS. THE N I M B U S  2 R A D I -  
O M E T E R *  W H I L E  S I M I L A R  I N  PURPOSE, WAS A NEW I N S T R U M E N T  D E S I G N .  
ON T H E  T I R O S  S E R I E S  P R E C I S E  B A N D W I D T H S  V A R I E D  FOR E A C H  F L I G H T ,  
F O R  T I R O S  7 T H E Y  WERE: 14 .8 -15 .5 ;  8.0-12.0; 0 . 2 - 6 e 0 ;  8.0-30.0;  
A h D  0 . 5 5 - 0 . 7 5  MICRONS. A REFERENCE L E V E L  WAS O B T A I N E D  B Y  H A V I N G  
T H E  DETECTORS A L T E R N A T E L Y  LOOK I N T O  S P A C E  AT 45 DEGREE ANGLE. 
EACH CHANNEL HAS T H E  SAME P R I N C I P L E  OF O P E R A T I O N :  THE A L T E R N A T -  
I N G  VOLTAGE GENERATED AT THE T H E R M I S T O R  BOLOMETER I S  PROPORTION-  
A L  T O  T H E  D I F F E R E N C E  I N  R A D I A T I O N  ENERGY C O M I N G  FROM 2 O P P O S I T E  
D I R E C T I O N S  (THROUGH T H E  S A T E L L I T E  WALL AND B A S E )  AND I M P I N G E N T  
UPON A CHOPPER O I S K  T H A T  HAS A L T E R N A T E  B L A C K  AND M I R R O R E D  
H A L V E S .  A L L  5 D I S K S  R O T A T E  S I M U L T A N E O U S L Y  AT 44 R P S  AND H A V E  
I D E N T I C A L  OUTPUT C I R C U I T R Y  TO P R E A H P L  I F I E R S  AND TAPE RECORDERS. 
S A T E L L I T E  S P I N  I S  U S E D  T O  P R O V I D E  THE SCAN L I N E ,  W H I C H  I S  T H E N  
ADVANCED BY O R B I T A L  M O T I O N  OF THE S A T E L L I T E .  T H E  I N S T R U M E N T  H A S  
A 5 DEG FOV FOR E A C H  CHANNEL.  DATA ARE RECORDED O N  T H E  S A T E L -  
L I T E ' S  E N D L E S S  L O O P  OF M A G N E T I C  T A P E  FOR A P E R I O D  O F  100 M I N e  

32. PHENOMENA OBSERVED 

R A D I A T I O N  FROM E A R T H  AND ATMOSPHERE I N  5 S P E C T R A L  R F G I O N S  
33. MEASUREMENT RANGE 

34. PRECISION AND ACCURACY 

A S / N  F A T 1 0  OF B E T T E R  T H A N  3 G  DB; A B S O L U T E  ACCURACY OF +-7 D E G  K. 

7. ORGANIZATION 

GODDARD SPACE F L T  CENTER 
10. ORGANIZATION 

8. TELEPHONE 

3 0 1 - 9 8 2 - 5 0 4 2  
11. TELEPHONE 



THE 7 .CHANNELS HAVE A WIDTH OF 310 HZ. 

8-01 9 JAN 6 8 .  NASA/GSFC NATIONAL SPACE SCIEVCE DATA CTRo***3) 
ISSION PLAN TIROS 79GSFC NOOX-650-63-999 MASA/GSFCp HAY 63a*** ' 

)GOLDBERGT I .  :MET I R  INSTRUqENTS FOR SATELLITES,  NASA/GSFCr AUGa 

A . .  . 



NATIONAL AER NlSTRATlON 

AND SEA***SECONDARY-TO P R O V I D E  D A T A  FOR USE I N  D E S I G N I N G  A RADAR 
ER FOR S P A C E  U S E * * * T E P T I A R Y - T O  O B T A I N  I N 1  T I A L  V A L U F  D A T A  

ATMOSPHERE ABOVE THE BOUNDARY L A Y E R  T O  A I D  I N  N U M F R I C A L  

TEROMETER AND P A S S I V E  MICROWAVE R A D I O M E T E R  O P E R A T I N G  A T  13.9GHZ. 
T H E  A L T I M E T E R  O P E R A T E S  I N D E P E N D E N T L Y .  THE E X P E R I  MENT I S  R A S E D  
O N  S I M U L T A N E O U S  MEASUREMENTS OF PADAR D I F F E R E N T I A L  B A C K S C A T T E R -  
I N G  CROSS S E C T I O N  AND P A S S I V E  MICROWAVE E M I S S I V I T Y  OF L A N D  AND 
SEA SURFACES. T H E  ANTENNA I S  A  4 F O O T  M E C H A N I C A L L Y  S C A N N I N G  
P A R A B O L I C  R E F L E C T O R  W I T H  A  1.4 DEG HALF-POWER C O N I C A L  P E N C I L  
REAM. ON THE NON-CONTIGUOUS "ALONG TRACK"  AND "CROSS TRACK" 
S C A N N I N G  MODES T H E  ANTENNA MOVES I N  D I S C R E T E  S T E P S  ( 0 9  1 5 1  3 0 ,  
40, AND 48 DEG 1 FROM ONE C E L L  T O  ANOTHER D W E L L I N G  ON EACH C E L L  
A  P R E D E T E R M I N E D  P E R I O D  OF T I M E .  D U R I N G  C O N T I G U O U S  SCAN MODES THE 
ANTENNA MOVES CONTINUOUSLY E I T H E R  ALONG TRACK ( 0  TO 4 8  DEG 1 OR 
CROSS-TRACK (+-I205 DEG C E N T E R E D  ON R O L L  ANGLES OF +-301 +-I5 
AND 0 D E G  AT P I T C H  ANGLES O F  01  1 5 ,  3 0 1  401 AND 4 8  D E G  1 .  
T H E  A L T I M E T E R *  A NARROW P U L S E  R A D A R 1  T R A N S M I T S  A  100 OR 10 NANO- 
SECOND P U L S E  AT A PRP OF 3 6 0 / S E C O N D  AND A P E A K  POWER OF 2 K I L O -  
WATTS. T H E  R E C E I V E D  S I G N A L  I S DOWN-CONVERTED AND SQUARE-LAW DE- 
T E C T  ED. T H E  A L T I  METER ALSO PERFORMS I N - P H A S E  AND QUADRATURF 
D E T E C T I O N .  

w 

32. PHENOMENA OBSERVED 

RADAR D I F F F R E N T I A L  B A C K S C A T T E R I N G *  P A S S I V E  MICROWAVE E M I S S I V I T Y  , 
33. MEASUREMENT RANGE - 
KU-H AND 

34. PRECISION AND ACCURACY 

TRACKER HAS V O I S E  L E V E L  (1-METER R M S  A T  S / N  P A T I O S  =OR> 20 D S  



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT ! 
13.9 GHZ I N A I 4.5 SEC 

38. FIELD OF VIEW 1 39. GROUND SWATH I 
SEE I T E M  3 1  1 3 4 2  NM 

40. ANGULAR  RESOLUTION^ 41. SPATIAL RESOLUTION , 
I 

1.4 O E G l  6 NY CONE AT N A D I R  
42. POINTING ACCURACY I 43. POINTING RATE 144. ALTITUDE 145. INCLINATION 1 

0 . 5  DEGI 16.0 DEG/SECI 235 NM 1 5 0  DEG . 
46. SPECIAL' REQUIREMENTS I 

ANTENNA REQUIRES UYOBSTRUCTED VIEW +-48 OEG FROM NADIR.  
47. COMPONENTS 

RADIOMETER* SCATTEROMETER* ALTIMETER,  ANTENNA, ELECTRONICS 
48. WEIGHT 149. VOLUME I 50. AVERAGE POWER 151 STANDBY POWER I 9. PEAK POWER 1 53. MTBF I 

2 1 n  L E I  24.2 CU F T I  1 5 3  WATTS1 I I 
s4 IWTERF"E'RENCE 1 INWZ"EE I % INT%%%'R$%E 1 s7 INT~&%&E 1 58. SHIELDING I 

SOURC/SENI  SENSITIVE^ I I 
59. CALIBRATION 160. DATA RECOVERY 161. FREWENCY OF OBSERVATION I 

CCJLO SKY REFERENCE L n A D   FROM T A P E / 1 0  KILORIT~CONTINUOUS 
62. TELEMETRY REQUIREMENTS I 

NA 

63. ADVANTAGES AND LIMITATIONS 

CAN OPERATE BOTH DAY AND N I G H T  AND GENERALLY I S  NOT AFFECTED B Y  
CLOUDS AND WEATHER. 
64. REFERENCES I 

1. EXPERIMENT IMPLEMENTATION P L A N  FOR MANNED SPACEFLIGHT E X P E R I -  
MENTS, T I T L E :  MICROWAVE RADIOMETER SCATTEROMETER-11/21/69:  
2 ,  EARTH RESOURCES REMOTE SENSING SYSTEMS, MSC P 6 - 0 4 0 6 - N O V ~ 1 9 7 0 .  
3, O P P O P T U Y I T I E S  F O R  P A R T I C I P A T I O N  I N  S P I C E  F L I G H T  I N V E S T I G A -  
T I O N S *  MEMO CHANGE 3 3 9  DEC. 2 2 9  1970. 
-4. SKYLAR-A, EREP USERS H A N D S ~ O K I  NASA MSCr F F B . 1 9 7 1 -  
65. HISTORICAL REMARKS 1, 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

7 

1. TITLE 

M U L T  I - S P E C T R A L  SCANNER 
(TITLE CONT.1 

2 ACRONYM 1 3. EXP NO 

M S S  I 
4 RESUME DATE I &ERSION 

q 9 / 0 1 / 7 2 1 1 Q 0 4  
6. PRINCIPAL INVESTIGATOR 

A R L A U S K A S  J 
9. CO-INVESTIGATOR 

12 conTnacr 
TYPE 113. CONTRACT NUMBER 114. FLASH INDEX NUMBER 1 " %"r"ET 1'6 '?kf:'ONI 17. STATUS 

C P F F  I N A S ~ - 1 1 2 5 5  I 1 11 /69 ]  8 / 7 1  I OPFRATI ONAL 
18. MONITOR 119. AGENCY 120. PGM OFFICE 1 21. TELEPHONE 

S C H A R D T *  B. 1 N A S A  H D Q T P S  1 OA/ERrJ  1 2 0 2 - 7 5 5 - 2 3 2 2  
22. V E N W R  1 23. LOCATION 1 Ei:"zT 125. LEAD TIME 

- H U G H E S  A I R C R A F T  COO I E L  S E G U N 0 0 t  C A L I F .  1 7 / 7 2 ]  N A  
26. INSTRUMENT TYPE 2'1 SECUfllSr. 

R A D I O M E T E R  9 I UNC 
28. APPLICATION 129. SPACECRAFT 

. E R S P f  A G R I *  G E O G *  G E O L p  O C E A N  I E R T S - L C B  
30. PURPOSE 

P R I M A R Y - T O  P R O V I D E  R A D I O M E T R I C  D A T A  ( F O U R  S P E C T R A L  R A N D S  O N  
E A T S - A :  0.5-0.6. 0.6-0.79 C . 7 - C . 8 *  0.8-1.1 M I C R O N S ;  A  F I F T H  S A N D  
O N  E R T S - B :  1 6 . 4 - 1 2 - 6  M I C R O N S )  A L L O W I N G  I D E N T I F I C A T I O N t  A N A L Y S I S *  
A N D  I M A G E R Y  O F  E A R T H  T A R G E T S .  

31. PRINCIPLES OF OPERATION 

T H E  MSS H A S  A 2 - E L E M E N T  C A S S E G R A I N  M I P P O R  S Y S T E M  ( F / 3 . 6 )  W I T H  A 
9 - I N  D I A M E T E R  P R I M A R Y  A N D  A  R O C K I N G  SCArV Y I R R O R *  L O C A T E D  I N  T H E  
O B J E C T  P L A N E *  W I T H  CROSS-ORBITAL-TRACK SWEEP R A T E  OF  13.6 HZ. 
T H E  I M A G E  ES FOLDED T W I C E  A N D  F O C U S E D  g N  A  S Q U A R E  F I R E R  O P T I C  
M A T R I X .  I Q D I V I D U A L  F I B E R S  C O U P L E  T H E  F O C U S E D  O P T I C A L  E N E R G Y  T O  
A B A N D  F I L T E R  A N D  D E T E C T O R  A S S E M B L Y .  B A N D S  1 ~ 2 t C 3  U T I L I Z E  T R I -  
A X I A L  P H O T C Y U L T I P L I E R  T U B E S  W H I L E  BA'UO 4 U S E S  S I L I C O N  PHOTO- 
D I O D E S .  S I X  D E T E C T O P S  A R E  P A R A L L E L E D  I N  E A C H  OF T H E  F I R S T  F O U P  
B A N D S  RY A  ROW O F  F I R E R  O P T I C  B U N D L E S  S T A C K E D  I N  THE D I R E C T I O N  
O F  T H E  O R B I T A L  T R A C K  P E R M I T T I N G  A  SLOWER S C A N N I N G  M D T I O N  OF T H E  
R O C K X N G  M I R R O R  S Y S T E M .  THO D E T E C T O R S  ARE U S E D  I N  T H E  T H E R M A L  
BAND.  T H E  b A S I C  M S S  S C A N  L I N E  S Y N C H R O N I Z A T I O N  I S  P R O V I D E D  R Y  A N  
O P T I C A L  P U L S E  GENERATOR.  A M U L T I P L E X E R  I S  I N C L U D E D  I N  THE MSS 
A N D  P R O C E S S E S  T H E  V I D E O  DATA.  T H E  2 4  ( O R  2 6 )  C H A N N E L S  Of V I D E O  
A R E  T I M E - D I V I S I O N - M U L T I P L E X E D  I N T O  A  S I N G L E  D A T A  S T R E A M  OF 
A P P R O X I M A T E L Y  2 . 4  MHz .  T H E  M U L T I P L E X E D  S I G N A L  I S  T H E N  C O N V E R T E D  
I N T O  A  1 5  M B / S  P C M  S I G N A L  B Y  AN A / D  C O N V E R T E R .  L I N E  S T A R T *  PCM 
F O R M A T  I N F O P M A T I O N ,  A N D  C A L I B P A T I O N  D A T A  ARE I N C L U D E D  I N  THE 
M U L T  I P L E X E R  O U T P U T  S I G N A L .  

32. PHENOMENA OBSERVED 

R E F L E C T E D  S O L A R  A N D  T H E R M A L  R A G I A T I O N  F R O M  T H E  E A R T H  
33. MEASUREMENT RANGE 

V I S I B L E  A N D  N E A R  I N F R A R E D  R A D I A T I O N  
34- PRECISIOU AND ACCURACY 

S I N  17-39  D B  O E P E N D I h G  ON R A D I A N C E  L E V E L  A N D  R A N D  ( F R E Q U E N C Y )  

7. ORGANIZATION 

GODOARO S P A C E  F L T  C E N T E R  
10. ORGANIZATION 

8. TELEPHONE 

3 0 1 - 9 8 2 - 5 0 4 2  
11. TELEPHONE 



36. SPECTRAL RANGE 136. SPECTRAL RESOLUTION (37. TIME CONSTANT j 
0.5 TO 12. 6 MICRONSI I 

38. FIELD OF VIEW / 39. GROUND SWATH 

11.6 BY 3.93 D E G ~  1 0 0  NM B Y  1 5 5 6  F T  F R O Y  492 NH ALTITUDE.  - 
40. ANGULAR RESOLUT~ON~ 41. SPATIAL RESOLUTION 

C.705 D E ~  2 5 9 F T  BY 1 5 5 6  F T  FROM 492 NM A L T I T U D E  
42. POINTING ACCURACY( 43. POINTING RATE 144. ALTITUDE 145. INCLINATION i 

I I ME0 C IPCULAR I SUN-SYNCH RETROGRADE - 
46. SPECIAL REQUIREMENTS 

. OPFPATING THERMAL RANGE: 10 TO 30 D€G.C 
. . - - -- -. -- 

47. COMPONENTS 

' T E L E S C O P E ,  S C A N  MECHANISM, FIBER A Y D  R E L A Y  OPTICS, DETECTORS - 

48. WEIGHT 149. VOLUME - 1 50. AVERAGE - POWER 1st. STANDBY POWER - 1 52: - PEAKPOWER 1 53. MTBF _ 

1 3 6  LBI 6.1 cu FTI 55  W A T T S ~  I 1 1 2  MON , 

6. ~WERF"IRENCE 1 55. ~N%?!%'&E I 5B IN~%%?%E 1 s7 ~NT';"R'F"E%~~E 158. WIELDING 

I I 1  SENSITIVE^ THERMAL SHIELDING 
59. CALIBRATION 160. DATA RECOVERY 161. FREWENCY OF OBSERVATION, 

1 
62. TELEMETRY REQUIREMENTS 

60 ANALOG CHANNELS; 39 D I G I T A L  P O I N T S  

63. ADVANTAGES AND LIMITATiONS 1 

F I R S T  MULTI -SPECTRAL S A T E L L I T E  RADIOMETER 

64. C~EF-ERENCES - - I 

1)MULTISPECTRAL SCANNER SYSTEM FOR ERTS (DOCUMENT OBTAINED FROM 
Je APLAUSKAS) 2 )  PROJECT PLAN FOR EARTH RESOURCES TECHNOLOGY 
S A T E L L I T E  ( E R I S - A / R )  COMBINED PHASE 8 AND C 

6S. HISTORICAL REMARKS - I 

. 1 



ND SPACE ADMINISTRATION 
FLIGHT CENTER 

T H E  5-MM WATER VAPOR AND 1.35-CM OXYGEN RESONANCES R E S P E C T I V E L Y ,  
T H R E E  D I S C R E T E  L A Y E R S  OF THE ATMOSPHERE ARE SOUNDED TO I Y F E P  A 
TEMPERATURE P R O F I L E ;  L I K E W I S E  TWO D I  SCRETE L E V E L S  ARE SOUNOED 
FOR THE HATER VAPOR P R O F I L E S .  THROUGH CAREFUL  I N T E R P R E T A T I O N T  
MOST OF T H E S E  METEOROLOGICAL PARAMETERS C A N  8 E  SEPARATELY  E S T I -  

CM BAND P E R M I T  WATER-VAPOR AND CLOUD-MATER CONTENT OVER THE 
OCEAN TO B E  E S T I M A T E D  S E P A R A T E L Y  BECAUSE THE 0.9-CM CHANNEL I S  
ABOUT T M I C E  AS S E N S I T I V E  TO CLOUDS A S  THE 1.4-CM C H A N N E L T B U T  I S  



PHD T H E S I S  M I T ,  ( 1 9 6 5 1  0 * * * 4 )  S T 4 E L I N v  DmH*: J * G o R *  V . 7 1  P.2875 

.. 
. '. 

. 



NATIONAL AER NlSTRATlON 

, R A D I O M E T E R (  I R  1 UNC 
28. APPLICATION 129. SPACECRAFT 

MET, P L A N E T A R Y  ATMOSPHERES I N I M B U S - F  
30. PURPOSE 

P R I M A R Y - T O  O B T A I N  R A D I O M E T R I C  MEASUREMENTS OF TEMPERATURE I N  TWO 
S E L E C T E D  R E G I O N S  A T  A L T I T U D E S  BETWEEN 4 5  AND 70 KM O N  4 G L O B A L  
SCALE.  

31. PRINCIPLES OF OPERATION 

T H E  PRESSURE BROADENED E M I S S I O N  L I N E S  O F  C 0 2  BECOME SO NARROW I N  
T H E  U P P E R  S T R A T O S P H E R E  AND MESOSPHERE T H A T  C O N V E N T I O N A L  SPEC- 
TROMETERS AND I N T E R F E R O M E T E R S  H A V E  I Y S U F F I C I E N T  SPECTRAL RESOLU-  
T I O N  T O  S E L E C T  T H E  R A D I A T I O N  FROM T H E S E  L E V E L S .  THE PRESSURE 
M O D U L A T I O N  T E C H N I Q U E  P E R M I T S  THE E X T E N S I O N  O F  S E L E C T 1  VE C H O P P I N G  
T E C H N I Q U E S  TO T H E  H I G H E R  A L T I T U D E S .  THE I N S T R U M E N T  C O M P R I S E S  
TUO S I M I L A R  R A D I O M E T E R  C H A N N E L S  C O N T A I N I N G  L E V E L S *  F I L T E R S ,  C 0 2  
C E L L S ,  C O N I C A L  L I G H T  P I P E  T O  W H I C H  D E T E C T O R S  ARE COUPLED. T H E  
H E I G H T I N G  F U N C T I O N S  FOR E A C H  R A D I O M E T E R  ARE S E L E C T E D  B Y  C H O O S I N G  
A MEAN C E L L  PRESSURE O F  0 .325-MB FOR CHANNEL ONE AND 2 .25  MB FOR 
C H A N N E L  TWO. T H E  L E N G T H  O F  T H E  C E L L S  A R E  THE SAME* S I X  C E N T I -  
METERS. T H E  H E I G H T  O F  THE W E I G H T I N G  F U N C T I O N  P E A K S  ARE 65-KM 
F O R  CHANNEL ONE AND 50-KM FOR C H A N N E L  TWO. THE M O D U L A T I O N  F R E -  
QUENCY I S  15-HZ. T H I S  WILL P E R M I T  MEASUREMENTS OF M E S O S P H E R I C  
TEMPERATURES TO B E T T E R  T H A N  + - 2  D E G  K A T  6 5  KM AND +woe2 
D E G  K AT 50-KM. PROPOSED D E T E C T O R S  A R E  P Y R O E L E C T R I C  ( T R I G L Y C I N E  
S U L P H A T E )  

32. PHENOMENA OBSERVED 

, E A R T H ' S  E M I T T F D  R A D I A N C E  AT 15 M I C R O N S  
33. MEASUREMENT RANGE 

1 5 - M I C R O N  C 0 2  B A N D  
PRECISION AND ACCURACY 

S E E  I T E M  3 1  . 



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

1 5  M I C R O N S  I I 
38. FIELD OF VIEW 139. GROUND SWATH 

- 10. D E G  1 
40. ANGULAR  RESOLUTION^ 41. SPATIAL RESOLUTION 

10 DEG 1100 N M  F R O M  600 NV ORBIT 
42. POINTING ACCURACY[ 43. POINTING RATE 144. ALTITUDE 145. INCLINATION 

I IMED C I R C U L A R  ISUN-SYNCH R ~ # . I ) G R A D E  

46. SPECIAL REQUIREMENTS 

47. COMPONENTS 

R A D I O M E T E R *  E L E C T R O Q I C S  
48. WEIGHT - 149. )VOL*E 1-50. AVERAGE POWER 151. STANDBY POWER I 52. PEA(< POWER 1 53. MT SF 

5 L B  0.25 CU FT 
r* ~ ~ E R ~ " ~ R E N C E  I ~*%"~:"R'L&E 1 56 IW%%'R"E"NCE 1 57 ~ ~ I K A S E L E  1 58. SHIELDING 

I I I I 
59. CALIBRATION 160. DATA RECOVERY 61. FREQUENCY OF OBSERVATIO~; 

 TELEMETRY ICONT I ~ u o u s  
62. TELEMETRY REQUIREMENTS 

63. ADVANTAGES AND LIMITATIONS 

w. REFERENCES 

P R E L I M I N A R Y  D A T A  SHEET FOR N I M B U S - F q  NOV. ,  1970. 

GB. HISTORICAL REMARKS 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
GODDARD SPACE FLIGHT CENTER 

GREENBELT, MD. 20771 
I. T ITLE 2. ACRONYM 1 3. EXP NO 

PASS I V E  MICROWAVE I M A G I N G  SYSTEM P M I S  I 
(TITLE CONT.) i 4 RESUME DATE 1 3ERSION 

0 5 / 2 0 / 7 1 1 3 0 @ 1  
5. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE 

MATHEkS,  R. E m  MANNED SPACECRAFT CENTER 7 1 3 - 4 8 3 - 3 1 1  1 
9. CO-INVESTIGATOR 10. ORGANIZATION . 11. TELEPHONE 

I I 
2 CONTRACT 

TYPE 113. CONTRACT NUMBER 114. FLASH INDEX NUMBER I " KgT 116 C=fE''ml 17. STATUS 

I I 1 I IPREFLT T E S T  
8. MONITOR 119. AGENCY 1 m. PGM. OFF~CE 1 21. TELEPHONE 

I I I - 
2. VENDOR 1 23. LOCATION I LyeT 125. LEAD TIME 

I 1 0 8 / 7 1 /  
!6. INSTRUMENT TYPE 17 

SmlBU' 

R A D I  OMFTER/ IMAGER,  MICROWAVE 1 UNC 
!8. APPLICATION 12@. SPACECRAFT 

lo. PURPOSE 

P R I M A R Y - T O  GATHER T W O - D I M E N S I O N A L  9 QUANT I T A T I  VE 9 ANTENNA TEMPER- 
A T U R E  D A T A  OVER A VAP I E T Y  OF TARGETS,  

It .  PRINCWLES OF OPERATION 

THE R A D I O M E T E R  S U B S Y S T E M  I N C L U D E S  THE RADOME, ANTENNA, AND R A D I -  
OMETEP. T H E  ANTENNA WILL B E  A  T W O - D I M E N S I O N A L  PHASED A R R A Y *  
E L E C T R I C A L L Y  S T E P P E D  TO A C H I E V E  S C A N N I N G  TRANSVERSE TO THE 
F L I G H T  PATH. T H E  ANTENNA WILL B E  A  D U A L - P O L A P I Z A T I O N  D E V I C E  
W I T H  TWO OUTPUT PORTS. A  SCAN ANGLE O F  + - 3 5  DEG TRANSVERSE TO 
T H E  F L I G H T  L I N E  WILL R E S U L T  I N  50 SCAN P O S I T I O N S ,  SCAN S T E P S  
S H A L L  B E  S I Z E D  T O  PRODUCE A 2 0  TO 30 PERCENT O V E R L A P  O F  SUCCES- 
S I V E  BEAMS; P R O V I S I O N  I S  MADE TO STOP THE BEAM SCAN AND MANUALLY 
S T E P  THROUGH A L L  P O S I T I O N S .  THE R A D I O M E T E R  H A S  A  B A N D U I D T H  OF 
L E S S  T H A N  1 5 0  MHZ ( 3 - 0 6  P O I N T S )  RMS S E N S I T I V I T Y .  THE A I R B O R N E  
CONTROL AND D I S P L A Y  SUBSYSTEM I N C L U D E S  THE E Q U I P M E N T  NECESSARY 
T O  CONTROL AND MONITOR THE I M A G I N G  R A D I O M E T E R  SUBSYSTEM WHICY 
I N C L U D E S  A S W I T C H A B L E ,  R E A L - T I M E  D I G I T A L  READOUT FOR Y O N I T O R I N G  
T H E  I N S T R U M E N T  AND E N G I N E E R  I N G  OUTPUTS.  b R E A L - T I M E  I M A G E  PRE- 
S E N T A T I O N  P R O V I D E S  Q U I C K - L O O K  C A P A B I L I T Y  AND A F R A M I N G  CAMERA 
RECORDS D A T A  FOR V E R I F I C A T I O N  OF S Y S T E M  O P E R A T I O N .  R A D I O M E T E R  
OUTPUT D A T A  W I L L  B E  RECORDED ON 35-MM BLACK-AND-WHITE F I L M ,  A N  
ADAS N U M E R I C  D I S P L A Y  WILL B E  R E Q U I R E D  I N  THE F I L M  R E C O R D I N G  , 
U N I T .  RECORDER WILL RECORD A M I N I M U M  OF 45 M I N U T E S  O F  D A T A  

F S T  V / H  RATF.  
32. PHENWENA OBSERVED 

M I C R O W A V E  R A D I A T I O N  E M I T T E D  FROM E A R T H ' S  SURFACE 
&S. MEASUREMENT RANGE 

SHF FREQUENCY 
H. PRECISION AND ACCURACY 

( 2 . 0  DEG K A T  U / H  0.2; ( 0 . 5  DEG K A T  V / H  Q.01; 



62. TELEMETRY REQUIREMENTS 

N A 

63. ADVANTAGES AND LIMITATIONS I 

w. REFERENCES I 

'1. MSC A I R C R A F T  CAPABILITIES MANUAL, PP, 2-57 TO 2-66 

66. HISTORICAL REMARKS I 
I 



S P A C E C R A F T .  T O  PRODUCE A  T H E R M A L  M A P  O F  T H E  S U R F A C E  G I V I N G  S O I L  
A N D  S E A  S U R F A C E  T E M P E R A T U R E S  A N D  E S P E C I A L L Y  STRONG S U R F A C E  TEM- 
P E R A T U R E  GRADIENTS. * * *SECONDARY-TO T E S T  THE A P P L I C A B I L I T Y  OF T H E  

T H E  ROCK. I G N E O U S  R O C K S  A R E  D E S C R I B E D  B Y  A  T E R M I N O L O G Y  B A S E D  ON 
T H E  S I 0 2  OR ' A C I D I C 8  O X I D E  C O N T E N T .  T H E  R E S T S T R A H L E N  LOWERS T H E  
A P P A R E N T  T E M P E H A T U R E t  M E A S U R E D  R A D I O M E T R I C A L L Y t  B Y  1 2  T O  15 DE-  
G R E E S  C  A T  C E R T A I N  WAVELENGTHS.  T H I S  E F F E C T  C A N  B E  U T I L I Z E D  B Y  
S C A N N I N G  S I M U L T A N E O U S L Y  I N  T H R E E  C H A N N E L S :  0.7-1.49 803-9.3 A N D  
1 0 . 2 - 1 1 . 2  M I C R O N S ,  A V O I D I N G  T H E  O Z O N E  BAND. I F  ONE C H A N N E L  RE-  
C O R D S  A LOWER A P P A R E N T  R A O I A N T  T E M P E R A T U R E  T H A N  T H E  OTHER THE 
D I F F E R E N C E  I S  MOST L I K E L Y  D U E  TO A  D I F F E R E N C E  I N  E M 1  S S I V I T Y e  T H E  
P R O P O S E D  R A D I O M E T E R  I S  A N  OUTGROWTH O F  T H E  H R I R  A N D  M R I R  F L O W N  
O N  N I M B U S  1 AND 2. T H E  B A S I C  C O M P O N E N T S  ARE A S C A N  M I R R O R  F O R  
S P A T I A L  S C A N N I N G  P E P P E N D I C U L A R  T O  S P A C E C R A F T  M O T I O N ,  A  T E L E S C O P E  
T O  E N H A N C E  S P A T I A L  R E S O L U T I O N t  TWO D E T E C T O R S  W I T H  A P P R O P R I A T E  
F I L T E R S  D E F I N I N G  T H E  W A V E L E N G T H S  I N T E R V A L S  D E S I R E D  A N D  A C O O L I N G  

[NOISE E Q U I V A L E N T  DFLTA T  - - 0.17 DFG K A T  7 8 0  DFG K AND 10 ~ 1 f . d  



.NONE I S E N S I T I V E  l - 
59. CALIBRATION OATA RECOVERY 61. FREQUENCY OF OBSERVATION 

 SEE I T E M  6 2  ION COMMAND 
62. TELEMETRY REQUIREMENTS 

2-CHANNEL XMITTER,  5 0  K H Z  V I D E O  PER CHANNEL, 40 DB S I N  WILL RE- 
QUIRE 1 0 * * 4  SAMPLES PER SECOND PER CHANNEL F3R MAXIMUM OF 10 

_MINUITES PEP ORBIT ;  L E S S  I F  RESOLUTION I S  DEGRADED. 
63. ADVANTAGES AND LIMITAT IONS 

DAY AND N I G H T  SCANVING, R A D I A T I V E  COOLING+ H I G H  RESOLUTION, 
-BASED ON H R I R  AND MR I R  EXPERIENCE; MOVING PARTS. 
ss. RT~ERENCES 
1) HOVIS ,  W.A. AND CALLAHAN, W.P.:PROPOSA-L F3R A HIGH RESOLUTION- 
SURFACE COMPOSITION MAPPING RADIOMETER FOR N I  MBUS E0***2) LYON, 
R.J.: F I E L D  I N F R A R E D  A N A L Y S I S  OF TERRAIN,  1ST  ANNUAL REPT, NASA 
GRANT NGR-05-020-115.***3)  HOVIS .  U. A. r A P P L I E D  OPTICS,  V. 5 9  

1965.** *4)  NORDRERG, W.9 S C I E N C E *  V. 150 .  NO. 3696, 1 9 6 5 .  

66. HISTORICAL REMARKS 1 
OUTGROWTH OF H R I R  AND MRIR FLOWN ON NIMBUS 1 AND 20 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 

SELECTIVE CHOPPER RADIOMETER 
(TITLE CONT.) 

2 ACRONYM 1 3. EXP NO 

SC R I 
4 RESUME DPlTE 1 kERSION 
f)9/01/ f 2  10007 

6. PRINCIPAL INVESTIGATOR 1 7. ORGANIZATION 8. TELEPHONE 

HOUGHTON, D R a J .  AND IOXFORD UNIVERSITY,  ENG* I 0x5-9291  

ABSORPTION BAND OF C 0 2  ON A GLOBAL B A S I S  BETWEEN THE GROUND O R  
HIGHEST CLOUD TOP AND 50-KM ALTITUDE. 

DEG AND ARE ARRANGED I N  3 U N I T S  OF 2. THE B A S I C  SPECTRAL SELEC- 
T ION I S  ACHIEVED BY INTERFERENCE F I L T E R S  OF 2 TYPES. THREE CHAN- 
NELS USE F I L T E R S  4 I N V .  CM. WIDE 9 AND 3 USE F I L T E R S  10 INV. CMe 
WIDE. FOR THE MARROW BAND CHANNELS, A TECHNIQUE OF SELECTIVE 
CHOPPING BY C02 I S  USED TO FURTHER DELINEATE THE ENERGY COLLECT- 
ED. THE f 1 L T E R F D  RADIATION I S  SWITCHED BETWEEN A CELL CONTAIN- 
I N G  C02 AND AN EMPTY CELL. T H I S  PERMITS ONLY WAVELENGTHS AB- 
SORBED BY C02  TO BE CHOPPED. BY T H I S  MEANS* THE ENERGY COLLECT- 
ED I S  EQUIVALENT TO THAT FROM AN INTERVAL O F  1.3 I N V *  CMe I N  2 
OF THE NARROW CHANNELS THE WEIGHTING FUNCTION I S  FURTHER SHARP- 
ENED BY ADDING A SMALL AMOUNT OF C 0 2  AT VERY LOW PRESSURE TO THE 
EMPTY CELL. TEMPERATURES CAN BE OBTAINED UP TO HEIGHTS OF 27 NM 
U S I N G  THE WEIGHTING FUNCTIONS* FOR LOWER ALTITUDE MEASUREMENTS 
HEIGHT RESOLUTION I S  INCREASED FOR THE REMAINING 1 NARROU AND 3 
BROAD CHANNELS BY USING A SINGLE C 0 2  CELL TO ABSORB THE CENTRAL 
PORTIONS OF THE L INES.  THE OPTICAL SYSTEM CONSISTS OF A MOVABLE 

FMPERATURF TO +-1 DEG C I  ALTITUDE TO 4-100 METERS 1 





NATIONAL AER N ISTRATlON 

T R O P O S P H E R I C  MAT ER VAPOR. 

D I S T R I B U T I O N ,  I T S  A CLEAR MINDOW CHANNEL,  2 OBSERVE R E F L E C T E D  
S U N L I G H T ,  2 C I R R U S  CLOUDS,  AND 2 N I G H T  E M I S S I O N  FROM CLOUDS. 
CHANNEL S E P A R A T I O N  I S  O B T A I N E D  B Y  O P T I C A L  F I L T E R I N G .  THERE ARE 
4 GROUPS O F  4 CHANNELS EACH: A l 1 3 . 8 - 1 4 - 6 9  B ) 1 5 * 0 ,  C 1 1 1 - 1 - l Q O , A N D  
0 1 2 . 0 8 - 3 . 5  MICRONS. T H E  SENSOR I S  B A S E D  ON MIRROR O P T I C S  AND 
T I M E - M U L T I P L E X I N G  O F  T H E  4 C H A N N E L S  H I T H I N  E A C H  GROUP.THERE I S  1 
DETECTOR AND E L E C T R O N I C  S Y S T E M  FOR E A C H  GROUP. A F I L T E R  WHEEL 
MOUFJTED I N  FRONT O F  E A C H  DETECTOR C O N T A I N S  4 F I L T E R S  (OR C 0 2  
C E L L S  I N  T H E  GROUP B C H A N N E L S )  W H I C H  D E F I N E  T H E  4 S P E C T R A L  I N T E R  
- V A L S  FOR T H A T  GROUP. I N  THE LOWER C 0 2  TEMPERATURE SOUNDING 
CHANNELS,  GROUP A, T H E  W E I G H T I N G  F U N C T I O N S  M 4 Y  BF SHARPENED B Y  
A B S O R B I N G  OUT T H E  L I N E  CENTERS OF EACH BAND B Y  MEANS OF A C 0 2  
P A T H  L E N G T H  W I T H I N  T H E  O P T I C A L  S Y S T E Y *  CONVERSELY,  I N  THE GPCIUP 
B CHANNELS,  FOR S O U N D I N G  I N  THE UPPER ATMOSPHFRE,GOOD V E R T I C A L  
R E S O L U T I O N  I S  O B T A I N E D  U S I N G  A D I F F E R E N C E  T E C H N I Q U E  BETWEEN AD- 
J A C E N T  CHANNELS RUT W I T H  I N C R E A S I N G  AMOUNTS OF THE L I N E  C E N T E R S  
ABSORBED OUT BY MEANS O F  THE C 0 2 - F I L L E D  C E L L S .  T H I S  I S  T H E  SE- 
L E C T  I V E  C H O P P I N G  P R I N C I P L E  FROM W H I C H  T H E  I N S T R U M E N T  I S  NAMED. . 

32. PHEMOMENA OEl$ERVEO 

R A O I A T  I O N  FROM EARTH,  ATMOSPHERE ,CLOUDS 
33. MEASUREMENT RANGE 

0-200 E R G S / S E C / S Q - C Y / S T E R A D I A N / C M * * - 1  
,a- PRECISf ON AND ACCURACY 
B E T T E R  T H A N  0.25 ERG/SEC/SQ-CM/STERADIAN/CM*s-1 



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONST ANT 

2.  TO 100. MICRONSI 1 1. SEC 
38. FIELD OF VIEW 139. GR W N D  SWATH - 

1.5 BY 4.C D E G ~  15MM AND 42 NM FROM 6 P 0  NM A L T I  TUDF 
40. ANGULAR RESOLUT~ONI 41. SPATIAL RESOLUTION 

1.544 O E G ~  1 5  NM AND 42 NM FROM O R P I T  
42 POINTING ACCURACY~ 43. POINTING RATE ( 44. ALTITUDE 145. INCLINATION 

, NA I NA I ME0 1 SUN-SYNCH H I G H  YOON , 

46. SPECIAL REQUIREMENTS 

4 F I L T E R  WHEELS TEMP MUST BE KEPT W I T H I N  0 .1  C DEG OF DETECTORS , 

47. COMPONENTS 

,RADIOMETER W I T H  ASS3CIATED U P T I C S  AND E L E C T R J N I C S  PACKAGE 
48. WEIGHT 149. VOLUME 1 50. AVERAGE POWER 151 STANDBY POWER 1 52. PEAK POWER 1 53. MTBF 

2 5  LEI Q.31  CU FTI 7 W A T T S ]  6 W A T T S ~  15 H ~ T T S I  
= INTLRKWEHCE 1 Ss SWTUP?~.NEFR:&~ I I W T W ~ A ~ F N ~ E  1 57 IWIE'P"~~ k~ 1 ss. SHIELDING 

NONE I NONE 1 NnNE 1  SENSITIVE^ 
59. CALIBRATION 160. DATA RECOVERY 61 FREQUENCY OF OBSERVATION 

BLACK BODY;  S P A C E  VIEW 1 D E L A Y  FD TFLEMETRY I 
62. TELEMETRY REQUIREMENTS 

7 ANALOGUE CHANNELS W I T H  H A L F  PFRCENT ACCURACY SAMPLED 1 PER 
SECOND FOR RADIOYETFRS; 43 ANALOGUE CH4NNELS FOR M n N I T O R I N G i  

- 3 3  CHANNELS OF D I G I T A L  TELEMETRY. 
63. ADVANTAGES AND LIMITATIONS - 
UPPER L F V E L S  OF ATMOSPHERE CAY BE I N V F S T I G P T E D *  GOOD RADIOMETRIC 
ACCUPACY SAME CAL IRRAT IOY C3MYDN TO P L L  CHAYNFCS; MOVING PARTS 

64. REFERENCES 

1 )  PROPOSAL FOP S E L E C T I V E  CHOPPER RADIOMETER FOR WATER VAPOR* 
CLOUD* PNO ATMOSPHERIC TEMPERATURE SOUNDING* MA9 6 8 . * * * 2 )  STATUS 
REPORT - A P P L I C A T I O N  OF SPACE TECHNOLOGY TO THE HORLD WEATHER 
W4TCHv J U N  67 . * *+3 )  PPOPOSAL FOR A S E L E C T I V E  CHOPPEQ RPOIOMETER 
ON NIMBUS 01 OXFORD AND READING U N I V *  APR 66 . * * *4 )  MEASUREMENTS 
WITH SALLOON-BORNE S E L E C T I V E  RADIOMETER* CLA? ENDON I AB.  JUN 6 6 ,  
65. HISTORICAL REMARKS 

I 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 
S C A N N I N G  R A D I O M E T E R  

(TITLE CONT-) 

2 ACRONYM 1 3. EXP NO 

S  R  I 
4 RESUME DATE I SVERSION 
0 9 / 0 1 / 7 2  13007- 

8. TELEPHONE 

3 0 1 - 9 8 2 - 5 0 4 2  
11. TELEPHONE 

6. PRINCIPAL INVESTIGATOR 

G E M U N D E K I  G o  ( T O M O N  1 
9. CO-INVESTlGATOR 

12 CONTRACT 
WE 113. CONTRACT NUMBER 114. FLASH INDEX NUMBER 1 l5 Sd=' 116 C~k::'ml 17. STATUS 

F P I I 1 1 IOPERATI ONAL, 
18. MONITOR 119. AGENCY I 20 PGM OFFICE I 21. TELEPHONE 

G A R B A C Z t  M e  ~ N A S A  HDQTRS I oA/ER-O 1 2 0 2 - 7 5 5 - 2 3 2 2  
22. VENDOR ( 23. LOCATION 1 N gyfFT 125. LEAD TIME 

S A r \ l T A  B A R P A R A  R E S  CENTERIGOLETA, C A L I F O R N I A  11/70 INA 
26. INSTRUMENT TYPE 11 

skcwr.  

R A D I O M E T E R ,  V I S I B L E / I P  S C A N N I N G  1 U N C  
28. APPLICATION 129. SPACECRAFT 

MET,  A T M - P H Y S  , P A R T - F L D  I I T O S - 1  
30. PURPOSE 
P F I M A R Y - T O  M E A S U R E  E M I T T E D  P A D I A T I O N  F R O M  T H E  E A R T H  D U R I N G  D A Y  
AND WGHT AND T O  M E A S U R E  R E F L E C T E D  RADIATION F R O M  THE E A R T H  
D U R I N G  D A Y T I M E .  T H E  S Y S T E M  P E R M I T S  D E T F R M I N A T I O N  O F  T H E  S U R F A C E  
T E M P E R A T U Q E  O F  T H E  GROUND,  S E A ,  OR C L O U D  T O P S  T H A T  A R E  V I E W E D  B Y  
T H E  R A D I O M E T E R .  

31. PRINClPLES OF OPERATION 

T H I S  S C A N N I N G  R A D I O M E T E R  S Y S T E M  C O N S I S T S  OF 2 R E D U N D A N T  R A D I 3 M -  
E T E R S  W I T H  S U P P O R T I N G  COYPONENTS.  E A C H  H A S  2 D A T A  C H A N N F L S :  A N  
I R  ( 1 7 . 5 - 1 2 . 5  M I C K O N S )  A N D  V I S I B L E  ( 0 . 5 2 - 0 . 7 3  M I C R O N )  B O T H  W I T H  
A N  I N S T A N T A N E O U S  FOV O F  0.3 DEG. T H E  R A D I O M E T E R  S C A N S  T H E  
E A R T H ' S  S U R F A C E  FROM H O R I Z O N  TO H O R I Z O N ,  P E R P E N D I C U L A R  TO T H E  
O R B I T A L  P L A N E  BY MEANS O F  4  C O N T I N U O U S L Y  R O T A T I N G  M I R R O P ( 4 8  R P M )  
W H I C H  I S  I N C L I N E D  45 D E G  TO I T S  A X I S  O F  R O T A T I O N .  T H F  I R  CHAN-  
N E L  I S  C A L I B R A T E D  AT T H E  C O L D  E X T R E M E  B Y  M E 4 S U R I N G  T H E  R E S P O N S E  
T O  O U T E R  S P A C E  A N D  O N  T H E  WARM S I D E  B Y  M E A S U R I N G  THE I R  R A D I A -  
T I O N  FROM I N S I D E  T H E  R A D I O M E T E R  H O U S I N G .  T H E  V I S I B L E  C H A N N E L  I S  
C A L I  E R A T E D  S E P A R A T E L Y .  I N  O P E R A T I O N ,  R A D I A T I O N  R E F L E C T S  F R O M  
T H E  R O T A T I N G  M I R R O R  TO T H E  C O L L E C T I N G  O P T I C S ,  A  5 - I N  O I A M  C A S -  
S E G R A I N I A N  S Y S T E M ,  A N D  I S  T H E N  F O C U S E D  O N T O  T H E  B E A M  S P L I T T E R  
( D I C H R O I C  M I P R O R ) .  T H E  I R  P A S S E S  T H R O U G H  A N D  I S  M E A S U R E D  B Y  A  
S O L I D - S T A T E  R A D I A N T  E N E R G Y  D E T E C T O R  ( T H E R M I S T O R  B O L O M E T E R ) .  T H E  
V I S I B L E  I S  R E F L E C T E D  FROM T H E  B E A M  S P L I T T E R  A N D  P A S S E S  THROUGH 
A  Q. 5 2 - 0 .  73 M I C R O N  W A V E L E N G T H  F I L T E R  O N T O  A  P H O T O V O L T A I C  S I L I C O N  
D E T E C T O R .  D A T A  ARE R E C O R D E D  ON T A P E .  I T H E  I R  C H A N N E L  A L S O  I S  
C O M P A T I B L E  W I T H  THE A P T  S Y S T E M  P R O D U C I N G  A  D I R E C T  R E A D O U T  I R  
S Y S T E M .  
32. PHENOMENA OBSERVED 

E N E R G Y  I N  T H E  I N F R A R E D  A N D  V I S I B L E  R E G I O N  O F  THE S P E C T R U M  
33. MEASUREMENT RANGE ' 

V I S I  B L E  B R I G H T N E S S :  50-10 ,000 F T - L A M B E P T S ;  I R  TEYP:  180-33C D E G  K~ 
34. PRECISION AND ACCURACY 

1.0 K D E G  AT 300 D E G  K ;  4.0 K D E G  A T  1 8 5  D E G  K 

7. ORGANIZATION 

G O D D A R D  S P A C E  F L T  C E N T E R  
10. ORGANIZATION 



* 
35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

0.52 T O  120 5 M I L P U N S  I I CCINl INlR3.JL 
38. FIELD OF VIEW 139. GROUND SWATH 

1 5 0 * 0  DtG J L I M H  f 1 J  L I M B  ( 4101 )  N M I  F K U M  f 3 9  NM ALI 
- - - 

40 ANGULAR RESOLUT~ON~ 41. SPATIAL RESOLUTION 

0.4 D t G  12 NM V I S I E 5 L E I  4 NY IR FROM (53 Y Y  4 L T f T U D t  
42 POINT~NG ACCURACY~ 43. POINTING RATE 1 44. ALTITUDE 145. INCLINATION 

I IYt-U C I K L U L A K  IbUN - SYNLH ~ t r K -  

SENTEO AT 1 3 T H  ANNUAL TECH*  SYMP.  OF S O C I E T Y  OF PHOTO-OPTICAL 
I Y S T P U M E N T A T I O N  E N G I N E F R S *  AUG. 2 2 9  1968. 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

I. TITLE 
S C A N N I N G  K A D I O M E T E R  

(TITLE CONT.) 

2  ACRONYM'^ 3. EXP NO ' 

SP 1 
4 RESUME DATE I :ERS)ON 

39 /01 /  i 2  1 3 0 C 7  
8. TELEPHONE 

3 0 1 - 9 8 2 - 5 0 4 2  
11. TELEPHONE 

6. PRINCIPAL INVESTIGATOR 

-GEMUNDER 9 G. (T.MOY 1 
9. CO-INVESTIGATOR 

12 CONTRACT 
TYPE 

F P I I 1 1  OPERATIONAL 
18. MONITOR 119. AGENCY 120 PGM OFFICE I 21. TELEPHONE 

G A R H A C L  t '4. ] N A S A  H D Q T P S  l r j A / E H O  1 2 0 2 - 7 5 5 - 2 3 2 2  
22. VENDOR 1 23. LOCATION I 2 ' ~ ~ ' ~ ; 7  125.LEADTlME 

. S A N T A  B A R S A K A  R ES C F N T F R  I G O L E T A t C A L I  F . 1 1 2 / 7 9  I N 4  
26. INSTRUMENT TYPE 27 

srcuqUv, 

R A D I O M E T k P ,  V I S I B L E /  I R  S C A N N I N G  IUNC 
28. APPLICATION 129. SPACECRAFT 

MET,  ATM-PHYS,  P A R T - F L U  I N o A A - 1  
30. PURPOSE 
' P R I M A R Y - T O  M E A S U R E  E M I T T E D  R A D I A T I O N  FROM T H E  E A R T H  OURIrVG D A Y  
A N D  N I G H T  A N D  T O  M E A S U R E  R E f L E C T F D  R A D I A T I O N  F R O M  T H E  E A R T H  
D U R I N G  D A Y T I M E .  T H E  S Y S T E M  P E R M I T S  D E T E R M I N A T I O N  O F  T H E  S U R F A C E  
T E M P E R A T U R E  UF T H E  GROUND,  S E A ,  OR C L O U D  T O P S  T H A T  A R E  V I E W E D  B Y  
T H E  R A D I O M E T E R .  

31. PRINCIPLES OF OPERATION 

T H I S  S C A N N I N G  R A D I O M E T E R  S Y S T E M  C O N S I S T S  OF 2 R E D U N D A N T  R A D I  3M- 
E T F R S  h I T H  S U P P O R T I N G  COMPONENTS. E A C H  H 4 S  2 D A T A  C H A N N E L S :  A N  
I R  ( 1 C . 5 - 1 2 . 5  M I C R O N S )  AND V I S I R L E  (0.52-n.73 M I C R O Y )  B O T H  M I T H  
A N  I N S T A N T A N E O U S  F O V  O F  0.3 DEG. T H E  R A D I O M E T E R  S C A N S  THE 
E A R T H ' S  S U R F A C E  FROM H O R I Z O N  TO HORIZf lNf  P E R P E N D I C U L A R  T O  T H E  
O R B I T A L  P L A N E  BY MEANS O F  A  C O N T I N U O U S L Y  R O T A T I N G  M I R R O R ( 4 8  R P M )  
W H I C H  I S  I N C L I N E D  4 5  D E G  TO I T S  A X I S  OF R O T A T I O N .  THE I R  CHAN- 
N E L  I S  C A L I B R A T E D  AT T H E  C O L D  E X T R E M E  B Y  Y E A S U R I N G  T H E  R E S P O N S F  
T O  O U T E R  S P A C F  A N D  ON T H E  WARM S I D E  B Y  M E A S U R I N G  T H E  I R  R A D I A -  
T I O N  FROM I N S I D E  T H E  R A D I O M E T E R  H O U S I N G .  T H E  V I S I B L E  C H A N N E L  I S  
C A L I  BRAT ED S E P A P  A T E L Y .  I N  O P F F A T I O N  R A D I A T I O N  R E F L E C T S  F R O M  
T H E  R O T A T I N G  M I R R O R  T O  T H E  C O L L E C T I N G  O P T I C S ,  A  5 - I N  D I A M  C A S -  
S E G R A I N I A N  S Y S T E M ,  A N D  I S  T H E N  F O C U S E D  O N T O  T H E  BEAM S P L I T T E R  
( D I C H R O I C  M I R R O P I e  T H E  I R  P A S S E S  THROUGH A N D  I S  M E A S U R E D  B Y  A  
S O L I D - S T A T E  R A D I A N T  ENERGY D E T E C T O R  ( T H E R M I S T O R  B O L O M E T E P I ,  T H E  
V I S I B L E  I S  R E F L E C T E D  FROM T H E  B E A M  S P L I T T E R  A N D  P A S S E S  THPOUGH 
A  0 * 5 2 - C . 7 3  M I C R O Q  M A V E L E N G T H  F I L T E R  CINTO A P H O T O V O L T A I C  S I L I C O N  
D E T E C T O R *  D A T A  A R E  R E C O R D E D  OY TAPE.  T H E  I R  C H A N N E L  A L S O  I S  
C O M P A T I B L E  W I T H  T H E  A P T  S Y S T E M  P R O D U C I N G  A D I R E C T  R E A D O U T  I R  
SYSTEM.  
32. PHENOMENA OBSERVED 

E N E R G Y  I N  T H E  I N F R A R E D  A N D  V I S I B L E  R E G I O N  O F  THE S P E C T R U M  
33. MEASUREMENT RANGE 

V I S I B L E  Pf? I G H T N E S S :  50-10 vn00 F T - L A M B E R T S :  I R  TEMP: 180-330 D E G  K 
34. PRECISION AND ACCURACY 

1.0 K D E G  'AT  3C0 D E G  K ;  4.0 K D E G  A T  1 8 5  O E G  K 

7. ORGANIZATION 

GODUARD S P A C E  F  L T  C E N T E R  
10. ORGANIZATION 



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

0.52 TO 12.5  Y I C R O N S ~  I CONTINUOUS 
38. FIELD OF VIEW 139. GROUND SWATH 

1 5 0 . 0  DEGI L I M B - T O - L I M B  (4100  NM) FROM 750 NM ALT 
40. ANGULAR RESOLUTIONI 41. SPATIAL RESOLUTION 

Q.4 D E G ~  2 NM V I S I B L E ,  4 NM I R  FROM 750 N M  A L T I T U D E  
42. POINTING ACCURACY 1 43. POINTING RATE 144. ALTITUDE 145. INCLINATION 

I I MED C IRCULAP I SUN-SYNCH RETROGRADE 
46. SPECIAL REQUIREMENTS 

RAOIOYETERS MUST B E  ABLE TO SCAN 150 DEG UITHOUT OBSTRUCTIONS 
47. COMPONENTS 

2 RADTOYETFR-ELECTROYICS SYSTEMS PROCESSOPI TAPE RECORDER 
48. WEIGHT 149. VOLUME I 50. AVERAGE POWER 151. STANDBY POWER I 52. PEAK POWER I W. MTBF 

40 LBI 0 . 5  cu FTI 1 4  H A T T S ~  I I x YEAR, 
54 ~NTER~E~RENCE 1 td"&A?'R%E I 56 IWT%\"R*E"NCE 1 57 ~~TE$"E"RtkcE 1 58. !WIELDING 

I I l  SENSITIVE^ 
59. CALIBRATION 160. DATA RECOVERY 61. FREQUENCY OF OBSERVATION 

2 COLD,  1 HOT EACH S C A N  I DELAYED AND REALTIMF I N IGHTTIHF/DAYTIMF 
62. TELEMETRY REQUIREMENTS 

BASEBAND BANDWIDTH I S  7.2 KHz. 

63. ADVANTAGES AND LIMITATIONS 

HIGHER C A L I  BRATION ACCURACY I N  V I S I B L E  THAN PRESENT CAMERAS* NOT 
SUBJFCT TO SHADING. PROVIDFS DAY AND N I G H T  R F A L T I M E  I R  DATA-  

64. REFERENCES - - - 

1 ) D E S I G N  STUDY REPORT FOR THE IMPROVED TOS(ITOS)SYSTEW9V.lqZt3m 
RCA ASTRO-ELECTRONICSI CONTRACT NO. N A S 5 - 9 0 3 4 9  JUNE 7 * 6 8 m * * * 2 )  
GOLDBERG* I : METEOROLOGICAL I R  INSTRUMENTS F3R S A T E L L I  TES*  PRE- 
SENTED AT 1 3 T H  ANNUAL TECH. SYMP. OF SOCIETY OF PHOTO-OPTICAL 
INSTRUMENTATION ENGINEERS* AUG. 22 9 1968. 

65. HISTORICAL REMARKS 

F l  OHN ON I T O S  - 1 



NATIONAL AER E ADMINISTRATION 

AND N I G H T  AND TO MEASURE R E F L E C T E D  R A D I A T I O N  FROM THE EARTH 
D U P I N G  D A Y T I M E .  T H E  S Y S T E M  P E R M I T S  D E T E R M I N A T I O N  OF THE SURFACE 
T E M P E R A T U R E  OF T H E  GPOUNDs S E A *  OR CLOUD TOPS T H A T  ARE V I E W E D  B Y  
T H F  RADIOMETER.  

31. PRINCIPLES OF OPERATION 

*THIS S C A N N I N G  R A D I O M E T E R  SYSTEM C O N S I S T S  OF 2  REDUNDANT R A D I O M -  
E T E R S  W I T H  S U P P O R T I N G  COMPONENTS. E A C H  HAS 2 , D A T A  CHANNELS:  AN 
I R  ( 1 0 . 5 - 1 2 . 5  M I C R O N S )  AND V I S I R L E  ( 0 . 5 2 - 0 . 7 3  M I C R O N 1  BOTH W I T H  
A N  I N S T A N T A N E O U S  FOV O F  0.3 DEG. THE R A D I O M E T E R  SCANS THE 
E A R T H ' S  SURFACE FROM H O R I Z O N  TO H O R I Z O N ,  P E R P E N D I C U L A R  T t l  THE 
O R B I T A L  P L A N E  RY MEANS O F  A  C O N T I N U O U S L Y  R O T A T I N G  M I R P O R ( 4 8  R P M )  
U H P C H  I S  I N C L I N E D  45 D E G  TO I T S  A X I S  OF R O T A T I O N .  THF I R  CHAN- 
N E L  I S  C A L I B R A T E D  AT T H E  C O L D  EXTREME B Y  M E A S U R I N G  THE RESPONSE 
TO OUTER S P A C E  AND ON THE WARM S I D E  BY M E A S U R I N G  THE I R  R A D I A -  
T I O N  FROM I N S I D E  THE R A D I O M E T E R  HOUSING.  THE V I S I B L E  CHANNEL I S  
C A L I  @RAT ED S E P A R A T E L Y  I N  O P E R A T I O N  R A D I A T I O N  R E F L E C T S  FROM 
T H E  R O T A T I N G  M I R R O R  T U  T H E  C O L L E C T I N G  O P T I C S *  A  5 - I N  D I A M  CAS- 
S E G R A I N I A N  S Y S T E M *  AND I S  T H E N  F O C U S E D  ONTO THE BEAM S P L I T T E R  
( D I C H R O I C  M I R R O R ) .  T H E  I R  P A S S E S  THROUGH AND I S  MEASURED BY A  
S O L I D - S T A T E  R A O I A V T  ENERGY DETECTOR ( T H E R M I S T O R  BOLOMETER) .  THE 
V I S I B L E  I S  R E F L E C T E D  FROM T H E  BEAM S P L I T T E R  AND P A S S E S  THROUGH 
A  0 . 5 2 - 0 . 7 3  M I C R O N  WAVELENGTH F I L T E R  ONTO A  P H O T O V O L T A I C  S I L I C O N  
DETECTOR. D A T A  ARE RECORDED ON TAPE. T H E  I R  C H A N N E L  A L S O  I S  
C O M P A T I B L E  W I T H  T H E  APT S Y S T E M  P R O D U C I N G  A  D I R E C T  READOUT IP 
S Y S f  m. 
32. PHENOMENA OBSERVED 
' ~ N ~ R G Y  IN THE INFRARED AND VISIBLE REGION OF THE SPECTRUM 
33. MEASUREMENT RANGE 
V I S I  R L E  B R I G H T N E S S :  5 0 - 1 0  9000 F T - L A M B E R T S ;  I P  TEMP: 1 8 0 - 3 3 0  DEG K 
34. PRECISION AND ACCURACY 
1.0 K D t G  AT 3CC DEG K ;  4.0 K DEG A T  1 8 5  OEG K 
L 



. FIELD OF VIEW 9. GROUND SWATH 

1 

BASFBAND B A N D H I D T H  I S  7.2 KHz.  

63. ADVANTAGES AND LIMITATIONS 

HIGHER .CALI BRAT I O N  ACCURACY I N  V I S I B L E  THAN PRESENT C A M E R A S *  NOT 
D I N G .  P R n V l D F S  DAY AND N I G H T  R F A l  T Y M F  T R  DATA,  

64. REFERENCES J I 

L I D E S I G N  STUDY REPORT FOR T H E  I Y P R O V E D  TOS(ITOS)SYSTEMvVml,2,3. 
RCA ASTRO-ELECTRONICS,  COYTRACT NO. NAS5-9034,  JUNE 7 ~ 6 8 . * * * 2 )  
GOCOBERG I. : METEOROLOGICAL I R  INSTRUMENTS F3R SATELLI  TESV PRE- 
SEYTED AT 1 3 T H  ANNUAL TECH. SYMPm OF S O C I E T Y  OF PHOTO-OPTICAL 
I N S T R U M E N T A T I O N  ENGINEERS,  AUG. 22, 1968. 

65. HISTORICAL REMARKS - I I 

A 



NATIONAL AE NlSTRATlON 

- -- 

RADIOMETER,  2-CHANNEL I R  H I G H - R E S O L U T I O N  S C A N N I N G  1 UNC 
28. APPLICATION 129. SPACECRAFT 

M E T *  E K S P  I N I M B U S 0 4  
30. PURPOSE 
P R I M A R Y - T O  P R O V I  DE N I G H T  AND DAY T I M E  R E S O L U T I O N ,  I P  TEMPERATURE 
MAPS O f  C L O U D S *  LAND,  AND OCEAN SURFACE OF THE EARTH.***SECOY- 
DARY- T O  P R O V I D E  S Y N O P T I C  H U M I D I T Y  P A T T E R N S .  TO TRY TO TRACE A I R  
MASS B O U N D A R I E S  V E R T I C A L  MOT I O N S  AND J E T  STREAMS.***TERT I A R Y -  
T O  P R O V I D E  S U P P O R T I N G  DATA FOR OTHER E X P E R I M E N T E R S .  

31. PRINCIPLES OF OPERATION 

T H I S  R A D I O M E T E R  L I K E  T H E  H R I R  I S  P S C A N N I N G  R A D I O M E T E R .  THE SCAN 
I S  A C C O M P L I S H E D  BY A  P L A N E  MIRROR R O T A T I N G  A T  49 RPM. R A D I A T I O N  
FROM T H E  S C A N N I N G  M I R R O R  I S  C O L L E C T E D  AYD FOCUSED B Y  A  CASSE-  
G R A I N I A N  T E L E S C O P E  W I T H  A 5 I N C H  P R I M A R Y  MIRROR.  A  C I C H R O I C  BEAM 
S P L I T T E R  AND F I L T E R S  T b E N  D I V I D E  THE REAM I N T O  2  CHANNELS,  A 
6.5-7 .0  M I C R O N  CHANNEL FOR WATER VAPOR MEASUREMENTS AND 4 1C.5-  
1 2 . 5  M I C R O N  CHANNEL FOR S U R F A C E  OR C L O U D  TOP TEMPERATURE MEA- 
SUREYENTS.  I MYERSED T H E R M I S T O R  BOLOMETERS ARE THE DETECTORS I N 
B O T H  CHANNELS.  D U R I N G  A SCAN P E R I O D  OF 1 . 2 5  SEC, THERF I S  A  SYNC 
S I G N A L *  A  S T E P P E D  V O L T A G E  C A L I B R A T I O N  S I G N A L ,  A  SCAN O F  C O L D  
S P A C E  FOR A ZERO L E V E L  9 THE SCAN OF E A R T H *  ANOTHER SPACE S C A N *  
AND A H O U S I N G  SCAN TO G I V E  A  WARM BODY C A L I B R A T I O N  P O I N T .  THERE 
I S  N O  R A D I A T I O N  C H O P P I N G  I N  T H I S  I N S T R U M E N T .  T H E  SWEEP R A T E  AND 
THE F I E L D  OF V I E W  ARE CHOSEN SO T H A T  C O N T I G U O U S  S C A N N I N G  OCCURS 
ALONG T H E  SUBSAT E L L I T E  TRACK W I T H  I N C R E A S I N G  O V E R L A P  TOWARD THE 
H O R I Z O N .  T H E  11 M I C R O N  CHANNEL H A S  A  0.4 DEG (7.0 M I L L I R A D )  F O V  
W H I C H  G I V E S  A  4.2  NM R E S O L U T I O N  FROM A 600 N Y  O R B I T .  THE 6- 
M I C R O N  CHANNEL HAS A 1.2  DEGREE ( 2 1  M I L L I R A D I A N S )  F I E L D  OF V I E W  
G I V I N G  A 1 2 . 6  NM R E S O L U T I O N  FROM A 600 NM O R B I T *  

32. PHENOMENA OBSERVED 
* 

I R  R A D I A T I O N  FROM T H E  E A R T H ' S  SURFACE AND C L O U D S  
33. MEASUREMENT RANGE 

1 8 5  TO 300 OEG K E L V I N  
34. PRECISION AND ACCURACY 
+-7 K BEG 



35. SPECTRAL AANGE 13s. SPECTRAL RESOLUTION 137. T~ME - CONSTANT 
6 . 5  TO 1 2 . 5  MILKH~ 

38. FIELD OF VIEW 139. GROUND SWATH 
S F t  I T E M  3 1  ( L l w n  - l u  - L l V u  t . 3 3  

so ANGULAR  RESOLUTION^ 41. SPATIAL RESOLUTION 
S E E  I T E M  3 1  ISEF ITEM 3 1  
42 POiNTlNG ACCURACY~ 43. POINTING RATE 144. ALTITUDE - 145. INCLINATION 

1.0 u tc ;  1 l Y t U  L - ~ ~  - 
46. SPECIAL REQUIREMENTS 

CLOUD-TOP DATA 
64. REFERENCES 
1 1  KAHN? W . :  T H I R  S U H S Y b l t M  U l ~ t t I U K Y  ( P H ~ L  1 9 ) .  ~ ~ N ~ K A L  E L F ~ I K I C  
COO 1 NOV.  1967** * *2 )GOLDRERG,  1.L. 9 YETEOR3L3GICAL INFRARED 
INSTRUMENTS FOR SATELLITES.  GIVEN AT 13TH ANqUAL TECH. SYMP. OF 
SOC.PHOT0-OPTICAL EUGRm 1AUG 1 9 - 2 3 ?  1 9 6 8 . * * * 3 ) V I M R U S  0 EXPERIMENT- 
ER PROGRAM REVIEW, 2 5 - 2 6  O C T *  1 9 6 7 .  

65. HISTORICAL REMARKS 

S I M I L A R  T O  HRIR 



- 
INSTRUMENT RESUME 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
GODDARD SPACE FLIGHT CENTER 

GREENBELT, MD. 20771 
1. TITLE 

T E M P E R A T U R E / H U M I D I T Y  I N F R A R E D  R A D I O M E T E R  
(TITLE CONT.1 

2 ACRONYM 1 3. EXP NO 

T H I R  I 
4 RESUME DATE I :ERS,ON 

0 9 / ? ? 1 / 7 2 1 0 0 0 8 ~  
6. PRINCIPAL INVESTIGATOR 

YC C U L L O C H ,  A. W .  
9. CO-INVESTIGATOR 

- G O L D B E R G ,  I. L o  
12 CONTRACT 

TYPE 113. CONTRACT NUMBER 114. FLASH INDEX NUMBER 1 " 'o'A"I"fT 115 COMLi::'ONI 17. STATUS 

I I I I I Q P E R P T I  O N A L  
18. MONITOR 119. AGENCY 120 PGm OFFICE I 21. TELEPHONE - 
S C H A P D T ,  B.H. 1 N A S A  H D Q T R S  I OAIERN 1 2 0 2 - 7 5 5 - 2 3 2 2  

22. VENDOR 1 23. LOCATION 1 " 125. LEAD TIME 

, S A N T A  R A R R A K A  RES.  CORP. I S A N T A  B A R B A R A ,  C A L I F .  1 1 2 / 7 2 1  NA 
26. INSTRUMENT TYPE SECUY, 17 

R A C I  OMETER,  2 - C H A N N E L  I R  H I G H - R E S O L U T I O N  S C A N N I N G  1 UNC 
28. APPLICATION 129. SPACECRAFT 

, M E T ,  E R S P  I N I M B U S - €  
30. PURPOSE 

P R I M A R Y - T O  P R O V I D E  N I G H T  T I M F  AND D A Y  T I Y E  I N F R A R E D  T F M P E R A T U R E  
M A P S  O F  C L O U D S ,  L A N D *  A N D  O C E A N  S U R F A C E  O F  T H E  EARTH.***SECON- 
D A R Y -  T O  P R O V I D E  S Y N O P T I C  H U M I D I T Y  P A T T E R N S .  TO TRY T O  T R A C E  A I R  
M A S S  B O U N D A R I E S ,  V E R T I C A L  MOT I O N S  A N D  J E T  S T P E A Y  S * * * * T E R T I A R Y -  
T O  P R O V I D E  S U P P O R T I N G  D A T A  FOR O T H E R  E X P E R I M E N T E R S .  

31. PRINCIPLES OF OPERATION 

T H I S  R A D I O M E T E R  AS T H E  H R I R  I S  A  S C A N N I N G  R A D I O M E T E R *  T H E  S C A N  
I S  A C C O M P L I S H E D  B Y  A  P L A N E  M I R R O R  P O T A T I N G  A T  4 8 R P M e  R E F L E C T I O N S  
F R O M  T H E  S C A Y N I N G  M I R R O R  I S  C O L L E C T E D  A N D  F O C U S E D  B Y  A C A S S E -  
G R A I N I A N  T E L E S C O P E  W I T H  A  5  I N C H  P R I M A R Y  M I R R O R .  A  D I C H R O I C  B E A M  
S P L I T T E R  A N D  F I L T E R S  T H E N  D I V I D E  T H E  B E A M  I N T O  2 C H A N N E L S *  A  
6 .5 -7 .0  M I C R O N  C H A N N E L  F O R  WATER VAPOR M E A S U R E M E N T S  AND A 10.5- 
1 2 . 5  M I C R O N  C H A N N E L  F O R  S U R F A C E  OR C L O U D  TOP T E M P E R A T U R E  MEA- 
SUREMENTS.  I M M E R S E D  T H E R Y I S T O R  B O L O M E T E R S  ARE T H E  D E T E C T O R S  I N  
B O T H  C H A N N E L S .  D U R I N G  4 S C A N  P E R I O D  O F  1 . 2 5  SEC,  T H E R E  I S  A S Y N C  
S I G N A L ,  A  S T E P P E D  V O L T A G E  C A L I B R A T I O N  S I G N A L 9  A S C A N  O F  C O L D  
S P A C E  FClR A  ZERO L E V E L  9 T H E  S C A N  O F  EARTH,  ANOTHER S P A C E  SCAN,  
A N D  A  H O U S I N G  S C A N  T O  G I V E  A WPRM B O D Y  C A L I B R A T I O N  P O I N T .  T H E R E  
I S  N O  R A D I A T I O N  C H O P P I N G  I N  T H I S  I N S T R U M E N T .  T H E  SWEEP R 4 T E  A N D  
T H E  F I E L D  OF V I E W  A R E  C H O S E N  SO T H A T  C O N T I G U O U S  S C A N N I N G  OCCURS 
A L O N G  T H E  SURSAT E L L  I T f  T R A C K  W I T H  I N C R E A S I N G  O V E R L A P  TOWARD T H E  
H O R I Z O N  F O R  T H E  1 1 - M I C R O N  C H A N N E L .  E L E V E N  M I C R O N  H A S  A  0.4 D E G  
(7.0 M I L L I R A D )  F O V  W H I C H  G I V E S  A 4.2 N M  R E S O L U T I O N  FROM A  6"0 NM 
O R B I T .  THE 6 - M I V R O N  C H A N N E L  H A S  A 1 .2  D E G  ( 2 1  M I L L I R A D )  F O V  
G I V I N G  A  12.6 N M  R E S O L U T I O N  FROM A  6'20 NM O R B I T .  

32. PHENOMENA OBSERVED 

I P  R A D I A T I O N  FROM T H E  E A R T H ' S  S U R F A C E  A N D  C L O U D S  
33. MEASUREMENT RANGE 

195 TO 330 D E G  K E L V I N  
34. PRECISION AND ACCURACY 

+-7 DEG K 

7. ORGANIZATION 

GODDARD S P A C E  F L T  C E N T E R  
10. ORGANIZATION 

GODOARD S P A C E  F L T  C E N T E R  

8. TELEPHONE 

3 0 1 - 9 8 2 - 5 C 4 2  
11. TELEPHONE 

3 0 1 - 9 8 2 - 5 0 4 2  



6. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 1  TIME CONSTANT 

6.5  T O  1 2 . 5  M I V R O N S I  S E E  I T E M  31 J SEE I T E M  62 
t8. FIELD OF VIEW 139. GROUND SWATH 

S E E  I T E M  3 1  I L I M R - T O - L I M B  (3800 NV) FROM 690 NM A L T  

S E E  I T E M  3 1  ] S E E  I T E M  3 1  
2. POINT~NG ACCURACY[ 43. POINTING RATE 144. ALTITUDE 145. INCLINATION 

I 

1. O t G l  I M t D  C TRCULAR I SUN - S Y N C H  H I G H  NOON 
l6. SPECIAL REQUIREMENTS 
D E T E C T O R  TEMPEMPERAT U R t  S H A L L  N O T  t X C E E D  +40 DEG C. 
17. COMPONENTS 

- 
I N T ~ R F E R ~ N C ~  ~ I L T E R  R A P I C P I ~ ~ ~ R ,  ~ L ~ C T R O N I C S ,  MIRRORS, I ~ L E S ~  
l8. WEIGHT 149. VOLUME 1 50. AVERAGE POWER 151. STANDBY POWER 1 52. PEAK POWER 1 53. MTBF 

2 0  L B I  0.5 f% FTI 9 W A T T S 1  I I - .  - -  .- - -  
1 

- I I 

Y IUTCRF"E'RE.LICE _ -1 s5 &%&!%'& -1 58 INT%&%RLE 15'. INT%'F"E"R&E I 58. SHIELDING 
I I I C F N S I T T V F I  
I 1 - -  - - - .  - - -  

19. CALlSRATlON 160. DATA RECOVERY 61. FREQUENCY OF OBSERVATION 

B L K  BODY AND C O L D  S P A C F  1 D E L A Y E D  T E L E M E T R Y  1 CONTI~UOUS 
iZ. TELEMETRY REQUIREMENTS 

130 HZ F O R  6 .5 -7 .0  M I C R O N  C H A N N E L ;  345 H Z  FOR 10.5-12.5 M I C R O N S  

l3. ADVANTAGES AND LIMITATIONS 

B E T T E R  S / N  T H A N  H R I R ,  C A N  G I V E  C I R R U S  C L O U D  C O N T E N T ;  L I M I T E D  T O  
CLOUD-TOP D A T A  
U. REFERENCES 

1) KAHN,  W e :  T H I R  S U B S Y S T E M  D I R E C T O R Y  ( P R E L I Y ) ,  G E N E P A L  E L E C T R I C  
30.9 N O V *  1 9 6 7 . * * * Z ) G O L D B E R G  9 I .Lo 9 M E T E O R O L 3 G I C A L  I N F R A R F D  
INSTRUMENTS FOR SATELLITES. GIVEN A T  1 3 ~ ~  ANNUAL' TECH. SYYP. OF 
SOC.PHOT0-ClPTICAC ENGR. 9 AUG 19-239 l 9 6 8 . * * * 3 ) Y  I M B U S  D E X P E R I M E N T -  
ER PROGRAM R E V I E W ,  2 5 - 2 6  OCT. 1967. 

6. HISTORICAL REMARKS 

S I M I L A R  T O  H R I R  



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 
T h o - C H A N N E L  R A D I O M E T E R  
(TITLE CONT.) , 

2 ACRONYM 1 3. EXP NO 

TCR I 
4 REsuMe DATE I :ERSION 

109/01/ (21 3002 
6. PRINCIPAL INVESTIGATOR 

9. CO-INVESTIGATOR 

12 CONTRACT wm 113. CONTRACT NUMBER 114. FLASH INDEX NUMBER 1 " %"ET 1 3 6  C?kf:(oN1 17. STATUS 

I I 1 I 1 PROPOSAL 
18. MONITOR 119. AGENCY 120. p a  OFFICE 1 21. TELEPHONE 

S C H A R D T ,  B.B. 1 N A S A  H D Q T F S  [ Q A / E R N  1 2 0 2 - 7 5 5 - 2 3 2 2  
22. VENDOR 1 23. LOCATION 1 24 kiz' 125. LEAD TIME 

I 1 19741 
26. INSTRUMENT TYPE I7 

R A D I O M E T E R q  I R  *C 
28. APPLICATION 129. SACECRAFT 

M E T *  E R S P  I N I M B U S - F  
30. PURPOSE 

P R I M A R Y - T O  D E T E C T  T H E R M A L  R A D I A T I O N  O F  THE E A R T H  A N D  A T M O S P H E R E  
*+*SECONDARY-TO PRODUCE H I G H  P E S O L U T  I O N  I N F R A R E D  C L O U D  C O V E R  
P I C T U R E S  

31. PRINCIPLES OF OPERATION 

T H E  I N S T R U M E N T  U S E S  A SCANN I N G  TWO-CHANNEL R A D I O M E T E R  T O  I N T E R -  
C E P T  R A D I A T I O N  I N  L A T E R A L  S T R I P S  F R O M  H O R I Z O N - T O - H O R I Z O N  T O  F O R M  
CONT I N U O U S  H I G H  R E S O L U T I O N  S C E N E S .  T H E  WATER-VAPOR C H A N N F C  I S  
6.5 T O  7.0 Y I C R O N S  A N D  T H E  C02 C H A N N E L  I S  10.5 TO 1 2 . 5  M I C R O N S -  
B O T H  C H A N N E L S  WILL H A V E  24 -HOUP V I E W I N G  C A P A B I L I T Y .  A  C O M R I N A -  
T I O M  M I R R O R - T E L E S C O P E  I M A G I N G  S Y S T E M  WILL T R A N S M I T  E A R T H  A N D  
C L O U D  T O P  R A O I A T I O N  T O  B O L O M E T E R  D E T E C T O R S  A N D  WILL A L S O  V I E H  
S P A C E  A N D  T H E  I N S T R U M E N T  F R A M E  FOR C A L I B R A T I O N  R E F E R E N C E S  D U R I N G  
T H E  S C A N N I N G  P E R I O D .  T H E  R A D I O M E T E R  E M P L O Y S  A 5 - I N C H  F O L D E D  
O P T I C A L  S Y S T E M  A N D  A S C A N N I N G  M I R R O R  COMMON TO B O T H  C H A N N E L S .  
T H E  GROUND R E S O L U T I O N  I S  E X P E C T E D  T O  A €  4.2 N A U T I C A L  M I L F S  I N  
T H E  1 0 . 5  T O  1 2 . 5  M I C R O N  R E G I O N  A N D  A B O U T  12.6 N A U T I C A L  M I L E  I N  
T H E  6 .5  T O  7.0 M I C R O N  B A N D  FROM O R B I T *  

32. PHENOMENA OBSERVED 

R A D I A T i O N  FROM E A R T H  A N D  C L O U D  T O P S  
33. MEASUREMENT RANGE 

T H E R M A L  R E G I O N  
34- PRECISION AND ACCURACY 

S E E  I T E M  3 1  

7..ORGANlZATION 

10. ORGANIZATION 

8. TELEPHONE 

11. TELEPHONE 

I 



64. REFERENCES 

P R E L I M I N A R Y  DATA SHEET FOR N I M B U S - F ,  NOV.1 1970 

65. HISTORICAL REMARKS 



NATIONAL AER NlSTRATlON 

IOSTHERM MAPS AT ALTITUDES UP TO 30KM. VERTICAL TEMPERATURE 
P R O F I L E S  ARE DERIVED FROM RADIOMETRIC MEASUREMENTS I N  EIGHT 
CHANNELS THROUGH MATHEMATICAL INVERSION TECHNIQUES. 

31. PRINCIPLES OF OPERATION 

RADIANT ENERGY I N  EIGHT OPTICAL F I L T E R  CHANNELS,6 I N  THE 15 
MICRON C 0 2  BAND, ONE I N  THE 8- 1 2  MICRON WINDOW AND ONE I N  THE 
1 8 . 7  MICRON H 2 0  BAND, I S  COLLECTED FROM THE 2 . 2 '  X 2 . 1 "  F I E L D  O F  
VIEW BY A CASSEGRAIN TYPE OPTICAL SYSTEM U S I N G  SPHERICAL SUR- 
FACES ON THE PRIMARY AND SECONDARY MIRRORS, THESE TWO ELEMENTS 
PRODUCE AN F /3  CONVERGING OPTICAL BEAM ONTO THE ROTATING F I L T E R  
WHEEL AT WHICH P O I N T  THE F I E L D  D E F I N I N G  STOPS ARE SITUATED,  
AFTER PASSING THROUGH T H I S  F I E L D  STOP,  THE ENERGY I S  FOCUSED 
ONTO A PYROELECTRIC DETECTOR CELL BY A F I E L D  O P T I C A L  SYSTEM 
COMPRISED O F  IRTRAN-4 F I E L D  LENS AND A REFLECTIVE PYRAMID 
0 P T I C . T H E  DETECTOR I S  SITUATED AT THE TRUNCATED OPENING O F  THE 
REFLECTIVE PYRAMID WHICH PRODUCES AN ESSENTIALLY CIRCULAR IMAGE 
POLYHEDRON, T H I S  IMAGE POLYHEDRON EFFECTIVELY MAGNIFIES THE DE- 
TECTOR AREA AND RESULTS I N  AN EFFECTIVE O P T I C A L  SPEED FOR THE 
INSTRUMENT O F  F/ 0.6. CROSSTRACK SCANNING IS  ACHIEVED THROUGH THE 
USE OF A S T E P P E R  MOTOR AND CAM,WHICH I N  TURN CAUSES THE SCAN 
MIRROR TO MOVE ABOUT AN A X I S  NORMAL TO THE OPTICAL A X I S  O F  THE 
VTPR TELESCOPE.FOR IN-FLIGHT C A L I B R A T I O N , I T  I S  NECESSARY TO MOVE 
THE SCAN MIRROR ABOUT THE OPTICAL A X I S  O F  THE TELESCOPE. 

32. PHENOMENA OBSERVED 

E m R A R E D  REGION OF THE SPECTRUM 
33. MEASUREMENT RANGE 

34. PRECISION AND ACCURACY 

0 . 6  DEG AT 300 DEG K 





NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

E A R T H ' S  SURFACE T E M P E P A T U ~ E * * * S E C O N D A R Y - E S T I M A T E  HEIGHTS OF 
C L O U D  TOP SURFACES THROUGH TEMPERATURE MEASUREMENTS. 

1 0 . 5  T O  1 2 . 5  MICRONS. I N C O M I N G  R A D I A T I O N  I S  R E F L E C T E D  FROM T H E  
S C A N  M I R R O R  AND FOCUSED B Y  AN 8 - I N  D I A M E T E R  F/3 C A S S E G R A I N  T E L E -  
SCOPE AT T H E  CHOPPER. T H E  CHOPPER A L T E R N A T E L Y  D I R E C T S  I N C O M I N G  
R A D I A T I O N  AND B L A C K  BODY REFERENCE R A D I A T I O N  TO THE DETECTOR. 
A F T E R  C H O P P I N G ,  CHANNEL S E P E R b T I O N  I S  A T T A I N E D  V I A  A R E F L E C T I N G  
CHOPPER. A TWO-AXES SCAN M I R R O R  PRODUCES A TV-TYPE P I C T U R E  V I A  A 
F A S T  S C A N N I N G  M O T I O N  AND A L I N E - B Y - L I N E  T I L T I N G *  S T E P  MOTION.  
T H E  L I N E  SCAN OCCURS B Y  T U P N I N G  THE S C A N N I N G  MIRROR SO AS TO 
SCAN T H E  F I E L D  A T  A CONSTANT ANGULAR V E L O C I T Y .  THE V I S I B L E  D E T -  
ECTOR, A S I L I C O N  P H O T O V O L T A I C  D E V I C E ,  O P E R A T E S  I N T O  A LOW I M P E D -  
ANCE. T H E  V I S I B L E  CHANNEL H A S  T H E  R E S O L U T I O N  OF THE I R  CHANNEL.  
COVERAGE OF T H E  2 0  X 20 DEGREE F I E L D  O F  V I E W  T A K E S  A P P R O X I M A T E L Y  
24 M I N U T E S .  THE I R  C H A N N E L  PRODUCES F U L L  E A R T H  P I C T U R E S  D A Y  AND 
N I G H T ,  AND HAS T H E  ADDED C A P A B I L I T Y  OF TEMPERATURE MEASUREMENT 
FROM W H I C H  CLOUD H E I G H T  MAY BE I N F E R R E D  U S I N G  STANDARD ATMOS- 
PHER I C  CURVES. T H E  V I S I B L E  C H A N N F L  A L S O  P R O V I D E S  H I G H - R E S O L U T I O N  
E A R T H  ALBEDO MEASUREMENTS. 

32. PHENOMENA OBSERVE0 

R A D I A T I O N  FROM EARTH'S  SURFACE AND C L O U D  COVER 
33. MEASUREMENT RANGE 

0 D E G  K T O  340 DEG K I N  I R  CHANNEL.  
34. PRECISION AND ACCURACY 

1.5 DEGREES K A T  2 0 0  DEGREES K c  1200 L I N E S  PER P I C T U R E  FRAME 



CAN M E A S U R E  SUPFACE TEMPFR4TURE I N  CLOUD FREE AREAS. 
64. REFERENCES 

8 

I )  G O L D B E R G *  I .  L o r  A V E R Y  HIGH RESOLUTION R ~ O I ~ M E T R I C  E X P E P I -  
'~ 

WENT F O R  ATS-F AWD G, JAN* 1968.  

66. HISTORICAL REMARKS I 
- 

I 



NATIONAL AER MINISTRATION 

DAY AND NIGHT TO MEASURE REFLECTED RADIATION FROM THE EARTH 
DURING DAYTIME. THE SYSTEM PERMITS DETERMINATION O F  THE SURFACE 
TEMPERATURE O F  THE GROUND, SEA, OR CLOUD TOPS THAT ARE VIEWED BY 
THE RADIOMETER. 

CALIBRATED AT THE COLD EXTREME BY MEASURING THE RESPONSE TO 
OUTER SPACE AND ON THE WARM S I D E  BY MEASURING THE I R  RADIATION 
FROM I N S I D E  THE RADIOMETER HOUSING.THE V I S I B L E  CHANNEL I S  CAL- 
IBRATED SEPARATELY. I N  OPERATION, RADIATION REFLECTS FROM THE 
ROTATING MIRROR TO THE COLLECTING O P T I C S , A  5 INCH I N  DIAMETER 
DALL-KIRKHAM SYSTEM,AND I S  THEN FOCUSED ON TO THE BEAM S P L I T T E R  
(DICHROIC MIRROR). THE LIGHT PASSES THROUGH AND I S  MEASURED BY A 
S O L I D  STATE RADIANT ENERGY DETECTOR(PHOT0 DIODE) .THE I R  I S  RE- 
FLECTED FROM THE BEAM S P L I T T E R  AND PASSED THROUGH 10.5- 12.5  MIC 
RON WAVELENGTH F I L T E R  ONTO A RADIATIVELY COOLED HGCDTE DETECT- 
OR AT 1 0 5 O K  



3% SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

. 6 - .  7 MICRONS 10.5-  1 2 .  ~MICRONQ I 
38. FIELD OF VIEW 1 39. GROUND SWATH I 

. 6  MILLIRADIANS 1150 DEGREES LIMB TO LIMB(SAME AS SR)  
40. ANGULAR RESOLUT~ON~ 41. SPATIAL RESOLUTION I 

. 6  MR 1 . 6  MR 
42. POINTING ACCURACY~ 43. POINTING RATE 144. ALTITUDE 145. INCLINATION 

I I I 

I I i I 
59. CALIBRATION 160. DATA RECOVERY I 61. FREQUENCY OF OBSERVATION ' 

I I 
62. TELEMETRY REQUIREMENTS 

VIDEO BANDWIDTH 35 KHZ 

63. ADVANTAGES AND LIMIT ATlONS 

1 S T  OPERATIONAL I R  DETECTOR COOLED TO 105OK 

64. REFERENCES - - - - - -- - - - -- I 

6S. HISTORICAL REMARKS 1, 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 
V I S I R L E / I N F H A R E D  S P I N - S C A N  R A D I O M F T E R  

(TITLE CONT.) 

2 ACRONYM 1 3. EXP NO 
V I S S R  I 

C 9 / 0  l /  i Z  
6. PRINCIPAL INVESTIGATOR 

FORDYCE, D. V. 
9. CO-INVESTIGATOR 

W E I N R E B ,  M. H. 
12 cwraacr 

MPE 113. CONTRACT NUMBER 114. FLASH lNDEX NUMBER 1 " "D!&"ET 11% C?kfzwI 17. STATUS 

I I I I I 
18. MONITOR 119. AGENCY 120 PGM OFFICE I 21. TELEPHONE' 

.GARRACZ 1 M.L. ] N A S A  H D Q T P S  l O A / E P O  1 2 0 2 - 7 5 5 - 2 3 2 2  
k?. VENDOR I 23. LOCATION I " kyTyr 125. LEAD TIME 

, S A N T A  E A R B A R 4  RES.CENTEP ~ G O L E T A  9 C A L I F .  1 1 2 / 7 2  1 
26. INSTRUMENT TYPE 27 

R A D I  UMETER !?%? 
28. APPLICATION 129. SPACECRAFT 

MET 1 SMS-A 
30. PURPOSE 

P R I M A R Y - T O  P R O V I D E  H I G H  R E S O L U T I O N  S P I N  SCAN P I C T U P E S  OF THE 
E A R T H  I N  TWO S P E C T R A L  R E G I O N S  ( 0 . 5 5 - 0 . 7 0  M I C R O N S  AND 10 .5 -12 .6  
IUIICRONS). 

31. PRINCIPLES OF OPERATION 

T H E  SCANNER D E S I G N  U S E S  A  P L A N E  SCAN M I R R O R  AND P P I M A R Y  O P T I C S  
W H I C H  ARE COMMON T O  T H E  V I S I B L E  AND THERMAL CHANNELS.  THE SCAN 
M I R R O R  I S  S E T  AT AN ANGLE T O  THE R A D I O M E T E R  T E L E S C O P E  ( P R I M A Q Y  
O P I C S )  A X I S  N H I C H  I S  A L I G N E D  P A R A L L E L  TO THE S P I N  A X I S  OF THE 
SPACECRAFT.  T H E  S P I N M  I N G  M O T I O N  O F  THE SPACECRAFT,  THEREFOPE 
P R O V I D E S  AN EAST-WEST L I N E  S C A N  M O T I O N  WHEN T H E  S P I N  A X I S  OF T H E  
S P A C E C R A F T  I S  O R I E N T F D  P A R A L L E L  W I T H  THE E A R T H ' S  A X 1  So R A D I A T I C N  
C O L L E C T E D  BY T H E  P P I M A R Y  O P T I C S  I S  I M A G E D  I N  A P L A N E  H E T H E E N  THE 
P R I M A R Y  AND SECONDARY MIRRORS. A T  T H I S  P O I N T ,  T H E  V I S I B L E  AVO 
T H E R M A L  CHANNELS APE O P T I C A L L Y  SEPERATED.  F I B E R  O P T I C S  L I G H T -  
G U I D E S  ARE T H E  D E F I N I N G  F I E L D  STOP A P E R T U R E  FOR THE 8 V I S I B L E  
CHANNELS.  R A D I A T I O N  I N T E R C E P T E D  B Y  E A C H  O F  THE F I B E R  O P T I C  
L I G H T - G U I D E S  I S  C O L L I M A T E D  B Y  A  S P H E R I C A L  L E N S  AND T H E N  F I L T E R -  
ED. F O L L O W I N G  F I L T E P I N G .  T H E  C O L L I M A T E D  R A D I A T I O N  I N  EACH V I -  
S I B L E  CHANNEL I S  D I R E C T E D  I N T O  A  P H O T O M U L T I P L I E R  T U B E  H A V I N G  A N  
S - 2 0  RESPONSE. R A D I A T I O N  FCIR THE THERMAL C H A N N E L  I S  R E - I M A G E D  
BY MEANS O F  A  R E L A Y  L E N S  ONTO AN I N T R I N S I C  L O N G  WAVELENGTH DE- 
TECTOR. A  1 0 . 5  TO 1 2 . 6  M I C R O N  R A N O P 4 S S  F I L T E R  I S  L O C A T E D  I N  T H E  
C O N V E R G I N G  BEAM OF T H E  R E L A Y  L E N S  S Y S T F M  AND E S T A B L I S H E S  THE 
S P E C T R A L  BAND L I M I T S  FOP THE THERMAL CHANNEL.  
32. PHENOMENA OBSERVED 

R E F L E C T E D  AND THERMAL P 4 D I A T  I O N  FROM E A R T H ' S  SURFACE 
33. MEASUREMENT RANGE 

V I S I B L E  AND I N F R A R E D  S P E C T R A L  R E G I O N S  
34. PRECISION AND ACCURACY 

S I G N A L  D Y N A M I C  RANGE: 44 D R - V I S I B L E ;  2 7 - 0 8  I P  

7. ORGANIZATION 

GODDARD SPACE F L T  CENTER 
10. ORGANIZATION 
GODOARD SPACE F L T  CENTER 

8. TELEPHONE 

3 3 1 - 9 8 2 - 5 0 4 2  
11. TELEPHONE 
3 0 1  - 982  - 3 0 4 2  





SPECTROMETERS 

Preceding page blank I 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 
0- N t X  

(TITLE CONT.) 

2 ACRONYM 1 3. EXP NO 

4 RESUME DATE I $ERSION 

l r z l ( J - ~  
6. PRINCIPAL INVESTIGATOR 1 7. ORGANIZATION 1 8. TELEPHONE 

A N D  M O O N L I G H T  I N  ORDER T O  MONITOR THE S P A T I A L  D I S T R I B U T I O N  OF 

E B E R T - T Y P E  MONOCHROMATERS I N  TANDEM. E A C H  H A S  A  G R A T I N G  6 4 x 6 4  YM 
W I T H  3600 L I N E S / M M .  L I G H T  FROM A 0.05 S T E R A D I A N  S O L I D  ANGLE 
( S U B T E N D I N G  A 120X12G NM AREA ON THE E A R T H ' S  SURFACE F R O Y  6 0 0 N M )  
ENTERS T H E  N A D I R  P O I N T I N G  I N S T R U M E N T  T H R U  A D E P O L A R I Z I N G  F I L T E R .  
A  MOTOR-DRIVEN CAM S T E P - R O T A T E S  T H E  G R A T I N G S  SO T H A T  T H E  I N T E N -  
S I T Y  OF 12 OZONE A B S O R P T I O N  BANDS ARE M O N I T O R E D  A T  2555, 2735, 
2830,  2876, 2922, 2975, 30199 3058, 3125, 3175, 3312 AND 3399  A 
W I T H  A C E N T E R  WAVELENGTH ACCURACY OF 0 . 2  A AND A B A N D P A S S  OF 1 O A  
S E T  BY T H E  S L I T  SYSTEM. T H E  DETECTOR I S  A  P H O T O M U L T I P L I E R  TUBE.  
F O R  BACKGROUND R E A D I N G S  , A F I L T E R  PHOTOMETER MEASURES THE RE- 
F L E C T E D  UV I N  A  WAVELENGTH R E G I O N  (NEAR 4200 A )  FREE OF OZONE 
A B S O R P T I O N .  S I G N A L S  FRGM B O T H  U N I T S  ARE R E A D  BY SEPARATE RANGE- 
S W I T C H I N G  ELECTROMETERS W I T H  7 DECADE RANGES. UNDER AVERAGE SUN- 
L I G H T  C O N D I T I O N S  T H E  S I G N A L  I S  C A L C U L A T E D  TO B E  3 Y I L t I A M P  A T  
3403 A DOWN TO 0.2 MICROAMPS A T  2550 A. A MEASUREMENT SUB-CYCLE 
T A K E S  3 2  SECS. T H E R E  A R E  192 SUB-CYCLES OR F R A M E S  I N C L U D I N G  2 6  
C A L I B R A T I O N  FRAMES. ONCE E A C H  O R B I T  THE FOV I S  S W I T C H E D  T O  #ON- 



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

2 500 TO 3400 A I l "  A l a 2  SE7 
38. FIELD OF VIEW 139. GROUND SWATH 

13 DEGl 135 NM D I A M  C I R C L t  F R 3 M  600 NM A L T I T U D ~  
40. ANGULAR  RESOLUTION^ 41. SPATIAL RESOLUTION 

J 

63. ADVANTAGES AND LIMITATIONS I 

M O V I N G  P A R T S ;  COMPLETE C Y C L E  OF 192  FREQUENCY SAMPLES T A X E S  6144  
SECONDS w 

W. REFERENCES 

- 1  KOEPP-BAKER,  N. B. : BUV S U B S Y S T E M  DIRECTORY (PRELIM- VERSION) 
I 

GENERAL E L E C T R I C  C 0 R P . r  P H I C A D E L P H I A r  P A w * * * Z ) D A V E ,  JmVw AND 
H E A T H ,  D.F. :  PROPOSAL T O  D E T E R M I N E  THE S P A T I A L  O I S T R I B U T I O N  OF 
A T M O S P H E R I C  OZONE FROM MEASUREMENTS O F  U L T R A V I O L E T  R A D I A T I O N  
BACKSCATTERED BY T H E  E A R T H ' S  ATMOSPHERE (NOVe 1965 1 

65. HISTORICAL REMARKS I - t 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 
F I LTER-WEDGE SPECTROMETER 
(TtTLE CONT.) 

2 ACRONYM 1 3. EXP NO - 
FWS I 
4 RESUME D ~ T E  1 ZERStON 
0 9 / 0 1 / 7 2 ]  3006 

8. TELEPHONE 

301-982-5042 
11. TELEPHONE 

6. PRINCIPAL INVESTIGATOR 

H O V I S *  DR. W e  A.  
9. CO-INVESTIGATOR 

SPECTROMETER, C IRCULAR-WEDGE I N T E R F E R E N C E - F I L T E R  I N F R A R E D  1 UNC 
28. APPLICATION 129. SPACECRAFT 

, MET I N I M B U S - 4  
30. PURPOSE 

P R I M A R Y -  10. D E T E R M I N E  T H E  L A T E R A L  O I S T R  I B U T I O N  O F  THE T O T A L  
MATE f? VAPOR CON1 ENT P E R  U N I T  V E R T I C A L  COLUMN.***SECONDARY- TO 
D E T E R M I N E  T H E  V E R T I C A L  D I S T R I B U T I O N  O F  WATER VAPOR CONTENT I N  
ANY P A R T I C U L A R  U N I T  V E R T I C A L  COLUMN. AND THE L A T E R A L  V A R I A T I O N  
O F  T H E  V E R T I C A L  D I S T R I B U T I O N *  

31. PRINCIPLES OF OPERATION 

T H E  INSTRUMENT I S  AN I R  R A D I O M E T E R  W H I C H  P A S S E S  I N C I D E N T  R A D I A -  
T I O N  THROUGH A  C O Y T I N U O U S L Y  R O T A T I N G  (ONCE E V E R Y  16 S E C )  F I L T E R  
H H E E L .  THE F I L T E R  WHEEL I S  A 2-SEGMENT 1 0 0 - L A Y E R  I N T E R F E R E N C E  
f I L T E R  W I T H  T H E  L A Y E R  T H I C K N E S S  L I N E A R L Y  I N C R E A S I N G  AS A  FUNC-  
T I O N  OF ANGULAR P O S I T I O N ,  C A U S I N G  THE BAND P A S S  TO S H I F T  TOWARD 
T H E  LONGER W4VELENGTH. ONE SECTOR T R A N S M I T S  THE 3 8 2 0 6 . 4  M I C R O N  
B A N D  AND T H E  OTHER T H E  1 . 2 - 2 . 4  M I C R O N  B A N D *  AN I Y M E R S E D  L E A D  
S E L E N I D E  D E T E C T O R  I S  USED. I N C I D E N T  R A D I A T I O N  I S  SAMPLED 20 
T I M E S  A  SECOND. THE R E S U L T  I S  A S P E C T R A L  I N T E N S I T Y  P L O T  OF 1 5 8  
P O I N T S  FOR E A C H  P A S S B A N D  PER R E V O L U T I O N .  A  TELESCOPE O R I E N T E D  
NORMAL T O  T H E  E A R T H ' S  SURFACE C O L L E C T S  A T M O S P H E R I C  R A D I A T I O N  
FROM A  3 DEG FOV D I R E C T L Y  BELOW T H E  S A T E L L I T E *  A T  A  6 0 0 N M  A L T I -  
TUDE I N  A  SUN-SYNCHRONOUS O R R I T ,  A  POLF-TO-POLE S T R I P  O F  ATMOS- 
PHER 3 1  NM W I D E  I S  V I E W E D  O N  E A C H  S A T E L L I T E  P A S S  W I T H  A  1330 NM 
S E P A R A T I O N  BETWEEN SUCCESS I V E  S T R I P S  A T  THE EQUATOR. NARROW 
S P E C T R A L  R E G I O N S  I N  T H E  C 0 2  AND H 2 0  A B S O R P T I O N  BANDS AT 4.3 AND 
6.3 M I C R O N  AND I N  A WINDOW R E G I O N  A P E  OF I N T E R E S T .  C A L I B R A T I O N  
I S  A C C O M P L I S H E D  BY C H O P P I N G  A G A I N S T  A BLACKBODY OF KNOWN TEMPER- 
A T U R E *  27+-0.5 D E G  C. T H E  SPECTRA ARE A N A L Y Z E D  B Y  THE METHOD OF 
I N V F R S I O N  OF R A D I A T  I V F  TRANSFER E Q U A T I O N S .  

32. PHENOMENA OBSERVED 

I N F R A R E D  S P E C T R A L  R A D I A N C E  O F  E A R T H ' S  ATMOSPHERE - 
33. MEASUREMENT RANGE 

, R E F L E C T I V E  AND THERMAL I R  R E G I O N S  
a. PRECISION AND ACCURACY 

7. ORGANIZATION 

GODDARD SPACE F L T  CENTER 
10. ORGANIZATION 



298 B I T S  PER SECOND 

.* P H I L A D E L P H I A I  PA. 9 DEC* 1 9 6 7 * * * * 2 1  MINZNER,  R.A.9 
N T E R I M  REPORT ON SATECL I T E  M E T E O R O L O G I C A L  I Y  STRUMEMTS. NASA/ERC 
EPORT NO* P Y - 6 7 1 1 .  JUNE 1967. 

65. HISTORICAL REMARKS I 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 
I N F R A R F C  1 N T E R F F R O M E T E R / S P F C T P O M E T E R  
(TITLE CONT.) 

2. ACRONYM 1 3. EXP NO 

I R I S  1 
* RESUME DATE I $ERSION 

0?/~1/7213005' 
6. PRINCIPAL INVESTIGATOR 1 7. ORGANIZATION 1 8. TELEPHONE 

HAFJEL* R.A.  1 GODDAPD SPACE F L T  C E N T E R  1 301-982-5042 

V E R T I C A L  D I S T K U R U T I O N S  OF OZONE AND WATER V A P O R *  AND T H E  TEMPER- 
A T U R E  OF T H E  E A R T H ' S  S U R F A C E  OR C L O U D  TOPS.***SECONDARY-TO 
I D E N T I F Y  SCME O F  T H E  G A S E S  P R E S E N T  I N  T H E  ATMOSPHERE 

ATMCISPHERE, WHOSE B A S E  ON T H E  E A R T H ' S  SURFACE I S  A  C I R C L F  90 NM 
I N  D I A M E T E R 9  I S  R E F L E C T E D  I N T O  THE I N S T R U M E N T  FROM A P L A N E  M I R -  
ROR W H I C H  R O T A T E S  TO P R O V I D E  IMC. T H E  R A O I A T I O N  I S  S P L I T  I N T O  
T H O  BEAMS, ONE O F  W H I C H  I S  P E F L E C T E D  FROM A  M O V I N G  M I R R O R ,  RE-  
COMB I N E D  AND FOCUS ED ONTO A  BOLOMETER DETECTOR.  I N T E R F E R E N C E  
E F F E C T S  R E S U L T  FROM T H E  P A T H  L E N G T H  D I F f E R E N C E S  I N  THE 2 BEAMS 
A S  T H E  M I R R O R  MOVES. I T  T R A V E L S  ABOUT 2 MM I N  11 SEC TO G I V E  A N  
I N T E R F E R O G R A M  W H I C H  I S  PECORDED ON TAPE.  O B S E R V A T I O N S  ARE BEGUN 
16 S E C  A P A R T  I N  W H I C H  T I M E  T H E  S/C T R A V E L S  A B O U T  6 5  NY. THUS 
T H E R E  IS NO O V E R L A P  IN SUCCESSIVE OBSEPVATIONS. AFTER RECORDING 
14  I N T E R F E R O G R A M S v  2 C A L I B R A T I O N  O B S E R V A T I O N S  ARE M A D E *  ONE FOR 
4 R E F E R E N C E  B L A C K B O D Y  A T  30Q K  AND ONE FOR OUTER SPACE.  A  F O U R I -  
ER TRANSFOPMAT I O N  9 PERFORMED BY D I  G I  T A L  COMPUTER 9 MUST B E  MArlE 



( I R I S )  : VOL v2-METEOROLOGICAL M I S S I O N  N A S A / G S F C  OOCUMENT X-650- 
6 5 - 7 5 * * * * 3 ) H A N E L v  R e  AND C H A N E Y T L .  :THE M E R I T S  AND SHORTCOMINGS 



NATIONAL AER NlSTRATlON 

S U R F A C E  O F  T H E  E A R T H  I S  A  C I R C L E  O F  53 NM I N  D I A M E T E R ,  I S  RE-  
F L E C T E D  I N T O  T H E  I N S T R U M E N T  F R O M  A P L A N E  M I R R O R  W H I C H  R O T A T E S  T O  
P R O V I D E  I M A G E  M O T I O N  C O M P E N S A T I O N *  T H E  R A D I A T I O N  I S  S P L I T  I N T n  2 
BEAMS,  ONE OF W H I C H  I S  R E F L E C T E D  F R O M  A M O V I N G  M I R R O R ,  R E C O M S I N -  
E D  A N D  F O C U S E D  O N T O  A  B O L O M E T E R  D E T E C T O R .  I N T E R F E R E N C E  E F F E C T S  
R E S U L T  F R O Y  T H E  P A T H  L E N G T H  D I F F E R E N C E S  I N  THE TWO B E A M S  A S  T H E  
M I R R O R  MOVES. I T  T R A V E L S  A R O U T  2 MM I N  13  S E C  T O  G I V E  AN I N T E R -  
F E R O G R A Y  W H I C H  I S  R E C O R D E D  ON T A P E *  O B S E R V A T I O N S  ARE B E G U N  16 
S E C  A P A R T  I N  W H I C H  T I M E  T H E  S / C  T R A V E L S  AROUT 65 N M  T H U S  T H F R E  
I S  NO O V E R L A P  I N  S U C C E S S I V E  O B S E R V A T I O N S ,  4 F T E R  R E C O R D I N G  14 
I N T E R F E R O G R A M S  , TWO C A L I B R A T I O N  O B S E R V A T I O N S  A R E  M A D E *  ONE F O P  A 
R E F E R E N C E  B L A C K B O D Y  AT 390 K A N D  ONE F O R  OUTER SPACF.  A  F O U R I E R  
TRANSFORMATION. PERFORMED BY DIGITAL  COMPUTE^ MUST E E  MADE O Y  
E A C H  T E L E M E T F R E D  I N T E R F E R O G R A M  T O  PRODUCE A SPECTRUM. THEN, T O  
R E L A T E  T H I S  TO A T M O S P H E R I C  C O M D I T I O N S  A P P R O P R I A T E  S P E C T R A L  



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 1 37. TIME CONSTANT 
6 5 TO 40.Q MICRONS 1 0 .32  P ~ R L ~ R T I  160 st- 

38. FIELD OF VIEW 139. GROUND SWATH 

5 .  D E G 1 5 3  NM D I 4 M  CIRCLt F R n Y  600 N M  A L ~ U U ~  
eo. ANGULAR  RESOLUTION^ 41. SPATIAL RESOLUTION 

5 • D E G l 5 3  NM F R O M  SO@ NM ALTITUDE 
42. POINTING ACCURACY~ 43. POINTING RATE 1 44. ALTIT UDE 45. INCLINATION 

1 l MED C 1RC"l-AF.t - CH RETROGRAD~ 
46. SPECIAL REQUIREMENTS 

SUBSYSTEM DIRECTORY, GENERAL ELECTRIC C o o ,  P I ILADELPHIA I  PA., 
JUNE 1968.***3 ) G O L D B E R G *  I .L :METEOROLOGICAL I R  INSTRUMENTS FOR 
SATELLITES. PRESENTED AT 1 3 T H  ANNUAL SYMPOSIUM OF SP IE ,  4UGo 680 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 

I N F R A R E D  S P E C T R O M E T E R :  E A R T H  R E S O U R C E S  E X P E R I M E N T  
(TITLE CONT.) 

P A C K A G E  ( E P E P )  

2 ACRONYM 1 3. EXP NO 

I R S  . IS-191 , 

4 RESUME DATE I :ERSION 

09/01 /72  ] 3 0 0 4 ,  
6. PRINCIPAL INVESTIGATOR 7. ORGANIZATION 8. TELEPHONE 

, B A R N E T ,  T. L e  MANNED S P A C E C R A F T  C E N T E R  7 1 3 - 4 8 3 - 0 1 2 3  
9. CO-INVESTIGATOR 10. ORGANIZATION 11. TELEPHONE 

I 

I T Y  OF N E A R  AND T H E R M A L  I R  R E G I O N S  F O R  E A R T H  R E S O U R C E S  S E N S I N G  
FROM O R B I T A L  A L T  I T U D E S * * * S E C O N D A R Y - T O  Q U A N T I T A T I V E L Y  E V A L U A T E  
E F F E C T S  O F  A T M O S P H E R I C  A T T E N U A T I O N  O N  R A D I A T I O N  F R O Y  GROUYD 

T O  2.4 M I C R O N S  A N D  6.2 T O  1 5 . 5  M I C R O N S *  S P E C T R A L  R E S O L U T I O N  I S  
1% T O  4 9  I N  W A Y E L E N G T H ,  W I T H  A  S C A N  R A T E  O F  O N E  S C A N  PER SECOND 
THROUGH T H I S  R E G I O N .  T H E  O P T I C A L  S Y S T E M  U T I L I Z E S  A  1 0 - I N C H  C A S -  
S E G R A I N  P R I M A R Y ,  AND H A S  A  F O V  O R  S P A T I A L  R E S O L U T I O N  OF 1 MRAD. 
A T  L E A S T  T N O  D E T E C T O R S  A R E  R E Q U I R E D  T O  COVER T H E  S P E C T R A L  R E -  
G I O N S .  C O O L I N G  T O  77 D E G  K  R E Q U I R E D  B Y  T H E  H G - C D - T I  T H E R M A L  DE-  
T E C T O R  I S  A C C O M P L I S H E D  W I T H  A  S O L I D  CRYOGEN.  S I *  GA-AS, PB-SE,  
I N - A S  1 A N D  PB-S A R E  C A N D I D A T E  SHORT W A V E L E N G T H  D E T E C T O R S .  SYS-  
T E M  S E N S I T I V I T I E S  A R E  +-0.1 D E G  K  N E T  I N  T H E R M A L  R E G I O N  (30C 
D E G  K  T A R G E T  AND BACKGROUND,  NO A T M O S P H E R E )  A N D  +-0.1% N E T  I N  
T H E  R E F L E C T I V E  R E G I O N  ( S O L A R  R A D I A N C E  A T  E A R T H ,  N O  A T M O S P H E R E ) .  
I N F L I G H T  C A L I B R A T I O N  I S  A C H I E V E D  W I T H  TWO B L A C K B O D Y  SOURCES 
KNOWN T O  +.I D E G  K  A N D  O N E  SHORT W A V E L E N G T H  SOURCE OF R A D I A N C E  
KNOWN T O  + e l % .  BY C O M P A R I N G  D A T A  C O L L E C T E D  F R O M  THE SPECTRO-  
M E T E R  W I T H  D A T A  T A K E N  S I M U L T A N E O U S L Y  O N  T H E  G R O U N D  A N D  FROM A I R -  
C R A F T ,  I N V E S T I G 4 T O R S  WILL B E  A B L E  TO A S S E S  T H E I R  R E Q U I R E M E N T S  
H E G U A R D I N G  I R  S E N S O R  C A P A B I L I T Y  9 S E N S I T I V I T Y ,  S P E C T P A L  R E S O L U -  
T I O N *  A N D  F V A L U A T E  T H E  U T I L I T Y  O F  R E M O T E  S E N S I N G  F R O M  SPACE.  
32. PHENOMENA OBSERVED 

R E F L  F C T E C  A N D  T H E R M A L  R A D I A T I O N  FROM E A R T H  
33. MEASUREMENT RANGE 

V I  S I B L E I  N E A R  1 9  A N D  T H E R M A L  H A V E L E N G H T S  
34. PREClSJON AND ACCURACY 

8 %  A B S O L U T E  I N  0 .4-2 .4  M I C R O N  R E G I O N ,  72% B E Y O N D *  



3S. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT j 
0 .4  T O  15 .5  YICRONSI SEE I T E M  31 I 1.0 SEC 

38. FIELD OF VIEW 139. GROUND SWATH I 

0 a 0 5  DEGl SEE * I N  REFERENCE BELOW 
40. ANGULAR RESOLUTIONI 41. SPATIAL RESOLUTION 

.. 
! 

0 .057  DEGl SEE ** I N  H I S T O R I C A L  REMARKS 
42.POlNTlNG ACCURACY~ 43. POINTING RATE 144. ALTITUDE 145. INCLINATION I I 

** I 1 235 NM 1 50 DEG 
46. SPECIAL REQUIREMENTS I 

MENTS-TITLE:  INFRARED SPECTROMETER 
E A R T H  RESOURCES REMOTE SENSING SYSTEMS, MSC-P6-0406  
* MANUAL TARGET TRACKING WITH VIEWFINDEP/TQACKING SYSTEM. V /TS  

LOOK ANGLE 45 DEG. AHEAD, 10 DEG. B E H I N D ,  4NO 2 0  DEG.EITHER 
S I D E  OF NADIR .  2 3 5  NM ORBIT.  

65. HISTORICAL REMARKS 
. 

- --J 
**  PRED. MANUAL A C Q U I S I T I O Y  OF 0.25  NY W I T H I N  A 1 NM C I R C L E  

d 



NATIONAL AER MINISTRATION 
GODDARD SPACE FLIGHT CENTER 

.SPECTROMETER 9 8 -CHANNEL I R  F A S T I E - E R E H T  F I X E D - G R A T I N G  1 UNC 
28. APPLICATION 129. SPACECRAFT 

MET  NIMBUS 3 
30. PURPOSE 

P R I M A R Y -  T O  MEASURE T H E  TEMPERATURE P R O F I L E  FROM THE E A R T H R S  
SURFACE OR C L O U D  TOPS TO 1 5  M I L E  ALTITUDE.* * *SECONDARY-  TO 
MEASURE SURFACE TEMPERATURE OR CLOUD TOP TEMPERATURE AND I T S  
HE IGHT.  

31. PRINCIPLES OF OPERATION 

T H E  I N S T R U M E N T  I S  A F A S T I E - E B E R T  G R A T I N G  I N F R A R E D  SPEC- 
TROMETER W I T H  A WEDGE-IMMERSED T H E R M I S T O R  BOLOMETER A S  DETECTOR 
AT E A C H  OF 8 E X I T  S L I T S .  R A D I A T I O N  I S  M O N I T O R F D  I N  7 I N X E R V A L S  
( 5 - 8  I N V .  CM. H A L F  POMER B A N D W I D T H S )  I N  THE C 0 2  BAND FROM 13 TO 
1 5  M I C R O N S  AND I N  1 I N T E R V A L  I N  T H E  A T M O S P H E R I C  WINDOW A T  11.1 
MICRONS. A TWO P O S I T I O N  P L A N E  M I R R O R  R E F L E C T S  E I T H E R  4 B L A C K  
BODY C A L  I e R A T I O N  SOURCE OR E A R T H  R A D I A T I O N  T O  A CHOPPER WHICH 
A L T E R N A T E L Y  V I E W S  T H I S  R A D I A T I O N  OR C O L D  SPACE. FROM THERE THE 
R A D I A T I O N  P A S S E S  THRU AY ORDER L I M I T I N G  I N T E R F E R E N C E  F I L T E R ,  
S T R I K E S  A 25  I N .  F O C A L  L E N G T H  S P H E R I C A L  MIRROR,  A 5 I N .  - 1 2 5 0  
L I N E S / I N .  D I F F R A C T I O N  G R A T I N G ,  THE S P H E R I C A L  M I R R O R  A G A I N ,  A Y D  
F I N A L L Y  T H E  E X I T  S L I T S .  E A R T H  R A D I A T I O N  I S  G A T H E R E D  C O N T I N U O U S L Y  
FROM A V I E W I N G  A N G L E  O F  0.04 S T E R A D I A N  (12x12 D E G )  CENTERED O N  
T H E  N A D I R .  T H I S  G I V E S  DATA ALONG A NORTH-SOUTH S T R I P  WHOSE PRO- 
J E C T I O N  ON T H E  GROUND I S  1 2 0  NM H I D E .  A D J A C E N T  S T R I P S  ARE SEP-  
A R A T E D  BY ABOUT 1600 NM AT T H E  EQUATOR. THE 11.1 Y I C R O N  D A T A  
G I V E S  S U R F A C E  OR CLOUD T O P  TEMPERATURES. T H E  15  M I C R O N  D A T A  I S  
U S E D  A GENERATE V E R T I C A L ,  TEMPERATURE-PRESSURE P R O F I L E S  B Y  A 
M A T H E M A T I C A L  I N V  ERS EON TECHNIQUE.  D A T A  I S  ACCUMULATED I N  b SEC 
I N T F R V A L S  T O  G I V E  P R O F I L E S  E A C H  5 0  M I L E S  ALONG THE S T R I P .  
32. PHENOMENA OBSERVED 

I R  R A D I A T I O N  E M I T T E D  FROM T H E  E A R T H ' S  ATMOSPHEREI SURFACE,CLOUDS 
33. MEASUREMENT RANGE 

34. PRECJSION AND ACCURACY 

TEMP TO 1 D f G  K; PRESSURE TO 10 HB 



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

11.1 TO 15 .0  M ~ C R O N S ~  o e 6   PERCENT^ 
38. FIELD OF VIEW 139. GROUND W A T H  

12.0 RY 12.0 D E G ~ Z Z C  NM BY 1 2 0  NM FROM 600 NM A L T I T U D E  
a ANGULAR  RESOLUTION^ 41. SPATIAL RESOLUTION 

1 2 .  D E G ~  1 2 0  NM FROM 690 NM A L T I T U D E  
42 POINTING ACCURACVI 43. POINTING RATE 144. ALTITUDE 145. INCLINATION 

I I MED C I R C U L A R  I SUN-SYNCH RETROGRADE 
46. SPECIAL REQUIREMENTS 

47. COMPONENTS 

F I X E D - G R A T I N G  I R  SPECTROMETER t C A L I R R A T I O N  S 3 U R C E t  E L F C T R O N I C S  
48. WEIGHT 149. VOLUME I 50. AVERAGE POWER 151. STANDBV POWER 1 52. PEAK POWER 1 53. MTBF 

91 LBI 4. cu FTI 2 1  W A T T S ~  I I 
~~TE~,"IRELIcE I SS IWT%"F%'E%E 1 @ w ~ ? ~ ' E % f  E 1 INT%~$".~~E 1 58. SHIELDING 

 SENSITIVE^ I 1 SENSITIVE 1 
59. CALIBRATfON 160. DATA RECOVERY 61. FREQUENCY OF OBSERVATION 

B L K  BDY R A D I A T I O N  S O U R C E  1 DELAYED T E L E M E T R Y  I CONTINUOUS 
62. TELEMETRY REQUIREMENTS 

9 P P I Y A R Y  CHANNELS W I T H  10 B I T  ACCURACY, A l L  SAMPLED W I T H I N  100 
M I L L I S E C O N D S  AND T E L E M E T E R E D  T W I C E  E V E R Y  16 SECONDS 

63. ADVANTAGES AND LIMITATIONS 

64. REFERENCES 

1) GOLDBERG, 1.L. : M F T E O R O L O G I C A L  I R  I N S T R U M E N T S  FOR S A T E L L I T E S .  
PRESENTED A T  13TH ANNUAL T E C H  SYMP O F  S P I E ?  4 U G  1 9 6 8 . * * * 2 )  
N I M B U S  B P R E S S  K I T ,  N A S A  R E L E A S E  NO. 6 8 - 8 4 K r  MAY 1 9 6 8 . * * * 3 )  
M I N Z N F R  Re A. ED: I Y T E R  I M  REPORT ON S A T E L L I T E  M E T E O R O L O G I C A L  
I N S T R U M E N T S ,  N A S A  ERC P M - 6 7 1 3 ,  J U N E  1967. 

65. HISTORICAL REMARKS 

I 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 
'MAPPING MICRIIWAV E S P E C T R O M E T E R  

(TITLE CONT.) 

2 ACRONYM 1 3. EXP-NO 
MMS I 

s RESUME oarE I ;ERS,ON 

O Y / t j l /  u I:?LJUL 
6. PRINCIPAL INVESTIGATOR 1 7. ORGANIZATION 1 8. TELEPHONE 

s T A E L I N ,  D. H. I M A s s .  I N S T .  ot= TECH. 1617 - 8 4 4  - 6900  

A B U N D A N C E  9 AND C L O U D  WATER CONTENT.  

T H E  I N S T R U M F N T  WILL MAP T H E R M A L  R A D I A T I O N  A T  5 W A V E L E N G T H S  N E A R  
T H E  5-MM O X Y G E N  A N D  1 3 . 5 - Y M  WATER VAPOR R E S O N A N C E S :  2 2 , 2 3 9  31.4, 
5 3 . 3 9  5 3 . 8 5 9  AND 54.9 GHZ. B A N D W I D T H  O N  A L L  C H A N N E L S  I S  2 0 0 M H Z .  
E A C H  W A V E L E N G T H  I S  A F F E C T E D  T O  A D I F F F R E N T  D E G R E E  B Y  T H E  T E R R E S -  
T R I A L  S U R F A C E ,  C L O U D S ,  P R E C I P I T A T I O N ,  WATER VAPOR A N D  T E M P E P 4 -  
T U H E  P R O F I L E .  BY A P P R O X I M A T E L Y  I N T E R P R E T I N G  A S E T  O F  S I M U L T A N E -  
OUS E Q U A T I O N S ,  MOST O F  T H E  P A R A M E T E R S  C A N  B E  E S T I M A T E D  S E P A R A T E -  
L Y .  TRUE T E M P E R A T U R E  P R O F I L E S  WILL B E  I N F E R R E D  TO W I T H I N  2 OR 3 
D E G  K A N D  WILL R E  U N A f F E C T E D  B Y  C I R R U S  C L O U D S  OR C L O U D S  W I T H  
L E S S  T H A N  0 , 0 5 - G / C U  CM L I Q U I D  WATER C O N T E N T .  T H E  TWO C H A N N E L S  
NEAR 1 -CM W A V E L E N G T H  P E P Y I T  WATER VAPOR C L O U D  H A T E R  C O N T F N T  OVER 
C A L M  OCEAN T O  BE E S T I M A T E D  S E P A R A T E L Y .  T H E  D Y N A M I C  RANGE F O R  
A L L  C H A N N E L S  WILL B E  FROM 0 T O  400 D E G  K W I T H  + - C . l Z  L I N E A R I T Y .  
S E N S I T I V I T Y  OF T H E  O X Y G E N  R A D I O M E T E R S  WILL B E  B E T T E R  T H A N  1 
D E G  K PMS A N D  T H A T  O F  T H E  H 2 0  R A D I O M E T E R S  B E T T E R  T H A N  0.5 D E G  K 
RMS, A L L  W I T H  A 2 4 8 2  SECOND I N T E G R A T I O N  T I M E ,  T H E  A B S O L U T E  AC- 
C U R 4 C Y  O F  A L L  R A D I O M E T E R S  WILL B E  B E T T E R  T H A N  2 D E G  K RMS, L O N G  



3s. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 
5.47 To 3 - 5  MM 1 stt lTT, 

38. FIELD OF VIEW 139. GROUND SWATH 
1 0 B Y  10 D t G I  100 NY BY IZOn NM t-TUDE 

46. SPECIAL REQUIREMENTS 

63. ADVANTAGES AND LIMITATIONS 

64. REFERENCES 

P P E L X M I N A R Y  DATA SHEET FOR NIMBUS-F p NOVe p 1970. 

65. HISTORICAL REMARKS 

1 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 
M O N I T O R  O f  U L T R A V I O L E T  S O L A R  E N E R G Y  
(TITLE CONT.) 

2 ACRONYM 1 3. EXP NO 

MUSE I 

6. PRINCIPAL INVIESTIGATOR 

H E A T H ,  DR. Dm F .  
9. CO-INVESTIGATOR 

I 2  CONTRACT 
TYPE 113. CONTRACT NUMBER 114. FLASH INDEX NUMBER I ".%"ET 1'6 CoM~~:loNI 17. STATUS 

I I I I I OPERATIONAL 
18. MONITOR 119. AGENCY I20.PGM OFFICE 1 21. TELEPHONE 

S C H A R D T ,  B.R. I N A S A  H D Q T E S  1 O A / E R N  1 2 0 2 - 7 5 5 - 2 3 2 2  
22. VENDOR 1 23. LOCATION I " Ey&?T 125. LEAD TIME 

A D C O L E  C O R P O R A T I O N  I W A L T H A M ,  MASS.  I 94/701 NA 
26. INSTRUMENT TYPE SECUUV, i7 

S P E C T R O M E T E R  6 - C H A N N E L  OPT I C A L - F  I L T E R  P H O T O D I O O E  1 UNC 
28. APPLICATION 129. SPACECRAFT 

MET,  ATM-PHYS I N I M B U S - 4  
30. PURPOSE 
' PRIMARY-TO D E T E C T  V A R I A T I O N  OF P E L A T I V E  I N T E N S I T Y  OF S O L A R  F L U X  

I N  5 S P E C T R A L  B A N D S  T O  H E L P  D E T E R M I N E  T H E  D I S T R I B U T I O N  O F  OZONE 
I N  T H E  ATMOSPHERE;***SECONDARY- T O  M A K E  A B S O L U T E  M E A S U R E M E N T S  O F  
T H E  F L U X ,  TO M E A S U R E  T H E  R A T E  O F  D E C R E A S E  O F  F L U X  A S  T H E  S A T E L -  
L I T E  E N T E R S  T H E  E A R T H  SHADOW N E A G  T H E  P O L E S *  TO MEASURE OZONE 
A N D  M O L E C U L A R  O X Y G E N  H I G H  I N  T H E  A T M O S P H E P E .  

31. PRINCIPLES OF OPERATION 

T H I S  E X P E R I M E N T  I S  S I M I L A R  TO T H E  O N E  FLOWN O N  N I M B U S - 2  B U T  
W I T H  M I N O R  V A R I A T I O N S .  T H E  U L T R A V I O L E T  S E N S O R S  C O N S I S T  O f  F I V E  
P H O T O O I O D E S  WHOSE SHORT W A V E L E N G T H  R E S P O N S E  I S O E T E R M I N E O  B Y  
S U I T A B L E  O P T I C A L  F I L T E R S *  W H I L E  T H E  L O N G  W A V E L E Q G T H  C U T O F F  I S  
D E T E R M I N E D  B Y  V A R Y I N G  D E G R E E S  OF ' S O L A R  B L I N D N E S S '  O F  D I F F E R E N T  
P H O T O C A T H O D E  M A T E R I A L S .  T H E  F I V E  C H A N N E L S  HAW€ R E S P O N S E S  
T O  R A D I A T I O N  I N  T H E  F O L L O W I N G  RANGES:  1300 - 1600 A t  1 9 5 0 -  
1 8 5 0 A  t 2 7 5 0 - 3 1 5 0 A  t 2056-2150A t A N D  2 7 6 0 - 2 8 6 0 A .  A S O L A R  A S P E C T  
S E N S O R  G I V E S  T H E  A N G L E  A T  W H I C H  T H E  S U N ' S  R A Y S  S T R I K E  T H E  D I O D E S  
W I T H  7 - B I T  ACCURACY. U S A B L E  D A T A  I S  O B T A I N E D  OVER A 90 O F G  F O V -  
T H E  R A D I A T I O N  I N T E N S I T Y  I S  R E A D  A S  T H E  C U R R E N T  F R O M  T H E  PHOTO- 
D I O D E S  B Y  E I T H E R  O F  2 P A R A L L E L  E L E C T R O M E T E R S  W I T H  4 D E C 4 D E  
RANGES.  T H E R E  I S  A N  A U T O M A T I C  ZERO S E T T I N G  D E V I C E  F O R  T H E  E L E C -  
T R O Y E T E R S .  T H E Y  A R E  C A L I B R A T E D  U S I N G  5 C O N S T A N T  C U R R E N T S  SUP-  
P C I E O  RY A R A D I O A C T I V E  SOURCE ( A M  2 4 1 1 .  AN E X P E R I M E N T  C Y C L E  
T A K E S  4 8  S E C  I N C L U D I N G  C A L I B P A T I O N  C H E C K S T  H O U S E K E E P I N G  C H E C K S  
A N D  SENSOR DATA.  E A C H  SENSOR I S  M O N I T O R E D  F O R  5 SEC P E P  C Y C L E .  
T H I S  D A T A  WILL B E  C O R R E L A T E D  W I T H  D A T A  F R O M  T H E  B U V  E X P E R I Y E N T  
T O  H E L P  U N D E R S T A N D  T H E  SOLAR I N F L U E N C E  O N  T H E  S T R A T O S P H E R E .  T H E  
A B S O L U T E  A C C U R A C Y  O F  T H E  M E A S U R E M E N T S  W I L L  B E  2 5  P E R C E N T .  
32. PHENOMENA OBSERVED 

, U L T R A V I O L E T  S O L A R  R A D I A T  I O N  F L U X  
33. MEASUREMENT RANGE 

S I G N A L  C U R R E N T  f R O Y  0.1 NANOAMP T O  100 N A N B A M P S  
34. PRECISION AND ACCURACY 

A B S O L U T E  ACCURACY O F  F L U X  M E A S U R E M E N T  W I T H I N  29 PERCENT.  

7. ORGANIZATION 

GODDARD S P A C E  F L T  C E N T E R  
10. ORGANIZATION 

8. TELEPHONE 

3 0 1 - 9 8 2 - 5 3 4 2  
11. TELEPHONE 



FRANKLIN,  W . :  S U B S Y S T E M  D I P E C T O R Y  R E V I S E D ,  GENERAL E L E C T R I C  C 0 . r  
P H I L A D E L P H I A ,  PA. 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 

P O S I T I V E  IOPv C O M P f l S I T  I O N  S P E C T F O P E T E R  
(TITLE CONT.1 

2 ACRONYM 1 3. EX9 NO 

P I C  S  I 
4 RESUME DATE I SVERSION 
0 9 / 0 1 / 7 7  1g002 

6. PRINCIPAL INVESTIGATOR 

T A Y L O R  H. 4 .  , J R  
9. CO-INVESTIGATOR 

. R R I Y T O N r  H. C. 
12 CONTRACT 

TYPE 113. CONTRACT NUMBER 114. FLASH INDEX NUMBER 1 E,FT 118 COM~~f:(ONI 17. STATUS 

I I I I 1 P R O P G S A L  
18. MONITOR 119. AGENCY 120 PGM OFFICE ( 21. TELEPHONE - 
S C H ~ R D T T  8 . V .  1 N A S A  WDQTP S  IOA/ERN 1 2 0 2 - 7 5 5 - 2 3 2 2  

22. VENDOR 1 23. LOCATION I Z4 :\'&Y 125. LEAD TIME 

I 1 19741 
26. INSTRUMENT TYPE i7 

sEcu&Iy, 

Y A S S  S P E C T P U Y E T E R  1 U N C  
28. APPLICATION 129. SPACECRAFT 

I O ! v C l C P H F K E  A N D  P A D I I I  P H Y S I C S  I N I M B U S - F  
30. PURPOSE 

P P  I M A R Y - T O  O E T  E F Y  I N E  T H E  G L n R A L  111 S T R  I E U T I O N  OF U P P E R  A T Y C l S P H E R E  
I C'N CClwPOS I T  I O N  W WITH E M P H 4 S I S  E N  ' S 3 L A P - G E O M A G N E T I C '  S E 4 S n N A L  
V A R I A T I O N S  d H I C H  Y A Y  R E V E A L  A  L I N K  AETWFEIV E N E R G E T I C  P R O C E S S E S  
A C T I V t  I N  Q O T H  U P P E R  A N D  L O W E R  A T P O S P H F P E  R E G I O N S .  

31. PRINCIPLES OF OPERATION 

A M B I E Y T ?  T H k P M A L ,  P O S I T I V E  I O N S  A R E  S A M P L E D  I N  S I T U  B Y  T H E  B E N -  
N E T T  RF M A S S  S P E C T R O M E T E R  S F N S O R  W I T H  O Q I F I C E  O R I E N T E D  I N T O  D I -  
R E C T I O N  OF M O T I O N .  I N S T R U M E N T  M E A S U R E S  D I R E C T L Y  A L L  I O N S  PRE-  
S E \ T  I N  T H E  M A S S  R A N G E  1-36 A T O M I C  M 4 S S  U N I T S  ( A M U ) ?  I N C L U D I Y G  
A L L  P P I N C I P A L  I O N S  A b i T I C I P A T E C  A T  T H E  N I M B U S  A L T I T U D E .  COM- 
P L E T E  M A S S  R A N G E  I S  @SSW€PTg OR S A M P L E D  O N C E  € V E R Y  1 8  SECOPIDSq 
I N  A C O N T I N U I N G  C Y C L E .  I O N  C U P P E N T S  C O L L E C T E D  A R F  R E L A T E D  T O  
E Q U I V A L E N T  A M B I E N T  I O N  C O N C F N T P A T I O N S  A T  THE S E N S O R  O R I F I C E .  
T H E  I N S T R U M E N T  H A S  A Q  IE IN  C U R R F N T  S E N S I T I V I T Y  OF 5 X 1 0 * * - 1 4  T O  
5X la**-9 A M P E R F S  W H I C H  I S  E Q U I V A L E N T  T O  A N  I O N  C O N C E N T R A T I O N  
S E N S I T I V I T Y  O F  I n  T O  1n**6 I O N S / C C .  E 4 C H  A T O V I C  M A S S  U N I T  
P n S I T I O Q  I S  S A Y P L E D  O N C E  E V E P Y  1 6  S E C O N D S ,  C O R R E S P O N D I N G  T O  4 
S P A T I A L  R E S O L U T I O N  OF A P P R O X I M A T E L Y  100 K I L O M E T E R S  A N D  1 D E G  O F  
L A T  I T U D E .  

32. P14ENOMENA OBSERVED 

P L J S I T I V E L Y  C H A R G E D  T H E R M A L  I O N S  I N C L U D I N G  HT,  OT,  H E T ,  A N D  N T  
33. MEASUREMENT RANGE 

34. PRECISION AND ACCURACY 

_ S E E  I T E Y  3 1  

7. ORGANIZATION 

GUODAF I7 S P A C E  F L T  C E N T E R  
10. ORGANIZATION 

GODDARD S P A C E  F L T  C E h T E R  

8. TELEPHONE 

3 0 1 - 9 5 2 - 5 C 4 2  
11. TELEPHONE 

3 C 1 - 9 8 2 - 5 C 4 2  



36. SPECTRAL RANGE 136. SPECTRAL RESOLUTION (37. TIME CONSTANT 

I I 1 9  SEC 
38. FIELD OF VIEW 139. GROUND SWATH 

I 
40. ANGULAR  RESOLUTION^ 41. SPATIAL RESOLUTION 

I 
42.POlNTlNG ACCURACY~ 43. POINTING RATE 144. ALTITUDE 145. INCLINATION I 

I I MFD-CIRCULAR I SUN-SYNCH RETROGRADE , 

46. SPECIAL REQUIREMENTS 

47. COMPONENTS 

R F N N E T  S P E C T R O M E T E R  T U B E *  E L E C T R O N I C S  
48. WEIGHT 149. VOLUME 1 50. AVERAGE POWER 151. STANDBY POWER 1 52. PEAK POWER 1 53. MTBF 

I 0.23 cu FTI 2 W A T T S !  I I 
INTERERFRENCE 1 '' IN~"E"R%~'&E I INTNE"R%'E'R"ELE 1 57 INT'E"~$"R$~cE 1 58. SHIELDING 1~ 

I I I I 
59. CALIBRATION 160. DATA RECOVERY . (61. FREQUENCY OF OBSERVATION i 

I ~ O N T ~ N U O U S  
62. TELEMETRY REQUIREMENTS 

63. ADVANTAGES AND LIMITATIONS 

64. REFERENCES 

P R E L I Y I Q A R Y  DATA S H E E T  FOR NIMBUS-F NOV. 1970. 

6S. HISTORICAL REMARKS I 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 

S A T E L L  I T €  I N F H A R  E D  S P E C T R O M E T E R  
(TITLE CONT.) 

2 ACRONYM 1 3. EXP NO 

S I P S  I 
r RESUME DATE I 5VERSION 
C 9 / P 1 / 7 2  17X08 

6. PRINCIPAL INVESTIGATOR 

WAHK,  DR. C.Q. 
9. CO-INVESTIGATOR 

H I L L E A P Y  9 D.T. 
12 CONTRACT 

TYPE 113. CONTRACT NUMBER 114. FLASH INDEX NUMBER 1 l5 %"r"ET 116 CoM%~ONI 17. STATUS 

I I I I IIIPFRATI O N ~ L  
18. MONITOR 119. AGENCY 1 20 PGM OFFICE I 21. TELEPHONE 

S C H A P D T ,  3.13. ~ N A S A  H o Q T R S  ~ D A / E R N  1 2 0 2 - 7 5 5 - 2 3 2 2  
22. VENDOR 123. LOCATION 1 24 Ek:"F 125. LEAD TIME 

G U L T O N  I N D U 5 T R I E S  IALRAQUFRQUE N . M E X I C O  104/70 I N 4  
26. INSTRUMENT TYPE i7 

SECUql IV,  

SPECTR(1METFP I 1 4 - C H A h N E L  I P  F A S T I F - E  B F R T  F  I X E D - G R A T I  NG 1 U V C  
28. APPLICATION 129. SPACECRAFT 

MET I N I M R u S - 4  
30. PURPOSE 

P R T M A P Y -  T O  Q E T E R M I N E  T H E  W O R L D W I D E  3 D I M E N S I O N A L  D T S T R U R U T I C l V  
OF  T E E P E R Z i T U F E ,  FROM T H E  GROUND UP F P O M  C L O U D  T O P  TI7 A N  A L T I T U D E  
OF 1 6  TO 19 F.rVI, T O  F lEASUPE S U R F A C E  T E M P E R A T U R E  OR T H E  C L O U D - T O P  
T E Y P E R A T U P F ,  A N D  I T S  H E I G H T .  TO M E A S U R E  THE T H R E E - D I  M E N S I O N A L  
D I S T R I B U T I O N  O F  WATEF V A P O P ,  FPOM T H E  GROUND U P  TO A B O U T  hm5NNVm 

31. PRINCIPLES OF OPERATION 

T H E  I N S T R U M E Y T ,  A Y U P I F I C A T I O N  O F  T I I E  h I M P U S  5 2  S I R S ,  I S  A  
F A S T  I E - E @ E R T  F  I X k D - G R A T  I h G  I N f R A H E D  S P E C T R O M E T E R  W I T H  T H E  F O L -  
L O W I N G  F E A T U P E S :  ( 1 )  A  P L A N E ,  L I G H T - C O L L E C T I N G  M I P R f l R  TO P R C V I C E  
O N E  F I X E D  A N D  T N O  V A R I A H L E  E 4 R T H - V I F W I N G  A N G L E S ;  ( 2 )  A  B A L A h C E P  
R O T A T I N G  C H O P P I N G  M I P R O R  W H I C H  S E R V E S  A L T E R N A T I V E L Y  TO C O L L E C T  
S P A C E  R A D I A T I n h ,  A N D  E A R T H  R A C I A T I Q N ;  ( 3 1  A  S P H E Q l C A L  M I P G O R  OF 
1 2 . 5 - I N C H  F O C A L  L E N G T H ;  ( 4 )  A  2 . 5 - I N C H  W I T H  1 2 5 0  L I N E S  PFR I h l C H  
D I F F R A C T I O N  G R A T I N G ;  ( 5 )  A  S E T  O F  14 E X I T  S L I T S  W I T H  A S S O C I A T E D  
I N T E R F E R E N C F  F I L T E R S  FOR O Q D E P  L I M I T 4 T I O N q  A N D  14 W E D G E - I P M E K S F D  
OR S  I M I L A P  THERM I S T C I H  B O L O M E T E R S ;  A N D  ( 6 )  A  R L A C K S O D Y  R A D I A T I O N  
S O U R C E  FOP C A L I  d R A T  I O N  PURPOSES.  T H E  1 5  M I C R O N  P A D I A T I O N  C A T A  
I S  T P A N S F P R M E O  I N T O  A  S I N G L F  T E M P E R A T U R E - P R E S S U Q E  P q O F I L E  B Y  A  
M 4 T H F M A T I C A L  I N V E R S I O N  T E C H N I Q U E .  A S I Y I L A R  R E L A T E D  T E C H Y I Q U E  
Y I E L D S  T H E  A L T I T U D E  P R O F I L E  O F  WATER VAPOR F R O Y  T H E  1 9  T f l  3 5  
M I C R O N  D A T A  T H E  11.1 Y I C P O N  D A T A  COMPAQED W I T H  A  B L A C K B O E Y  
T E M P E R A T U R E  C A L I  B R A T  I O N  C U R V E  Y I E L O S  S U R F A C E  OR CLOUD-TClP T E Y -  
P E P A T U R E S .  T H E  B 4 N D S  M O N I T O R E D  A P E  C E N T E R E D  4 T  1 1 . 1 2 9  1 3 . 3 3 ,  
14.31, 14.16, 14.31, 1 4 . 4 5 ,  14.769 14.95, 1 8 . 8 2 ,  2 2 . 9 1  9 2 3 . 5 9 9  
3 4 . 3 1 ,  3 3 . 1 1  1 3 5 . 7 1  M I C R O N S .  D A T A  I S  A C C U M U L A T E D  I N  6 SEC I Y -  
T E H V P L S  T O  G I V E  P R O F I L E S  E A C H  5 C  M I L E S  A L O Y G  T H F  S T R I P .  
32. PHENOMENA OBSERVED 

I R  R A D I A T I O N  E M I T T E D  FROM T H E  E A R T H ' S  A T M O S P H F R E .  
33. MEASUREMENT RANGE 

40 T O  1 9 G  E P G / S E C / S O - C M / S T E R A D I A N / W A V E - N O  
34. PRECISION AND ACCURACY 

, T E f d P E R A T U R E  P L ( J S - ' 4 I N U S  1 P E G  K v W A T E R  VAPOR T O  +-1 PF-PCENT.  

7. ORGANIZATION 

N O A G / N E S C  
10. ORGANIZATION 

N I I A A / N E  SC 

8. TELEPHONE 

3 q ! - 7 3 5 - 2 ? n r  
11. TELEPHONE 

3 3 1 - 7 3 5 - 2 3 ° C  



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 1 37. TIME CONSTANT 

, 1 1 . 0  T O  3 6 . 0  M I C R O N S  1 0.2 M I C R O N  I 16 S E C  
38. FIELD OF VIEW 139. GROUND SWATH I 

7 5 . 6  R Y  1 2 . 5  D F q  930 NM RY 130 NM F R O Y  606 N M  A L T I T U D E  
40. ANGULAR RESOLUT~ON~ 41. SPATIAL RESOLUTION I 

I 

1 2 . 5  D E ~  130 NY FPOM 600 NM A L T I T U D E  
42. POINTING ACCURACYI 43. POINTING RATE 144. ALTITUDE I 45. INCLINATION i 

I I MFD C I R C U L A R  I S J N - S Y N C H  R E T R O G R A D t  
46. SPECIAL REQUIREMENTS - 
47. COMPONENTS 

S P E C T R O N E T E R *  M I R R P R S ,  BOLOMETERS,  E L E C T R O N I C S  
48. WEIGHT _ 149. VOLUME I SO. AVERAGE POWER 151. STANDBY POWER I 52. PEAK POWER 1 53. MTBF 

70  Le( 2.3 CU F l  39 W A T T Y  I I 
5. INTER$ENCE I 55 INE"."F'S&E / 56 IN~"E%~"R*ELE 1 57 INI%~'%~CE I 58. SHIELDING I 

S F ~ V S I T I V ~ ~  I I S F N S I T I V ~  
59. CALIBRATION 160. DATA RECOVERY 1 61. FREQUENCY OF OBSERVATION 1 

S E E  I T E M  3 1  I O E L d Y E D  T E L E M E T R Y  1 C O N T I N U O U S  
62. TELEMETRY REQUIREMENTS I 

-CHAN* A L L  S A M P L E D  W I T H I N  100 M T L S E C  E V E R Y  2-8 SECONDS. 
9 R I T  ACCURACY 

63. ADVANTAGES AND LIMITATIONS 

M O V I N G  P A R T S  

64. REFERENCES I 

' 1 )  G A L O P P *  D.E. S I R S  8 S U B S Y S T E M  D I R E C T O R Y  ( P R E L I M ) ,  G E N E R A L  
E L E C T R I C  COm P H I L A D E L P H I A *  P A *  9 DECa 1 9 6 7 m * @ * 2 )  GOLDBERG, I : 
M E T E O R O L O G I C A L  I 9  I N S T R U M E N T S  F O R  S A T E L L I T E S .  P R E S E N T E D  4 T  1 3 T H  
AbINUAL TECH S Y Y P  OF S P I E *  AUG 1 9 6 8 . * + * 3 )  M I M Z N E S a  R.A. (€01: 
I N T E P I M  R E P O R T  OY S A T E L L I T E  M E T E O R D L O G I C A L  I V S T R U Y E N T S .  N A S A / E R C  
P M - 6 7 1 3 ,  J U Y E  1967. 

65. HISTORICAL REMARKS 1 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 

U L T R A V I O L E T  S O L A R - R A D I A T  I O N  E X P F R  I M E N T  
(TITLE CONT.) 

2 ACRONYM 1 3. EXP NO 

uvse I 
4 RESUME DATL I :ERStON 

~ 9 / ~ 1 / 7 2  13005' 
8. TELEPHONE 

3 0 1 - 9 8 2 - 5 0 4 2  
11. TELEPHONE 

6. PRINCIPAL INVESTIGATOR 

H E A T H ,  DR. D.F. 
9. CO-INVESTIGATOR 

12 CONTRACT 
WPE 113. CONTRACT NUMBER 114. FLASH INDEX NUMBER 1 " %*ry 116 COM$f:'ONI 17. STATUS 

I I 1 I ~ O P F P A T I ~ N A L  
18. MONITOR 119. AGENCY 1 20 PGM OFFICE I 21. TELEPHONE 

S C H A R D T ,  B.H. ~ N A S A  H D Q T P S  IoA/ER-N 1 2 0 2 - 7 5 5 - 2 3 2 2  
22. V E N W R  1 23. LOCATION I " LyFFT 125. LEAD TIME 

, A D C O L E  C O R P O R A T I O N  I HALTHAM 9 M A S S  I@4/69  1 NA 
26. INSTRUMENT TYPE 27 

S E C U Y  

S P E C T R O M E T E F  9 5 - C H A N N E L  O P T I C A L - F I L T E R  P H O T O D I O D E  1 UNC 
28. APPLICATION 129. SPACECRAFT 

MET,  ATM-PHYS INIMBUS 3 
30. PURPOSE 

P R I M A R Y - T O  D E T E C T  V A R I A T I O N  OF R E L A T I V E  I N T E N S I T Y  OF S O L A R  F L U X  
I N  5 S P E C T R A L  BANDS; * * *SFCONDAPY-TO M A K E  A B S O L U T E  M E A S U R E M E N T S  
O F  T H E  F L U X ,  TO M E A S U R E  T H E  R A T E  nF D E C R E A S E  O F  F L U X  A S  T H E  
S A T E L L I T E  E h T E R S  T H E  E A R T H  SHADOW N E A R  THE P O L E S *  TO MEASURE 
A T M O S P H E R I C  OZONE.  

31. PRINCIPLES OF OPERATION 

T H I S  E X P E P  I M E N T ,  S I M I L A R  TO ONE F L O W N  ON N I M B U S  0, U S E S  5 "HOTO- 
D I U O E S  TO M O N I T O R  T H E  F L U X  FROM T H E  S U N  I N  5 W A V E L E N G T H  R E G I O N S .  
T H E S E  R E G I O N S  A R E  AT 1 2 1 6  A ( T H E  HYDROGEN L Y M A N  A L P H A  L I N E ) ,  1600 
A W I T H  150 P W I D T H ,  1 8 0 0  A  W I T H  3 0 0  A W I D T H ,  2 1 0 0  A  W I T H  450 A 
H I D T H t  A N D  26CO A W I T H  6 C O  A W I D T H .  O P T I C A L  F I L T E R S  D E -  
T E P M I h E  T H E  SHORT W A V E L E N G T H  C U T O F F  F O R  E A C H  R E G I O N ,  A N D  T H E  
C H O I C E  O F  P H O T O C A T H O D E  M A T E R I A L  D E T E R V I N E S  T H E  L O N G  N A V E L E N G T H  
C U T O F F .  A S O L A R  A S P E C T  SENSOR G I V E S  T H F  ANGLE A T  W H I C H  T H E  S O N ' S  
R A Y S  S T R I K E  T H E  D I O D E S  W I T H  7 B I T  ACCURACY.  U S A B L E  D A T A  I S  00- 
T A I N E D  OVER A 1?0 D E G  FOV. T H E  R A D I O A T I O N  I N T E N S I T Y  I S  R E A D  A S  
T H E  C U P R E N T  FROM T H E  P H O T O D I O D E S  BY E I T H E R  OF TWO P A R A L L E L  F L F C -  
T R O M E T E R S  W I T H  f O U R  D E C A D E  RANGES.  T H F R F  I S  A N  A U T O M A T I C  Z E R O  
S E T T I N G  D E V I C E  f O R  T H E  E L E C T R O M E T E R S .  T H E Y  A R E  C A L I P R A T E D  U S I N G  
5 C O N S T A N T  C U R R E N T S  S U P P L I E D  B Y  A  R A D I O A C T I V E  SOURCE ( A M  2 4 1 1  l 
AN E X P E P  I M E N T  C Y C L E  T A K E S  48 S E C  I N C L U D I N G  C A L I B R A T I O N  CHECKS,  
H O U S E K E F P I N G  C H E C K S  AND SENSOR D A T A .  E A C H  SENSOR I S  M O N I T O P E O  
FOP 5 S E C  PER CYCLE.  #HEN THE SIC IS OVER THE POLAR REGIONS THE 
E A R T H ' S  A T Y O S P H E R E  A T T E N U A T E S  THE U V  S E E N  BY T H E  SENSORS. T H I S  
O P A C I T Y  MEASUREMENT C A N  G I V E  C O A R S E  M E A S U R E S  O F  T H E  OZONE AND 
M O L E C U L A R  OXYGEN I N  T H E  S T R A T O S P H E P E .  
32. PHENOMENA OBSERVED 

U L T R A V I O L E T  S O L A R  R A D I A T I O N  F L U X  
33. MEASUREMENT RANGE 

S I G N A L  CURRENT FROM 0.1 TO 1QG N A N O A M P S  
34. PRECtSION AND ACCURACY 

A B S O L U T E  ACCURACY O F  F L U X  M F A S U R E M E N T S  W I T H I N  2 0  P E R C E N T  - 

7. ORGANIZATION 

GODDARD SPACE F L T  C E N T E R  
10. ORGANIZATION 



Y S T E M S .  GENERAL E L F C T R I C  COm PHICADELPHIAt PA. AUGa 1967- 



TECHNOLOGY EXPER IMENTS 

' Preceding -. - page b l a n q  



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 2 ACRONYM 1 3. EXP NO - U P A b S I V k  F E I - L t C T U H  C P A R  I 
(TITLE CONT.) 4 RESUME DLTE I ZEASION 

1 1 A A K W P Y  p9/01/ 1 3  1?"4 
6. PRINCIPAL INVESTIGATOR 1 7. ORGANIZATION 1 8. TELEPHONE 

P O N E N T S  A G I N G  AND T H E  E F F E C T S  OF R A D I A T I O N  U P O N  T H E  C - B A N D  
T R A N S P O N D E R  SYSTEM.  B Y  T R A C K I N G  T H E  S A T E L L I T E  W I T H  B O T H  A C T I V E  
A N D  P A S S I V E  S Y S T E M S  D U R I N G  T H E  SAME P A S S ,  THE C O R R E C T I C I N S  T D  T H E  
A C T I V E  S Y S T E M  M 4 Y  RE A C C U R A T E L Y  D E T E R M I Q E O *  T H E  S Y S T E M  WILL 
A L S O  P E R M I T  C - B A N D  T R A C K I N G  O F  T H E  S A T F L L I T E  ON F R E Q U E N C I F S  
OTHER T H A N  T H E  T R A N S P O N D E R  I N T E R R O G A T E  F R E Q U E N C Y  T H U S  E N A B L I N G  
G R E A T E R  T R 4 C K I N G  C O V E R A G E  W I T H O U T  A D D I T I O N A L  D R A I N  F P O M  T H E  
S P A C E C R A F T  PnW€R S Y S T E M *  



35. SPECTRAL RANGE 13s. SPECTRAL RESOLUTION 137. TIME CONSTANT 

( NA I 
38. FIELD OF VIEW 1 39. GROUND SWATH I 1 

N A  I N A  
40. ANGULAR RESOLUTIONI 41. SPATIAL RESOLUTION i 

N A  [ N A  
rz. POINTING ACCURACY~ 43. POINTING RATE 144. ALTITUDE 145. INCLINATION ! 

NA I N A  I MED E C C E N T R I C 1  H I G H  R E T R O G R A D E  
46. SPECIAL REQUIREMENTS - - 1 

47. COMPONENTS . - - --.- - J ~  

C-BAND P A S S I V E  R E F L E C T O R  
48. WEIGHT 149. VOLUME I 50. AVERAGE POWER III.STANOBY POWER I 52. PEAK -- - POWER ~?~,MTBF --i 

I 1 NONE 1 NONE I NONE 1 1 2  MON 
61 IL~~ERERENCE I " I N ~ K " R E  I SB INT~\%"E"N~E Is7 ~NI~'&"R%~E 1 58. SHIECDING j 

I N O N E  I N O N E  I I 
59. CALIBRATION 160. DATA RECOVERY 161. FREWENCY OF OBSERVATION 1 - 

I N A  I A S  PROGRAMME0 
62. TELEMETRY REQUIREMENTS 1 
NA 

63. ADVANTAGES AND LIMlTATlONS 1 

64. REFERENCES 1 
1 ) N A S A  P R E S S  K I T  FOR GEOS-2. R E L E A S E  NO: 6 8 - 2 K ,  JAN 7 9  68****2) 
P L A N  OF O P E R A T I O N S  F O R  T H E  GEOS-R S P A C E C R A F T *  R E P O R T  N O *  R-4035- 
4 5 - 2 0  C O M M U N I C A T I O N S  A N D  S Y S T E M S ,  I N C e  OCT 1 9 6 7 m * * * 3 ) P A R A M E T R I C  
A N A L Y S I S  F O R  FUTURE GFODET I C  SPACECRAFT DEVELOPMENT, REPORT NO* 
R - 6 0 3 5 - 5 0 - 2 .  C O M M U N I C A T I O N S  AND S Y S T E M S ,  I N C e  J A N  19680 

65:HISTORICAL REMARKS - 1- 
GFOS 7 I S  A L S O  KNOWN AS F X P L O R F R  36  



NATIONAL AER MINISTRATION 
GODDARD SPACE FLIGHT CENTER 

. TRANSCE I V E R  1 UNC 
28. APPLICATION 129. SPACECRAFT 

, M E T .  EPSP,  COMMe I N I M B U S - F  N 
30. PURPOSE 

P R I M A R Y - T O  F S T A B L I S H  A TWO-WAY R E A L - T I M E  D A T A  R E L A Y  L I N K  BETWEEN 
N I M B U S - E  AND ATS-F TO DEMONSTRATE T H E  F E A S I B I L I T Y  O F  E L I M I N A T I N G  
L A R G E  ON-BOARD S T O R 4 G E  D E V I C E S  FOR FUTUQE SPACECRAFT;  F F A S I R I L I -  
T Y  O F  A R E L A Y  S A T E L L I T E  COMMAND L I N K ;  AND F E A S I B I L I T Y  OF EARTH-  
O R B I T I N G  SAT E L L  I T €  T R A C K  I N G  FROM SYNCHRONOUS S A T E L L I  TE***SECOND- 

, A P Y - P R O V I D E  I N C R E A S E D  F L F X I B I L T Y  FOP N I M B U S - F  E X P E R I M E N T S .  
31. PRINCIPLES OF OPERATION 

T H E  E S S E N T I A L  E L E M E N T S  O F  THE E X P E R I M E N T S  ARE ( 1 )  AN A T S  D A T A  
ACQU I S I T  I O N  F A C I L I T Y  9 ( 2 )  T H E  A T S - F  SYNCHRONOUS S A T E L L I T E  OP- 
E R A T I N G  AS A REPEATER R E L A Y  9 AND ( 3 )  THE N I M B U S - E  F A R T H - O R B I T -  
I N G  S A T E L L I T E .  AN A D D I T I O N A L  A S P E C T  I S  THAT THE REPEATER ON 
N I M B U S  WILL P E R M I T  D A T A  A C Q U I S I T I O N  AND RANGE-RATE MEASUREMEYTS 
D I R E C T L Y  B Y  ANY S P A C E  T R A C K I N G  AND D 4 T A  A C Q U I S I T I O N  NFTWOPK 
S T A T I O N  E Q U I P P E D  W I T H  THE GODDARD RANGE AND RANGE-RATE S Y S T F Y  
W H I C H  I S  I N  R A D I O  V I E W  O F  N I M B U S .  THREE SEPARATE F U N C T I O N S  
H H I C H  C A N  BE PERFORMED OVER T H E  D A T A  b C Q U I S I T I O N / A T S / N I M B U S  
L I N K  APE ( 1 )  R E A L - T I M E  T R A N S M I S S I O N  FROM N I M B U S - E  TO ATS-F  
T O  T H E  D A T A  ACQU I S  I T  I O N  F A C I L I T Y  ( 2  1 S I M U L T A N E O U S  OR DFPENDENT 
RANGE AND RANGE-RATE T R A C K I N G  OF N I M B U S - E  BY T H E  D A T A  A C Q U I S I -  
T I O N  F A C I L I T Y  THROUGH ATS-F  TO N I M B U S - E  AND R E T U R N I N G  TO THE 
D A T A  ACQU I S I T I O N  F A C I L I T Y  9 A N D  ( 3 )  R E A L - T I Y E  N I M B U S - E  CUMMAYD 
OVER A U H F  L I N K  THROUGH ATS-F. 

32. PHENOMENA OBSERVED - 
R A D I O  T R A N S M I S S  I O N  

33. MEASUREMENT RANGE 

S-RANC RAD I 0  FREQUENCY 
PRECISION AND ACCURACY 



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

N A I NA 1 NA 
38. FIELD OF VIEW 139. GROUND SWATH I 

NA I NA 
40. ANGULAR  RESOLUTION^ 41. SPATIAL RESOLUTION 

N A I NA 
42. POINTING ACCURACY/ 43. POINTING RATE 144. ALTITUDE 145. INCLINATION 1 

I I MED-C IRCULAR I SUN-SYNCH RETROGRADE 
46. SPECIAL REQUIREMENTS 

, 
$ 

47. COMPONENTS - --- -- - I 

AMPLIFIERS* MULTIPLEXERt ANTENNAS, 
48. WEIGHT 149. VOLUME - I 50. AVERAGE POWER 151. STANDBY . POWER - 1 52. PEAK - POWER -. 1 53. MTBF - 

49 LBI 1 . 2  cu F T I  44 W A T T S ~  I I 
54 ~NTER$RENCE - 1  55 IN%"R"F?'RZ'N'CE I IN~"E"R%"R*E"N~E 1 57 INTT$~%&E I 58. SHIELDING I 

I 

I I I I 
59. CALIBRATION 160. DATA RECOVERY ( 61. FREOUEWY OF OBSERVATION 

I 1 CONTI~UOUS 
62. TELEMETRY REQUIREMENTS 

63. ADVANTAGES AND LIMITATIONS 

64. REFERENCES - - -  - 

PRELIMINARY DATA SHEET FOR NIMBUS-F 9 NOV.9 1970. 

65. HISTORICAL REMARKS + 1 



NlSTRATlON 

A R E P E A T E R / R E L A Y  AND ( 3 )  A NIMBUS-E S A T E L L I T E  W I T H  THE FOLLOW- 
I N G  EQUIPMENTS:  ANTENNA W I T H  CONTRCL AND D R I V E  SYSTEM*  GRARR 
TRANSPONDER, N IMBUS-ATS  DATA M U L T I P L E X E R ,  AND TWT POWER S I M P L I -  
F I E R S .  T H E  DATA M U L T I P L E X E R  R E C E I V E S  S I G N A L S  FROM THE ONBOARCI 
E X P E R I M E N T S  , SENSORS , TELEMETRY D E V I C E S *  ETC; THE DATA  M U L T I -  
PLEXER T R A N S L A T E S  THE SEPARATE I N P U T  S I G N A L S  I N  FREQUFNCY 
ACCORDING TO A  P R E S C R I B E D  FREQUENCY-DI  V I  S I O N  M U L T I P L E X  ( F D M )  
SCHEME FOR PHASE MODULAT ION ONTO AN R F  C A R R I E R .  THE MODULATED 
S I G N A L  I S  FURTHER TRANSLATED I N  FREQUENCY TO 2253  MHz B Y  THE UP- 
CONVERTER AND THEN BROUGHT TO AN O U T P U T  POWER L E V E L  OF ABOUT T E N  
WATTS BY  THE  TWT A M P L I F I E R .  THE TWT F E E D S  THE D I R E C T I O N A L  S-BAND 
ANTENNA. THE S I G N A L  T R A N S M I T T E D  BY N I M B U S  WILL R E  R E C E I V E D  A T  
T H E  ATS B Y  THE  S-BAND RECEIVER.  THE R E C E I V E D  S I G N A L  WILL BE 
T R A N S L A T E D  T O  AN I N T E R M E D I A T E  fREQUENCY 9 DOWN-CONVERTFD R Y  450 
MHz,  A M P L I F I E D  T O  A  POWER L E V E L  O F  T E N  WATTS, AND F E D  TO AN 
EARTH-COVERAGE S-BAND ANTENNA FOR T R A N S M I S S I O N  TO THE DAF. 



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION I 37. TIME CONSTANT 

2 . 2 5 3  GHZ I NA 1 NA 
38. FIELD OF VIEW 139. GROUND SWATH 

N A I N4 
40. ANGULAR RESOLUT~ON~ 41. SPATIAL RESOLUTION 

N A I NA 
42. POINTING ACCURACV~ 43. POINTING RATE 144. ALTITUDE I 45. INCLINATION 

1 .  DEG1 C.17 D E G / S E C [  M t D  I 
46. SPECIAL REQUIREMENTS 

65. HISTORICAL REMARKS 

- 



NATIONAL AER ADMINISTRATION 

S U C H  AS G L O B A L  W I N D  S Y S T E M  A T  H I G H  A L T I T U D E S .  

I N  L E N G T H .  E A C H  SENSOR I S  COMPOSED OF A 9 I N C H  L O N G  W I R E  C O L -  
L E C T O R  T H A T  P P O T R U D E S  FROM A 9 I N C H  L O N G  G U A R D  E L E C T R O D E  T H A T  I S  
0.067 I N C H E S  I N  D I A M E T E R .  T H E  TWO S E N S O R S  A R E  L A R G E L Y  R E D U N Q A N T  
A N D  ARE M O U N T E D  ON G E N E R A L L Y  F O R W A R D - L O O K I N G  S U R F A C E S  O F  THE SP-  
T E L L I T E  SO T H A T  T H E Y  P R O T R U D E  I N T O  T H E  U N P E R T U R B E D  P L A S M A  J U S T  
A H E A D  O F  T H E  S A T E L L I T E .  A SAWTOOTH V O L T A G E  WbVFFORM ( T Y P I C A L L Y  
- 3  T O  +5 V O L T S ,  1 C P S )  T H A T  I S  A P P L I E D  T O  T H E  C O L L E C T O R  C A U S E S  
V A R I A T I O N S  I N  T H E  P L A S M A  C U R R E N T S  T H A T  F L O W  T O  THE PROBE. T H E  
A M P L I T U D E  O F  T H E S E  C U R R E N T S  I S  A M E A S U R E  O F  T H E  E L E C T R O N  CON- 
C E N T R A T I O N  I N  T H E  V I C I N I T Y  O F  THE S A T E L L I T E ,  W H I L E  T H E  C U R V A T U R E  
O F  T H E  C U R R E N T  WAVEFORM D E P E N D S  U P O N  T H E  E L E C T R O N  T E M P E R A T U R E .  
T H E  A N A L Y S I S  O F  T H E  D A T A  I S  C A R R I E D  O U T  A U T O M A T I C A L L Y  B Y  S U I T -  
A B L E  C I R C U I T R Y  W I T H I N  T H E  I N S T R U M E N T  COMPUTER A N A L Y S I S  O F  T H E  
RAW D A T A  CAFl A L S O  B E  C A R R I E D  O U T  ON T H E  GROUND T O  V E R I F Y  PROPER 
O P E R A T I O N  OF THE I N - F L I G H T  A N A L Y S I  S. T H E  I N S T R U M E N T  I S E X P E C T E D  
T O  R E S O L V E  T H E  E L E C T R O N  C O N C E N T R A T I O N  A N D  T E M P E R A T U R E  THROUGHOUT 
T H E  E N T I R E  O R B I T  O F  N I M B U S .  

32. PHENOMENA OBSERVED 

H I G H  A L T I T U D E  E L E C T R O N  E N E R G I E S  A N D  D I S T R I B U T I O N S  
33. MEASUREMENT RANGE 

5). PRECISION AND ACCURACY 





NATIONAL AER ACE ADMINISTRATION 

6. PRlNCtPAL INVESTIG 

ERATURE AND D E N S I T Y *  
E V I C I N I T Y  OF THE 

FLOWN ON EXPLORER 11 AND 22. THE SENSCR C O N S I S T S  OF A 5 - I h C H  
GUARD ELECTRODE AND A 9 - I N C H  COLLECTOR OF 0 . 0 2 2 - I N C H  D I A M E T E R  
MOUNTED ON THE SPACECR4FT  B A S E P L A T E  ( P R O J E C T I N G  I N T O  THE PLAS-  
MA) .  THE GUARD PREVENTS THE C O L L E C T I O N  O f  CURRENT I N  THE R E G I O N  
I M M E D I A T E L Y  ADJACENT TO THE SPCCECPAFT AND THEREFOPE A V O I D S  ANY 
P O S S I B L E  R E L A T E D  D ISTURRANCE O F  THE MEASUREMENTS. A N  APPROPRI -  
A T E  SAk-TOOTH SHAPED VOLTAGE ( - 3  TO +5 V O L T S )  I S  A P P L I E D  BETHEEN 
T H E  C Y L I N D R I C A L  ELECTPODE AND S A T E L L I T E  SHELL  AND THE P E S U L T I N G  
CURRENT I S  MONITORED. MAGNITUDE AND SHAPE OF THE CUHREYT CURVE 
I S  D E T E R M I N E D  BY THE A P P L I E D  V O L T A G E *  THE I O N  AND F L E C T F O N  CON- 
TENT OF T H E  S A T E L L I T E ,  PHOTO E M I S S I O N  O F  THE ELECTRODE, AND THE 
A M B I E N T  ELECTRON AND I O N  TEMPERATURE. S I N C E  THE R E L A T I V E  COY- 
T R I B U T T O N  OF T H E S E  E F F E C T S  CAN B E  E V A L U A T E D *  ELECTRON TEYPERA-  
TURE AND D E N S I T Y *  AND P O S I T I V E  I O N  D E N S I T Y  MAY BE DEDUCED FROM 
A N A L Y S I S  OF THE VOLT-AMPERE CUPVES. 

34. PRECISION AND ACXURACY 





INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 
F L U X G A T E  MAGNETOMETER 
(TITLE CONT.) 

2. ACRONYM f 3. EXP NO 

FMAG I 
4 RESUME OAT* 1 ZPRSfON 
09/C)1/721 3004 

6. PRINCIPAL INVESTIGATOR 1 7. ORGANIZATION 1 8. TELEPHONE 

C O L E M A N *  DR. P e J *  I U N I V  OF C A L I F  A T  L e A e  I 

I 

26. INSTRUMENT TYPE . 27 

MAGNETOMET EF 9 B I  A X I A L .  CLOSED L O O P  F L U X G A T E  f ~ ?  
28. APPLICATION I2@. SPACECRAFT 

ATM-PHYS I A T S  1 
30. PURPOSE 

P R I M A R Y  - TO MEASURE T H E  M A G N E T I C  F I E L D  SUPPOUNDING THE SPACE- 
C R A F T *  B O T H  P A R A L L E L  AND P E R P E N D I C U L A R  TO THE S P I N  A X I S  AND T O  
D E T E C T  MAGNETO HYDRO D Y N A M I C  ( M H D )  WAVE P R O P O G A T I O N  W I T H I N  THE 
MAGNETOSPHERE 

31. PRINCtPLES OF OPERATION 

T H I S  I N S T R U M E N T  I S  S I M I L A R  T O  T H A T  F L O H N  O N  OGO-E AND C O N S I S T S  
O F  T H O  C L O S E D  L O O P  HARMONIC F L U X G A T E  MAGNETOMETERS AND A S S O C I -  
A T E D  E L E C T R O N I C S .  T H E  AXES OF THE 2 M A G N E T I C  PROBES ARE 90 DEG 
T O  E A C H  OTHER AND 45 D E G  TO T H E  S P I N  A X I S  OF THE SPACECP4FT.  
E A C H  MAGNETOMETER OUTPUT I S  A C O M P O S I T E  VOLTAGE C O N S I S T I N G  OF A 
DC V O L T A G E  P R O P O R T I O N A L  TO T H E  A M B I E N T  F I E L D  P A R A L L E L  TO THE 
S P I N  A X I S  AND A S I N U S O I D A L  VOLTAGE W I T H  P E A K  A M P L I T U D E  PROPOR- 
T I O N A L  T O  THE M A G N E T I C  F I E L D  P E R P E N D I C U L A R  TO T H E  S P I N  A X I S .  
B O T H  OUTPUTS ARE F E D  I N T O  A D I F F E R E N T I A L  A M P L I F I E R  AND A S U M Y I N G  
A M P L I F I E R *  T H E  D I F F E R E N T I A L  A M P L I F I E R  Y I E L D S  A S I N U S O D I A L  S I G -  
N A L  P R O P O R T I O N A L  T O  T H E  SUM O F  T H E  A M P L I T U D E S  O F  THE THO I N P U T  
S I N U S O I D S *  THE OUTPUT OF T H E  SUMMING A M P L I F I E R  I S  P R O P O R T I O N A L  
T O  T H E  SUM OF T H E  2 DC COMPONENTS* THE I N S T R U M E N T  H A S  A SEN- 
S I T I V I T Y  O F  0.05 V PER GAMMA WHERE GAMMA E Q U A L S  10 T O  THE M I N U S  
5 G A U S S *  T H E  D Y N A M I C  RANGE I S  + -50 ,  100, OR 20'3 GAMMA* W I T H  
T H E  U S E  OF AN O F F S E T  F I E L D  G E N E R A T O R *  T H E  T O T A L  D Y N A M I C  RANGE I S  
I N C R E A S E D  TO + 925  GAMMA AND - 675 GAMMA* T H E  I N S T R U M E N T  AC- 
CURACY I S  +- 0.125 GAYMA W I T H  A N O I S E  L E V E L  O F  0.1 GAMMA* THE 
B A S I C  MAGNETOMETER RESPONSE B A N D W I D T H  I S  FROM DC TO 100 HZ. I T  

,PRODUCES AN OUTPUT V O L T A G E  OF C TO + 5 .0  V D C *  
32. PHENOMENA OBSERVED 

M A G N E T I C  F I E L D  
33. MEASUREMENT RANGE 

- 1 2 5  TO +350 GAMMA P A R A L L E L  AND -50 T 0 + 5 0  GAMMA PERP TO S/C A X I S  
34. PRECISION AND ACCURACY 

* S E E  I T E M  3 1  



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

, SFE I T E M  3 1  I I 
38. FIELD OF VIEW 139. GROUND SWATH - 
NA I NA 

40. ANGULAR RESOLUT~ON~ 41. SPATIAL RESOLUTION 

N  A  I NA 
42 POINTING ACCURACY~ 43. POINTING RATE 144. ALTITUDE 145. INCLINATION 

NA I I SYYCH CIRCULAR1 EQUATORIAL POSIGRADt  
46. SPECIAL REQUIREMENTS 

SENSOR, ELECTRONICS 
- 

47. COMPONENTS 

2 MAGNETOMETERS , D I F F E R E N T I A L  A Y P L I F  I E R  , SUMMING A M P L I F I E R  
48. WEIGHT 149. VOLUME I 50. AVERAGE POWER I~~.STANDBY POWER 1 52. PEAK POWER 1 53. MTBF 

4 ~d 0.2 CU F l  4 HhTTSl I I 
INTERZRENCE 1 55 IN%"F%I'&E I 56 INT%%%~CE 1 57 IN&"R'F"E"R%cE I 58. SHIELDING 

I SENS I I I REMflTE MOUNTING ON BOOM 
59. CALIBRATION 160. DATA RECOVERY 61. FREQUENCY OF OBSERVATION 

, I N F L I G H T  COMMAND I REALTIME TELEMETRY I CONTINUOUSLY 
62. TELEMETRY REQUIREMENTS 

63. ADVANTAGES AND LIMITATIONS 

64. REFERENCES 

' 1 ) B A R R Y ,  J. D. AND SNARE,  P.C. : A F L U X G A T F  MAGNETOMETER FOR THE ' 

A P P L I C A T I O N S  TECHNOLOGY S A T E L L I T E t  I E E E  TRANSACTIONS ON NUCLEAR 
SCIENCE VOL. NS-13,  NO. 6 DEC 1 9 6 6  P 326-332 . * * *Z )TECHNICAL  D A T A  
REPORT FOR THE ATS PROGRAY 9 GSFC VOL 6 9  1968 .  

65. HISTORICAL REMARKS I 



NATIONAL AER NlSTRATlON 

, T R A Q S M I T T E R S  20 GHZ A N D  3 C  G H Z ,  2.5 WATT TWT T Y P E S  1 U N C  
28. APPLICATION 129. SPACECRAFT 

C OMM ( A T S - F  
30. PURPOSE 

P R I M A R Y - T O  A S S E S S  T H E  P O S S I H I L I T  I E S  OF E A R T H / S P A C E  C O M M U N I C A -  
T I O N S  I N  T H E  K U  A N D  K A  B A N D S  B Y  D E T E P M I N I N G  A T M O S P H E R I C  PROPAGA-  
T I O N  C H A P A C T E R I S T  I C S  ( A B S O R P T I O N ,  D I  S P E R S I O N ,  F A D I N G ,  R E F R A C -  
T I O N ,  A N D  C O H E P E N T  B b N D W I D T H )  O F  T H E  HANDS U N D E Q  V A R Y I N G  WEATHER 
C O N D I T I O N S .  

31. PRINCIPLES OF OPERATION 

T H E  E X P E R I M E N T  C O N S I S T S  O F  T R A N S M I T T I N G  F R O M  THE S P A C E C R A F T  A T  
20 GHZ A N D  30 G H Z  A N D  R E C E I V I N G  A T  V A R I O U S  GROUND S T A T I O N S  
THROUGHOUT T H E  U.S. I N  P R O P A G A T I O N  T E S T S  E I T H E R  A N  U N M O D U L A T E O  
C A R R I E R  UR A C A R R I E R  M O D U L A T E 0  B Y  N I N E  E Q U A L  A M P L I T U D E  T O h E S  OF 
1 . 5  GHZ B A N D W I D T H  C A N  B E  SENT.  T H E  FCIRYER WILL B E  U S E D  TO D E T E R -  
M I N E  MUST C H A R A C T E R I S T I C S  ( S E F  I T E M  30 )  W I L E  T H E  L A T T E R  WILL B E  
U S E D  T O  D E T E P Y I N E  T H E  C O H E R E N T  B A N D W I D T H .  M E A S U R E M E N T S  OF T H E  
A M P L I T U D E  A N D  P H A S E  OF T H F  R E C E I V E D  S I G N A L S  H I L L  B E  MADE A T  
GROUND S T A T I 3 N S  A N D  FORWARDED A L O N G  W I T H  WEATHER D A T A  T O  G S F C  
F O R  O E T A I L E D  A N A L Y S I S  OF T H E  E F F E C T  O F  A D V E R S E  WEATHER C O N D I T  I O N  
O N  T H E  P R O P O G A T I O N  C H A N N E L S . S I T E  8 S P A T I A L  D I V E R S I T Y  WILL B E  08- 
T A I N E D  B Y  U T I L I Z I N G  TWO OR MORE R E C E I V I Q G  S T A T I O N S  O N  A S I N G L E  
B A S E  L I N E .  C O M M U N I C A T I O N S  T E S T S  A P E  MADE B Y  M O D U L A T I N G  T H E  TWO 
DOWN L I N K S  E I T H E R  S E P E R A T E L Y  OH S I M U L T A N E O U S L Y  W I T H  S I G N 4 L S  T R A N  
S M I T T E O  TO T H E  S A T E L L I T E  ON THE 6 GHZ L I N K .  T Y P I C A L  M O D U L A T I d N S  
I N C L U D E  A N A L O G  F M  S I G N A L S  OF SLOW S C A N  T V  W I T H  30 Y H Z  RF B A N D -  
W I D T H  A N D  M U L T I C H A N N E L  V O I C E  T E L E P H O N Y ,  A S  W E L L  A S  D I G I T A L  PCM 
I N  B O T H  T H E  NCINCOHERENT P C M / F S K / P M  MODE AND T H E  C O H E R E N T  PCM/ -  
P S K / P M  MODE.THE W E L L - D E F I N E D  S A T E L L I T E  4 GHZ DOWN L I N K  C A N  R E  
USFD S I M U L T A N F O U S I  Y FOP C A I  I B R A T I O N .  
32. PHENOMENA OBSERVED 

P R O P A G A T I O N  C H A P A C T E R I S T I C S  T H P U  A T M O S P H E R E  A T  20 A N D  3 0  GHZ.  
33. MEASUREMENT RANGE 

34. PRECISION AND ACCURACY - 



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

S E E  I T E M  31 1 S E E  I T E M  3 1  I N A  
38. FIELD OF VIEW 1 39. GROUND SWATH 

h e  RY 9. D E G ~  L I M B - T 3 - L I M B  
40. ANGULAR RESOLVTION~ 41. SPATIAL RESOLUTION 

2 C I R C / D E G  I N / 4  
42. POINTING ACCURACV~ 43. POINTING RATE 144. ALTITUDE 145. INCLINATION 

N /  A  I N / A  1 GEOSYNC I 0 DEG 
46. SPECIAL REQUIREMENTS 

O S C I L L A T O R  S T A B I L I T Y  OF 1 P A R T  I N  13 T O  THE V I N T H  PER D A Y  
47. COMPONENTS 

T R A N S P O N D E R  9 HORN E D I S H  A N T E N N A S  9 S T A B L E  C R Y S T A L  O S C I L L A T O R .  
48. WEIGHT-- - 149. VOLUME I SO. AVERAGE POWER 151. STANDBY POWER I 52. PEAK POWER 1 53. MTBF 

9 5  L R ~  3 C U F T I  I 1 1 2 5  w A T T S ~  2 Y E A R  
INTERFR~REKE 1 56 ~T=;:%E I SC IN~F'E%&E in I N T ~ " E % ~ E  1 58. SHIELDING 

, S O U P C / S E N I  N O N E  1 NONE I SOUPC/SENI - 
59. CALI6RATION 160. OATA RECOVERY 61. FREQUENCY OF OBSERVATION 

S E E  I T E M  3 1  1 REALTIME 1 Y A N Y  HOURS/DIY 
62. TELEMETRY REQUIREMENTS 

R F  T R A N S M I T T E R  P O W E R S *  FREQUENCY UP C O N V E R T E R ' S  CURRENTS,  TWT 
TEMPERATURES.  

63. ADVANTAGES AND LIMITATIONS 

64. REFERENCES 

1 )  A P R O P O S A L  F O R  A T S - F  M I L L I M E T E R  WAVE P R O P 4 G A T I O N / C O Y M U N I C 4 T -  
I O N  E X P E R I M E N T *  N A S A / G S F C ,  A U G U S T  21.1968. 

65. HISTORICAL REMARKS 

A T S - 5  MWPC U S E S  Y A N Y  OF T H E  SAME GROUND S T A T I O N S .  

4 

L 



INSTRUMENT RESUME 
i 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
GODDARD SPACE FLIGHT CENTER 

GREENBELT, MD. 20771 
3. TITLE - D SATELLITE TO SATEUITE TRACKING 

mTLE COWT.1 

2 ACRONYM 1 3. EXP NO 

SSAND I 
4 REWE DITC / ;ERSION 

lQ9/01/72 l ooa l .  
8. TELEPHONE 

3 0 1 - 9 8 2 - 5 0 4 2  
11. TELEPHONE 

301 -982 -5642  

6. PRINCIPAL INVESTIGATOR 

B E R B E R T ,  J. 
9. CO-INVESTIGATOR 

BRYAND, J. 
11 CONTRACT 

TYPE 113. CONTRACT NUMBER I la. FLASH INDEX NUMBER 1 " COMvLET1ON 117. STATUS 

I 1 I I I 
18. MONITOR 119. AGENCY I 20 PGM OFFICE I 21. TELEPHONE 

D I C L E P ,  0.S.  ! N A S A  HDQTPS IOAIEY 1 2 0 2 - 7 5 5 - 2 3 2 3  
22. VENWR 1 23. LOCATION I 24 Lk:"tT 125. LEAD TIME 

A P L  FOR ANTENNAS I 1 1 
26. INSTRUMENT TYPE I-r 27 

G F F  TRAhSPONDER 1 PWR AMPL , D I P L E X E R  I UNC 
28. APPLICATION 129. SPACECRAFT 

GEOD I GEOS C 
30. PURPOSE 

P R I M A R Y  - PERFORM SAT-TO-SAT T R A C K I N G  E X P E R I M E N T  W I T H  ATS-F 
T O  D I R E C T L Y  MEASURE SHORT PEP 100 A C C E L E R A T I O N S  I M P A R T E D  B Y  
G R A V I T Y  F I E L D  AQD TO D E T E R M I N E  P O S I T I O N .  *** SECONDARY - 
SUPPORT E V A L U A T I O N  OF S-BAND GROUND S T A T I O N S  I N  U N I F  I E D  
F A P T H - C E N T E R E D  R E F E R E N C E  SYSTEM. 

31. PRINCIPLES OF OPERAT ION 

T H E  S-BAND SUBSYSTEM W I L L  BE U S E D  I N  A  S A T E L L I T E - T O - S A T E L L I T E  
( S S T )  T R A C K I N G  MODE (GRARP F O P M A T )  AND A  U S B  ( D O P P L E R  O N L Y ) /  
GRARR G R O U N D - T O - S A T E L L I T E  T R A C K I N G  MODE. S I M U L T A N E O U S  
O P E R A T I O N  I N  T H E  THO T R A C K I N G  MODES I S  NOT P O S S I B L E .  THE 
E A R T H  V I E W I N G  ANTENNA S Y S T E M  S H A L L  P R O V I D E  H E M I S P H E R I C A L  
COVERAGE W I T H  G A I N  GREATER T H A N  - 2  D B  W I T H I N  60 DEGREES OF 
L O C A L  V E R T I C A L .  THE S S T  ANTENNA S Y S T E M  S H A L L  P R O V I D E  +3 D B  
G A I N  I N  T H E  9 I R E C T I O N  O F  THE A T S  ANYWHERE I N  A BAND O F  + OR - 
26 DEGREES FROM THE L O N G I T U D E  OF ATS. THE MAXIMUM D A I L Y  SCHEDULE 
OF O P E R A T I O N  I S  6 0 - M I N U T E  P E P I O D S  PER O R B I T  FOR THO S E T S  OF 
T H R E E  C O N S E C U T I V E  O R B I T S ,  E A C H  S E T  S E P E R A T E D  B Y  FOUR O R B I T S .  

i 
/ 

32. PHENOMENA OBSERVED 

33. MEASUREMENT RANGE 

34. PRECISON AND ACCURACY 

Pee5 CM/SEC OVER A  10 SEC I N T E P G R P T I O N  I N T E R V A I  

7. ORGANIZATION 

GODDAR D SPACE F L T  CENTER 
10. ORGANIZATION 

GOODARD SPACE F L T  C E N T F R  



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

2 0 7 4 . 6 3 7 5 ( R )  2 2 5 3  ( T I  MHZ I NA 1 
38. FIELD OF VIEW 139. GROUND SWATH I 

I 
40. ANGULAR RESOLUT~ON~ 41. SPATIAL RESOLUTION 

N A I NA 
42. POINTING ACCURACV~ 43. POINTING RATE 144. ALTIT UDE 14. INCLINATION 

I 1 0 3 r  ,&. K M f m  .. rt..lt-r.,  AN^ I 115 ~ t f a ; R t t b  

46. SPECIAL REQUIREMENTS I 

47. COMPONENTS. 
TRANSPONDER AND PWR AMPC I F I L K  

48. WEIGHT 149. VOLUME I SO. AVERAGE POWER 151. STANDBY POWER I 52. PEAK POWER 1 53. MTBF 

1 2  1 17 .91  I I 3 I 3 6  I 
s4 INTERE%REREKE I Cd ~IIT%~'R:%E ' 1 * ~-%\%'&E I SZ- INT~$"EP~~ I a. SHIELDING 

SGUPC/SENI I I I 
59. CALIBRATION I6@. DATA RECOVERY 61. FREQUENCY OF OESERVATtON 

NONE I P E A L T I Y E  TELEMETRY I - 

62. TELEMETRY REQUIREMENTS 

7  PAPAMETERS ONCE PER MINUTE:  RECEIVER LOCK, TRANSPONDER 
MODE STATUS*  ANTENNA MODE. 

63. ADVANTAGES AND LlMlTATIOllls 

FURTHFR SUPPORT NEW AND ESTABLISHED GEODETIC MEASURING SYSTEMS. 

64. REFERENCES 

' GEOS-c S P A C E C R A F T  E X P E R  IMENT RE~UIPEMENTS DOZUMENT, R E V  1, 
I 

1 2  M A Y  1 9 7 2 .  

< ' 
6S. HISTORICAL REMARKS 1, 

- 

I 



NATIONAL AER NlSTRATlON 

PROTON-ALPHA-PART I C L  E T E L E S C O P E  AND SPECTROME TEP 1 UNC 
28. APPLICATION 129. SPACECRAFT 

PART I C L E S  AND F I E L D S  I N I M B U S - F  
30. PURPOSE 
' P R I M A R Y - T O  I D E N T  I F Y  AND D I F F E R E N T I A L L Y  MEASURE P A P T I C L t  E N E R G I t S  

AND I N T E N S I T I E S  OF ( A )  PROTONS BETWEEN 0.2-230 Y E V  I N  12 ENERGY. 
I N T E R V A L S ,  ( R )  A L P H A  P A R T I C L E S  2 - 2 5 0  MEV I N  hO ENERGY I N T E R V A L S *  
( C )  ELECTRONS 15 K E V - 1  MEV I N  5 E h E R G Y  I N T E R V A L S (  ( D l  PROTONS 
> 2 5 0  MEV AND E L E C T R O N S > 1 M E V * * * S E C O N D A R Y - S T U D Y  G E O M A G N E T I C A L L Y  
T R A P P E D  AND P P F C  I P  I T  AT I N G  R A D I A T  I v N  AND SOLAR C O S M I C  R A D I A T I O N .  

31. PRINCIPLES OF OPERATION -- 
T H I S  E X P E R I M E N T  I S  TO B E  CONDUCTED I N  C O N J U N C T I O N  W I T H  S I M U L T A N -  
EOUS ORSEGYAT I O N S  OF AN I DENT I C A L  I N T E P C A L I B R A T E D  DETECTOP SYS-  
TEM ON A T S - F  AND-G I N  SYNCHRONOUS O R B I T  A T  L=6.6. THE TELESCOPE 
C O N S I S T S  O F  T H P E E  S O L I D  S T A T E  DETECTORS. THE OUTER OECTECTOR I S  
A 30 M I C R O N  D O U B L E D  D I F F U S E D  D E T F C T O R t  THE SECOND I S  2 0 0  M I C R O N  
D O U B L E  D I f F U S E D t  AND T H E  BACK DETECTOR I S  A 2000 M I C R O N  L I T H I U M  
D R I F T E D .  ENERGY AND P A R T I C L E - T Y P E  D I S C R I M I N A T I O N  I S  A C C O M P L I S H -  
ED BY C O N S I D E R I N G  BOTH T H E  RANGE AND EYERGY L O S S  O F  THE P A R T I C L E  
I N  E A C H  DETECTOR WHERE I T  CAUSES I O N I Z A T I O N .  T H E  LOWEST FNERGY 
PROTON AND A L P H 4 - P A R T 1  C L E  CHANNEL I S  DUE TO P A R T I C L E S  S T O P P I N G  
I N  T H E  F I R S T  DETECTOR. THE N E X T  H I G H E R  TWO C H A N N E L S  R E Q U I R E  
C O I N C I D E N C E  BETWEEN T H E  OUTER AND CENTER D E T E C T O R S  AND THE RE- 
M A I N I N G  CHANNELS R E Q U I R E  C O I N C I D E N C E  BETWEEN THE CENTER AND BACK 
DETECTOR. T H E  TWO D I R E C T  I O N A L  P R O T O N - A L P H A - P A R T I C L E  T E L E S C O P E S  
ALLOW T H E  I N V E S T I G A T I O N  O F  THE M E C H A N I S M  B Y  W H I C H  LOW ENEPGY 
SOLOR C O S M I C  R A Y S  G A I N  ENTRY I N T O  AND PROPAGATE W I T H I N  THF M4G- 
NETOSPHEPE.  T H E  C O M B I N A T I O N  OF M A K I N G  D E T A I L E D  PROTON AND 
ALPHA-PART I C L E  S P E C T R A L  AND D I R E C T I O N A L  MEASUREMENTS I N  TWO 
MAGNETOSPHERE R E G I O N S  PP ESENTS A U N I Q U E  O P P O Q T U N I  TY TO D I R E C T L Y  
I N V E S T I G A T E  T H I S  COMPLEX PHENOMENON. 
32. PHENOMENA OBSERVED 

S E E  I T E M  30 
33. MEASUREMENT RANGE 

S E E  I T E M  30 
31. PRECISION AN0 ACCURACV 



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT I 
I 1 

38. FIELD OF VIEW 139. GROUND SWATH 
I 

42. POINTING ACCURACY~ 43. POINTING RATE 144. ALTITUDE 1 45. INCLINATION 

I 1 M E O  C I P C U L A P  I SUN-SYNCH RETROGRADE , 

46. SPECIAL REQUIREMENTS 

, 

47. COMPONENTS ---I 

I 

40. ANGULAR  RESOLUTION^ 41. SPATIAL RESOLUTION 

I N 4  

63. ADVANTAGES AND LIMITATIONS 

64. REFERENCES 

P R f  LI M I  N A R Y  D A T A  SHEET FOR NIMBUS-F NOV. 1 1970. 

65. HISTORICAL REMARKS 
- 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 
S O L A R - P R O T O N  E X P  Ek I Y  E N T  
(TITLE CONT.) 

2 ACRONYM 1 3. EXP NO 

S P  I 
4 RESUME OATE I 5VERSION 
t 9 / 0 1 /  121 3008'  

8. TELEPHONE 

3 0 1 - 7 7 6 - 7 l C O  
11. TELEPHONE 
301-982-5042 

6. PRINCIPAL INVESTIGATOR 

ROSTHCMI C. 0 .  
9. CO-INVESTIGATOR 

'W ILL IAMS,  D. J. 
12 CONTRACT 

TYPE 113. CONTRACT NUMBER 114. FLASH INDEX NUMBER 1 l5 116 Cm~~~:'ONI 17. STAT US 

1 E S S A  E S - 8 6 - 6 7  1 I11/6hI 1 O P E P A T I O N A L  
18. MONITOR 119. AGENCY 120 PGM OFFICE 1 21. TELEPHONE 

S I O M K A J L O v  J.  I N E S C / Y O A A  I 1 2 0 2 - 6 5 5 - 4 Q 0 0  
22. VENDOR 1 23. LOCATION 1 24 gy;tT 125. LEAD TIME 

A P P L I E D  P H Y S I C S  L A B  1 S I L V E R  S P R I N G , M A R Y L A N D  1 1 / 7 0  1 NA 
26. INSTRUMENT TYPE 27 

C O U N T F R  9 SOL  I C - S T A T E  D E T E C T O R - A R R A Y  is";? 
28. APPLICATION 129. SPACECRAFT 

P A R T I C L E S  & F I F L D S  1 I T O S - 1  
30. PURPOSE 

P H I Y A R Y - T O  O E T E C T  S O L A R  P F f l T O N S  OVER AN E X T E N D E D  P E R I O D  O F  T I M E  
I N  T H E  V I C I N I T Y  OF T H E  E A R T H  F O R :  1. E A P L Y  W A R N I N G  O F  T Y E  OCCUR- 
R E N C E  OF S O L A R - P R O T O N  E V E N T S ;  2. S Y S T E M A T I C  M O N I T O R I N G  OF PPO- 
T O N  I N T E N S I T I E S  AND S P E C T R A ;  3. P E S E A R C H  I N  S O L A R - T E R R E S T R I A L  
P H Y S I C S .  

31. PRINCIPLES OF OPERATION 

THE S P  C O N S I S T S  O F  6 S O L I D  S T A T E  D E T E C T O R S .  D E T E C T O R S  1 , 2 9 3  & 6 
A R F  Y O U N T t D  ON T H E  S P A C E C R A F T  SC T H A T  THE A X E S  OF T H E  F O V  A R 5  
N E A R L Y  P A R A L L E L  T O  T H E  E A R T H ' S  M A G N E T I C  F I E L D  NEAR THE Y A G N E T I C  
P O L E S .  D E T E C T O R S  4 A N D  5 ARE MOUNTED S U C H  T H A T  THE A X E S  O F  T H E I R  
F O V  ARE A P P R O X I M A T E L Y  P E P P E N D I C U L A R  TO THE E A R T H ' S  M P G N E T I C  
F I E L D  EVERYWHERE.  D E T E C T O R S  1 AND 2 ARE S H I E L D E D  B Y  H E M I S P H E R E S ,  
T H E  T H I C K N E S S  O F  W H I C H  D E T F R M I N E S  T H E  M I N I M U M  P R O T O N  E N E R G Y  
P E A C H I N G  T H F  D E T E C T O P .  D E T E C T O R  1 I S  S E N S I T I V E  T O  P R O T O N S  A B O V E  
6 0  M E V T  AND D E T E C T O R  2 I S  S E N S I T I V E  TO P R O T O N S  A B O V E  3 0  MEV. 
D E T E C T O R  3  I S  S E N S I T I V E  T O  P R O T O N S  A B O V E  10 M E V  A N D  C O N S I S T S  OF 
A  L I T H I U M - D R I F T E D  S O L I D - S T A T E  C U B E - S H A P E D  D E T E C T O R  SURROUNDED B Y  
A N  A L U M I N U M  S H I E L D .  D E T E C T O R S  1 9 2 9  A N D  3 E A C H  H A V E  A  F O V  O F  
2 P I  S T E R A D I 4 N S .  D E T E C T O R S  5 AND 6 E A C H  E M P L O Y  2 D I S K - S H A P E 0  
D E T E C T O R S  O F  T H E  F U L L Y - D E P L E T E D ,  S U R F A C E - B A R R I E R  T Y P E ,  A N D  
M E A S U R E  PROTON E N E R G I E S  B E T W E E k  0.3 AND 1 C  MEV.  E A C H  H A S  A 
F O V  OF 40 DEGREES.  D E T E C T O R  49 H I T H  A  F O V  O F  15  D E G R E E S ,  
C O U N T S  E L E C T R O N S  A B O V E  50  K E V  A N D  C O N S I S T S  OF A  700 M I C R O N - T H I C K  
S U R F A C E - B A R R I E R  DETECTOR.  F A C H  D F T E C T O H  H A S  A P R E A M P L I F I E R -  
AMPL I F I E R - D I S C R I M I N A T O R  U N I T  A S S O C I A T F D  W I T H  I T .  

32. PHENOMENA OBSERVED 

S O L A R  PROTONS AND A L P H A - P A R T I C L E S  OVER T H E  P O L A R  C A P S  
33. MEASUREMENT RANGE 

, S E F  I T E M  3 1  
34. PREClStON AND ACCURACY 

S E E  I T E M  3 1  

7. ORGANIZATION 

A P P L I E D  P H Y S I C S  L A 8  
10. ORGANIZATION 

GODDARD S P A C F  F L T  C E N T F R  



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 1 

N A I NA I 
38. FIELD OF VIEW 139. GROUND SWATH I 

S E E  I T E M  31  I NA 
40. ANGULAR RESOLUT~ON~ 41. SPATIAL RESOLUTION 

N 4  1 NA 
42. POINTING ACCURACY~ 43. POINTING RATE 144. ALTITUDE 145. INCLINATION 

kJ A  I I MED C I R C U L A R  I P 3 L A R  N A  
46. SPECIAL REQUIREMENTS 

 DETECTORS SHnULD RF Y A I N T A I N E O  B E T H E E N  -25  A I D  + 2 5  DEGREES C. 

S / S E C o  A D I G I T A L  ENCODER A S S I M I L A T E S  

***2) D E S I G N  STUDY REPORT FOR T H E  I T O S  S Y S T E Y .  VOLm 1 .2 -  RCA 
A S T R O - E L E C T R O N I C S ,  CONTRACT NO. N A S  5 - 9 0 3 4 9  1 9 6 8 .  



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 

S O L A R - P R O T O N  E X P  ER I M F N T  
(TITLE CONT.) 

2 ACRONYM 1 3. EXP NO 

SP I 
4 RESUME DATE I :ERSION 

Q 9 / 0 1 / 7 2  1 3 0 0 8 ~  
6. PRINCIPAL INVESTIGATOR 

B O S T R O M *  C. O. 
9. CO-INVESTIGATOR 

d I L L I A M S ,  D. J. 
12 CONTRACT 

TYPE 113. CONTRACT NUMBER 144. FLASH INDEX NUMBER 1 l5 "Di*r"ET 116 COM~k::'ONI 17. STATUS 

1 E S S A  E S - 9 6 - 6 7  I 111/661 IOPEPPTI ONAL,  
18. MONITOR 119. AGENCY 120 PGM OFFICE I 21. TELEPHONE 

S  I O M K A J L C l r  J. INOAAINESC I 1 2 0 2 - 6 5  5 - 4 6 0 ~  
22. VENDOR 123. LOCATION I " Lg$zT 125. LEAD TIME 

A P P L I E D  P H Y S I C S  L A B  1 S ILVEF SPRINGS,MARYLAND 1 1 2 / 7 ~  1 NA 
Y. 

C O U N T E R ,  S O L I D - S T A T E  D E T E C T O P - A R R A Y  I UNC-  
28. APPLICATION 129. SPACECRAFT 

, P A R T I C L E S  C F I E L D S  1 N O A A - 1  
30. PURPOSE 

P R I M A R Y - T O . O E T E C T  S O L A R  P R O T O N S  OVER AN E X T E N D E D  P f P I l l D  OF T I M E  
Ir\l T H E  V I C I N I T Y  O F  T H E  E A R T H  FOR:  1. E A R L Y  W A R N I N G  UF T H E  OCCUR- 
R E N C E  OF S O L A R - P R O T O N  E V E N T S  ; 2. S Y S T E M A T I C  MON I T O R I N G  OF PRO- 
T O N  I N T E N S  I T  I E S  AND S P E C T R A ; .  3. R E S E A R C H  I N  S O L A R - T E R R E S T R I A L  
P H Y S I C S .  

31. PRINCIPLES OF OPERATION 

T H E  S P  C O N S l S T S  OF 6 S O L I D  S T A T E  D E T E C T O R S .  D E T E C T O R S  1 9 2 . 3  C 6 
A R E  MOUNTED ON T H E  S P A C E C R A F T  SO T H A T  T H E  A X E S  O F  THE F O V  A R E  
N E A R L Y  P A R A L L E L  T O  T H E  E A R T H ' S  M A G N E T I C  F I E L D  N E A R  THE M A G N E T I C  
P O L E S .  D E T E C T O R S  4 A N D  5 ARE MOUNTED SUCH T H A T  THE 4 X E S  O F  T 4 E I R  
F O V  ARE A P P R O X I M A T E L Y  P E R P E N D I C U L A R  TO T H E  E A R T H ' S  M A G N E T I C  
F I E L D  E V E R Y N H E R E .  D E T E C T Q R S  1 A N 0  2 ARE S H I E L D E D  B Y  H E Y I S P H E R E S I  
T H E  T H I C K N E S S  OF W H I C H  D E T E R M I N E S  T H E  M I N I M U M  PROTON E N E R G Y  
R E A C H I N G  T H E  DETECTOR.  D E T E C T O R  1 I S  S E N S I T I V E  TO P R O T O N S  A B O V F  
6 0  Y E V *  AND D E T E C T O R  2 I S  S E N S I T I V E  T O  P R O T O Y S  A B O V F  30 M E V .  
D E T E C T O R  3 I S  S E N S I T I V E  T O  P R U T O N S  AROVE 10 M F Y  4 N D  C O N S I S T S  O F  
A L I T H I U M - O F  I F T E D  SOL I D - S T A T F  C U R E - S H A P E D  D E T E C T O R  SURROUNDE9 B Y  
A N  A L U M I N U M  S H I E L D .  D E T E C T O R S  1.2 ,  A N D  3 F A C H  H A V E  A  F O V  O F  
2 P I  S T E R A D I A N S .  D E T E C T O R S  5 AND 6 E A C H  E M P L O Y  2 D I S K - S H A P E D  
D E T E C T O R S  OF T H E  F U L L Y - D F P L E T E D ,  SURFACE-BARR I E R  T Y P E *  AND 
MEASURE PROTON E N E R G I E S  BETWEEN 0.3 A N D  1q MFV. E A C H  H A S  A  
F O V  O F  40 DEGREES.  D E T E C T O R  4, W I T H  A  F O V  OF 1 5  DEGREES,  
C O U N T S  E L E C T R O N S  ABOVE 50 K E V  AhD C O N S I S T S  O F  A 700 M I C R O N - T H I C K  
S U R F A C E - B A R R  I EK DETECTOR.  E A C H  D E T E C T f l R  H A S  A  P R E A M P L I F  I f  R- 
A M P L  I F I E R - D I S C R I M I N A T O R  U N I T  A S S O C I A T E D  W I T H  I T .  

32. PHENOMENA OBSERVED 

. S O L A R  PROTONS A N D  A L P H A - P A R T I C L E S  OVER T H E  P O L A R  C A P S  
33. MEASUREMENT RANGE 

S E E  I T F M  3 1  
34. PRECISION AND ACCURACY 

S E E  I T E M  3 1  

7. ORGANIZATION 

A P P L I E D  P H Y S I C S  L A B  
10. ORGANIZATION 

GODDARD S P A C E  F L T  C E N T E R  

8. TELEPHONE 

3 9 1 - 7 7 6 - 7 1 C r  
11. TELEPHONE 

3 0 1 - 9 8 2 - 5 0 4 2  



'35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 
N A  I NA I 
38. FIELD OF VIEW 1 39. GROUND SWATH 

S F E  I T E M  3 1  I N4 
40. ANGULAR  RESOLUTION^^^. SPATIAL RESOLUTION 

N  A  I NA 
42. PO~NTING ACCURACY! 4. POINTING RATE 144. ALTITUDE 145. INCLINATION 

N A I 1 WED C I R C U L A R  1 P 3 L A R  N4 
46. SPECIAL REOUlREMENTS 

DETECTOPS SHOULD BF M A I N T A I N E D  BETWEEN -25  AVO + 2 5  DEGREES C e  

47. COMPONENTS 

D E T E C T O R S ?  A Y P L I F I F R S  AND D I S C R I M I N A T O R S  
48. WEIGHT 149. VOLUME I 50. AVERAGE P ~ R  151 STANDBY POWER 1 52. PEAK POWER 1 53. MTBF 

5 LRI 0.1 CU F T I  2 WATTS1 I I 1 YEAR 
r* I W E ~ ~ E N C E  1 55 ~N$"."F?:~&E 1 5C INT?&E'.=P 157 ~T'E".%"EC~E 1 58. SHfELDING 

I I S E N S I T I V E I  S E N S I T I V E I  
59. CALIBRATION 160. DATA RECOVERY 61 FREOUENCY OF OBSERVATION 

PRE-FL  I G H T  C A L  I B R A T I P N  1 D E L A Y E D  AND P E A L T I M E ]  C O N T I N U O U S  
62. TELEMETRY REQUIREMENTS 

D A T A  FRAME COMPRISES 20 N I N E - B I T  WORDS? FRAME T I M E  I S  12  SECS, 
W H I C H  CORPESPONDS TO 15  B I T S / S F C m  A  D I G I T A L  ENCODER A S S I M I L A T E S  
T H E  D A T A  FOR T R A N S M I S S I O N *  
63. ADVANTAGES AND LIMITATIONS 

W I T H  R F A L  T I M E  T E L E Y E T P Y  E A R L Y  W A R N I N G  OF I Y t R E A S E  I N  SOLAR 
PROTON I N T E N S I T Y  COULD BE T R A N S M I T T E O *  

64. REFERENCES 

1 )  BOSTROM, CmO. AND H I L L I A M S ,  0eJ.t  PROPOSAL FOR SOLAR PROTON 
MONITOR FOR T I P O S  O P E R A T I O N A L  SAT. A P P L I E D  P H Y S  L A B *  AND G S F C .  
* * * ? I  D E S I G N  STUDY REPORT FOP T H E  I T O S  SYSTEY 9 V O L *  1 9 2 .  R C A  
A S T R D - E L E C T R O N I C S ?  CONTRQCT N3.  N A S  5 - 9 0 3 4 ,  1968. 

65. HISTORICAL REMARKS 

FLOWN ON I T O S - 1 .  

A 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

. 

COUNTER, S O L 1  0 - S T A T E  DETECTOR-ARRAY I UNC 
28. APPLICATION ~~).OCIWCIUFT 

P A R T I C L E S  C F I E L D S  I N w  9 
30. PURPOSE 

P R I M A R Y - T O  D E T E C T  SOLAR PPOTONS OVER AN EXTENDED P E R I O D  OF T I M E  
I N  T H E  V I C I N I T Y  O F  THE EARTH FOP: 1. E A R L Y  WARNING O F  THE OCCUP- 
R E N C E  OF SOLAR-PROTON E V E N T S ;  2. S Y S T E M A T I C  M O N I T O R I N G  OF PRO- 
T O N  I N T E N S  I T  I E S  AND SPECTRA; 3 .  R E S E A R C H  I N  S O L A R - T E R R E S T R I A L  
PHYS I C S .  

31. PRINCIPLES OF OPERAT ION 

T H E  SP C O N S I S T S  O F  6 S O L I D  S T A T E  DETECTORS. DETECTORS 1 , 2 9 3  & 6 
ARE MOUNTED ON T H E  S P A C E C R A F T  SO T H A T  T H E  AXES O F  THE F O V  A R E  
N E A R L Y  P A R A L L E L  T O  THE E A R T H ' S  M A G N E T I C  F I E L D  NEAR THE M A G N E T I C  
POLES.  DETECTORS 4 AND 5 ARE MOUNTED SUCH T H A T  THE A X E S  OF T H E I R  
F O V  ARE A P P R O X I M A T E L Y  P E R P E N D I C U L A R  TO THE E A R T H ' S  M A G N E T I C  
F I E L D  EVERYWHERE. DETECTORS 1 AND 2 ARE S H I E C D E O  B Y  H E M I S P H E R E S ,  
T H E  T H I C K N E S S  O F  W H I C H  D E T E R M I N E S  T H E  M I N I M U M  PROTON ENERGY 
R E A C H I N G  T H E  DETECTOR. DETECTOR 1 I S  S E N S I T I V E  TO PROTONS ABOVE 
60  MEV, AND DETECTOR 2 I S  S E N S I T I V E  TO PROTONS ABOVE 30 MEV*  
D E T E C T O P  3 I S  S E N S I T I V E  T O  PROTONS ABOVE 10 MEV AND C O N S I S T S  OF 
A L I T H I U M - D R I F T E D  SOL I D - S T A T E  CUBE-SHAPED DETECTOR SURROUNDED BY 
A N  A L U M I N U M  S H I E L D .  DETECTORS 1 9 2 ,  AND 3 E A C H  H A V E  A F O V  OF 
2 P I  S T E R A D I A N S .  DETECTORS 5 AND 6 E A C H  EMPLOY 2 D I S K - S H A P E D  
D E T E C T O R S  O F  T H E  F U L L Y - D E P L E T E D ,  S U R F A C E - B A R R I E R  TYPE,  AND 
MEASURE PROTON E N E R G I E S  BETWEEN 0.3 AND 10 M E V *  EACH H A S  A 
F O V  O F  40 DEGREES. DETECTOR 4, W I T H  A F O V  O F  15 DEGREES, 
COUNTS ELECTRONS ABOVE 50 K E V  AND C O N S I S T S  OF A 700 M I C R O N - T H I C K  
SURFACE-BARR I ER DETECTOR. E A C H  DETECTOR H A S  A P R E A H P L I F  I E R -  
AMPL I F I E R - D I S C R I M I N A T O R  U N I T  A S S O C I A T E D  W I T H  I T .  

32. WENOMEMA OBsERVEO 
- 

S O L A R  PROTONS AND A L P H A - P A R T I C L E S  OVER THE P O L A R  C A P S  
33. MEASUREMENT RANGE 

, S E E  I T E M  3 1  
a. PRECISION AN0 ACCURACY 

S E E  I T E M  3 1  
1 



-I 
35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

N  A  I NA I 
38. FIELD OF VIEW 1 39. GROUND SWATH 

SEE l T F Y  31  I NA 
40. ANGULAR  RESOLUTION[^^. SPATIAL RESOLUTION 

NA 1 NA 
42.POlNTlNG ACCURACY( 43. POINTING RATE 144. ALTITUDE (45. INCLtNATlON 

N A 1 I MED C I P C U L A R  I P 3 L A U  N A 
46. SPECIAL REQUIREMENTS 

' D E T E C T O R S  SHOULD B E  M A I N T A I N E O  BETWEEN - 2 5  AVO + 2 5  DEGREES c *  

MONITOR FOR T I R O S  O P E R A T I O N A L  S A T *  A P P L I E D  P H Y S  L A B *  4 N D  GSFC. 
**a21 D E S I G N  STUDY REPORT F O R  T H E  I T O S  S Y S T E M *  VOL.  1 9 2 .  PCA 
A S T R O - E L E C T Q O N I C S ,  CONTRACT NO* N A S  5-9034.  1968. 

65. HISTORICAL REMARKS 

L 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 
S O L A R - S C I E N C E  E L E C T R O N  F L U X  E X P E H  I M E N T  
(TITLE CONTJ 

E L E C T R O N  C O U N T E R  

2 ACRONYM 1 3. EXP NO 

S S E D  I 
4 RESUME DATE I :ERSION 

0 9 / 0 1 / 7 2 ]  0004 
6. PRINCIPAL INVESTIGATOR 

HOSTROM, CmOm 
9. CO-INVESTIGATOR 

12 CONTRACT 
TYPE 113. CONTRACT NUMBER 114. FLASH INDEX NUMBER 1 %ZT (16 coMD'~~~ONI 17. STATUS 

I I I I 1 OPEPATI  ONAL 
18. MONITOR (19. AGENCY (20 PGM OFFICE 1 21. TELEPHONE 

H U S E N B E R G T  J . D o  I N A S A  H D Q T R S  I O A / E C D  1 2 9 2 - 7 5 5 - 2 3 2 2  
22. VENDOR 1 23. LOCATION I E g $ i T  125. LEAD TIME 

A P L - J O H N S  H O P K I N S  U N I V  1 S I L V E P  S P R I N G ,  MD. 1 @ 1 / 6 8 I  NA 
26. INSTRUMENT TYPE 27 %wu~, 
C O U N T E R  , E L E C T R O N  M U L T I P L I E R  P A R T I C L E ;  X - A X 1  S  YAGNETOMETER 1 UNC 

28. APPLtCATION 129. *ACECRAFT 

. P A R T - F L D  I GEOS 2 
30. PURPOSE 

P R I M A R Y - T O  Y E A S U R E  T H E  F L U X  O F  P R E C I P I T A T I N G  E L E C T R O N S  I N  THE 
E A R T H ' S  ATMOSPHERE.  

31. PRINCIPLES OF OPERATION 

T H E  S O L A R  S C I E N C E  E L E C T R O N  D E T E C T O R  ( S S E D )  I S  A N  I N S T R U M E N T  T O  
M E A S U R E  T H E  F L U X  O F  PP E C I P I T A T I N G  E L E C T P O N S  U S I N G  E L E C T R O S T A T I C  
F O C U S I N G  TO D E F I N E  T H E  ENERGY I N T E R V A L  AND A N  E L E C T R O N  M U L T I P L I -  
E R  ( B E N D I X  C H A N N E L T R O N )  AS  A  P A R T I C L E  D E T F C T O R .  THE M A G N E T I C  
PHENOMENA ARE M E A S U R E D  W I T H  T H E  X - A X I S  MAGNETOMETER.  T H E  O U T P U T  
I S  f I L T E R E D  AND A M P L I F I E D  BY A  F A C T O R  f l ~  100. THE HALF-POWER 
P O I N T S  O N  T H E  F I L T E R  A R E  A T  0.03 H Z  AND 3 HZ.  A F T E R  A M P L I F I C A -  
T I O N  T H E  F U L L  S C A L E  TELEMEPP.Y R E A D I N G  I S  +- 500 GAMMA W I T H  A  
S E N S I T I V I T Y  O F  5 GAMMA. T H E  P A P T I C L E A N D  MAGNETOMETER D A T A  4 P E  
S U B C O M M U T A T E D  W I T H I N  T H E  S S E D  P A C K A G E  SO T H A T  O N L Y  ONF C H A N N E L  
OF S A T E L L I T E  A N A L O G  T E L E M E T R Y  I S  USFD.  T H E  2 O U T P U T S  A R E  SAY-  
P L E D  A L T E R N A T E L Y  A S  PROGRAMMED. P A R T I C L E  D A T A  ARE O B T A I N E D  13NLY 
ON P A S S E S  W I T H I N  V I E W  OF THE A P L  COMYAND S T A T I O N .  S I N C E  T H E  
S P A C E C R A F T  I S  S T A B I L I Z E D  TO W I T H I N  A B O U T  20 DEG O F  Z E N I T H  A N D  
T H E  I N S T R U M E N T  C O L L I M A T O R  A D M I T S  O N L Y  P A P T I C L E S  W I T H I N  ABOUT 13 
D E G  OF T H E  A X I S ,  P A R T I C L E S  N I T H  L O C A L  P I T C H  A N G L E S  B E T W E E N  0 AND 
33  D E G  WILL B E  SAMPLED.  

32. PHEIYOMERA OSfRVEO 

7. ORGANIZATION 

A P L - J O H N S  H O P K I  N S  U N I  V  1 

10. ORGANIZATION 

8. TELEPHONE 

3 9 1 - 7 7 6 - 7 1 0 C  
11. TELEPHONE 



P L A N  O f  O P E R A T I n N S  FnP THF GEr)S-0 SPACECRAFT. REPORT NOOR-4035-  
45-2. C O M M U N I C A T I O N S  AND S Y S T E M S  1NC.r O C T o  1967. 



GHT CENTER 

ERN H E M I S P H E R E * * * S E C O N D A R Y - T O  S T U D Y  D Y N A M I C A L  I N T E R A L T I O N S  I N  
T H E  U P P E R  T R O P O S P H E R E  BETWEEN M I D - L A T I T U D E  A N D  T R O P I C A L  D I  STURB-  
A N C E S * * *  T E F T  I A K Y - T O  M E A S U R E  T H F  P A T E  OF C O N V E R S I O N  O F  P O T E N T I A L  

L O O N  L O C A T I O N  A h C  D A T A  R E T R I E V A L  S Y S T E M  W I T H  T H E  N E C E S S A R Y  COM- 
M U N I C A T  I O N S  AND GATA R E D U C T  I O N  E Q U I P Y E N T  T H A T  WILL D E T E R Y  I N E  T H E  
L O C A T I O N  OF 3CG B A L L O O N S  TO AN A C C U R A C Y  O F  +-5 K M  A T  L E A S T  
T H I C E  D A I L Y  W I T H  A N  I N T E R V A L  BETWEEN O B S E R V A T I O N S  O F  A B O U T  TWO 
HOURS, T H E  P R I Y C I P L E  I N V O L V E D  I N  THE L O C A T I O N  O F  T H E  B A L L O O N  
P A C K 4 G E S  I S  A  RANDOM A C C E S S  D O P P L E R  T E C H N I Q U E  WHERE T H E  P O S I T I O N  
O f  T H E  P L A T F O R M  I S  C O Y P U T E D  FPOM T H E  D O P P L E R  F R E Q U E N C Y  S H I F T .  
T H E  T R A N S M I T T E D  S I G N 4 L S  A P E  M O D U L A T E D  W I T H  THE D A T A  FROM THE AT-  
M O S P H E R I C  SENS '3RSe  E A C H  B A L L O O N  WILL C A R R Y  COW D E N S I T Y  R A D I O  
E Q U I P M E N T  FOR T R A N S M I S S I O N  T O  T H E  N I M B U S  O B S E R V A T O R Y  F N D  S E N S O R S  
T O  M E A S U R E  A I R  T E Y P E P A T U R E  t P R E S S U R E  A N D  A L T I  TUDE A  R E C E I V E R  
O N  T H E  S A T E L L I T E  WILL R E C E I V E *  S T O R E ,  A N D  P E L A Y  THE S I G N A L S  F R O M  
T H E  RANDOMLY T R A N S M I T T  I N G  B A L L O O N S  T O  F I X  T H E I R  I D E N T I T I E S  , PO- 
S I T I O N S ,  AND T I M E S  OF L O C A T I O N .  T H E  S A T E L L I T E  A N T E N N A  WILL BE 
C I R C U L A R L Y  P O L A R I Z E D  W I T H  A  P E A K  G A I N  O F  A B O U T  4 DR. T H E  RF-  
C E I V E R  WILL H A V E  A N O I S E  F I G U R E  O F  A B O U T  3 DB A N D  A  P A S S B A N O  OF 
A B O U T  30 K H z .  I T  W I L L  T R A N S L A T E  T H E  B A L L O O N  T P A N S M I S S I O N S  T O  



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

400 M HZ I I 
38. FIELD OF VIEW 139. GROUND SWATH 

Y 4  I NA - 
40. ANGULAR RESOLUT~ON~ 41. SPATIAL RESOLUTION 

NA I NA 
42 POINTING ACCURACYI 43. POINTING RATE 144. ALTITUDE 145. INCLINATION 

I 1 YEO CIRCULAR I SUN-SYNCH RETROGRADE 
46. SPECIAL REQUIREMENTS 

47. COMPONENTS 

R F C E I V F R .  MU1 T I P L E X E R .  TAPE TRANSPORT & ELECTRONICST TRANSMIT-TER: 
48. WEIGHT 149. VOLUME I M. AVERAGE POWER 151. STANDBY POWER I 62. PEAK POWER 1 53. MTBF - 

3 2  L R I  0 .85  CU F T I  69 H A T T S ~  I I 
54 INTER~REIICE I IN%&"F'Z%E 1 INT%'E'R"E"N~E 1 s7 IN&".'F"E"R%~E 158. SHIELDING 

S F N S I T I V F ~  I I I 
59. CALIBRATION 160. DATA RECOVERY 161. FREQUENCY OF OBSERVATION 

1 T ECEMETRY H VERY TWO H O U R S  
62. TELEMETRY REQUIREMENTS 

63. ADVANTAGES AND LIMITATIONS 

64. REFERENCES 

P R E L I M I N A R Y  DATA SHEET FOR NIMBUS-F,  N0V.r 1970. 
J 

65. HISTORICAL REMARKS 



TRANS PONDER TECHNOLOGY EXPER IMENTS 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 

C - B A N D  T R A N S P O N D E R  
(TITLE CONT.) 

2 ACRONYM 1 3. EXP NO 

C T P A N  I 
4 RESUME onTE I ;ERSION 

C 9 / 0 1 / 7 2  1 3 0 0 4  
8. TELEPHONE 

11. TELEPHONE 

6. PRINCIPAL INVESTIGATOR 

S T A N L E Y *  Ha Re 
9. CO-INVESTIGATOR 

12 CONTRACT 
TYPE 113. CONTRACT NUMBER 114. FLASH INDEX NUMBER 1 " E%2T 1x6 COMDPnL::'ONJ 17. STATUS 

I I I I IOPEPATI~NAL 
18. MONITOR 119. AGENCY 120 PGM OFFICE I 21. TELEPHONE 

R O S E N B E R G *  J .Dm I N A S A  H D Q T F S  I O A / E C D  1 2 0 2 - 7 5 5 - 2  322  
22. VENDOR 1 23. LOCATION I z4 L'$FT 125. LEAD TIME 

V E G A  P R E C I S I O N  L A R S  I V I E N N A t  VA. I 0 1 / 6 8  lhJ4 
26. INSTRUMENT TYPE 21 

S E C W " .  

T R A N S P O N D E R ,  2 C-BAND VEGA M O D E L  313 C ~ U N C  
28. APPLICATION 129. SPACECRAFT 

,G E OD I G E ~ S  2 
30. PURPOSE 

P R I M A R Y - T C  8 F  U S E D  FOR R A N G E  P A D A P  C A L I S R A T I O N  AND D A T A  HECORD- 
I N G  F O R  E X P E P I M E N T 4 T I O N  T O  D E T E R M I N E  T H E  ACCURACY OF T H F  R A D A R  
S Y S T E M  FOR G E O M E T R I C  AND GR AV I M F T P  I C  G E O D E S Y  I N V E S T I G A T I O N S .  
U S E D  I N  C O N J U N C T I O N  W I T H  T H E  C - B A N D  P A S S I V E  R E F L E C T O R  E X P E P I -  
MENT 

31. PRINCIPLES OF OPERATION 

T H I S  S Y S T E M  C O N S I S T S  O F  A P A I R  O F  R E D U N D A N T  C-BAND T R A N S P O N D E R S  
( V E G A  MODEL 3 1 3 C ) .  T H E  T R A N S P O K D E P S  A P E  I D E N T I C A L  E X C E P T  F O R  
I N T E R N A L  D E L A Y  T I M E *  5 M I C R O S E C  V S  0 . 7  M I C R O S E C  W H I C H  A L L O W S  
T R A N S P O N D E R  I D E N T I F I C A T I O N .  E A C H  T R A N S P O N D E R  H A S  I T S  OWN C A V I T Y  
M O U N T E D  H E L I C A L  ANTENNA.  T H E  I N T E R R O G A T I O N  F R E Q U E N C Y  I S  5 6 9 0  
MHz A N D  T H E  T R A N S M I T T E R  F R E O U F N C Y  ( D O W N L I N K )  I S  5765 MHz.  T H E  
T R A N S P O N D E R  P E C E I V E S  P P A I k  O F  P U L S E S  8 M I C R O S E C O N D S  A P A R T  F R O P  
A GROUND S T A T I O N .  E I G H T  M I C R n S E C O N D S  A F T E R  R E C E I V I N G  T H E  F I R S T  
OF T H E S E  P U L S E S  AN I N T E R N A L  G A T I N G  P U L S E  I S  G E N E R A T E D .  WHEN 
T H I S  G A T I N G  P U L S E  I S  P R E S E N T *  T H E  SECOND GROUND P U L S E  WILL GEN- 
E R A T E  A R E T U R N  P U L S E  A F T E R  A F I X E D  G.7 OR 5 M I C R O S E C O N D  D E L A Y  
( D E P E N D I N G  UPON W H I C H  O F  T H E  THC T R A N S P O N D E R S  I S  I N  O P E R A T I O N ) .  
R A N G I N G  I S  O B T A I N E D  AT T H E  GROUND V I A  T H E  T I M E  R E Q U I R E D  T O  M A K F  
T H E  R O U N D  T k I P  L E S S  THE F I X E D  D E L A Y  I N  THE S P A C E C R 4 F T .  T H E  
S Y S T E Y  R E C E I V E S  POWER FROM T H E  T R A N S P O N D E R  B A T T E R Y  AND MUST 
T I M E - S H A R E  T H E  A V A I L A B L E  POWER W I T H  T H E  GRAPR A N D  SECOR TRANS-  
PONDERS.  I N  ORDER T O  D E T F R M I N F  A C C U R A T E L Y  T H E  LflNG-TERM E F F E C T S  
O F  A G I N G  A N D  R A D I A T I O N  UPON T H E  T R A N S P O N D E R  S Y S V F M *  D A T A  I S  COM- 
P A R E D  W I T H  T H A T  R E T U P N E D  FROM T H E  P A S S I V E  C-BAND R E F L E C T O R  A L S O  
ON-BOARD. 
32. PHENOMENA OBSERVED 

,RF T R A N S M I S S I O N  FROM GROUND S T A T I O N S  A T  5690 M H z  
33. MEASUREMENT RANGE 

R A N G E  G R E A T E R  T H A N  4000 NM 
34. PRECISION AND ACCURACY 

R A N G E  P R E C I S I O N  0.7Mq 4 C C U P A C Y  2M. 

7. ORGANIZATION 

N A S A  W A L L O P S  S T A T I O N  
10. ORGANIZATION 



' 

35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

SEF I T E M  3 1  IN A 1 
38. FIELD OF VIEW 139. GROUND SWATH 

I 
40 ANGULAR RESOLUT~ON~ 41. SPATIAL RESOLUTION 

NA INA 
42. POINTING ACCURACY 43. POINTING RATE 144. ALTITUDE 145. INCLINATION 

NA INA IWED ECCENTRIC ] H I G H  RETROGRADE , 

46. SPECIAL REQUIREMENTS 

47. COMPONENTS 

2 VFGA MODEL 313C TRANSPONDFRS 
48. WEIGHT 149. VOLUME ( SO. AVERAGE POWER 151 STANDBY POWER I 52. PEAK POWER 1 53. MTBF 

a L B I  1 I 3 W A T T S ~  535, WATTSI  
IWTER~&ENCE 1 55 #N~"E^R%?'R~&~ 1 56 WT%'~&%%E Is7 INT%$%~E 1 58. SHIELDING 

SOURCF ~ N U N F  INONE ~ N ~ N E  I 
59. CALIBRATION 160. DATA RECOVERY 61 FREQUENCY OF OBSERVATION 

NONE IY A 1 2 ~ - 4 ~  M I N  PFR D 4 Y  
62. TELEMETRY REQUIREMENTS 

S E E  I T E M  31 

63. ADVANTAGES AND LIMITATIONS 

64. REFERENCES 

1 ) N A S A  PRESS K I T  FOR GEOS-Be RELEASF NO: 6 8 - 2 K q  J A N  7 ,  6 8 0 * * * 2 )  
PARAMETRIC A N 4 L Y S I S  F O R  FUTUPF GFODETIC SPACFCRAFT OEVELOPYFNT. 
REPORT NO. R-4035-59 -2 ,  COMYUN I C A T I f l N S  AND SY STEYS, I N C o  JAN 6 8 .  
+ * * 3 ) P L A N  OF OPERATICINS F3R THE G E O S - R  SPACESRAFT. RFPORT NO. R- 
4 0 3 5 - 4 5 - 2 ,  CDMMUQICATIDNS SYSTFYS, INC. OCT, 6 7 .  

65. HISTORICAL REWARKS 

GEOS 2 I S  ALSO KNONN AS EXPLORFR 36 

I 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE I 2 ACR0NY.M 1 3. EXP NO 

FNT f - R A : : ~  T R A N 5 P n N D F R  ~ T P A P I  I 
(TITLE CONT.) 1 4 RESUME DITG I :f RSION' 

t 9 / 0 1 / 7 2  P O 0 1  ' 

6. PRINCIPAL INVESTIGATOR 1 7. ORGANIZATION 1 8. TELEPHONE 

~ A S A  W A L L O P S  STATION p 0 3 - 8 2 4 - 3 4 1 1  

P R I M A R Y  - S U P P C s T  C A L I H K A T I D N  AND E V A L U A T I O N  OF GROUND C-BAND 
R A D 4 R  S Y S T E M S  A Y D  L O C A T E  T H E S E  S T A T I f l N S  I N  U n l F I E O  E A R T H - C E N T E R E D  
K F F E Q E N C E  S Y S T E M .  *** S E C O N D A R Y  - P R O V I O E  T R A C K I N G  C O V E P A G E  
I N  S U P P O R T  9 F  R A D A R  A L T I M E T E R  E X P E R I M E N T .  

31. PRINCIPLES OF OPERATION 

C O H E R E N T  T K A N S P U N D E R  A N T E N N A  W I L L  P R O V I D E  H E M I S P E R I C A L  
C O V E R A G E  W I T H  H E A M  A X I S  TUWARD C E N T E R  OF E A R T H .  G A I N  O N  A X I S  
5 DS h O Y I N A L 9  R I G H T - H A N D  C I R C U L A R  P O L 4 P I Z A T I O N .  T H E  A L T I T U D E  
C O N T R O L  M k I N T A I k ! S  B E A M  A X I S  W I T H I N  + OR- 10 D E G R E E S  OF L O C A L  
V E P T  I C A L  AND S / C  O S C I L L A T O R Y  M O T I O N  S H A L L  N O T  D E G R A D E  P U L S E  
D C P P L E R  S I G N A L  R Y  MORE T H A N  0.05 F T / S E C .  M A X I M U Y  D A I L Y  
S C H E D U L E  O F  6 5  M I N U T E  R A D I A T I N G  T I M E  PER O R B I T  F O R  3 D A Y S  
CONT I N U U U S L Y .  

32. PHENOMENA OBSERVED 

*E TP-Q'd FRnM T.Rf&JND S T A T I O N S  A T  5690 M H z  
33. MEASUREMENT RANGE 

34. PRECISION AND ACCURACY 



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

5699 MHz ( R A N D T I  I I 
38. FIELD OF VIEW 139. GROUND SWATH 

I 
40. ANGULAR RESOLUT~ON~ 41. SPATIAL RESOLUTION 

NA 1 V A  
42 POINTING ACCURACY] 43. POINTING RATE 144. ALTITUDE 145. INCLINATION 

NA 1 rUA 1 9 2 7  K Y ( M F 4 N )  1 1 1 5  DEGREES 
46. SPECIAL REQUIREMENTS 

O P F P A B L E  SIYULTAYF3USLY H I T H  NOY-COHEPENT TR4NSPONDER 
47. COMPONENTS 

48. WEIGHT 149. VOLUME I so. AVERAGE POWER 151 STANDBY POWER 1 52. PEAK POWER 1 53. MTBF 

5 5 I 13.9 I 4 1 3 6  1 I 
INTER~~RENCE 1 55 IN%"F?%&E I ~NT%%"E"NCE I #NT%","R~~E I 58. SHIELDING 

SOURCE I I I I - 
59. CALIBRATION 160. DATA RECOVERY 61. FREQUENCY OF OBSERVATION 

NONE 1 NA I 
62. TELEMETRY REQUIREMENTS 

COMVAQD-  O F F *  EN-YaQPAL,  3N-nVERRIDE 
TELEYFTRY - 6 PARAMFTERS b Y D  2 YODE I N D f C A T I 3 N S  I N D I C A T I O N S  
O N C E / Y I ~ I U T E .  

63. ADVANTAGES AND LIMITATIONS 

64. REFERENCES 

GEOS-C SPACECRAFT EXPERIMENT REQUIREYENTS D O X U Y N T T ~  PEV I p  

1 2  MAY 1972.  

65. HISTORICAL REMARKS 

1 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 

D O P P L E R  D E A C O N  
(TITLE CONT.) 

2 ACRONYM 1 3. EXP NO 

D R F 4 C  I 
4 RESlJhlE OATE I :ERSION 

r q / q l /  r 7  ? - q q '  ., - 
8. TELEPHONE 

11. TELEPHONE 

6. PRINCIPAL INVESTIGATOR 

A N D F R L E T  P e J e  
9. CO-INVESTIGATOR 

12 CONTRhCT 
TYPE 113. CONTRACT NUMBER 114. FLASH INDEX NUMBER 1 l5 116 CoM$::(ONI 17. STATUS 

I 1 I I I O P F P L T T  O N E L  
18. MONITOR 119. AGENCY 120 PGM OFFICE 21. TELEPHONE 

P O S E N B E R G ,  J.0. I N A S A  H D Q T F S  I G A / E C D  1 2 C ) ? - 7 5 5 - 2 3 2 2  
22. VENDOR 1 23. LOCATION I Lf?FT 125. LEAD TIME 

J H U /  J P L  I S I L V E P  S P P I N G 9 M D e  1 0 1 / 6 8  l r14 
26. INSTRUMENT TYPE 21 

SECUqlIV, 

B E A C S N ,  3 a A D I 3 - F R F Q U E N C Y  T K A N S P I T T E P  IUNC 
28. APPLICATION 129. SPACECRAFT 

GEOD IGFClS 2 
30. PURPOSE 

P R I M A R Y - T O  G E F I N E  KNOWLEDGE OF T H E  S T R U C T U R E  O F  T H F  E A R T H ' S  
GRAV I T A T  I O N h L  F I E L D . * * * S E C O N D A P Y - T O  D E T f  P M I N E  MORF A C C U P 4 T E L Y  
T H E  P R E C I S E  P O S I T I O N S  OF THE U S  N A V Y  T R A N F T  GROUNE S T A T I C N S  
R E L A T I V E  T O  T H E  C E N T E R  OF T H E  M A S S  O F  T H E  E P R T H .  

31. PRINCIPLES OF WERATION 

T H I S  D O P P L k K  T K A N S M I T T E P  WAS FLOWN O N  G E n S - 1  A N D  A L S O  H A S  B E E N  
U S E D  FOR G E O D E T I C  R E S E A R C H  I N  t A R L Y  N A V Y  S A T E L L I T E S ,  I N  T H F  
A N N A - 1 B  AND I N  T H E  N A S A  E X P L ' 3 R F n  2 7  S A T E L L I T F .  T H E  SYSTEb4  CON-  
S I S T S  OF 3 h A D I C 1 - F R E Q U E N C Y  T ' ? A N S M I T T E P S  ' 7 P E P A T I Q G  A T  1 6 2 9  3 2 5 9  
A N D  9 7 2  MHzt 2 I N T E k C H A N G A R L E  5 - M H z  S T A R L E  O S C I L L A T O P S I  AND 
MULT  [ P L Y  I " J G  C I R C U I T R Y  TO P Q O V I F E  S T A B L E  T P A N S M l T T E P  F R E Q U F N C I E S a  
T H E  U S E  3F 3 C O H E R E N T  R A D l Q  F R k Q U E N C I E S ,  GEbJERATED B Y  T H E  M A I N  
O S C I L L A T O R ,  A L L O W S  T H E  C O Y P U T A T I O I V  A N D  C O R P E C T I O N  O F  T H E  IONCI-  
S P H E R I C  R F F k A C T I O N  E F F E C T  3N T H E  D O P P L E R  F R E Q U E N C Y .  T H E  D O P P L E R  
B E A C O N  O Y  T H E  S A T E L L I T E  T R A N S M I T S  2 5 0  Y I L L I W A T T  A T  1 6 2  MHz, 40C 
M I L L I W A T T  AT 3 2 5  M H z  A N D  5QC M I L L 1  h 4 T T  A T  9 7 2  MHz.  T H F  162 AND 
3 2 5  MHZ T R A N S Y I T T E P S  A R E  M O D U L A T E D  W I T H  THE T E L E M E T R Y  T I M E  MARK-  
t R  M W I L E  T H E  T H I R D  T R A N S M I T T E R  I S  U N Y O D U L A T E D .  T H E  P O P P L E R  
B E A C O N S  U S E  T H E  M A I N  POWER S U P P L Y  OF T H E  S P A C E C R A F T  A N D  N O F M A L L Y  
T R A N S M I T  C d N T I N U O U S L Y .  

32. PHENOMENA OBSERVED 

33. MEASUREMENT RANGE 

34. PRECISION AND ACCURACY 

7. ORGANIZATION 

N A V A L  W E 4 P O k S  L A 9 0 F  4 T O k Y  
10. ORGANIZATION 



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

1 6 2  T O  972. MHZ I NA I NA 
138. FIELD OF VIEW 1 39. GROUND SWATH I 

I 
40. ANGULAR RESOLUT~ON~ 41. SPATIAL RESOLUTION 

NA .. . .. . 
42 POINTING ACCURACY( 43. POINTING RATE 144. ALTITUDE 145. INCLINATION 

' NA I NA I MED t C C t N T R I C  H I -  J H  RET'P3JmADt ' 
I I I 

46. SPECIAL RECIUIREMENTS 1 
7. COMPONENTS 

63. ADVANTAGES AND LIMITATIONS I 
64. REFERENCES 

1 ) N A S A  P R E S S  K I T  F3R GEOS-8 .  R E L E A S E  NO: 6 8 - 2 K *  JAN 79 68.***2) 
P L A k  OF  O P E R A T I O N S  FOR THE GEOS-B S P A C E C R A F T ,  C O M M U Y I C A T I O N S  AND 
S Y S T E M S *  I N C .  R E P O R T  YO. R - 4 0 3 5 - 4 5 - 2 1  OCT l 9 6 7 . * * * 3 ) P A R A M E T R I C  
A N A L Y S I S  F O R  F U T U R E  GEODET I C  S P A C E C R A F T  DFVELOPMENT. COMMUNICA- 
T I O N  AND S Y S T E M S ,  I N C .  REPORT NO. R - 4 0 3 5 - 5 0 - 2 9  JAN 1 9 6 8 .  



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 

O n P P l  FR T R , A q S t d I T T F G  
(TITLE CONT.1 

2 ACRONYM 1 3. EXP NO 

P P E A C  I 
4 RESUME DATE / :ERSION 

0 0 / 0 1 / 7 2  130Cl 
6. PRINCIPAL INVESTIGATOR 1 7. ORGANIZATION 1 8. TELEPHONE 

I N A V ~ L  M E A P O N S  L A B  I 

I N  E A P L Y  N A V Y  S A T E L L I T E S .  T H E  T P A N S M I T T E R S  O P E P A I E  A T  
162 AND 3 2 4  M H z  A N D  P I - R M I T  T H E  C O M P U T A T I O N  AND C O R R E C T I O N  
OF THE I O N O S P H E R I C  R E F R A C T I O N  F F F E C T  TJN T H E  D O P P L E R  F R E Q U E N C Y .  
T H E  D O P P L E R  BEACONS U S E  T H E  M A I N  POWER S U P P L Y  OF T H E  S P A C F -  
CRAFT AND N O R M A L L Y  T R A N S M I T  C O N T I N U O U S L Y .  

32. PHENOMENA OBSERVED 

33. MEASUREMENT RANGE 

34- PRECfSlON AND ACCURACY 

A 



AT L E A S T  ONCE PER MIN. 

J 



G S F C ,  ROSMAN,  A N D  M O J A V E  D E S E P T ,  B E F O R E  T H E  L A U N C H  O F  ATS-G; AND 
R E C E P T I O N  F R O M  A T S - G  O F  S I G N A L S  O R I G I N A T I N G  F R O Y  A L O W - O R B I T I N G  
S A T E L L I T E  AN9 R E T R A N S M I T T E D  V I A  L A S E R .  T H E  L A T T E R  S I G N A L S  WILL 
B E  R E T R 4 N S M I T T E D  AT F F  BY A T S - F  T O  GROUND, T H E  L A S E P / O P T I C S  A R E  
U S E D  F O R  B O T H  R E C E I V E  A N D  T R A N S M I T .  T H E  M A J O R  O P T I C A L  COMPOVENT 
I S  A  5 - I N  C A S S E G R A I N  P E F L F C T O P ;  THE C O L L I M A T I N G  E L E M E N T  I S  A  
N E G A T I V E  L E N S ;  A N D  T H E  D E T E C T O R  I S  A S E N S I T I V E  W I D E B A Y D  HG-CD 
T E L L U R I D E  C R Y S T A L  O P E R A B L E  A T  T E M P E R A T U R E S  U P  TO 100 D E G  K *  T t i U S  
A L L O W I N G  R A D I A T I V E  C O O L I N G .  I M C  I S  U S E D  T O  C O R R E C T  F O R  I N S T 4 -  
B I L I T I E S  I N  S A T E L L I T E  P O I N T I N G .  THE C O M P E N S A T O R  O P E R A T E S  B Y  



. E X P E R I M E N T  FOR A T S - F  AND A T S - G p  NO. X - 5 2 4 - 6 8 - 2 0 6 ,  GSFCp M 4 Y 9  

65. HISTORICAL REMARKS 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 
I N T E P P O G A T  I O N ,  K E C O R O I N G ,  A h D  L O C A T I O N  S Y S T E M  

(TITLE CONT.) 

2 ACRONYM 1 3. EXP NO 

I P L S  1 - 
r RESUME OITE 1 EERSION 

2 9 / ? 1 / 7 2  1 3 C 0 5  
6. PRINCIPAL INVESTIGATOR 

HUGAN,  G e D e  
9. CO-INVESTIGATOR 

12 CONTRACT 
TYPE 113. CONTRACT NUMBER 114. FLASH INDEX NUMBER 1 %$tT 1'6 c ~ k f ~ ' o N I  17. STATUS 

1 I I I  OPERAT TI ONAL 
18. MONITOR 119. AGENCY I m. PGM OFFICE 1 21. TELEPHONE 

S C H A R D T  I 0.8. ]NASA H D Q T P S  I o A / E R N  1 2 0 2 - 7 5 5 - 2 3 2 2  
22. VENDOR 1 23. LOCATION 1 24 L4\$yT 125. LEAD TIME 

, P A D I A T I C ? N t  I N C  IWECROURNE , F L O R I D A  64/69 HNA 
26. INSTRUMENT TYPE SEC~BUV. 27 

,TRANSPONDER,  UHF l u ~ r  
28. APPLICATION 12s. SPACECRAFT 

M F T I  O C E A ~ V ,  C ~ Y Y ,  N A V .  HIOL INIMBUS 3 
30. PURPOSE 

P R I M A R Y -  T O  D E M O N S T R A T E  T H A T  A  S A T E L L I T E  C A N  D E T E R M I N E  T H E  
P O S I T I O N  OF P L A T F O R M S  C O N T A I N  I N G  S E N S O R S ,  R E C O R D  T H E I R  D 4 T A .  AND 
T H F N  R A D I O  T H E  R E S U L T S  TO A  GROUND S T A T I O N  F O P  D I S S E V I N A T I O N . * + *  
S E C O N O A P Y -  T O  P S O V I O F  M E T E O R O L O G I C A L  AND OTHER D A T A  A S  SFNSE9 
BY R E M O T E  S E N S O P S e  

31. PRINCIPLES OF OPERATION 

T H I S  I F J S T R U M E Y T  I S  S I M I L A R  T O  T H A T  F L O W N  O N  N I M B U S  0. I T  CON- 
S I S T S  OF  A  T R A N S M I T T E R  ( 4 C 1 . 5  M H z )  W I T H  A  V A C U U M  T U B E  F I N A L  
S T A G E ,  K E C k I V F P  ( 466  M H Z ) ,  O E C U D I N G  A N D  C O D I N G  C I R C U I T S I  R A N G E  
D E T E C T O R  ArVD MEMORY ( 2 0  K B I T ) .  T H E  D A T A  M O D U L E S ,  E A C H  W I T H  A 
U N I Q U E  ADDRESS 9 O F  W H I C H  THE B A L L O O N  I N T E R R O G A T I O N  P A C K A G E  ( i 3 I P )  
I S  A N  E X A Y P L f p  C O N T A I N  A  R E C E I V E R  ( 4 G 1 . 5  M H z ) ,  D E C O D I N G  A N D  CnD- 
I N G  C I R C U I T S ,  9 A T A  S E N S O R S  AND A  T R A N S M I T T E R  (466  M H z ) .  A S  T d E  
S / C  P A S S E S  W I T H I N  R A N G E  O F  A  CCMMAND A N D  D A T A  A C Q U I S I T I O N  S T 4 -  
T I O N  ( C D A )  UP T O  2 0  COMMANDS C A N  B E  S E N T  A N D  S T O R E D  I N  THE I 9 L S  
MEMOFY. A  COMMAND C O N S I S T S  O F  A T I M E  F O R  A N  I N T E R R O G A T I O N  A V D  
T H E  A D D R E S S  OF T H E  R I P  ( O R  OTHfiR M O D U L E )  T O  R E  C O Y T A C T E D *  WHEN 
T H E  S T O R E 0  CCIMYAND T I M E  AND THE: S / C  C L O C K  T I M E  C O I N C I D E ,  T H E  
S / C  I R L S  T R A N S M I T S  T H E  A S S O C I A T E D  R I P  A D D R E S S .  T H E  B I P  RFSPClNOS 
A N D  T R A N S M I T S  I T S  SENSOR R E A D I N G S .  T H E S E  A N D  T H E  ROlJND T P I P  
S I G N A L  D E L A Y  T I Y E  B E T W E E N  T H E  P I P  A N D  T H E  S / C  A P E  S T O R E D  I N  T H E  
I R L S  NEYORY.  T H I S  P F O C E O U R E  I S  R E P E A T E D  FOR E A C H  S T O R E D  COMYAND 
U N T I L  THE CDA I N I T I A T E S  T R A N S M I S S I O N  O F  T H E  MEMORY C O N T E N T S  AND 
T H E  S T O R A G E  9F NEW COMMANDS I N  T H E  MEMORY. K N n W I N G  THE S / C  PO- 
S I T I O N S  A N D  TWO R A N G E S  T A K E N  A F O U T  1 5 0  S E C  A P A R T ,  T H E  P O S I T I O N  
OF A Y O U F  C A N  i3F F O U N D  TO W I T H I N  2 KM. 
32. PHENOMENA OBSERVED 

T R A N S M I S S I Q N S  OF D A T A  FROM R E P O R T I N G  P L A T F O R M S  
33. MEASUREMENT RANGE 

34. PRECISION AN0 ACCURACY 

P L A T F O R M  L O C A T I O N  TO +-0.6 NM;  D E L A Y  T I Y E  TO C.675 M I C R C l S F C O Y D  A 

7. ORGANIZATION 

G O D D A P D  S P A C E  F L T  C E N T E R  
10. ORGANIZATION 

8. TELEPHONE 

3 3 1 - 9 8 2 - 5 0 4 2  
11. TELEPHONE 



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

4 6 6 .  A N D  4 C 1 . 5  q H Z  I I 
38. FIELD OF VIEW 139. GROUND SWATH 

I 
40. ANGULAR  RESOLUTION^ 41. SPATIAL RESOLUTION 

I 
42 POINTING ACCURACY 43. POINTING RATE 144. ALTITUDE 145. INCLINATION 

1 I MED C I R C U L A P  I SUN-SYNCH RETQOGRADF 
46. SPECIAL REQUIREMENTS 

R E A C T S  O N L Y  T U  P R E V I O U S  GROUNO COMMAND FOR SFNSOR I N T E R R O G A T I O N  A 

47. COMPONENTS 

P E C E I V E R *  T R A N S M I T T E R *  E L E C T R O N I C S  
48. WEIGHT 149. VOLUME 1 50. AVERAGE POWER 151. STANDBY POWER 1 52. PEAK POWER 1 53. MT6F 

2 6  LRI c.4 CLJ FTI  18 W A T T S ]  1 107 W A T T S ]  
Y INTER~RENCE I 55 IN:"R"F%%E I 5@ ~NT%%'R"E"NcE / 57 INT~"A~$"R%cE I 58. SHIELDING 

SOURC/SENI I l  SENSITIVE^ 
59. CALIBRATION 160. DATA RECOVERY 61. FREQUENCY OF OBSERVATION 

1 D E L A Y  ED T E L E M E T R Y  1 ON COWMAN0 
62. TELEMETRY REQUIREMENTS 

20  C H A N N E L S :  5 D I G I T A L  AN9 1 5  A V A L D G ,  S A M P L E 3  R E T H E E N  1 A N D  16 
SECONDS;  12.5 K R I T S  PER SECOND*  

63. ADVANTAGES AND LIMITATIONS 

L I M I T E D  AT P R F S F N T  T O  1 2  P L A T F D P M S  

64. REFERENCES 

1 )  N O R M Y L E *  W o J * :  N I M B U S  B  T O  T E S T  NEW WEATHER S E N S O R S *  
A V A I A T I O N  WEEK AND S P A C E  TECHNOLOGY,  MAY 6 ,  1968, P P *  7 1 - 7 9 * * * *  
2 )  PRESS K I T  N I M B U S  €3, N A S A  R E L E A S E  NO: 68-4RK. M A Y  1968* * * *3 )  
N I M B U S  B COMMAND AND T E L E M E T R Y  D I R E C T O R Y ,  VOL e 2 ;  E X P E R I M E N T  
S U B S Y S T E M S ,  G E N E R A L  E L F C T R  I C  CO. , P H I L A D E L P H I  A, P A * ,  1 9 6 7 .  

65. HlSTORlCAL REMARKS 

S I M I L A R  T Q  N I M R U S  O I P L S  



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 - 

1. TITLE 
I N T E R R U G A T  I O N *  P E C f l R D  I N G t  AND L O C A T I O N  S Y S T E M S  

(TITLE CONT.) 

2 ACRONYM 1 3. EXP NO 

I R L S  I 
I RESUME DATE 1 ZERSION 
09/01/  12 10008~ 

8. TELEPHONE 

3 0 1 - 9 5 2 - 5 0 4 2  
11. TELEPHONE 

6. PRINCIPAL INVESTIGATOR 

H O G 4 N t  G. Da 
9. CO-INVESTIGATOR 

NONE 
12 CONTRACT 

TVPE 113. CONTRACT NUMBER 114. FLASH INDEX NUMBER 1 " %""ET COMlk~:'ONI 17. STATUS 

1 I I I ]OPERATIONAL 
18. MONITOR 119. AGENCY 120 PGM OFFICE 1 21. TELEPHONE 

S C H A R D T t  H.R. I N A S A  H D Q T R S  I O A / E R N  1 2 O 2 - 7 5 5 - 2 3 2 2  
22. VENDOR 1 23. LOCATION I " ~~~~T 125. LEAD TIME 

R A O I  AT I 3 N t  I Q C .  ~ F L B O U R N E T  F L O R I D A  1 0 4 / 7 0  I q A  
26. INSTRUMENT TYPE 21 

S E h y B U y .  

T R A N S P O N D E R *  U H F  1 UNC 
28. APPLICATION 129. SPACECRAFT 

M E T *  COMM. I N I M B U S - 4  
30. PURPOSE 

' P R I M A R Y -  T O  L O C A T E  S U C C E S S I V E  P O S I T I O N S  OF E A C H  U N I T  O F  A  S E T  Of 
I N - S I T U  D A T A - G A T H E R I N G  M O D U L E S  ( E e G . p  T H E  B A L L O O N  I N T E R R O G A T I O N  
P A C K A G E ( R I P 1  1 ;  T O  R E C E I V E  A N D  STORE I N  THE S / C  T H E  D A T A  M E A S U R E D  
R Y  E A C H  MODULE; TO T R A N S M I T  T H E  S T O R E D  D A T A  T O  A  GROUND S T A T I O N  
F O R  P R O C E S S I N G .  T H E  O B J E C T I V E  I S  TO E S T A B L I S H  A WORLD-WIDE N E T  
FOR O B T A I N I N G  H I N D  A N D  OTHER M E T E O R O L O G I C A L  D A T A .  
31. PRINCIPLES OF OPERATION 

T H I S  I N S T R U M E N T  I S  S I M I L A R  T O  T H A T  F L O W N  O N  N I M B U S  3. I T  CON- 
S I S T S  O F  A  T R A N S M I T T E R  ( 4 0 1 . 5  M H z )  W I T H  A  S O L I D  S T A T F  F I N A L  
S T A G E *  F E C F I V E P  ( 4 6 6  M H z )  9 D E C O D I N G  A N D  C O D I N G  C I R C U I T S ,  R A N G E  
D E T E C T O R  AND MEMORY (100 K R I T ) .  T H E  D A T A  M O D U L E S  E A C H  W I T H  A  
U N I Q U E  ADDRESS t O F  W H I C H  T H E  B A L L O O N  I N T E R R O G A T I O N  P A C K A G E  ( R I P )  
I S  A N  E X A M P L E *  C O N T A I N  A  R E C E I V E R  ( 4 0 1 . 5  M H Z ) ,  D E C O D I N G  AND COD- 
I N G  C I P C U I T S *  O A T A  S E N S O R S  AND A  T R A N S M I T T E R  (466  M H z )  . A S  T H E  
S / C  P A S S E S  W I T H I N  R A N G E  O F  A  COMMAND AND D A T A  A C Q U I S I T I O N  S T A -  
T I O N  ( C D A )  U P  T O  37C COMMANDS C A N  BE S E N T  A N D  STORED I N  T H E  I R L S  
MEMORY. A COMMAND C O N S I S T S  O F  A  T I M E  F O R  AY I N T E Q R O G 4 T I O N  A N D  
T H E  A D D R E S S  O F  T H E  B I P  ( O R  O T H E R  M O D U L E )  T O  B E  C O N T A C T E D *  WHEN 
T H E  S T O R E D  COMMAND T I M E  AND T H E  S / C  C L O C K  T I M E  C O I N C I D E *  THE S / C  
I R L S  T R A N S M I T S  T H E  A S S O C I A T E D  B I P  ADDRESS.  THE B I P  R E S P O N D S  A N D  
T R A N S M I T S  I T S  S E N S O R  R E A D I N G S .  T H E S E  4 N D  T H E  ROUND T R I P  S I G N A L  
D E L A Y  T I M E  B E T W E E N  T H E  B I P  4 N D  T H E  S / C  A R E  S T O R E D  I N  T H E  I R L S  
MEMORY. T H I S  PROCEDURE I S  R E P E A T E D  F O P  E A C H  STOPEO COMYAND 
U N T I L  T H E  CDA I N I T I A T E S  T R A N S Y I S S I O N  O F  T H E  MEMORY C O N T E N T S  4 N D  
T H E  S T O R A G E  OF NEH COMMANDS I N  T H E  MEMORY. K N O W I N G  T H E  S / C  PO- 
S I T I O N S  A N D  TWO P A N G E S  T A K E N  ABOUT 1 5 0  SEC A P A R T *  THE P O S I T I O N  
OF A M O D U L E  C A N  B E  F O U N D  TO H I T H I N  2 KM.  
32. PHENOMENA OBSERVED 

T R A N S M I S S I O N S  FROM REMOTE P L 4 T F O R M S - B A L L O O N S *  BUOYS,  S U R F A C E  P K G ,  
33. MEASUREMENT RANGE 

34. PRECISION AND ACCURACY 

* L O C A T I O N  T O  + - l a 1  NM; D E L A Y  T I M E  TO 0 . 6 2 5  M I C R O S E C .  

7. ORGANIZATION 

GODDARD SPACE F L T  C E N T E R  
10. ORGANIZATION 



REPORT MCI. PM-6713, J U N E  8, 1967. 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 

M I C R q W A V E  T R A N S P O Q D E R  
(TITLE CONT.) 

2 ACRONYM 1 3. EXP NO 
IUITPAW I 
4 RESUME O ~ T E  I ;ERS,ON 

Q 9 / r ) l /  I2 19204 
6. PRINCIPAL INVESTIGATOR 

D A R C E Y I  H e J *  
9. CO-INVESTIGATOR 

T R A N S P O N D E R I  6 - G H Z  ( R E C E I V E )  4-GHZ ( T R A N S M I T )  S H F  1 UNC 
28. APPLICATION 129. SPACECRAFT 

COMM I A T S  1 
30. PURPOSE 

P R I M A R Y -  T O  I N V E S T  I G A T E  THE T R L N S M I S S I O N  O F  VCJICFI T E L E V I S I L I Y  I 
A N D  DIGITAL' D A T A  U S I N G  S S R  T R A h S M I T T E R  AND P E C E I V E R  I N  M U C T I O L F  
A C C E S S  P O D E  A Y D  A H I G H  Q U A L I T Y  F M  S Y S T E M  F O k  T E L E V I S I Q N  AND H I G H  
S P E E D  D A T A  R E L A Y  . * * *S€CC)NDAPY-  TO S H A P E  E F F I C I  F N T L Y  T H E  S P A C E -  
C R A F T  T R A N S M I T T E D  S I G N A L  I N D E P E N D E N T  O F  T H E  NUMBER U F  C H A N N E L S  
I N  U S E .  

31. PRINCIPLES OF OPERATION 

T H I S  I N S T K U V E N T  I S  I D E N T I C A L  T U  T H A T  U S E 0  O N  A T S - 2  AND A T S - 3 .  
R E C E I V I N G  A b D  T R A N S Y  I T T  I N G  A N T E N N A S  AND T R A V E L I N G - W A V E - T U B E  
POWER A M P L I F I E R S  A R E  U S E D  I N  C O N J U N C T I O N  W I T H  A  DUAL-MODE C O Y Y -  
U N I C 4 T I O N  T R A N S P O N D E R  T O  P R O V I C E  A  S Y S T F M  E L E M E N T  C A P A R L F  n F  AC- 
C E P T I N G  A N D  H A N D L I N G  A N Y  TYPE OF C O V Y U N I C A T I O N S  T R A F F I C  QP W I D E -  
B A N D  C O Y M U N I C A T I O N S .  T H E  F R E Q U E N C Y  T R A N S L A T I O N  YODE I S  D E S I G N k D  
P R I M A R I L Y  FOR T E L E V I S I O N  O R  O T H E R  W I D E R A N O  U S A G E  I N  W H I C H  ONE 
GROUND T R A N S M I T T E R  U T I L I Z E S  T H E  C O V P L E T F  C H A N N E L *  THE U S A E L F  
B A N D W I D T H  I S  2 5  YHZ.  T H E  M U L T I P L E  A C C E S S  MCDE I S  D E S I G N E D  T O  
P E R M I T  T H E  I Y T E F C O N N E C T I O N  O F  A  L A R G E  N U Y B F R  OF GROUND S T A T I O N S  
I N  A H I G H  C H 4 N N E L  C A P A C I T Y  F R E Q U F N C Y  D I V I S I O N  M U L T I P L E X  S Y S T E Y *  
F R E Q U E N C Y  D I V I S I O N  M U L T I P L E X I N G  O F  T H E  V D I C F  C H A N N E L S  W I T H  S S B  
I S  U S E D  F O R  T H E  VAP I G U S  G R O U N D - T O - S P 4 C E C P A F T  L I N K S .  T H E S F  S I G -  
N A L S  A R E  C O N V E R T E D  I N T O  P H A S E  M O D U L A T I O N  O F  A  S I N G L E  C A R R I E R  I N  
T H E  S P A C E C R A F T  A N D  A R E  R F T P A N S M I T T E O  TO A L L  S T A T I O N S  I N  T H I S  
FORM. E A C H  G R O U N D  S T A T I O N  S E L E C T S  T H E  A P P R O P R I A T E  C H A N N E L S  F Q O V  
T H E  R E C O V E R E D  B A S E B A N D  C O N T A I Y I N G  A L L  C H A N N E L S  TO C n M P C E T E  T H E  
TWO-WAY I N T E P C O N N E C T I O N S .  T H E  A N T E N N A  U S E D  I S  A N  E L E C T R I C A L L Y  
D E S P U N  P H A S E D  ARRAY. T H E  E F F E C T I V E  R A D I A T E D  POWER I S  166 WATTS. 

32. PHENOMENA OBSERVED 

T R A N S M I S S I O N S  FROM A T S  GROUND S T A T I O Y S  A T  6 G H Z  
33. MEASUREMENT RANGE 

34. PRECISION AND ACCURACY 

7. ORGANIZATION 

GODOPRO S P A C F  F L T  C E Q T E R  
10. ORGANIZATION 

8. TELEPHONE 

3 ? 1 - 9 9 2 - 5 p 4 ?  
11. TELEPHONE 



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

6.212 TO 6.301 GHZ I 25. MHz I 
38. FIELD OF VIEW 139. GROUND SWATH 

1 B Y  2 3 . 3  DFGl L I Y A - T O - L I M B  9100 NM F R O M  G t O - S Y N C H  ALT 
40. ANGULAR  RESOLUTION^ 41. SPATIAL RESOLUTION 

64. REFERENCES 

1 )  P R O J E C T  OEVELOPMFNT P L A N - A T S t  GSFCI  G R E E N B E L T ,  MOO DEC.11965 .  
* * * 2 )  N A S A  P R E S S  Y I T t  A T S - B t  R E L E A S E  M 0 . 6 6 - 3 9 8 9  DEC. 1966.*** 

65. HISTORICAL REMARKS 

T H I S  I N S T R U M E N T  I S  I N D E N T I C A L  T 3  THAT USED O V  A T S  2 AND A T S  3. 

C 1 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 
M I C R O N A V t  T F A N S P O Y D E k  

(TITLE CONT.) 

2 ACRONYM 1 3. EXP NO 
t P  N I 
4 RESUME DATE I 5VERSION 
c>y/r71/ { Z  c)3('4' 

6. PRINCIPAL INVESTIGATOR 1 7. ORGANIZATION 1 8. TELEPHONE 

O A k C E Y ,  R.J. I G O O D A R D  SPACE t L T  C E N 7 t K I 3 Q l  982 5042 - - 

E F F E C T S  k I T H  S T A T I O N A R Y  S A T E L L I T E .  

T R A N S P n N D E R  T O  P R O V I D E  A S Y S T E P  E L E Y E N T  C A P A B L E  OF A C C E P T I N G  AND 
H A N D L I N G  ANY T Y P E  O F  C O M M U N I C A T I O N S  T R A F F I C  OR W I D E B A N D  C O M M U N I -  
C A T I O N S .  T H E  F R E Q U E N C Y  T R A N S L A T I O N  MODE I S  D E S I G N E D  P R I M A R I L Y  
F O R  T E L E V I S I O N  O R  O T H E R  H I D E B A N D  U S A G E  I N  W H I C H  ONE GROUND 
T R A N S M I T T E R  U T I L I Z E S  T H E  C O M P L E T E  C H A N N E L .  T H E  U S A B L E  B A N D W I D T H  
I S  2 5  MHz. T H E  M U L T I P L E  A C C E S S  MODE I S  D E S I G N E D  T O  P E R M I T  T H E  
I N T E R C O N N E C T I O N  O F  A  L A R G E  NUMBER OF GROUND S T A T I O N S  I N  A  H I G H  
C H A N N E L  C A P A C I T Y  F R E Q U E N C Y  D I V I S I O N  M U C T I P L F X  SYSTEM.  T H E  T R A N S -  
PONDER S E R V E S  AS A  T E L E P H O N E  PECAY.  FREQUENCY D I V I S I O N  M U L T I -  
P L E X I N G  O F  T H E  V O I C E  C H A N N E L S  W I T H  S S R  I S  U S E D  F O R  T H F  V A R I O U S  
GROUND-TO-SPACECRAFT L I N K S .  T H E S E  S I G N A L S  A R E  C O N V E R T E D  I N T O  
P H A S E  M O D U L A T I O N  O F  A S I N G L E  C P P R I E R  Ihl T H E  S P A C E C R A F T  A N D  A R E  
R E T R A N S M I T T E D  T O  A L L  S T A T I O N S  I N  T H I S  FORM.  E A C H  GROUND S T A T I O N  
S E L E C T S  T H E  A P P R O P R I A T E  C H A N N E L S  F R O M  T H E  R E C O V E R E D  B A S E B A N D  
C O N T A I N 1  NG A L L  C H A N N E L S  T O  C O M P L E T E  T H E  TWO-WAY I N T E R C O N N E C -  

34. PRECISION AND ACCURACY 



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

6 . 2 1 2  Trl h e  3 0 1  GHZ I 2 5 .  MHz I 
38. FIELD OF VIEW 139. GROUND SWATH 

I $ . ?  p Y  2 3 , q   PEG^ L I Y R - T O - L I Y B ( 9 5 " Q  N M )  F R O M  GEO-SYNCH ALT . 
40 ANGULAR RESOLUTIONI 41. SPATIAL RESOLUTION 

I 
42 POINTING ACCURACY~ 43. POINTING RATE 144. ALTITUDE I 45. INCLINATION 

I I SYYCH t I R C U L A R ~  EQUATQRIAL POSIGPADE - 
46. SPECIAL REQUIREMENTS 

47. COMPONENTS 

,TRANSPClNDFR,  ANTENNA 
48. WEIGHT 149. VOLUME 1 50. AVERAGE POWER 51. STANDBY POWER 1 52. PEAK POWER 1 53. MTBF 

I I I I I 
Y INTERKRENCE 1 wr"E"R","EZ&E 1 E4 IN~"E".%'E'R"EI"~E 1 57 INT~)~%%CE 158. SHIELDING 

S O U R C / S E V I  I I  SENSITIVE^ - 
59. CALIBRATION 160. DATA RECOVERY 61 FREQUENCY OF OBSERVATION 

, NA I r l F A L T J Y E  T F I F Y E T R Y  1COhTINUT)US 
62. TELEMETRY REQUIREMENTS 

NA ,  

63. ADVANTAGES AND LIMITATIONS 

64. REFERENCES 

11NAS4 PRESS K I T *  ATS-CI PELEhSE N O . 6 7 - 2 7 6 r O S T e  1967.***2)  PRO- 
JECT DEVECOPYEVT PCAV-APPLICATIONS TECHNOLOGY S A T E L L I T E ,  G S F C *  
GREENBELT, MDe* * *S )  TECHNICAL QATA REPORT F O R  THE ATS PROGRAM* 
GSFC, 1 9 6 8 .  

65. HISTORICAL REMARKS 

I 



NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
GODDARD SPACE FLIGHT CENTER 

C O V E R A G E  I N  SUPPORT [IF PADAR A L T I M E T E R  E X P E R I M E N T .  

I N T E R N A L  G A T I N G  P U L S E  I S  G E N E R A T E D  8 M I C R O S E C  L A T E R .  WHEN 
T H E  G A T I N G  P U L S E  . I S  P R E S E N T  T H E  SECOrrlD R E C E I V E D  P U L S E  W I L L  
G E N E R A T E  4 R E T U R N  P U L S E  A F T E P  A F I X E D  D E L A Y .  R A N G I N G  I S  
O R T A I N E D  AT THE GROUND V I A  T H E  T I M E  R E Q U I R E D  TO MAKE T H E  POUND- 
T R I P  L E S S  T H E  F I X E D  C E L A Y  I N  T H E  S /C .  M A X I M U M  D A I L Y  , S C H E D U L E  
OF 6 5  M I N U T E  R A D I A T I N G  T I M E  PER G R B I T  FOR 3 D A Y S  C O N T I N U O U S L Y .  

32. PHENOMENA OBSERVED 

, RF T R A N S M I S S I l l r V  FROM GPOUNG S T A T I O N S  A T  5690 MHZ 
33. MEASUREMENT RANGE 

34. PRECISION AND ACCURACY 

P A N G E  P R E C I S I O N  0.7 M, ACCURACY 2 M - 



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

569C ( R I T O  5 7 6 5  ( T I  M H Z  I 1 
38. FIELD OF VIEW 139. GROUND SWATH 

I 
40. ANGULAR RESOLUT~ON~ 41. SPATIAL RESOLUTION 

- NA I N A  
42 POINTING ACCURACY 43. POINTING RATE 144. ALTITUDE 45. INCLINATION 

N A  I N A  1927 K M 4 M E A Y )  1115 DFG 
46. SPECIAL REQUIREMENTS 

O P E Q A R L E  S I M U L T A N E O ! I S L Y  d I T H  C O H E R E N T  T R N A S P Q N D E R  
47. COMPONENTS 

. V E G A  MCIDEL 313C T R A N S P O N D E R  
48. WEIGHT 149. VOLUME 1 5 0  AVERAGE POWER 151 STANDBY POWER 1 52. PEAK POWER 1 53. MTBF 

4 L B  I 8 . 3 3 4 C U  F T  I 1 4 WATTS 1 25 W A T T S  I 
54 INTERF"E'RENCE 1 55 IN~"E".$;%'&E I 5e lNT?"R$'E5"E"NcE 1 57 INI:"R~F?"R$~cE I 58. SHIELDING 

S O U R C F  I I I I 
59. CALIBRATION 160. DATA RECOVERY 61 FREQUENCY OF OBSERVATION 

NENE I N A  I 
62. TELEMETRY REQUIREMENTS 

C O M Y A N D - O F F ,  O N - N O P M A L ,  O Y - O V E R R I D €  
T E L E M E T R Y - 6  P A P A Y F T E P S  A N D  3 MODE I N D I C A T I Q V S  O N C E / M I Q  

63. ADVANTAGES AND LIMITATIONS 

64. REFERENCES 

G E O S - C  S P A C E C R A F T  F X P E P  I M F Y T  R E - Q U I R E M F N T S  F 3 C U Y E N T p  R E V  1, 
12  M A Y  1972.  

65. HISTORICAL REMARKS 

- S A M F  A S  CDHERENT T 7 A Y S P O q D E R  I N  GFOS - 7 .  



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 

O P T  I C A L  P E  AC 3N 
(TITLE CONT.) 

2 ACRONYM 1 3. EXP NO 

O B E A C  I 
4 RESUME DATE I:ERSION 
~ 9 1 0 1 1 7 2  1 3rr4 

8. TELEPHONE 

39-9R2-5C142 
11. TELEPHONE 

6. PRINCIPAL INVESTIGATOR 
L 

B E R H  FHT 9 J Ha 
9. CO-INVESTIGATOR 

12 CONTRACT 
TYPE 113. CONTRACT NUMBER 114. FLASH INDEX NUMBER 1 l5 1'6 CoM~~~:'ONI 17. STATUS 

I I I 1 IO~FF~TIINFL 
18. MONITOR 119. AGENCY 12o.PpG0 OFFICE 1 21. TELEPHONE 

. R O S E N R E R G ,  J a D a  I N ~ S A  H D Q T P S  1 0 A / E C D  1 2 0 2 - 7 5 5 - 2 3 2 2  
22. VENDOR 1 23. LOCATION I 24 &Ld,GT 125. LEAD TIME 

- E a  G a  A N D  G . 9  I N C a  I PEDFOPD, M A S S  IcJ1/681NA 
26. INSTRUMENT TYPE 21 

s r c ~ v  

B E A C O N ,  F O U R  H I G H - I W T E N S I T Y  X E N O N - F L A S H - T U B E  1 UNC 
28. APPLICATION 129. SPACECRAFT 

GEOD ~ G F ~ S  2 
30. PURPOSE 

P R I Y A R Y - T O  O B T A I N  G E U M E T R I C  T P I G N G U L A T I C Y  OF I N T E Q V I S I B L E  P O I N T S  
ON T H E  E A R T H ' S  S U R F A C E . * * * S E C O N D A R Y - T r l  O B T A I N  P R E C I S E  A Y G L E  
Y E A S U P E M E N T S .  

31. PRINCIPLES OF OPERATION 

T H E  O P T I C A L  B E A C O N S  A R E  U S E D  I E J  C O N J U N C T I O N  W I T H  A  L A P G E  NUMBEP 
O F  G R O U N D - B A S E D  CAMEPA S Y S T E M S  W H I C H  S I M U L T A N E O U S L Y  PHOTOGRPPH 
T H E  B E A C O N S  A G A I N S T  A  S T A P  BACKGPOUND.  THE B E A C O N  S Y S T E 3  COY- 
S I S T S  O F  4 I D E N T I C A L  H E L I C A L L Y - W O U N D  F L A S H  T U B E S  F I L L E D  W I T H  
X E N O N  GAS.  M A X I M U Y  L I G H T  L E V E L S  A T  GROUND S T A T I O N S  OCCUR WHEN 
T H E  S A T E L L I T E  I S  S E E N  B E T W E E N  35  AND 55 D E G  E L E V A T I O N  A h G L E a  
T H I S  B E A C F N  S Y S T E M  W I T H  4 L A M P S  F L A S H E D  S I M U L T A N E O U S L Y  I S  S U I T -  
A B L E  FOR O P E R A T I O N A L  A L T I T U D E S  U P  TO l!??O NM. T H E  L I G H T  P U T P U T -  
I S  1 5 8 0  CANGLE-SECONDS F O P  E A C H  F L A S H  T U B E  OR A P P R O X I M A T E L Y  6 3 C Q  
C A N D L E - S E C S  FCIR A L L  4 T U B E S  F L A S H I N G  S I M U L T A N E C U S L Y .  THE N 3 Y I -  
N A L  F L A S H  D U R A T I O N  I S  1 M I L L I S E C O N D  R F T w E E N  327  I N T E N S I T Y  
P O I N T S .  I N  T E R M S  OF POWER, B E T W E E N  61q AND 950 I N D I V I D U A L  L 4 M P  
F L A S H F S  P E P  DAY A R E  A V A I L A B L E ,  T H E  E N E R G Y  U S E D  I N  A  S I N G L E  
F L A S H  I S  7 2 r  WATT-SEC. E A C H  F L A S H  T U B E  I S  E X P E C T E D  T O  H A V E  A 
f L A S H  I N T E N S I T Y  O F  AT L E A S T  50% O F  I T S  I N I T I A L  V A L U E  A F T E R  
40,000 F L A S H E S .  T H E  PROGRAWMED F L A S H  T I M E S  A N D  NUMRER 'IF T U B E S  
T O  B E  F L A S H E O  A R E  I N J E C T E D  I N T O  T H E  S A T E L L I T E  MEMORY, B Y  T H E  
R O S M A N  GROUND S T A T I O N ,  O N  A  D A I L Y  B A S I S .  

32. PHENOMENA OBSERVED 

N A  
33. MEASUREMENT RANGE 

34. PRECISION AND ACCURACY 

7. ORGANIZATION 

GODDAR G S P A C E  F L T  C E N T E R  
10. ORGANIZATION 



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

N A  1 NA I 
38. FIELD OF VIEW 139. GROUND SWATH 

N 4  I NA 
a. ANGULAR  RESOLUTION^ 41. SPATIAL RESOLUTION 

N A I N A  
42 POINTING ACCURACY( 43. POINTING RATE 1 44. ALTITUDE 145. INCLINATION 

N A  I 1 ME0 E C C F N T R  I C l  H I G H  R ~ R T D G R A D ~  

46. SPECIAL REQUIREMENTS 

47. COMPONENTS 
F O U R  F L A S H  TU E 9 A 9 
48. WEIGHT 149. VOLUME I so. AVERAGE POWER 151. STANDBY POWER 1 52. PEAK POWER 1 53. MTBF 

80 L B 1  I 8 M A T T S 1  I 72'1 w A T T S I  
INTERF~RELIEE 1 5LC I ss tw~!%\'R%%c~ Is7 INT%%%~E I S8. SHIELDING 

NONE 1 N Q N E  1 NONE 1 N O N E  1 NONE 
59. CALIBRATION 160. DATA RECOVERY I 61. FREQUENCY OF OBSERVATION 

NONE I v A  140 S E Q U E N C F S / O A Y  
62. TELEMETRY REWIREMENTS 

NONE 

63. ADVANTAGES AND LIMITATIONS 

64. REFERENCES 

1 J N A S A  P R E S S  K I T  FOR G E O S - 8 ,  R E L E A S t  NQ: 68-2Kv JAN 7 9  6 8 m * * * 2 )  - 
P A R A Y E T R  IC A N A L Y S  I S  FOR F U T U R E  G E O D E T I C  S P A C E C R A F T  D E V E L O P H E N T m  
R E P O R T  NO: R - 4 0 3 5 - 5 3 - 2 r  C O M M U N I C A T I O N S  AND S Y S T E M S  I N C .  JAN 68 .  

65. HISTORCAI. REMARKS 

GEOS 2 I S  A L S O  KNOWN A S  E X P L O R E R  36. 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

t GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 
OMEGA P O S I T I O N - A N D - L O C A T  I O U  E Q U I P M E N T  E X P F R I M E N T  

(TITLE CONT.1 

2 ACRONYM 1 3. EXP NO 

O P L E  I 
4 RESUME DATE 1 :ERSION 

0 9 / 0 1 / 7 2 1 9 0 0 4  
6. PRINCIPAL INVESTIGATOR 

, L A U G H L I N ,  C *  
9. CO-INVESTIGATOR 

7. ORGANIZATION 

GODOAH D S P A C E  F L  T  C E N T E P  
10. ORGANIZATION 

6. TELEPHONE 

3 0 1 - 9 8 2 - 5 0 4 2  
11. TELEPHONE 

_ H I L T O N ,  G O E S  ~ G O O D A R D  S P A C E  F L T  C E N T E R  3 0 1 - 9 8 2 - 5 0 4 2  
12 CONTRACT 

TYPE 113. CONTRACT NUMBER 114. FLASH INDEX NUMBER 1 j5 $"rp 116 CoM%:lONI 17. STATUS 

1 I I 111/67 ~ O P E P A T I C I N ~ L ,  
18. MONITOR 119. AGENCY 1 20 PGM OFFICE I 21. TELEPHONE 

BURKFI J.R. ~ N A S A  H D Q T R S  IOA/ECS 1 7 3 2 - 7 5 5 - 2 3 7 7  
22. VENDOR I 23. LOCATION 1 24 Ei'FzT 125. LEAD TIME 

H U G H E S  A I R C R A F T  CO I E L  S F G U N D O *  C A L I F O R W I A  I 1 1 / 6 7 1 ~ ~  
26. INSTRUMENT TYPE 21 

s-y. 

, T R A N S P O N D E R ,  VHF I UNC- 
28. APPLICATION 129. SPACECRAFT 

.MET,  O C E A N *  N A V  IATS 3 
30. PURPOSE 

P R I M A P Y  - TO D E M O N S T R A T E  THE f E A S I 6 I L I T Y  O F  U S I N G  T H E  OMEGA 
N A V I G A T I O N A L  S Y S T E M  I N  C O N J U N C T I O N  W I T H  S Y N C H R O N O U S  S A T E L L I T E S  
T O  E S T A B L I S H  A  G L O B A L  L O C A T I O N  A h D  D A T A  C O L L E C T I O N  SYSTEM.  

31. PRINCIPLES OF OPERATION 

A N  O P E R A T I O N A L  S Y S T E M  C l I h l S I S T S  OF:  1 )  A N  O P L E  C O N T R O L  C E N T E Q ;  
( 2  1 A S Y N C H P O N n U S  S A T E L L I T E ;  A N D  4 3 )  T H E  O P L E  P L A T F O R M  E L E C T R O N I C  
P A C K A G E S  ( P E P ' S  1 WORK I N G  I N  C O h J U N C T  I O N  W I T H  T H E  OMEGA N E T W O R K *  
D U R I N G  A  T Y P I C A L  I N T E R R O G A T I O N  PER I O D ,  G S F C  T R A N S M I T S  A  PRE-PRO- 
GRAMMED P L A T F O R Y  I N T E R P U G A T  I O N  S E Q U E N C E  WHICH I S R E L A Y E D  ( V H F  
V I A  A T S  T O  O P L E  P L A T F O R M S  T H E  A T S  3 V H F  T R A N S P O N D E R  R E C E I V E S  
AT 149.22 MHz A N D  T R A N S M I T S  A T  135.6  Y H Z  W I T H  A  4 0 - W A T T  MAX O U T -  
P U T .  I T  C A N  O P E R A T E  A L S O  I N  T H E  4 5 0  MHz B A N D .  E A C H  P L A T F O R Y  
H A S  I T S  O k N  B I N A R Y  C O D E  ADDRESS.  A F T E R  R E C E I P T  O F  T H E I R  OWN 
P R O P E R  A D D R E S S E S ,  T H E  C O R R E C T L Y  A D D R E S S E D  P E P ' S  S I M U L T A N E O U S L Y  
T R A N S M I T  T H E I R  A S S I G h E D  A C Q U I S I T I O N  R E F E R E N C E  A / R  S I G N A L S .  A F T E R  
T H E  A C Q U I S I T I O N  P E R I O D ,  T H E  A / R  TONE I S  M O D U L A T E D  W I T H  YETEORO-  
L O G 1  C A L  QR P L A T F O R M  S T A T U S  D A T A  B Y  P H A S E - S H I F T  K E Y I N G .  F O L L O W -  
I N G  T H E  D A T A  T R A N S M I S S I O N  P E R I O D ,  T H E  A / R  T O N E  I S  R E D U C E D  I N  
POWER L E V E L  A N D  T H E  OMEGA T R A N S M I S S I O N  MODE I S  I N I T I A T E D .  I N  
T H I S  MODE, TWO P A I R S  O F  V L F  OMEGA S I G N A L S  A R E  R E C E I V E 0  B Y  T H E  
R E C E I V E R S  ON T H E  P L A T F O R M S  A N D  C O N V E R T E D  TO V H F  F O R  T R A N S M I S S I O N  
T O  A T S  3 A N D  T H E N  GODDARD,  T H E  R E L A T I V E  PHASE B E T H E N  THE TWO 



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT ' 
SFE I T E M  3 1  I I 

38. FIELD OF VIEW 139. GROUND SWATH 

, 17.T 
40. ANGULAR RESOLUT~ON~ 41. SPATIAL RESOLUTION 

NA I NA 
42. POINTING ACCURACY I 43. POINTING RATE 144. ALTITUDE (45. INCLINATION 

4 .  DEGl 1 SYYCH C I R C U L A R l E ~ U A T O R I A L  POSIGRADE 
46. SPECIAL REQUIREMENTS 

47. COMPONENTS 

, PLATFOFM ELECTRON1 C  PACKAGES BATTERY D I P O L E  ANTENNA. 
48. WEIGHT 149, VOLUME I SO. AVERAGE POWER 151. STANDBY POWER I 52. PEAK POWER 1 53. MTBF 

4 5  LRI I 90 M A T T S ~  I I 
I N T E R ~ E N C E  1 56 IN%%E~'L'&E 1 IN~"E%;"R"E"NCE I IW'TE%"E"R%CE ( 58. SHIELDING 

SPU~C/SENI  I I I 
59. CALIBRATION 160. DATA RECOVERY 6s. F R E W E W Y  OF OBSERVATION . 
, NA I N A  I A S  PROGRAMMED . 
62. TELEMETRY REQUIREMENTS . 

5 6  B I T S  PER SECOND, PHASE S H I F T  K E Y E D  

63. ADVANTAGES AND LIMITATIONS 

COMPLEX AND BULKY L3CATION-COMPUTING EQUIPMEYT CAN BE LOCATED AT 
CQNVENIFNT CENTER RATHER THAN AT PLATFORM. A 

64. REFERENCES 

1 )  4TS C PRESS K I T ,  ATS VOL 1 - 6 9  NASA RELEASE ND. 6 7 - 2 1 6 ~  OCT 
1 9 6 7 . * * * 2 )  ATS TECHYICAL  DATA REPORT, GODDAPD SPACE F L I G H T  CEN- 
TER, GREENBELT, MD. SECTION 8.4.1, JUNE 1968 . * * *3 )  LAUGHLIN ,  C m  
FT AL: OMEG4 POSIT ION-LOCATION EQUIPMENT (OPLE) ,  PRESENTED AT 
ATS SYSTEMS ENGRS T R A I N I N G  PROGRAM* GSFC, SEPT. 1966. 

- 
65. HISTORICAL REMARKS I 



NATIONAL AER NlSTRATlON 

T R A N S P O N D E R ,  1.6 A N D  8 0 1 G H Z  R E C E I V E ,  1.5 AND 7 .3GHZ T R 4 N S M I T I U N C  
28. APPLICATION 129. SPACECRAFT 

, N A V t  COMM IATS-F 
30. PURPOSE 

P R I M A R Y - T O  O E T  E R M I N E  T H E  C A P A B  I L  I T I E  S  O F  SYNCHRONOUS S A T E L L I T E S  
T O  R E L A Y  C ~ M Y U N  ICAT IQN A N D  N A V  I G A T I O N  I N F O R M A T I O N  B E T W E E N  G P 3 U N D  
A N D  I N F L  I G H T  A I R C R A F T * * * S E C U N D A P Y - T O  D E T E R M I N E  T H E  4 C C U R A C Y  O F  
S E V E R A L  P O S I T I O N  L O C A T I O N  T E C H N I Q U E S  U S I N G  SYNCHRONOUS S A T E L -  
L I T E S .  

31. PRINCIPLES OF WERATION 

I N  T H I S  E X P E R I M E N T  T H E  S A T E L L I T E  R E L A Y S  V O I C E  A N D  D I G I T A L  I N F O P -  
M A T I O N  B E T W E E N  T H E  G P O U N D  A N D  F L Y I N G  A I R C R A F T .  I N  A D D I T I O N  T O  
N O R M A L  COMMUNICATIONS,NAVIGATION S I G N A L S  A P E  R E L A Y E D  B Y  A T S - F  
F R O M  A I R C R A F T  T O  A  GROUND C O N T R O L  C E N T E R  FOR P O S I T I O N  D E T E R M I N -  
A T I O N .  A  D U A L  S A T E L L I T E  R A N G E - R A N G E  P O S I T I O N  L O C A T I O N  METHOD 
M A K I N G  N E A R  S I M U L T A N E O U S  R A N G F  M E A S U R E M E N T S  THROUGHT T H E  U S E  OF  
A T S - E  A N D  - F  I S  I N C L U D E D .  C O M M U N I C A T I O N  T E S T S  U S E  T H F  M U L T I P L E  
A C C E S S  MODE I N  W H I C H  T H E  P R I M A R Y  GROUND S T A T I O N  T R A N S M I T S  A  
M U L T I - C H A N N E L  S I G N A L  A T  9.1 GHZ,  C O N T A I N I N G  S O T H  V O I C E  A N D  O I G I -  
T A L  D A T A .  2 A D D I T I O N A L  GROUP S T A T I O N S  A L S O  T R A N S M I T  V O I C E  I N  
T H I S  B A N D  TO T H E  S A T E L L I T E .  A T  T H E  S A T E L L I T E  T H E  I N C O M I N G  S I G -  
N A L S  A R E  D E M O D U L A T E D  A N D  T H E  R E S U L T I N G  S I G N A L  I S  P H A S E  M O D U L 4 T E D  
O N T O  A  1.55 GHZ C A R R I E R  G E Y E R A T E O  O N - R O A R 0  A N D  P H 4 S E - L O C K E D  TO 
THE P R I M A R Y  GROUND S T A T  I O N  C A P H  I E P  , M A I N T A I N I N G  S I G N A L  C O H E R E N C E  
UP T O  200 A I R C R A F T  T R A N S M I T  T O N F S ?  D I G I T A L  D A T A ?  AND A N A L O G  
V O I C E  T O  T H E  S A T E L L I T E  A T  AROUT 1 . 6 5  GHZ.  THE S A T E L L I T E  P F O -  
C E S S E S  T H E S E  S I G N A L S  I N  M U C H  T H E  S A M E  W A Y  A S  THE R E C E I V E D  S I G -  
N A L S  FROM T H E  GROUND A N D  R E T R A N S M I T S  T H E M  TO T H E  GROUND A T  A B O U T  
7 . 5  GHZ. 

32. PHENOMENA OBSERVED 

A D D R E S S - C O D E D  RF T R A N S M I S S I O N  F R O M  N A S A  GROUND S T A T I O N S  A N D  A/CF'1 
33. MEASUREMENT RANGE 

R E C E I V E R  N O I S E  F I G U R E  D U E S  N O T  E X C E E D  5 DB . 
34. PRECISION AND ACCURACY 



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

1550.3 T f l  9 2 5 3 .  MHz 1 250. HZ I 157.9 YSEC 
38. FIELD OF VIEW 139. GROUND SWATH 

2 8 .  R Y  2 8 .  D E L  9200 V Y  - 
40. ANGULAR RESOLUT~ON~ 41. SPATIAL RESOLUTION 

NA I NA 
42. POINTING ACCURACY~ 43. POINTING RATE 144. ALTITUDE / 45. INCLINATION 

NP I NA 1 GEO/SYNCH n DEG 
46. SPECIAL REQUIREMENTS 

47. COMPONENTS 

2 HOFN ANTFNYAS, 3rl FT  P A R O B P L I C  O I S H t  L I N F A R  TRANSCEIVER 
48. WEIGHT 149. VOLUME 1 50 AVERAGE POWER 151. STANDBY POWER 1 52. PEAK POWER 1 53. MTBF 

I I 40 W4TTSI  I I 
INTER~LRENCE 1 55 INT",*R"F?:2&E 1 56 ~N~"E%%'E$"E~E 1 ~N&'$"R%cE 158. SHIELDING 

S O U P C E / S F ~  1 1 S E N S I T I V F l  
59. CALIBRATION 160. DATA RECOVERY 61. FREQUENCY OF OBSERVATION 

1 R F A L T T Y E  I 
62. TELEMETRY REQUIREMENTS 

63. ADVANTAGES AND LIMITATIONS 

INCORPORATES A P H A S E - L O C K - m ~ ~ n P ~ ~ ~ ~ ~ ~  C O i E R F N T  REFERENCE 
SQUPCE FOR'FREQUENCY T R A N S L A T I Q Y  C I R C U I T S .  

64. REFERENCES 

1 ) P O S I T I O N  COCATICIN AND A I R C R A F T  COMMUNICAT13N  EQUIPMENT ( P L A C E )  
DOC. # X - 7 3 1 - 6 7 - 1 5 0 ,  GSFC?  A P R I L  1967. * * * 2 )  AODENDUM T3  P O S I T -  
I O N  L O C A T I O N  ANC A I R C R A F T  C C Y Y U Y I C A T I O N S  E X P E R I M E N T  D I S C R I P T I O N  
( 6 S F C  X - 7 3 3 - 6 7 - 5 7 7 1  A P R I L  1969. 

65. HISTORICAL REMARKS 

CAN USE ATS-5 W I T H  SOYE Y 3 D I F I C A T I 3 N  AND I N C 3 H E R E N T  SDURCE. 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 1 2 ACRONYM 1 3. EXP NO 

' R A D I O  F R E Q U F N C Y  I N T E F C E K E N C E  M E A S U R E M E N T  I P F I M  I N A  
 TITLE CONT.) 1 4 RESUME DATE JSVERSION 

1 0 9 / O l / 7 2  1 C n C 4  
6. PRINCIPAL INVESTIGATOR 

H E N R Y ,  V. F. 
9. CO-INVESTIGATOR 

B O U C H E H *  R e  A .  
12 CONTRACT 

TYPE 113. CONTRACT NUMBER 114. FLASH INDEX NUMBER 1 l5 ",i*T",T 1'6 Cm~k~:'ONl 17. STATUS 
t J 1 A S 5 - 1 1 6 5 7  I I I I 

18. MONITOR 119. AGENCY 120 PGM OFFICE I 21. TELEPHONE 

B U R K E *  J.H.  1 N A S A  tiDQTF S  1 O A / E C S  1 2 0 2 - 7 5 5 - 2 3 2 2  
22. VENDOR 1 23. LOCATION 1 24 ELd,GT 125. LEAD TIME 

H U G H E S  A I P C F A F T  COMPANY I I I 
26. INSTRUMENT TYPE 27 
- 

T R A N S P O N D E P ,  M I C R O W A V E ,  6 GHZ P E C E I V E  v 4 G H Z  T R A N S M I T  Is??: 
28. APPLICATION 129. SPACECRAFT 

COMM I A T S - F  
30. PURPOSE 

P R I M A R Y - T O  I N V E S T I G A T F  S P E C T P U M  S H A R I N G  R E T W E E N  S A T E L L I T E  
T E L E C Q M M U N I C A T I 9 N  S Y S T E M S  ANC T E Q F E S T R I A L  P O I N T - T O - P O I N T  P A P 1 0  
R E L A Y  S Y S T E M S  I N  T H E  4 GHZ AND 6 GHZ COMMON C A R R I E R  BANDS.  

31. PRINCIPLES OF OPERATION 

T H I S  E X P E K  I M E N T  C O N C I S T S  O F  K E C E P T  I O N  A N D  R E T R A N S M I S S I O N  C F  
T E R R E S T R I A L  M I C R 3 W A V E  S I G h A L S  B Y  A  S Y N C H R O N O U S  S P T F L L I T E .  
T H E  T k R R E S T R I A L  S I G N A L S  I N  T H E  S H A R E D  F R E Q U E N C Y  R A Y D  A R E  K E -  
CEIVED A T  T H E  S A T E L L I T E  4hD T H E h  T R A N S M I T T E D  T O  A S A T E L L I T E  
C R G U N D  S T A T I O N  FOP M E A S U R F Y E N T  O F  F R E Q U E Q C Y v  A M P L I T U D E  T P U L S E  
W I O T H p  A h D  P U L S E  R E P f T I T I O Y  F R E Q U E N C Y *  A S  W E L L  A S  L N A L Y S I S  OF 
S O U R C E  L O C A T I O N .  T H E  I N S T R U M E N T  I S  A BSOADRAWD,  S I N G L E - C O N V Z R -  
S I O N  L I N E A R  R E P E A T F P  U T I L I Z I N G  T H E  S A T E L L I T E ' S  3 0 - F T  P A P A R f l L I C  
D I S H  ANTEr \ lYA AND R E C E I V I N G  A T  5 9 2 5  T r l  ( 5 4 2 5  M H z  A N D  T R A N S M I T T I N G  
A T  3 7 3 0  T O  423C MHz.  T H E  F E C E I V E D  S I G N A L S  A R E  A M P L I F I E D  !3Y 
T U N R E L  D I O D E  A M P L I F I E R S ,  D O k N - C O N V E R T E D  TO T H E  T R A N S P I T  F P E Q U E N -  
C Y  AND F U R T H E P  A M P L I F I E D  BY T R A V E L L I Y C  WAVE T U B F S .  A  NOTCH 
F I L T E F  R E J E C T S  P A D 4 R  T H A N S M I  S S I O N  A D J A C E N T  TO T H E  R E C F I V f K  
F R E Q U E N C Y .  T H E  GROUND R E C E I V F P  C A N  B E  E I T H E R  T H E  R O S F M A V ,  N.C. 
F A C I L I T Y  O R  A T R A N S P O R T P B L F  E A F T H  T E R M I N A L .  

32. PHENOMENA OBSERVED 

R A D I A T I O N  EY I T T E D  FROM A L L  T F R P E S T R I  A L  S O U R C E S  I N  T t i E  6 GHZ 9Ahl-l- 
33. MEASUREMENT RANGE 

I N T E K F E R F N C E  S U U R C E  G F  5-10 D H K  E I R P  D E T E C T A B L E ;  40  DP D Y N  R A K C F  
34- PRECISION AND ACCURACY 

* R E C E I V E R  N O I S E  F I G U R E - ?  DH M A X  

7. ORGANIZATION 

GODOAQO S P A C E  FLT  C E N T E R  
10. ORGANIZATION 

H U G H E S  A I P C P A F T  C O Y P A N Y  

8. TELEPHONE 

3 0 1 - 9 8 2 - 5 C 4 2  
11. TELEPHONE 



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 1 
5925.0 l r - 7  6 4 7 5 . n  MHz C.  KHz I 

38. FIELD OF VIEW 139. GROUND SWATH 
35.5 B Y  35.0 D E G J  L I Y R - T D - L  I Y R  (8500 NM) 

40. ANGULAR RESOLUT~ON~ 41. SPATIAL RESOLUTION 

? . I  O E G  P O  M I L F S  I N  E-W O I Q F C T I q N 1  70 M I L E S  I N  Y - S  D I R E C T I O N  
42. POINTING ACCURACY! 43. POINTING RATE 144. ALTITUDE 145. INCLINATION , 
NA I Y A  1 G t U r s y N C H  1 U ~ C ;  

46. SPECIAL REQUIREMENTS 

&ONE 
47. COMPONENTS l 

T R A N S P I T T t H b  , I 9 K t t t r V E R S  b N 9  A b b 3 C I A T t l )  fLtL.1- 
48. WEIGHT (49. VOLUME I SO. AVERAGE POWER 151 STANDBY POWER 1 52. PEAK POWER 1 53. MTBF J 

1" L H I  1. ClJ F T l  47 W 4 T T S I  I I 1 Y t A R  
~NTIR~RENCE / 55 ~N~"E\%%;&E I S6 INT?%\'R"E~E I 57 INT%F"E".%CE 1 58. SHIELDING 

SOURCE-SEP NONE I NCtNE I S E N S I T I V E 1  
59. CALIBRATION 160. DATA RECOVERY 61. FREQUENCY OF OBSERVATION 

ON GROUND I R F 4 L T I Y E  1 16.5 M I N  PER D A Y  
62. TELEMETRY REQUIREMENTS 

1? D I G I T A L *  1 2  ANALOG CHANNELS 

63. ADVANTAGES AND LIMITATIONS 

64. REFERENCES 

11 R A D I  fl FKFQUENCY I N T  FRFEREYCF MEASUREMENT E X P E R I M E N T  D E S I G N  
F(IR THE A P P L I C A T I O N  TFCHNOL3GY S A T E L L I T E  B Y  V A R I C E  E m  HENRY AND 
JOHN J. K F L L F H E R v  N A S 4  TN D5n41-YAY.  1969, 21 F I N A L  D E S I G N  R E -  
P O F T  FOP RADIO-FREQUENCY I N T E R F E R E N C E  EXPERTYENTI CONTRACT N A 5 5 -  
2 1 5 " A v  HUGHES A I R C R A F T  Ct7.1 AUGUST, 1 9 7 0 .  

65. HISTORICAL REMARKS 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 
S A T E L L I T E  P t Y G E  A N D  F A N G E - F A T E  E X P E R  I M E N T  

(TITLE CONT.) 

2 ACRONYM 1 3. EXP NO 

G F A P R  I 
RESUME DATE I ;ERSION 

09/Q1/72 13004-  
6. PRINCIPAL INVESTIGATOR 

B E R B E R T ,  J.H.  
9. CO-INVESTIGATOR 

12 CONTRhCT 
TYPE (13. CONTRACT NUMBER 114. FLASH INDEX NUMBER 1 " 116 C~i:~ON1 17. STATUS 

I I I I IOPEPATI J N A L  
18. MONITOR 119. AGENCY / 20 PGM OFFICE I 21. TELEPHONE 

R O S ~ N R E R G I  J.D. ~ Y A S A  H D Q T P  S  [ O A / E C D  1 2 ~ 2 - 7 5 5 - 2 3 2 2  
22. VENDOR 1 23. LOCATION I " LLd,GT 125. LEAD TIME 

G O n D A R D  S P A C E  F L  T C E N T E R  IGR EENBELT ,  MD. I ~ 1 / 6 8  ~ N A  
26. INSTRUMENT TYPE 27 

SECyBLIy. 

T R A N S P O N D E R ,  S - B A Y D  2 2 7 1  MHz  ( R E C E I V E )  A N D  17d5 M H Z  ( X M I T )  I U ~ C  
28. APPLICATION 129. SPACECRAFT 

. G E ~ D  IGEOS 2 
30. PURPOSE 

P P I M A R Y - T O  B E  U S E D  FOR T R A C K I N G  T H E  S A T E L L I T F  TO A U G M E N T  GEC- 
O E T I C  D A T A . * * * S E C O N D A R Y - T O  P R n V I D E  A C O M P A R I S O N  OF T H I S  S Y S T E M  
A N D  T H E  O T H E R  G E O D E T I C  M E A S U F t M E N T  I N S T R U M E N T S  O N  9 0 A R D .  

31. PRINCIPLES OF OPERATION 

T H I S  S Y S T E M  P R O V I D E S  M E A S U R E M E N T  O F  S L A N T  R A N G E  A N D  T H E  R A T E  OF 
C H A N G E  O F  S L A N T  R A N G E  O F  T H E  S P A C E C R A F T .  T H E  R A N G E  I S  O B T A I N E D  
B Y  M E A S U R I N G  T H E  P H A S E  S H I F T  O F  A  WAVE T R A V E L L I N G  F R O M  THE 
G R O U N D  T R A N S M I T T E R  T O  T H E  S A T E L L I T E  AND R A C K .  R A N G E  R A T E  I S  
M E A S U R E D  BY D E T E R M I N I N G  T H E  D O P P L E R - S H I F T  FFFECT O N  S E V E R A L  YOD- 
U L A T  I O N  F R E Q U E N C I E S .  T H E  T R A N S P O N D E R  F S C E I V E S  S I M U L T A N E O U S  S I G -  
N A L S  F R n M  O N E  10 T H R E E  GROUND S T A T I O N S  A T  2 2 7 1  M H z ,  Y C D U L A T F 9  B Y  
T H E  R A N G I N G  S  I D E T O N E S .  T H E  TRPtvSPONDEP T F A N S L A T E S  T H E S E  S I G i U A L S  
I N T O  T H E  LOWER C A R R I F R  F R E Q U E N C Y  ( 1 7 0 5  M H z ) ,  W H I L E  P R F S E P V I N G  
T H E  C O H E R E N C E  O F  T H E  R A N G E  T O N E  M O D U L A T I O N .  T H E  C O H E R E N C E  I S  
P R E S E R V E D  BY U S I N G  T H E  SAME O F F S E T  O S C I L L A T O R  A S  A  SOURCE F O R  
T H E  B A S I C  F R E Q U E N C Y  F O R  T H E  D O W N - C A R R I E R ,  AND A S  A  H E T E P O D Y N E  
S O U R C E  F U R  T H E  U P - C A R R I E R .  NO D E M O D U L A T I O N  f lF  T H E  R A N G I N G  T 3 Y E S  
T A K E S  P L A C E  W I T H  T H E  UP-CARR I F R .  T H E  POWER S U P P L Y  U N I T  I S  
S H A R E D  WITH THE s E c n P  AND C-BAND TRANSPONDERS.  

32. PHENOMENA OBSERVED 

2 2 7 1  MHz ( S - B A N D )  R A D I O  T R A N S M I S S I O N S  FRUY G R O U N D  S T A T I O N S  
33. MEASUREMENT RANGE 

N A  
34. PRECISION AND ACCURACY 

A C C U R A C Y  CIF R A N G E  M E A S U R E P E R T  I S  A P P R O X I M A T E L Y  1 3  M E T E R S  

7. ORGANIZATION 

GODOhGO S P A C E  F L T  C E N T E Q  
10. ORGANIZATION 

8. TELEPHONE 

3 f 3 1 - ? 8 2 - 5 ( 3 4 2  
11. TELEPHONE 



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

SEE I T E M  3 1  I N A  I 
38. FIELD OF VIEW 1 39. GROUND SWATH 

I 
40. ANGULAR RESOLUT~ON~ 41. SPATIAL RESOLUTION 

I N A  
42. POINTING ACCURACY( 43. POINTING RATE 144. ALTITUDE 145. INCLINATION 

NA I N A  I Y E D  E C C E N T R I C  I H I G H  R E T R O G R A D E  
46. SPECIAL REQUIREMENTS 

47. COMPONENTS 

- T P A N S P O Y D E R  
48. WEIGHT 149. VOLUME 1 50. AVERAGE POWER 151. STANDBY POWER 1 52. PEAK POWER 1 53. MTBF 

8 L B I  I 1 5 W A T T S 1  2 5  W A T T S ]  
INTERERENCE 1 55 ~N%$%:"R~&E 1 SB INTNE"R"F"E'R*E"N~E / 57 ~ N T % ~ F " E ~  &E 1 58. SHIELDING 

,SOURC/SEN I I I I 
59. CALIBRATION 160. DATA RECOVERY 61. FREOUENCV OF OBSERVATION 

NONE IREALTIME T E L E M E T R Y  130 M I N  PEP D A Y  
62. TELEMETRY REQUIREMENTS 

S E E  I T E M  3 1  

63. ADVANTAGES AND LIMITATIONS 

RANGE S I G N A L  M A R G I N  ( 2 7  D B  AT  900 NM S L A N T  R 4 Y G E )  I S  S L I G H T L Y  
.LOWEP T H A N  SECOR. 
64. REFERENCES 

1 ) N A S A  P R E S S  K I T  F O R  GEOS-8.  R E L E A S E  NO: 6 8 - 2 K p  J A N  79 60-***2) 
P A R A M E T R I C  A N A L Y S I S  FOP F U T U R E  G E O D E T I C  S P A C E C R A F T  D E V E L O P M E N T ,  
C O M M U N I C A T I O N S  AND S Y S T E M S ,  I N C *  R E P O R T  NO. R - 4 9 3 5 - 5 0 - 2 ,  J A N  6 8 -  
***3 ) P L A N N E D  O P E R A T I  D N S  FOP T H E  GEOS-B S P A C F Z R A F T -  CCIYMUNICA-  
T I O N S  A N D  S Y S T E M S *  I Y C *  R E P 3 R T  NO. R - 4 0 3 5 - 4 5 - 2 .  O C T  1967- 

65. HISTORICAL REMARKS 

.ALSO F L O W N  ON GEOS 1. GEOS 2 I S  A L S O  KNOWN AS E X P L O R E R  36. 



NATIONAL AER NlSTRATlON 

S T E P  F A S H I O N *  A N D  T O  E X T E N D  A  G E O M E T R I C  S U R V E Y  AROUND THE E A R T H .  

R A N G E )  S Y S T t Y .  FOUR GROUYD S T A T I O N S  I N T E P R O G A T E  T H E  S A T E L L I T E  
I N  T U R N  FOR R A N G I N G  T O  THE S P A C E C R A F T  TRANSPONDER.  P A N G E  MEA- 
S U R E M E N T S  A R E  Y A D E  B Y  M E A S U R I N G  T H E  P H A S E  S H I F T  OF T H F  R 4 K G I Y G  
S I D E T O N E S  W H I C H  M O D U L A T E  T H E  CW C A R R I E R .  R Y  U S I N G  G E O M E T R I C  
T E C H N I Q U E S  T H E  UNKNOWN P O S I T I O N  O F  1 O F  4 S T A T I O N S  C A N  BE AC- 
C U R A T E L Y  D E T E R Y I N E D .  A  SEQUENCE O F  4 I N T E R R O G A T I O N S ,  1 F R O Y  
E A C H  S T A T I O N ,  I S  A C C O M P L I S H E D  I N  5 0  M I L L E S E C ;  T H E S E  SEQUENCES 
C A N  B E  R E P E A T E D  AT A  R A T E  O F  2 0  A  SECOND. I N  O P E R A T I O N ,  T H E  
T R A N S P O N D E R  R E C E I V E S  A N  I N T E R R O G A T I N G  S I G N A L  I 4 2 1  M H z ) ,  REMOVES 
T H E  F M  R A N G I N G  F R E Q U E N C I E S  FROM T H F  S A R R I E R  AND L O C A L L Y  GENER- 
A T E S  TWO C O H E R E Y T  R E P L Y  C A R R I E R S ,  M O D U L A T I N G  O N €  (449  M H z )  W I T H  
A L L  T H E  F M  R A N G I N G  F R E Q U E N C I E S  A N D  T H E  OTHER (224 .5  M H z )  W I T H  
O N L Y  T H E  5 8 5 . 5 3 3  K H Z  R A N G I N G  FREQUENCY.  T H E  SECOND C A R R I E R  
A L L O W S  A  C O R R E C T I O N  T O  R E  M A D E  FOR I O N O S P H E R I C  R E F R A C T I O N  E F -  
F E C T S .  T H E  SECOR T R A N S P O N D E R  I S  O P E R A T E D  FROM A POWER S U P P L Y  I T  
S H A R E S  W I T H  T H E  SRARR A N D  C-RAND TRANSPONDERS.  



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

S E E  I T F M  3 1  I N A  1 - 
38. FIELD OF VIEW 139. GROUND SWATH 

YA I 
40. ANGULAR RESOLUT~ON~ 41. SPATIAL RESOLUTION 

N A I N A  
42. POINTING ACCURACY~ 43. POINTING RATE 1 44. ALTITUDE 145. INCLINATION I 

NA l NA l MED  ECCENTRIC^ HIGH RFTROGRADF, 
46. SPECIAL REQUIREMENTS 1 

- - 
47. COMPONENTS _ -... - 1  - 

T R A N S P O N D E R  
50. AVERAGEPOWER 151. STANDBY POWER 1 52. PEAK POWER 1 53. MTBF - __ J 48._WEsHT 149.VOLUJE - -_ - - I  - -_-  -. - .  - - .  . - 

11 LSI I I 1 W A T T  I 3 0  W A T T S ~  
tNTERF"IRENcE 1 5s lN%$%r'&~ 1 %  ~N%'%%CE 1 57 ~NT%'F%%CE 

SOUPC/SENI I I 
58. SHIELDING 1 

59. CALIBRATION 160. DATA RECOVERY 61. FREOUENCY OF OBSERVATION 1 

NONE ~ R E A L T I M F  T F L E M F T R Y  130 M I N U T F S  P F R  D A Y .  
62. TELEMETRY REQUIREMENTS 

S E E  I T E M  3 1  

63. ADVANTAGES AND LIMITATIONS 

L O C A T I O N  E R P n R S  A R F  A D D I T I V E  A S  GROUND S T A T I J N S  MOVE.  

64. REFERENCES I 

1 ) N A S A  P R E S S  K I T  FOR G E O S - 6 ,  R E L E A S E  NO: 6 8 - 2 K 9  J A N  7 9  6 8 . * * * 2 )  
P A R A M E T R I C  A N A L Y S  I S  FOR FUTURE G E D D E T  I C  S P A C F C R A F  T  D E V E L O P M E N T .  
C O M M U N I C A T I O N S  A N D  S Y S T E M S  t I N C  I R E P O R T  NO. R - 4 0 3 5 - 5 0 - 2 ,  J A N  6 0 .  
***3 P L A N  O F  O P E R A T I O N S  FOR THE GEOS-R S P A C E C R A F T .  C O M M U N I C A -  
T I O N S  A N D  S Y S T E M S ,  I N C  t R E P 3 R T  YC). R - 4 0 3 5 - 4 5 - 2 ,  O C T  1967. 

65. HISTORICAL REMARKS 

.GEOS 2 I S  4 L S O  KNOWN A S  F X P l  nRFR 36. 



NATIONAL AER NlSTRATlON 

,TRANSPON\ IDERT R E C E I V E R  AND CECODFP I T E L E Y E T R Y  T R A N S M I T T E R  IUNC 
28. APPLICATION 129. SPACECRAFT 

COMM I S A T E L L  I T E  T R A C K I N G  IATS-F A N D  N I M B U S - E  
30. PURPOSE 

P R i M A P Y - T O  D E V E L O P  T E C H N O L D G Y  L E A D I N G  T O  A N  O P E R A T I O N A L  S Y S T E M  
O F  T R A C K I N G  AND O A T A  R E L A Y  S A T E L L I T E S  ( T D R S )  B Y  P R O V I D I N G  D A T A  
ON P E R F O R M A N C E  O F  T H E  R E A L - T I % €  COMMAND A N D  T E L E M E T R Y  P E L A Y  A N D  
LONG-ARC R A N G E  A N D  R A N G E - R A T E  T R A C K I N G  O F  A LOW A L T I T U D E  S A T E L -  
L I T E * + * S E C O N D A P Y - T O  D E T E R M I N E  N I M B U S - E  O R B I T  T O  H I T H I N  50  M E T E P S  

F D  T I M F  O F  S E V E R A L  HOUQS. 
-ON- 

A R A N G E  A N D  R 4 N G E  R A T E  S I G Y A L  U S I N G  L C O K H Z  A S  T H E  H I G H E S T  TRACK-  
I N G  T O N E  I S  G E N E R A T E D  BY P H A S E  M O D U L A T I O N  O F  A 70 M H z  C A R R I E R  
A L L  S I D E  TONES,  T H E  7 0 M H Z  C A R R I E R *  A N D  A L L  C O N V E R S I O N  FREQUEN-  
C I  ES ARE S Y N T H E S  I Z E D  F R O Y  A S I N G L E  S T A T I O N  F R E Q U E N C Y  STANDARD.  
T H E  T R A C K I N G  S I G N A L  I S  C O N V E R T E D  TO C - B A N D  A N D  T R A N S M I T T F O  UP.  
T H E  S I G N A L  I S  R E C E I V E D  AT A T S - F  A N D  C O H E R E N T L Y  T R A N S L A T E D  T O  1.8 
GHZ. T H E  S I G N A L  I S  T H E N  R E L A Y E D  T O  N I M B U S - E  A N D  R E T R A N S M I T T E D  
B A C K  T O  A T S - F  F O R  C O H E R E N T  K E T R A N S M I S S I O N  T 3  T H E  GROUND. U P O N  
R E C E P T I O N  AT T H E  A T S  GROUND S T A T I O N *  RANGE M E A S U R E M E N T S  AND 
R A N G E - R A T E  M E A S U R E M E N T S  A R E  MADE. F I N A L L Y *  T H E  O B S E R V E D  D A T A  
( W I T H  T I M E  T A G S )  4 R E  P U N C H E D  O N  P A P E R  T A P E  FOR T R A N S M I S S I O N  Q R  
S H I P M E N T  T O  T H E  GSFC C O M P U T I N G  C F N T E R .  T H E  B A S I C  C O N C E P T  I S  T O  
E S T A B L I S H  A T S - F  AS A H I G H E S T  P E R F O R M A N C E  S-BAND C U Y M A N D *  O A T 4  
A C Q U I S T I O N  A N D  R A N G E  A N D  R A N G E - R A T E  T R A C K I N G  S T A T I O N  I N  EQUA-  
T O R I A L  SYNCHRONOUS O R B I T .  T H E  3 0 - F O O T  D I A M E T E R  A T S - F  P A R A B O L I C  
R E F L E C T E R  W I L L  BE  PROGRAMMED FOR O P E N - L O O P  P O I N T I N G  A T  N I M B U S - E  
A S  T H E  L A T T E R  MOVES ACROSS T H E  E A R T H  I N  I T S  609 NM P O L A R  O R B I T .  
N I M B U S - E  WILL C A R R Y  A R A N G E  A N D  P A N G E - R A T E  TRANSPONDER AND A 
S T E E R A B L E  A N T E N N A  T O  C O M P E N S A T E  FOR I N C R E A S E D  FREE S P A C E  PROPO- 
G A T I O N  1 O S S F S  F N C O U N T F P F D  I N  R T P A C K I N G  AND D A T A  P E I  A Y  GFGMFTPY.  
32. PHENOMENA OBSERVED - D AND S - B A N D  R A D I O  S I G N A L S  
33. MEASUREMENT RANGE 

N A 
34. PRECISION AND ACCURACY 

5 0  M E T E R S  I N  S E V E R A L  HOURS E l  A P S F D  T R A C K I N G  T I M F  . 



- 
35. SPECTRAL RANGE (36. SPECTRAL RESOLUTION 137. TIME CONSTANT 

NA 1 N4  I Y A 
38. FIELD OF VIEW 139. GROUND SWATH 

N4 I NA 
40 ANGULAR  RESOLUTION^ 41. SPATIAL RESOLUTION 

I 
42 POINTING ACCURACY~ 43. POINTING RATE 144. ALTITUDE 145. INCLINATION 

1 I SYYCH CIRCUL4Rl  EaUATrllR 1 4 L  P C l S i G R A D E  
46. SPECIAL REQUIREMENTS 

47. COMPONENTS 

TRANSPONCER I 
48. WEIGHT 149. VOLUME 1 50 AVERAGE POWER 151 STANDBY POWER 1 52. PEAK POWER 1 53. MTBF 

I I I I I 
Y INTERFE'RENCE 1 55 IN~","RG,~Z'&E I IN~"E"R"FZ'R"E",E 1 57 INT?'&%&E 1 58. SHIELDING 

S O U R C E / S E D  NONE 1 NonjE I I 
59. CALIBRATION 160. DATA RECOVERY 61 FREQUENCY OF OBSERVATION 

NONE I S E A L T I Y E  TELEMETRY I ON COMYAND 
62. TELEMETRY REQUIREMENTS 

TEST OATA TRANSMITTFD A T  RATES DF 50, 1 9 C p  230, AND 40@ KBPSa 
NIMBUS-E D A T A  TRANSMITTFD V I A  ATS-F 4 T  4 KSPS. 

63. ADVANTAGES AND LIMITATIONS 

WILL P R O V I D E  FAST H I G H L Y  ACCUKATE TRACKING IVFORMATION.  

64. REFERENCES 

' I )  PICK4RD9 R a  H a  AND HEFFERNAY, P. J a  THE ATS-F/NIMBUS-F T P A C K - '  
I N G  AN0 D A T A  RELAY EXP ER IMENT GSFC PUBL I C A T I  ONt OCTOBER, 1970. 

65. HISTORICAL REMARKS 

I 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 
N [ X B U S - E / A T S - F  T R A C K I N G  AND D A T A  R E L A Y  E X P E R  I M E N T  

(TITLE CONT.) 

2 ACRONYM 1 3. EXP NO 

T D P E  I 
4 RESUME DATE I 5VERSION 

C9 /01 /72  190C2 
6. PRINCIPAL INVESTIGATOR 

P I C K A F D *  KWH. 
9. CO-INVESTIGATOR 

W E F F F P N A k ,  P w J w  
12 CONTRACT 

TYPE 113. CONTRACT NUMBER 114. FLASH INDEX NUMBER 1 l5 %"tT 116 CoM~k+~ONI 17. STATUS 

NA I N A  1 I I IENG. MClrIEL 
18. MONITOR 119. AGENCY 120 PGM OFFICE I 21. TELEPHONE 

B U Q K E ,  J w R  INASA H D Q T P S  1 0 A / E C S  1 2 0 2 - 7 5 5 - 2 3 2 2  
22. VENDOR 1 23. LOCATION I " ~~~~T 125. LEAD TIME 

N A  I NA 1 1 2 / 7 2  1 
26. INSTRUMENT TYPE i7 

T V A N S P O N D E R ,  K E C E I V E P  AND DECODER 9 T E L E M E T R Y  T P A N S Y I  T T E P  !is%??' 
28. APPLICATION 129. SPACECRAFT 

COCIM 9 S A T E L L I T E  T R A C K I N G  I N I M B U S - E  AND A T S - F  33@1 
30. PURPOSE 

P R I M A G Y - T i 3  P E V E L U P  T  ECHNOLDGY L E A D I N G  TO A N  O P E R A T I O N A L  S Y S T E M  
G F  T R A C K I N G  AND D A T A  R E L A Y  S 4 T E L L I T E S  ( T D H S )  B Y  P P O V I D I N G  D A T A  
ON P E P F O R M A N C E  O F  T H E  R E A L - T I M F  COMMAND AND T E L E M E T R Y  P F L A Y  4 N D  
LUNG-ARC P A N G E  A N D  P A N G E - R 4 T E  T R A C K I N G  O f  4  LOW A L T I T U D E  S A T E L -  
L I T E * * * S F C O t $ D A R Y - T O  D E T E R M I N E  N I M B U S - E  O R B I T  T O  W I T H I N  50  M F T E P S  
I Q  4  T O T A L  E L A P S E D  T I M E  O f  S F V F R A L  H n U R S w  
31. PRINCIPLES OF OPERATION 

A R A N G F  A N 0  RANGE R A T E  S I G N A L  U S I N G  1 O C K H Z  A S  T H E  H I G H E S T  T R 4 C K -  
I N G  T O N E  I S  G E N E S A T E D  f-!Y P H A S E  M O D U L A T I O N  O F  A  7n M H z  C A R R I E R  
A L L  S I D E  T O N E S ,  T H E  70MHZ C A R R I E P ,  A N D  A L L  C O N V E R S I O N  F R E Q U E Y -  
C I ES A P E  S Y N T Y E S  I L E D  FROM A  S I N G L E  S T A T I O N  F R E Q U E N C Y  S T A N D A P D w  
T H E  T k A C K I N G  S I G N A L  I S  C O N V E R T E D  TO C-BAND A N D  T R A N S Y I T T E D  U P .  
THE S I G Q A L  I S  K E C E I V E D  AT A T S - F  A N D  C O H E R E N T L Y  T R A N S L A T E D  TO 1.8 
GHZ. T H E  S I G N A L  I S  T H E N  R E L A Y E D  TO N I M B U S - E  A N D  R E T R A N S Y I T T E D  
B A C K  TO A T S - F  F O R  C O H E R E N T  R E T P A N S M I S S I O N  TO T H E  GPOUND. U P O N  
R E C E P T I O N  AT T H E  A T S  GROUND S T A T I O N ,  RANGE M E A S U R E M E N T S  AND 
R A N G E - R A T E  M E A S U R E M E N T S  A P E  MACE. F I N A L L Y ,  T H E  O B S E R V E D  D A T A  
( W I T H  T I M E  T A G S  1 A P E  P U N C H E D  O N  P A P E R  T A P E  F O P  T R A N S M I S S I O N  OR 
S H I P M E N T  T O  T H E  GSFC C O M P U T I N G  C E N T E R .  T H E  B 4 S I C  C O N C E P T  I S  T O  
E S T A B L I S H  A T S - F  AS A  H I G H E S T  P E P F O P Y A N C E  S-BAND COMMAND, D A T A  
ACQU I S T  I O N  A N D  R A N G E  A N D  . R A N G E - R A T E  T R A C K I N G  S T A T I O N  I N  EQUA- 
T O R I A L  SYNCHRONOUS O R B I T .  T H E  3 C - F O O T  D I A M E T E R  A T S - F  P A R A S O L I C  
H E F L E C T E R  WILL B E  PROGRAMMED FOR O P E N - L O O P  P O I N T I N G  A T  N I M B U S - E  
A S  T H E  L A T T E R  MOVES ACROSS T H E  E A P T H  I N  I T S  6Q0 NW P O L A R  O P B I T .  
h I M B U S - E  WILL C A R R Y  A R A N G E  A N D  R A N G E - R A T E  T R A N S P O N D E R  AND A  
S T E E P A B L E  A N T E N N A  T O  C O M P E N S A T E  FOR I N C R E A S E D  F R E E  S P A C E  PROPO- 
G A T I Q N  L O S S E S  E N C O U N T E R E D  I N  A T R A C K I N G  AND D A T A  Q E L A Y  GEOMETRY.  
32. PHENOMENA OBSERVED 

C - B A N D  A N D  S - R A N D  R A D I O  S I G N A L S  
33. MEASUREMENT RANGE 

UA 
34. PRECISION AND ACCURACY 

5 0  M E T E K S  I N  S E V E R A L  HOURS E L A P S E D  T R A C K I N G  T I M E  

7. ORGANIZATION 

GOOOAPD SPACE F L T  C E N T F P  
10. ORGANIZATION 

GODDAR C S P A C E  F L T  C E N T E R  

8. TELEPHONE 

3 0 1 - 9 8 2 - 5 C 4 2  
11. TELEPHONE 

3 0 1 - Q 8 2 - 5 0 4 2  



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

, NA I NA I N A  
38. FIELD OF VIEW 139. GROUND SWATH 

NA I 'VA 
40. ANGULAR  RESOLUTION^ 41. SPATIAL RESOLUTION I 

I 
42 POINTING ACCURACYI 43. POINTING RATE 144. ALTITUDE 145. INCLINATION 

I 1 SYNCH C I P C U L A R ~  E Q U A T O Q  IAL PflSI G R A D F  
46. SPECIAL REQUIREMENTS 

47. COMPONENTS 

T R 4 N S P O N q E R  9 

48. WEIGHT 149. VOLUME 1 50  AVERAGE POWER 151 STANDBY POWER 1 52. PEAK POWER 1 53. MTBF 

I I I I I 
Y INTER:[RENCE 1 55 IN~","R"F!'R:'&E I % IN~"E".%'R"E",E 1 57 I N % ~ " R % ~ E  I 58. SHIELDING 

. S O U P C E / S E ~ ~  NONE I NONE I I 
59. CALIBRATION 160. DATA RECOVERY 61 FREQUENCY OF OBSERVATION 

NONF I P E A L T I M F  TFI F M F T P Y  I nN C f l M m N D  
62. TELEMETRV REQUIREMENTS 

T F S T  O A T A  T R A N S M I T T F P  A T  R A T E S  OF S O ,  1009 2 Q Q r  4ND 430 KBPSm 
NIMBUS-E O A T A  T R A N S M I T T E O  V I A  A T S - F  A T  4 KRPS,  

63. ADVANTAGES AND LIMITATIONS 

WILL P R O V I D E  F A S T  H I G H L Y  A C C U R A T E  T R A C K I N G  I V F O R M A T I O N .  

64. REFERENCES 

1 )  P I C K A R D ,  Rm He A N D  H E F F E R N 4 N T  Pm J.  THE A T S - F / N I # R I l S - E  T R A C K -  
I NG AND D A T A  R E L A Y  FXPFR I V E N T ,  G S F C  PURL I C A T I  n N t  OCTClBFR* 1 9 7 C m  

65. HISTORICAL REMARKS 

I 



S M A L L  GRnU?.l[; T E R M I N A L S  F R 9 M  S Y N C F O N O U S  A L T I T U D E * * * S E C I ) N D A R Y - T O  
I I B S E - R V E  A V 0  C O ' J P A K  F W I T H  T t i t O u C T I C k L  P R E D I C T I O N S  T H E  E F F F C T S  P F  
I O N U S P H E K I C  D I S P E R S I O N  ON S Y S T E M  P E R F C F Y A N C E  A S  A  F U N C T I O N  O F  

S I G h A L S  A a E  S E % T  T q  T H E  S A T E L L I T E  b T  6 G H Z  & R E L A Y E D  A T  86C. Y H Z .  
I~ A D U I T  1914 T G  T E S T S  (IF BLACK-AND- HIT^ AND COLOR R E C E P T I O N  
Q U A L I T Y  I N  T H E  U e S o p  T H E  . I V D I A N  G O V E R N M E N T  L i ILL R E L A Y  ECUCA- 
T I O V L L  PP.OGHAMS T O  V I L L A G E S  THRC lUGHOUT I N D I A .  T O  P R O V I I I F  N E C E S -  
S A R Y  S A T E L L I T E  f I R P , S A T E L L I T E  U S E S  A  30  F T  P A R A H n L I C  T R A N S M I T T -  
I N G  ANTERiNA 4FiC G E k k P O T E S  8 0  W A T T S  O F  T R A N S M I T T I N G  POWER. I T  I S  
E S T I V A T E D  T H A T  T H E  R E C E I V F L )  V I D E O  P I C T U R E  WILL B E  T H E  E Q U I V b L E N T  
OF A T 4 5 . 2  G F A E C  2 W I T H  A M A K . G I I J  G R E A T E R  T H A N  6 0 R . T H E  F R E Q U E N C Y  
T R A N S L O T I O N  T C C l l r \ J I O U C  I S  T H E  S A P E  USEL) 3 N  E A R L I E R  S A T E L L I T E S  F O R  
T V  & € L A Y .  S I G f . J G L S  S F N T  T O  T H F  S A T E L L I T E  F O G  T E S T S  W I T H I N  T H E  
U.S. A k f  E I T H E A  5 2 5 - L I N E  (U.S.  S T A N D A P D )  OR 6 2 5 - L I N E  ( E U R O P E A N  
S T A N D A H G )  V I O E O  S I G N A L S  A N D  A S S O C I A T E D  SOUND.  A T  T H E  S A T E L L I T E  
THE S I G N A L  I S  A Y P L I F I E O  ( H A R D - L I M I T E D ) ,  C O N V E R T E D  T O  860 MHz 
A N D  P!IkER A b i p L I F I E D  FOR R E L A Y I N G .  G R O U N 9  R E C E I V E R S  H A V E  A C I P -  
C U L A R L Y  P C L A H I Z F l l p  10-FT O I A M E T E R  A N T E N N A ,  A N D  L E S S  T H A N  100 

33. MEASUREMENT RANGE 

f >  R H  Nf1 I $ F  F I C,lJ? F 
34. PRECISION AND ACCURACY 

r\l A 



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

P45.0 T 3  875.9 Y HZ I 20. MHz I 
38. FIELD OF VIEW 1 39. GROUND SWATH 

3 5  BY 35 DEGI L I M B - T O - L  IHB ( 1 0 4 C O  NY F R O M  G F O S Y Y C H  A L T )  
40. ANGUtAR RESOLUT 10~141. SPATIAL RESOLUTION 

NA I N A  
42. POINTING ACCURACY 1 43. POINTING RATE 144. ALTITUDE 145. INCLINATION 

1 1 GEOSYNC 10 OEG 
46. SPECIAL REQUIREMENTS 

47. COMPONENTS 

860 MHz T R A N S M I T T E R ,  S / C  T R A N S P O N D E R  C 30  F T  AYTENNA.  
48. WEIGHT 149. VOI.UME I SO. AVERAGE POWER 151. STANDBY POWER I 52. PEAK POWER 1 53. MTBF 

20  LBI 1.5 CU FTI 160 W A T T S /  I I 
r* $NTERF"E'RENCE I 56 ~w~"E"R%~&E I INT%'E'R"E"NCE 1 57 INTE~"EE~E 1 58. SHIELDING 

, S O U R S E / S E ~  NONE 1 K O N E  I  SENSITIVE^ 
59. CALIBRATION ) 60. DATA RECOVERY 61. FREQUENCY OF OBSERVATION 

NONE 1 REALTIME I A  FEW HOURS/DAY 
62. TELEMETRY REQUIREMENTS 

S E E  ITEM 3 1  

63. ADVANTAGES AND LIMITATIONS 

64. REFERENCES 

1 )  HEFFERNAN, PAUL J . ,  ( T R U S T ) ,  GSFC,  Y A Y  1968** *2 )  A T S - F  S P A C E -  
C R A F T  P E R F O R M A N C E  R E Q U I R E Y E V T S  F O R  T R U S T  E X P E R I M E N T ,  G S F C  DOC 
ND-IT1 0100. *** U . S . - I Y D I A  E T V  A G R E E Y E N T p N A S A  P R E S S  R E L E 4 S E  NO; 
6 9 - 1 3 5 9  SEPTm 1 8 , 1 9 6 9 ,  

65. HISTORICAL REMARKS 

F X P E R I M E N T  T O  RF I N C l U D E D  I N  A T S  - G M t S S I O r r l -  

- 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 

V H F  T R A N S P O N D E R  
(TITLE CONT.1 

2 ACRONYM 1 3. EXP NO 
V T U A N  I 
4 RESUME DATE I :ERSION 

0 9 / 0 1 / 7 2  1 9 0 C 4 ~  
6. PRINCIPAL INVESTIGATOR 

C O R R I G A N t  J.P. 
9. CO-INVESTIGATOR 

12 CONTRACT 
TYPE 113. CONTRACT NUMBER 114. FLASH INDEX NUMBER 1 l5 ",i'"ET 116 COMPCET'ON DATE 117. STATUS 

IN AS^-9593 I l o 5 / 6 5  1 1 2 / 6 6  I O P E P A T I  O N A L  
18. MONITOR 119. AGENCY 120 PGM OFFICE I 21. TELEPHONE - 
- B U R K E ,  J.R. I N A S A  H D Q T P S  l O A / € C S  1 2 0 2 - 7 5 5 - 2 3 2 2  
22. VENDOR 123. LOCATION 1 24 ~~~~' 125. LEAD TIME 

H U G H E S - P E S  + D E V f L E P  D I V ~ C U L V E P  C I T Y ,  C A L I F O R N I A 1 1 2 / 6 6 j N A  
26. INSTRUMENT TYPE 27 sEc=yY 

T R A N S P O N D E R ,  ACT I V E  F P E Q U E N C Y - T R A N S L A T I O N  1 UNC 
28. APPLICATION 129. SPACECRAFT 

. C O M M ,  O C E A N  I A T S  1 
30. PURPOSE 

P R I M A R Y - D E M O N S T R A T E  F E A S I B I L I T Y  OF P R O V I D I N G  CONTINUCIUS VC2ICE 
C O M M U N I C A T I O N S  L I N K  BETWEEN A  GROUND C O N T R O L  S T A T I O N  A N D  A I P -  
C R A F T  W I T H I N  S P T E L L I T E  R A N G E * * * * S E C O N D A R Y - D E M O N S T R A T F  F E A S I B I L -  
I T Y  O F  O P E R A T I V G  A  Y E T E f l 9 f l L O G I C A L  NETWORK I N  W H I C H  D A T A  FROM 
S E N S O R  P A C K A G E S  A R E  C O L L E C T E D  A T  A  C E N T R A L  S T A T I O N  A N D  T H f N  
T R A N S M I T T E D  T O  T H E  NETWORK A L L  V I A  S A T F L L I T E .  
31. PRIMCIPLES OF OQERATlON 

T H E  V H F  COMMUN I C A T  I O N S  I N S T R U M E N T  I S  A N  A C T 1  VE F R E Q U E N C Y - - T R b Y S  
L A T I O N  L I M I T I N G  ( C L A S S  C )  R E P E A T E R .  T H E  R E P E A T E R  B O T H  R E C E I V E S  
A N D  T R A N S M I T S  THROUGH A N  + E L E M E N T ,  P H A S E D - A R R A Y  ANTENNA.  I N -  
C O M I N G  S I G N A L S  AT 14.9 .22 MHz A P E  P E C E I V E D  ON E A C H  D I P O L E  E L E Y E h T  
R O U T E D  THROUGH 4 D I P L E X E R ,  A M P L I F I E D  B Y  A  L O W - N O I S E  P E C E I V E R ,  
A N D  S H I F T E D  I N  P H A S E  TO C O M P E N S A T E  FOR THE R E L A T I V E  P O S I T I O N  OF 
E A C H  D I P O L E  ANTENNA.  T H E  O U T P U T S  OF E A C H  R E C E I V E R  ARE I N  P H A S E  
O N L Y  F O R  T H O S E  S I G N A L S  T H A T  O R I G I N A T E  ON EARTH.  R E F E R E N C E  
S I N U S O I D S  U S E D  T O  DP I V E  T H E  WAVEFORM G E N E P A T O R  APE O B T A I N E D  F P C M  
T H E  SAME P H A S E D - A R R A Y  C O N T R O L  E L E C T R O N I C S  U S E D  TO A I M  THE M I C R O -  
WAVE B E A M  TOWARD EARTH.  THE 8 P t C E I V E R  O U T P U T S  APE SUMMED TCI- 
G E T H E P ,  F I L T E R E D ,  DOWN-CONVERTED T O  A N  I F  F R E Q U E N C Y  O F  29.95 
M H z *  A M P L I F I E D ,  A N D  P A S S E D  T H R C U G H  A  C R Y S T A L  F I L T E R  T O  L I M I T  T H E  
P E C E I V E R  B A N D W I D T H  T O  1CP K H z .  T H E  I F  I S  T H E N  4 M P L I F I E D v  UP-  
C O N V E R T E D  TO 1 3 5 . 6  M H z ,  F U R T H E R  A M P L I F I E D ,  AND D I V I D E D  I N T O  8 
E Q U A L  PARTS.  E A C H  O F  T H E  P S I G N A L S  I S  R O U T E D  TO A  T R A N S M I T T E R  
WHERE I T  I S  A M P L I F I E D ,  P H A S E - S H I F T E D ,  A N D  F U R T H E R  A M P L I F I F D  T O  A  
POWER L E V E L  O F  5 WATTS. E A C H  T R A N S M I T T E R  O U T P U T  I S  R O U T E D  
THROUGH I T S  R E S P E C T I V E  D I P L E X E R  TO O N E  O F  T H E  A N T E Y N A  E L E M E N T S .  

32. PHENOMENA OBSERVED 

D A T A  FROM O H S E P V A T I O N  P L A T F O R M S  A N D  GROUND C O N T R O L  S T A T I O N S  
33. MEASUREMENT RANGE 

34. PRECISION AND ACCURACY 

- R E C E I V E R  N O I S E  O B S E R V A T I O N  P L A T F O R M S  A N D  GROUND C O N T R D L  S T A T I O N S  

7. ORGANIZATION 

GOODAPD S P A C E  F L T  C E N T E R  
10. ORGANIZATION 

8. TELEPHONE 

301-982-5042 
11. TELEPHONE 



5. INTERF"E'RENCE 1 5s ~NTME"R?~'R~LE I 58 IN~"E'~%'E'R*E~~E 1 57 ~N&".~"E!%cE I 58. SHIELDING I 

s ~ I I R ~ . / < F ~  I I I 
59. CALIBRATION 160. DATA RECOVERY 61. FREQUENCY OF OESERVATION 1 

N A  I S E A L T I Y E  TECEYETRY I CONTINUOUS 
62. TELEMETRY REQUIREMENTS 

1CO KHz BANDWIDTH 

63. ADVANTAGES AND LfMlTATIONS 
- 

64. REFERENCES 

1 IVHF PEPFATER EXPEP I Y E N T - F I N A L  REPORT. HUGHES A IRCRAFT CO, N A S A  
COYTR4CT NO. 5 - 9 5 9 3 ,  F E B  1 ,  1 9 6 7 , * * * 2 ) V H F  REPE4TER EXPERIMENT 
F O R  ATS-Cp F I Y A L  REPORT. HUGHES AIRCRAFT C0.p NASA C3NTR4CT NO. 
NAS 5-132909 NOV 1 9 6 7 .  

- 
65. HISTOREAL REMARKS 

M I  1 A R  T n  1 N t T R l l M F V T  Fl  nUIN fm 4 T S  3. 

I 



ADMINISTRATION 

F R E Q U E N C Y  OF 135.6 M H z .  T H E  R E P E A T E R  B O T H  R E C E I V E S  AND T R A N S -  
M I T S  THROUGH AN 8 - E L E M  E N T  , E L E C T R O N 1  C A L L Y  D E S P U N  P H A S E D - A P R A Y  
A N T E N N A  O F  T H E  T Y P E  U S E D  ON T H E  A T S  1 V H F  SYSTEM.  THE A T S  3 
T R A N S M I T T E R  I S  A L I N E A R  A M P L I F I E P  9 A S  O P P O S E D  TO THE S A T U R A T E D  
A M P L I F I E R  OF A T S  1. I N C O M I N G  S I G N A L S  P R E  P E C E I V E D  O N  E A C H  
D I P O L E  E L E M E N T ,  R O U T E D  THROUGH A D I P L E X E R ,  A M P L I F I E D  R Y  A LOW 
N O I S E  R E C E I V E R  9 AND S H I F T E D  I N  P H A S E  TO C O M P E N S A T E  F O P  T H F  R E L A -  
T I V E  P O S I T I O N  O F  E A C H  D I P O L E  A N T E N N A .  T H E  O U T P U T  OF F A C H  P E -  
C E I V E R  I S  I N  P H A S E  O N L Y  FOR THOSE S I G N A L S  T H A T  O R I G I N A T E  O N  
E A R T H .  T H E  8 R E C E I V E R  O U T P U T S  A P E  SUMMED T O G E T H E R ,  F I L T E R E D  AN 



b 

1967 . * * *Z )VHF  REPEATER EXPERIMEYT ,  F I N A L  REP3RT-NASA CONTRACT 
NO. NAS 5-in293. HUGHES A I R C R A F T  CO, FEB ~ 6 7 .  

65. HISTORICAL REMARKS 



INSTRUMENT RESUME 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

GODDARD SPACE FLIGHT CENTER 
GREENBELT, MD. 20771 

1. TITLE 

W E 4 T H E H  F A C S  I Y I L E  E X P F R  I M E N T  
(TITLE CONT.) 

2 ACRONYM 1 3. EXP NO 

WEFAX I 
4 ncsvuE onrr I &ERSION 

C9 /01 /72  13005 
6. PRINCIPAL INVESTIGATOR 

M I S H N A t  Se 
9. CO-INVESTIGATOR 

H O L M E S ,  D e k e  
12 COWTRACT 

TYPE 113. CONTRACT NUMBER 114. FLASH INDEX NUMBER 1 gi??T 11s c?kf:lO1ll 17. STATUS 

~ J A S S - 9 5 9 3  I I 112/66 IOPERATI ~ N A L  , 
18. MONITOR 119. AGENCY I 20 PGM OFFICE I 21. TELEPHONE 

B U R K E ,  J.R.  ] N A S A  H D Q T R S  I ~ A / E C S  1 2 0 2 - 7 5 5 - 2 3 2 2  
22. VENDOR I 23. LOCATION / " ~~~~T 125. LEAD TIME 

H U G H E S  A I R C R A F T  C U  IFL S E G U N O C t  C A L I F O R N I A  112/66 ~ N A  
26. INSTRUMENT TYPE 27 

srrya(~v, 

, T R A N S P O N D E R  IUNC, 
28. APPLICATION 129. SPACECRAFT 

METI  COYM IATS 1 
30. PURPOSE 

P R I M A R Y - T O  D E T E R M I N E  O P E R A T I O N A L  F E A S I B I L I T Y  O F  D I S S E M I h A T I N G  
M F T E U R O L O C I C A L  D A T A  A N D  S A T E L L I T E  C L O U D  C A M E R A  P I C T U R E S  F R O M  A  
C E N T R A L  SOUPCE T O  W I D E L Y  S C A T T E R E D  R E C E I V I N G  U N I T S  U T I L I Z I N G  A  
V H F  T R A N S P O Q D E R  S Y S T E M  ( INBOARD A N  E A R T H  SYNCHRONOUS S P A C E C R A F T .  
* * * S E C O N D A R Y -  T O  E X P L U R E  F E A S I B I L I T Y  O F  I N C R E A S I N G  THE AMOUNT O F  
,DATA A V A I L A B L E  T O  S T A T I O N S  R E C E I V I N G  A P T  P H O T O G R A P H S .  
31. PRINCIPLES OF OBBRATtON 

T H I S  WEFAX E X P E R  I M E N T ,  W H I C H  I S  S I M I L A R  T O  T H E  ONE U T I L I Z E D  B Y  
A T S  3 ,  I S  D I F F E R E N T  FROM OTHER A T S  1 M E T E O R O L O G I C A L  E X P E R I M E N T S  
I N  T H A T  I T  H A S  N O  U N I Q U E  F L Y I N G  HARDWARE.  I T  I S  P A R T  O F  T H E  A T S  
1 V H F  E X P E R I M E N T  A N D  U S E S  T H E  V H F  T R A N S P O N D E R  A S  A  D A T A  R E L A Y .  
T H I S  T R A N S P O N D E R  R E C F I V E S  A T  1 4 9 . 2 2  M H z  AND T R A N S M I T S  A T  135.60 
MHL.  T H E  F E A S I B I L I T Y  T E S T S  C O N D U C T E D  B Y  WEFAX I N C L U D E :  M A S S  31s- 
T R l B U T I O N  O F  W E A T H E R  D A T A  D I R E C T  TO A P T  U S E R S ;  R E B R O A D C A S T I N G  
S Y N C H R O V O U S  A L T I T U D E  E A R T H  P  I C T U P E S  V I A  A P T  F O R M A T ;  P R O P O S E D  
MASS C O L L E C T I O N S  O F  H Y D R O L O G Y  D A T A  V I A  A T S  1 R E L A Y ;  A N D  P R O P 3 S E D  
L I N E  I S L A N D S  F X P E R I M E N T  B Y  T H E  N A T  C T P  F O R  A T M O S  R E S m  I N  O P E R A -  
T I O N ,  WEATHER F A C S I M I L E  C H A R T S  A N D  S A T E L L I T E  C L O U D  C O V E R  P I C -  
T U P E S  A R E  S E N T  P E R I O D I C A L L Y  V I A  L A N D L I N E  F R O M  T H E  N A T  M E T  C T R t  
E S S A t  A T  S U I T L A N D ,  MPe t T O  T H E  N A S A  4 T S  GROUND S T A T I O N  A T  M O J A V E  
C A L I F .  FROM T H E R E ,  T H E  P P O C E S S E D  I N F O R M A T I O N  I S  T R A N S M I T T E D  T O  
A T S  1 FOR R E L A Y  TO A L L  P A R T I C I P A T I N G  A P T  S T A T I O N S  H I T H I W  T H E  
R E C E P T I O N  AREA. D 4 1 L Y  WEFAX S C H E D U L E S  A R E  PROGRAMMED T O  P R O V I D E  
M E A N I N G F U L  D A T A  T O  T H E  M A X I M U M  N U M B E R  O F  P A R T I C I P A T I N G  A P T  S T A -  
T I O N S  P O S S I B L E ,  N U M B E R I N G  A B O U T  5 G o  

32. PHENOMENA OBSERVED 

,VHF  T R P Y S Y  I S S I O V S  FROM A T S  GROUND S T A T I O N S  G I V I N G  WEATHER D A T A  
33. MEASUREMENT RANGE 

34. PRECISION AND ACCURACY 

T R A N S P O N D E R  N O I S F  F I G U R E  4.5 DB; B A N D W I D T H  100 K H z  

7. ORGANIZATION 

G O D D A R D  S P 4 C E  F L T  C E N T E R  
10. ORGANIZATION 

N O A A / N E S C  

8. TELEPHONE 

3 0 1 - 9 8 2 - 5 0 4 2  
11. TELEPHONE 

3 C  1 - 6 5 5 - 4 0 0 f )  



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

1 4 9 . 7 7  AND 135 .60  M HZ I I 
38. FIELD OF VIEW 139. GROUND SWATH 

17 .3  DFG 1 l I u R - T t l - L  I V B  (9700 Y M I  F R V M  G F O  - SYNCH A l  T  
40. ANGULAR RESOLUTIONI 41. SPATIAL RESOLUTION 

3 KHz INFORMATIOW P 4 N D W I D T H  

63. ADVANTAGES AND LIMITATIONS 

Y U L T I P L E X I N G  T 9  FNARLE A!3D IT IDVAL  D4TA TO BE TRANSMITTED HAS NOT 
RFFN C i l M P I  F T F l  Y % I I f  T . F q C F I I I  , 
64. REFERENCES - 

-1 )ALLIED R E S  ASS'JC, I  YC. :  VASA/ESSA WEFAX E X P E R I M E N T  E V A L U 4 T I O N  
' 

R E P @ P T ( A T S  1 1 ,  C H A Y G E  N t 3 . 4 ,  Y 6 8 - 1 2 9 9 0 . * * * 2 1 M I N Z N € R 9 R . A * E D :  I N -  
T E R I M  REPOPT ON SAT YFT  I V S T 9 U Y E Y T S 9  P M - 6 7 1 3 9  NASA-ERC9C4YQRIDGE 
M b S S e , 1 9 6 7 . * * * 3 1 A T S  B PRESS K I T  NASA RELEASE N 0 * 6 6 - 3 0 8 r D E C 9  
1 9 6 6 . * * * 4 )  DRUMMDND* Rep.: HFATHER F A C S I Y I L E  EXPT.  PRESENTED AT 
A T C  < Y C T F M C  F N G R %  TRATNING PR9. W C -  < F P f .  A & -  
ix. HIS'I;ORICAL REMARKS 

<I M I I  A R  T n  AT< 3 MFFAX- 



GODDARD SPACE FLIGHT CENTER 

, T R A N S P O V D E R *  V H F  1 UNC 
28. APPLICATION 129. SPACECRAFT 

M E T p  COMM I ~ T S  3 
30. PURPOSE 

P R I M A R Y  - TO T P A N S Y I T  F A C S I M I L E  WEATHER D A T A  THROUGH T H E  A T S  3 
S A T E L L I T E  T O  P A R T I C I P A T I N G  GPOUND S T A T I O N S * * * S E C O N D A R Y - T O  T R 4 N S -  
M I T  S E L E C T E D  S P I N - S C A N  C A R E P A  P I C T U R E S  V I A  S A T E L L I T E  T O  A P T  
GROUND R E A D O U T  S T A T I O N S - T O  E X P L O R F  F E A S I B I L I T Y  O F  I W C R E A S I N G  
T H E  AMOUNT O F  D A T A  A V A I L A B L E  T O  A P T  GROUND S T A T I O N S  F R O M  E S S 4  
A N D  N I M B U S  S A T F L I  I T F S .  
31. PROWCIPLES OF WERATIOFIS 

T H I S  WEFAX E X P F P  I M E N T p  W H I C H  I S  S I M I L A R  TO THE ONE U T I L I Z E D  9 Y  
A T S  l1 I S  D I F F E R E N T  FROM OTHER A T 5  3 M E T E O R O L O G I C A L  E X P E P I Y E Y T S  
I N  T H A T  I T  H A S  N O  U N I Q U E  F L Y I N G  HARDWARE.  I T  I S  P A R T  OF T H F  A T S  
3 V H F  E X P E R I M E N T  AND U S E S  T H E  VHF TRANSPONDER A S  A  D A T A  R E L A Y .  
T H I S  TRANSPC'WDER R E C E I V E S  A T  1 4 9 . 2 2  MHZ AND T R A N S M I T S  A T  1 3 5 . 6 6  
YHZ. T H E  F E A S I B I L I T Y  T E S T S  C O N D U C T E D  B Y  WEFAX I N C L U D E  M A S S  D I S -  
T R I B U T I O N  O F  WEATHER D A T A  D I R E C T  T O  A P T  U S E R S ;  R E B R O A D C A S T I N G  
SYNCHRONOUS A L T I T U D E  E A R T H  P I C T U R E S  V I A  A P T  F O R M A T ;  A N D  PROPOSED 
MASS C O L L E C T I O N S  O F  HYDROLOGY D A T A  V I A  A T S  3 R E L A Y .  I N  O P E R 4 -  
T I O N ,  W E A T h E R  F 4 C S I M I L E  C H A R T S  AND S A T E L L I T E  C L O U D  COVER P I C -  
T U R E S  A R E  S E N T  P E R I O D I C A L L Y  V I A  L A N D  L I N E  F P O M  T H E  N A T I O N A L  
M E T E O P O L O G I C A L  C E N T E k *  E S S A ,  A T  S U I T L A N D *  MD.9 TO T H E  N A S A  A T S  
G P O U N D  S T A T I O N  A T  M O J A V E ,  C A L I F O P N I B .  F P O M  T H E R E  THE H E F A X  F I F L O  
C E N T E R  T R A N S M I T S  T H E  D A T A  T O  T H F  S P A C E C R A F T  A T  T H E  R A T E  OF 2 4 P  
S C A N S  PEP. M I N U T F ,  AND T H E  4 T S  T H E N  R E L A Y S  T H E  D A T A .  P A P T I C I -  
P A T 1  NG A P T  S T A T I O r J S  R E C E I V E  T H E S E  T R A N S Y  I S S I O N S  AND E V A L U A T E  
T H E M  F O R  U S E F U L N E S S .  C O P I E S  O F  T H E  R E C E I V E 0  I T E M S  A R E  S E N T  T O  
GODDAHD FOR C O R P E L A T I N G  Q U A L I T Y  W I T H  F A C T O R S  SUCH A S  T R A N S M I S -  
S I O N  D I S T A Y C E  A N D  ANTENNA ANGLE. P O T E N T I A L L Y  1% TO 150  R E C E I V -  

J N G  S I T F S  C A N  R F  I N C L U D E D  I N  THE A R E A  OF COVEPAGE.  
32. PHENOMENA OBSERVED 

V H F  T R A N S M I S S I O N S  FROM A T S  GR[IUND S T A T I O N S  G I V I N G  WEATHER D A T A  
33. MEASUREMENT RANGE 

34. PRECISION AND ACCURACY 

T R A N S P O N D E R  N O I S E  F I G U R E  4.5 DB, B A N D W I D T H  100 K H z  



35. SPECTRAL RANGE 136. SPECTRAL RESOLUTION 137. TIME CONSTANT 

149.22 AND 135.0 MHz I 1 
38. FIELD OF VIEW 139. GROUND SWATH 

, 17.3 DEG IL IYB-TO-L'IMB (9700 NM) FROM GEO-SYNCH A L T  
40. ANGULAR  RESOLUTION^ 41. SPATIAL RESOLUTION 

I 
42. POINTING ACCURACY( 43. POINTING RATE 1 44. ALTITUDE 145. INCLINATION 

I ISYNCH C IRCULAR IEQuATORIAL  POSIGRADE . 
46. SPECIAL REQUIREMENTS - - 

-- - - - - ---- - 
47. COMPONENTS I 

VHF TRANSPONDER* ANTENNA SYSTEM*  D I P L F X E R  
48. WEIGHT_- 149. VOL~ME - I so. AVERAGE POWER f 51. STANOBY -- POWER - -- 1 52. PEAK . . POWER 1 53. MTBF _ _ 

29 1 6 1  1 90 MATTS I I I 
5, IWTER&~FR.NCE -1 55__1~T";'R"F%"RE 1 - 56 - INTskR%cE 1 5T (N%%&CE 158. SHIELDING 

SOURC/SFN I 1 I I - 
59. CALIBRATION 160. DATA RECOVERY 61. FREOUENCY OF OBSERVATION 

I ~ A P P R O X  7 H O U R S / D A Y ,  
62. TELEMETRY REQUIREMENTS 

2 KHz  I V F O R M A T I O N  BANOW I O T H  

63. ADVANTAGES AND LIMITATIONS 

M O U E  S E N S I T I V E  TCI S Y A L L  S I G N A L S  THAN A T S  1 TqANSPONDER 

64. REFERENCES 

11 ATS C PRESS K I T ,  NASA RELEASE N9. 67-2769 OCT., 1967e***2)  
CORRIGAN, J.P.: THE  VHF EXPERIYENT,  PRESEYTF3  AT A T S  SYSTEM 
E N G I N E E R I N G  T R A I N I N G  PROGRAM GSFC, AUG 1966.***3)  DRUMMOND, R e  
WEATHER F A C S I M I L E  EXPERIMENT.  PRESENTED AT A T S  SYSTEMS ENGRS. 
T R A I N I N G  PROGRAM, GSFC, SEPT 66. 

65. HISTORICAL REMARKS I 

S I M I I  AR T O  ATS 1 WFFAX* 
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APOLLO 9 
Multispectral Terrain-Photography Experiment MTP 

ATS 1 
Fluxgate Magnetometer - FMAG 
Microwave Transponder - MTRAN 
Spin-Scan Cloud-Cover Camera - SSCC 
VHF Transponder - VTRAN 
Weather Facsimile Experiment - WEFAX 

ATS 3 
Image-Dissector Camera System - IDCS 
Microwave Transponder - MTRAN 
Spin-Scan Cloud-Cover Camera - SSCC 
Omega Position-And-Location Equipment Experiment - OPLE 
VHF Transponder - VTRAN 
Weather Facsimile Experiment - WEFAX 

ATS 4 
~ay/Night  Camera System - DNCS 

Millimeter Wave ~ropagation/Communication - MWPC 
Position Location and Aircraft Communications - PLACE 
Radio Frequency Interference Measurement - R FIM 
Satellite Radio Beacon Experiment - SRBE 
Ten-Point-Six Micron Laser Experiment - IRLAS 
ATS/~ /~ imbus -E  Tracking and Data Relay Experiment - TDRE 
Television Relay Using Small Terminals - TRUST 
Very High Resolution Radiometer - VHRR 

ERTS-1&B 
Multi-Spectral Scanner - MSS 
Return Beam Vidicon Camera - RBVC 

ESSA 1 
Vidicon Camera System - VCSW 

ESSA 2 
Automatic Picture-Transmission System - APT 

ESSA 3 
Advanced Vidicon Camera System - AVCS 
Low-Resolution Infrared Radiometer - LRIR 



ESSA 4 
Automatic Picture-Transmission System - APT 

ESSA 5 
Advanced Vidicon Camera System - AVCS 
Low-Resolution Infrared Radiometer - LRIR 

ESSA 6 
Automatic Picture-Transmission System - APT 

ESSA 7 
Advanced Vidicon Camera System - AVCS 
Low-Resolution Infrared Radiometer - LRIR 

ESSA 8 
Automatic Picture-Transmission System - APT 

ESSA 9 
Advanced Vidicon Camera System - AVCS 
Low-Resolution Infrared Radiometer - LRIR 

EXPLORER 7 
Low-Resolution Omnidirectional Radiometer - LROR 

GEOS 2 
C-Band Passive Reflector - CPAR 
C-Bank Transponder - CTRAN 
Doppler Beacon - DBEAC 
Satellite Range and Range-Rate Experiment - GRARR 
Laser Reflector - LREF 
Optical Beacon - OBEAC 
Laser Detector - LDEC 
Sequential Collation of Range System - SECOR 
Solar-Science Electron Flux Experiment - SSED 

GEOS C 
Coherent C-Bank Transponder - CTRAN 
Doppler Transmitter - DBEAC 
Laser Retroreflector - LREF 
Non-Coherent C-Band Transponder - NCTRAN 
Radar Altimeter - RALT 
S-Band Satellite to Satellite Tracking - SBAND 



IT 0s- 1 
Automatic Picture-Transmission System - APT 
Advanced Vidicon Camera System - AVCS 
Flat-Plate Radiometer - FPR 
Solar-Proton Experiment - SP 
Scanning Radiometer - SR 

NIMBUS 1 
Automatic Picture-Transmission System - APT 
Advanced Vidicon Camera System - AVCS 
High-Resolution Infrared Radiometer - HRIR 

NIMBUS 2 
Automatic Picture-Transmission System - APT 
Advanced Vidicon Camera System - AVCS 
High-Resolution Infrared Radiometer - HRIR 
Medium-Resolution Infrared Radiometer - MRIR 

NIMBUS 3 
High-Resolution Infrared Radiometer - HRIR 
Image-Dissector Camera System - IDCS 
Infrared Interferometer/~pectrometer - IRIS 
Interrogation, Recording, and Location System - IRLS 
Meterological Infrared Spectrometer - MIRS 
Medium-Resolution Infrared Radiometer - MRIR 
Ultraviolet Solar-Radiation Experiment - WSR 

NIMBUS 4 
Backscattered Ultraviolet Radiation Experiment - BUV 
Filter-Wedge Spectrometer - FWS 
Image-Dissector Camera System - IDCS 
Infrared 1nterf erometer/~pectrometer - IRIS 
Interrogation, Recording, and Location Systems - IRLS 
Satellite Infrared Spectrometer - SIRS 
Selective Chopper Radiometer - SCR 
Tempera ture /~umidi t~  Infrared Radiometer - THIR 
Monitor of Ultraviolet Solar Energy - MUSE 

NIMBUS E 
Data-Relay Link Experiment - DAREL 
Electrically-Scanning Microwave Radiometer - ESMR 
Infrared Temperature-Profile Radiometer - ITPR 
Limb-Radiance Inversion Experiment - LIRAIN 
Nimbus E Microwave Spectrometer - NEMS 



Surface-C omposition Mapping Radiometer - SCMR 
Selective Chopper Radiometer - SCR 
~empera ture /~umidi ty  Infrared Radiometer - THIR 
~imbus-E/ATS-F Tracking and Data Relay Experiment - TDRE 

NIMBUS-F 
~imbus-E/ATS-F and Data Acquisition Facility - DAFDRL 
Electrostatic Probe - EP 
Earth Radiation Budget - ERB 
Electronically Scanning Microwave Radiometer - ESMR-F 
High Resolution Infrared Radiation Sounder - HRIRS 
Limb Radiance Inversion - LRI 
Mapping Microwave Spectrometer - MMS 
Positive Ion Composition Spectrometer - PICS 
Pressure Modulated C02 Radiometer for Upper Atmosphere 

Sounding - PMCR 
Solar Cosmic Ray and Trapped Particle - SCRTP 
Two-Channel Radiometer - TCR 
Tropical Wind, Energy Conversion and Reference Level - TWECRL 

NOAA 1 
Automatic Picture-Transmission System - APT 
Advanced Vidicon Camera System - AVCS 
Flat-Plate Radiometer - FPR 
Solar- Proton Experiment - SP 
Scanning Radiometer - SR 

NOAA 2 
Vertical Temperature Profile Radiometer - VTPR 
Very High Resolution Radiometer - VHRR 
Solar-Proton Experiment - SP 
Scanning Radiometer - SR 

SKYLAB-A 
Infrared Spectrometer: Earth Resources Experiment Package 

(EREP) - IRS 
. . 

L-Band Radiometer: EREP - LBR 
Multispectral Photographic Facility: EREP - MPF 
Microwave ~adiorneter/~catterometer and Altimeter 

Facility: EREP - MRSA 
EREP - Multispectral Scanner: EMSS 

SMS-A 
~isible/Infrared Spin-Scan Radiometer - VISSR 



TIROS 1 
Vidicon Camera System - VCSN 
Vidicon Camera System - VCSW 

TIROS 2 
Low-Resolution Nonscanning Radiometer - LRNR 
Medium-Resolution Radiometer - MRR 
Vidicon Camera System - VCSN 
Vidicon Camera System - VCSW 

TIROS 3 
Low-Resolution Nonscanning Radiometer - LRNR 
Low-Resolution Omnidirectional Radiometer - LROR 
Medium-Resolution Radiometer - MRR 
Vidicon Camera System - VCSW 

TIROS 4 
Low-Resolution Nonscanning Radiometer - LRNR 
Low-Resolution Omnidirectional Radiometer - LROR 
Medium-Resolution Radiometer - MRR 
Vidicon Camera System - VCSM 
Vidicon Camera System - VCSW 

TIROS 5 
Vidicon Camera System - VCSM 
Vidicon Camera System - VCSW 

TIROS 6 
Vidicon Camera System - VCSM 
Vidicon Camera System - VCSW 

TIROS 7 
Electron Temperature Probe - ETP 
Low-Resolution Omnidirectional Radiometer - LROR 
Medium-Resolution Radiometer - MRR 
Vidicon Camera System - VCSW 

TIROS 8 
Automatic Picture-Transmission %stem - APT 
Vidicon Camera System - VCSW 

TIROS 9 
Vidicon Camera System - VCSW 



TIROS 10 
Vidicon Camera System - VCSW 

C- 130 A/C 
Experimental 24-Channel Multispectral Scanner - ECMSS 

NP3A A/C 
Passive Microwave Imaging System - PMIS 




