
UNCLASSIFIED

AD NUMBER

CLASSIFICATION CHANGES
TO:
FROM:

LIMITATION CHANGES
TO:

FROM:

AUTHORITY

THIS PAGE IS UNCLASSIFIED

AD514827

UNCLASSIFIED

CONFIDENTIAL

Approved for public release; distribution is
unlimited. Document partially illegible.

Distribution authorized to DoD only;
Administrative/Operational Use; 15 APR 1971.
Other requests shall be referred to Air Force
Cambridge Research Laboratory, Hanscom AFB, MA
01730. Document partially illegible.

30 Apr 1983, Group 4, DoDD 5200.10; AFGL notice
dtd 6 Nov 1980



UNCLASSIFIED

AD NUMBER

CLASSIFICATION CHANGES
TO:

FROM:

AUTHORITY

THIS PAGE IS UNCLASSIFIED

AD514827

CONFIDENTIAL

SECRET

30 Apr 1974, Group 4, DoDD 5200.10



I 

I . 

i 

DISCLAIMER NOTICE 

THIS DOCUMENT IS THE BEST 

QUALITY AVAILABLE. 

COPY FURNISHED CONTAINED 

A SIGNIFICANT NUMBER OF 

PAGES WHICH DO NOT 

REPRODUCE LEGIBLY. 



MISSING PAGE 

NUMBERS ARE BLANK 

AND WERE NOT 

FILMED 



i 

SECURITY 
MARKING 

The classified or limited status of this report applies 
to each page, unless otherwise marked. 
Separate page printouts MUST be marked accordingly. 

THIS   DOCUMENT   CONTAINS   INFORMATION 
THE   UNITED   STATES   WITHIN   THE   MEAN IKC ';,--! m    t^x: 

,C.,   SECTIONS   793   AND   794.      fttfi^^NSMI SSION   OR   THEl?tift4ATI0N   OF 
TO   AN   'jNÄlM?WiM.D   PERSON   IS   PROHIBITED   BY 

NATIONAL DEFENSE OF 
ÜC-F LAWS, TITLE 18, 

U.S. 
ITS 
LAW, 

CONTENTS IN ANY MANNER 

"^ 

NOTICE:  When government or other drawings, specifications or other 
data are used for any purpose other than in connection with e defi- 
nitely related government procurement operation, the U.S. Government 
thereby incurs no responsibility," nor any obligation whatsoever; and 
the fact that the Government may have formulated, furnished, or in any 
way supplied the s^ 4 drawings, specifications, or other data is not 
to be regarded by implication or otherwise as in any manner licensing 
the holder or any other person or corporation, or conveying any rights 
or permission to manufacture, use or sell any patented invention that 
may in any way be related thereto. 



SECRET 

AFCRL-70 0496 
i/ SECfte.  5020 

Copy No^ 

N 

00 /- 

SYSTEM AND INSTRUMENT DESIGN FOR AN EARTH 
LIMB MEASUREMENTS PROGRAM (Ü) 

by 

Robert M. Carlson, Joseph S. Titus, Glenn H. Wise 

u   Aerospace Division 
Honeywell Incorporated 

Minneapolis, Minnesota 55413 

Contract No. F19628-69-C-0258 
Project No. 8692 

FINAL REPORT 

1 April 1969 - 1 January 1970 

15 April 1971 

^rpnn nrp 
APR 26   x^x 

s-l    t_* 

H 

The views and conclusions contained in this document are those of the authors 
and should not be interpreted as necessarily representinq the official policies, 
either expressed or implied, of the Advanced Research Projects Agency or the 
U. S. Government. 

In addition to security requirements which apply to this document and must be 
met, each transmittal outside the Department of Defense must have prior 
approval of AFCRL (OPR), L. G. Hanscom Field, Bedford, Massachusetts 
Oi.730. 

Contract Monitor: Randall E. Murphy 
Optical Physical Laboratory 

NOTICE- 

This *cufflem contains infornwtiwi «ffeding the 
Nattonal Defense of the united States within the 
neanimj of the Espionage Laws Title 18, U.S.C. 
Sestions 793-794. Its tfansmission or the reve- 
lation sf its contents in any manner to an unau- 
thorijed person is prohibited by law. 

GROUP 4 
OOVWWRAOED AT 3-YEAR INTERVAL 

DECLASSIFIED AFTER 12 YEARS 

Sponsored by 
Advanced Research Projects Agency 

ARPA Order No. 1366 
Monitored by 

AIR FORCE CAMBRIDGE RESEARCH LABORATORIES 
UNITED STATES AIR FORCE 

BEDFORD, MASSACHUSETTS 01730 

SECRET 

-_- fct Kf 

pH I 

üliiilKOI 

11142 



UNCLASSIFIED 

Program code 62301D 

Effective date of contract        ,   .  .   .   .     1 April 1969 

Contract expiration date  30 January 1970 

Principal investigator and phone no    ,    Joseph Titus 
617 862-6222 Ext 203 

Project scientist or engineer and phone no   ....    Randall E.  Murphy 
617 861-4903 

Qualified requestors may obttin additional copies 
from the Defense Documentation Center. 

■ --„ ~ 

ft 

:-n5t- 

:* 

UNCLASSIFIED 



^m 

13 

\     SYSTEM AND INSTRUMENT DESIGN FOR AN EARTH 
yMB MEASUREMENTS PROGRAM m ^ 

by 
—T" 

/,;! Robert M^Carlson, Joseph S./Titus/ Glenn H.^ise 7 
       Aefospace DIvision —-—~—~ 

Honeywell Incorporated 
Minneapolis, Minnesota 55413 

/ - 
Contract NCTTFI9(>28-69-0-^258; hKrh 

PmteGt No. 8692 l        _-- 

j /   FINAL REf^Bt, 

1 Apr« 969—1 Janam 
>,     ..-i*--  

i!   15Api«971 

-±-^\ 

• 70. 3i± iii 

The views and conclusion: contained in this document are those of the authors 
and should not be interpreted as necessarily representing the official policies, 
either expressed or implied, of the Advanced Research Projects Agency or the 
U. S. Government. 

In addition to security requirements which apply to this document and must be 
met, each transmittal outside the Department ot Defense must have prior 
approval of AFCRL (OPR), L. G. Manscom Field, Bedford, Massachusetts 
01730. 

Contract Monitor: Randall E. Murphy 
Optical Physical Laboratory 

NOTICE- 
This docuBwnl comjin» iiforMtior »ff«ctim) the 
Nttional Dtfenst of the \jn\\.ti SlaUt within the 
mtaninqof (he Espion«9et*«s Tille 18, U.S.C. 
Sections 793-794.1(5 twjmijjion Of the reve- 
lation of its contents in »ny m»nner to in unau- 
thorited person is prohibited by l»w. 

GROUP 4 
DOWNCMOCO AT 3-YCAft INTeftVAL& 

OECLASSinEO WT« M YEARS 

Sponsored by 
Advanced Research Projects Agency 

ARPA Order No. 1366 
Monitored by 

AIR FORCE CAMBRIDGE RESEARCH LABORATORIES 
UNITED STATES AIR FORCE 

BEDFORD, MASSACHUSETTS 01730 

H\ h 14-0^55/ SECRET 11142    [ 

  



UNCLASSIRED 

UNCLASSIFIED ABSTRACT 

Requirements for a spectral radiometer to measure the earth limh 
in the long-wavelength infrared have been established. Temporal and 
spatial sampling requirements for an experimental program to define 
the variation in the limb radiance have been »nvestigated. An experi- 
mental program using probes has been designed to meet these require- 
ments. The conceptual design of a long-wavelength infrared spectral 
radiometer is included >n the experiment deBtgn. 

iii 

^—--• - -.■.,-..^.,..^,.:^. ; .    ■-_^_.- -..r^::—:^^.. 
UNCLASSIRED 

 ,„.  



■■    ■.:-:   ;::: ■ / 

UNCLASSIRED 

CONTENTS 

SECTION I INTRODUCTION AND SUMMARY 
I. 1   System Requirements 
1.2 Instrument RequirementF 
1.3 histrunient Design 
1   4   System Design 
l. 5   Pr<'^r;im Plan and Costing 

SECTION 2 INS 
'   i 

2 '} 

2. 3 
2. 4 

2  6 

TRIMKNT REQUIREMENTS 
Viewing Geometry 
Sensitivity Requirements 
Stray Light Attenuation Requirements 
Spectral Attenuation Reqinrt-ments 
Angular Line*öf*Stgh1 Arrurary Requirements 
2. 3. 1   Nvstem Coverage Studies 
2. 5. 2   Angular/Radiance Error Correspondence 
Dynamic Rnnpc ami Amplitude Accuracy 
Requirements 
Results of Atmospheric Model and Summary of 
Measured Data 

Page 

1 
2 
3 
4 
4 
6 

10 
12 
IS 
22 
22 
24 
24 
28 

33 

SECTION 3          SYSTEM REQUIREMENTS 47 
3. I   Basis for Samnlinc r^equirementF 47 

■'•!. 1. 1    Low-Altitude Atmospheric Model 49 
3. 1. 2   Temperature 49 
3.1.3    Radiance Variations 53 
3. 1.4    Horizontal and Vertical Distrihutionf- 56 
3. 1, S   Ozone Conrentration 56 

3. 2   Number of Profiles per Plight 63 
3. 3   Scan Pattern 64 
3.4   Number of flights 67 

3. 4. 1   Statistical Analysis of Radiance Variations        68 
3. 4. 2   Solar Radiation 73 
3,4  3   RocKet Probe Launch Sites and Coverage 80 
3. 4.4   Flight Plans 83 

SECTION 4           INSTRUMENT DESIGN 38 
4. 1   Background 88 

Off-Axi" Radiation Effects on S/N 90 
Detector Selection 93 
4, 3. 1   Detector Mechanisms and Comparison 98 

of Detector Types 
4. 3. 2   l>etector Load Resistor and Noise 102 
Diffraction Analysis 109 
4.4. 1   General Discussion 109 
4. 4. 2   Determination of Flux Through the Pinhole     116 
4. 4. 3   Diffraction Calculations 120 

4. 2 
4. 3 

4.4 



UNCLASSIFIED 

SECTION' 5 

Page 
4.5   Off-Axis RadiaUon 121 

4  5. 1   Scattering 126 
4  b. 2   Baffle Interior Irradiance Analysis 134 
4. 5. 3   Integral Limit Functions 139 

4. 5   Parametric Analysis 148 
4. 6. T  Radiometrie Input 148 
4.6. 2 S/N Consideration When Noise in Signal 148 

Cannut be Ignored 
4. 7   Optical Design 160 

4. T. 1   General Design 160 
4.7.2 Optical Materials 163 

4. 8   Spectral Characteristics and Monochromator 164 
Definition 
4.8.1   IVuposed Monochromator 164 
4. 8. 2   Spectral Separation Tradeoffs 169 
4.8.3 Monochromator Tradeoffs 170 

4. 9   Structural Design 172 
4,". 1   Optical Housing and Mirrors 172 
4. 9. 2   Radiation Shield and Outer Skin 172 
4. ;». 3   Mechanical.  Therinalh Isolated.  Support 173 

System 
4. 10   Cryogenic S%-ptem Design 176 
4. 11 Calibration 188 

4. 11. 1 Description of Honeywell Chamber Ißl 
4,11.2   Calibration Tests 192 

SYSTKM DESIGN 194 
ri. 1   Candidate Rocket Vehicles 1^4 

5. 1. 1 Vehicle Comparison 194 
5. 1.2   Summary and Conclusions 199 

5. 2   Selected Vehicle Description 200 
ir 3   Auxiliarv Subsvptems 211 

5.3.1   Attitude Control Subsystem 214 
5. 3  2   Attitude Determination Subsystem 220 
5. 3. 3   Telemetry Subsystem 239 
5.3.4 Tracking Subsystem 243 
5. 3. 5 Electrical Power Sunsystem 244 
5.3.6   Struct-re 245 

SECTION 6 PROGRAM PLAN AND COSTING 
fi. 1   Ground Rules 
6. 2   Statement of Work 
6. 3   Testing 

6. 3. 1   Development Testing 
fl, 3. 2   Qualification Testing 
6. 3. 3   Performance Testing 
6. 3. 4   Long-Wavelength Infrared (LWIR) Test 

and Calibration Chamber 

248 
248 
250 
257 
257 
256 
258 
259 

vi 

UNCLASSIFIED 



.—^~«^-„^_i^._:w. 

UNCLASS3RED 

«. 4   Task Plans 
B.4. 1   System Task 
6. 4. 2   Design and Definition 
ß. 4. 3   Manufacturing 
6.4.4   Testing 
ü. 4. 5   Flight Program 
(operation and Maintenance Procedures 
Configuration Control 
Cost Estimate 
B. "i. 1   Ten-Flight Program 
f». 7. 2   Three-Flight Program 

d. 5 
6.6 
6.7 

REFERENCES 

APPENDIX A SPECTRAL RADIANCE AND SIGNAL-TO-NOISE 
RATIO AS A FLNCTION OF TANGENT HEIGHT 

260 
264 
264 
264 
265 
268 
268 
268 
269 
271 
272 

273 

275 

Vll 

UNCLASSIFIED 



I w^as 

UNCLASSSRED 

Figure 

I 

3 

4 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

ILLUSTRATIONS 

Hadiometer Design 

Limb Measurement Program Vievv.np Geometry 

Limb View Geometry 

Attenuation Heqmred to Heduce Off-Axis Barth Radiation to 
VEFI) Level 

Attenuation Required within First Degree Off-Axis for 
IFOV on Horizon 

Attenuation Requ.r-ments - Earth- Diffracted Energy 

Photon Flux at Detector in Optical Cavity 

Maximum Spectral Attenuation Requirements 

Sensor Scan Geometry 

Over-the-Horizon Cove; age (no overlap) 

Attitude Determination and Boresifht Accuracy Requirements 

Located Horizon Standard Deviation versus Input Constant for 
Eight Locator! 

Comparison of Measured and Analytical C02 Horizon ProfileB 
Goose Bay 

Limb Measurement Program Dynamic Range Requirements 

Radiance Measurement Error Requirements 

Atmospheric Radiance Limb View.  Night and Noon - 
Altitude = 115 km 

Atmospheric Radiance Limb View. Noon - Altitude - 75. 
100 and 110 km 

Atmospheric Radiance Limb View. Noon - Altitude » 60 
and 70 km 

Atmospheric Radiance Limb View. Night and Noon - 
Altitude ■ 100 km 

Page 

5 

10 

n 
17 

18 

20 

21 

23 

25 

25 

26 

29 

30 

31 

32 

34 

34 

35, 

35 

tx 

in     n sraiaii iTMifi n     ..liia-.rt.ri.Mi 



H 
L^&r,^. ^-.■--  . ,-^-—^»i^aKM I^MKMWIW^I^aillWlffiKaJMlIWMPW 

UNCLASSIFIED 

Figure Pa^R 

30 Atmospheric Radiance Limb View,  Night and Noon - 36 
Altitude = 60 and 80 km 

21 Atmospheric Radiance Limb View,  Night and Noon - 36 
Altitude ■ 6v ind 105 km 

22 Atmospheric Radiance Limb View, Night and Noon - 37 
Altitude »75 km 

23 Limb Radiance Profile - Nitric Oxide,   5, 3 microns 37 

24 LWIR Raiiance Profiles,  Upper Atmotpheric Model - 38 
Noon Condi lions 

25 Horizon Radiance Profile, Nitric Acid (HNO3,   10. 5 to 11. 7 41 
microns) 

26 USSR Data Converted to Limb View Radiance t 

27 Predicted Emission Fron-. Noctilucent Clouds and Inter- 46 
planetary Dust 

28 Atmospheric Temperature Variations «pith Latitude 52 

29 Atmospheric Temperature Variations with Longitude 52 

30 Arctic Temperature Gradients - Latitude = 60oN,  Altitude ■ 54 
50 - 55 km 

31 Autocorrelation Function for 15-micron CO2 Radiance, 55 
February - 30 - 40 km 

32 Horizontal Radiance Distribution - Minimum Tangent Height = 57 
60 km 

33 Vertical Radiance Distribution - Minimum Tangent Height = 57 
60 km 

34 Annual Variation of Ozone Concentration - Altitude = 45 km 58 

35 Variation in Ozone Concentration at Various Locations ~ 5P 
Altitude = 45 km 

36 Longitudinal Correlation in Ozone Concentration 60 

37 Autocorrelation of Ozone Concentration at 5TN and 80. 50W 61 

UNCLASSIFIED 
---'^■^--*™^"ygj!-w* i«*^ 



—gg. 

^UNC LAsShsD 

Figure Pag« 

38 Cross correlation of Ozone Concentration Between 410N, 62 
105aW and 51*N,  80, iW 

39 Uiurnai Variation of Ozone 63 

40 Limb Measurement Scan Pattern 65 

41 Alternate Scan Pattern 66 

42 Radiance Sampling Srror, Arctic Winter ?1 

43 Probability Estimation Errors 72 

44 Daily Solar Radiation at Top of Atmosphere 73 

45 Sine of Solar Altitude,  Equinoctial 75 

46 Sine of Solar Altitude,  Summer Solstice 76 

47 Sine of Solar AItitud?. Winter Solstice 77 

48 Geographical Coverage of Probe Vehicle 82 

49 Probability of Observing High-Altitude Lavcri on Any One 86 
Flight 

50 Power Falling onto Detector from Signal plus Diffraction and 94 
Scattering,  5. 0- to 5. 7-rmcron Band 

51 Power Falling onto Detector from Signal plus Diffraction and 95 
Scattering,   10. 0- to 10, 8-micron Band 

52 Power Falling onto Detector from Signal plus Diffraction and 96 
Scattering,   17.0- to 18. 0-micron Band 

63 Power Falling ontj Detector from Signal plus Diffraction and 97 
Scattering,  18. 0- to 15. 0-micron Band 

54 Calculated Maximum Detectivity for (Hg, Cd)Te as a Function 103 
of Detector Temperature and a Varying Cutoff Wavelength 

55 Fundamental Limit as a Function of Wavelength and Tempera- 104 
ture 

56 Calculated Comparative Detectivities of Extrinsic and Intrinsic 105 
Detectors as a Function of Temperature 

UNCLASSIFIED 



■ is" 

UNCLASSIFIED 

Figure 

57 Basic Optical System Layout 

58 Cross-sectional Cuts of Equivalent Earth Radiators 

59 Parana ters in N^gaoka's Approach 

t-O Large-Radius Earth Source Rationalization 

61 Similarity of Proposed TOM System to System Analyzed by 
Nagaoka 

62 Diffraction of On-Axis Point Source at Infinity Illuminating 
a Circular Aperture 

63 On-Axis Lens Analogy to TOM System 

64 Power Determination Integral 

65 Power Integrals 

66 Comparison of Nagaoka Configuration to TOM 

67 Effective Circular Planar Earth Source 

68 Pattern of Diffracted Energy of First Relay Mirror 

69 Cumulative Signal and Diffraction Energy at First Relay Mirror 

70 Cavity (Blackbody) Uppe    Forebaffles 

71 Cavity (Blackbody) Lower Forebaffles 

72 Earth-Focused Image Attenuated in Blackbodj Cone and Hood 

73 Light-Scattering Measurement Technique 

74 Scatter Characteristics of Sulfur Slab 

7b Radiometer Geometry 

76 Transfer Geometry 

77 Receiver-Point Coordinate System 

78 Angular Subtense Considerations 

7r Coordinate Transformations 

Page 

111 

111 

112 

112 

113 

115 

115 

117 

117 

118 

118 

122 r 

123 

125 

125 

125 

128 

129 

135 

136 

136 « 

738 

140 * 

xii 

UNCLASSIFIED 

^ifc^-l-r-^s-L^ 



 .-f. ,~,>,. 

ÄJNCLASSIFIED 

Figure Page 

80 Irra'üance Calculation Computer Program 142 

81 Irraciiance Along Top Edge of Tube as a Function of Tilt Angle - 143 
5. 0-inch Aperture,  36-inch Length 

82 Irradiance Along Top Edge of Tube as a Function of Tilt Angle - 144 
5. 5-inch Aperture,  36-inch Length 

83 Irradiance Along Top Edge of Tube as a Function of Tilt Angle - 145 
10-inch Aperture,  Sti-inch Length 

84 Irradiance Along Top Edge of Tube as a Function of Tilt Angle - 146 
6-inch Aperture,  36-inch Length 

85 Irradiance Along Top Edge of Tube as a Function of Tilt Angle - 147 
30-inch Aperture,   3G-inch Length 

86 Target-Equivalent Spectral Radiance versus Wavelength Band 150 

87 Signal-to-Xoise Ratio versus Spectral Bands 161 

88 Simplified Optical System Schematic 163 

89 Energy Distribution of a Littrow-Mounted Plane Grating, 166 
Ö. 6-micron Blaze 

90 E.iergy Distribution of a Littrow-Mounted Plane Grating, 166 
12-micron Blaze 

91 Optimum Vignetting of Monochromator 168 

92 Detector Array Configuration 168 

93 Radiometer Support Points 173 

94 Load versus Deflective Curve for Belleville Spring 175 

95 Helium Cryogenic Refrigeration Schematic 177 

96 Temperature-Entropy Diagrams 179 

97 Time of Useful Refrigeration 131 

98 Time of Pressurization 182 

99 Time Factor in Reaching Venting Pressure 183 

xni 

UNCLASSIFIED 



—-——... 

'    JCLASSIFIED 

Figure 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

ill 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 

Proposed Heat-Exchange Tube Configuration 

Bond Line - Heat-Exchanger Tubing Fin Top to Inner Tube 
Bend 

Canted Storage Container Orientation 

Baffle Length 

Calibration Test Chamber 

Rocket Vehicle Payload/Weight Comparisons 

Black Brant V Apogee versus Gross Payload Weight 

Black Brant VB Configuration 

Black Brant VB Apogee versus Payload Weight 

Black Brant VB Acceleration versus Time 

Black Brant VB Standard Nose Assembly Gross Payload X 
versus Gross Payload Weight 

Black Brant VB Roll Rate versus Time 

Black Brant VB Three-Sigma Impact Dispersion 

Black Brant VB Impact Range versus Gross Payload 

Apogee versus Gross Payload Weight for Boosted and 
Unboosted Black Brant VB 

Black Brant Probe Trajectories 

Proposed Payload Configuration 

Cutaway View of Gnat Gyro 

booster Longitudinal Acceleration Characteristics 

Typical Installation of ESG System 

Data Processor Signal Flow Chart 

Processor Block Diagram 

eg 

Page 

185 

185 

187 

189 

190 

195 

202 

203 

203 

205 

206 

207 

208 

209 

212 

213 

215 

221 

225 

227 

xiv 

UNCLASSIFIED 



M ! 

UNCLASSIFIED 

Figure 

122       Information Flow Diagram 

Telemetry Subsystem Block Diagram 

Integrated Instrument System Program Plan 

Activities Flow Diagram 

Radiometer Flow Plan 

ARCS Flow Plan 

Test Schedule 

Master Test Plan 

Engineering Change Flow Diagram 

123 

124 

125 

126 

127 

128 

129 

130 

Page 
237 

240 

249 

261 

262 

263 

266 

267 

270 

xv 

UNCLASSIFIED 



UNCLASSIFIED 

Table 

1 

2 

3 

5 

6 

H 

o 

10 

11 

12 

13 

14 

15 

16 

17 

18 

lf> 

20 

21 

22 

23 

25 

TABLES 

Instrument Requirements Summarv 

Noise Equivalent Flux Density (MFD) Kequirements 

Noise Equivalent Radiance (NFR) and Tangent Height 
Requirements 

Tangent Height Error Corresponding to 10-percent 
Radiance Error 

Maximum Diurnal Radiance Variation 

Summary of USSR Measurements of IAV1R Upper- 
Atmospheric Radiance 

USSR Probe Measurements Maximum Radiant Fmittance 
observed with Vehicle within Layer and with Horizontal 
Viewing 

Summarv Data <m High-Altitude Clouds 

Summarv Data on Interplanetary Dust 

Experiment Requirements Summary 

I.ow-Altitude Atmospheric Model - Geographic/ 
Seasonal Data Variations 

Low-Altitude Atmospheric Model - Statistical 
Radiance Variations 

Solar Flare Frequencv and Duration 

Potential Rocket Launch Sites 

Launch Times and Places with Solar Radiation Fraction 

Descriptive Summary of Instrument Characteristics 

Operational Summary of Instrument Characteristics 

Comparison of Candidate Detectors 

Spectral Rands 

System Losses 

Instrument Tradeoff Factors 

Research Rocket Summary 

Research Rocket Power Plants Summary 

Black Rrant V Motor Characteristics 

Typical Black Brant V Performance Data 
(308-lb gross payload) 

Page 

8 

13 

15 

27 

3P 

4 3 

4 3 

4 5 

45 

48 

50 

51 

79 

81 

84 

91 

92 

99 

149 

159 

165 

196 

197 

201 

201 

xvii 



Table 
P««e 

26 Cost of Black Brant V Rockets j.« 

2 Performance Comparison of Black Brant Vehicles 211 
28 Rocket Payload Size Allocations 216 

29 Attitude Control Total impulse Requirements 219 
30 Word Control Gating ,,' 

31 System Weight Breakdown 247 

xviii 

UNCLA88IREO 



UNCLASSIFIED 

SECTION 1 

INTRODUCTION AND SUMMARY 

This study describes the design of an experimental program to define 
the radiant e characteristica of the upper atmosphere using probes     An atmoe 
phenc- model was developed prior to th:s study to permit structuring of the 
experiment around the problem areas and limitation of the experimental 
parameters.    Hard data regarding the constituent distribution and photo- 
chemistry of the upper atmosphere is limited,   and it was recognized initially 
in the design of this experiment that the actual data-gathering process should 
be iterative; i.e. ,  data from early flights should be used to restructure the 
remaining experiment.    To obtain a reasonable cost estimate for the pro- 
gram,  a complete program has been defined,  assuming that no major change 
occurs. 

During the study,  two major areas for tradeoff were encountered.    First, 
probes are not well-suited for the definition of large-scale geographical 
phenomena and events with a time scale of the order of days,  which at least 
a portion of the model indicates as the scale of the radiance map and its 
changes.     A complete experiment would necessarily involve the use of 
satellites to define the geographical and midterm temporal variations of the 
radiance.    The following program attempts to define,   within reasonable 
limits,  a prof« program to provide at least the first approximation to the 
temporal-geographical radiance map 

The second area of tradeoff is m the spectral definition of the instru- 
ment.    An experiment designed solely tn obtain information relative to the 
photochemical status of the upper atmosphere would be designed around a 
high-resolution spectrorne'er with limited amplitude accuracy,   since line 
shape by itself is highly Informative,   and absolute amplitude is not of funda- 
mental importance-    At the sensitivity levels for a meaningful experiment, 
high spectral resolution can only he obtained by degrading spatial resolution 
an order of magnitude or more below that of an operational instrument.    Con- 
versely,  an experiment designed solely to fu'-nish information for an opera- 
tional system,  with a well-understood photochemical model,  would be de- 
signed around a broadband window filter radiometer,  with absolute ampli- 
tude in the window being the prime objective.    Spatial resolution would be of 
the order o. an operational instrument.    The experiment described below is 
a compromise,  weighted toward operational system considerations.    High- 
resolution spectral knowledge of the window-region absolute radiance is 
considered to be the key information required, particularly in the wings of 
the windows. 

This information will permit identification of minot  species within the 
window region and allow for design of filters to optimize performance while 
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operating near strong emission bands.    Broadband measurement of the emis- 
8'on bands is used to provide information to identify broadly the emission 
phenomena   and perrmt extension of the data through an atmospheric radiance 
model to times and locations o'her than those measured     Since the operational 
system will not operate m the emission bands, thip is considered a secondary 
measurement. 

Because of the orientation toward gathering data of direct utility to opera- 
tional system design,  an initial decision *as made to reproduce the viewing 
geometry of an operational satellite system insofar as possible with available 
probes.    This decision is partly based on data reported bv the USSR vhich 
indicates that there are layered phenomena in the upper atmosphere     The 
difference in signal between viewing through a layer,  as in an upward-directed 
instrument,  and viewing along a layer can be two or more orders of magnitude, 
dependent on the thickness of the layer.    The maximum altitude of the USSR 
data are 500 km with most of the data m the 200- to 300-km range.    The probe 
altitudes were then required to be in the lower range,  with a goal of reaching 
altitudes on the order of 500 km. 

1. 1   SYSTEM REQUIREMENTS 

Sampling requtretnentH have been derived from lower atmospheric models, 
in par' because the available upper .itmosphcre models show no geographical 
variation due to lack of data and.   in par?,  because the estimated target and 
background emissions in the window region;? show feasible detection altitudes 
in the lower atmosphere. 

Geographical sampling requirement? were obtained using the assumption 
that variations In the atmospheric emission are random phenomena.    It was 
assumed that the purpose of the experiment wa.« to develop the distribution of 
radiance as a function of tangent height.    Using a single tangent height (60 
km) for simplicity and obtaining the radiance at this tangent height from an 
analytical model with limiting condition inputs,  a sample of the distribution 
of radiance was obtained.    To obtain an estimate of the required number of 
samples to fix the distribution, a chi-square distribution was used to define 
the error and confidence limits for the estimate of the variance,  and a 
Student's t distribution to define the er n estimating the confidence limits 
of the mean as a function of the number oi samples.    For the empirical distri- 
bution used,  it was found that the required number of samples was several 
hundred to yield estimation errors of the order of 10^ of the estimated radi- 
ance variance and mean. 

Correlation distances were estimated from 15-micron CO« data. Arctic 
ten-perature data and ozone distribution. Correlation distances in terms of 
gradient structure of the order of 800 km were obtained. 
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A strong diurnal variation is anticipated for the nitru  oxide,  ozone and 
10.4-mu ran carbon dioxide emission bands.    A requirement was established 
for measurement under full sunlit conditions.    A minimum of two samples and 
preferably "our is required to define the expected diurnnl variation      Long- 
term temporal sampling requirements were obtained from the correlation of 
ozone distributions.    Correlation times are of the ord' r of three months 

Resolution requirements were derived from the operational ust* of the 
data.    A requirement for 2-km vertical resolution and up to 10-km h -nzontal 
resolution was derived. 

1.2   INSTRUMENT REQUIREMENTS 

Amplitude accuracy requirements wen- obtained from the sensntivify of 
detection system false-alarm rate to background amplitude error.    Allowable 
errors are approximately !0^. 

Spectral requirements are defined from two considerations.    First,  since 
the data set wili tie limited,  it will not be suffic ient to define completely the 
radiance distribution without extrapolation,  and some form of model of atmos- 
pheric constituents and reactions VM!1 be required to perform this extrapolation. 
A measurement of the amplitude nf the anticipated reactions is required.    It 
has been assumed that the available model of the major emission bands is 
spectrally accurate,   but,  because of unknown constituent distributions,  it 
may be significantly in error in amplitude.    A measurement of the emission 
band amplitude is then sufficient to establish constituent distribution.    The 
spectral measurement in emission bands are thus specified to cover the cal- 
culated bandspread.    Second,   it ia a primary goal of these measurements to 
define the radiance in the window region.    Three broadband window measure- 
ments are specified.    In addition,  it is necessary to know in detail the struc- 
ture of the window bands,  particularly in the wings near the high-amplitude 
emission bands.    A narrowband measurement across the windows is specified. 

One of the major outputs of th*s experiment is the minimum altitude to 
which a target can be viewed.    Preliminary calculations using the earth limb 
model indicate that nominal targets can be viewed as low as 1 deg  from the 
earth.    The earth emits strongly in the regions of interest,  and radiation 
from the earth is a source of interference, first as a direct addition to the 
d-c background flux, thus causing an error in the absolute amplitude measure- 
ment and second as a noise source,  photon flux noise causing errors even in 
gradient measurements.    An analysis of the stray light problem yields a re- 
quirement for approximately lO1^ rejection at 1 to 2 deg off-axis     Diffraction 
effects were analyzed and it was determined that the diffracted image must be 
reduced three orders of magnitude at 1 deg off axis to obtain a valid measure- 
ment of atmospheric rsdiance. 
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At the sensitivity levels of interest for this experiment, a tooled radiom- 
eter is required. An analysis has been made of the cooling requirements, and 
a worst-case lower limit of approximately 30c K was derived, with allowances 
for gradients along the telescope barrel. 

1. 3   INSTRUMENT DESIGN 

The instrument derived from the above requirements is shown in Figure 
I.    This is an all-reflective system,  using a Heschelian primary and para- 
bolic relay system to provide two focal surfaces for stray radiation blocking. 
A conical blackbody image trap is used in the first focal surface to eliminate 
scattering from the focussed earth image     Low-scattering (less than one 
part in 10-*   referenced to the input energy) surfaces are specified for the 
primary to reduce off-axis energy impinging on the primary and scattered 
through the field stop.    The field stop is used as a pmhole lens in a reflective 
analog of the I.yot lens used m solar coronagrapha.    Stops are placed in the 
relay system to absorb diffracted energy 

Spectral resolution is obtained with a combination of a grating spectrom- 
eter and superimposed spectral filters     The detectors are mercury-doped 
cadmium tellurtde.  operating at 12 to 20   K 

1.4   SYSTEM DESIGN 

The Black Brant VB was selected as the launch vehicle,    This rocket will 
reach 200- to 250-km altitudes with the design payload weight and can be 
tower-launched from essentially any test range     An air-snatch recovery 
system was selected to reduce loads on the payload.    An alternate system to 
obtain high-altitude data uses a Nike-boosted Black Brant VB which also pro- 
vides an additional 25 to 30 < increase in total measurement time. 

A primary flight program involving ten launches over the range of condi- 
tions (arctic winter,  arctic summer day. night temperate and tropic) -vag 
designed to yield data over the full range of expected data variations.    Secon- 
dary flight programs were designed using three probes to investigate the 
arctic data. 

To obtain radiance profiles with an altitude accuracy consistent with the 
amplitude accuracy requirements using an experiment probe which could be 
launched without regard to the local sun time, an electrostatically suspended 
gyro system is used as a combination attitude determination-attitude control 
reference system. A cold-gas helium control system is included for vehicle 
control purposes. Standard telemetry systems are used to transmit and 
record data. 
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1.5 OGRAM PLAN AND COSTING 

A rauiimum-cost program has been defined consisting of three launcht.. 
It is highly desirable that the d'^rnal variation be sampled during thase launches, 
at least to the point of obtaining a near midday sample     As noted earlier, 
available off-the-shelf attitude determination systems for minute-of-arc-ac- 
curacy are generally constrained to night-time or twilight launches.    The cost 
of the ESG system outlined earlier is prohibitive fo       "e minimum-cost pro- 
gram.    An alternate procedure,  which yields tangent-.ieight errors in the 
range of 5 to 10 km is the use of the 15-micron COg   emission region to define 
a *angent height and integration of a rate gyro output to obtain the remainder 
of the curve.    Techniques of this nature have been investigated by NASA (LRC) 
and at Honeywell.    A su..imary error analysis associated with the 15 micron 
CO* profile is given in section 2.5. 
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SECTION 2 

INSTRUMENT REQUIREMENTS 

(S)  Instrument requirements have been derived from the overall mission 
objectives of the Limb Measurement Program which are summarized below: 

• Provide Data for Operational Sensor Design - 

(1)   Determine minimum tangent height for successful target 
detection 

{2)   Identify optimum spectral region/s for maximum signal-to- 
noise ratio 

(3)   Measure temporal und spaual roiue characteristics of back- 
ground. 

• Measure Absolute Radiance of Atmosphere - 

(1) Under limb viewing conditions with optical field positioned 
over the earth's horizon 

(2) For a ra' ge of minimum tangent heights from 0 to 500 km 

(3) In the LWIR spectrum from 4. 5 to 25 microns. 

(S)   The primary objectives of the total data reduction process are:   (1) to pro- 
vide a sample of LWIR limb radiance for early assessment of background 
interference in terms of the R/V an 1 FOB detection problem and (2) to provide 
early inputs to other measurement prograr   i so as to aid in establishing instru- 
ment requirements. 

(S)   For purposes of defining instrument requirements herein,  a reference tar- 
get ha? been assumed with the following characteristics: 

• Temperature - 30PoK 
2 

• Emissivity x area - 1 m 

• Range - 1000 nm 

• Radiant intensity - 120 watts/ster (5 to 25 microns) 

(U)  Key instrument requ.xaments are briefly summarized in Table 1,   A 
multiple high/low resolution requirement satisfied the dual objective of high 
spatial resolution for measurement of noise (gradient) characteristics and high 
spectral resolution for location of band edges. 
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(S)  Table I.    Instrument Requirements Summary {\J) 

[                 Parameter Requirement                                    | 

1 Form of data | Absolute radiance profile versus altitude          \ 

Wavelength 4. 5 to 25 microns,   10 absorption bands, 
[ 3 window regions                                                    \ 

Sensitivity        NEFD 1  3 x KT18 to 3. 5 x 10"17 watt/cm2*                     | 

1                              NER | 3 x 10*12 to 3. 5 x 10"ll watt/cm2-ster' 

l                              Signal-to-noise ratio 10                                                                                  | 

Resolution        Spatial i 4 km2 

Angular s 10-f! ster (IFOV) 

1                              Spectral High - 0. 1 micron, low  - 0. 5 to 7. 0 r-icrons   j 

Stray flux level at detector s. 10~ to 108 photons/sec-cm2 

1 Off-axis rejection i 3 x 10' '*1 between 1 to 2 deg                               1 

Spectral rejection i 10" at 0. 5 micron from pass band 

1 Scan rate O.h deg/sec (vertical profile) 

1 Dvnamic range 5 x 106 (max)* 

1 Calibration Accuracy 

|                              Angular (attitude and 
i                                               boresight) 

1 arc min 

\                              Amplitude (radiance) 10 percent 

|                             Spectral 0.01 to 0, 02 micron 

Output PCM,  8-bit log amplitude code                              \ 

1 Size 14-in. diameter x 32 in. long 

| Weight 80 lbs                                                                            i 

■Varies with wavelength. 
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<U)  Atmospheric background radiance represents the signal to be measured 
with the instrument described in Section 4; whereas,  in terms of the opera- 
tional detection system, the atmospheric radiance represents a source of 
noise.    Atmospheric background can contribute noise in a detection sensor 
both in terms of a random arrival of photons and in terms of spatial gradients. 
A high spatial resolution measurement requirement of 4 km^ (projected dimen- 
sions on horizon) is specified to be consistent with the highest expected resolu- 
tion in terms of trajectory-prediction accuracy and detectivity requirements 
imposed on the detection sensor.    In this case,  the spectral recolution is 
specified to correspond to the broad spectral features-, of the atmospheric 
radiance in the altitude range from tiO km to lib km (see section 2.4). 

(U)   A high spectral resolution of 0. 1 micron »s specified to locate the atmos- 
pheric window regions (high transmission) between absorption bands.    High 
spectral resolution is necessary to define the optimum spectral region(s) 
within which target detection is possible at the lowest tangent height.    In this 
case, the spatial resolution can degrade in the horizontal direction to accom- 
modate the loss of energy due to the narrow spectral ba^^'vidth, 

(U)   The attenuation of stray radiation on the detector is uecessary if the high 
sensitivity levels are to be achieved.    This is a critical instrument require- 
ment,   since accurate measurements of atmospheric radiance must be made 
with the field of view positioned close tc   ehe earth's horizon.    Stray radiation 
may illuminate the detector as a result of (1) scattered and diffracted earth 
radiation and (2) internal cavity emission.    In addition,   measurements within 
atmospheric window regions may be corrupted by radiation from adjacent, 
strong absorption bands.    The attenuation requirements are specified in sec- 
tion 2,2 (Table 2). 

(S)   The attitude determination requirement is sp ;cified at 1 km an ' refers 
to the accuracy to which the position of the optical axis can be determined with 
respect to the earth's surface at the l3cal horizon.    This requirement corres- 
ponds to an angular attitude accuracy at the vehicle of about 1 arc min or 
greater.    Knowledge of the optical line of sight at all times to this accuracy 
is critical to the data usefulness,  since coverage achieved by a given detection 
sensor will depend to a large extent on the minimum tangent height at which 
background radiance prevents successful target detection, 

(U)   Amplitude accuracy in this case refers to the ability to measure absolute 
radience and depends on ground (preflight) calibration as well as inflight cali- 
bration accuracy.    Radiance measurement accuracy is specified at 10 percent 
of any given level and represents a reasonable goal in terms of the present 
sensor state of the art.    Errors in background-radiance measurements reflect 
into detection system requirements most critically in terms of the ability to 
predict false-alarm rates. 
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2. 1   VIEWING GEOMETRY 

Typical sensor viewing geometry along mth two key geometrical parameters 
are given in Figure 2.   The sensor is positioned to measure the earth's atmos- 
phere over the horizon within the instantaneous field of view (IFOV),   The optical 
axis is caused to scan by means of vehicle rotation such that data is collected 
from the earth's surface up to a leal horizontal position (90 deg from zenith). 
Radiation from the earth can be a significant source of interference due to dif- 
fraction and internal scattering when the IFOV is positioned in close angular 
proximity to the horizon.    For vehicle altitudes (h) in the range from 100 to 
300 km,  the angle to the earth's surface (a) from a 50-km tangent height varies 
from 2. 5 deg to about I. 5 deg.    This angular separation is used to develop the 
off-axis rejection requirement imposed on the sensor in section 2. 3. 

i 

1  .' 

g 
1 

s 
1 i 

3 
.9  - 

(gf ir* tfi> . ,MV u wnt i/o» 

Figure 2.   I.irn-> Measuremr-rt Program Viewing Geometry 

The lower curve in Figure 2 represents the angular tolerance measured at 
the sensor of a 2-km altitude increment on the horizon.    In terms of optical 
resolution,  a 2-km altitude increment corresponds to 1. 7 to 1. 0 mr in the 
expected vehicle altitude range.    This optical resolution requirement is less 
than the diffracted point source image of the proposed instrument by a factor 
between 2 and 3 at 25 microns.   Attitude determination requirement of 1 km 
is equivalent to one-half the IFOV and represents an angular toleranre of the 
vehicle of 0. 5 to 0. 4 mr or 1. 7 to 1.4 arc min. 

Additionrl geometrical viewing parameters of interest are shown ir Fig- 
ure 3.   Throughout the range of vehicle altitudes,  it is seen that the slant 
range to the horizon varies from 1100 to 2000 km, and U.-; total vertical angular 
coverage is 10 deg at the lower altitudes increasing up to about 17 deg at spogee. 
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2. 2   SKNSITIV1TY REQUIREMENTS 

(S)   Radiometer sensitivity requirements are developed in this section and are 
based on the fallowing considerations: 

• To provide meaningful information,  the noise level of the 
instrument should be such that the noise equivalent flux 
density (NEFD) is significantly less than the irradiance from 
the reference target,  permitting the measurement of back- 
ground flux levels below that of the target. 

• The instrument should measure the absolute radiance of the 
atmosphere under limb viewing conditions. 

• High/law spectral resolution should be consistent with spectral 
radiance from atmospheric model; 

(1) Low - separation of majoi atmospheric constituents and 
window regions 

(2) Mb.'ti - accurate location of wavelength lui its in window 
regions. 

• Nominal signal-to>noise ratio should U   10:1 to maintain ampli- 
tude accuracy. 

2 
• Spatial resolution should be 4 km". 

(U)   A summary <»f results from the atmospheric model which are pertinent to 
instrument requirements is given in section 2. 7.    Sensitivity requirements 
are developed both in terms of NEFD (noise equivalent flux denrity) and NER 
(noise equivalent radiance) for 15 spectral regions including 10 absorption 
bands and 3 atmospheric window regions.    The NE1 D requirements are listed 
for each spectral region in Table 2.    Each nonwindow region can be identified 
with a particular radiating species with the exception of the 7. 7-micron region. 
In this case, the CH4 and N2O bands overlap to such an extent that they cannot 
effectively be separated. 

(S)   The NEFD requirements were determined by the radiation levels of the 
reference target in each region by the following equation; 

X2 

V 

\ 

JfMdX 

1 24 NEFD   = =        (watt/cm  ) 
R    x S/N 
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Table 2.    Noise Equivalent Flux Density (NEFD) RequireiTientts 

Wavelength 
{m ic run *) 

Spectral A« aOiutlOii 

Low High (0. 1 nucron) 

W avelengtti 
l-iiiat--> ^> 

NEFD , 
(wan/cm ) 

Wavel«}gtb 
LinutB (u) 

NEFD ., 
Iwatt/cm ) 

4.7 4. 5-5.0 

5. '. 5.0-5.7 3.5 v lu"lH 

6. 3 5.7-7. C 2.8 x lo'1' 

7. J 7. U-7.5 1.2  •   lo'17 6.8-7.7 2.4 x  10"18 

7. : 
'1 

7. 5 - H, 1 1.7  x  H'"1' 

8. 4 
H. 1-8.7 1.8 >. H""J' 

8. 0-9.5 2.!' x IG"18 

8. 1-9. i .5 x   lo'1' 

".6 '. i-lU. 0 1.1 \ 10 

10.4 10, 0-10. 8 2.2 x I0"n 

11.J 11.0-11.7 J.0 x  10"]' 
10.7 x 13.5 2.7 x  10"18 

\1. 4 11.7-13.C J.5x lO"17 

13.5 13.0-14.0 2.2 x lO'11 

15 14.0-16.0 3.9 x 10* 

17 16.0-18.0 3.1 N ID"17 

22 18.0-25.0 6.9 x 10 

13 
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(S>   where 

J(X) s target spectral radiant intensity 

>>., V, ■ wavelength limits of each band 

R = range (1000 nm) 

H/N = signal-to-noise ratio (10:1) 

(U)  A measurement is specified in the 4. 7-micron band of carbon monoxide 
(CO) which iy beyond the nominal limit of the atmospheric model,   since this 
band may explain the high radiance levels observed during the USSR measure- 
ments. 

(S)   The highest sensitivity levels (lowest NKFDs) are required in the high- 
spectral-resolution channels necessary to establish the wavelength limits of 
the three window regions. 

(U) The spatial resolution requirements, coupled with the slant range at 
nominal vehicle altitudes, leads t<- an instantaneous field-of-view (IFOV) 
requirement <>f 10*'* steradian. Assuming the background represents an 
extended source,   then the noise equivalent radiance is determined by 

NKR » NKM)/:.  (watt/cm"-ster) 

where "   -   IFOV 

(S)   Dividing through by the ^prrtra] bandwidth leads to the spectral NER 
requirement for each region: these arc given in Table 3.    The equivalent 
radiance level corresponding t - the reference target is 10 NER.    The values 
of target equivalent radiance (TER) for each band have been referenced to a 
tangent height by means of the radiance/altitude profiles generated from the 
atmospheric model.    Tangent height requirements thus developed are also 
given in Table 3.    The tangent heights called out in the table are to be taken 
as approximate since the upper atmosphere model is expected to be in error 
due to inaccurate knowledge of constituent distributions,  and,   in several cases, 
the tangent-height requirement falls within the transition region between the 
lower- and upper-atmospheric models.    Nevertheless,  these tangent heights 
will be used to specify the altitude below which a signal-to-noisc ratio of 10 or 
better must be achieved. 

(U)   The tangent height is significant in that it represents the upper bound in 
terms of angle from the horizon at which valid measurements must be made. 
The smallest angle off-axis is about 1. 8 deg for the R. 4-micron window.    The 
minimum angle off-axis is critical in ♦hat earth radiation will be scattered 
and diffracted into the field of view and reduce detectivity.    The requirements 
to reject earth radiation at small angles off-axis are developed In ; ie next 
subsection. 
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(H)   Table 3.    Noise Equivalent Radiance (NERi and Tangent 
Height Requirements (U) 
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2, 3   STRAY LIGHT ATTENUATION REQUIREMENTS 

To achieve the measurement goals of this experiment,  it is necessary 
that state-of-the-art sensitivity levtls be achieved in the instrument,   i.e., 
signal-noise-limited operation.    Since the noise level is then a function of 
incident Htray radiation,   it is therefore a requirement that all sources of 
stray radiation be reduced such that the noise contribution is small in com- 
parison to the signal noise fur the worst case.    This requirement is particu- 
larly critical in this experiir.«?nt because the optical field of view must lie 
positioned clok,e to the earth. 

Three prin.. ••/ sources of stray radiation have been identified 

• Earth radiation scattered by the primary mirror 

• Earth radiation diffracted by the limiting aperture 

• Thermal emission from optical cavity 

Earth radiation will illuminate the primary mirror directly from the 
edf& or the 'Held of view to an angle defined by the length/diameter (L/D) 
rati.. of it»- f:>. cbaffl«-, 

[ or a baifle with a^ Ijl) corresponding to 10 deg, the irradiance at the 
mirror from the earth    ear 12 microns is shown in Figure 4.    This irradiance 
level assumes the earth radiates as a blackbody at ZTCPK and that the atmos- 
phere has unity transmission.    An off-axis angle of zero represents the 
earth's hard horizon.    This radiation will illuminete the primary .Tlrror,   and 
a portion will be scattered into the field slop.    The off-axis attenuation required 
to reduce this flux level to the NEED level at 12 microns is also shown in Fig- 
ure 4.    Th^s,  within the first degree of the earth,  the optics must attenuate 
by I0"lr).    For a field of view of \0'u steradian,  the required mirror scattering 
coefficient is 10"10/l0-h = 10-^.    Increased attenuation la required for larger 
angles off-axis since t^e earth subtends a larger solid angle. 

The required off-axis attenuation is a function of wavelength since (1) the 
NKFD level varies,  and (2) the effective earth temperature is less within 
atmospheric absorption regions.    Assuming the earth radiates as a 220oK black- 
body  in absorption bands,  the attenuation required within the first degree off- 
axis is shown in Figure 5 for the various measurement channels.    The 7.4- 
micron window represents the limiting case with a required attenuation factor 
of 3 x 10*ll. 

It is also required that the optical system have a high rejection factor with 
respect to earth radiation diffracted at the aperture.    In terms of diffracted 
energy,   preliminary calculations were made based on the following approximate 
equation: 

Hv)  . ^_ 
r a 
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where 

I(v) - traction of radiation within li OV as cornpared to nadir view 

V. = wavelength 

v - apertur'j radium 

u - angle of IFOV froxn earth's surface 

The intensity of diffracted energy is seen to decrease linearly as the 
angle from tne horizon increases.    Since the atmospheric radiance decreases 
exponentially,  the effect of diffraction is ü   limit the altitude at wlr-h useful 
measurements can be made. 

(sing the tangent heights of interest for each wavelength region and an 
aperture diameter of r). U in.,   the performance requirements in terms of 
earth-diffracted energy were computed.    The required attenuation is compared 
to the attenuation achieved hv a circular aperture in Figure ß.    It is clear that 
a circular aperture of this size will not meet the measurement requirements 
of this experiment.    The largest discrepancy occurs in the 7. 4-micron window 
a nu amounts to a factor at" »tii 10- The improvement factor neces- 
sary is lO^ or larger for ail window reg'« ns and for wavelengths beyond 13 
microns.    T..e use of corf »no graph techniques to achieve this improvement 
factor is discussed in Section 4. 

Radiation emitted fron, th^ internal housing and other parts of the optical 
cavity will contribute to the total photon fhix on the detector depending on the 
temperature, emissivity,  and view factor.    A conservative estimate of the 
cavity contribution results from assuming the detector view factor to the 
cavity is 2- steradians,   and the emissivity is unity.    Under these conditions, 
the required cavity temperature can be determined fron: Figure 7.    A tempera- 
ture of 25d\ or less ensure? that cavity noise will not significantly degrade 
sensitivity ever at longer wavelengths.    To the extent that the detector is con- 
strained to view only mirror surfaces,  the effective cavity emissivity will be 
less than unity.    The actual emissivity will depend on the f/number cone angle 
and the mirror diffuse scattering coefficient.    In addition,  if a cold (< lO^K) 
stop surrounds the detector,   then ttie solid angle of view will be less than 2- 
steradians.    An improvement factor on the order of 500 to 1000 may hie achieved 
which would allow an external cavity temperature as high as SO'K to 350K, 

The chopner must also be cooled to ensure a zero radiation reference 
level.    The chopper will contribute photon flux to the detector both by reflec- 
tions of internal cavity radiation and by thermal emission.    To reduce reflec- 
tions,  the chopper can be painted black to yield a reflectivity on the order of 
2, ä x 10"-.    For a cavity temperature of 2VK.   the. flux on the detector from 
reflections off the chopper blade  vin bo about 10° photons/sec-cm^.    Cooling 
the chopper to lO'K reduces the contribution from thermal emission to about 
5 x lO-* photons/sec-cm^ on the detector.    Under these conditions,  the total 
flux from the chopper blade is sufficiently low to guarantee a ?ero reference 
level. 
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2.4   SPECTRAL ATTENUATION REQUIREMENTS 

(U)   Thin requirement is related to resolution and specifically concerns the 
re lection of energy outside the nominal spectral bandwidth of a given measure- 
ment channel.    Sufficient attenuation of this "out-of-band" radiation will ensure 
measurement accuracy and good resolution and is particularly critical where 
the radiar.'.e spectra is structured as in the case of high-altitude atmospheric 
radiance in the l.WIK. 

(U)   The atmospheric radiance spectra generated by the GCA mode] atmosphere 
was used to derive spectral attenuation requirements.    The maximum attenua- 
tion requirements as a function of wavelength deviation from nominal cutoff 
(zero wavelength interval) are slurm in 1 igure K.    These maximum require- 
ments result from the sharp band edges between atmospheric window regions 

•and adjacent strong absorption bands near 7. ;>,   H. 1 and 10. 8 microns.    The 
attenuation function shown in Figure 8 is such that absorption-band radiation 
will contribute less than 10 i to the total in-band radiance level in adjacent 
window regions.    Kor wavelength increments (beyond nominal cutoff^ between 
0. 55 and 1.0 micron,   .m attenuation factor equal to or less than 10' ' is suf- 
ficient.    In addition,   beyond I. 0-nucr«>n wavelength separations,  an attenua- 
tion factor of \()-H is required. 

• 

2.5   .\\(;i l.AH l!Ni:-(d -SIGHT ACCURACY REQUIREMENTS 

(S)   Two factors arc developed in this subsection tn establish angular,   line-of- 
sjght accuracy requirements in tcrniF of attitude determination and boresight 
alignment 

• Tiie impact of line-of-sight position ermrs on satellite system 
cover *'cr studies 

• The line-of-sight accuracy which correspond? to :> JO* amplitude 
accuracy thmugh the radiance/altitude pr^fik- 

(U)   These two factors load to divergent angular accuracy requirements: and, 
for atmospheric measurements near ~0 km tangent height,  there exists a 
difference in requirements by about a factor of 10.    An rms angular accuracy 
requirement of 1 arc min is specified for tMs lind' measurement program for 
the following reasons- 

• It is compatible with existing state of art with respect to attitude 
ami boresight measurement systems. 

• A potential exists for determining attitude to specified accuracy 
without the use of inflight reiestial sightings. 

• It provides about a factor of 4 more accuracy than is required 
for system coverage studies. 
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(U)   Both factors ure Jevelopcd ui terms of rms tangent-heifht err.a- which 
is related to angular, liue-of-sight accuracy through the viewing geometry. 
Fur a probe vehicle at 300 km altitu-le.  the slant range to the horizon is about 
^000 km and a 1 arc min    angular accuracy corresponds to a tangent-height 
error equal to 0, jfci km. 

i < 

-. 5. 1    System O veruge Studies 

(S)   Tangent-height error i« related to satellite system coverage in the following 
sense-   A midcourse target sensor is constrained to view over-the-horixon 
only,  and,  as a result,   it- geographical coverage is limited as shown in Fig- 
ure y.    For a give', minimum view tangent height in) and for a target altitude 
(I!),  the inMtantaneous coverage ungk is ".    -'s the seneor scans in azimuth.. 
a total solid angle i- «wept out '■ :• tfie ..ngje " revolving about the line (»S.    This 
solid angle when compared v- 4- steradiüiis is the fractional coverage of an) 
sensor.    Inverting this fraction gives the minimum numljer of sensors required 
for1 complete coverage,   assuming 
patterns.    The sensitiv.t^ >»f total 
c m he seen in ! igure 10.    !■: f» 
number of sensors required 
significant it' it results in a 
(I,   the coverage per seiiiior 
unit change in number >>' -■<■■ 
change in \ is shown in i igure  il.   where '. 
80 nrr.   and the satellite   iititu lr is aHO nn . 
ure 11 that on the  i.rr ige 
coverage patterns.    I    r 
angular line-"f-sig''!t ar» uracv of at*ju1   } p*r<   n 
required. 

■ i overlap between individual coverage 
er -ors required to minimum tangent heig 
ise.  the target altitude (11) is 100 nm.    The 

an int«;.><-!  (\),  and a variation of 1^ is considered 
h •;t'(   )■. N.    Ii is ' bar that,  as tu approaches 

ii reases.   and a si;.ail change in hj will result in a 
,••-.    T'<• rn;> vanatitin in \u winch causes a unit 

in this case is  lab Km or about 
Also ;1 iias been assumed in Fig- 

overlaj  in coverage exists between individual 
inge of tangent i.eights from f>0 to "if» Km,  an rms 

ir 2. 3 km on the hr.rjzo is 

Xngular/ Ra iianre Fr rrcepondence 

(5)    \ gecondarv consideration which mv ivrs the angular acruracy specifica- 
tion is developed from the slope of the altitude radiance profile and the required 
radiance measurement accuracy.    The sensitivitj of false-alarm rate predictions 
to radiance ermrs ha i led to an amplitude accuracy requirement of 10*.    A 
given incremental change :n radiance will translate into a corresponding incre- 
mental change in tangent height via the slope» of the radiance profile the results 
of which depend on the absolute tangent height.    For the various atmospheric 
constituents and wavelengths of interest,  the model profiloc ' avc been used to 
generate tangent-height errors for a I0< radiance err« r.    The results are given 
in Table 4.    As before,   the absolute tangent heightF used for ear»' wavelength 
region correspond to the point at which the atmospheric radiance is equivalent 
to the reference target,   1000 nm  listant.    The tan gent-height errors of Table 4 
are bounded and generallv increase as the absolute 1?ngent height increases 
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Taülc 4.    Tangent Height Error Correspomiiag to 10~percent 
Radiance Error 

Constituent ami 
Wavelength 
(microns) 

Tungent 
Height (km) 

Hadiance Slope 
(watt/cm--ster-km) 

Tangent Height 
Error  (km) 

NO/5, 3    Day 2S5 1.5 x 10*11 
1. B 

Night 150 
- 1 ' 

i* x 10 3. 1 

H20/6. 3 Dity ':
K
<. 5 ■S.3.  10-U, 0. 32 

Night 78 2.9xl010 0. 36 

7. 4 (window) 7.J 
3.2 x  10'10 

o. 16 

NjU/T. V 112 in"1U 
0. 63 

H. 4 (window) M, :.... x  lü-1(! 
0. 25 

()/:'."      Day 100 2.:1>.   10" 10 
0, 34 

Night »R l...x  IG"10 0. 56 

CO.,/ 10. 1 Day 92 -  101 1.4  - 2 x  lO*10 0. 48 - 0. 68 

Night 73 4.3.rlx 30"]0 
0. 16 - 0. 22 

imoju. 2 85 4x  lO'10 
0. 2 

12 (window) ßl 4.3X lO" 10 0. 3 

C(>.,/l.'i     Dav 98. 5 -113 3.K-  7x  lO-10 0, 23 - 0.42 

Nipht r'7 -  112 3. 3 - 4.3 x 10'10 0. 37 - 0. 4!' 

N'2()/IT 102 2xl0-in 
0. f> 1 

H20/18 - 25 76 
-0 

10 ■ 0. 28 
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i^)   (see ^ igur-f in.   The highest precision is rt'quirfd for measurements 
wthln atmospheric window regions (la\*fr le't in Figure 11) wht-rt* the slope of 
the radiance ironies is relatively steep.    The ^pec-ified angiilar accuracy of 1 
an   mm t-s tonsistent A:th a 10^ radiance error in ^^llne absorpliai hands. 
However,   in the window region» ant4 m The H>0 b^ndä    it ( orresponds to radiance 
t-rr.r-. on the order of 20 to 30C    To produce con.*istenl .u   uracies in all wave- 
length regions would require an angular a* curacy on the order d 15 arc sec. 

(1)   Thirf represent.-i   ■ suhiUantial impros'emenl .■- compared to the specified 
!   m   mtn,    »nd \-■ not fustified for this program due to ih«   increased complexitj 
m-.    cmt of the ne  >■ - - tr'- !■. erd'Aarf 

(1 )    In term.-i oi   < rr   ■ imum     «>st program    data culleoted within flie Ifi-micron 
Cf>J   Kind ma'i   t •• ■;   .- : r- pHj?ot!on *!:«■  line of sight  .it  altitudes near 'W lo 40 km, 

(I )    F-igune  t J   .?; >.'. -   'he '•••'• >r m iK-t* rn ifiUig .i lo« ation on the 15 - niirrom 
tanken!  htMght    urv«* ■ .'   . iri   ■.-   oit'.v etii   n{>era!]ons on the curve as a function 
of   i constant  Atn   h •      averse!*,  relate*! tf thi   signal-to-noise ratio of the 
instrument       \^     m ' <■  -»''■•;    '.hv ^1 snd.«rt! di'viation n! the error is below T» km 
fur srn ill valuer   .' ,':.-     ifsst uit      • '; • '. :>   Ahere this ■-ystem will operate      The 
informatmn nhf>An -<-\ ! ■ k-:-,- y*  ,■, ■•    !( nvci from -«n analyii* ;il simulation ol 
the ("(>■> emi iHton '  m !      ■    .";■■•   ! '    hcA ■■■ -•. ■ umo.jrison ol the analytK allj 
derived profile   md   i r?ie i-ure?' • • ' c^-*; 'roju the \A^A  -( .mner program. 

R   i!V\ \Mf( ■ R wer \\! ■ \Mri rn id 
ACCIRAC^   Hig? IKKMKNT" 

{V)   Ovn-nio   range •■•  lU'.remcnt- '"V < ■-■   h tprrJral ii.trrval h.,v<   been derived 
from the model   itm »sphere radi *-~   '   ;ir'»'il< -.    It r-  required thril suffi   lent 
dynamic ?• mge exi^t in the   ieti   * «r.   elei fron;< s ;in'f telementrN 1" ensure 
intensity measurement? to nn   ■■ rura  •- -^ 10tf throughout an altitude range 
from n to the t mgen! height 'Ahere the   itmo?:pheri<   radianre jp nn the order 
of the noise leve!.    The rea'iire^ dvnami«   r.-incr- i;- shown in Figure 14.    From 
the model profiles,   the maximum dynamic   range requirement nf 3 to 5 x 10 
exists in the la-jrucron  ('('vi hand.    Through the use of a log transfer function 
to achieve -i constant error HO^ in terms of input 'lux.   it is seen from the 
figure than an eight-hit PCM rode telemetry system is sufficient in all eases. 

iS)    The amplitude accuracy requirement m terms of background radiance 
measurements had been developed fr^ni the effects on detertmn system false- 
alarm rate predictions.    These effects are shown in Figure 15 for a detection 
process which incorporates thresholding to eliminate low-level noise.    In 
this case,  ''or typical threshc   1-to-rms-noise ratio's of 5 or greater,  there 
ire er-'o^s in estimating fait --alarm rate that are critically deptmd'-tt -m the 
accuracy of background-radiance measurements.    A require" "nt of  10   ampli- 
tude accuracy is specified to ensure a false-alarm rato prediction error less 
than 7 factor of in 
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3   7   RESULTS Ot  ATMOSPHKiUC MODEJ   A\!>MMMAHV 
OF MEAS? li£D DATA 

A mathematn A model of the radiaUv« mrchaniems and tstimatee of 
constiluem densities hu- h^vft made for the uppt-r atrr.osphere (flu to 500 km) 
•jfid reported in Referei   t- _'. 

?p«  tr il i idi IM <:   md i    ! aare   altitude proüies «t-r,- genefated and 
resultü were used  ^ an aid in estabhshini mstruait-nl requiremems.    Tt ^ 
subsection summarues the periment results <>♦ ific atmospherif modeltni 
atudteg,   iä API! ..- •-- I    -H   i •      ^ thvs apph to instrument requirements. 

,,"r!ii'!lf'    pet tral features   sf aim   -:•.;,    radiance are shown m Figure« 
16 through 22 for      •     .   ......   m 60 in H.^ km and    in some 
ra^es,  under i»!h   raytime   a     ■  ghltinn   illumination     Ten abserption hands 
w»d three   itme •  ■ ....  -. ,.    ,     ...   been identified from these spectra 

•   ■       ■   ■■   l regmni   und tin   required gensitlvnty level« 
f.t'r*' discussed in    ■•   ! 2   j 

H;^r   "•:    '   '   '•"-' ;      •-   :•■       •.      rfhir thi   r'  'A  micron band of nitric 
n$ide fNO)   md   ire e\p» '•     •    ;■••.••    ultitud^t of 250 and 300 km 
higher than mn  •   ."■•- • 'rdtifüd«   profilej  si 5   3 microns 
'-•   shown tn Fiäfure ; -■      .■ • •   .     .  ! nJghttim«  conditions     A large 

'!,-lf"n'!    ;"''•':•    '   ■ ' ■   '■   ''       :■<■    ted   however    the spectra! character 
rem i! TK   i-.f. .   •  •   . ■ , , .   ....     i    g|ir-. 

High '■ i l   .'   .   ■ ■■ 1 : '"'       ted sn the 4   «-micron band n! carton 
monosude irni .,.,,.. «ieled during this fstudy    but pre- 
Umm^ry     / ■ P   the i nee u   thii   bamf ma>  be as hi^i a* I0'5 

;...], y ,, £ji the radiance predicted 
fornitne -x- le   if n .... ,; ,,,, f]- Klf,     Repräsentative 
radiance profiler f   ■   - :•       \   ^,u. :.. ■-. ,    , r; trnr  the umier 
itmosphere mf>del    -• ■    r. Fig ,• <  24 

Large   :::•-■;■-..   ,       riations   in  e*perted m gome other bands 
namely o^one fO^ 1   si n     - m« srd carton dioscde H f>? f si 10.4 micrwii. 
Vhf m ixirr-im prr-r   fe :  liurnal variatiofig ^nd the associated altitude reg).,DP 
for these and  »ther hand.^  ire given in Tshlr 5     A gignifjcanl diurnal variation 
is ilso pre hcte ! for ih*   -     rt-^ givelength v,jne f|3 tn 14 mi« roam) of ihr 1B- 
micron CCh hand   -^  -   m-n in Figure 21.    ( learly,  both davlime and nighttime 
measurement?  ire  i;  tated by thn  extent of diurnal radiance variattwis. 

The I ^tf>   i-;'-- ■' vanatior noted for the in. .j -mj( ron ( fyn bant1 ^Tnn 
involves  M change in spectral    hsracter    - <-^cn in Figure? iQ^)nfj2n,    The 
spectral region 1 hosen for measurement at 10. 4 micronfe HO.O to in. R 
microns) is ^ »«e ! AH daytime spectra. 
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Nu 'hange in spectral >-h&rav-Wr :s prrdu tt-d «tii ^sHsrti^si iö tyngvnt 
hfeight with til* »rxitption of COf und H%0 radiation in thf rangt- from 14 to 18 
mterarts (»#« figure 21)     M th« lower ahituir?    nt-ar 60 km.   radiation from 
the two bandä  ..vertap to the extent that r;e> i aJinoi be sep*F9led     At higher 
altitude-,    in e«ces» or abmjl  lüO Km     a separation of the two bands ir noted. 
The higher-altitude   ipeetfa is u.-e: to spe-.tN   «avelenfth  regions- 'or measure- 
ment^    i.e.     14 to IS mtcrorti for t t>>    äf\d 1-   to 18 tniert»»« for \2*^- 

t pom  m ö^rational system stänäpomx    the atmospheric-wtlKio«  region? 
are of most interest aince thes s target detection a! lower latitudes      The 

! h''  fcindoa   '■.     n near      {  •       • !     ■■    <   I on the short'Wavelength 
ätdg by the    ombine I <  M.j   %:■    I      - • t .= ■■ '    : •■     rons and on the long  «ave- 
length ä,:ictr by th» Oj baRii a!                roi .   - ;« . !r,,! di^t ribtilion in this 
winder i .   .-■ -   ■    n\   ,:•-■■                     regies   '■■■  ' «'< f   subdivided for two 
roeasurementa     i' i ";.- -    -•                   -  ■.   .        | ta s " mirrons within which 
very low radiant5p value» srt? pr<       '■ fli the" wider refion J rom 8.1 In 
8. > mo r-wf, ; irtth    orr«  :   ■     ' >: ■   ■   ,:' ' '   ■    '        *   »alu« i      <'nlv minor diurnal 
,-h ingf-i   ire expe  ■»•'■■         .• .-    . 

The  ifrnosoh - - ( ••      '   ■♦.•■<   • . i  ■ • ■   • < . r 12 micrrtie,  the 
predtrt*1 ! spectra   ■'   ■ - ■        s   t-   • i 'I'   ■   region ii potentfglly 
the r-.t'-c r?jpofi ■' "■ ' irgrt    efe  ' •   •    ' • <  •' i    •  -^ -i «inririv.    and it 
exists near the -••■  Ir  ! ••    i •  -.■•     ? tht  Isrgel rsdislion     The short'wavelength 
limit of thts window reg       •■,.<•    ■    hse to the re'rent discovery of nitric 
i."' I IffNCH 1 ■ ■■ I he I »wer   ■' ■    —: ' • t* 

Rei-pnf balloon measurement« ir th«  T A'H '-  [«.c,   Mur> ray si the Univer- 
sity Orf Penver have I fentlfi« ! mtri       eld nTSfV. * rad atlng ftfeäf 11.2 mir rone; 
in the lewer   itmoisphere-    Front th«1-^ data    nn IfN'O-5, r on^ »»nf rstuin dtPtri- 
bution « tä postulate I  i^i inc-orporaled into the lowei-atnKÄpherit  rrsndrl ^t 
ff1inpv%vp!l.    The resulting radiance ;vr~'-> for HNCh ic shown in Figur« 2^, 
^nd its ■;pertr:ii definition -s given in Figure 20.    11 nitric acii S'xisti to 'hip 
extend up to  in 80-km   lU-tudP    thein its radiation could ?ignif!r ant]%- reduce 
*h^, wi H • for the 12*mjrron window.    On ?hf other hsnri. if mtrif acid doe? 
not exist in the proporttens expecteJ    then the short*wavelength liffiit rnnld 
hr closer to 11 microns as determined by ( Og radiation at 104 mirrnnc 
'.vhti'h has a large  liurnal effect     Thr long-wavelength limit is determined by 
CfV) radiation  it 15 micr<m,s which sho-j= Sfirme diurnal effect beyond 13 
microns even as to« as SO km.    The t2-micrcBi window is subdivided into two 
br lad region? for measurement, primarily t'! isolate the radisiion from nitric 
ind. 
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The ateep «lopes In spectral radiance predicted near all window regions 
dictate that high spectral resolution (- 0. 1-mioron) measurements be made 
in order that the wavelength limits can be accurately located.    As a result, 
high-resolution spectra are specified in each of the three window regions. 

Additional data which relate to this limb measurement program were 
collected by Markov (USSR) and are reported in Applied Optics,   Vol.   8.  No.  5, 
May 1969,  887     A brief summary of pertinent results is presented in Table 
6. 

Of significant interest with respect to the VSSH data are the high-altitude 
layers reportedly measured during four out of a total of 30 probe flights.    The 
expected radiance levels of these layers as would be observed by a limb view- 
ing instrument are shown in Figure 26.    These radiance levels are seen to be 
Considerably in exce*»g of the highest radiance level predicted from the model. 
Also of interest is the fact that the radiance level measured within these high 
altitude layers is directly c »rrelated with the geomagnetic index as seen in 
Tahle 7. 

Further results of the atmospheric modeling studies which are of some 
interest include the spectral radiance levels expected from   noctilucent 
clouds and Interplanetary dust.    Summaries of relevant facts are given in 
Tables 8 and 9.    Regarding noctilucent clouds,  it can be concluded that they 
may represent   i conaiderable source of interference since they exhibit the 
following: 

• Radiance in excess of the nominal target over a broad 
wavelength region 

• Altitudes in the range of interest 

• Occurrence over high-priority geography 

• Sharp spatial gradients 

The actual probability of occurrence however is uncertain.    The presence 
of noctilucent clouds within a given data set may be identified by the radiance 
peaks near 20 and 25 microns,  given a spectral resolution on the order of 1 
micron 

Interplanetary dust may also represent a significant source of inter- 
ference if data is collected within close angular proximity of the sun     Al- 
though this source of interference will be difficult to recognize, it may he 
possible to make identification of the sharp radiance peak in the atmospheric 
window near 12 microns. 

The spec*-al ra.Jiance for noctilucent clouds and interplanetary dust as 
estimated from the model is compared to the reference target in Figure 27. 
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Table 6.    Summary of USSli Measurements of J WIR 
LPper-Atmosphenc Radiance 

Altitui* Hinfr 

Uatrs 

HiglfSttätaae« Layer* 

Ucrurrrwf 

H       ,m  Kmi'ta-u r 

I.djr.'    1 hi. .-ir ■- 

BMIg p»ö)  L««Btil to 
rhiulyn-ü,- 

1 )h..vr\p<!: 

SjMjetfaj DlBfibuhofl; 

50   pfubrs  •  da>til!!r 
.' (*)   «»tcliit«-* - di v «nd night 

b.trllitf 2UÜ -  ii-O kti! 

K„ • 0 to K    « 5 

l ■inrfld'in» Ot.*fr .«  : Day afvl  fi.|fh( ta'ittirlF i f"r ilpprHF 

4  lJiota-» '   .■•*trl!il< s 

!!>Ü Kin,   .'fl' kti.,   «Sfl km and SOU Km 

100 km (hi|f»i»lti«u>ir) IS JO ■ ■•0 km 

!U km i>iig>;   «Jtitudr) ti    iü      «0 k!T. 

Mo»  altitude) 

;üO 1 

f'rnttr at lav.-r altitydr   ..(»liraJ «Kl^ 
hnrttarta) Mffe fi->.,mr'r-i  mdr« 

I0< May) »Sd i'0< (meht) m 0. fi  -  4 . Sf 

|< (4«y| m R. '.  -  40 M 

Table ~.    USSR FVoU« Meafujr   merit.« Maximum Radiant 
Emittance Observed with Vehicle within 
Layer and with Horizontal Viewing 

Alt!hjd* 'kmi 

f.'nmapnfti<  Imifx 

* 

b 3 

If. 

4 

27 48 
i 

iOO 250 

240 150 

250/300 -lO 

210 PP0 

320 20 

400 <10 

420 220 f.S0 

4 SO 180 

500 <10 lßO/220 

Sot*     Vniln nf rtidUnt emitfunr» »r» «»tt*'m 

WnveiMfth inrrfment» »ri»        0.1 - 40 >< anrt 2. 5 - 40 n 
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Table 8.    Summary Uata on High-Altitude Clruds 

Noctiluctnt (Natural 

72 km to y* km AlUtihie 

Tmcknsss 2 kti. ivernge (0. & to 5 km) 

Laütud«? 45 -Itgrt-t-s to 00 drgreee Norlli and South 
(>0   :«ti»t-s most proliabk 

bt-asori Sharp summf r niamnium 

Duration Stvtral Hiinuteti to srvt-ral hours 

C oil: pom U on Sn.all 10.2-0. Jjjl-n.eti-onc 
largr 10.3-0. 5ji)-ic. 

Uen»itv - JUO prr cm   («tt« > 0. 05 i^) 

Ttrnpcrstitrt - liS'V u  160oK 

G^^jgraphy • ^CftdUUVi«  and North*«'6t L.S.S.R. 

Nacrfou» 

AlUtude typically * • JO hn.                                                                              ) 

Fuprctfd ralvatiOfi levtls tuucti Irtjg than |^J^^eüu« enueüjoti of          j 
CO*.   O.j ami BjO ir. lo*« r «tir.osphcrp. 

Table f).    Summary Data <>n Interplanetary DuFt 

Theoretical Model: 

• Heliocentnc zodiacal dust cloud lenlncularly shaped 
around plane of echpUc which may extend «R far as 
Jupiter 

• Composition:    birty  quart« 
-^ -B 3 • Number density;   10      to 10      per cm   at 1 au 

«      Radiance measured only for:   Wavelength near 2. 2 ^ 
and within 2-3 degrees of Sun 

• Extrapolated radiance (emission) using model: 

N- 10      - 10*      watt/cm  -ster-»» at 50 degrees from Sun 

V" 10*10 • 10"      watt/cm2-«ter-M at <H) degrees from Sun 

• Scattering small compared to emission beyond 5 y 

45 

UNCLASSIFIED 



UNCLASSIRii-O 

9 

c 
i 

i 

/HOCTILÜCEWT CLOUO 
(PATH - 320 KM) 

15 20 

WAV£U*GTM (MOONS) 

Figure 27.    Predicted Emission From Nocfilucen» Clouds 
and Interplanetary Dust 
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SECTION 3 

SYSTEM REQUIREMENTS 

'S)    The ultimate goal of a background measurement is estimation of the 
radiance distribution for amplitudes exceeding a level of interest defined by a 
model target.    In the following,  the problem of estimating the ditdribution 
from a limited number of samples is addressed,   and error estimates are 
derived for the «ample mean and variance as a function of the numl^er of in 
dependent samplen using information derived from a model atmosphere 
sampling defined above us obtained from the physics of the problem,  del 
ately weighted for meayurementji of extreme conditions which should sample 
the infrequent casett.    An assumption of uniform sampling can Dien be used 
to obtain the upper bound of the error m estimation of Die distribution 

<{')   [n the process of this examination,  an estimate oi ibe coirelation lengths 
and tirne.4 of the IAS!H atmospheric radiance map *a's obtained     This informa' 
tton is of value in fixing the sample sparing for a scan and for a probe 
sequent e in that the periodicity of the data is defined by these lengths and 
timea. 

(U)    A summary of experiment requirements is given MI Table ip7 

3, l    BASIS FOR SAMIM tNG REQUIREMENTS 

(U)   Atmospheric ehsracteristica used to obtain ssmpHrig requirements are 
taken from a low-altitude atmospheric model at 70 k/h.   osone concentration 
in North America at 4r> km.   l5-mi< ron i'Oy radiance data from 30 to 40 km 
and arctic temperature gradient data near a0 km/'' A preliminary estimale 
of the number of samples required was made by romputmg the variance (annual) 
of the radiance,  derived from the low-altitude model for all conditions modeled. 
A sample nize wa? derived,  in terms of esWmating the mean (annual) radu<nre 
of all geographical region«,  based on radjkafice profilep from the low-altituce 
atmospheric model,  assuming all data Were independent.    This did not provide 
a means' of establishing the number of/probes and profiles per flight 

(U)    To arrive at more definition ojrthe sampling requirement, the spatial 
and temporal variations of availajKle data were examined.    For the most part, 
data were available only at altityides less than those of interest for this mea- 
surement prog-am.    These d.it^i were used as a conservative (over) estimate 
of the actual number of samples required to define variations in the upper 
atmosphere. 
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Table 10.    Experiment Requirements Summary 

|                           Iter.-i Requiremen;                            | 

Source of radi£!>ce Earth's atmosphere                              j 

1     Altitude range 0 - 500 km                                               j 

|     Background Space                                                          j 

|     Viewing geometry I.imb view from earth's horizon      i 
j to horizontal                                           ! 

i    Measurement platform Probe vehicle altitude range 
100 to :U)0 km 

j     Vertical angular coverage 20 deg 

i    Axtmuthal angular coverage ^no deg                                              j 

Horizontal profile spacing 1000 km 

Number of profiles per fhghl 8 to 10 

j     Geography (1) .Arctic and(21 temperate   and     1 
f3) tropical                                                | 

i    Season (1)  Winter nun (2) gumtner 

\    Time of day (1) Noon.   (2) midnight,   and 
(3) punnpe.  sunset                               | 

Number of flight? 10 (optimum program)                        ! 
6 »minimum program)                      l 
3 (limited objectives)                        j 
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3. 1.1   I.uv, -Altitude Atmog^eHc Model 

Spectral radian! f and radiance/altitude profilee wrrt- generated using 
the low-altitude atmospheric model.    Within this model, there exists a 
variety of geographical and seasonal data variations?.    The mode] im iudes 
Arctic, temperate and tropical data during winter and summer,   and involves 
variation-! In temperature,   water vapor and ozone concentrations.    The rarhon 
dioxide mixing ratio is assumed constant at 320 ppm.    Some examples of data 
variations used in the low-altitude model are given in Table 1j.    Radiance 
profiles within the 5- to 25-mi'. ron region were generated for ten different 
sets of conditions withm the Arctic (winter),  and five sets of conditions in 
the other region/seasons.    The largest radiance variations at the higher 
altitudes were observed in the <',   1-micron H^O absorption band      The mean 
radiance and standard deviation for this banoat TO km are given in T?ble !2. 
The large variability can be observed from tae "ugh percent   standard deviation 
a.i compared to the me in,   p«rticu!arly in the Arctic region.    The radiance 
variations in the R-3-micrön IM) band will be used later to derive sample 
Statistics.    However,   they are not sufficjent since there is no information 
regarding hew far apart,  in eith« r space or lime,  the different sets of condi- 
tions should be placed     Correlation studies will be presented in the next 
three subsections which relate to this question 

.1. 1.2    Temperature 

Temperature is related directly to radiance in the low-altitude model 
since local tnerni'idynamtr equii»bHum is assumed.    Spatial and temporal 
variations In COn   radiance,  for example,  will largely he determined by 
temperature variations since th? concentration is assumed constant.    Within 
the altitude ranee of interest,  the maximum temperature occurs near the 50- 
km altitude.     An example of temperature variations with latitude in .Tanuary 
is shown in Figure 2H     The mean temperature increases as the tropical 
region is approached,   with maximum variations about the mean on the order 
of ± 2..TK.    Since spatial gradients are of interest to the operational system 
in terms of background noise charartenstirs. the variations abottf the mean 
value will be ?mphasi/ed in this and the following subsections. 

To determine the significance of a ±2.5   K temperature differential, 
radiance variations were correlated with temperature 9t 12 microns by using 
the low-altitude model.    It was found that,   for absolute temperatures near 
2^0   K.   n 1* K temperature differential resulted in a radiance variation of 
about 10^ of thp mean value.    Thus a ± 2. VK temperature increment would be 
expected to cause a ± 2rti radiance variation at 12 microns,  which is significant 
in terms of the goaJs of this measurement program. 
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Table 12.   Lor-Altitude Atmospheric Model - 
Statistical Radiance VariationB 

i    Geography 
!        and 

Spectral Radiance 
(watt / cm2- ster-micron) Standard Deviation     j 

as a Percent Mean Standard 
Season Deviation of the Mean             \ 

Arctic 
Winter 14.6 x 10"9 13.8 x 10'! 95                       | 

Arctic 
Summer 8.0 x 10"' 7.35 x 10-9 83 

Temperate 
Winter 11.2 x 10"n 4.2 x 10'9 38                        | 

Temperate 
Summer 9.4 x 10'° 6.1 x 10'9 65 

Tropical 
(annual) 8, 9 x 10"9 5.5 x 10"9 62 

Note:     Wavelength Region - 6. 3 micron, H„0 Band 
Altitude - 70 km 8 
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Figure 28.    Atmospheric Temperature Variations with Latitude 
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Figure 29.    Atmospheric Temperature Variations with Longitude 
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It can also i>e seen from Figure 28 that a temperature differential of ±2. $" 
K can occur over spatial increments as small as 7 deg (latitude) or about 800 
km. 

Longitude variations in temperature about the mean in polar latitudes 
are about the satv.e magnitude as latitude variations,  however,  they occur at 
distances on the order of 2000 km as seen in Figure 29. 

Seasonal variation of temperature gradients in the Arctic region have been 
computed from analyses published by A.  J.  Kentor (Ref.  3).    These tem- 
perature gradients are computed over a 15-deg latitude increment and are 
shown in Figure 30.    A semiannual variation is clearly evident with the largest 
gradients,  greater than 0.5  K per degree latitude,  occuring in the winter 
(January.  February) as well as the summer (May-July). 

3.1.3   Radiance Variations 

Limb radiance variations in the 14- to IG-micron CO2 band have oeen 
studied extensively for horizon sensor applications.    In terms of this program, 
however,  previous analyses have been concerned with variations at higher flux 
levels and lower tangent heights.    Two such studies which included correlation 
distances and times were performed by Honeywell (Ref.  4) and Sperry 
Gyroscope (Ref.  5).    Iloth studies were concerned with radiance at the 10 
millibar level or generally from a 30- to 40-km altitude. 

During the Horizon Definition Studies at Honeywell,  crrrelstion coef- 
ficients were computed in the residue variations in absolute radiance after 
removing systematic variations through a curve-fitting process. 

Correlation analysis was performed on more than 1000 synthesized radi- 
ance profiles on a global basis.    Significant results in terms of absolute 
radiance are; 

• Temperature is highly correlated with absolute radiance 
at 10 mb. 

• Correlation distances were on the order of 800 to 900 km 
(see Figure 31). 

• Correlation times were on the order of 15 days. 

• A strong frequency component was observed for periods 
of from 50 to 75 days. 

• Diurnal variation was insignificant. 

53 

UNCLASSIFIED 



^■^^" 

■ ■ 
I s 

UmiUDE- bO-H 

ALTrTUDE -- 50-55 KM 

u 
ac 
u 
z 

UJ 
o 

o 
UJ 
o 

IX 
UJ 
0. 

UJ 
o 
z 

o 
UJ 
Q 

< 
Of 

It! 

M      J      J      A 

MONTHS 

Figure 30.    Arctic Temperature Gradients - 
Latitude ■ 60^,  Altitude = 50 - 
55 km 

54 

UNCLASSIFIED 

-^.J^wS 



■itfiHMHMHH 

UNCLASSIFIED 

ii   titr   T 

0 J4 -, 

- 

s 
u 
i 

1 '»St!   L»G    IOC       Of  i •• 

Figure 31. Autocorrelation Function for 15-micron CD2 Radiance, 
February - 30 - 40 km 

Other studies (Ref.  1) wert' performed on the absolute variations of 15- 
mirron. CO2 radiance.   These studies indicate representative rorrclaiion 
lengths on the orHer of 2r>nn nm (approximately 40 dep on the earth) and ror- 
relation time? ranging from 7 to ifi days. 

Two ronrlusions drawn from the result? of these two correlation studies 
are: 

Regional grouping of  arrtir, temperate,  and tropical, 
provides high assurance of data independence even in 
terms of absolute radianre variations. 

Data collected within 3 period of less than one week is 
expected to be highly correlated. 

Data taken closer together than approximately 300 km 
are highly correlated and cannot be treated as independent 
samples. 
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3.1.4   Horizontal and Vertical Distributions 

Using the low-altitude atmospheric model, horizontal and vertical radiance 
distributions were computed for limb viewing conditions.    Horizontal radiance 
distribution,   in this case,  shows how energy accumulates along the line of 
sight in a horizontal direction.    The data shown in Figure 32 is a typical dis- 
tribution for radiance in the 15-micron CO2 absorption band.    The largest 
fraction of the total radiance observed by an exatmospheric sensor is con- 
tributed by atmosphere near the minimum tangent height.    As the horizontal 
dimension {[)) expands about the minimum tangent height,  the contribution to 
the total radiance decreases.    A shift to the left in the horizontal distribuvion 
is caused by the large absorption foe a longer slant path.    It can be seen that 
a total horizontal dimension of 1000 km is sufficient to account for the total 
radiance when the limb is viewed at a minimum tangent height of R0 km. 

Therefore,   if measurements are made at the same azimuthal position, 
a separation of 1000 km on the surface will be sufficient to ensure that 
redundant measurements art- not made on the same set of atmospheric 
constituents.    It is expected that this distance would be somewhat larger in 
atmospheric window regions and at higher altitudes. 

The corresponding radiance distribution with altitude is given in Figure 33. 
Since the minimum tangent height is r>0 km,  there will be no contribution to 
the total radiance at lower altitudes.    The distribution is sharply peaked near 
the minimum tangent height,  with f,n^ of the total radiance accumulated between 
the altitude limits of ^0 to r"" km. 

3. 1.5   Ozone Concentration 

Variations in ozone concentration will cause variations in limb radiance 
in the O.fi-micron  absorption band.    Spatial and temporal variations in ozone 
concentration have been studied. (Ref.  R). by means of Umkehr data on alti- 
tudes up to 4?) km.    Eleven stations throughout the world reported data on a 
yearly basis: a sample of results for the three North American stations is 
given in Figure 34.    The ozone concentration latitude gradient between the 
various stations was computed on a monthly basis and is shown in Figure 35. 
The North American stations had the largest gradients, up to 1.5 x 10'0 
molecules per cirr per degree,  and showed a semiannual rycle.    In this case, 
the spring and fall seasons produced the largest gradients.    To determine the 
influence of ozone concentration gradient on P.fi-micron radiance,  a number 
of atmospheric conditions were compared using the low-altitude model. 

It was found that a 10^ change in concentration results in a 5^ change in 
radiance.    Thus,  during the spring and fall,  a 25^ change in P.fi-micron radi- 
ance may be expected over a 3- to S-deg latitude increment with respect to 
the North American stations. 
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Height = 60 km 
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Data from the eleven stations were used to derive the spatial correlation 
coefficient of ozone concentration gradients.    The results are shown in Figure 
36.    This curve represents the best fit through a relatively small number of 
data points within a longitude spread of 2000 km     In this case,  a correlation 
distance for ozone of about 600 km is indicated 

1.0 ALTITUOC    45 tM 
LATITUDC «AMCC • 2*'* 

8 
o 

i 

S 

S00 2000 7500 

SURFACf OtSTANCE IN KM 

Figure 36.    Longitudinal Correlation in Ozone 
Concentration / 

Autocorrelation and crosscorrelation functions were derived using data 
from the various stations to determine the seasonal correlation time     Two 
such correlation functions involving two North American stations are shown 
in Figures 37 and 38.    These two functions snow the shortest and longest 
correlations times found,  namely from two to four months. 

The diurnal variation in ozone concentration has been estimated by B .  G. 
Hunt (Ref.  7).    According to these estimates, the largest diurnal variation '.n 
concentration occurs at an altitude of 76 km and involves rapid changes near 
sunset and sunrise (see Figure 39).    The atmospheric radiance model does not 
predict large diurnal changes in 9.6-micron radiance at this altitude; however, 
large change in radiance (nearly a factor of 3) in predicted for tangent heights 
near 90 km. 
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Figure 37.    Autocorrelation of Ozone Concentration at 5l*N 
and 80. 5n\ (Moosonee) 
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Figure 39.    Diurnal Variation of Ozone (from Rrf, 7) 

3.2   NUMBER OF PROFILES PER FLIGFT 

A number of considerations are involved with the specification of how 
many profiles are to be collected on each flight.    They are: 

• Spacing between profiles 

• Vertical extent   :f profiles 

• Maximum scan rate 

• Total time of flight 

The approach used here to specify the spacing between profiles is designed 
to ensure a spacing sufficiently wide that each profile can be considered an 
independent piece of information.    To do this, it is necessary to ensure that 
each profile is separated by at least one correlation distance.    The correla- 
tion distance in terms of gradient structure in the lower atmosphere has been 
estimated in the previous subsection to be in the range of 600 to 900 km 
depending on constituent per wavelength. 

During a given probe flight,  it is expected that measurements will be 
taken throughout a vehicle altitude rang? from 100 to 300 km.    In this altitude 
range, the circumference on the horizon changes from 7000 to 11.000 km. 

Based on the assumptions that: 

63 

UNCLASSIFIED 



UNCLASSIFIED 

(1) most profiles are collected at the higher altitudes 
(horizon circumference  .,10.000 km,   and 

(2) correlation distances of gradient structure in the upper 
atmosphere will be larger (~1000 km) than in the lower 
atmosphere 

the number of profiles,  spaced evenly throughout one complete azimuthal 
revolution is 10,000/1000 ^10.    In terms of azimuth angle,  the profiles are 
36 deg apart. 

In this way. uniform sampling :8 provided in all directions from the 
vehicle position with reasonable assurance that each profile will represent 
an independent sample.    This specification is not necessarily a fixed require- 
ment for all flights.    For example, if after the first one or two flights, the 
estimates are found to be inaccurate   it is not difficult to reprogram the 
vehicle control system to provide a different azimuthal spacing.    Nevertheless, 
it will be assumed for purposes of this study that 10 profiles per flight represents 
a reasonable goal,  and this number will be used during further analyses. 

3.3   SCAN PATTERN 

Since the scan motion must be provided by some means external to the 
radiometer itself (internal scanning mirrors are not recommended),  it is 
desirable that the pattern be as simple as possible.    In this way, unnecessary 
mechanical constraints are minimized as is the impact on vehicle dynamics. 

The objective of each flight is to collect 10.  evenly spaced,  vertical 
profiles.    A vertical profile involves scanning the field of view from the hori- 
zon to a horizontal direction.    For a vehicle at a 300-km altitude, the vertical- 
angle requirement is somewhat more than 17 deg and. to allow for a ± 1.5- 
deg attitude control tolerance,  a 20-deg vertical scan is specified. 

Scan rate limitations which result  from vehicle and sensor studies are: 

• Maximum scan rate to maintain radiometer sensitivity 
=0.6 deg/sec. 

• Maximum rate of vehicle rotation between profiles =3 0 
deg/sec. 

A simple scan pattern which collects the required data with high efficiency 
is shown in Figure 40.    In this case, each vertical scan consumes about 33 sec. 
and 12 sec are consumed between profiles.    For one complete revolution col- 
lecting 10 vertical profiles, the total required time is 330 + 108 = 438 sec. 
This total time is compatible with the time available above 100 km using a 
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(U)   Nike-boosted Black Brant VC probe vehicle.    This vehicle provides about 
'•BO sec of measurement time, thus a 10* time margin is available which 
should be sufficient for turn-around maneuvers. 

(U)   With the same scan pattern    a total of eight vertical profiles could be 
collected using the Black Brant VB vehicle.    An   alternate scan pattern 
which provides for data collection both in a vertical and a horizontal direction, 
is shown in Figure 41.    Data collected while scanning in a horizontal direction 
would be a useful addition to the total set.   since an operational detection 
sensor would scan in this mode.    The line-of-sight would be positioned from 
1 deg to 2 deg above the earth's hori/on during horizontal data collection to 
provide data on horizontal gradient structure near the tangent heights of 
interest to this program.    Since the sensor instantaneous field of view is 
larger in a horizontal direction,  the horizontal scan rate can be increased by 
a factor of 3 to maintain the minimum dwell time. 

(U)   At the top of the scan pattern    horizontal separation of 3fi deg will ensure 
independence of the vertical profiles.    A total,  of eight vertical profiles and 
about 1R0 deg (-.4000 km) of horizontal data could be collected in 405 sec. 
With a Nike-boosted Black Brant VC vehicle,   a nearly 2Qi margin exists for 
turn-around maneuvers. 

3.4   NUMBER OF FLIGHTS 

(U)   The approach used to arrive at the total number of samples    and therefore 
total number of flights,  is based on applicability of the resulting data to 
operational system design. 

(S)    The detection system design problems of interest herein can be stated 
generally as follows; 

• What is the probability that a target detection sensor will 
encounter a level of background radiation sufficiently higl 
so as to prevent detection"? 

• Under what conditions of geography and time (diurnal and 
season) is target detection impossible due to the high level 
background radiation'? 

• What is the minimum tangent height at which successful 
target detection can be accomplished on a global basis 
with high probability'? 

(U)   These three questions are interrelated and form the b sis for the 
sampling analysis which follows.    The sampling analysis in this subsection 
represents a statistical approach ning the variance predicted from the 
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low-altitude model to derive probability estimation errors with a given num- 
ber of samples.   In the next subsection, a flight plan is developed based on 
the influence of solar radiation on radiance variations in the upper atmos- 
phere. 

Overall conclusions from these two approaches can be stated as follows: 

• A probe vehicle is most suited to the collection of extreme 
value data.   A small number of probe flights could satisfy 
the following objectives: 

(1) Verify form of probability distribution at low levels 
where estimation errors are compounded. 

(2) Establish bounds on requirements for subsequent 
Satellite flight program. 

(3) Provide early assessment of sensor performance 
under flight conditions. 

(4) Update atmospheric model in terms of high-allitude 
radiative processes and constituent distributions. 

• The atmospheric model can be used to provide approximate 
launch locations and times for collection of extreme radiance 
data.    Independent temperature, solar flux and geomagnetic 
index would be valuable. 

• A probe is not a su'tahle vehicle with which to collect the 
complete global data set necessary for operational system 
design. 

3.4.1   Statistical Analysis of Radiance Variations 

A distribution of radiance values was generated for the lower-atmosphere 
model using the program developed in the first phase of this study and 40 sets 
of input data, covering climatic and constituent distribution extremes. These 
data were summarized in Table 12. 

For simplicity, the mean and variance over a climatic zone (Artie, tem- 
perate, and tropic) were examined rather than the distribution proper.    Using 
the sample mean as an estimate of the population mean, the functional 
dependence of accuracy, confidence limits and number of samples was derived. 
The same approach was used to derive accuracy and confidence limits for the 
sample variance. 
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IV)   The statistical analysis made herein is m terras of the variance expected 
m the Umh radiance of the fi.'i-muron HgO band at an altitude of 70 km.    This 
band produced the lafgest variance and would lead to a conservative sampling 
requirement 

The basic approach developed m this subsection can be stated as follows: 

• Given a finite sample (N) of radiance profiles    assume the 
population of all radiation profiles is normally distributed 
<Aith mean   u   and variance ?'-. 

e       Fit a normal distribution through the data points and 
estimate u and 3* . 

• Extrapolate using the fitted distribution to probability levels 
of interest to the operational system, i.e. ,  it probability 
that background exceeds target. 

• Determine the errors m estimating probability in terms of 
the total number of samples (N). 

({')    The inputs to this pro; e,:> are the mean and variance of the radiance 
predicted from the low-altitude mode] which were given in Table 12-    The 
Arctic and temperate regions are subgrouped info two seasons,   winter and 
summer,  which represent the annual extremes in the model.    No seasonal 
variation is programmed for the tropical region. 

W)    Data independence is reasonably assured with seasonal grouping since 
few of the correlation or gradient structure studies nf section 3. ]  indicated 
correlation times greater than a period of three months.    In addition,  using 
the winter and summer seasons in represent the data extremes is consis- 
tent with temperature gradient data and therefore Ifi-micron COg radiance. 
In terms of ozone concentration,  the maximum gradients were observed in 
the spring and the fall seasons over North America.    However,  in all other 
regions, the gradient structure showed little seasonal dependence. 

(S)    The numerous atmospherif  combinations available within the model were 
assumed to he independent and were programmed to yield '-adiai ce profiles. 
The mean and the standard deviation of radiance variations at the "O-km 
altitude was computed.    It ran be seen from Table 12 that,  for all regions/ 
seasons, the mean and standard deviation in radiance represent significant 
values in terms of the noise equivalent 'adiance (NER) in this band (NER - 
2 x 10*^ watt/cm"-ster-microni.    Sin=;e the NF.R is based on the reference 
target,  it is concluded that the five regions/seasons Tequentlv produce 
radiance variations in the order of a0 to 150 times the target level and there- 
fore must be included in a minimum program to collect a meaningful global 
sample. 
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Standard utatistical methods were used to derive estimation errors for 
a given sample size.    The assumption involved wuh these methods is that 
tne population is normally distributed.    The two population parameters esti- 
mated from the sample data are the mean (u) and standard deviation (CT). 

The population mean (u) is estimated to be the sample mean x with con- 
fidence limits established by the Student's t distribution. If s is the sample 
standard deviation then the estimation error is determined by ti.e inequality 

(x - a) V N-l 
<i 

171 

where 

N s sample size 

ro » 1 - confidence level 

The population vnn.mrf (<j2)   is estimated to be the sample variance (s2) 
with confidence Hmita eetsUtshed bv the rhi-square distribution with N-l 
deg of freedom.    In this case,  the following inequality is used: 

N- 2 .        N- 2 

V X. 

..2 
wherex2     andXj    are set ! y the confidence level. 

Using the mean and standard deviation for the Arctic winter case, the 
two errors were determined at the 80^ confidence level.    These errors are 
shown for sample sites from 10 to f>0 in Figure 42,    For purposes of esti- 
mating probabilities beyond the on'       ^ma point, the total error will be the 
sum of the error in the mean and t.,   error in the standard deviation.    For a 
single flight during the arctic winter which collects 10 independent profiles, 
the total radiance error at the 80^ confidence level is nearly 100^. 

This error is distinguished from the radiance error on any given profile 
which is retermtned by instrument calibration.    The radiance sampling error 
relates to the ability to fit a normal distribution to the sample profiles and 
its accuracy in terms of the expected population mean and variance.    To 
reduce the total sampling error to the order of the calibration error (104) 
would require on the order of R00 to 700 samples.   The other regions/seasons 
are expected to require fewer samples but not significantly in terms of a probe 
program where only 10 profiles are collected per flight. 
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Figure 42,     Hadtance Sampling EVror,  Arctic Winter 

(S)   The radiance sampling error can be related to probability estimation 
errors through the us«- of Figure 4J.     I hese curve« show the «rror in estt- 
mating how often the background exceeds the target level as a function of total 
radiance error.    For fxampl«-,  if it is «^'nifirant that the background exceeds 
the target '''. of the time for a given operational system, then data collected 
from a single flight m the arctic «rimer (lOOv. radiance error) will lead to 
errors in estimating that probability les-el which are considerably in excess 
of a factor of 10.    To reduce this errnr to Jess than a factor of 2 would 
require about a 10% radiance error and 'IOO to 700 samples. 

(tf)   This situation applies for the most part to the other regions/seasons as 
well.    On tins basis, the total number of vehicles required to sample the five 
regions/seasons would be on the order of 300.    The obvious conclusion is 
that a probe flight program,  as structured in this report,  is not suitable for 
the collection of a global sample of data such that the total population can be 
estimated within tolerable accuracy bounds 

(U)   On the other hand, a probe flieht program would be useful to sample 
radiance extremes to the extent that the extreme conditions can be predicted 
in advance.    As such,  the form of the population distribution could be verified 
at the low end of the probability scale where a simple "Gaussian" assumption 
can be orders of magnitude in error. 

An attempt to isolate extreme conditions is made in the next subsection in 
terms of solar input flux to the upper atmosphere. 
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3.4.2   Solar Radiation 

(U)   Upper atniusphenc radiance levels in some wavelength regions has been 
clearly related to the level of solar radiation exciting certain molecular 
species.    The larye diurnal effect which results has been discussed in 
section 2,7. 

(S)   [n this subsection, the variations in solar radiation as well as soiar dis- 
turbances are examined in terms of their influence on a flight measurement 
program.    Very little is known £.bout the effects of solar disturbances on LW1R 
radiance with the exception of the correlation of the USSR data with geomag- 
netic index.    As a result,   solar disturbances are considered to be of secondary 
importance in establishing a Ti^hl program based on probe vehicles. 

Temporal and Geometric Characteristics of Solar Radiation -- (I')   Hccause 
solar FSHtattönTüai a dominant infliience on the excitation state of die earth's 
atmosphere,  attention has been given to def..)ing solar illuminance with respect 
to the location, timing,  and altitude of sounding rockets for lirnb radiance 
measurement. 

(U)   Figure 4'4 shows the daily imegrated solar radiation reaching a unit hori- 
zontal area at the top of the   »tmosphere for different latitudes and month's of 
the year. 

!A\ • I-■-; IK.- M-H MA'S 'I  ' Jll M (, ...M- ,J1        M,v [>,,( 

figure 44.    Daily Solar Radiation at Top of Atmosphere (U) 
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i..   >eciion of Figure 44 shows the constancy of equatorial irradiance, the 
greet range of radiation levels occurring at winter solstice,  and the effect 
continuous radiation at Arctic latitudes in summer. 

The intensity of solar raiiation at the earth is proportional to the sine of 
the solar altitude angle and is plotted for the morning hours at different lati- 
tudes and times of year in Figures 45, 46 and 47.    These plots show the inter- 
val and magnitude of solar radiation onset from sum   »e to noon.    The approxi- 
mate symmetry of the solar ascent and descent aboul noon permit these plots 
v.o be used to describe the solar radiation decline toward sunset as well.    The 
rates of radiation onset after sunrise are seen to be faster at low latitudes, 
and equinoctial rates i-e faster than solstitial.    Particularly long onset 
periods occur i" northern latitudes at summer solstice.    The noon maxima 
var\ from I to 2% of  hat occurring with sun zenith at latitudes just below the 
Arctic Circle at winter solstice to the 80 to 100% range at temperate and tropic 
latitudes at summer solstice. 

it is seen that solar radiation rate at the polar region at summer solstice 
is less than that for lower latitudes.    However,  this region is of interest for 
limb radiant«; measurement because of its'-continuous light and dark periods. 
In addition,  ti.e so-cailed auroral zone,  a ring of substantial width centered 
about the geomagnetic pole (75 N,   101 S),   is  of observational interest.    In the 
northern hemisphere this zone lies »•oughly between geomagnetic latitudes 
GO'N to 70 N with most of the land area underneath lying i.  northern Canada. 
The potential occurrence of noctilucenf clcids in this r< gion further empha- 
sizes the interest In arctic measurements. 

In summarv, lacking specific infe^mation as to the rate of atmospheric- 
reactions to incident sunlight,  it seems rer   enable to prescribe measurement 
Lrtervals which sample the atmosphere peiiodicallv according to the amount 
of radiation prevailing,    tonditions of interest would ue as follows: 

• 
• Newly-irradiated atmosphere 

• Peak irradiance 

• Newly darkened atmosphere 

« Nocturnal atmosphere 

Solar Disturbances -- Solar disturbances give rise to transients in the energy 
distribution of the atmosphen'.    The increase in high-energy photon flux from 
diFturbances can result in unmedi^te changes in the ionosphere throughout the 
sunlit hemisphere.    Increased corpuscular radiation flux produces changes in 
a period of days after »he disturbance which are evident equally in the sunlit 
and dark hemispheres. 

5n addition to sudden ionospheric disturbances caused by rectilinear radi- 
at^on emitted during flares, there are subsequent ionospheric and magnetic 
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Figure 46.    Sine of Solar Altitude,  Summer Solstice 
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disturbances produced by corpuscular radiation.    This form of radiation can 
have sporadic or recurrent terrestripl effects depending on whether the emifl' 
sion is short-lived or long-lived with respect to the sun rotation period.    The 
evidence connecting solar events with storms is statistical and circumstantial: 
apparently though nearly all major (2+ or greater) flares occur near sizable 
sunspots, and about half of the major flares are followed within three days by 
a magnetic storm.    (Storms are denoted by a high daily magnetic index - a 
parameter founded un field variations over three-hour intervals throughout the 
day).   Solar sources of recurrent storms have not been fully identified and 
there are i idications that weaker magnetic fields,  not associated with sunspots, 
may be the cause. 

Thus,  during quiet sun vears,  storm activity is appreciable; the maximum 
storm activity appears to occur iwo years after the year of maximum sunspot 
number (about the end of 1970 in the present cycle). 

Ionospheric .storms are nearly always associated with magnetic etorms, 
the disturbance ran last several hours or even days,  and the effects are observ- 
able on the light and dark sides of the earth equally.    All regions of the iono- 
spbere are involved,  with changes otrurrinp in temperature, atmospheric,  icn, 
and electron densities,  tonosphertc currents,  etc.    In general,  the storm 
phenomena  .re dependent on the «artli's magnetic field,  and at high latitudes 
aurora may occur along with alterations of electron number densities in the 
ionosphere and the derivation of "bays" on standard magnetogram records.    At 
the geomagnetic equator a decrease occurs in the horizontal magnetic field com- 
ponent with relatively little ionospheric disturbance either at the equator or 
polar regions. 

It is known that atmospheric disturbances resulting from solar activity may 
occur virtually simultaneously on the occurrence of an optically observable 
event,  or may occur with a time lag of days after such an event.    Despite the 
vears of studv about the effects of solar activity on high-frequency radio com- 
munications,  there is a*, present no way to predict the day-to-day variations 
of the atmosphere.    Such predictions are only for i>/erage conditions expected 
within a given month. 

The random nature of flare orcurr^nre, the relative mfrequency,  of larger 
flares capable of disturbing the atmosphere,  and the fact that they can be pre- 
dicted only on a statistical basis makes correlation with a probe measurement 
difficult.    Predictions of atmospheric disturbances thought to be attributed to 
the so-called "M" regions,  weak matnetir fiold locations not linked to the high- 
field regions adjacent to the sunspots,  would be of tenuous nature as well al- 
though there may be 2 7-dav periodicity assoriated with sun rotation.    Routine 
observations and reportine of solar-associated events include;   daily sun map- 
pine,  ionosonde and magnetocram monitoring WWV broadcasts of radio propa- 
gation conditions and geoalerts,  dailv forecasts by the World Warning Agency, 
and KSSA's monthly Ionospheric Predictions. 
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Collecting data cumcidt-tstallv with solar disturbances has precedent   but 
is difficult because of the random nature of the disturbances and short flight 
time of a rocket.    It does not appear desirable to assign a rocket specifically 
for limb measurement during sudden disturbances,  and probably not for gradual 
solar events.    Generally(  day and night measurements will encompass a range 
of atmosphene excitation states,  as indicated by ionospheric ion/electron con- 
centrations, comparable to those accompanying auroras and magnetic variations 
resulting from solar disturbances.    The limb measurement program should 
include means for measuring lomzanon levels over the region of observations. 
This can be done by onboard electron counters and remote ground ionosonde 
measurements.    In this way,   !.W!H measurements can be correlated with elec- 
tron den3ities and atmospheric iomzation levels at various locations and 
altitudes. 

Solar Hares are sudden,   short-lived brightenings of the sun surfaces in 
the region of a sunspo* producing increased ultraviolet and x-radiations and 
resultint» m simultaneous ionization enhancement in the sunlit hemisphere of 
the earth's atmosphere.     1 his enhancement,   or sudden ionospheric disturbance 
(SIIJ),  produces radio transmission effects and augmentation of the earth's 
magnetic field.    Most SID phenomena lay ■> or 10 minutes behind the flar« 
maximurr,,   although magnetic effects are seen more quickly and are usually 
of shorter duration than either the SII) or flare.    Return l«' normal may lake 
from I r> minutes to 2 hours. 

Sun maps are published daily,   and about ''0"'  of the solar flares are being 
observed.    Flares are classified as to size and only those of large size have 
accompanying SID'S,     Krcquen« v  and duration of flares are shown in Table 13. 

Table 13.    Solar Klare Frequency and Duration 

(lass 
Duration (minutesI Possible Flectron 

l.nhancement at 
60-km Height 

Average         Rr.nge 
,—_ i _  

i )r rurrencr 

I 20                 4-43 0. 044 U 2.   ■ 
2 30            in-i<n 0. 01 5 R 4.5 
3 t;0               iO'lSh 0. 002 H 7,0 
J' 180               ^0-430 

R     sunspot 

P. 4 

number 

The I-ITO-TI time period is just past th«  time of maximum 
I ho       ■ ' ■ --      . 
of 
a raf. 

sunspot number. 
ip current fonospherir Predictions   »f FSSA predict an H of PP at the beginnin 
1970 and an R of ^0 at the end of IP71.    Thus,  Class 2 flares may occur at 

"ate of n. 75 to 1. "^ a day in this biennium; ( iass 3 at a rate of 0. 1 to 0 2a 

NHF used Xike-Deamn and Nike-Asp rockets to measure x-ra% flur pro- 
duced by ^olar flarer, prior to their solar radiation monitoring satellite 
program. 
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tical predictive technique. 

3,4.J   Hocket Probg I.aumh Sues and ^overage 

It would be desirable to make use of existing launch sues and prior launch 
experience as much as possible m the t-arth limb radiance measurement.    In 
this connection.   1 able M lists potential launch sites and locations of the U.S. 
and foreign countries.    Site* m the I . S.  which are national or service ranpes, 
or which have considerable rocket launching experience, are designated in the 
table as "established.'    Such sit-s would be moat likely to have existing support 
services r» . essarv for the radiance measurement program.    Of the foreign 
sites.   Fort Churchill would be ;» desirable site because of us considerable 
rocket launch history and its northerly location. 

Since sola'- radiation is A dominant factor m establishing atmospheric 
states,  earth surface temperatures,  and surfa« •■ cover types,   it would be 
expected that a rational.- for determuuni; ',!;<• time and place of limb radiance 
measurements would be considerabh dependent on solar radiation character- 
istics.    Thus, the north-south viewing • xt-tit from one,   or more,  launch lati- 
tudes should be able to encompass the ranjjr of solar radif.-on levels oecurnnp 
throughout the hemisphere.    The onset and de; Une of solar radiation can be 
observed bv one,  or several temporallv-spared, probes viewing sufficient 
longitude to cover the entire sunrise-noon and noon-sunset intervals.    More- 
over, the launch site's i an be selected to giv« viewing coverage of a range of 
surface types whose temperatures and refiectan< r du tale the amount of earth 

emission. 

The latitude coverages of the five 1 . F.   sit» s,  all ••! w^iuh are within 10 
degrees of laMtud»- of one another,  are not preatlv different..;    Of the five, 
Wallops is the most northerly and afford? the best opportunity.>.for Arctic 
viewing.    Cape Kennedy,  followed by Kglin, affords the best opportunity for 
tropic viewing; although a' altitudes; above 300 Km,  all five view into the region 
where zenith solar radiation occurs at sorr r time durmj: the voar. 

If onlv r.S.   sites are to be considered,  the small difference in latitude 
coverage among their, suggests that onlv one ^itf  need be used to cover the 
solar radiation field.    If Vor' Churchill is to be < onsidered as a launch site 
as well,  a southerly site,  such a^ (ape Kennedy or Eglin,  «an be used in con- 
junction to nrnvide full hemisphere coverage.    For example, the geographical 
coverage overlap of the Fglm site with Fort Churchill is shown in Figure 48. 
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Table 14.    Potential Rocket Launch  Sites 

United States Sit ea Fureiffli Sites 

K itabliöhed Algeria: Colomb Bechar 310N    20W 

Wallops ialau^ 380N 75ü\\ Argentina:   Chamieal 30oS   660W 

Vandenberg/Pt. Alu^u 'AUS 120O\V Mar Del Plata 380S   580W 

White Sands 32Ü.N Jü6u\\ Ascension Island 80S   140W 

EgUn HJVS 860W Australia:   Woomera 3I0S1370K 

Cape Kennedy 2«C,N rf0O\S Brazil:  Cassino 320S   52 0W 

Kau u 22 0N 15'.<J-A Natal 60S   350W 

Johns;ion Island 17"N 17U('\S Canadü:   Ft. Churchill 590N 94 0W 

Kwajalein '."N 1G70K Resolute Bay 750N 950W 

Not Established 

7:
0

N 156GW 

Greece:   Korom 

Greenland:   Thule 

India:   Thumbs 

370N 220E 

760N 690W Alaska 

Ft. Barrow 

Ft. Wamright Tl'N 1600W Japan:   Akila 40oNl40OE 

Ft. Greely 640N 145°^ New Zealand: 

Puerto Rico 

180N 670\\ 

Cape Karikan 

Norway, Andog Island 

350SI730fc: 

890N  160E Arrcibo 

Pakistan, Sonmiana 250N 670E 

Surinam -60N 550W 

Sweden:   Kiruna 680N 20OE 
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3,4,4   Fhght Magg 

In this subsecuun,  a flight Bcheme is sug^'estfd which includes a range- of 
aolar rafjiaiion conduiuns occurring throughout tne northern hemisphere at 
various aeaaon« of the year, a mu uf earth-surface cover types,  and the use 
of existing launch sites. 

The flight plan involves a series of launches at units of winter and sum- 
mer solstice.    At winter solstice there is a wide range of solar radiation inten- 
sities throughout the henn«phere from which to sample atmospheric radiance. 
In order to sample solar zenith radiance and the effects of earth reflectance 
emission during the extremes of hemispheric solar irradiation,  launches at 
summer solstice are suggest«.! as well     This is of particular importance 
from a systems standpoint where extremes are desired to obtain data hounds. 
The apogee altitudes suggested .»re commensurate with ih<   performance of   
existing rocket vehicles with payloads uf 5*00-pound dass. 

A tentative flight schedule euen i>w: 

Launch sites: Churchill (or alternate   Arctic site) and Kglin 

Apogee altitude;     350 kilometers 

Flights:     Winter aolsticr; 

rhutchill .i 

Kühn 3 

Summer solstice: 

Churchill 4 

Total        10 

As noted previously, the observational conditions of interest in the diurnal 
solar passage are:   dynamic response of atmosphere to solar radiation onset 
and decline; peak level of atmospherir r^rhance; levels of radiance in newlv 
darkened and nocturnal atmospheres.    Table 15 gives the times and places of 
launches for the suggested flight scheme together with the solar radiation 
fraction prevailing at the view perimeter.    Faf h flieht series for a given place 
and date begins with a flight in which the westerly view is darkened below 
150-km tangent height and ends -Aith a flight in which this condition exists in 
tie east.    (An exception is made for the Fort Chur« hill summer solstice series 
since the sun does not fall this far below the horizon in this rase; her«- a tangent 
height of 35 km has been used in calculating solar altitudes and radiation Trac- 
tions. )   Thus,  the westerlv view jf the .mtial flight of the dav is of an atmos- 
phere which has been darkened all night,   and the last flight of the dav nas an 
easterlv view of newly-darkened atmosphere.   Intervening flights in the series 
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Table 15.    Launch Times and Places with Solar Radiation Fraction 

Launch 
Sits 

Launch 
Date 

Priority 

Flight 
Apogee 
Solar 
Time 

Radiation Fraction 

Fast 1 South 1 West North 

Churchill 12/22 
  

1 

5 

3 

8:52 

12:00 

1^:04 

0. 104 

0.070 

ob 

0. 156 

0.375 

0. 174 

oa 

0.070 

0.087 

0C 

oc 

oc 

6/22 2 

*> 

3 

3:25 

.,.()U 

1 2:00 

*>0-33 
i 

0. 30!* 

0.08!' 

0. 731 

0 

oa 

0.077 

0. 951 

oa 

0.454 

0. 743 

0. 292 

0.242d 

0. 559 

0.602 

0.242(i 

Kglin 

_       — ■     r -r ——- 

12/22              4                 7:0] 

3 12:00 

4 lfi:r-.4 
1 

0. 24 2 

0. 559 

ob 

o. 139 

0. 766 

0. 13!1 

oa 

0. 574 

0. 225 

0.242 

0.391 

Nocturnal atmospherr 

Newly darkened atmosphere 
v G )ntinuous night 

Continuous dav 
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are made throughout the day with b;gher solar aU'.tudes up to the maximum 
which cars occur wuhm th*j \iew. 

The radiation fraction cited m  I ab It- 15 is the sine uf the solar altitude, 
or solar radiation mtensijty,  at the apnropnate latitude and longitude,  and 
would,  of course,  have the Value of one for the zenith sun position.    The nor- 
tnerly views fro::; Fort Churchill are within the Arctic Circle where continuous 
solar radiation,  ur lack, thereof,  exists. 

The more noriherly...site ,if i urt t hurchill has appri. cialüv longer twihgtit 
duration than the Fghn site witfi twilight all night near tht ~urnmer solstice. 
The rnaxiniurn coverage provided by vehicles launched from these sites can be 
seen m Figure 4ö.    Launches from Fort Churchill will sample the Artie and 
North Temperate regions whereas launches from Fglin will overlap somewhat 
the \rorth   fernperate r«>i,«iofi and ilso provide tropical coverage. 

The flight program described m  I'aide lb is sufficient to meet the following 
obiecUverf: 

(Is     Sample up to >i".:. tu   ■ "■     of t};e maximum possible solar 
illumination level f;_>r all five regions and seasons. 

(2)     {'rovidea r--'^ ir.,i;   ■• ;:r:;::al ilit.  f'f enrounterinj: high^&llilude 
layer structure as   ■; served during i'SSH mcssureiTiPnt«. 

(3>     Sample .xli   liurna» •■ criditions including nocturnal,  ßunset, 
conttnuoua 'la^   m 1 nict'.t.  and hii?h noon m the Artii   region, 

(4l     Sample nocturnal,   s inset,  a-vi high noon in temperate and 
tropical regions. 

Some redundant coverage   T intermediatr solar iniensities exists within 
the temperature region between the winter Churchill flights when viewing 
south,  and the winter Fclin flights wh« ^ viewing north. 

In terms of objective f^'^a statistical estimate tan be madf^ r>f the proba- 
bility of observing high radiance lavers based on the t'SSH measurement expe- 
rience.    It is reported that on four  >Ut of a total of 30 probe flißhts,  equivalent 
(limb viewi radiance levels in excess of 3 '■: 10"'^ watt ' cm^-stcr were observed 
in the altitude range f. or', 100 to 300 kn; while viewing horizontally. 

The probability of obser/ing hijrh-aÄ*itude layers on any one future flight 
may be estimated by using 'he binomial distribution,   given as follows: 

I 
n: 

L,     x!  (n-xV. 
I 

Ti     P   1 
x   n- x 
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where 

P 

n 

X 

p 

2 

probability of success 

total number of flights 

1.0 

4/30 - 0.133 

I - p     0. 867 

On this basis,  the probability of success increases with number of flights 
as shown in Figure 4!».    With a total uf 10 flights,  the probability of success 
is about 0. 7.0. 

a. 
si 

i.O-, 

0.8- 

0.6 

i       0.4 

s o ■ s 
0.2 - 

-r- 

»u/BlR Of rtlOHTS (n) 

—r- 

10 
—i 

12 

Figure 49,   Probability of observing High-Altitude Layers on 
Any One Fligh' 

The iiriorit%- assignrd to rarh flieht (Tablo 1 5) is based on the number of 
oojectivta or different conditions encountered on that flight and can be uc %d 
to scale down the light program.    Two flights apriority (5)] launched from 
Churchill mav be eliminated without loss of generality but with aboil a 10% 
loss in objective (2),  i. « . ,  probability of observinc high-altitude layered 
structure.    In addition,  two flights from Fclin .onority (4)]  co; Id be elimi- 
nated with the loss of the minimum solar illumination ronditir-ns in the tropical 
region only,   i. e. ,  nocturnal,  sunset,  ard up to relative illumination levels of 
about 0.25.    Without these Ft:lin flights,  some intermediate illumination levels 
in the temperate winter are also lost^  as well as an additional 15% loss in 
objective (2). 
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The remaining six flights [priorities (I), (3)] are considered to represent 
the minimum flight prograni necessary to sample the wide range of atmospheric 
and sols'- illumination conditions expected to influence 1.W1H limb radiance. 
For purposes of reducing overall cost,  further reductions in the number of 
flights could be made based on a limited set of objc  lives. 

Two alternative three-flight programs are proposed.    One samples the 
diurnal cycle with three flights closely space in time.    The other does not 
cover the diurnal cycle but gives wider coverage of solar altitudes and radia- 
tion intensities,  meluding continuously lighted and darkened atmosphere in 
the Arctic, and requires fewer payloads. 

The first program, designed to sample the diurnal cycle,  would not include 
seasonal or wide geographical coverage and would have a reduced opportunity 
to measure during magnetic storms.    To sample th<j diurnal cycle,  the three 
flights would be timed at sunrise,  noon,  a'ui sunset.    The sunrise flight would 
he timed to view the nocturnal atmosphere in a direction opposite the solar 
azimuth.    In this direction the atmosphere will have been quiescent throughout 
the nmht.    In the direction of the solar azimuth, the sensor will view newly 
irradiated atmosphere.    The noon flight would sample during the maximum 
solar intensity.    The sunset flitht will sample newly darkened atmosphere 
(opposite sola/ azimuth* and atmosphere irradiated throughout the day (direc- 
tion o» solar azimuth),    (onductmi: these three flights within a time period of 
less than one week ensures high data correlation hut also prevents the reuse 
of a given payload. 

The second alternative progr&m provides time to refurbish the payload 
after recovery and therefore involves a small- r cost.    This program woulu 
sample virtuallv the entire  range of solar intensities throughout the seasonal 
cycle from a given Arctic station,   Kort Churchill,   for example.    The flights 
would be launched near local noon on or about rhe winter and summer solstices, 
and at an equinox.    As such,  the range f,f relative solar intensity varies from 
a low of 0. 07 to a high of 0. <'? and includes a sample of continuous sunlit and 
darkened atmospheres north of the Arrtu  rircic.    The latter flight would be 
launched near the autumnal equinox during which there exists the maximum 
monthly frequency of aurora. 
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SECTION 4 

INSTRUMENT DESIGN 

4. 1   HA C KG HOUND 

Thedeslgnof an infrared spectroradiomete'" fi^r u measurement '.'f the earth 
limb requires the solution of several difficult problems not usually encountered 
In more conventional infrared radiometers.    The spectral radiances to be mea- 
sured are extremely low,   spatial resolution is to be high,   and tl ^ wavelength 
bands !>f interest extend over a broad range.    This means that a cooled optics 
instrument of verv high sensitivity i.   mandatory.    The spectral enei gy mea- 
surements must be made in spatial locations of .he atmosphere which are very 
close to the earth.    The earth radiates very strongly in the spectral bands of 
interest,   since it is roughly a 300-K blacsbody and therefore .   strongly inter- 
fering source of unwanted stray radiation.    Stray radiation can reach the 
infrared detector b\ diffraction and by diffuse scattering.    The problem of 
performing a successful 1H earth limb measurement is somewhat similar to 
the problem of measuring or observing the corona of the sun without an 
eclipse.    Therefore,  the technique and tueory of comnograph design is utilized 
in the proposed Und. measurement spectroradiometer. 

Attenuation of stray ra iiati'-n is acnieved by use oi low-scattering optical 
components and by application of the boundary wave diffraclioi   theory for a 
series of baffles and apodized stops to attenuate diffraction noise.    Internal 
thermal radiation is suppressed by cooling all parts of th" instrument,  including 
the optics,   to a temperature of JO K or less.    The great majority of existing 
high-sensiiivity cryogenic infrared radiometers use ■„ folded reflecting tele- 
scope design which may be roughly categorized as Oa:1--grain-style systems. 
Tor limb measurement applications the diffraction from the secondary mirror 
support struts becomes a serious problem.    If the use of struts is avoided by 
supporting the secondary mirror on a refracting window or corrector as is 
done in certain catadioptric designs (sue!   as the Wuestar telescope) then one 
is faced with, the problem of providing a large-diameter refracting element 
vhich transmits over a wide spectral band.    In addition,   it ii   r^ccssary to 
suppress unwanted internal reflections within the refractive element through 
the use of antirenection coatings.    Unfortunately,  these coatingp must operate 
over the same wide spectral hand of 4. 5 to 25 microns,    Such problems were 
avoided entirely by choosing a telescope design based on the use of off-axis 
sections of parabolic mirrors.    It was decided to use multiple focal planes 
since at a focal plane the desired signal power is concentrated,   and therefore 
any baffle or «top will more efficiently separate the unwanted stray radiation 
from the desired signal radiation.    Since previous Honeywell studies established 
that conical blackbody cavities were more efficient optical baffles than any 
other type,   the optical design includes puch baffler as licht traps.    In essence, 
the principle is to form an image of the interfering astronomical source of 
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unwanted radiation (in this case,   the earth) and then to tuuse the miage power 
to fall within a cryogenirally coded black body-type light trap where the power 
is pumped away.    The stray radiatiun attenuation will therefore be achieved 
in the most efficient manner.    If diffraction and scattering did not exist,   the 
total entering earth radiation would be removed by tin» process.    Diffraction 
acts to cause a small p »rjion of the image to    spill over" the trap and proceed 
through the optical system to the detector.    By proper placement of internal 
stops and by the use of apodization techniques this diffraction power may be 
attenuated to acceptable level.-»,   consistent with the instrument requirements, 

Houndary-wave   liffraction theory,  a powerful and useful too] for corono- 
gruph (lesigr. is utilized t" describe the interplay between incident radiation, 
apertures,  and resulting diffraction. 

The essence of the U)undary-wave   liffraction theory is that diffraction at 
an aperture may be completely described by splitting the wave at the aperture 
into an undiffructed geometric optics component :tnd .1 boundary-wave com- 
ponent.    The geometric-«'ptic-wave component proceeds through the aper"   re 
by nit iple ray-trare optics wiiile the boundary wave .>riginates ;it the Ixmndary 
or rim,   of the aperture.    T'e great utility rif the method or theory is that the 
boundary-wave component als«   rr. I'. if treated using only geometric optics 
concepts until the n<-xt   liffrarting aperture or edj.'«- is encountered,   after 
which the process repeats.     Kach of the two < i-jginal wave components can be 
re-divided  it the new ijoundary \nXf two new cfimponent?5.    losing this 
extremely powerful visualii'ati« •. and c-ftrnputationa] to<d,   it is possible to 
trace the course of  üffrarte i radiati* n thrrnigh the optical syFtem <>{' an 
instrument. 

As diffract!' n ra iiatii n I ecn.o attenuated to manageable lev-elp the 
diffusely and specularly sc ittere ! earth radiation could become the dominate 
optical noise in the system,    (For mnvenience,   in this document diffusely 
and specularly scattered earth radiatir-n will be called   "scattering".    To 
distinguish it from the stray radiation scattered from diffraction,   we '.vill 
refer to the latter a~    diffraction", t   Scattering occurs whp:   ver the 
relatively intense cart!: irradiates anv surface of the instrument in such a 
manner that unwanted radiation enters the optical system.    The most obvious 
and conventional solution to the problem of minimizing scattering is to shield 
the objective aperture of the telescope using an optical baffle assembly.    It 
•s possible to minimize the scattering from direct irradia^ce of the primary 
objective mirror by demanding an exceptionally high po)is    on the mirror to 
reduce the scattered component of the transmitted wave and by hiding the 
remainder of the optical system behind a small aperture (pinhole) in the first 
focal plane.    By far the most effective means of minimizing scattering is to 
use a forebaffle which shields the nbiective aperture as completely ac pos«ib}e. 
In the design nf the forebaffle,   an attempt .va= made to make all light traps 
in the baffle as clo=e to a conical Mackbody cavity as practical in the 
allowed baffle volume. 
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(S)    The speLtrul reparation means prupose j is an (.»ut-t'f-plane dual-grating 
I.ittro'v monochrometer wrhose entrance aperture (slit) is placed at the second 
focal plane of the optical system.    The Littow system nieets! the design gualn 
while preserving the high off-axis attenuation ratio of the telescope.    No 
moving parts are required other than a radiation chopper.    Spectral separation 
of the hands is achieved by the use of an array of 2^ individual detectors.    The 
height of each detector (corresponding to the vertical dimension in the earth's 
atmosphere) is a constant 'J. 5mr,  while the width of each cell is a function of 
the width of each spectral hand.    Either doped germanium photoconductive 
detectors or photoconductive mtrcu'";. cadmium teliuride may l'-' used in the 
Instrument provi Hng either choice lead.- to an arra\ where each detector is 
in the  lO14 

or- better !>     ranee. Hecent measurements .1 Ixickheed Missiles 
onductive and Space C'o,   .■ ;t;   J. Honeywell mercury cadmium teliuride photorondu 

detector has indicate I that a value  I)   ■ bx lü14ci!   sec" ] •- watt '1 was 
achieved with a standard (il^t   iHV cell optsmUed for reconnaissance work 
at a 10-micron wavelengtl;  -t 1- .*-.. 

(Ü)   There is u novel treatment of the lon^-wave IU channel from  )7 to 2!.i 
microns.    Because of the wide bandiwdth und lonj; wavelength of this channel 
it is not practical to :ud.ievi    .t-   - [H'ctr.t] seporaticti in the grating mono- 
chromatt>r.    The ^ratinitj monoclir.^nab r therefore operates from 4.Ü to 18 
micron- ,   arid the lon^-wave channel  i-   split out of the optical beam by reflec- 
tion off m   mgled flu :d iuu  u irror fr>ounted on the back ol the blade of the 
radiation chopper.  The radiati'ti ;■   therei v folded to the side every time the 
chopper closes off the main be.ir .     \ simple blorko.j multilayer interference 
filter is used to isolate b •■   I   - t     J   -r- irron band.    Tlierr happens to be 
adequate signal :>•■.=■»•:• in thi« channel,   -<   it !«■ not even necessary th^t tht 
following mirror intercept t-■   entire c nvercint' i-ean .    It is therefore pos- 
sible to mount a n irror   -n ■ n<- ; i i ir of  .. two-idade    s< issors" type chopper 
to minimize the amplitu ie re(^iire ; '■ r cl opprr nudii n.    Tables   V> and  ]7 
summarize the propo^rd instrurr-.*'r,t c!  .racteristirs. 

;. 2   ( >! 1 -AXIS R \1)I \ IK IN Ki i F:( TS < t\ : /\ 

(U)   rsing the metlu-dology   lerived in sections 4.1 and 4.4,   values for the 
power fallirii- on the detector as ä functir-n of tangent height were calculated 
for four representative spectral regi« ns (5, 0 to 5. 7 microns,   10, 0 to 10. B 
microns,   17.0 to i.:; microns,  and IP. to 25 microns).    The radiation levels 
obtained were for the worst conditions in all rases:   in fact,   such items as 
the filtering effects (transmission l'ces) ■ f the atmopphcre as well as losses 
incurred in the Instrument (optical transmission etc. ) were not considered. 
Therefore,  as a first approximation to account for these effects,  the calculated 
values of diffraction wore reduced by a factor of 10.    Next,   the effects on the 
diffraction level caused by adding apodization were investigated.    The results 
showe I a reduction factor of 100 may be achieve-; with proper design.    Thus, 
the calculation of diffraction radiation falling on the detector was reduced by 
an additional factor of 100, 
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(S)   Table 17.   Operational Summary of Instrument Characteristics (Ü) 

Item Characteristic 

Instrument >ue:    17-in.   iiameter x 4ö-m.  length 

! ield of view:   0. :> mr lazimuth) x 1. 5 mr (altitude) 

|     System f/no i. 3 

Attenuation BafHe:    !UW (f    I degree off-axi^) 

Ap^.-Uzation:   io     (due to hvut stop,  apodized apertures) 

Operating Upt.ral l avitv:    -M) K to ^ K 
1 emperature I 

-i—        

detectors :M/,..   .._ ,. x  <_ , ,. ^^ 

\rr.tv   t-.v.    .., t;-;'i-..   0. KH m.   long and 0, 200 in,   long 

C'ryngenic Co- 1 Jovvrr    * ''.r-- 
ScherJuIe? 

H-.M: ^ 
I 

(»per !tf,:    20 n in 

Calibration Inflight i KM 

92 

SECRET 



§1 

UNCLASSIFIED 

The calculation approximating  'iffraction plus scattering radiation falling 
on the fJetector as u function    1 tangent height it- shown in iigures r)0 through 
53.    Alsti plotted on euch curve is t'-t- linsb radiation failing on the detector. 
.Notice in i igure iü that the diffraction plus scattering radiation is negligible 
compared to the signal.    1 igure JU,   however,  shows the unwanted radiation 
is equal to the   signal at at.^ut 100km.    i-ortunately,  the S/N varies as the 
square root of ihe sun. (.* the two curves,    \ more thorough analysis is 
required to this band to evaluate t*.e actual effects of diffraction and scattering 
about 100km.    1 i^urt-  >- sh'-.v- tt;at tlie diffraction and scattering do not 
affect this band,    figure Vi shows the U - U   25-mJcron band in which the 
effects of diffraction un : ^eattering art tise most serious and  equalf the 
signal radiation at H'ikn..    .several factors,   liowever,   maj lielp this bami. 
The atmosptiere,   for exat:;pk',   r^-,»- .-. lurge attenuation in this interval which 
may help reduce the unwanted radiati"ii »vhen a more precise calculation m 
performed.     \L-v ,  t.'.c ban! i-   .-:i;t    :: b>  itsell and does not go through the 
monochromator;  thus,   nsas.r.uig ■ pt:i-.K'.-tj' r; can \>v performed,   i.e.,  an 
evaluation to fin i if the signal level   ir   p- faster or slower than the diffraction 
and scattering level-; a- ttii   '.ivli    '. vieA- s^  varied, 

Fn i'onclusiori,   L pre hi; in>-.r-.  ■.■ .iri.l.itsi •■ • Mhc effects ol diffraction and 
tscattering phow that,   in r; ■ -t > .  >   ,   f ' •■  are negligible,   and,   in the 
remainins- case-,,   there i-       ;.   t'  .t   ■. r    r<   thi rougli analysis and design 
can eliminate or minimi/e t'.e  >   effect' . 

4.:!   DKThc T« d! SKi Ki  PI«  \ 

The choice of   irtert"r:   '      "   .-   .', f-iirati'-n invrdve^  several tradeoff 
factors (see Table  1' h    The pru;   ,•• nsi u ration i ■- th«   rjetectivity,   which 
ultimately determineH the instrun-ent -cn'-itivity,    < I1 < r factors relating to 
the choice • f  letector nrc operating ten p« rature,   limiting optic s f/number, 
spectral and frequency rc^p" n^o,   *izr lin it'-,   array technology,  and statt' ol 
development.    The   letector« ronsidrre i for thi? application were Ge: Hg, 
Ge: Cd,  Ge: C'u,   in! i!g<" IT*1.    Herause all detectors in the rpectral regions 
of interest ar    to operate -.rithin ih ■ -arc '•pti'-a] system and,  therefore,  at 
the same focal surface,   it i5-   iesirahde that they all achieve their best per- 
formance at or near the same temperature,  to minimize thermal gradients 
in the focal plane.    For this reason,  an : b   reduce manufacturing cost and 
schedule,   it is   lesirable that all detectors be of the same type,   if possible. 

\ first-order tradeoff study was conducted to determine the most 
satisfactory detector for this application and the result? arc discussed in 
the following paragraphs. 

The f-tc:ll£  letector was not suitable for this application because of its 
lack of response in the 3- to 25-rr.icroD region and was subsequently elimi- 
nated from frrther consideration. 
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Fieurp 50.    Power Fallinp onto Detector from Signal    'us Dif- 
frar'ion and Scattering,  5. 0- to 5. "-micrOii Band 
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F'igure nl.    Power Falling ?n*.   Defector from Signal plus niffracfion 
and Scaftering,   10.0- to 10. ^-micrcin Rand 
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i-'1 )10    US 

FlCure ^2     Power Falling onto Detector fro:. Signal plua Diffraction 
^ and Scatterinl  17. 0-to 18. O-rmcron Band 
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Figure 53.    Power Falling onto Detector from Signal plus Diffraction 
and Scattering,   18. 0- to 25. O-micron Rand 
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(S)   The Ge;Cu A'us eliminated,  ewn though it had demonstrated ;   D   of greater 
than 3 x lO^crn sec " ^'-watt'^,  because oi more severe operating tempera- 
ture requirements. 

(S)    The two remaininjJ candidate detectors, pe:Cd utuJ (ILgCd)Te.   both have 
exhibited capabilities of I)   values of b x 10     cm sec " *'- watt "*; however, 
high electronic crosstalk during operati:ig and the necessity for cryogenic 
preamplifiers make the Ge:Cd   ietectors much less attractive than the HgC'dTe 
detectors.    The {li^  DTe detector- exhibit low crosstalk (due to the inherently 
low '.mpec'ince) aa i operate from standard uncooled pre-amplifiers. 

(U)   Therefore,   :t ftr-t-'T ier tradeoff study dictates the use of (HgCd)Te 
detectors.    Thj parameters entering into the tradeoff study are Bummarwed 
ami compared in Table IB. 

4. :*. 1   Detet tor necfiani in ! < omparjson of Detector Types 

(I )   An ideal quantum detector may be   Jefined as a detector which has a 
quantum efficiency (-) <>'' unity up to a certain cutoff wavelength Of) and - 
equal to zero beyond ^c.    Such a   ie^ice can detect all quanta incident on the 
active area and !"<>M;    bu^es no internal n<dse.    The detectivity of sue'] detec- 
tor is limited by the unavoidal le fluctuaticinf r- tiic background radiation due to 
its quantized nature.    These fluctuations set an upper limit to the detectivity, 
or l>v.». "f l detector ■,vhich depends on the ;>ark^r<>urid temperature.    Photons 
obey Btjse-Einstein statistics wide?  determine their distribution with wave- 
length as well a-  t!.cir variance in u particular energy interval,    l-or back- 
ground temperatures L PS than J'O K r>nd wavelengths less than 50 microns, 
Doltzmann statistics give  i c '• ' apprnximati'>n to the l'.<.se-hin-tein statistics, 
and the variance,   (Jk-'f;")  is equal to the total number of quanta .'}^ detected by 
the detector with an area of Irp-',    The root mean fluctuations per second 
are giv-^r by 

V^'H' ^v^; 
The value of .ijj is determine! 
temperature. 

the catofi wavelength 0 ( ) and background 

R N\  (T,>.)d> 

wliere N\ is the i'lancn photon spectral density. The l>est dctect'vity of an 
ideal detector i« achieved at the spectral recponsivity peak >'„, We assume 
a signai-to-noise ratio of urity for the minimum detectable signal. 
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Then hc/t*    vJjjtA    ■   monüchror.iaüic   • TIUI power (Pj.) where t is the 
counting Interval In seconds, A the Jetector -.«.u.    In term.^ uf electrical 
bandwidth,. 

c 

Thus th'- background-limited infrared performance (HUP) BpectraJ detectivity 
is defined as 

I'.I.Ii' 

t—     *— 
VA V.1: 
 p  (cm )!• ^"/waM) 

V.'heVJ}5 

For photoi i.nductors,   internal noine (generation-recombination noise) is 
doublt? the backgrouml ü.-:.'..-,  and th«* quantun  efficiency is le^s than unity. 
Thus 

i>x    (i'<     td if» 
2Vu    V   .1, 

Any detector c m apprr>ai h id li'  i>    if its drin inant noise i;- d»j* t'> the 
(»ckground and its quantum efficiency if ( lope i" unity.   As the background 
temperature is reduced,  n-is«   iur t.f <   background is reduced,  and this 
n«dsr mechanism lose? its   lominance. : 

T'r.e background-in-iu  i  ,'> i-«   ■.,•>,.'.• T      ~ \-<    ietecto.-can l>e defined H* 

-H i: 
yv.r  «   qrii/.i VJR/w^     -^j:   ^- 

If the detector has unlimited photoconductiv*e gi=in,  (',,r,  wherr 

- M   E 

PC 

tfien  v-j] is always tktminant, thr ietector i? close t'   BLIP,   '-aturation of 
the gain,    iue for rxarr.ple. to   "c-A-rep-ouT" usually lirr its the rob! background 
Performance of ruin-ideal  ietrrtorc. 

t    Thr ultimate limit of detectivity in the thermsl eQuilibrium detectivity, 
f>  .(pronounced !)-dagger of lambda).  This value of detectivity is based on a 
state of thermal equilibrium ex'sting between the ietertor and its environment. 
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i.e. ; the detector temperature in equal t»- the temperature of the spherical 
background^   The signal i* i   small perturUition on the lattice tenifxTature. 
We write I) \   as follows: 

lünü\      (X      i.  1.  M)V)   «   D\     p.  . f,  i,  U\&) 

HAU 

g-r 

v ^ -' v ,   , 
g-r l/f j he ( n.   ) 

i 

■   T 
i 1 / . 

I) ET T BKI 

Thi* condition follows froH   the near n.u im-u  noise behavior to be expected 
if» n-type intnn^K  photDCoodueU-TB.    i-, .vwer.   because we have neglected 
the efft?ct-H ol sweep-out, l m equation also assunws the exletonce of an 
unlirrdted photoc..ndurtrvr- gain,    Furthermore, the equation alfno ansutne* 
that the  loin imint fi»-; lutra-r.   for free-earrier recombination if radiative. 
When thin is tru,-,  the pbntoc m \\n live lifetUrse m»)    ■  written 

where (;r, the r;itr nf «.pontaneous rjpc< n ! lnati«>n radiation al thermal r'iui]\- 
brium,   is given by 

(", 

f r \ 
.3      (   /    J (cvp (;, . -Ti-I 

«  a.52 s 10     r " T   . 

2. ^ x  10' 

j n 

3 

ET   J 

T- , / 

>{    )exp (- ) d. 

1)) exp (-     i 2 r 

if    ■ o 

where esp      i)rT 

mi 
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The vuiue of <Jr  aeptnas explicitly on the inaterial parameterB,  i.e.,  tlie 
average absorption cyefhcieut .?,  tiie index of refraction r;,  aau the bandgap 
Kg-ap,    Tti*reftire,   !) x   which, ha» already tieen ri(>rn)ali2ecf hy definition to a 
l-cm- detector and a n^ise baadwidti) of 1 Hi truly represents the ability of a 
given materiai ta detect far infraed ra iiation. 

I iruilly,  the uptimatn value uf thickness,   d,   mu^t be iletermined experi- 
mentally.    The chosen vuiüe A ill represent a trade-t ff between maMmjjing 
the pesponsivity,   spectra] {*.■■**, and quantum efficiency,  .vnd '»y minimizing 
the effects of surface recombination velocity.    1 igure r>4 is a plot of I) x  for 
(Mg, (   l)Tt:. 

r igurt?   IJ fxpji". i- I igure M U   show the behavior o} !>*,   in th»j 8- to 
l4»micron regif-'n.    üetfcctivitiee in t*H iange id i0^.nfi4cm .i7 W^/watt 
require operating lensperaturei ■*•;  «  approximateh ' (f K al 10 microns.    At 
15 rnicrfins,   the cooling requirement ss more f»-\tr«- and Ihr temjK*ri«ture must 
be decrease i to the iQrK r mge. 

T'if l>  m n>  l\:\>- has been evaluate i for •» Ijackground tep\ "rature of 
-' '»'K and , '.•u- leg field  d view,    S> t«- that ts.o I)  HUP llr,<' eatabliihe« 
the detector temperature and wavelength at which sperfairini becomei ineflet- 
tiv»".    ! .-r example,   the ietecUvit?     ' ;»'■ ll-mii ri>n  uderU-r will be invariant 
with fir! !    f visa? f r ail ten peratures greater than lliO^K. 

The '.ipfw-r limits ' r  ". s -■   ; r  n (ilg< d)Te are compared with extrinsic 
doped tie i". i igure   ='■.    Ts-r    r/miitj! '.•- for the calculatiot) were: 

Harkirr ^un : ten pcratu. e   = K 
Background emis^ivit;,     -    0.02 
Field   d /iew   ~    \     'pg 
j^    »       14 micron?,  unlep« r>therwice noted, 
f-enfth   -   0. 01 cm 
Width   =   0.01 cm 
rhickncfäH,  (11*:*   üT?1 1    microns;  IhickneFS,  {(>v   ■   0.2cm 
Quantum efficiency   -   0. ''■- 
\ Ifetime;    » 1.0 micro«iecon      =  ; varied a.6 :•- function of temperature, 

\  h   fhf inherent theoretical advantage of (Hg( diTe with re^fject to 
higher operating *emperaturep ?rhen c< mpared with the doped germanium 
letectors. 

4. 3. 2    hetertor i ■   ■ i Kp-i^*   r ^n ! \   i'^ 

iv-.pe i germanium ietectorfl have been studied at low background tempera- 
ture« by n. E. Bode    f '-anta Barbara Research Center (Hef. B),    With ;• 
back ST'»und irrafiati n.&f 10:' photon cm'^sec** detectlvitiee of 
D\   2 1 \ 10'^ 'n-H? *'-vratt" * have been observed in 0. 5mm x 1. 5mm(3mJö* 
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F'-jnr4:--    f Detector T?!   p^rsture ar^l a Varying 
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Fllfure 5S.    run'iarr.pr,?al ] jmil as a Funcfion r.f 
Wavelength and Tcrrif^rature 
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'ietector 
1 D 

In imaiier ieviteb (ft. 1 sun x u. 1 mm) wiih 3x 10     phott^n cm * 
s on the order DI 1. 4 X 10^3 have been (.»bsierved. see-4 i) 'a on tbe order Dl 1. 4 s lüi-' tave been t>bsierved. imilar perfor- 

.iiiince is expected m rriercury Cädnuun; teliuride(Hgi d)Te detectors ol tlie 
mxint: active area or smaller. 

*uatance.    Under very lo* bacfegrifund eiifidui^nb.   its res^tatu-e will be 
tween 10^- and lu1"1 ehms.    In ard#r tx- cuuple the signal into an amplifier 

(me i>i tr.e uperattn^ Jifficultie^ with duped gei'iiiamuni ih its very high 
res) 
between 10^- and 1014 . hn;fe.    Ln order to c<:>uplt 
it is neces-jiiry b   use a loud resisu-r which mysl be kept to a reasonable value 
such a^ 106 b. 10^ uhms.    Such a value >-d kiad resistor thus appears us a 
nhurt circuit t" t^e lei.ecbjr.    The preampUlier ^ees the load resistor,   and 
both load re-ii>.?' r  o;: pre^t! plifser must !=r i<>i led to detddnr temperature 
in order le n.if'.O': !/e their Joho^itl !iiii*e.    The signal tudse should Jjr.dt the 
^y«ite!f: in the Ideal i *-e.    The -^igi^il \'dt-gr pn vuled |Q the preamplifier 
|8 ^Iven by 

V i   H. 

where      V      5   signal vdl.i^v 

i      a   »hori circutt current 

R.   ■   li'i i resistor 

Th»' phs ••   iifrtal if 

lg    >   {    w :A=  -.-..    / • 

wher^       -    -    qvmnUifTi «--ffb im':- 

Q "   --iknal pJiOton trr^-diÄöce In p'' b »i cm "s^c 

A * detector area 

- ■      Trirr iifctin-r 

r - electron charge 

M - mobtiity 

-- * plcrtri-: firi J 

•' - =ppar;\ti-r  between fiel ; c-ntact? 

The phiotocondiiCtivo g^in (G     ) i? defined hv 

<< pr 1  
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Hen«.*; 

ta   -   i^A?.(v 

und \      =   C«Q   A) e G     R. 
S S DC       L 

The noiHfc per unit bariiA.Uf, is made up of two c<>n,p<-nenlt-,   namely (*-H 
noi.se and Joto«efl nfiise.    The  1/f fiojbt: will in t be coaeidered in thin argumer'.. 
Ttm rti\H d-H noise per  init ^ärviwijt;; i& given by 

Vn  r  H    -    2 (^q   A>l/J   .        .. n, «< - H - e G       H, 
|jtf      I. 

and the rn-n JoHo««! B  :-«- per unit basdwidtl   ii  given t'\ 

n. 
U.S.   H, r'" 

- 

where      k BottiTnaitn1        •-!.;■.•. 

Tj        terijwr it .r-     :' 1 reslsti r  i\ 

The «stgn.il-tu-n.i-f r kti    U      t itB« ! i y < ombinlng all (Imse termi 

N 

(*g   Me G      h, 

¥ VGR '-..r 
4- Q„ A (P(,     H, ) •* 4K T,   H, T7T 

wherr i^,, represents t^ckground ptotoos. 

In order to maintain H! T perf^rmasce the G-B noise tern  mupt be the 
largest v-ontrihutor in the total nfdcr ejepressiotL.    In a photoroniur-tor,  the 
C"t-R noise In twicr the hack£r-un 1 ph'ton nojpe.    Hence,  tr. keep H] IP per- 
formance the ratio of G-H ?.< i-e tc ,'■ hnton noi^e mupt be ap large ap poFFible: 

.1/2 
-Ü     A 

k T. pc      I 
1/2 

This equation shews that th^ load resistor must be cooled for the dosed 
germanium detectors ami the value of the load resistor must be as high as 
possible.    The quantum efficiency ?nd photoconduc^ive gain are fixed for a 
given device hut both, should be as high as possible.    As the background 
radiance is reduced,  the l^ad re«ictor,  RL,  or the detector active area mupt 
increase in order to keep the «ame C.-R noise to Johnson noise ratio so that 
nt.IP performance is maintained.    Tor mercuT j cadmium telluride detectors 
this ratio becomes 
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I ' '^H * 

I) 

ti/2 
i/:' 

»here     BD   -   tt{gCd>Te 4«tector r«sist&£e« 

becauMfc the (Hg(    fTe ietecUir tas aei as Us MTB load resittDr«    1 or rellh 
operaHai riet."  i ; ^ 4. _'K »•;«.• v^iue oj H . it about So ohi««,    In eotnpari«oa 
to the u^e of germanluo;  Rp « •■-};,    «■ u.>. m^ane thai the prt-ainphfifr now 
respüfifln te the deteetor -ut^ui    ^eo i trcuit \'. ituft-.    TSir bias fiuppJ> loud 
resist-ir H,   im m>t seen LV t'A- pr«.-.*." piifurr.   sj*d finuf M üft^d not he tit tlie 
cryogenic 3*tector lemperature.    Because the (HfCd^Te detector hit *uch a 
low imptvkirut ^ >• cormetttöi s ■! le« ma)  bf quite lon.i thus allewiRg i\w u*r 
of ä converiti. rial r^ »:.■;-♦«-.•• j»'r..;ur«' j.Tf-^rp outside oi the cryogenic envii'un- 
ment.    Trie quantum efflcieai >    t {V^   iJTe U u. -» t^cuui^e of it« high 
ub^c^rptton an.l tr i^ value can be in  •«..-«; Iw o. g i \ the usi  <! antjreflectjon 
eoattags. 

In (Hi.5   |FTe tb« iiffts.'rf   n.'jx-tvi« tflversclj4 o!1 t!i«J squiir*   root ot bftck» 
pH>und radiance    - that M the background Is re iuced,  it«  iifclinir inrrea^e^, 
and,  more ImportasUj, th« ;J'.. t i   rtda 'wt  ^in Increases: 

i, pr 

«B 

ii s ,    wl,rrr   K - •,  rn alizlnf f onstant 

Therefore 

pc 
t>? 

^rr 

Placing thiäü into the rati-  ejipression Ur ihr- tm-o nf-i^r t ottiponentB 

I/. 

v—- - \ K Tn ; 

■ A   il/2 

P   K   M 

Q 
T7T 

'■ 

pi) 

r. 1/2 
;j 

1/2 

Thi? last eqnaticn chow? that (HgCd)Te ha? an automatic gain feature that 
maintain? the sane ratio of G-R nrise to Johnson noise nf> matter how the 
back^rmmd is reduced.    Once a detector of this type is BLIP at 10^ photon 
cm"-sec'    it veill remain fully RI.TP to the lowest of background radiances 
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(ü)   Ä'Uf; aalj il   sä   feiectricai b*nJ>vKnh.   Trus me&ns that the 'ieiector can 
tjperate   -ver ä vtxv  «-ide dynairiic rangt- uf bscKgrt und UTauiantf with iitüt- 
ücgraaiiiiiin m perfar^Äfic#,    The duped gern^aniuni detecturs,  ou the other 
hand,   with tkmir ss&t&i lead resistiirt ef wry high value,   nvust only be used 
at low backgr'-ari-i ievels» if  BLIP  }>*• rfunnaiice K- W be preserved.    At 
T^   *  ik the ratio si G-R noise tu Johnsun n> jt-r If given by 

G-H -   «   i.o; x ic m, Q^J i/ 

(Id   i ur eiariide,   is or ier fef t'.ih sti   t^   ■„>*»   .  ..due of ^ with a bark- 
ground otQm a   16^ P    '   '•    ■'   '--»■>•"'      .   ..    rtM-t^ r td 4 \  ICr  <>tiniS would 
he require!.    A i»h amplifier Ispä rev.!..*   i-    ! • ui h ^ high value it ib 
po-irtibU- v   |g| i-upb-    i ill | ■   i teteJ,    h* «uintion tbe gerniamuin quantum 
efflrifnoi^-i -ir»-   tbi el   '. !       -   *   ^sl *Ken ihr \\\i   Upt^ <d ijeterlor are 
cofrs^ire t.   '.; •• r '-r   ..r'-      ■■   ■■ :_•:   U-Uurlde will t-imw up quite well. 

- 

- 

4. I   DO 1 H \i   flOS AMAI ':   I 

I. h t ,en<;'r.ji ! Hm si   ;   - 

{! )   Th*- pr' : ifr-     f sn?»-: '   :■■ ■    '   '•    :     ;;"r,o led iiK! ! li :* r-ajor one.   in a 
UniE' n.vA^urvt' r' i •.•■':  .•   ••'..     TKt- :  a,'; ijt:* t B ürf«- sriife h rontniiutrK 
to IBfraeteö ilfht, lirt#r*«rlii| rtt   • e iti^^ gpegtrnradiofBgter gy^ts^  is- 
the part-.   rrprrsrntr ;   ■     .    :.••-■ ts^ig sti tonperatrre frofti 22(1 

(>)    When off-»xiw r i d.i?;   S ^   R   ©M   f-.rt    i«= rrc rjvrd hy 1i)r in^truruent, 
the prirrar;/    pti^ f rr    i     .fr     t^ ; emrti   tfHage al thf prinary focal plane, 
^ome  sf fbf diflraefe I eserg-   *p^ari    tt-asii at thip poUA and may l.>e <d 
«uffirient level li^ sbscsre t <  tarcet ur.jr^^ it ii properly attenuated. 

(D   The Appurat-^ n    f -. r ■•> rrapl-.. prin^ iple« b  the detign <d tM« intdru- 
ment n.re be«t exrh\ine 1 by gsamtfttäf in detail an analysd?- rd fie "iKHsndary- 
w:\vr  liffrartion t^eory.      Tht? theory,  presented by Thcmap Young in 1B0 2 
and mathematiraUy «^h?tantiate i ry Ruhin^wicz,  propogep thfd diffraction 
'■»ccuring --eithin the geometrical image &t the nbiert IF due to puperpn^ition 
of the direct iilunnn^ti^n fr-'m t'-e crurre and rylindrical wavefrffnts 
originating at the boundary or rim    f the aperture,  v.-hi]p diffraction 
occurring within the genmetrical chado^-   d the aperture ariPe? fmm rmly 
the cylindrica! wav-efront« originating fr^m the aperture txmndary.    t^jng 
Oils theory,  the evolved tec5 nioue ailows calculation od diffraction effectp 
a« «in'ply a.« esiabtisMnf the gerrretidral ?hadcw t>c>undariep. 
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Uiffracticju effects in the system may be examined beginning with the 
optical .system layout,   illustrated in Figure 57,    This system will image a 
source such that Urradiance at the center of the image is  found by 

II "N 

w he re 

ft 
i 

N 

f/no 

4 (f/n... r 

itnage irradiance 

peak l.anibertian radiance level 

f/number of the system 

u; 

provided the source is l.ambertian on-axis,  at Infinity,  and the exit pupil 
half-angle allows sin 8' « tan &'  - >>'.   These conditions are all met (within 
a minimal error) in the spectroradiometer system. 

The earth being considered a Lambertian source,  possesses an infinite 
number of effective source radiators as shown in I'igure 58.    Choosing the 
most convenient equivalent radiating surface,   namely the plane located at 
AA '(refer to i'igure 3H> we have an off-axis plane source imaged by a circular 
mirror onto the back foe U plane of that mirror.    The utorture stop of the 
system is the combination of the baffle enclosure and the primary mirror, 
subtending at the exit pupil a half-angle satisfying the conditions for equa- 
tion (1).    In addition,   the earth source is less than tan"' (2H/I.) degrees off- 
axis for all Inclination angles of interest so the irradiance of the image will 
not change appreciably with inclination because of the functional dependence of 
the source radiance being that of a cc -me.    Therefore,   the irradiance as 
calculated by equation (1) is valid for the undiffracted image.    However,  dif- 
fraction does occur and spreads the image at. the edges.    The amount of this 
diffracted energy within the geometrical shadow of the source is needed since, 
in the spectroradiometer system, this is the stray diffracted energy which 
appears on-axis to interfere with the target. 

A technique for extrapolation of the diffraction pattern was given in a 
paper by II.  Nagoaka (Ref.  9).    The paper describes an on-axis circular 
source,   illuminating a circular aperture.    The .mage "skirt" shape is shown 
to become nearly invariant with source radius for source radii > r = 100 where 
r = KR sin @ (see Figure 59 for parameter definition).    This may permit treat- 
ment of the aperture-limited image as a circular one,  provided the above 
mentioned limit has been surpassed by the source subtense.    The geometrical 
edge of this effective source must be colinear with that of the true source in 
the vicinity of the optical axis (see Figure 60) and as shown in 4. 4. 2, this is 
the case.    Therefrve,  the "skirt" of the true earth image (which is not. circular) 
may be considered to be caused by an effective circular source of very large 
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Figure 57.    Basic Optical System Layout 
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radius,    Off-axi« position will be considered i(> have a negligible effect on 
skewing the diffraction pattern.   Therefore, the technique of N-igaoka may be 
Utilized wherein the irradiance of a point off-axis (on the "skirt' ) is calcu- 
lated.    The geurnetry of the spectn.radiometer system relative to the Nagaoka 
treatment is shown In Figure 61^  whert it can be seen the baffle aperture or 
pinhole lie4 at the image plane on-axis.    Using the described approach,  the 
pinhole irradiance may be easily calculated.    Assuming the energy distribu- 
tion to be uniform over the pinhole,  the power transferred is simply the pro* 
duct of the irradiance calculated and the  pinhole area. 

cmcyt*« vj(-«a 

MOO»* <AiJ<HT> Ml rkACTiON 
PAIURI» 

B*nu 
»PtRTUH 

TOW i*SUMC'-OWlTRV 
£rf tCTlVl CIRC.U»« PL*H»» 
t*«T!< vmma 

Figure r^l.   SImtlartty of Proposed TOM Svstern to System 
Analyzed by Nagaoka 

The boundary wave theory of Thomas Young allowB the calculated energy 
present it the pinhole to be traced throughout the remainder of the Bpectro- 
radiometer system.    Referring tn Figure 61,  it may be Been that the pinhole 
lies within the geometrical shadow of the circular earth source,  and,  there- 
fore,  wavefronts causing its diffraction irradiance are due only to the ring 
or aperture rim component source.    Therefore, diffraction effects after the 
mirror may be considered by treating this ring source as that source causing 
all ensuing diffraction. 

Calculating the diffraction pattern on the second mirror becomes the 
problem of calculating the intensity distribution of a locus of point sources 
radiating through the pinhole,  the locus being the true aperture (not all th"; 
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primary mirror is illuminated with earth light,  ar\d the tme locus is the 
periphery of this illuminated region).    Howeves, the assumption of a circular 
locus (the complete mirror periphery) is made tt»'simplify the mathematics. 
Stretching this point,  the assumption of all images on-axis or equivalently, 
an on-axis optical system, will be taken for the remainder of the report. 
Consideration of the angle involved in the physical system layout justifies this 
first-order approximation. 

Returning to the character of the true point source locus,  two rim com- 
ponents are evident: (I) the aperture rim and {2) the mirror rim -- each 
contributing four distinct regions of elemental earth radiation.    The assump- 
tion is that this locus contains unly one of these components,   namely,  the 
mirror rim.    Proceeding from this point,  now,  the intensity distribution on 
the second mirror can be found by the line integral of the locus of point sources 
around the mirror rim.    However,  an easier method is offered by the principle 
of superpoHition by making the assumption of a circular pinhole instead of 
reactangular.    The mechanics of integrating the irradiance over the pinhole 
are considerably reduced by the fact that the resulting diffraction pattern 
from a point source on the primary mirror rim is axially symmetric.    There- 
fore the total pattern from all polntfl on the nm will likewise be axially 
symmetric.    The power on the secondary mirror {the integral of the diffraction 
pattern over the mirror area) for each component point source on the rim is the 
same due to their axially symmetric property,  and the total power from the 
rim is simply the sum of all component' powers.    Diffraction from each source 
can easily be found,  neglecting the off-axis skewness,   Iw considering the 
classic condition of a point source on-axis illuminating a circular aperture at 
a distance such that Fraunhofer diffraction dominates.   The far-field intensity 
distribution is well known and is shown in Figure G2.    Integration over the 
mirror yields total power passing through the mirror.    The mechanics of this 
integral are reviewed in section 4. 4. 2,    This approximation -- replacing the 
reciangular aperture by a circular one having a diameter of the shortest 
rectangular dimension -- is valid for order-nf-magnitude power levels: how- 
ever, whether the result is worst-case can only be derived from further 
analysis. 

A mask^is applied to the collimated beam as shown in Figure 57 such that 
applying the boundary wave theory, the energy passing through the mirror is 
caused only by the rim source of the pinhole, the mirror now being the geo- 
metrical shadow ot the original point source (as shown by the effective mask 
in Figure fi3).   The pinhole rim source,  now is the sole source of diffracted 
light for the remainder of the system.   Imaging it onto the detector through 
the collimating system produces a (sin x/x)2 (sin y/y>2 type of pattern for 
one point on the pinhole (rectangular rim) rim source.   The total pattern is a 
rectangular locus of centers, each pattern having the (sin x/xr (sin y/y)2 
form.   Mirror power integration is simplified by assuming (again) a circular 
baffle aperture and using the aforementioned integral technique.   This method 
is elaborated in 4.4. 2, for the approximation case,  namely,  a circular pinhole. 

114 

UNCLASSIH1ED 



UNCLASSiFIED 

»JL;    I  —•*«— ,1 

^umi ^oi«ct 

•/ 

h 

Figure 62,   Diffraction of On- \xis poinl Source at Infinity Ulumina- 
ling a Circular aperture 
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Figure 63.    On-Axis T.ena Analog to TOM System 
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4.4.2   Uetermtnatiun of ir lux Through tbe Finhcle 

Determination of flux through the pinhule (baffle apertur*) will now be 
examined.    Referring to the t.-eatment of Nagaoka,  the power at un off-axis 
point for a circular source illuirunating a circular aperture is 

2J,(u> 
i 

dA 

Source 
Inage 

where the origin ta at the point of interest.    (Refer to 1 ig^re (J4 and Figure- C5 
for the geometry of the situation. )   The constant normalizes to unity the total 
incident power passing through the aperture.    This integral,   in the language 
of mcdern optics,   ran be transformed into a two-dimensional convolution. 
Proceeding to the determination of a and 6 to be: 

* y ■" [J-^l 
ö    * KR a 

where a and d are defined in Figure 66.    What is being done here la to inscribe 
within the true earth plane radiator a Circle,   and then determine whether ite 
image radius lustifies the large-radius circular-source approximation.    If 
such i?« the case,  the inscribed circular planar earth source can then be used 
in calculating the skirt of the diffraction pattern.    The resulting integration 
is much easier than had the true earth source (a noncircular source) been 
used.    This is illustrated ir. Figure r)T.    Applying Nagaoka'B procedure to a 
computer (for the case o! points outside the source image),  the irradiance level 
is easily found.    Multiplication by the hole area yields total power,  as the inten- 
sity is nearly constant over the pinhnlc.    Thin is the amount of diffracted light 
passing through the pinhoie produced by the primary mirror. 

Stationing the mask in the collimated beam effectively places the eecondary 
mirror in the geometrical shadow of the primary mirror rim source,  and we 
can easily calculate the diffraction produced by the baffle aperture, utilizing 
the circular aperture approximation.    Lumping the rim source of the primary 
mirror into its power-equivalent point source, the resulting distribution is a 
Bessel-type i   iensity over the secondary mirror (neglecting skewing offne 
image).    Integration over the mirror yields power through the mirror (Figure 65). 

Now treating the diffraction produced by the final mirror, the source of 
diffracted light is the pinhoie power-equivalent point source, again treating the 
rectangular aperture as circular.    Diffraction over the detector is found by 
simply imaging this point source onto the back focal plane of the mirror.   The 
resulting intensity distribution is similar to the far-field pattern produced by the 
pinhoie, namely a Bessel of revolution.    Detector power is simply its integral 
over the detector. 
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The integration used in power determination with the circular aperture 
approximation in effect,  given an off-axis point source at infinity illuminatir 
a circular aperture, will now be examined. 

Receiver power for a = R (see Figure 65) is 

infinity illuminating 

+ n/i        r(e) 

.IT/3 

2J 
KR r 

LL_L 
KR r o 

7~" 

rd rd B 

where H0 is peak irradiance at the center of the distribution.   Integration 
over ail image space yields , 

R   » 
R 2P 

<xfr 

In these expressions 

K       =    2rr/\ 

Ro   =   aperture radius 

P.    =   total power through aperture 

f      s   focal length 

Simplifying 

n/2    2R cos 0 

PR " 8Ho   / / 
o O 

J» 
rd rd 8 

where 
KR r 

isforming variables 

2KR R o cos 9 

JjCu) 

"a 

TT/2 

i PR B 8 H« n           o 
o A dud0 
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Realizing the identify 

2 

^ ' -7 3=  {^C»^,2«")) 

the above reduces to 

2P„       H2    U(^,        J,2(u) 
■H"-T    /    / u dud 6 

o o 

2P„ 

Ml/ v'-j>'0 
u(e) 

de 

p TT/2    . .      I  0 

(6) 

TT/2 

-J    j   {y[u{0)]} 69 

de 

where 

u{0)  = 
2KR R cos 0 o  

yCu(0)]   =   1 - Jo
2 Cu(0)] - Jj2 [u(e)] 

4.4.3  Diffraction Calculations 

The previous discussion, using Nagaoka's procedure, related the diffrac- 
tion resulting from the illumination of a circular aperture by a large circular 
source.   These principles have been applied to a computer program written 
to evaluate the level of diffracted energy and to trace It through the optical 
system.   The resulting values are derived from diffraction occurring at the 

120 

UNCLASSIFIED 



UNCLASSIFIED 

front baffle of the system and entering the tube. Some of the diffracted ene* rfy 
reaches the primary mirror while the remainder is absorbed and attenuated by 
the forebaffle system. 

In the one-dimensional approximation computer program, a line source 
was assumed,  infinite in azimuth and displaced from the instrument optical 
reference along the elevation.    The following parameters also apply: 

Primary mirror diameter ■ * in. 

Primary mirror focal length ■ 12 in, 

Pinhole diameter = 0. 01 in. 

(Jollimatmg mirror focal length ■ 7. 5 in. 

Blackbody earth source temperature = 300CK 

Figure f>8 is a characteristic plot of the diffracted energy at the -irst relay 
ov collimation mirror for a tilt angle of 1 dog and a wavelength of 10 microns. 
Since the pattern is symmetric,  only half has been plotted.    Figure 69 shows 
the result of integration of the diffracted energy in comparison with the signal 
energy and indicates the effectiveness of placing a Lyot stop (mask) in the sys- 
tem between the collimating mirrors in order to reduce the relative effect of 
diffraction. 

In the same manner, a two-dimensional case computer program was uti- 
lized to calculate the diffracted energy through the pinhole. The results were 
as follows: 

Primary Mirror v (^) >• Spread (p) Pinhole Energy (watts) 

4-in. dia.                 5.35          5-5,7 4,4 x 10 

4-in. dia. 10.4 10-10.8 2xl0-13 

4-in. dia. 12.95 12.8-13.1 5. 7x10"14 

6-in. dia. 21.5 18-25 2.2xl0-12 

4. 5   OFF-AX IS RADIATION 

-8 - 11 Attenuation of off-axis earth radiation by factors of 10     to 10      ,  depend- 
ing on the wavelength,  is required of this instrument to prevent masking of 
limb radiation by a 1-deg off-axis earth.    This earth radiation may be coupled 
into the limb sensor field of view by diffraction at various apertures,  scattering 
from optical surfaces and edges, and by internal reflections.    The required 
attenuation is achieved by a combination of cooled blackbody cavity baffles,  a 
low-scattering primary mirror,  and a series of apodized stops, 
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Figure 68,   Pattern of Diffracted Energy of First Relay Mirror 
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F'igure 60.  Cumulative Signal and Diffraction Inergy at 
First Relay Mirror 
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As was atated earlier, diffracted earth energy is reduced by an optical 
design similar in concept to that employed in the Lyot solar coronagraph. 
Most of the energy diffracted at the f 'ont baffle is absorbed by a blackbody 
cavity hood and cone at the primary focus.   A major portion of the remainder 
passing through the focal plane pinhole is blocked by a Lyot aperture located 
between the collimating mirrorti.   (For its effectiveness,  see Figure 68. ) 

A Fourier transform computer program has been compiled to calculate the 
diffracted field strength throughout the system.   A preliminary analysis has 
shown that 10"** watts of diffracted earth energy in the 18- to 25-micron band» 
pass through the focal plane aperture when the earth is 1/2 deg off-axis.    This 
increases to 2 x 10'^ watts in the 10- to 10, 9-mjcron band.    The first baffle 
was confirmed to be the primary contributor of diffracted energy. 

Further diffraction reduction necessary for adequate system performance 
will be accomplished by the Lyot stop.    Its effectiveness is increased by 
apodization with a serrated edge.   This directs energy diffracted by the stop 
away from the optical axis toward radiation traps, 

Stray earth infrared radiation also reaches the detectors by reflections at 
surfaces within the sensor.    This reflected radiation is reduced by a series of 
forebaffles and a post baffle (Figures "0,   71,  and 72) using the blackbody 
cavity as the basic design element.    The forebaffles consist of a series of 
cone traps intercepting off-axis energy included within an a2-deg cone,  as 
radiated from the earth into the entrance aperture.    The post baffle is a black- 
body hood with an inner cone that accepts and attenuates the off-axis earth 
image as focussed by the primary at the first focal plane.    This energy is that 
within a 7. 5-deg cone for this preliminary design. 

Figure 72 shows the 8-deg baffle acceptance angle and illustrates the 
image of the earth at the first focal plane from the earth radiation directly 
impinging on the primary.   The small cone provides the first aperture stop. 
The hood (semi-cone) provides a blackbody cavity for the earth image. 
Honeywell tests on blackbody cavities have resulted in attainment of greater 
than 10*J rejection with an L/D ratio of approximately 4. 5 to 1.   The L/D 
ratio, as proposed,  is approximately 7. 5 to 1 for the post baffle.   Cascadln 
of the two baffles should provide a rejection capability of greater than 10" 1' 
and further testing is expected to verify this. 

T. 9 basic purpose of the upper forebaffle design is to provide conical or 
blackbody baffles such that earth energy as it impinges on the upper portion 
of the radiometer barrel cannot be seen by the primary on the first bounce 
(specular) or the first source of reflected radiation (diffuse). 

Even though no direct earth radiation impinges on the bottom side of the 
instrument, the upper baffle edges are diffusing and scattering.   The most 
critical edge in radiation effect is the last ba.Tle edge.   The lower forebaffles 
are positioned to block scattered radiation from this edge,  such that no sur- 
face reflects or diffuses in a third-order effect. 
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Ktgurt- 70,   Cavity (Blackbody) Upper Forebafflea 

Figure 71, Cavitv (Blackbody) Lower Forebafflea 
(total developed ficsien' 

wtr  »tr- ■ m* 

Figure "2.  Farth-Focused Image Attenuated in Black- 
body Cnne anri Hood 
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This design provides an attenuatHn of off-axis. irtray<4lght earth energy 
In a manner such that direct energy \s attenuated in a cavity.   No surface t« 
exposed to the primary that radiates second-order reflected (specular or 
diffuse) energy.    Each baffle edge is slightly off (0. 010 to 0. 020 in. ) the field 
of view.    It follows, therefore,  that off-axis,  stray-light effects are pre- 
dictably attenuated except for edge effect«.    Specular reflections at the edges 
of stops and baffles can only be prevented by having sharp edges.   The Honey- 
well Radiation Center ha& fabricated for the Canopus Tracker (Mariner '69) a 
baffle edge with a radius equal to or less than 30 x lO*^ in.   The same technique 
can be used in this proposed application. 

Some direct earth irradiance impinges» on the primary directly.   It i   not 
practical to completely shield »he primary behind the forebaffle because h i» 
desired to measure the earth atmosphere to within I deg of the hard horiton. 
The forebaffie length for a 5-in. diameter primary would have 1,0 be L « 5 in. / 
tan 1.0 Jeg s 2M in.  ■ 24 ft long to completely shade the primary.    Efforts 
to increase the L/D ratio by the use of a honeycomb (soda straw) for^bafflr 
fail because the forebaffle tubes, themselves,  greatly increase diffraction, 
and stray reflections occur within the tubes to produce unacceptable noise 
levels. 

The direct-earth irradiance on the primary mirror is directly focussed 
into the blackbody trap in the first focal plane.    A small component of this 
radiation is diffusely scattered into 2- steradians,  .'nd the slit aperture in 
the blackbody focal plane baffle intercepts a portion of the scattered com- 
ponent.    Once the scattered radiation enter! the first baffle slit,   it is within 
the optical path and cannot be attenuated further.    It is,  therefore,  mandatory 
that the scattering coefficient of the primary objective mirror be low.   SutK 
sequent optical surfaces do not need this quality of finish. 

4. 5. 1   Scattering 

General -- Earth radiation scattered from the primary optics and passing 
through the instrument field stop must be controlled and minimized because, 
unless the scattered radiation is of a sufficiently low amplitude,  it may 
obscrure the target energy being received by the detector. 

The primary mirror in the instrument is illuminated with direct earth 
radiation Hjd and with indirect earth radiation H|j coming from the instrument 
internal baffle surfaces.   The amount of radiant power intercepted by the 
mirror,  then,  is given by 

Pm   '-   (Hii + ^ Am 

where 

A_   »   mirror area m 
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The radiation incident on the mirror at an angle a scatters according to 
a  ' Bcattermg coefficient ö{u),   which defines the amplitude and direction of 
the scattered component.    The pinhole receives the scattered energy directed 
into its field of view as given by 

i' p_ ö(u) r.h rn 

where ', h - the solid ui.gle subtended by the pinhole ut the primary mirror. 
Examinutiftn of the final equation for the power received at the pinhole 

! (M Id 
If   ) A     Me)   .h 

11 P1 

shows that the iscattered radiation can be mimmi/ed by minimi/.ing a number of 
variables.    However,  because of the instrument requirensentP on aperture size, 
illumination,  and field of view,   the only variables which can be controlled are 
Kj, and 6{u).    The indirect earth radiation has already been discussed. 

The scattering coefficient ö^! is the furu tion of wavelength,   angle of 
incidence,  and mirror characteristics such as substrate,   overcoating,   poliph, 
etc.    Recent tests with 14 sample flat mirrors provided by the Speedring 
Corporation of Warren,   Michigan,   provided the following data: 

Material 

304 stainless (no coating) 

440 stainless (no coating) 

Merylliurn (no coating) 

rJOSl alurrinum (electroless nickel) 

Hrass (no coating) 

Brass (electroless nickel) 

Loc-Alloy (electroless nickel) 

Quartz s'-bstrate (dielectric mirror) 

Percent of Scattering 

0. 14 - 0. 53 

0. 4-2.0 

1.35 - 3. 2 

0. 14 - 0.46 

5. T - 6, 4 

0. 96 - 0. 42 

0. 22 - 0.375 

0. 0005 

The teating was performed using a helium-neon laser at 6328Ä in order to 
evaluate quantitatively the characteristics of the different materials.   The teet 
specimens were polished using the same technique for essentially the same 
time.   The data do not reflect the best polishing effort but do present a basis 
for relative comparison.    In addition,  each of the coated samples (electroless 
nickel) have been representatively submerged into LN2 for a shock thermal 
test of coating adhesion with no trace of crazing. 

The resulting data were included in the tradeoff to determine the most 
suitable material for the system reflective optics.   (Further discussion of the 

I 
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choice of material for the optics is presented in 4. 6. 2.    It wil' suffice at thi« 
time to state that mirrors made of aluminum substrate with an electroles« 
nickel overcoating have been ctosen. ) 

Scattering Calculation» -- The level of earth radiation seattered from the pri- 
mary mirror and passing through the field stop can be computed on the basis 
of mirror scattering measursment» recently made at Honeywell,,   Measure- 
ments have been made on three full'scale mirrors made of aluminum with an 
electroless nickel overcoat and polished to a high degree.    Both visible 
(63281) and infrarei' (10. 6-micron) measurements were made using lieNe and 
CO2 laser sources incident normally on the mirror surface.   A (HgCd)Te (IR) 
detector * photrmeter (visible) »** used to detect radiation scattered in particular 
directions, and a chopper ir »duiates the laser oeam to distinguish signal energy 
from the ambient background.    ! igure 73 shows the typical test setup for the 
measurement.   The detector is first calibrated by measuring the energy 
scattered by a (iiffuser plate.   A barium sulfate diffuser plate is used in the 
visible, whereas,  in the infrared, a sulfur slab was constructed and exhibited 
excellent diffuser characteristics.    Figure "4 illustrates the l..ambertian 
characteristics of the sulfur slab. 

LJ mtt ytsti L 

LIGHT-TIGHT BOX 

Fipure 73..  l.ight-Scatterirg Measurement Technique 

Th. illuminated <*pot is smaller than the  detector field of view   and. there- 
fore, with thTdTfSser^n place, the irradiance on the detector fs gtven by 

H     =      * J~    cos a (watt/cm  ) ' 
d -rr2 

where 
P     *   incident power (watts) 

i 
c    ■   diffuser reflectivity 
d 
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Figure 74.   Scatter Characteristics of Sulfur Slikb 
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or      ■   angle from normal incidence 

r      *   distance from sample to detector 

The rnirr"- ; : a specular reflector and the laser beam is highW collimated. 
For example, the secondary maxima of the CO2 laser beam is 10"^of the main 
beam peak.   Therefore, to a first approximation, the intensity at the detector 
scattered from the mirror sample will be independent of r.   The irradiance 
therefore is given by 

Pi 2 .Hm(a)   = -^ 0(a) (watt/cni ) (3) 
b 

where 

A.    ■   area of illuminated spot 
H 

6(a)   -   angular scattering coefficient 

Measurements of il.e primary mirror show that for t> = 15 deg, the ratio 
of mirror-scattered intensity to diffuser intensity at 10. 6 microns is 10"^. 
Therefore 

H    (") 2 A/   \ R 

Hd       Ab cd cos Q 

To apply these measurements to the limb measurement sensor,  it is 
necessary to relate the scattered component to the input flux.   The desired 
quantity is [from equation (3)j 

IB 
H. 

1 
-   ö(a) (5) 

where 

H.    =   P./A. 
1 lb 

However, using equation (4) 

H   (a)      A. p. co: a - 
m b  d    _ in-5 .ey 

—H—       x  ' ' i nx- 

-2       2 
Since A. * 7. 5 x 10     in. 

p.   ■   0,85 
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cos o   =   0. 96C 

r   =   4 in. 

Then 

1.2 x 10 -8 

i 

In the intended application, earth radiation will directly illuminate the 
mirror from about 1 deg off-axis to the angle defined by the cotangent of the 
forebaffle length to diameter ratio.   At larger angles off-axis, earth radiation 
will be absorbed by the interior of the forebaffle before illuminating the pri- 
mary mirror. 

.,   The total irradiance on the mirror is the sum of these two components 
and,  for the ''i-micron window region,  is estimated under the following 
conditions: 

Temperature of earth = 270C,K 

Emissivity of earth =1.0 

Minimum baffle angle = 10 deg 

Absorptivity of baffle = 0. 98 (diffuse) 

Spectral bandwidth ^ 1 micron 

Diameter of mirn..  = 5 in. 

Direct illumination within the minimum baffle angle and averaged over 
the mirror surface can be determined by the sum 

Q. 

u. 1 
A. I N Met) Am (a) 

where 

N 

0 

A m 

= earth radiance = 6.4 x 10*   watt/cm -ster-micron 

= incremental solid angle subtended by earth (measured at aperture) 
a incremental mirror area 

" total mirror area 
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Summing throughout off-axis angles from 0 to 10 dc . yields 

H.   =   3 x 10"6 watt/cm2 

Using mirror scattering measurements for a = 15 deg,  the irradiance at the 
field stop for direci illumination on the total mirror surface area is 

H    - 3 x 10"6 x 1. 2 x 10'8 x 127 = 4. 6 x 10" 12 watts/cm2 

s 

This corresponds to a photon flux of 

8 2 Q   = 2. 8 x 10   photons/sec-cm 

This number may be small since the scattering measurements used were 
for off-axis angles of 15 deg.    In the intended application,  off-axis angles in 
the range from 5 to 10 deg contribute the largest fraction of the total direct- 
scattered component.    Measurements yet to be made may show a larger 
scattering coefficient 5 to 10 deg from the incident beam. 

A conservative estimate of the indirect earth radiation reflected from the 
baffle interior can be made by assuming the baffle is a cylindrical cavity with 
an effective temperature equal to that of the earth (27ü0K)r  and with an emis- 
sivity equal to the reflectance of the interior surface.    Black paint (such as 
3M Black Velvet) will achieve an emissivity on the order of 0. 98 with good 
diffuse reflectance properties. 

The radiance of the baffle interior surface is then 

N.   = 2 x 10"3 x— x 2 x 10"2 = 1. 27 x lO-5 watt/cm2-ster 
b ~ 

Assuming the entire interior surface of the baffle is illuminated, then the 
view factor from the mirror is nearly 2-' steradians and the irradiance on the 
mirror will be 

H. = 1. 27 x 10"° x 2- = 8 x 10'3 watt/cm^ 

This radiation is incident on the mirror from nearly a full hemisphere and, 
for the most part, will be reflected off the mirror, outside the detector field 
of view,  to be absorbed by internal baffle surfaces.   A small portion,  however, 
will be scattered into the field of view and to compute this quantity, the hemis- 
pherical scattering coefficient must be used.    For the mirror Jested, the 
hemispherical scattering coefficient is estimated to be 4 x 10"°. 

The scattered component will be distributed throughout a full hemisphere 
and as a result the radiant intensity for the entire mirror as viewed by the 
detector will be 
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J     = 8 x 10'5 x   ~ x 127 x 4 x 10"G 

m 2" 

is 

J     a 6. 5 x 10'9 watt/ster 
m 

The focal length of the primary is 31 cm so the irradiance at the field stop 

H     ■ JLUL^L r   6.8 x KT12 watt/cm2 

(31)' 

This value of flux iensity ut the field stop corresponds to a photon rate of 

8 2 Q     =   4. 1 x 10    photons/sec-crn" 
s 

The actual photon rate from this source is expected to he somewhat 
smaller for two reasons,   namely: 

• The earth does not illuminate the entire interior surface of 
the baffle. 

• The effective emissivity of the baffle interior will be larger 
than 0. 9B,  due to the presence of numerous knife-edge cavity 
traps. 

Summing the flux from direct-earth illumination with reflected radiation 
from the baffle interior yields a total photon rate at the field stop of 

8 2 Q (total)   =   fi.Ox 10   photons/sec-cm" 

The NEFD requirement translated to flux density at the field stop yields 
3.4 x 10" 12 watt/cm^ for a mirror reflectivity of 0. 95. 

The equivalent noise photon rate is therefore 
a 9 

Q   (NEFD) = 2 x 10   photons/sec-cm" 

Based on these calculations, earth radiation scattered from the primary 
mirror degrades the required signal to noise ratio by a factor of nearly 3. 5. 
In terms of the model radiance/altitude profiles, the scattered component 
reduces the upper-limit tangent height by about lO'Cto maintain a signal-to- 
nolse ratio of 10. 
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4. 5. 2   Baffle Interior Irradiance Analysis 

A useful quantity in baffle design is the irradiance from the earth along 
the top edge of the locus of the interior edges of the baffle plates.   From this 
plot (irradiance on a 1-cm2 square versus distance into the baffle tube) the 
baffle designer can deternrune an optimal separation and/or arrangement of 
the plates. 

In the analysis of this irradiance function, what is desired is the inte- 
grated radiance of the earth source on a squaie area, the integration being 
over the solid angle subtended by the source {at a given receiver-square 
position).   In the following analysis, the locus of the interior baffle edges is 
referred to as a "tube", and the problem is simply that of performing integra- 
tion on a point receiver with given recejver-source geometry (at each receiver- 
square position).   Tube geometry relative to the earth is shown in Figure 75, 
the earth-tube system being symmetric about a plane containing the axis of 
the tube and the center of the earth. 

Interior tube irradiance is 

H, 
r f      N(%) co, 

L. J ~-~7 
s n   dA r      s 

Receiver Source 

where 

N(^ )    ■   source radiation law 

dA s 

dA 
i 

% 

= elemental source area 

* elemental receiver area 

■ angle from source normal 

= angle from receiver normal 

= distance between source and receiver elemental areas 

The geometry of this integral is illustrated in Figure 76.   The integration 
is performed within a spherical system centered at the point at which the 
irradiance is to be determined as shown in Figure 77.   Integration over theta 
(the azimuthal angle) is performed first.   Two limit functions *?(£) are neces- 
sary, as 0 is first determined by the source {a « 0 s ^) and then by the 
aperture {${ s * s ß), where a = 0. 5 deg, 3 ■ tan-1 (<r/t-d).   These limit func- 
tions are shown in 4. 5. 3 to be 
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Q = 0.5 
y = 30.8° 
R = 6.23 X 10° cf 
H = 7.3 X I08cm 

Figure 7 5.    Radiometer Geometry 
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dA 

SOURCE dA 

RECEIVER 

Figure 76.    Transfer Geometry 

CR0$S-S£CT!0(» 
VIEW OP TUBE 

0< d< | 

•   MEASURED FROM V l«TO Z 

Hgure 77.    Receiver-Point Coordinate < System 
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9 (2, d) = eos 
0 

-1 sin (> » u) - sin > cos § 1 
cos > sin I ' 

i 

9A(?, d)   •   cos" (^d) tan | 
1? 

where ös (j, d) and 0A (ä d) are tKe sphere and aperture limit functions, 
respectively.    Irradiance is therefore 

HT(d) 

•• 

*• 

^J.(J, d) 

7   Nt' 
-9s(;.d) 

f              f 

s cos fi    dA r      s 
"~5— 

i- 

N{- „) ct>s n   tiA ■            r      ^ 

-i    -Vd'd) 

where J^ is that polar angle deterrrnncd by the intersection of the limit func- 
tions; ^j is shown in 4. 5. 3 to be 

I   •   CO« r sm (y-i/t -     r" ^n'<>* .7) - :2r ein >- U-d) co(j>" (t-d) roii y ) 
2r sin y-  (t-d) con t 

l/fl 

By symmetry and source projection considerations shown in Figure 78, 
we have (assuming I.arr.bertian raaiation) 

HT = 2N: /     / 

9 ii.d)     z2 sin Jd * d 9 
 -—      cos T.   cos  1 cos i- r s 

3 V-d) 

& o 

2 
:    sin J d ^d g 

cos S COB  n     COS  r: r s 
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4Al m ELCUEHTAL SOU«CE AREA 

c*A   ■ ELEMENTAL COOSOIMATE SYSTEM AREA 

1} l = WOJECTIOH ANGLE 

ORlCm OF SYSTEM 

Figure 78.    Angular        .ense Considerations 
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where Hffl   )■ N~ cos n .    Realizing cos ^ = sin | cos 6 

HT = 2N 
/ / 

sin    0 cos 0 (* 0 d * 

1       / sin- 5 cos 0 d 8 d $ 

Integrating first over theti» 

\i      -   2S    (    I       »to    ; sin rJ*s(;. d)id? 

/ 
?in" ; sin [».(«d)] d« 

This transcpndental integration was done by computer with inputs being 
earth-tube geometry and radiance level of the source (300oK blackbody). 

4.5.3   Integral Limit I-unctionp 

The integral limit functions are found by expressing the source (a sphere) 
and the receiver (a cvlinder' in terms of the system shown in Figure 77. 
Coordinate transformations involved are shown in Figure 79 and are 

x'  =   x   + d o 

y Y   - r 
■'o 

z'   =   z. 

x  =   x   cos y - y   sin y 

y  =   x' sin y ^ y' cos y 

z   -   z 
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Figure 18,   Coordinate Transformations 

The aperture expression is 

,1        ,2 I v     ^ z       s   r 

x'  ^   t 

while the sphere may be expressed as 

x£ * (y - Hr + z     =   IT 

In terms of the spherical system, 

y     =   o sin 0 cos 9 
■'o 

z     a   o sin i sin 9 o 

x     •   p cos 3 

they are, respectively 

2 2       2 (p sin 0 cos *? - r)   + (P sin C sin 6)   s r 

p cos ^+ <f • 4 
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f (o cos j + d) cos y - (p sin J cos 9 - r) sin yj 
+ 

[Cp cos 9 ♦ d) sin y * (p sin $ cos Ö - r) cos y- H]' 

2 2 (p sin $ sin 9>     ■   R~ 

E'liminating  p  from the aperture function yields 

~  a «   -   U-d) tan a 
COS   0     - M  

iztrsK that a   =   VH" - R" i while recognizing 
its limit function becomes 

s true for all points on the sphere locus. 

2p.d cos ; ' u" - 2p.r cos 0 sin : ir 

•2H ,(p. cos :- * d) sin >+ (;. sin v cos 6 * r) cos y] = R' 

where 

Solving for cos &,  and recogni ymg 

VfT ■• R2 

ir -   sin (y + «} 

the above expression becomes 

C3^ cos y sin 5 

Equating the cos 0 expressions produces the 2 of intersection of the limit 
function!?,  $|.   A quadratic results, which is solved for cos fy,  namely 

[2r sin y - (4-d) cos yj cos   $. - 2r sin (y + a) cos 0. 

+ (I - d) cos y  *   0 

This yields the aforementioned expression for &,   The computer program used 
for irradiance calculation is shown in Figure 6u and the plots themselves are 
shown in fijures 81 through 85. 
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Figure 80.   Irradiance Calcultäon Computer Program 
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Figure 81.   Irrariiance Along Top Kdge of Tube as a Function 
of Tilt Angle - n. 0-inch Aperture, 36-inch Length 
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Figure 82.    Irradiance Along Top Fdge of Tube as a Function 
of Tilt Angle - 5. 5-inch Aperture,  36-inch Length 
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Figure 83.  Irradiance Along Top Edge of Tube as a Function of 
Tilt Angle - lO-inch  \pprturr,  36-inch Length 
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10  20  30  40  50  60  70  80  90 

DISTANCE ALONG TUBE (CM) 

Figure 84.  Irradiance Along Top Edge of Tube as a Fun-tion of 
Tilt Angle - 6-inch Aperture, 36-Jnch Length 
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Figure 85,  Irradiancp Along Top Edge of Tube as a Function of 
Tilt Angle - 30-inch Aperture, 36-inch Length 
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4.6   PARAMETRIC ANALYSIS 

The parameters of the proposed spectral radiometer have been generated 
by analyzing the radmmetru- inputs and deriving a noise-in-signal-limited 
signal-to-noise ratio and calculating this S/N for various tangent heights in 
the selected sptK-t'-al regions 

'♦. R. I    Radiometru- In put 

The radiance levels from the background are derived from the choice of 
«pectral binds,  the selected target radiance,   and the effects of tangent heights 
on the radiance level from the background. 

Spectral  Bands -- Starting -A ith the atmospheric 
bands listed in Table IP wrere    ••  

ige oi u.^ micron to 0. 7 micron which gives 
i detector aspect ratio change of 3-1/2.    The second grating goes from P. 3 

to IB microns with a resolution of 0.3 micron to 1.0 micron which gives a 
detector aspect ratio change of 3*1/3.    Finally the li    to 25  micron region 
is achieved using a beamsplitter or a single mirror,   and a filter on the detec 
tor.    Present p!ans include an optimization of the spectral bands to maximize 
the energy In each hand ye! preserve spectral information. 

Radiance level: u en   rice Levels -     The radian« e levels which must be delected with a S/N 
equal to lOT; minimum in each spectral region are shown in Figure 8fi.    The 
radiance values shown for each spectral band correspond to different tangent heights. 

Tangent - Height - Effect s -- The radiance variation as a function of tangent 
heignt for a night limb profile is shown in Figures Al through Al 8 of Appendix 
A.    These curves were generated from data produced by GCA under a study 
entitled "Infrared Radiant F^arkground Studies in the 5 to 25 Micrometer 
Region. "   Notice on the curve? the variations in tangent heights for the 
radiance level? contained in Figure 8^. 

4.fi.2   S/N Consideration When Noise in Signal Cannot be Ignored 

Figures of merit such as D   .  NEP.  NER    NEED.  NET.  etc.,   are useful 
quantities for the gr'-at majority of infrared applications.    However,  they all 
ignore noise in signal which predominates in cold-body problems.    Therefore, 
the above figures of merit a^e of limited usefulness,  and care must also be 
taken with the use of the concept of S/N as will now be shown. 
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The effective «ignal is defined by 

S    .    '       P       T 
t»    s    o 

(7) 

where ''o  'S quantum efficiency,   P    is peak signal power,   and *    is optical 
efficiency. 

Photon-NaiHe • i.umted C; an -- The mean number of photons in one dwell time 

- , ^    P    *   V.,) tp. 
Sp« 

where P      »a the background power incident upon detector and tn is the system 
dwell tune.    For noncarrier systems 

I (9) 
I)        2Äf 

here &t   Is the 3-db baseband bandwidth (not the noise equivalent bandwidth). 

Therefore 

•A 

-    f-    1*     -   Pu) 
g      o      S H 

ZhvAf 

(10) 

and the rm> variation in n    is 

y   o    s       B    g 
2h ^f 

which yields a S/N (f^r probability of detectitm) of 

S/N -£L 
P  - 

=   o 

^ /2hvAmoPs - PB)- 

(11) 

(12) 

incident on detector. For photoronductive detectors the output noise power is 
double the generation noise due to rerombmatinn. Therefore, the output peak 
signal to rms noise voltage ratio referred to input power is given by 

S/N = — 
(13) 

4hvAf f'0 Ps * PB) -g 

ignoring internal detector noise. 
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Internal D-.-lector N'oise Contribution — The rms internal detector noise 
voliage per root cycle at the outpjt,   v ,,   ceu^ be referred to the input power 
by responsivity «is 

p  = _A___n 
(14) 

where R   I» the detector responsivity,  and   v .   i® the spectral voltage density. 
It is rearjjly apparent from equation (13) that The photon rms noise voltage at 
the output of dftector. y      ie given 

g 

j RV4hvAf   it    P    - F.,) - g o   s        B     g 
(13) 

and the total nouse is given by 

vT -y..; - A    H j 4hg (t p « p„) - 

^2 

T     l|    g B'     e ?" 8    2K' 
VÄT    (i6) 

where use was made of 

&( af 

for R-dh/octave rolloff.    Referring ^T   to input power by dividing bv R and 
substituilng In equation O^1* in pi arc of the photon noise yields 

S/N 
ft    o 

4hj(' P  
A rB> - 

o« H      ß 2Ri 
Af (17) 

However,  the responsivity can be written 

B  *   r (P   + PJ "' 
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for BLIP «Jetecf.PS yielding 

S/N » 

4hv('    P 
Ö    s 

PB'   "g 2  r 
(T    P    ■»  P. 'I 

"  J 
Äf (18) 

If   J  , IH thermal noise    it 'Ail! also he proportional to (P., * Pu) • 
However,  the limiting noise may be preamplifier noise which will be a com- 
plicated t'unetion of U'^ * P|j) stn-re the detector resistance ihanges inversely 

with (P_ * Pfj) in BLIP detectors.    The relative «ontnbution of 1/f noise may 
vary with (F's  * E'p) smce the crossover L"^*quency will vary     Therefore,  for 
a first approximation the detector noise voltage y ,   will be assumed to varv as 
fpy ♦ Pfj) -1(2   (thermal noise limited)    nr 

u. (P PB) 
1 o ■  1/2 

anc! 

S/N 

P   - 

(IP) 

V^h;   '  k.)  (-      PB   *   P„)  Af 
-1 

where 

(watt s/Hz) and   " 
J r 

with   fl     the electronic efficiency and e the system efficiency. 

These are two possible definitions for the noise equivalent power tHEP) 
of a system which are-   (i)   that power incident upon a detector which give^ 
rise to a peak-signal-voltage-to-rms-noise-voltage ratio at the output of unity 
and (b) the NEP is the incident ^-ower divided by the measured peak-=ignal- 
voltage-to-rms-voltage ratio due to 'he incident power     Both definitions 
yield the same result as long as the noise is ind'-'jendent of incident signal 
power,  i.e. B » Pc 

From equation (If1) the N'EP as defined inf^yields 
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SEP Vuhr^ k J (r     P    + r\J ^f -    ^ (fi \ 'l 

d' '   o    s        I? 

whereas the SEP defined in(a) is given by 

(20) 

SEP 

(4hv ♦ k .) Af d 

ego 
<4 

4P'   ' B   g   e 

(4hv- kd>iÄf 
(21) 

and it can be seen that in the limiting cases of 

hv» k . and hj»Pr> 

\EP» 
4h^f 

e      go 

(22) 

Prj »   k . ^f and P,. »h j A f Fi d H 

NE P  »      V H        g o (23) 

and 

k . ^> hv and k ,.i f •» Pri d d Ti 

NEP» 
k^f 

(24) 

which are the appropriate limits. 

Wh"-eas    juation (20) yields the limits 

hv »k . and hv^f >>PT, d a 

V4hw-    P   Aft] 'I 

 2-J g_ 

which in the limit P   - 0 bec^mes NEP - 0 s 
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PR >> kcl *f unii PH >>hxj Af 

" Ah ,1',, ^f - -1 

Nt:!' > >    * 
n 

There is ao limiting condition for 

k , if » P   and k   Af > >P, ! s <: n 

which is independent of I'    and V 

Therefore, the correct definition for NFP is (a) above an expressed in 
equation (20) anr! yield.- an NKP independent of signal level. With this defi- 
nition of Nil' the peak-sigr »l-voltage-to-rms-noise-voltage ratio is piven by 

1 \" E P 
1 - 

1 1/2 
B 

'4 h J * k ,) if 

R 

(S/N)* (4hj^ k ,) if 
d 

(25) 

which represents a quartic equation for S/N.    Equation MT*) is the proper 
equation to compute S/N with ease.    Equation (25) illustrates the fact that 
concept of NKP is not very useful except under the limiting conditions 

at the 

PB  >>(4hv +kd)   if 

which yields 

S/N = 
VT:P 
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and 

B d 

which yields 

,v       -       \l     O     B S/N -- f 
P 

e     '   MEP 

All the other noise equivalent System parameters such as NER, NEFD, 
N'KT. et . ire directly related to NEP by system parameters. Therefore, 
the above comments concerning NEP apply to them equally well. 

t'robahihty of Etejection and '\-lse-Alarm Rate --In the above derivation for 
S/N',   the noise was computed with signal j.  esent and is directly applicable to 
probability of detection of the signal,     However,   the S/N to be used for de- 
termination of false-alarm rate requires the calculation of the noise in the 
absence of signal.    Kence.  the two S/N 

(S/N)    , 

•^/(4hv + kd)(Pg  • PB) Äf - 
-1 

g 

and 

-     P 
,</N) fa 

V^^VPB^V1 

are equal only in the limit Pg/Pg >>0- 

Detection mechanisms and a detailed comparison between germanium and 
HgCd, Te detectors are found in section 4. 3. 
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4.6.3    System Tradeoff 

Starting Aith equation (19) \n section 4.G.2 

1'    ' 

S/N 
a       o    s        Ü g 

^T 
(19) 

and min^ the   issumption that the intet*ng] deterior noise is ne^lipihle 
f4h j ^^k^,) and th»* expression for I) i   of a phototondurtivc detector is 

"i ^ v^R (26) 

where J     is the -^r»..!! photon flux and ,!,. ig the background photon flux.    An 
expression for S/N in terms of D \ can    be detenniaed, viz 

S/' 

-     P    D 

v<->'*> v 
(2 7) 

wfit-re A , K- the r'ete* tor area, 
f! 

While equation (27> JS correct for the noise-in-the-slgnal*limited case 
it t-annot l>e scaled directly since the [)\    is also -i function nf P  .    There- 
fore,  this expression «as used to determine the S/N for a particular P    and 
scaling is performed by the expression p 

S/N =    "yP <2 8) 

To analyze the system,  equation f2~) must be evaluated. 

The system efficiency   ^     is composed of the chopping efficiency preamplifier 
noise and other system   " losses not including optics. 

The power from the instantaneous field of new fallirg on the detector P    is 
equal to 

P    - N\ s v AV -     A 
o     o (2P) 
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whe re 

NK = radiance from target (*att/cm*-ster-trm ron) 

a ■ solid instantaneous field of view (ster) 

&\ * äpectral bandwidth (nmrons) 

T       =   optiral transmission (pei-tent) 
o 

A      -   ares <;f entrance pupil (em ) 
o 

n» l>      term is defined by equation (2f.).    Thus substitutinp equations 
(2H)   md <'ifi) into equation Öt) gives 

S/N 
•JNV-.   ä\ 

M      s? &  (SO) 

,.[, i-*f V'of. *VI 
1/2 

Equation C'.O) can now be evaluated using the following system parameters- 

s   p/-      s   0. W * fsee Table 20) 
so" 

Nx     s   See Appendix A \ 
T»       -    1.5 mr (honrontal) by 0.'S mr (vert) 

a   See Table 20 

=   See Table 20 

*i in.   diameter,   f/3 

■    r>()i   for {Hg.Cd>Te =  1n<for doped germanium 

-   C/V 

.14 

o 

A o 

g 

V 

c =   2.^98 \ 10      micron/sec 

-   4.5 to 25 micron? 

of - R. 77 HA 

A . = 22. T by 7.5 mils 

.T - P  /hj  (see Appendix A) 
a B 

"R 
Negligible .Tg »    Jg 
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h igupfc 87 shows the äolütion to equation (30) for the requirtd radiance 
values.    Notue m the figure that only tht- 4   5- to 5.0 «nu ron band has a S/N-10; 
the reat of the bands exceed this requirement.    Some system tradeoff factors 
exist with » uch to optimize »ensur design.    For exampie. the aperture diameter 
id set by the s:ze of the vehul«- and the haffhng technique.    The width of the 
spectral hand» are »et by the aspect ratio uf the detector and the mono- 
c hrometer design.    Thu». the only variables whuh can he traded are the 
bandwidth t&f)   and the resolution     Of these t*c parameters, the mo'.-e 
important seems tn ** the bandwidth.    The present design scans at a i ate of 
13.45 resolution elements per se: ond (13.45 x 5 x 10"* rad~  « 6.725 milli- 
radtans/sei).    A taster »ran tinie may W desired,   and the si Jing of the S/N 

with bandwidth t^ %M follows- 

\ If»« orig I tU'\A 

Appen'hx  \ nhows the S./N as a function <»f tttngeni beifhl for all speriral bands 
cxiept the \.'i- tc» S.O-micron hand.    These turves were g- neraled using only 
the fiO-,   f'0   ind 115-kfn t.ing>-nt heights and the required radiame level (de- 
noted on the figures \,\   i "d''>.    The ( urve> show thai when measuring the limb 
of the earth, the S/N exceeds a value of 10/ 1 from tangent hevghtfi of from 
*'>0 km to an average of al>out 100 km. 

4.7   OPTKAl   DK^ir.N 

4.7.1   General Design 

The optical design is based primarily on the nerd for extreme attenuation 
of unwanted earth radiation ^hen the earth IF close to the optical axiH.    Thus 
there is a requirement for baffling specially designed for this particular appli- 
cation     Furthermore,  the choice of configuration and material ir governed 
primarily by the requirement for low scattering 

In the case of the optical system, the objective system i? of maior im- 
portance in achieving Ml acceptable background level.    For thip reason,   a fongle 
element which minimises surface defects is selected as the objective system. 
The narrow field requirement of 1. 5 mr x 0.5 mr is compatible with thip ap- 
proach.    The objective element is a parabolic reflector offset from its optical 
axis to avoid interference of the primary image and tnc ir^oming radiation. 
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A field stop eovermg the 1, 5 x 0. 5 mr field ie located in the primary tsn»gs 
plane. Part of this stop ;m ludts a specially designed baffle to trap the earth 
image radiation. Following the field »top the primary radiation is rela5?ed to 
the monochrom at or by two parabolic ref.ectors also offset from their optical 
axes; to avoid interference from the primary »mage of the earth. A Lyot stop 
is located between the relay reflectors in the plane of the image of the objec- 
tive element. 

The ubsettive element and the fir^t reflector of the relay have a common 
optical axis,   which is parallel to    but disphued from,  that of the sei ond relay 
element. 

The optl' al para/nelers are .•iummarued as follows; 

Field of Vie» 

Ohjertive   »{jt-rture diameU-r 

Fnra! length ublrrt'iVe 

Foral length tvpttaa 

f/nurnher 

Primary field i*top 

1. 'J tnr (horizontal) x 
U. b mr {vertical) 

Ti. 0 s n. 

lr»  0 in. 

6.4   in. 

1- a 

22. 5 x T. 5 mili^ 

Whftt the f/numher of the ohjective IP 3,  äiS mirrorn are working actually 
at lower f-v-älues due te the uvis offsets    The «vsiem ii working at approxi- 
mately f/1.  nc-.e-theles:-. far the narrnw-nnglp f nverage required, the reso- 
lution is quite satisfactory. 

The image qunhty of thti optical system is limited primarily by coma 
introduced by the last parabolic reflection    which from an aberration stand- 
potnt is working at f 1.    The point image hlurn to approximately 0.0021 in. 
bevond the horizontal detector edge,  due essentially to coma.    ThiF cor- 
responds to approximately 1/3 mr.    Blurring at the vertical edge,  in the 
vertiral direction,  would he approximately 1/12 nr*. 

The optical-mechanical design will he specifically configured to be in- 
figure and in-focus at the crvogenu temperature of the instrument. 

Ray tracing and spot diagrams based on the above parameters will be 
supplied when available as further verification of the proposed design. 

A simplified optical layout is illustrated in Figure 88. 
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C 4 ':;0 
:o i- 

Figure nr.     Simplified C^tcal v-\^tt-i!, Sriwm&tic 

4.7,;   ( tetti  'I Maters ».1 ■> 
* — mm     —      - - 

Th»' $m\m lion of i proper mat«*ial for the reflective optics was srnvc^d 
ifc£ through tradeoffi  imottf ö|^ieal,  gtmctural,  srtd thermai requirements, 
til uf which wer»" of prime tmportan4 e. 

The sabsection on scattering C4.5- 1> delineated the need for s low- 
jjjcattermg mirror surf ■   e ■     minimise the of'-;**;;-  str.i;.  radiation.     Tiased on 
the qualitative testing   lisi us sed,  quart" substrate provided Ihc po&Ril>)lity 
for the lowest scattering rharaciertgti< P ■• th beryllium, aluminum and 
Stainless steel . lose behind in relative value.    However, the thermal require- 
ments for the sjstem dictate the need for optics substrate made frorr. a material 
with the same thermal characteristics a« 'he Vi^pif Instrument structure.   The 
onlv way to achieve this thermil compatibtlity IP through the use of external 
thermal compensating systems or through the use of materials whirh are iden- 
tical.    Because of the requirements of the instrument in terms of size,  space, 
weight,  and basic optical design 'such as the use of off-axis paraboloids! 
sections,  maximum depth of telescope to aperture,  etr   i.  ihermal compen- 
sation systems would appear to present many difficulties.    As a result,  it was 
decided to select a mirror material identical to that of the  structure which 
contain? it. 

Structural characteristics were examined in detail,   and,  from testing, 
aluminum and beryllium by virtue of their densities became the prime mirror 
and structure candidates. 
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l:i*rryihum is aniüutropu- m that the £-aKis does not thermally l>ehave as 
the x and y axis.    Altnough ^^firing Co.  maintains that beryllium,  if property 
' lüt UHing their fMj*dered metallurgy tethmque,   will exhibit amsotropic rharac- 
teriHtnü aüffuicntly i^mall that no uituierai ie nnsahgnnsent would exist at 
operating temperatures (10 to 20*10,   atumüun; does Bot have thi» anstotropic 
charftcteHstl« .  and sheet,   rod.   and i üSting* are readily obtainable.    As a 
conHequrrue,   aiurmnum is reiomn^ndt-j througiiout     The cold-lnxly rad.nniettr 
that th£ Radiäti&n (enter i» building as b Honeywell-funded development pro- 
gt is.   has   i SOil aluminum primary fWENO) with a t orresp«indin|: aluminum 
strtHrtttr*. 

48   SPCCTKAL CtL^RACTERi   I AM' 
MONTK'HHI>M vnm fiCl '%'!■>•. 

■f,,,. _;,.. |?aj ...p .; .u.r.  tnd eent i ■  . n <   t ion requirements c€ th« 
iBätram«nt   hsTtate ihm   ;-■- öf a ' --■'   . doable  ^ratinf monnrhromator 
and interfereöc« filtera   »ft«      !    •■'■ 1   ' %iibseciion    the arfUinents 
lüpp .r-tnii; thi- ! om hi  i^n   tr« |t« ■iominal design for iht- mono- 

A compiifison   • *'•■   ■"■     ■' ■■ •' •    :<-ir-,»! separation ia con- 
i.iir.f : m I iM'* -'l     Notn *•   -   "*  ■ .  ;'  '■   ' »11 spe? ira! Manning methods are 
elimtn.ite ! b«4 avi#e of th* hi#ä    •    •  *:    '    ••  .wired in the limited time availsble 
for sranmng     Since gpertrum -   mmng methodi are difficult, each individual 
s^ctral channel muaJ ha«« its nwn  letect^r     The remaimng nonsc anmnp 
instrument^ .ire nde', -.v.'.*   'äsentiallv be< i*use of the ' rogstalk frejecti«? ralio) 
between  sdjai »mf • hannels      1! •   ;•- •; —■ ! solution is ;■ tomUnation <>f thr' 
grating monoehromator   ••' I inds   idual mU ■ '< ren« •   filt« m on each channel 

48   1    Proposed Monoch romator 

Of the warioo^ grating monoi  sr  :    '   ■      the pmr.i  ( andidste is a double 
grating monoehromator with one grating ! emg u?ed over th« 4   5- to 8.3- 
micron region and the other grating Nting used over the '>. 3- tn IR-mirron 
regmn     The 19- to 25-micron channel is -p'1' off by a dichroic refleriinn. 
Flgsrea 89 and 00 show the energy effb iency for these two gr;.dingg which are 
blazed at the optimum wavelengths of 5 f and 12 microns respectively     Tn 
achieve dispersion such that the mtnimum-size detector is used in the nar- 
rowest spectral channel,  a S-info* al length monoehromator reqairea only a 
fairly coarse grating •- nine and six lines per millimeter respectively.    This 
is advantageous because such < oarse gratings ^re not replicas but are ruled 
directly on an aluminum or magnegium substrate     This assures rryogemr 
survivahilitv.    The resolving power of these monorhrnmators is only 30.   so 
the theoretical limit of resolution requires gratings of onlv 30 lines total     A 
grating 1.5 in.  wide surpasses the theoretical limit by 12 times.    Tnis reso- 
lution Vapahilitv can be traded off to let the monoehromator operate at a low 
f» number 
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Several monochromafor designs are possible within the ton^traints of a 
^i-int h focal length and op-   ^tiun at f/3.    The nominal design of a side-bj- 
side off-plane Litirow KS described as follows.    A Single rollimating mirror 
fills two side-b>-side gratings placed at angles such that the focal planes 
occur on either side of the field stop.    The colhmating mirror produces a 
beam di-section resulting in :> 50t energy loss.    This is overcompensated by 
making the field stop (and entrance slstl rettangular in the direction parallel 
to the earth's horizon «ith an aspect ratio of 3:1.    The direction of dispersion 
iä perpendicular to the Jong axis of the field stop     The focal plane of the P.3- 
to 1Q  mu ron monoc hromator subtends an angle of anprnximatelv 2 deg to the 
follimator-    As a result of off-av.s aberrations,   a certain amount of spectral 
sme irmg (spectra) stray h^'ht) occurs     Preliminary   calculations indicate 
that,  for  i classti -J! I.ittro"  with parabolic collimator, the worst   case 
spectral stray light UT-to li-miercn * haiinel) will l>v in the order of 2 to 5^. 
The spectra] stray light is less in the remaining channels since their off-axis 
angles are smaller     Several variations on this design show promise of 
reducing the worst-ease spectral >tra\ lignf considerably      However   to en- 
sure reduction of stray-light interference,   filters are provided over each 
channel.    The addition of the filter can reduce the stray light by lOT  thus 
ensuring the integrity of adjacent channels 

An admtional requirement of a grating monochromator is that the grating 
ruled area must be square and must be fflled with light from a circular 
primary.    This mean- thai  < small amount of vignetting must occur.    The 
optimum compromise result- in 15^ vignetting loss,  as shown in Figure PI. 
The grating.-, are not quite filled by the primary,   and a small amount of the 
primary is not seen by the gratings      ff the circular area nf the primary is 
circumscribed by th»- grating area,   •• los- of spectral resolution orcurs,  but 
no loss of energy occurs.    If the gratmg boundary is circumscribed by the 
primary boundary,  there is no }o?g of resolution but a large loss of energy 

This I"«'-vignetting los? together with the grating efficiencies ere used 
in the sensitivity analysis which follows.    It should be noted that,  in spite of 
thest necessary losses,  the net -;gnal-tn-noipe ratios are greater than mn 
be achieved by the other methods of spectral separation; and,   in addition, 
it minimi/es the problem of rc1ert;ng light scattered by the primary optics. 

Figure ^2 is i plan of the detector array in the final image plane of the 
monochromator. 
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4   1.2    ^pfTra!  -■.•pdfj.tu'n Tradeoff* 

05)    Th*- tir.-it rriajur d^dSltS U) te niaJi- w^?   whelhrr to \i*v a npftetrtm- 
scarmmg ifi£t<rum#ftt A»*vi a »ingJr ääector er .< äisper^f^ instruineni with 
an array of truJ!viduüi <    iwlors.   t?arh »eRrltlvt- to 8 partwular (sprrtral 
barni.     [Je* auät- ei thv sensitivnty required   JI tiie tinu- available for p< atHiing. 
■ orivfritiofijl   -.    j.^rung instruments  ^ ^n be  ruled out       To al !iie\e  .• Spectral 
••f-olution of 0 2 mi« ron frOSi 4 ■ 5 to B.ä nurrans aad a -evolution of 0-3 
micron trorrs   ■.  i  te  ll m!; ron.-     t:.r eSlntiVi   number of spertral   re.-olutlon 
e!em'Tit-i  ;-   '•',       ll       ■:■ ■   W   -   I   '       . ?u>ripi .»nfun^ n^l ruinent .   .; rot ating n r- 
.■ul ar vana^iie fiit-r    .r   -     ifir.jti^ m ■'■■   NräBälQr would have  a S3 timeh wider 
b.indvifUh   ',', uniK- ' i|p  I  ■•A '^ times mere noise.    The net result 
i-   , lo-,-,   ,■   : ■ .   ■   r    • •. -   ■      ,■•  .;   \ f-amse ratio     This is a fundamental 
hnvt it: '.':   i       •■  Bg • .••■    '      ...'-.• sMe '..■• obtain ihe higtier D   detectors 
( tj)pro<,irr: it«'!".   '*>'■  '   1      ?-:   ll-'   '    -    SMtl  whiih would U    allowed b\  Ihr  lower 
SfgHaJ fhös        I '.■"■ -       ■.-..-•■..    i i     \    1   t -   r^-ult;.  m a furtht-r 

defr tdati *i -:  •■;»:•-   ' i   f siio. 

.it    ,[,»• irö»)       ■■■•.," ■■ anpltsfeed wtth«ilichels«*-FöaHer 
tftlerferecfteteF   ■•    • •.•.■•:•   :". Limftfttton     The losg in signal 
fa nsige r ■'   • A    .' ; ■ - Vtm ¥*  inef mterferöm^ " r- t^ pri'« luded 
however h\ ib« ■   „■•     •., . • ■ . .   ., q uremeaJ o' di« instrument     TIK- 

i-'^fih::! i*:,.-    ..-       r,.T^.-*' i nl; d   :ill£ 1»'   ' *    H)   Wu 11   Hoi   ! 11!   f he   opt i (  ;-   ol 
, pf j. »;,   ,!    .   ■.—   - • — - ■    -• gli r 

n >   -!•; •-  tpectram       -■       ,   •  <' •■   ■ ■■       '-^ each ifiÄeiÄial spectrsl 
fh srvif!  r-o:~thi.»-    ! •.    •    . j ■ . -.      •<      < v» r;.l   w^y^nf  ^rr omt)liHhinp 

Indsvsdu u   ! ; l^.-r«   :  I ■■ •'    '    - :    ,      -    -   ,   ._ ..,,..,,.; VjC, on ,,/ t)-,,, jp ]jrnh 

spectrstn'"ll^re"aih ■ t>nf ^^v tn ijtih/!   HI individaaU^ riltered 
detector  trraj t# Ihri^i^i '  •      ■     I   ifiaaorfW*  o^ics.    The pystem would 
eentMa •- fquifre fiel : -*       ■ -' ft   '*'■    optti -si eJemenl (»uch an ^ 
torvdil mirror! *    " *■   to e i rrs fcagjfytor Image of th«  field gtöp nn tho 2'-- 
elenienl  irrav     H* ^    letecfoF !" ?he arra^ has tti own spectral fitter     All 
in detecisf<^ won; i ; (   '-•   ■ -■- •   itif    brt thf lrrdivid«tt1 «ieteetprs v,'!uld 
receive onij 1 f2S erf Ihe £St#l ti*erg;i  .-;,;..' if.    The de||ra<5stiön 5n stgnal^to- 
nasse ratio is --' presümitif +V;f" ''ri*'   *■ P ifl ^ifnal-pholon-noipe-limUed a* 
that slfnal level ^i^ i i in^K 

ft'i   Th;« problem ^ gflerfv «ti'tlttnc i  -- be nvrr^ ome if the width nf the 
■Jv^Tm field sstop is !';  

r' i-'       • time*.    The field of view to the limb 
becotfies Q, * mrad rerttraliv ofid 14  ^ rarad borifontally     The »dvantsges 
rf this   -ippt-o^r^   -rv isimpäicltj   Ufa Sgh tlffci^ncy      'rhe di^rid'^nlspe ;c 
pnm-irTv that of iftefficient stra? bghr rejection     light whirh n- «•»'stiercH 
hv the prim irv eän fand i + g was to tfee c^tfedofj tr.r-'.u^h ;» 2ri-fnid greater 
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field stop area     llowevep   diffracted light from the earth should not he any 
greater sirue the fseld »top pas m. rfa&ed in the dir«?ction parallel to the 
eurth'si hon/.un     Since tue prmiary m being used approximately 1/2 deg off- 
axirf,  tht dberrationa 'chiefly romai at tne edg*-:? of tht- held of view would br 
mfreaaed     This ■ ould t* partial!1,  -v runirnodated if the spertral hands of 
leaat mtf rtrsl are Ideated at tne t&d« of the arrav     A more ssevt-ce problem 
is that of prsrttsraJI detector jn<i filtrf sue hmitation»     In sn f/3 s-ysten^ 
the (jeteclor and filter Mies vkould be appro\)!Tiately 10 miU (0.010 in) 
Thi-j li trt-yond the -tjtt of the urt m filters,  t-ut the ettevtive tfnvaxtbmr at 
the filter i   »uid b« im reused to perhsps f-1Ü.    'Ihe filter sue would then be 
:?3 mils,  and the total '■" A S'U;.      Is« v^ould be approximately 1.00 in     This 
make« the optv s   hffv- ult ta pa< K.-ge    but j^uih an arrangement is not an 
impri't!    A  toialiofi lö the probtem xd gp«Clral separation     In romparipon 
to th»-  pe* •>rrirriefi ;.- : mvthod.   this .method of using individual veil»; and 
;«ep. {-.»te filter^ has about the s .;■ •    -p'u .ä! ^Tfüiency and greater simplinty 
but aeatitred strav light hai been im rv .^c! v\ a *„it<>r ol If 

^attonafv Clfcalar ", iriaW* Filn     Vnuther way of '.nduidually filtering 
l^e~!e'teTFrr'T M  ,; •-      .'-   '; ■     .-<■   if   i  ■'.Mmn.riry  i i rrular vurl aide filter      The 
'.viveb.mg'h jlParftentg   »ruund I     -.r  ulSf v.»riable Silter <. an be made steep 
ftftetf^b t**Me * iveien^th, ran^«- u;      ibsri fh-ian-.e* £0 that an effective 0.2- 
mifrnn widm * ivfelen^b pa     I   ■ "'        ari eve?- ;, m-mil dihlame,    Thip is a 
pr M'ttc^l   A, »v   >■    »r.t oc.!'.^ "'      B      '■-;.•.■ '-.Herh that  are »-««quired      Thi» dli*- 
td-. i.n» is*»- li mure H..h»li-      ; ■ .   ,•• . : .-nt mu^t U- ( h ^en as 0.2 moron per 
?0 rmt» of IPt ftal ir-»' tn Of^rr '     i   estsm^latfi the narrowest sprciral 
channel 'Aith lb« smallest-si,*»' d*'t*-.'or     1 >.<• wh-v'. ^pertral channel how- 
ever IH 0  1 mi   rnn.    md Ih« • ■»rres^p-n'-, ;■.• g   :«-iP(tor would be 40 mils wide 
The prnprrK    .•"   .      --   -i] ^r •■ tf   t1 '<' f',l?r»- c;.j.rvrr i »■- that,   as the t-lil width 
}.*< Increases,  m**ff   Hfftf*#td   •   ••'»ngih^ gre paä#ftd   but no mnr-f 'tghi i^ 
s^tmeri  a   t grrea *avelBag0i     «'-'  • •       ! *■ i isßf detf-f lor gmei mtm wave- 
Icngfh     uv! '■ ♦    >thrr end   -' th«   W^'    •'— S#es ordv another v avflenglh, 
l"r\\< mtafii     :"    '■:*" '-^ ;v-t-.1*-    fti d •   .   ."     •     •   • • .■'.   ir,^... jnn of Ihe ' h.-innel 
has been -Segr^d.r i hj   . • .   •   -    t%  %      The slar.nnary nrtulac V',r!a!>l<- 
ftbev Ib^r&löpf onlv  ■v"-   w&ms Öw ■ f    tiea! preyem af ohiaimng small- 
si/c detectsn       Ih; - ti   •' "•   .^•.«'•-<     |  --gnal-lc-nni'r-e r;din in the wider 
»pectr.Tl t>a-J~f>.'C Is      H   i1#« rr-i-. • ^         dtef r-bghlU  curved field 
stop -" thr  --ne. t ratio betnf 53 la one.    The 'orrpsponding off-axis anple 
of the prim tr% para&ola s-5 nrirlv \ d?e 

teM 

4.« Möftöehroffl itnr Tracteeffs 

When i detrct--.- »rraj ia placed at the focsl pomi of i monrirhmmator 
tiie mdividu'l d«teclOf8 ^rt  i^ th«- tffftive exit clit of thp syptem     Since 
fe« 2?» npertral cn^nnel? in the «rsr.ner do not all have thf s^mf» spr-rtral 
handpi--s,   lt.?se detector «I?«

,
P are ttl different.    Thr optimum transmipsion 

of i möaocbrOfmatör or curs wferfl the fntr^m*1 slits snd the »■•xit slits arr the 
same st?.e op*-.ralHc    There is no advantage to having an ev£t slit smaller 
th.^n the entrmre gtii because no Setter S5r»et tral res-dntion is arhi?ved.  and 
ther«1 is .-^ )3rj?r net l<!:9B in svstem «pnsitndty-    The detector sue is a function 
of monochromaror dispersion and =pertral handpass at the wavelength of 

no 
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irittrresit     The smallest dett  tur id used tor Thf channel m »huh thf product 
at ap«? tra' b.;indpd=* and tnon^hromÄtor diüptrsion i* a nnninium.    AU othf r 
«Jete» tcr» ar*e ths-n larger     The monut hrumator should bt' designed such that, 
over wide *a%'eit-rig',h r«rgä-X:S    thus product does not change apprev lably 

Prism jnt.f'/• h":>mators i an N ■mmediately ruled out on several counts- 

• Dispersions are ncM linear with wavelength     This means that 
the a-jfject r^ti J of If«   H-tt-rtur.- - hanges t»y i .arge amount 
•aht'.n J ft0wm i$  Si i   Wt*1 i *icN »avelfnglh range 

• ffee re jigrtah  ^r«- '..-ftiperaturf st-nMU't-.   us are holh pe« 
ractive indes and disf^rMcn.    This tefni»eratiirf dftHMidenrf 
di-' .-'  - "«- *:«vfii-rigth hmits of Vxf ihunnel^ 

oriTiru m^trrs tN   s?     I •  v I -    Ifmf>vraturi i 

• NJ   t •'   r: i*--i     i ■  *   "■'    rt .i\rh-t!g!h  r;i!;gf-  ol   IBterefil 
ir..   .f.,.  ... i • .    ■••      {■■■       A.i!.-- vap'ir:    This hygrofscopi« 
ht-rs^.; T      .r- ;     ..••-.'■      :•.,•■  ,.t.d ianJluij' proh1«>mh 

hi'rr i. tiof; gr i'.' ^ •■    •        ■   •• :,»örg have the adv.inlagr of tem^rature 
ind epvlranisMi '1 *i iMIIty,   : • •  .r dit^trft^ *ith w c(\rl«ng1h and ready 
avail ihilif,  in -.h»-   -»--.T,  :    •-    •• ■        • ,••        The grating K|>:<< ing < hanges in :i 
predi   tr»^'»' 'i   '    ■■        "   "i4' ' •:    '        '    iftd ■onlrartion nf the Mjl^lrafe    and 
Ihlfl     in *"•   i-cnmrn™! .'•       ■   •   ■     ■     ^-     '      . ryogenu   pr:d<ng mono-hromalor. 
Th«1 gr ttifif ' ' '   •'       •      ' ■ ■ "    ' " •   • "• ' livf tr-'ini-TniFf-ion (gpalinp 
ffffl   t«ft€f1      HS    ! '■*     "•      '      '"'   :     -• -:'.■'• Sly jn It,«■ v;:ru>U^  PpeHr:.1  • liantudf- 
Their iök   :     ;!     ■♦   p        •     • .'•   ^-r.nmg f sn h»   uf^ed in the firfst ordrr 
Only oVf»r   i   A 5V"]<'",:'     •    • , - ' '    •   ■•• Mrl v 2. "i  1 . 

CM.-     IB I   i •'•   |r  ling 3     '      hrnm.-dnr eofurisU oJ i Mnglc- pl.snr gr^tint? 
us;ec in felh IM ' -   " ■      '        r Vr« *imultaneouFlv.    1' UH Rraimg il 
M.i/ed in Om ftrH     - Ü15   •* 11 mi-rnn^.  Hsi grating blaze rovrrp the wave- 
lenifth r i"£.    i'" ■• • • vrtth nriim^m *»ffi   -rmy     Hov.r-vrr    ihrr»- ii « 
prnhlrn> ol   '••'•■•• e¥*rl#l       I I    i n  »     ' «-'»mrdnr     Thfr te< ond order 
be-s an * HP r,'' ""' ' "-'    ■' :,,■' sr> -na' '■?r^er «^riine ii neeesiwy.   TIHF (ould 
he KM omnh-h^ |       '-   <ux-h--rv Rtten     tff with Hnnf \-*r11 tsndwirh dM"r«or^ 
or hv *hp steife ^ :      vertles! sortinf witli ^ crrondsrv Inw dipperFinn 
op^r^Mng perp. •■        :'   - »n «h" •    ••   eratmg.    ThiF added rninplexity M* order 
sorting makes fh!> m^'h:^! un^'t^ül vf .    The primary -pt^dvant^gc- however 
|i th j. the   •."•■   Isri hsve A;   unv-eldv sspprt ratio      The dieperPion m the 
ie< .-»nii ^rder l# Iwtee th^t m the fir?? order     The mmimum-Pize deter lor 
aseöl&mo^atei the sarrötMTtl ipecteal 'hannel in the ^emnd order     Thip 
mem?: 'hat 'he   «■ frr sprrtral b^r.d? la the first o^-der rover a diFproportion- 
ately lone ö«t»Beg tn the feraS plane.    Deterto^F with HUP propertle^ tsv. ,g 
these   i-rr  I rating have ve? to be demonetrated. 
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4. 9   iTHÜCTtlHÄL i)K^U.N 

Jht apectrursdio::f.. :   (   r Hits »pplKatuja it, built up fron, a basu   uplsral 
housing %o «rauh  is Gsäärft«d i/it pr^.ar.  r-.i-t.-r»,  iwe relax paral>ohMris and 
a rnuriochrofjiatuT sysfte»,    Bsffl#8 smi tut- pr^ofejiie stora^t- tanks art  lixfd 
to ü deck which, uiturr;. is attatj.t- : to v.t :. ^SIUK: and Ut.   radiuUit-tf r split 
uuttr sitifi.     fwa trid '. ov«r->      ;   pi«« rhe radiometer subassfn.hlN     A radia- 
tiun shield fcntm U-3 the :_;.   :, ,'.,r stib^iSembh  «tid  is ilst-lf t-ucin hni l.\ 
aii uut^-r iöelJ tä rnmeh iM »«ftvtoi I ttei   .- -ai.a-uut ef^^eaii  mvlirsj.- rontiHWU'nts. 
I h»- aplu r*ämmw%mt  ju-tt sMis,.   ■•'■'- rsdmiiöo SilieM,  atid the outi-r shei: ar«' 
»»opara'^'J r,y •f.rr/r.a;  i-) ilat   r3      1   -ali-,   On   radiation shu hi and ihr outer 
■jhrll are separated ?..  srperlssulaii   :. 

[   '■ Jptlsal ti    .% ■ >_ j'i;i  '.Ufr^r-; 

! r■,•   ''^   J- '     ■    "-   ..:••.'    : • . .-.   ■   .i :.   ■;.;.. u6i slunntjuni      The 
mäteiia] baa J hi^ »trssfti -•.   -*. yp • :^!     ..•,] cxMiit!- gead Matulitv .ni-r 
Ifc* tfterm*! e*    .m;  -  i    *■   . ■    •*.;..  ml   ,.•..;     Untfwmits <■» ■ ..ntrac-tuin 
is .-xp.-^'.»-!',• r. •     .-.   * •■    4      ,.,  •     ■    ,r.1:.'V    ! U xs than ;v K nri W«M-II arn 
pmsH m th»- r.ou-ispk' ..    I äe I    : .-   r»      [MM-- .. ■-     ■ .. iiuiHii i?* inij)in)L'in^ 
if...?! -h»- ;,ri':;tr      •:■■••   rift grsiiiesl» »n   '»;■   *• d ;.; tl.is h« »tiun,    How- 
'■v -r.  •► .• •f.-Trr »:      •;.•.•       ,;.•.!..•••,,   :n K   'i « »^tirit. imnpcraturc iB 
stilt :iufft< i-n' m   .-.if if-:-   ii»frs- ..••   ••.   •   .riün.fr^rtn beal loadirii-.    It is, 
'   .•■.•f .f.-.    , •■ . r:.:4> v .. ^  ,. ,     ..   .   ,,     .,,   ,,   ,fc „.»iv.d t \  < ..ppr-r foil Rir^p« 

.^r-.-i •!.;,   •- .■ ;>ri:: ar      H«   'i    •     •■-      r      -.-w   ? jink r> >.fr\ nirs.      IhiN ropprr 
f dl techiäqöe ;H • • : :     g^ fa .......  y] sirrsrs ssd thi  grattag.    Th»- 
ii-t.-ar ■   .c.'r«   •    •■ ■•.-.,,     • ■     ,-, ESiBi snd !).«   fifori   of it,«   iniTorK 
''«'••'   i   I!   ■.-?■:     -:• >i       •    • . • •       r  ■ ,,'.•'  ^-i'i  r   ;: hU   1hrou0inul 
th,»' ejfp^pted > '. ■   r ■ '   * ! täl ■ RI , r - :  ? => 

The seta'i optics ar^ ; , ■• ; • • . ^Iral heas^ig «ith haitB^ ! h«- holt 
etfde is Baalaed «it! - - ter flafif*, :'*'■'«-; -:<* n^ai no sirfKs risr-rs 
tan po^^shlv ipflaeni •  •' ■   •    rr  r ••.;■,r« 

■1.9.2   Radiation ^hi*p: and <' ;'^r ^kir 

Beeasse ri fe« tfeeraal Imäing and th« radl«neter sy^esi r'-^uirrnimt 
ig ^«rate •• IS la ifi K. ^ radiati n .>r «'.d is rr^uirfd betweea the o^et <?kin 
and the radxor ftrr preper.    Tnr radiatif?; «hirld wu3 he st a t« jr p^raftire of 
'") K.    The oot^P skia #UJ 1 ♦  »I v''0 K.    The radiation shield and the ovur 
sK\r sre fabricated rf aiur-     .•    ^nd ptrr-nethened hv rings tö support the ]- 
atrr ^    here differeettal ^resssre at ia-.ir.rh.    There is a further requireröetU 
"f §' ,.' rinatttatiott    ei seen *« radtati-T. shield and the outer ekin.    f rvogenit 
f.ib.ng and Sttpercriticaj heliuir pmrtorma the roolinc functfor. required at the 
radiation shield. rtzkm the iaseaihlt of the rorr.plete svsterri pf.Hsible,  the 
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radidUufi tt&ifid and tMe ^u*«*r ssin pru\ idt- fur st-paratt asssembly ot Ihr iheriTiSil 
isolator a  'Jlarusafd  iS Ü j   Be*!   SS!  üt , I;,»;;. 

l<> »^pp<jrt •..'..- r-il;   :: •••- I   *.'.•   !   !: .   . i% ..^riiiv allv i ual^d sxhlrn.,   a 
mouru-n^ t«-t r;.i j,..- a äsl I i provided »fetch will ait fti .. thrrnial isoUtur.   and 
pruv uiofiis j:.a.-»t 'f- :: a i.   i   r   •■..   .r« ,f-.- ;t; th« tuner pai kagr dunfrisuuiss whrn 
'.h-- pQellsgc If '  -wjifc-d a :*■ i 3 : -     a,   ihr iäsidaKir !3,u«t wühsland thi- im'rh- 
isieal I^k4iagi itapti .  •   - ! v •   ; .» ^« •      lu as <. uiüplish tlus,  a am.- 
prmRime B  ,-• ■ >   *   r-- :      *•*•'■. -'.i   n;rrn)al it;. 1 t!^   inrrhaiiK al rrquirt-nifnls. 

Ih'-    ;      _• •      brat ■:.    stet r*       ■•     ■   ts sre 0   Mi wait trun; tin' radioiii- 
ft»T to ft« r i !  »• •   . ; -  ; A   ■•- ':   ■    Ü..   pmdialiöfi shsrld is Xht  i>iiiii' 
v.--*i.'l        •-.-•• .^  ill • -•    •..■    •    it an   ■    tt   rv i.f tin   radiniiuMt-r whit-h will 
dri-i»rt   'h-   r.-i'  •: J    .-::■•   •      . •   ■■ ■      r      ggfeic ifita fdjaulg and th«- axiaJ 
thr-i It   -; .M- ■:■■ ■       ■ •    :   . ; -•■.' 

H.'- lus--   ''-■••   . i-   ■   ..!r.i' -   •<■   ;.</,4!..t<   hf!w«i!. tht- iniur .'tnd mit^r 

P-SI^M»- ! •       , ■    •        :   •     •• 

'■   :.-'..   •   < !• r   Will rfhrtflfe to   0   {)4f>ni 
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fn a paper Ls K   P.   Mt^Sfli did K. B.  Scott (Hef.   lü),   M was shown IhW 
3/8-in.   itarnrtrr p>reji glas» balls arr *-»( fllcm thrrm*! is  iators and ran 
xupport load* ^f ^r»-*t«-r man 2000 lbs pt-r bali.    (It is of interest to note that 
HHt   ha» ^neü u pvre» bail s-ppurt m the collar developed for the Niglitstope 
Program      l*..- device wss niuunted tu s rifle and has successfully withstood 
the ^nocit uf nsanv firing», I   it »ill be nei rssarx lo lunit the load to less than 
the maxiniurr, fur ea.h ball and to provide a means to preload the balls over 
the dimensional vanatiun» i aused b> teniperatur«- effects.    This can be done 
by preloading each ball «uh a belleville sprm»; aasbrr <see I-igure 93), 

the belleville spring washer is sitnaar to a flai washer but made of high- 
strength tteel and deformed into a shallu* i anu al furm     Herause of its non- 
linear «pnng ihar4r»eri«'.i' s.  heav>  loads * an I»  applied ti> this spring wllh 
small defle. tij'.s,   md when rn .«.jeraie «u heavv loads are applied small changes 
In deflertion mav nut i reate Urg^ v^HstlORfl m the load.     Therefore, bv using 
well .letigned -lupports utilumg !he aprm^ «.hnnk^«   (d ihe mner vessel will 
not t auae  i n-»ti<eaMe re'lu* «i-n   >f Öse preload      h lord drflrclion curve lor 
thin iprin»; t« sh»*?! m FtgttF« <'^. 

It «hould be noted that there i« u vanat le-Bprmj.' ronstJ.nt r« luted with the 
deflertlon.   or 

dP g 

wher*' K,  «h»- sprmi; ronitant.   « r.nnr.near and lends In det reaB'* with m« r'sse« 
in defler'tinn.    H%  proper design •"< hnsqur.«.   the low SWlSf rölUtftStfl »RPorialr-d 
with ?h<" pnitdttd drflerti^n«! rar. hf n*f(i to vihrailonallv irfjlai« 1h»  innrr park- 
age from thp hignrr radial.  vihraMonal,   inputs (»f the outer n»el during the 
launch pert'Kl.    The Vibration model fnr this svpterr. i» that of a two masH. 
two spring ».stem with the vibration input into'he firfit spring. 

Mj  is the radiation shield and M2 IM Ö« radiometer,     'he laws of motion 
for this svstem are 

MIX1 
K.  X K2.X - X K. X, 

M, X,  ^K, «X, -X.» 0 

This pair of simultaneous equations ran he solved for the amplitudes of th*" 
radiometer and the radiation shield in the radial direction.    The maximum 
amplitude will he obtained at a low frequenrv which mav require Boft anubbers 
if it is shown that the clearances are used up in deflerting the springs,    High- 
frequencv vibrations will be attenuated rapidlv and will have little effect on 
the radiometer.    It should be noted that each outer hall support is grooved in 
the axial direction.    This has been done to provide no resistance to the axial 
shrinkage of the radiometer     Therefore, all axial "i «ds will have to be resisted 
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by the axial tiuppons» at the fyonom of the radiometer.    Rotational loads will 
be resisted primarily b> the radial supports with some aid from the axial 
aupports. 

A tnpod support at the lower end of the radiornftt-r will rt-sist axial thrust. 
To reduce her«t tranaff-r to a minimum while still pruvidinj; a rigid structure, 
a three-stallt s jppori is rtquirrd.     ihr first sta^e is a hrat station mounted 
on 3/rt in.  diarr.eter stainless ste<-l tubes      ihis will suppun the radiation 
Shield through thr«-e stainless steel »tandolfs which are not directly fastened 
to the heat stauen.   A lo;;^ > mtral tension itiember serves to preload the stand- 
off» -n the heat »tati.-r 

Keat transfer thruuj^s thas ro«J is reclui rd bj making; it as ionj> as poasible 
wtneh.   m turn,  tUo«! a ^reaver dtametrr and thus a l.i^li resistaiKe to axial 
tensile loaduig 

Hetauae of th»? «xtr».': eb  ».'^»11 h, «.-transfer requirenients between the 
radiometer an«J she rad'.at!>ifi shiepi,   Ute pvrex !>all mounts must alho be uned 
in the thirtl axial »takje.     !h»-»<   Mils ithree tails ure uited) »ill be preloaded 
hv «mall-dian ••er. hiyV. ■ n'.re;.^'.», u-j.»ije metiiber»,     Itje halls will resist the 
thrust load««,   leaving ttir vtiraii gial b...J» ftrtifif primarih on the lengum rods. 
type ■*'() ttfti!tl«ts *«'.••'•; i.ir «.:;<■    t'.«'r high-Btrentrtb c rv(»j.;eni<  msienal) with 
a viebi strenftfa oi räö&t than ICN5,©Gfl \IH\ mUl '.'- iis«'<i fur tiieBe rods which will 
have 4 dsart "ter of appr >f.r' ate}-, o, o'^h m.   ear >;      Ihis will pro\ ul«  u total 
cross sertu>{ial r«slft|as4 e    f 0  r!,S m.   whuh,  with a < Ifnr.ping loa«1 of 70% of 
►he vield strength .<f •?:»• r «J*.   «fill prel'tad the halls with u forte of 1800 lb» 
or H00 lbs »»arh.    This Si > .H * •   ^ .ffirient lo repisi vihration loadmum from 
the acceleration r>rce« «ith nit alfaininf «uffu lerrt nsaenilude to excrpd the 
prehJad.    Radial motion »111 not t '  «»uffii tent to rausr a < ombmed Flresia 
pxceedinc the field strength of thr-«^ mernbera. 

The low trmpfratur^ eTtpfrienf ^d i v the inner airurlural n.embers will 
inrreasp their strpnglh which, hv the u«p of proper desitTi techniques,  will 
withstand th« pnwronmfr.tal and tempr-ratufp «tresR induced into the radiom- 
eter package. 

4.10   ( HVOGFNK-SYSTFM .iF^lGN 

The svstprn proposed uses sup^rc ritif al hr-lium ess »B a single crvogen 
for detectors and optics.    Figure PS illustratps scheTnatKalh the proposed 
system. 

The following criteria were used \n establishing this des.gn- 

•      Ifeat loss of fl watts from container to radiation shield, 
creflight 
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0      3 waits additfJtial heat loss during flight due to earth 
radiatiun into the entranee aperture 

• (iruund hold time of up to 2 hrs 

• Flight time of 20 mm 

• 50 mw from chopper energy dissipation requirement* 

The storage container volume required is approximately f) cubic diameters 
(dm-*),   giving fi23g of Idle. 

The Idle i« transferred into the sturage container in tile liquid state at 
1 atrn in all tases.    if the vent line were simply plugged from that point (with 
no venting relief) the helium would absorb 47J/g at 10 K and reach a pressure 
of 29 atm,   requiring a heavv-walled storage container.    Such B supercritical 
helium system is impractical for this application.    Instead, the helium is 
vented at a predetermined pressure level and provides the advantage over 
liquid (gas systems) of heat absorption through eold-gas shielding. 

To assist in the visualization of th<- stored helium thermodynamics.   Fig- 
ure MI; presents ihr«4»- temperature-entropy (-S) diagrams that an1 simr^ified 
to show the desired features.    The data are computed from these diagrams 
and from NB3 tabular data on the thennody namic propert.es of Indium.    The 
boundar. conditions are the contents of the storage container with heating 
incident thereto (0.4 watt>,  and temperatures up to 7 ,  whichever is reached 
first.    In the casf of the boiling liquid helium.  Figure !Hi, the energy absorbed 
by the gas venting from the container is not evaluated.    It is recognized that 
this boundary condition is arbitrary because the design will utiliEe the refrig- 
eration energy of the cold gas.    In the upper diagram,  A,  the enthalpy gained 
is just that of the heat of vaporization of the liquid helium,  from point 1 to 2. 
If the helium vent is closed off at some time after the filling of the storage 
container with I.He and allowed to pressurize to 3 atm,  then the thermodynamir 
process follows the patn 1-3-4,  in the middle diagram.    No venting of helium 
takes place in the path 1-3, but when the container pressure reaches 3 atm, 
venting will occur along the path 3-4.    It can be noted that the storage con- 
tainer temperature is rising during this ( ntire proc ess.    In the bottom diagram, 
C, a similar process takes place but at a pressure of ü atm. 

Supercritical helium thermodynamic properties vary over a wide range 
in the region immediately above the critical point.    The specific heat capacity, 
C   , and thermal conductivity,  V,  reach very high values in this very narrow 
zone, and the closer a system can operate to the critical point the higher the 
values become.    From the T-S diagrams,  for example,  the "flattening" of 
the isobar lines just above the critical point will readily let one observe the 
sudden mcrease of Cp.    This type of thermodynamic operation is not done 
without some problems, though.    The immediate supercritical region is not 
too well explored,  and thermodynamic oscillations and instabilities can occur, 
yiel^ng temperature and pressure fluctuations that compound thermal and 
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mechanical design problems.    Some of the nuctasuonb can be damped out by 
taking advantage of acoustic dan pmg principle;*. 

The next question deals» with the length of time that the storage contllner 
tak^-d to (jressunze. following the initial filling of LHe.   Computation! have 
been made to determine the u&efui time of refrigeration as a function uf the 
percentage of Liquid fill m the storage container at the time pressunzation 
starts.    The graphical results are she Am in Figure 97 for pressunzation levels 
of 3 atm and 5 atm with a I ■ atm fre»- bulling referent e hue     The boundary 
conditions -ire a volume of 5 dm^,  a heat load of 0. 4 watt,  and an initial iOO'i 
fill.    It can be seen '.hat a fully loaded free-boiling helium container will have 
a useful refrigeration time of about 9 hrs», while the 3-atm case ma> reach 
nearly II hrs, depending on the time of the pressurlaation.    Five-aim opera- 
tion shows an it.creasing operating time as the liquid fill decreases. 

The result", shown m Figure   ■H assume that,  during tin  time required for 
the container to reach pressure,  there \s no venting of helium uas throuch the 
radiometer and the radiation shield.    Presuming that the initial filling opera- 
tion was conducted slowly SJ that the resulting gas flow cools the shields, 
this cutoff of venting gas (iunng pressurization will allow these parts to warm 
up again and substantially increase the heat load on the storage container,   It 
becomes useful to Know how long it would take for s contatner to reach its 
venting pressure.    Figure 99 illustrates this time factor,  .showing    for the 
3 atm case, that the pressurizing time increases from jus   over 1 hr at loo^ 
fill to over 4 hrs at a 70T'i fill.    Two alternatives can be suggested to achieve 
the pressunzation of the storage container without allowing the remainder of 
the radiometer to uncu'v rise in temperature:   (I1 incorporating an electrical 
heater in the storage container so as to quickly raise the cryogen energy level 
to that of the desired oressure or (2) providing a secondary radiation shield 
heat exchange tubing to permit the passing of an externally fed cryogen (such 
ar. ".iquid hltroren,  LXT» to the shield     The second method noted can also be 
used to provide a degree of precoolmg of the radiometer prior 1o the feeding 
of liquid helium to the storage containers. 

As previouslv noted,  the concept of using helium as a refrigerant for the 
radiometer depends heavily upon using the very high enthalpv of the venting 
gas.    Staged thermal protection systems must be considered that progressively 
add thermal energy,  or "extract refrigeration" from the gas.    Shown in Fig- 
ure 95 is a typical svstem wtiere the gas flows through heat exchanger tubing 
on the baffle optical structure so that heating by the planetary radiation during 
flight can be effectively absorbed at temperatures less than 20 K.    Gas flow 
is then routed to the radiation shield surrounding the rp 'iometcr to intercept 
the major part of the ambient heating of the radiometer.    An optimum trade- 
off temperaturp for the internal radiatioi shield is In the area of 60 to BO'K, 
and the anticipated gas flow will be more than adequate for cooling the shield 
to these temperatures.    To further extract more refrigeration from the helium, 
a heat stationing of the radiometer plumbing lines and thrust support is also 
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providtd.    It is evident that a key requirement uf this gas flow svstem is the 
efficient transfer of heat from the strui tural elements to the pas.    To this end 
jaany systems use small diameter vent tubing for the helium as the heat trans- 
fer coefficient becomes greater with smaller hydraulic diameters.  1)^.    Small 
diameter tubing can become clogged with fruzen gases,  however,   if the system 
is not properly handled. 

i o alleviate the problem of Sling small-diameter tubing and still obtain 
small values of Dfa,  this radiometer will use an internally finned copper tubing. 
Figure 100 shows (greath enlarged) the cross section of a duplex finned tubing 
that is available on the market.    The outer tube is drawn down onto the inner 
tube to provide a verv substantial mechanical bond between the fin tips and the 
outside of the inner tube.    The anticipated tube ( infiguration is n.2f>0-in,  OI),  and 
and with the inner member being a blanked-off tub»- or a sol d rod,    The selected 
diameter will enable the use of standard copper tubing fitting during the radiom- 
eter assembly.    The success of this finned tubing depends in part on the heat 
transfer integrity of the bond between the fin tips and the inner member.    Fig- 
ure toi shows a 50X and tOOX magnification metellurgica] view of the bond line. 
While the bond cannot be described as a cold weld,  the mechanical swaging pro- 
cess provides a yood thermal interface for heat transfer purpose«     The r.ipor- 
tanre of this point i.s that the surface of the inner member must provide its use- 
ful portion of the heat transfer surfai e area. 

the selected heat exchanger tubing has a wetted perimeter,  ]'   ,  of 3. 52 
cm, a flow cross-section area, A{ .  of 0. 1278 rm*,  and a Di, of 0. i4r)2 cm, 
where:   \)^     4 \c   Pw.     Its computing the convertive heat transfer coefficient 
for heat exchanger tubing being used for helium vent gas,  the flow regime is 
very much in the laminar region with Reynolds numbers,   Ng-j  being less 
than 10 .    Ais \ the ratio of tubing length to JK   IB quite hign,  typically for 
this case L/Di, > BOO,    In refemne to Kavs ami London,  "Compact Heat 
Exchangers" tor this flow regime and for (essentially) a rectangular lube (each 
flow channel between the fins being somewhat rectangular),  the convective 
heat-transfer coefficient, h,  is inversely proportional to the Hcynolris number 
to the unity power, h c-« NR^     .    Therefore,  h is independent of (he helium 

•ndent only or. the Prandtl number.  N'r,^^^,  specific mass flow,  \1,  and dependent only or. the Prandtl number,  N'pr 
heat,  ('   ,  viscosity,  microns,  and inversely to the D^.    Representing the 
inverse of h  in the form of a thermal resistance,  R, per unit length of heat 
exchanger tubing, 

A second thermal resistance must be considered in the gas flow,  that is, 
the resistance associated with the available entnalp    or R  = 1/M C'. 

For the expected values of mass flow, 0.01 g/s M 0.04 g/s,  the associ- 
ated mass flow thermal resistance will be:   20 k 'w> R > 5k/w.    Thus, the 
thermal transfer to the helium gas is very good compared to the enthalpy gain 
and the gas temperature will be quite close to the heat exchanger tube wall 
temperature. 
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The practical aspects of filling of the helium storage containers must be 
considered.    Provisions for filling in either a horizontal or a vertical position 
must be made.    Figuie 102 shows «chemaUcaily the canted storage container 
orientation.   The criteria her*.' is to place th^ container vent outlet in the 
uppermost position for either a horizontal or a vertical position. 

For support mounting two concentric sets of radia) ball mounts using 
pyrex spheres in hardened metai ball scats are proposed, with the inter- 
mediate interface of each concemric set being the radiation shield,  thus 
providing a heat stationing of the support thermal transfer.    From the outer 
ihell to the radiation shield a total of eight balls will be used with the pre- 
load in the area of 200 lbs,  and resulting heat transfer of 0. 2 watt for each 
ball or a total conduction of 1.6 watts to ^he radiation shield. 

Between the radiation shield and baffle/optical structure another group 
of eight balls will be used radially at a preload of about 200 lbs,  but the 
resultant heat transfer is only 0. 025 watt each, total 0.2 watt,  due to the 
lower boundary temperatures and resultant decrease in the thermal con- 
ductivity of the pyrex glass. 

A major portion of the mechanical forces on the radiometer occur during 
launch and along the thrust axis.    The radiometer must be very well sup- 
ported along this axis,  the cylindrical axis of the assembly.    Between the 
baffle/optical structure and the radiation shield a set of three balls and three 
stainless steel retaining screws are planned with a thermal transfei  of 0. 07D 
watt for the balls and 0. 075 watt for the retaining screws.   From the radia- 
tion shield outward to the outer shell the allowec' heat transfer can be greater, 
and the resultant thrust support incorporates a preloaded structure employ- 
ing stainless steel members that also incorporate the additional heat station. 
The heat transfer to the radiation shield is expected to be 4. 0 watts. 

Radiant heat transfer from the outer shell to the radiation shield com- 
prises the major area of this type of transfer.   If opposing faces of the 
respective membei » were to be merely gold plated with typical emmittances 
of 0.02, the radiant heat transfer would be about 5.8 watt.   To reduce this 
heating value, a n-.jltilayered aluminized Mylar superinsulation will be used. 

The applicp'u-n of as few as 10 layers of MLI will be effective in redttCittg 
the radiant transf r to the radiation shield to about J watt, an acceptable 
value. 

Dissipations by the detector system, which occur during flight operations, 
arr- predominantly that of the beam chopper which has a value of 0. or)0 watt. 
Dissipations by the detectors and their closely associated preamplifiers will 
be in the milliwatt level and will not have a significant effect on the overall 
thermal balance of the radiometer.   Since the detectors and the chopper must 
be the coldest elements of the radiometer,  they will be ver; closely coupled 
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with copper thermal otraps to the helium storage containers which is less 
than 70K by design. It would be expected that the chopper will be no more 
than 10K above the container temperature. 

Pn«.' to the flight operations,  the radiometer will have been evacuated 
and filled with the helium tyrogen.    Once a suitable altitude has been reached, 
the vehicle nose cone will be ejected and the front cover of the radiometer 
outer shell (vacuum closure) released.   With the radiometer pointing near 
the earth tangent there will be a substantial heat load upon the exposed front 
of the radiometer.    The earth radiation,  considered here as diffuse and at 
300ÜK,   will impose a heating of about 2.6 watts into the entrance aperature 
of the radiometer.   The remainder of the exposed radiation shield will also 
have the earth heat load present,   but it is expected to be able to retain the 
ML] on the major portion of the shield and,  therefore,  not grossly upset the 
thermal input to the shield. 

Radiant thermal energy entering the aperture will be incident on all 
parts of the baffle,  but most of the 2.0 watts will be absorbed within the first 
25 cm of the baffle length as shown in Figure 103.   An analogy was made of 
parallel discs with increasing spacing coupled with the geometrical view fac- 
tors between the entrance aperture disc and discs stationed along the baffle. 
This analogy will hold provided that the incoming radiation is considered to 
be from a diffuse source,  such as the earth.    The two curves describe the 
ratio of thermal radiant energy incident to any plan«   relative to the energy 
entering the aperture, and also shown in step form is the absorbed energy 
relative to the energy entering the aperture. 

For flight times on the order of 2 0 min.   the heat entering the baffle 
represents a total energy of 3100 J,  which is well within the residual energy 
storage capability of the helium cryogenic system.    Of importance is the 
thermal gradients in the baffle that will result from this sudden impingement 
of heat energy.    By using relatively pure aluminum in the baffle construction, 
the metallic thermal conductivity will be maintained at a fairly high value. 
In the temperature range of 5CK to 150K the conouctivity is not far from that 
of room temperatures,  having fallen from a maxinrim in the region of 20CK 
to SCK.   In the first 25-cm length of baffle,  the heat load will result in 
temperature gradients of less than 6.2CK ensuring that no part of the baffle 
will exceed 20CK temperature limits. 

4.11   CALIBRATION 

The extreme sensitivity of the instrument requires a very high-quality 
(low-radiation-leakage) cooled-background test chamber for all absolute 
calibrations (Figure 104).      Two chambers which will be suitable are: 
the Air Force chamber at Tullahoma, Tennessee,  and the Honeywell 
Chamber now under construction. 
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A secondary calibration capability will be provided in the instrument in 
two places.    When the cover is in place a small light (IR)-emitting laser 
diode (LED) source will act as a source,  to traverse the entire optical sys- 
tem.   In this way it will be possible to check the operation and calibration 
of the instrument on the ground,  during launch and daring ascent,  until the 
cover is removed.    Once the cover is off    a second LED can be stimulated 
on command for Inflight calibration.   This second diode is located behind 
the radiation chopper and is only operative while the «hopper is closed,   The 
optical system behind the chopper,  consisting of the spectrometer and the 
detectors, are also stimulated.   The channels which may be calibrated and 
checked in this manner depend cm the choice of laser diode.    Various LED 
laser diodes are available for IR wavelengths.   The choice of calibration 
diode is still under study,  and a diode type will be selected in the design 
phase of the program. 

"*• ^ • ^   Description of Honeywell Chamber 

Chamber -- The chamber- is "H in.  in diameter and 2Ü in.  high.    It is fabri- 
cated of stainless steel and outfitted with two concentric aluminum shrouds -- 
an outer shroud cooled to UK with liquid nitrogen and an inner shroud cooled 
to 20"K using liquid helium.    A 4.r)-in. chamber extension houses a helium- 
cooled radiation trap which absorbs collimated radiation passing the radiom- 
eter when it is rotated to an off-axis position.    The interior of this trap and 
the inner shroud are painted with 3M Black Velvet to ensure absorptivitirs 
greater than 0.9.    The chamber la capable of maintaining a vacuum level of 
1(H> torr. 

Blackbody Sourcf and Attenuator -- The blackbody source is configured as 
an off-axis recessed cone (length/diameter = 3) made from aluminum with 
internal specular black surfaces.    This configuration has demonstrated a 
directional emissivity of >0.999 over a cone angle of at least 10 deg.   The 
source is initially directly cooled by liquid nitrogen,  and temperature sub- 
sequently can be controlled to within 0. 1CC' using a platinum resistance 
thermometer within the block and a proportional control amplifier driving 
a nichrome wire heater. 

Directly in front of the source are mounted an aperture wheel, a 
chopper, and an attenuator.    The attenuator is an integrating sphere coated 
inside with a diffuse,  highly reflective paint.    Thi& combination is capable 
of reducing the transmitted source energy by a factor of 1CP.    Output from 
the attenuator passes through a filter wheel and a variable aperture plate 
which defines the size of the simulated point source. 

Point Source Ot    cs -- From the point source aperture,  the beam is directed 
in an f/4 cone to an elliptical mirror which reimages it.   Stray radiation is 
trappe' in the process, and the well-defined beam continues on to an off-axis 
parabolic mirror which collimates it in the direction of the radiometer.    Moth 
the aperture and collimating mirror will be adjustable from outside the 
chamber through sealed bellows linkages. 
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Extended-iSuurce Optics  — A 2 in. x 4 in. heated flat piate radiates to an 
elliptical mirror which reimages it just below the point source reimage 
position.   A flat mirror then direcs this radiation xo the parabola where 
it is superimposed on the coilimated point source beam.    The extended 
source represents a horizontal angular spread of 10 deg and a vertical 
angular spread of 5 deg,  it is adjustable vertically from 1/2 deg to 8 deg 
below the radiometer optical axis. 

All mirrors are made of ÜLE fused silica, with a gold coating, and are 
cooled conductively with liquid helium through lines attached to the mounting 
plate. 

Shrouds and Haffles - ■ Liquid'helium-cooled shrouds and baffles are located 
within the chamber to minimize stray reflections and self-emission,  par- 
ticularly into the radiometer field of view.    All internal exposed surfaces 
are coated with 3.M Black Velvet t<> achieve absorptivities greater than 0.9. 

Temuerature MonJlSEiSB -- Temperatures of the sources,  mirrors,  point 
sourc,-' aperture,  and chamber walls are monitored with platinum resistance 
surfftCe temperature sensors. 

Error Analysis -- A calibration accuracy of approximately 5* is estimated 
for this chamber. 

4.11.2   C'ahbraturn tests 

The following tetits will be performed to obtain a ground calibration 
of the radiometer: 

(1)   Chamber functional checkout 

(_)   Experimental verification of error analysis; the PCC 
will be calibrated and its accuracy established 

(3) Radiometer functional checkout 

(4) Voltage-irradiance calibration; data Will be obtained 
to produce a curve relating watts/cm" incident on the 
aperture to outpu* voltage of the radiometer; this 
measurement will be repeated several times, 

(rt)   Off-axis rejection measurement; the capability of the 
radiometer for rejecting off-axis radiation while 
measuring radiation from a point source will be deter- 
mined; the radiometer will be subjected to radiation 
from 1/2 deg to 8 deg nff-axis. 
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(6)   Voltage-i-1 adlam-t' calibration verificaüoaä upon completion 
of testb at HI. ttu- radiometer vali be shipped to AK1X.\ 
Tttiiahoma,   where the voltage-irradiance cahbration will 
be repeated in the 7-vuit LWIR .sensor test chamber. 

The following tests will be conducted to calibrate and verify the stability 
of the inflight calibrator: 

0      IFC functional checkout. 

• Calibration and stability; the IFC will be operated unniediately 
after each of the voltage-irradiance calibration tests described 
above (4). these tests will provide a calibration and measure 
of short- and long-term stability of the IFC, 

• Calibration and stability verification; in conjunction with test 
item {(>) above,  the II C will be retested in (3) above at AKDC. 
Tullahoma,  *u verify calibration accuracy and stability. 
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SECTION 5 

SYSTEM DESIGN 

5.1   CANDIDATE ROCKET VEHICLES 

5. 1. 1    Vehicle ( umpariauri 

The investigation of rocket vehicles as candidates for the     mb radiance 
measurement mission centered on those having over 200 lb payload and over 
300-km altitude capability.    Inquiries were made of rocket manufacturers on 
this basis,  soliciting information on configurations and performance for 
vehicles operational in the 1971 to 1^73 time period.    Vehicles having one and 
two stages,   within the 13-in.  to 31-in, diameter range,  and having total impulse 
in the range of about 3 x 10^ to 3 x 10*' tb-sec have been noted for considera- 
tion.    Both solid- and liquid-propelled vehicle« were included in the study.    In 
one case,  a new and proprietary solid fuel bus been suggested as having signi- 
ficantly lower costs and wider temperature tolerance.    In general,   the rockets 
of interest are not those prominent in earlier rocket missions,   most of which 
were carried out at lower altitudes,   or,   where higher altitudes were flown, 
made use of many stages. 

Salient points of comparison oi  II  rockei vehicles are given in Figure lO.S 
and Table 22,    The former- shows graphically the relationship of peak altitude 
to pavload weight as reported by different  ro< kel manufacturers; the latter is 
a tabulation of key information relating to vehicle application.    In Table 23, 
it is seen that, for pavload weights greater than 400 lbs and altitudes greater 
than about, -inn km,   .ll-m.   diameter vehicles are required.    Among the 
smaller-diameter- vehicles,   Aerobee 350,   Astrobre F,  and Black Hrant VH 
have the best altitude-weight performance,    nf these,  Astrobee F is not a 
flight-proven vehicle,  though it may be operational in 1971, 

m 
Aerobee 150/170 vehicles have inadequate performance for the limb 

measurement mission and will not he considered further.    Sandhawk-Tomahawk, 
though capable of altitude performance in the 500- to TOO-km range for 100-lb 
and 200-lb payloads,  does not appear adequate either.    Its small diameter 
indicates the need of a bulbous pavload with performance degraded to üesa 
than that given in Figure 105.    Sandhawk has an excellent flight history,  having 
flown 250 to 300 flights in single- and two-stage versions with virtually no 
failures and with pavloads up to 12 in.   in diameter weighing 220 lbs.    Thiokol 
has suggested Terrier, a surplus Navy item,  as a boost stage for Sandhawk- 
Tomahawk to raise its apogee perhaps 300 to 400 km.    The Terrier-Sandhawk 
and Sandhawk-Tomahawk combinations have flown but not in the combination 
of all three vehicles.    The altitude-weieht possibilities of this three-stage 
version would bear further Study if pavload diameter car. be of the order of 
12 in. 
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The Black Brant VB is the most likely candidate among «he Bristol 
Aerospace vf nicies.    The Black Brant IV family has only 10-in.   iiameter 
furward hardware, and payload weights heavier than 200 lbs are conjectural. 
Of this family the Black Brant IVA has flown, its heaviest payload being 198 
lbs ., (.1; apogee altitude of 600 km.    Black Brant VB has had 18 flights with 
liO failures.    Its 17-in. diameter is compatible with tiiat of Nike, and the 
possibility of a Nike boost has beer under study by NASA.    As seen in Fig- 
ure TÜ5, the predicted performance of Black   Brant VB with Nike boost 
exceeds that of Aerobee 35Ö.    The ''B has been flown using the Skylark 
recjvery systeai,  and a modified Sandia system has b?en flown successfully 
by N'RL from Wallops with water recovery.    Bristol is developing its own 
rect /ery system to be flown in May 1970. 

The Astrobee F rocket is a proprietary development which ma-, be opera- 
tional by 1971.    Designed to make use of existing Aerobee subsystems 
(attitude control,  recovery, payload housing and extensions), it features a new 
solid propellent material.   This material lias wide range of burning rates 
which makes it possible, with a single motor,  to have a high-thrust delivery 
for liftoff follr>wed by a low-thrust regime for climb.    This dual-mode burning 
characteristic creates the effect of having an auxiliary booster at launch.    In 
addition, the new material has increased tolerance to temperature extremes 
and costs an order of magnitude less than conventional solid propcllant.    The 
altitude-weight performance of the Astrobee F approaches that of the Aerobee 
350, but its cost Will be about one-fourth of the 350's.    Us altitude-weight 
performance, as shown in Figure 105, is expected to surpass that of the 
Aerobee 350 with Nike boost.    Although its maximum payload weight has not 
been specified, Aerojet-General feels it may be 500 lbs or more. 

The Aerobee 350, a Nike-boosted,  liquid-propellant rocket, was developed 
by NASA prompted by the need to carry large-diameter optical systems aloft 
for longer periods.    Its altitude-weight performance is the best of the less than 
31-in. diameter rockets shown in Figure 105.    Its price is also the highe?1 in 
this diameter class.    It has made three successful flights and is considered 
to be qualified.    Fight more flights are scheduled in the next two years from 
Wallops and White Sands Missile Range -- the only locations at which the 
350 is flown.    The requirement for a tower restricts launching to these two 
sites although some consideration has been given at NASA to the possibility 
of rail launching, using a Nike-Hercules or other heavy-duty rail or boom 
launcher.    Additional tower launchers are estimated to cost about a quarter 
million dollars,    A recovery system for the Aerobee 350, patterned after that 
of the Aerobee 150, is expected to be flight-tested in late 1969. 

The 31-in,  diameter vehiclen include the Astrobee 1500 and the Castor- 
based SWIK's and AHPA vehicles.    The Castor-based rockets are similar to 
the Athena vehicle which at mid-1^69 had bad 116 flights with 91 successful. 
The standard SW1K (SWIK A) has had seven flightt, all of them successful. 
The SWIK B and D are upgraded versions of the standard SWIK but have not 
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flown.    The AR PA vehicle has had 'ive flights,  all successful.    The common- 
ality of these vehicles can be seen in the Table 23 power plant listing.    It is 
seen that they can use Castor 1 or Castor 11 first stages with two strapped-on 
Recruit motors for boost; second stages are Hercules Antares 1,  Antares 2, 
or the Thiokol TX-2'Jl motor.    These are similar motor combinations to those 
uaeci foT the first and second stages of Athena,  the vehicle used in penetration- 
aids research.    The Castor \M-33 with two Recruit boost motors has been 
successfully flown over 200 times, and the Castor TX-354 motor is used as the 
second stage of the Scout launch vehicle. 

The similarity of the Atlantic Research S\\ iK vehicles and the Aerojet- 
General Astrobee 1500 can be noted.    The Astrobee 1500 uses the Aerojet 
Junior as a first stage augmented by two Recruit boosters in the manner of 
the SWiK vehicles.    The Alcur 1H is the second stage.    The Aerojet Junior 
motor was originally developed for the Jupiter program and has been used as 
the back.p second stage of the S«. out vehicle.    The Alcor motor was developed 
for use as an upper stage in 'he Scout program,  i'nd Ihe A "or IB,  an improved 
version of the original Alcor,  was developed for the Athena program.    The 
Astrobee 1500 has a first-stage total impulse of abou'  1, 8 x IG" pound-seconds, 
nearly that of the SWIK A,  H, and ARPA vehicles, but its second-stage total 
impulse is about one-third to one-Holf of these vehicles. 

Of the 31-in.  diameter vehicle» shown in Figure 105 the ARPA has the 
lowest altitude performance.    The weight of this vehicle, both before and 
after propellant burning,  is apprcciablv heavier than that of the SWIK A,making 
it a less likely candidate. 

5. 1,2   Summary and Conclusions 

An investigation of rocket vehicles operational in the 1971-1973 time 
period was made using information contributed by four vehicle manufacturers. 
The vehicles considered have one or two stages,  and most use auxiliary boost 
for high initial thrust.    Both solid- and liquid-propelled vehicles were included 
in the survey. 

Vehicles having less than 22-in.  principal diameter have peak altitudes 
below 400 to 500 km with payloads of 300 to 500 lbs.    For higher missions, 
it is necessarv to resort to 31-in.  diameter vehicles having peak altitudes 
on the order of 900 to 1500 km.    These larger vehicles have significantly 
higher costs, and none have recovery experience.    However,  if flown from a 
range having a central latitude,  it is estimated that th^ir more extensive view 
coverage would make necessary about half the number of flights as would be the 
case using less than 22-in.   rockets flown from a southerly and northerly 
latitude, 

F'or missions in the peak altitude range of 300 to 400 km, the Nike-boosted 
Astrobee 350,  Astrobee F,  and Black Brant VB are candidates.    Of these. 
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Astrobee 350 is limited to tower-launch locations and is considei ably more 
expensive than the other two candidates.    Astrobet F has attractive features 
but its availability in 1971 is not ensured.    Black Brant VB requires qualifi- 
cation flights with the Nike boost but offers a competitive price, a good flight 
record, and a slightly larger payload diameter than the Astrobee F. 

For missions in the peak altitude range above 1000 km, NW1K A and 
Astrobee 1500 have flight experience.    SW'IK B and D offer best altitude- 
payload weight performance and proven motor« although not flight-proven in 
these specific combinations. 

For this program,  the Black Brant VB has been selected as the candidate 
vehicle, offering 250- to 300-km altitudes with net payloads in the range of 
300 ' )3 and an excellent success record.    In addition,  this vehicle offers the 
possibility at a simple extension to 500-km altitudes through addition of a 
Nike boost stage. 

5.2   SELECTED VEHICLE DESCRIPTION 

The Black Brant V is a sini'Ic-stagc,  solid-propellant,   rocket available in 
three standard configurations - VA,  VB, and VC,    These three configurations 
are similar in external appearance and launch weight but differ in that the 
V^ and VC have a higher-performance motor than the VA,    The VA and VB 
have three external fins and are designed to be launched from a 35-ft long 
boom-type launcher fitted with underslung forward and rear rails which 
provide 15 ft of travel and zero tip^ff.    The VC has four fins and is designed 
for launch from existing towers at Wallops Island and White Sands,    The 
Black Brant V motor characteristics are shown in Table 24,  and typical 
performance data for the three configura'ions are shown in Table 25, 

Figure 106 shoe's the nominal apogee height versus gross payload weight 
for the three standard Black Brari V configurations.    These data show that the 
Black Brant VB has the highest r-erformance; therefore this configuration is 
covered in greater detail in »'.le follow i.ig paragraphs. 

The Black Brant gross payload is the total weight forward of station 0, 0 
(Figure 107) including the nose cone, any cylinder extensions required and 
the igniter housing.    The standard nose cone weighs 53 lbs,  the Black Brant 
VB igniter housing weighs IP lbs,  and the standard cylinder extensions weigh 
approximately 7 lbs plus 1 lb per inch of length.    Figure 108 shows tne apogee 
versus payload weight for launch angles between 7 5 and 87 deg.    In this 
illustration,  the net payload is gross payload less the weight of the standard 
nose cone, igniter housing and a 21-in,  cylinder extension.    As an example,  the 
Black Brant VB will carry a not payload of 300 lbs to an apogee between 250 
and 300 km, depending on quadran* elevation. 
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Table   24. 

5-10 

Black Brant V Motor Characteristics 

Item 

Configuration                           5 

VA VB and VC 

HAL Motor Designation 15KS2 5000 26KS20000 

Length Unch) 210 210 

Diameter (inch) 17.2 17.2 

Gram Configuration 6 Pt. Star Center Shell-Slot 

Auto-ignition temp ( F.) 527 527 

Total impulse- (lb-sec) 383.000 506.000 

Average thrust (lb. ) 25.200 17.025 

Average chamber pressure (psi) 810 663 

Burning time (sec) 13.2 26.9 

Action time (sec) 18. 1 32.4 

Operating temperature range (  F,) 0 to 120 -10 to +125 

Table 25.   Typical Black Brant V Performance 
Data {308-pound gross payload) 

Item 

Configuration 

VA VB VC 

Q.K.     Cdeg) 

Apogee (km) 

Time to apogee (sec) 

Range at impact (km) 

Time to impact (sec) 

Maximum velocity (ft/sec) 

Maximum longitudinal 
acceleration (g) 

Maximum dvi.amic pressure 
(lb/ft2) 

Terminal roll rate (rps) 

Burnout(sec) 

Bumout altitude (km) 

85 

181 

220 

93 

410 

6200 

16 

11.600 

0 or 4 

T + 18 

18.9 

85 

375 

330 

269 

605 

8500 

15 

5,900 

0 or 4 

T + 33 

38.7 

85 

352 

310 

258 

580 

8500 

5,900 

0 or 4 

T + 33 

38.7 
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rhe Mlack Brant VH launch tcceleratiofl will vary from a maximum of 
uver 16 g's to a maximum of less» than 10 g's dept'miing un payload weight, 
launch anglt and other factors.    Figure 109 shows the launch acceleration 
time history for several typical launch configurations. 

The »lack Hrant VM standard nuse is an ogive fairing with a 4. 2f»:l 
fineness ratio available either in stainless steel or fiberglass.    The nose 
fairing is 75 in.  long with a maximum diameter of 17.2 in.    The payload 
compartment length can be increased lo a maximum of 14 5 in.   by adding 
standard cylindrical extensions.    Figure 110 shows the center of gravity 
restrictions for Mlack Mrant VH payloads. 

The Mlack Mrant VM can be flown with fins set to produce either a nominal 
zero (t^O. 5 rps) rate or be set to give the roll history shown by Figure i 11. 

There have been IB flights of the Black Brant VM.  through August 1969, 
with no failures.    The predicted success ratio for achieving expected altitudes 
and flight performance of 99^, 

The payload recovery system histor\ for Ihe Mlack Mrant V  is as follows: 
The Skylark recover) system has been used on the Mlack Mranl VA.    Five 
recovery systems have been flown; the last three resulted in successfMl 
recovery«.    The five syi terns were all launched from Churchill with ]iind 
recovery.   The Skylark recovery system is 17.05 in.  long, weighs 70 lbs, has 
an impact velocity of 30 ft/sec with a 500-0) payload and will recover a  pay- 
load with a maximum yros1- weicht of 500 11). 

Bristol Aerospace is designing a parachute recovery system Specifically 
for the Black Mrant ^'H and VC.    Moth the logic system and the parachute 
have been independently flown.    This system is 12 in.   long,  weighs 70 lbs. 
uses a 28-ft main chute,  has an impact velocity of 28. 3 f*/sec with a 400-lb 
pavload a. d will recover a maximum pavload of 500 lbs.    This system is 
scheduled to be launched aboard a Mlack Mrant VC in May lf'70 followed by 
a second launch from White Sands in November 1,!70, 

The Naval Research Laboratories arc flying a modified "Sandia" recovery 
system on Mlark Mrant VMs.    The standard parachute has been replaced by a 
larger unit to permit recovery of heavier payloads.    The first launch is 
scheduled for November 1969.    The Air Force Cambridge Research Center 
is reported to have scheduled two Black Brant VB launches from Eglin with 
recovery.    An "air snatch ' is planned using a C130 aircraft.    The recovery 
system used would be similar to the Bristol system but with hea ier shrouds. 
Figures 112 and 113 show typical impact range and impact dispersion data for 
ti.e Black Bran* VM.    Impact dispersion can be reduced to approyirnately one- 
third of that shown by Figure 112 by using the Mlack Brant VC and a tower 
launch from Wallops or White Sands. 

The current price of Black Brant V rockets is shown by Table 26.    The 
prices are in US dollars and are FOB Winnipeg,  Canada. 
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Table 26=    Cost of Black Brant V Rockets 

trt No. 
..- miiwiniw 

61:10-00045 

-00017 

-00013 

600-00045 

-000i7 

-00115 

600-00046 

600-00046 

600-00048 

600-00048 

600-00047 

-i 

-3 

-3 

Description 

500-00047-11 

Nose assembly including: 

Fiberglasä tglve nose fairing 

igniter housing with foreward 
launch lug 

Nose assembly including 

FHP fiberglass ogive nöse iairi'ig 

Igniter housing filtered with 
ribbing shoes 

15 KS25,000 rocket motor 
including igniter assembly 

15 KS20, 000 rocket motor 
igniter assembly 

Nozzle assembly 

Exit cone assembly 

Tail assembly including:   aft body 
assembly with rear laur. :h Ings 
and fin assembly 

Tail assembly including:   4 fin 
assembly and rubbing shr   ^ 

$  2.230 

£16,940 

*   1.060 

$  6.320 

J. 

$ 2.230 

123,580 

$   1,350 

$  6,320 

$ 2,236 

$23.580 

$  1,350 

$ 8, 130 

Total Cost $26, c   ■» $33,430 $35.290 
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The Black Hrant altitude-payload performance can be increased by using 
a boosted system similar to that used on the Aerobee 170 and Aerobee 350. 
With this system, a Nike booster is attached to the bottom of the Black Brant 
through a spigc/ system. 

The Nike adds an average of 50, 000 lbs of thrust for the first 3. 2 sec of 
flight and then falls awav from the Black Brant.    Figure 114 shows a prelimi- 
nary comparison t      ._ altitude-payload weight performance of a Black Brant 
VB and a Nike-bousted Black Brant VB.    It is estimated that the use of the 
Nike booster system would add from $6,000 to $7,000 to the cost of the Black 
Brant VB in addition to the cos. c* development engineering and rocket 
qualification flights. 

The addition of a Nike-boosted stage to '.he Black Brant results in an 
increase in apogee altitude ;ind an increase in the total time available for 
measurement. Trajectories have been computed for the Black Brant VC, 
and these are shown in Figure 115. About 80 sec are consumed in pre- 
measurement maneuvers in both cases. The apogee altitude in the Nike- 
boosted case is about 45^, higher, and the total measurement time is 480 sec 
or about 23% longer than if the VC" were not Nike boosted. 

The Black Hrant VB has slightly better performance than the VC as shown 
in Table 27.    These are nominal values with a gross payload weight of 547 lbs 
and Q. F,  of 85 deg. 

Table 27,    Performar^e Comparison of Black Brant Vehicles 

Vehicle Nike-Boos ted 
■  ,   _,        -■ ■  

Apogee Altitude (km) Measurement Time (sec) 

VB No 270 420 

Yes 3 no 510 

VC No 250 390 

Yes 360 480 

5.3   AUXILIARY SUBSYSTEMS 

The proposed auxiliary subsystems consist of the payload supporting 
structure, attitude control, attitude dcterminauon,  telemetry,  tracking, 
electrical power,  separation, and recovery. 
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The integrated payload is designed to be contained in a standard Black 
Brant VB nose fairing as shown by Figure 116.    Table 28 shows the individual 
auxiliary subsystem weight, volume and power allocations.    This subsection 
describes the recommended characteristics of these subsystems. 

5. 3. 1     \ttitude Control Subsystem 

This subsection presents the probe vehicle attitude control subsystem 
requirements and constraints,  a functional description of the recommended 
attitude controller,  a description of its physical    onfiguration,  a discussion 
of the system mechanization,  and a brief description of the inertial sensors 
proposed in addition to the basic attitude reference system.    The attitude 
reference system is discussed as a separate item. 

Requirements and Constraints -- The launch environment through which the 
altitude control system must survive is described later in this subsection, 
since the attitude detrrmination system is more sensitive to the launch 
acceler ...ions and vibrations than the attitude control subsystem.    The follow 
ing describes the major functions of the attitude control system. 

• Control system is activated at termination of boost and 
pavload separation. 

• All three vehicle rates are nulled, and payload is aligned 
to local ve-ri leal. 

• Horizon scan mode is initiated.    Vehicle is maneuvered to 
alternately scan between 11 and 17 deg of the horizon in a 
vertical plane ?t rates of 0. fi deg/sec and to maneuver between 
scan planes at a higher rate. 

• Prior to entry,  all vehicle rates are nulled,  and pavload 
is aligned w.th roll axis normal to flight path to minimize 
aerodynamic heating and damage. 

The following pavload pa ameters have been assumed for purposes of 
sizing the attitude control svstem: 

• Moments of inertia 

I     =5.05 slug-ft2 

I .   -   I     -   32. 8 slug-ft 

Payload weight 

y      -   46Q lbs o 

2 
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Table 2 8.    Rocket Pavload Size Allocations 

1                                               item 
Weight   i 

(pounds 
Volume 
(in.*) 

Power! 
(watts) 

Research Package 
|     Radiometer (including electronics 
i    and cooler) 

100 14 inch 
diam x 
48 inch 
long 

20       \ 

Payload Pointing 
Two ESCfl» 3 rale K>ro3 

j    Computer and Controller 
|    Helium Storage,  control and jets 

27 
22 
35 

450 
670 
250 

24        ! 
32 

1        1 

1 Klectncal 
1    Ign.tion Batteries and Circuitr> 
1    Power batteries (-) 

Power Processing and control 
Wiring Harness and connectors 
Programmer 

4 
14 

8 
8 
7 

60 
200 
3 50 
150 
120 

20 

3        j 

Communications 
Transmitters 
Transponder 

|     Antennas and cabling 

6 
6 
6 

^0 
100 

26        ! 
37       1 

1 Structure 
|    Structure, supports, adapters 

fairings,  heat sink, bellows 
130 .^600 I 

Recovery Package 70 17 inch 
diam x 
12 inch 
long 

Total 410 166         | 
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Horizon acan ra'e 

0, 6 deg/sec 
3 

Bftween-scan nianeuve;' rate 

^      ■   3 deg/aec <max* 

Termmal apm rate 

u Ü. 5 rpa (max* 

This is the maximum expected rt-sidual roll rate when 
the zero-spin angle is seiet fed Jor the Blaek Hrant VH 
fins. 

Attitude control lever arms 

1 H in. x 

I I/.        30 in. 
v 

•      Premaneuver limit cycte characterlatica 

Attitude deaiband      tl.O deg 

Rate deadband =  tO. 1 deg/aec 

The propellant used by »hf attitude < ontrrl syslem has been dictated to be 
helium gas.   since -here is concern 'hat any other gas miglr. interfere with the 
optical experiment.    Kven nitrogen g^« has been ruled out,   since the possibil- 
ity exists that it could combine photochemically with free ozone, forming 
oxides of nitrogen, which absorb in regions of experimental interest. 

The attitude control svstem for the radiometer probe flight series will be 
designed to meet the above requirements.    Detailed performance specifications 
will be prepared at *he start of the program to ensure compatibility between   .-. 
the attitude control svstem and 'he svsterr requirements, based on detailed 
performance analysis and error analvsis.    The following subsections give 
some of the details of the attitude control configurations tentatively selected. 

functional Description -- The function of the recommended attitude control 
System for the raoiometer probe flight series is to maneuver the vehicle in a 
controlled sequence of azimuth and elevation excursions at specified angular 
rates.    To provide the capabilitv of maneuvering and aiming the pf.yload to 
within I deg of a preselected pointing attitude,  the recommenocd attitude 
controller uses: 
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• An attitude reference system which uses two two-degree- 
uf-freedom electrically suspended gyros to define the actual 
pointing direction,  'n addition to providing the data fur 
accurate <1 arc min) postfMght attitude history re« instruction 

• A CoHd-gaa (helium) reaction system which maneuvers the 
pavJoe,! with respecf to the attitude reference 

c       Rate gyros for damping; control electronics; and telemetry 
signal i.ondittaning 

• A programmer to provide the desired in-flight attitude 
sequence 

Prior to launch,  the attitude reference system will be aligned by means of 
a prelaunch alignment control system.    This system optically determines the 
attitude between the attitude reference      stem coordinate frame and an earth- 
fixed frame,  and subaequently loads the appropriate constants into the attitude 
programmer to provide the desired attitude sequence. 

During the boost phase of the flight,  the attitude controller is tnainUdned 
m a 'passive" or    noncontrolling" sta;«-; however,  the attitude ; • t« rence 
System maintains the inertial reference established prior to laun« h, 

\fter 'fw boost phase,  the paylnad section is separated frum the booster. 
The attitude controller is activated by a tuner signal and begins to rate- 
arrest the payload in each ff 'h«> three a.\es -- pitc!.,  vaw,  and roll,    Th< 
vehicle :.-> tt.en maneavered to an appropriate prescan attitude.    The vehicle 
is then commanded bv the programmer to scan from II to IT fieg of flu- 
horizon in a vertical plane at rates of 0.6 deg/sec.    Between scans,  the vehicle 
is maneuvered between Stan planes and criented in elevation at a higher rate. 
The details of thr hori7on scan motion will vary from flichf to flight,  depending 
on the particular objectiveg of 'he- fhcht and possibly modified due to previous 
flight experience and rxperimen'al results.    The proßrammer and attitude 
control capacity will be sized on a basis to accommodate any forseeable 
attitude command profile. 

Before atmospheric rntrv, ail vehicle rates are nulled, and the payload 
is aligned with the roll axis normal to the velocity vector to minimize aero- 
dvnamic heating and pavload damage. 

Table 29 summarizes the expected impulse requirements for the attitude 
control svstem.    Worst-case situations have been assumed to limit the 
maximum gas requirements. 

Assuming an average specific impulse for the helium gas t; rusters of 
140 sec, this means that 1 lb of helium must be stored by the attitude control 
svstem. 

218 

UNCLASSIFIED 



UNCLASSIREO 

Table 29.    Attitude Control Total Impulse Re> merits 

Maneuver Impulse v -^  J         | 
(lb-sec)                i 

Rale arrest and initial alignment 65                 ; 

I  Betsveen-scan maneuvering 21 

Horizon scan rate initiation 
and arrest 

21 

|  Miscellaneuus limit cycling it) 

Reentry rate »rrest and 6 
| alignment 

Gas reserve and contingencv 
allotment 

17 

1  Total Impuls«* 140 

Physical Cojrt^guratior) -♦ The attitude control system recommended for the 
fiiinmeter expf'tinu-nt probe vehicle draws heavily on the extensive attitude 
control hardware experience Honeywell ha« accumulated on the suborbital 
Scanner program and 'he  Vhena and Athena 11 programB,    These programs 
are all suborbital probe-type flights with attitude control requirements simi- 
lar to the current set of requirements. 

The attitude control syster:   i onsists of the following major components: 

Six 7-in.   diameter spherical,  high-pressure helium gas reservoirs 

One in-line filter (10-micron nominal rating! 

One pressure control regulator 

Six reaction jets and tube extenders fnominal 1-lb thrust jets) 

T'*-o let-arr^v manifolds 

Tubing assemblies and fittings for connecting system components 

Two pressure transducers (0 to 500 psia; 0 'o 5000 psia) 

Two gas-fill valves 

One pressure-relief valve 

Three rate gvros (sensing pitch, yaw, and roll rates) and mounting 
block 

Control electronics assembly 
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•      Kvent programmer 

t      System wiring harness 

The placement of the major attitude control components was shown in 
Figure 116. 

tnertiat Sensors --   In addition to the basic attitude information from th»» attitude 
reference system,  the attitude control system uses rate information from three 
miniature rate   gyros.    These gyros are mounted in a triad l>lo( k and sense rates 
around each of three mutually perpt-ndicular axes of the attitude controller.   The 
outputs of the roll, pitch, and yaw rate gvros are used to control the probe ve- 
hicle during Ihf rate-arrest modes and are combined with attitude signals to 
provide rate damping during attitude maneuvers. 

The recommenrjed rate gvru is a G.V'OD final miniature rate gyro and is a 
s ngle-degree-of-freedom spring-restrained instrument.    This gyro contains 
a synchronous hysteresis-type spinmotor rotating at 24,000 rpm.     The rotor 
runs outside the stator to provide maximum wheel momentum with minimum 
size and weight.     The dvnamu alh-t.alamed rotor runs on preloaded ball bear- 
ings to maximize motor life.    The spinn?otor is hermetically sealed in an inert 

.'atmosphere.    The gyro gimbal ia supported between an isoelastu,  low-hystere- 
sis torsional spring and a miniature,   low-friction jeweled pivot.    An infinite- 
resolution, variable-reluctance pickoff provides an output signal proportional 
to the Input taming rate,     \ mechanical damping compensator,  immersed in 
sllicone fluid, provides a reasonable constant damping ratio for extra protec- 
tion against shock and vibration.    The external steel housing is gold-plated for 
corrosion resistance and effective hermetic Healing.    Figure HI ia a rutawav 
view of the Gnaf rate gvro. 

The GN90O rate gyro's linear range is 40 deg/sec,  and it can withstand a 
1260-deg/sec input for 2 min.    The scale factor for this gyro is 110 millivolts/ 
deg/sec. 

5. 3, 2   Altitttde Determination Subsystem 

This subsection pre^Fnts the probe vehicle attitude determination system 
requirements and constraints,  a description of the candidate system! con- 
sidered and the rationale for the selected system, a detailed technical descrip- 
tion of the recommended attitude determination system,  and a discussion of the 
requirements for data processing and telemetry.    The proposed attitude deter- 
mination system is based on two Honeywell strapdown electrically suspended 
gyros (ESG).    The accuracv requirements for the probe flight,  the nature of 
the candidate launch vehicle ride,  and the desirability of complete freedom in 
launch time and attitude maneuvering combine to make an FSG system a most 
attractive candidate for this type of probe serie?. 
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Fifure 11".    Cutaway View of Gnat Gyro 

Rgguirementj ■in'! ( ^ns^raint^ ■ ■  THP launch environment thrnuph which the 
attitude reference sv^ern must surv v« (and in the case of The ESG svstem 
operate accurately) is that of the Hi  ''< Rrant \'TJ), manufactured tty Bristol 
Aerospace Limited,  Winnipeg,  Canada.    The Black Bran. VB provides nn" 
of the Softest rides of anv scmnding rocket currentlv prorJuced,  and is a sinple- 
.^tac»' rocket with attendant lack of explosive stage separation.    These features 
are among the factors which make an ESG attitude reference system attractive. 

The maximum longitudinal acceleration    haracteristics of the booster are 
shown in Figure 118.    The maximum amplitude is 15 g's.    The maximum cross- 
axis acceleratious expected ar? ^ 2 e's.    The maximum shock environment 
experienced is during ignition, when a 70-g/sec acceleration rate of change 
is experienced.    Fligh» diagnostic records indicate that no appreciable shock 
inputs occur during flight.    The maximum vibration experienced by the Black 
Brant VB is 3-g peak 'sine wave) 2 KM?   o 40 Hz,  and G. 036 in.   peak to peak 
(sine wave* 40 H/ to 15 H?.    The vibration experience in flights to date has 
been of quite shor.' duration,  occurring in .several burst:; each of a few milli- 
seconds. 
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Figure 118.    Booster Longitudinal Accerleration Choracteristi cs 
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The maximum payload radiation air temperature is of the order of "C^C. 
Lower valuer are easily obtained with proven standard insulation techniques. 
The payload compartments can be staled,  if necessary,  to maintain sea level 
ambieiu pressure. 

The angular accuracies required from the attitude reference »^ stem are 
as follows: 

• Postflight attitude reference accuracy 

Roll --  1,0 arc min Urr» 

Pitch -- 1,0 arc min (ICT) 

Yaw --  1. 0 arc min Uo1 

• Real-time onboard atlitud? reference accuracy 

Roll -- 2.0 deg (lor) 

Pitch -- 1. 0 deg (Iff) 

Yaw -- 1. 0 deg 'la1 

These accuracies are required only when the radiometer is performing 
an R  five horizon scan at angular rates of 3. 0 deg/sec or lower.    The accuracy 
requirements can be relaxed somewhat during the maneuvers between scans. 
The 1 -arc-min accuracies are required onlv durmg postflight data analysis. 
Thus,  the raw attiir 'e reference data can be telemetered to the ground and 
c  mplex onboard calculations ar" no) necessary. 

Wide-bandwidth real-time attitude data is not necessarv,  since angular 
rate information for stability is available from the attitude control system rate 
gyros.   Time constants or lags of up to 0. 2 set  can be tolerated in the real- 
time attitude data. 

With the FSG system,  the errors in the p^ elaunch alignment combined 
with the errors incurred during the boost phase and the zern-g experiment 
phase must be small enough to meet the 1-arc-min requirement.    Errors in 
boresighting the ESG system to the radiometer optics are a part of this 1- 
arc-min allocation.    If an attitude reference system which is based on ceK-stial 
sensors is used, then the capability exists for reducing errors and attaining 
the required performance after 'hrust termination. 

The attitude reference svstem for the radiometer probe flight series will be 
designed to meet the ?bove requirements.    Detailed performance specifica- 
tions will be prepared to ensure compatibility between the attitude reference 
svstem and the system requiremen* ^, based on detailed performance analysis 
and error analysis. 
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Candidates and Selected System -- Several alternate approaches to attitude 
determination were considered for tne radiometer probe experiment series. 
The nature and timing of the probe series places a somewhat different weight- 
ing on the decision factors than would normally be the case for an operational 
satellite tracking system.    The benign environment of an operational orbital 
vehicle and the extended periods for stellar acquisition and zero-g drift-trim- 
ming make a stellar-inertial system like :he Honeywell/LMSC SPARS (Space 
Precision Attitude Reference System! an ideal candidate for this job.   However, 
for the probe experiment attitude reference the requirement is medium accu- 
racy attitude reference for short flight times with the emphasis on operational 
fleixbility,  night,  day,  or twilight operation,  and elimination of vehicle pointing 
or scan constraints for attitude reference purposes 

.\ number of alternate existing attitude reference systems have been 
examined for possible application to the radiometer probe experiment series. 
These candidates include the Honeywell/LMSC SPARS system and derivatives, 
the Aerobee Mark 11 attitude control system,  the LMSC" SPARCS system,  vari- 
ous photomultiplier tube star map^jr systems,   various star tracker systems, 
and a system based on the electrically suspended gyro (KSG). 

The electrically suspended gyro has been examined in the past for other 
rocket probe programs and has been ruled out because of severe launch vehicle 
environments,  including high acceleration and explosive stage separation shocks 
in multistage boosters.    The Mlack Hranf VI>, which is the candidate launch 
vehicle for this flight series,  has the soft ride characteristics which make the 
KSG system attractive for the first time in a probe program.    An attitude ref- 
erence and control system based on the KSG appears to have such a decisive 
advantage over other candidates that it is the recommended approach for this 
program.   The following subsections describe in detail the details and features 
of the FiSG attitude reference system. 

KS(,   Xt'itude f)e'ermination ^ys'en-. Description -- The data processing system 
accepts pulse signäTs^ßeneraterl h\ 'he "V-G optical pickoffs,  and telemetry 
signals from a ground-based computer.    These are converted to usable form 
and used to produce attitude control signals and output data.    The control signals 
position the vehicle such ?hat the radiometer is in proper relationship to the 
local vertical.    Telemetered outpu* includes pickoff identified direction cosine 
and radiometer signals.    A typical installation of 'he KSG system is shown in 
figure 11°.    Figure 120 delineates signals which are produced by the inter- 
vening hardware     The processor block diagram,   f igure 12],  shows a more 
hardware-oriented picture of the system.    Assemblies which must be used to 
produce the proper signals are shown. 

The system accepts signal« from the KSG optical pickoffs and from the 
telemetry receiver.    The gyro rotor is fre    spinning and carries a pattern 
which contrasts in reflectance with the rest of the rotor surface.    The pal- 
tern is a series of lines, each of which is sensed by a microscope-tvpe 
optical pickoff when it crosses the pickoff field of view.    The pattern on the 
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Figure 11".    Typical Installation of ESG System 
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rotor m forme'l b\ -x ma^k A'hich is \ <*refuü\ suade to cuntuur the lines sm h 
that the time flifferences between output pulses is a measure of (he cosine ni 
the angle between the spin stx;.-» and pjckufl a\!^ 

The pickuft contains upti« -7,   J. ll^n* s« arie,  a &<.-iisvM   photo diode and 
amplifier.    The   m plif?er i>utpu! la .» pulst- Aith level o! several volts,   suffi- 
cient to drive ■>;'-    ircujt^ Ah)   h 1   I!   * 

\ signal prucfSjior a^ i ep'.ü this pi* k« M  ; ;ils«' trans .»no produces from it 
types of output.     Vhf firm is .« set ^  st-qui-rufr-coMtrolled slarl  and stop 

['heHf  tf •• level-  1 r'-pa";! le.with .1 hiph-spet-d t tiunler and 
ly pes 1 

yutitit» voltages. 
contain info« mation i t:- ■" rhe   !esirt-d nun '■ > •     !  mtoi   revolutions which will 
be averaged to redui-f rt't'i'i   m th»   start-stop .^«'quenri1     The second output is 
an tdentit\ 'at, which t'fentifie^ th«' ; u -.   "  Ahii !   A.I^ used (o obtain the data. 
This into •mation ts neefled so that the : ••'• r> :.! •   axjs r..ii\ ! v properh  identi- 
fied in 'he äubsequent compu! i".   ns 

The counters and arithmetic logic  ;.r.   :■:■ <   numbers which describe the 
present position of the ijvro spin axis relative t(   **s<   pickofj axes.    Since the 
pickoffs have been  iltüne! to the vehicTe axes an I the alignmenl anples are 
known,  this information also n-iaN  '■ •    ;-'  : '    ,:■'   ■■■■,•■■   •■• of !h<   r a'iion.eter 
relative to the £•.;■'< >p!ri  ixe 

These signals funcorre( ••  ; '   ■   alienn • n'   ar«   u lemetered ba< k to the 
tracking station along with the ra i;   v. cu r     itpu! data.    Th< s*   signals ar' 
corrPcte<l,   and alignment   !ata is a 
Scribed in.  * previi.^us sui ^^   '■   n 

Ul ' •; 1 < nip\3:er as de 

The orogrammer produces ' .v    signals.    Th«   signals are the desired 
angle of rne ra liomefer relative •■   vehii le vi f.- al and the proper- relation- 
ship between gvn   spin axe- an; vehicle vertu al at that tin e.    The latter 
signal is used to correct the direi tinn cosines and produce the proper refer- 
ence frame manipulations which will result in the present vehicle axis angles 
relative to a local vertical joordinato frame.    These present angles are com- 
pared to the (former* desire i radlom  ter angle= relative to the same frame 
of reference.    F.rror is produced when the vehicle is displaced from the de- 
sired position, 

rhese error signals must be smoothed fn remove 'he effects of bad daia 
produced b\ noise pulses :ir from other «sources.    This smoothed error indi- 
cation is input to a 'iigi'al to analog converter which produces levels propor- 
tional to the number    appearing from the comparator.    These levels define 
the thruster effort which must be applie-1 about the three vehicle axes to effect 
control of ;he radiometer attitude. 

Procegsor Hardware -- The processor block diagram (Figure 121) define«,  a^ 
an assemSTv level,  'he key items of the svstem. 
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Three gyro pickuffs each produce a pulse train when they are viewing a 
part of the pattern.    Analog detectors are used to produce voltage levels from 
each plclcoff output line.    The relative magnitude of these levels is used to 
choose the best two of tl.ree plckoffs.    Gating and shaping networks controlled 
by this comparator are user) to transmit tne chosen pickoff signals to counter 
gaüng logic.    Comparator outputs are also used to produce a code signal which 
identities the pickoff being used for a particular data point. 

A 10-MHz « lock !S used a» the basic s\stem operating timer.    Countdown 
circuits produce ehe various sequences of control signal needed bj ihe entire 
processor.    Pulses from the clock are gated to counter-accumulator by the 
pickoff signal to produce numbers proportional to the pattern time differences. 

The system sequences produces a six-word pattern for readout and arith- 
metic control.    Three of the words are long,  determined by maximum time 
needed for the desired number of rotor revolutions to occur.    Three other 
words are short,  determined ; •. the time needed to transfer and manipulate 
the data in the arithmetic section.     I wo sets of data are needed for each point, 
a long count (entire rotor revolution? and a ühort count (from reference to 
timing mark).    The signals rr.a\ be designated A and H (pickoff) and 1 and 2 
(gyro) and I   and s (long and short).    Two counters are used,  and the word 
control gating follows  '.aide '50. 

Other sequence»! are also generated as needed lo serjalire output data and 
control 'he arithmetic and memory operations.    These sequences are gener- 
ated under word-level command. 

X" the end of each counting eveb.*,  she numbers generated air ^atod into 
a set of four buffers (words 2,   A,   f<).    Huffer 1 and 2 are used to hold the 
short-count data, 3 and 4 hold long-count dai;*.    \\ word r),  'he information 
from number one gvro i.^ us  4 to con pute iht direction cosines for that gyro 
axis relative to th"? pickoff frame.    These cosine signal^ ar^ uncorrected for 
plckoff-to-radiometer alignment anplep hut H* <• sufficiently accurate for guid- 
ance control,     V the beginning of words 1,   '),  and r>,  the counter output from 
the precious cycle is gated to the multiplex unit where it is processed for 
transmission back ko 'he tracking station. 

Word tating bring-? 'he desired counter signals to the arithmetic unit for 
computation   >( direction cosines.    The arithmetic output is gated into a buffer- 
Storag-'' unit where it is held prior to computation of the vehicle control signals. 

At this time,  the proper vertical information dependrni on gyro 1 output 
is placed in the telemeter buffers.    One word later the gyro 2 dependent ver- 
tical reference sirnals are transmitted and stored.    The programmer com- 
puter the desired location signals.    At this point all the information necessary 
for computation of attitude control signals is available. 
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For fhia computation, the pkchotf idetitit\ code is used to define the proper 
transfurrn matrix and computation algonthni to be used.    This is taken from 
the program memory unit and is used in the matrix computation unit with the 
previously computed cosines and the local vertical reference signals to do the 
reference frame fnanipulations needed to define vehicle axis angles relative to 
vertical at the vehicle.    These angles are compared to the desired angles from 
the telemeter buffers.    The difference signals from the comparator are pro- 
portional to roll,   pitch an i saw t-rrur anplt-s. 

These numbers must bt- conditioned lo eliminate the effecti of missing or 
bad data points.    The conditioner compares present data ta previous data and 
deletes points which differ by mure than u .set amount.    The amits are precal- 
culated to allow margin from norms] vehicle rutc-s. 

The dtgitaI«to>analog converm« n concepts the pjtch-roll-yaw error num- 
bers and produces a filtered level output which is used to control the vehicle 
thruaters. 

Attitude üeterroination ^rror  Xn.ihäi» -- The two ESGa will be "hard mounted" 
to fht> radiometer package, and ihe radiometer package will have reference 
surfaces for alignment purposes.    Prior to Right, with the ESG's operating, 
the alignment of the radtometei  package with reaped to some known coordi- 
nate system will be determined. 

At anv time after 'he imtial alignment,  the output« of the KSGs may be 
used to indirate f'ne r.rumtation of the radiometer parkajje with respect to the 
known coordtrate system.    Errors in this indicated altitude rnav be concep- 
tually divider! into the fi Uowing components! 

[nUial alignment en 

Shifts in the alignments ! --'ween the KSGa and the radiometer 
package after 'he initial aliprmer.t 

ESG drift error-; after the Initial alignmti.t 

ESG readout errors 

inv correlations among these error components are so verv small thai 
they may be neglected.    The •. arianre of the tf>tal error is thus related to the 
component variances bv the  ;sual rsa formula 

cT* TI\ 'AS Til. 'R( 
where 

T       -    total 

l.\     =   initial alienment 
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AS       -   alignment shifu 

GO     •   gyrv drift 

HO     -   fyro readout 

Fur tne hi|?h~accuracy,  postflight analysis requiremeni of 1 arc min,   la, 
each of three axes, a preliminary error budget has been established 

7l.\ 

'AS 
TGl> 

m 

0. 4 arc min 

0, 4 arc mm 

0. 0 arc nan 

0, 7 ijri- rnin 

1 art: mm 

These numberj* represent la errors present in »ach data point,  and data 
points Aill com«  ?J a rate of about 2'i ;>«-:- sec.    ■\r the msximum expected 
vehicle rate of " deg  set ,  the vehicle »'ill move h-s.s than H mio p«'r data 
point,  m ,i nearly torque-free environment,    Dita smoothing should be able to 
reduce that portion of the error above due lo readout errors,  which are 'argely 
uncorrelated,   point to poin»,    A smoothed attitude estimate should then be in 
error hs onlv 0.75 an   min,   \v,  each of three axes. 

Another  point lu considei   is tha' the gyro drift figure above rorrespondi 
to the amount of drift accumulated \ v the end of the mission.   Early in the 
mission,  this figure -.vill be reduced by about 25 Amounts budgeted for 
initial alignment error and esp^iaUv for alignment shift error are grnerous. 

Initial  Mignment - ■   \ detailed initial alignment prf»re<iure has not henn 
worked out.    FVorrrän accuracy standpoint,  however,  there are several optical 
methods available with accuracies well within the 0,4-arc-min per axis (Iff) 
amount budgeted for initial alignment error.    The critical feature of initial 
augment i^ in obtaining the alignnu-nt within a short time prior to launch. 
Gyro drift accumulates from the time of initial alignment to the end of the 
mission,  so it is important to Keep this time as small as is reasonable.  Cur- 
rentlv,  estimates of evro drift have been made assuming initial alignment 
vvi'hln fen minutes of launch time.    V is likelv that this time could be inrreaaed, 
if   hat is required by launch constraints, with a somewhat more careful initial 
gyro startup procedure, ann perhaps a more complex gyro drif prediction 
procedure. 

Uignment Shifts -- The detailed design of 'he ronnection between the FSG 
package in3 'he"rä'':f?orr.e?*,,r package is not complete at this ;ime,  therefore, 
exact alignment shifts between the two packages are hard to estimate.    The 
amount M. 4 arc min, each axis,   Iff) budgeted for alignment shifts, howerer, 
is very larne for anv reasonable mechanical connection. 
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K'SC; Drift E£££Ci "" Ur^rvdictable chafes in the -rientaiion of the KSG 
spin axes in inertiul space between the time of initial alignment and the time 
of readout will cause err« . •* in the indicated radiometer orientation.    Motion 
of the KSG *pin axes m inertial apace is termed raw gyro drift, and the un- 
predictable part of this rnotlon is termed compensated gyro drift.    There are 
three lev-Ms of possible compensation: 

• No C'ornpensauun -  The simplest way to use the FSCls is tn 
assume that they" are Stable in inertial space.    This is also 
the least accurate wav to use the gyros, but it is adequate 
for some aspects of the present mission. 

• Mass > nhulance Compensation - Part v»f the raw gyro drift 
mav be attributed' to gyro mass unbalance.    Compensating 
for this portion of the raw d.-jft requires onh  knowledge of 
the orientations of the gyro spin axes with respect to the non- 
gravitational acceleration of tht  ^yros.    For compensation 
purposes it would be adequate to consider that the gyro gpin 
axes were fixed in inertial spac»- and that the nongravitational 
accelerations of the gyros were those corresponding to a nom- 
inal flig' * p'ofile.    in fact,  the entire dr.ft i ompen.'Ction pro- 
cedure wt uld require onh the initial cüignment information as 
i.ip'.it data. 

• Klectnc Torque Com£3nsation - After mass unbalance compen- 
sati* 'i, a laryf f .trt of the r''maininp gyro drift may be ascribed 
to torques  vi the gyro rotors due to the electric suspension 
forces which support them.    Compensating for electric torque 
drift requires knowledge of *he orientations ".' the gvro spin axes 
to the gvro cases on a necr continuous basis.    This information 
will, of course, be available - it is just the gyro readout infor- 
mation - but if ma-  not be available on a continuous basis.  Kven 
if continuous information were available, electric torque drift 
compensation is fairly complex,   requiring much gvro laboratory 
test data and a large computer program. 

The simplest (lowest numbered» of the above schemes which results in an 
adequatelv !o.v value for compensated gvro drift should be chosen.    The KSGs 
proposed for this mission will have raw drift rates less than about 0. 1 deg/hr 
(except during the short-duration launch which will produce rxbout as much 
raw drift in 30 sec as would be produced in S min on the ground.    Thus, 
for thf loir-accuracy (1-deg), real-time interface with the onbi ard attitude 
control svstem, no drift compensation need be done,  provided that the time 
duration between initial alignment and launch is less .iian a few hours. 

Ffigh-accuracv (I arc mint postflighf data analvsis will require some drift 
compenaation.    If r.itial alignment were obtained only JO min prior to launch, 
raw gyro drift would he about .1 arc min at the end nf the 15-min flight. 
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After mass unbalance compensaiion,  the LSGs proposed for this mission 
will have compensated drift rates less than 0.03 deg/hr.    Assuming initial 
alignment 10 min before launch,  the gyros would be expected to drift an un- 
predictable 0. § nun by the end of the i5-min flight.    This is too large a num- 
ber tu be acceptable.    There are two ways to reduce the unpredictable drift. 
The obvious way is tu compensate for electric torque drifts.    This would 
lower the compensated drift rate u> less than 0.01 deg/hr, or 0.3 arc min by 
flight's end,  an acceptable result, but at a high cost in terms of complexity. 
The other way to reduce the compensated drift rate is to pick the initial 
orientatiuns of the KSG spin axes withm their cases so that electric torques 
are small,    ba was mentioned earlier, electric torques are dependent on the 
orientaticn of the spin vector  .    the case.    Nut mentioned earlier,  however, 
was the fact that some unentatums of the spin vector in the case produce 
extremely low values o   electric torque.    Since the time between initial align- 
ment and launch is assumed to be short, the orientation of the spin axes in the 
case will be reasonably constant   luring that period.    Picking an orientation 
where electric torque is low will reduce compensated gyro drift prior to 
launch.    After launch,  although it has not vet been included in the computa- 
tions,   the low specific force on the gyro cases will lead to smaller ürift rates 
than previouslv indicated.    A combination oi mass unbalance compensation, 
proper initial orientsfion of the gyro spin vectors,  and a short time beiween 
initial alignment and launch should keep compensated gyro drift to less than 
0  5 min (each axis,   ley; at the end of the flight. 

KSG Readout ! rr >rs - I ach KSG has three optical pickoffs mounted on 
its case which view »he rotor surface.    Lines inscribed on the rotor surface 
are sensed by the pickoffs as the lines on the Spinning rotor pass through the 
pickoff field of view.    The pickoff outputs are used to turn on and off counters 
which,  when or.,  count some high '10 to Ififi MHt) staid«1 clock signal.    The 
counters, then,  time the transit between lines on the rotor surface. 

In curren* practice,  the ratio of the time of transit between two lines on 
the rot^ r surface io the time of a complete rotor revolution (the transit lime 
of one line> is nominally equal to the cosine of the angle between the pickoff 
axis and the rotor spin axis.    Two such angles are needed to determine the 
rotor spin axis,  so two pickoffs are needf d for a single readout.    Two pickoffs 
arc inadequate,  however,  for all-attitude operation, as the sensitivity to 
error in a measurement of the cosine of an angle becomes unacceptably Ugh 
as the angle goes lo zero.    Three pickoffs, properly placed, ensure that two 
accurate outputs are always avail c '■ 

A counter rate . f 10 MFIr will i e adequate for this mission.    A 700-rps 
rotor spin rate,  coupled with a in-Mif? counter, yields the fact that a one- 
count counter error correspond.c to 

tl count! 00 *ev 11 
sec 

360 2£« rev 60 mm 
deg no1 

1. 5 arc min 
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which is higher than the allowable trror,    Averagin^_i)ver 10 revolutions for 
each readout will reduce thjj» error b\ a factor of L 10 to about 0. f> arc min. 

While each of the two KSCJs must    ive three i^ptical pickoffs,  making a 
total of six pickoffsi and,  while each pickoff must be aide io provide two out- 
puts - the time of transit between the two lines on the rotor,  and the time for 
an entire rotor revolution - onlv two counters are necessary.    The two count- 
ers are used sequentially to provide all the neiessarv output information. 
First the two counters are used to measure the average transit time, over 10 
rocor revolutions, between the two lines on gyro 1 rotor for the two appro- 
priate pukoffs as seiet ted by onboard logic.     Then the same measurement is 
made on gyro 2,    In a third measurement cvi le,  one i ounter is used for each 
gyro to measure tne average time:» (over 10 revolutions» of complete rotor 
revolutions for Ihe two UtlitS.     ! he 'otal tm.e 1« r a readout is then (3/70) sec, 
so about 2'i data potdti/sec will be produceH 

\ maximum vehicle angular rate of i deg/sec is e(;uu'alent to 2. bl arc 
mm per- lo rotor revolutions.    However,  the sversglng ,JI ocedure will produce 
an output corresponding to »he attituii».- >■' '.ht- vehu !«• at the midpoint of the 
averaging cycle if the vehicle angular rates .»!<• loiisfnt.    Degradation of 
readout (at low angular raten) is n«? a function of ihe angular rate itself,  but 
of the angular- scceleration.    A^ the vehicle IM in a nearlv torque-free environ- 
ment when accurate readout la required,  vehicle dynamics should not signifi- 
cantly degrade the readout process.    In fact,  it is then oonstancv of angular 
rates which allows the three counters to he shared between the two gyros. 
Even though both gyros cannot be read out simultaneously with tills scheme, 
post flight data filtering wilt allow nonsimultaneous measurements to be com- 
bined. 

Resides one-count errors, •-,. *<   i?-<  several other sources of error in 
the -eadout,   m ie;-»»:-i.-n* if the one-count errors,  of about 0,3 arc min.  These 
COtne from line placement error?,  'riggenng errors,  and the like.    Combined 
with the one-count errors,   rss fashion,   this makes a total of 0. 58 arc min. 
f eaving a generous allowance    f 0. 4 arc min for dvnamic effects and for 
effects of nonsinviUaneoua measurements still yields an rss total readout 
error of 0. 7 arc min,  each axis,   la. 

Data Rates -- Ten rntor revolutions make 1/70 gee.    After each 10 rev- 
olutions,   two numbers must he transtnltted, eerh possibly as large as the 
number of cycles m 1/70 sec of 10 MHz.    1 quivalentlv,  two numbers must 
be transmitted, each of 14 bits.  70 times per sec,  'or a total data rate   if 
i960 bits/sec.     additionally,  some qualit\ bits,  tag bits,  and some redundant 
information will he sent,  with the total data ratp remaining below 2. 8 K bits/ 
sec. 

t'ostflight Data processing -- The recommended postflight signal processing 
is show.' »n Figure 122. The first step in ground data processing is to obtain 
the relationship of the FSG sp:n vectors with rf-spect to the radiometer package 
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aä functioas ;jf time.    Thiji involve» manipalatirig the u'lenietfred counter data, 
ujiin.;* • laboratory readout calibration of the KSGs.  and the laboratory measured 
orientation o? the KSG taae.-» wilb rt-apett to the radjonifter.    Suue only two 
counters ,ire u^sed on a shared baaia to provide the six output!» netessarv to 
read out two KSfJs,  the »ix outputs art? ncjt obtamed simultanfouslv.    They must 
be adjusted, or smoo'hed, or sntf rpidatea, to coise up with six outputs nsrre- 
spondin« t<> the tata« tune,    This process .'!,a\ involve tome knowledge of the 
instrument package dyeuUBica,  whuf; are espet ted to be sinsple. 

A parallrl set of ground computfttioilf,  usiug data taken i>nlv during the 
initial ftligomeat ','•■■ lod, predicts the otHemafioni of ttie i S(i spin vectors in 
earth coordinates.    The initial valut- of the:«- oriemHion» i» detennined by 
the initial ttlignnysni prw edure     1'rt-;>i tu n   * ch&nges after the inilial align- 
mc-nt invcdves a iimple «-a: th i rotate r.      mputati« v.,  plus a gyro drift compu- 
tation whuh i-i base! un a labofab • .    ai;' ration oi gyro drift.   Some knowl- 
edge of rh»- nafflioal vehicle fllfhi pj"      <   :«!•->  be Beceaskry, 

(ornijiriini; the i -<.-'   - ■ 4       •   .••• •      ■ ;. ;.'..•!. ri with the } Ml-tf-earfh 
oKentation vod N ■'.>■   fe^ired     «;.■■;;•■!<•!■'--I.«! th t-rientaliim. 

t'^yrv. {'.i  K t^>- Uggratrng I'r-'■ t-jiire^--  ! r.«- modef of < perati^l are der*rril>ed 
for tt:«- ffSG attitude reference paekifi 

Storage 

Startup 

f ipera'i >r' pri r v ■ |g :■    ■ 

I   « mc h an i exp<»r|n • ■ ! 

post-espertmrn?  r     ' o     ■ , 

storage --  the fyra pa  k&g*   shall b*    omwcted to a g^'ro vacuum main- 
tenance unit and its source   ■ ;        ■     .• ing "• geaeral period of atorftfe, 
fhe vacuum maintenance anil ;    • • > ■ .    .   •    ■• adout pauge and fhr pc/wei 
^upplir-* which operate the       •     ; .    :   gauge unit which i« an integral 
part !>f each gyro.    Durtrtg tranäp    tati       ind s^semlilv transition, the gvr" 
vacuum pump m \- : ^ left unenrri,--7f ! u r a few day« without harm. 

"he gyro vacuum maintenance unit i? a par? of the ground equipment. 

Sfart-f p --  \ t^pii ^1 start-up ; •     • iure j? described a« foilows;  fine 
hour or more hefore ?he int^ndr-i night, begin the procedure by conaecting 
the gyro package to the main fwwer hua of 28 vdc.   This «•j)] pnrreizr ihe gvr-!/ 
electronics (except suspension), gyro electro-optical pfekoffs and g>-ro vacuum 
systems.    Mext, b ^h iTvrr. rotors will be suspended.    Kac, ^vr'- rotor will 
then be snun up to appfoximately "00 rps,  and ari\ rotor «^»hble will be damped 
out.    K'arh gyre rotor will be torque i to its planned starting attitude.    Thr 
Steps from power-on to attitude torqutng would normallv HP carried out with 
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ihr rut»et in its horizontil.  initial prelaunch attitude.    Siart-up cuntruls and 
povcr lu ipm up AV/i  -'anip iht gyro are part uf tht» ground equipnifin.    After 
■»pinup Li tumple'e^,  spia ct^Ml'ols and pc»wrr art- discutmei ted from the 
rot'itef; ?hf fyro rotor« coftüftue to spin tcoast» through (he remaining pre- 
launeh,  launvh,  mvi enpmi imami pmrioi»,    1 he length of time required to start 
th<f USG attitude reference »ystens is estimated to h«* Ifj min. 

GyroJ »perati .t. t'; n^r tu Latini'?. -- i tilluwing g,> ru startup,  the gvro altilude 
reference pacFige f^ If; ;■.i ? asK  cprrational mode.    At some lonvenienl finif 
prior to laurt'n,  the . J.   .-■■   jjurt.p pover supph van be turnrd off, t>r discon- 
nected a-i  the caae ma's i e      ! he vacuum pump(t) nerd rn't be cperated during 
flight, 

altitude refereei e    .a'a A -J. I * e eoUeded during this time period for 
later correlation *'•■   "■   gi    ind    ptical alignmetii data recording.    THe 
ground optii ti ■•i- ;■■—! Ih   .: • • •    --a' It- «fith the rocket either in its hori- 
zontal 4ttuu'i<- or in ■'.■■   ••■*;.al,  ready-io-launch sttitu<ie.    if the rocket I« 
rai-»»-! into i?i .••?•.   i'  >'•:• . •  ici-t 'fivin 3Q nstn prior i" launch, ti»- optical 
alignment equipment •   t perform with the rocket vertical, 

L« if!-, h  in ; i tpei     [ ',<• ►•■?     ; .ti kage is in Iti altilude reference 
performance pmä« ■" ••»-'■     ■'   •    ".•  last i« üit (tlmewisei of opt lea] iligts- 
nii'n'  ijta    ..r-.-U'«-'   ■    ••   .■    .- ! recording mode,    ^hereafter,  through 
launrh   ut i *h''  •  i • ••      - ^   •■.■'•'•'.!-(. altitud«-  ; efrj «n<«   pac kage pro- 
vider aHltttda :••'>■'■'■. .      :   *'■ -    ; > teleji etr^  for experiment correlation and 
other  tttitude re!    •        • <"     •   •..,;••.  ■   • oi^oard iildtude coatfol.  No 
torqulng signals are  »;;;'■        " •  ,■ '   - ■*•.   -■   ■-; in ^xr-s- remain fi*«'d in 
Iserlial ipaee escepi ''  r *-■   n ■»•;■,!.<•  error srhich occur* during the 
performance period      N        •  ■   *•      r input iignaij» ar»' required for the gyro 
-1-. item. 

P tat-1 x:--: ■•   \-:J},' -   \ programmed o" (ommanded «jgnal 
will Indicate      •■ [   -•■   ■     • •   •   ■ »   •   •   eter data =fan.   An nnhi.ard prro func- 
tion controller ■*'il1 ■    i   : •'; ar€ •v»" ? 5G attitude rfferenre svstem for landing 
and recover?.    The safest  t\ \ -  ach is one of shutlitig down the T'Sf; aftitud»- 
reference syst^rn prior ■   landing,    ihr function controller will applv an 
electromagnetic fiel ! '    • * '"> gyn  to run down the rotors to sere speed.   The 
gyro rundown operation •• UI be programmed controlled; alloc a od time will be 
approximateh 2 mm,    \i 'he r-      •' -v rundown r>erif>d,  each gyro rotor will 
tip "OP* down'   within its ceramic envelope in readinepp for landing.    Main 
system power, other than '"v f — suspension electronics, rra\ or mav not l>e 
turned off prior t    landing, 

5.3.3    Felemetr-. Sub^v^terr 

\   'etAiled block diacrar    »f ?he proposed telemetrv subsystem IB shown 
in Figure 123.      \ rfM-FM s>stem wa« chosen because of the data accuracv 
reauirements and because the number and rales of data cham.els would have 
required two telemetry »'■ansmitters for the FM System, 
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The tlM of PlM iflensftry rt-dacf s system error by elirmnatin^ undeiect- 
able error m ths KF link.    Typcil KM-IM Systeme add 1 to 5 % oi fullscale 
error to the flatd fron; this »uarve.    A Pt'M-FM a>ya>ten! will have u small 
percen'ig»? c>f r>it error» (nommallv 1 in 10-,   m truss c*&t->: iiDVi^'n,   with 
error detection ccKling thete eaa be identified and not seriuush degrade the 
d4ta. 

An KM-KM i>s{tej!i woulo rrquire two transimitters uämg the tomplete 
aet of IHK) Mar^'ard eon#tam«biu^«i<ltb subcarner Channels availal)lf for 
trwmtSdion m tne VHf  ba&d.    M appt-ai s from preliminar\ analysis that | 
iingb- rrafiarriittf r *il! be sufftrient for the ITM-KM bNstem resulting m one- 
half the iranamitter power requirements,    !' should be pointed out that the 
ground stations ar^ better equipped far tauidllng l'M-KM tiiati PCM-FM 
telensetrv.   aSd 'h>» ground equipmenl Coa»trainl miiy j-eoun-t* use of the FM- 
K\! link. 

The telemetry *yitem hai three t^ a!f; sources of r^aia !o process. These 
are the ta : n ••••• lubs) »ieft , "..- »ttitud«1 lete« nnt.ation »uts^s slim, and the 
itatuJ an'! environmental meai     - mem* in the payload, 

fh«' r » h ..':,»-t»'r  iftll    4v   *.       ,..jr.ripls of data ouf|Hlt<    ! ifteen of ihr 
• hanneljt *!n have i Q* ■ • ••, .,:,...', \ respotuMi bandwidth modulati^c 
a 24d-ri/ chopping sift o      ft»    •   ;; inf signal in introduced in the optical 
input path •    "■*• ra H  i ■■•' •   ■- •    .» ■ «-, hanfea) < ho^er.   Thes« IS channeli 
will be silmullaneouai^     .       •     ■.'. synchronJam with the chopper at a rate of 
240 iampien ;•"  »e    pet    ! mm I      Ihr remaining three channeta will have 
t fine-res dmion -»P«     • >!   • i    well as 'he radiometer »pafial lean and 
will require   i ■ »  ■        • ■   ,'•     ,   i     freqyenc)  reapoose and choking ra'e. 
\ ieparate ehoppei   rill    •      -•     •   •     'iarinel» or>eratmc at V-2U ]]?.    Theae 
thrre cbinneln arill be  itn ult >- •     . -I     -,•■ ; led *' a rate of ]"20 samples per 
see per channel. 

The I'i radj   n t ler    hannels,  uajng sample and hold rircuitfi,  will be 
multiplexed fr  -.      ■■ -    n  \  '<      nverter     The /l/D converter«  f>peratini? on 
o- to 5-vol! Inptits,   rill pr v ie 8-bi! binary f-utput« at a converaioti rate of 
nominal!-. ?36fi sample?   stec.    I ogarilhmif amplifiers are used in the radinm- 
e?er sijbjysterr    •• each i hannel to reduce !he dynamic rang" of 'he output 
from in*1 ♦,> approximateh 140.    Measurement accuracy will be approximately 
•■?■>". rma   tt reading. 

The attitude deierminatifsn subsyatem consists of Nro strapdowti, elec- 
trically suspended gyros.    Th^   utpüta will constsf of a readout of four lf.-bi! 
h:nar%  registers a* a rate    f 100 samples per sec per register.     AH shown in 
Figure 123, these or.tpyts will be seriallv shifted out and sequenced in the 
PCM data stream 
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The Jitatuji and envjrunmenlal r!:f <4s»urfirient ptar«» h«   .   tu>t been defined 
in 'Jetail.    H'rehrmnars esnr-'ia'.es induate there »ill be approximateh 4U 
pointd.    |l a detirablt on a lüuluflsght progrum such as this tu have the early 
flights» well m-strumemed to identifs failures and then- cause« Bo thev i «) bt- 
corrected on iuccee jing flights. 

As ihowfl iö !■ igure I2'i the SifttUS ant rj!VJ}H>nn;er)tal points w sll br iiiultl- 
plexe«J ID tu trie .Ml) cosvertef,    Th*« 'rst pointl will be sampled unl\ during 
period?) wh«n the radiojTieifr is nut •eauuiitsg '.hr fuii/un u{ interest,     I'hls will 
be during the •uan n-'/t-rsmg intcrv*!» a»d \t'huU   attitude shifting intervals 
arKl will replai ♦• (he ra-JtorKftrr uutputs tJursug that tUn«. 

All 'lata 4fct »ync «trorda «ill be n uÜUpU >.» - mso a s-t-nal but stream with 
parity add^d fur tnodttlfttiili ";•■ iraiUBaitt^r,    A iiAßdmrd word and frame strut- 
tur»* 4i defttwrd in the IM M -'a', u; N    ' IRKJ documenl 106-66 will be used. 
The bit ratr,   srubidin»» 'Ja*^.   partly,   am! * r a.*;«   .-.s tu hrunir aliuii,   vvillbr numi- 
nallv  IU'J. 000 bits pet  sei 

Tht- EruMn !''•■•   lite  lependa -.'•;. «ti   ngl» on the ^ liabilities of the 
ijrour.ii receiving equipffinen« ■  f> llowjng i .»b ulsUon ii hft«ed on equipment 
avjilahl»-   i< 'h.t' ■,', ill   -'i EsLaftd 1» ■■       -■'«   ^:. : s Tv.axiiJiutri transmission dis- 
farue at 400 < n.. 

\-n',jmr:    Vehicle {f*iwn i»«ien ;;•<   I i'.f' db 

Fading ls»s -       ' .f| HI 

b d >-i ?»':   r-,  i    - •■ 3. 0 'i\ 

1.« j" tr «•■  •    'ter • 30, Q '5bn^ 

Then: Frans,   P 

Trans, mt    i  sa 

Tr ins. ant,   g v- 

Prupai^'if>n i   - - 

? i Mn^ lo«j'» 

?'iia"\ration logg 

Receiver an», gain 

Receiver sensitivity 

Margin 

.7o. r- ,.. . 

- i.H rfb 

132.0 db 

-6.0 -U 

- 3.0 ib 

*28. C    ■ 

10.T. '^ dbm 

20.4 dV 

tf 12. 5 db is required a* 'he receiver for signal-bi-nrdsp ratio, the net 
margin is 7.9 db,  trhich should be adequate to cover r as^s in thf» »plemeJrv 
system where the covrraffp in *hp pr>wrr pattern of »he vehicle1 antenna«« could 
dip as much as 4-'^ db bedow iaotropir. 
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The receiving amenndi ftt the Kurt Churchill range have a IS-db gain 
cumpare'i to the 28-'ib gam '.* ihr larger antenna«» at Wallops Island,    To com- 
pensate for the 'i-'ih difterene«.  a !U-watt transnatttr wjll havr to be used on 
the pavlua'J for Uaf^hes fruni Fort Churchill 

The total sue,   weight,  ami power estimates for 'he ulemelrv sul'S\stems 
an; 170 in!1,   13 &8.  tod N «atts     These estmiijies dc not J'ulude heal sink 
weight for th'.- ufut.     \ detailed tnern^al anahsib nmsi be runducled to deter- 
mine the mmmtisg eofiftgU*vatio« for the transmitter. 

'i 

Principal a-'t-^i    4   A    : & te he  Jufie vns the ielen eti\   s;ul'S> '-'en! are; 

• Detail   tesi^r;    ! the std system 

• Antennd  :••!;»;;. .»-. * pattern me»-suremenl 

« Tbrfmal analväi^ J:-' ; -  '.j^.^i' 

• (ntegrailon wui       i finaii a «ritl; ground italicmä 

>. t. i   Tm« ftiöÄ   ■'• M »Sen 

F'hf expertment »cannii .   >     iracv t« , .;!< menl* (iut;«!»- potitidf) and 
altitude ac rur»-.   •-i.: r .-•■'■.•.'■ 1" -    ': ,   Id.   throUfh th<   ^.«asurrnumt s 
portion of >hf V     ■•       V   r.   < \:-    le ! R astJn um mtmr oi 4't(i kn;,  a tracking 
transponder «i\\   ••■ •.■..-■',■.•■•     < •     ]. 

For launches ■»• f   r! < ten   hill, •••   '.N  ! PQ-11 *iU be B»ed a« th« 
ground tracking radar.     I -•   Ras|^ supplies an'] Install« the  %N/DPN-43 trans- 
pondrr to be •   ■•* patible wltl   •   •   ■  K-    -•■ ■ ra-Jar.    Thi* radar operaiet in ihr 
370n- to 2950-MH« '"!- — ;■;.♦•■•.  •.«■.•      Fstimated arruracv of this system le 
i2'y vards In r » ige  mi tO. % mils In aiimuth and rl-vah^n.    M a 40n-kn1 

rang*' the a*-el errors artli be up •    -200 n.. 

The  \N :l>^^-i,, lran*pen<ier ■■ ■ ntains its own power iupplv (»pfralin^ off 
five HH3 Vardne? Silvercels.    Th«" total «el^i! asdv« lurr« of lim transponder 
iyslem,  tnclufiing antennas, «ill be approximaleb  i Ibfi and 120 in. 3,  ro- 
ipeetively. 

Tracking radars in u««5 at Wallops Island include the AN/FPS-16, 
SPANDAR, and the \N'FPQ-6.   Th*» SPANOAR unit operate! in th?- samp 
frequency Vangp a* 'ho AN/FPQ-ll and ma} be rnmpatible with thr> AN/D] 
41 transponder.    It would be highly -Ifeirabie to have the same type of trai 

'DPN- 
ans- 

pt'mder for each launch rane«5 to aroid having i    make mounting modifications 
in the pay load. 

Skin (racking radar should also be used as a Vackup system for r-nch 
launch.    Uthough unable to maintain track over »he full trajectory, thpv can 
provide a highly accurate track through the firs? 50 to 100 km of flight.    The 

;;43 

UNCLASSIFIED 



-.-^i.M.-^w.^ wttmm 

UNCLASSIFIED 

flight profile COttld be j^eneratea ts exirftpolfttion from this initial track to 
provi'le useful «lata in ih9 event uf failure in 'he priniarN transponder trai'kinf 
iyitftm. 

Principal areaj» of work tobe done OB the Utcking aubvstern are:   integra- 
tion and coordination with ground gtAtioaS; selrituü of compatible transponder; 
itnterma design arri pattern rneaaurerrient; ih^rmai anahsis and pai kagin|.'. 

S»3-5    Kleitrieal  fr^er  sut,j^;«;;;. 

The »-lectrtral power subay^tesn fumisheS she roctn?l iyftMB with a con* 
tinuou-t  -i'.urc*- of ttWctrtCtl)       TtW -IUJ s\s!e!i, tiitbU alh   consists ul three elfc- 
tricallv it   Ji*'-; r^-'.-r ,   -suppht-s !  i    rM. U-,  pavluad and rfcoverx package 
poWfr\    QsaUfted,    »ff» I he-shelf, batteriea art- fi\ailatdt- for each appluatinn. 

[he vehicle äuppH provides powei   !       inult» »»«ot sa,.e<< wit*) nofsi- i tine 
rrniovjl.   p..4,h=at  ^^'f,i^•atl   r.  4:.;     '-•   f   i\m -t-j'*   l^fcd«,     TWa  supplv  rtmslstf 
of two amäll,  eleelrfi al!-. 1* l-f»- I, b*lferie8 cfssfiected u- the redundant vehirle 
eoiitrol eirtuits»,     fhe ! itten  is a high-diacharge,   remoteh »eUv*tedf  sjh-er- 
tinc battery,     \i livat!  •■ •;•■ •   I« less ■.,;^-.   ne mitnite with a Bttad lifetime of 
-iix hour-*.    \r\ internal v.•'*•''■  |g ,•   .. < •< !a!trr% baj provisions !or 
external heater pötref, «•\,«-'';4l adivati* n ^nd external i^onitorinf QJ ihe 
hatterv voltatfe. 

fhe payload po*er supph uses ■*    silver-iint tecondary batteries. Thene 
batteries are rap^Me of sapplviflf "■•   required electrical loads for 2 hrs wüh 
output voltage lo- .;•■«    •■ .;     ■  ■    :>  •   ]•>      f\ <■ two baiteriei are normally operated 
eteelricalh i*t»lated \    •■ •■■■•    •■   interference between payload «ufi!>vHtemH.  Pro* 
visions ire provided lo ^Ib * eithe? bstler5 '•   itfppl^ the «'ntirp pavload in the 
event of a batter;  failure     f ircuita are ; ■   ' ided to allo« the pavload lo operate 
from external power an ! tö allow "h^ I atteries to be < barged whr«n Bicrunted in 
*he rocket payload. 

The recoverv package power o- provided \\ * separate battery.    This battery 
has sufficient capacity \o activate recovery circuf*s and so operate the recoverv 
beacon for 24 hr^. 

The electrical power subsystem must remain compatible with the power 
utiliting sal P^stema, ?he rocket-paylc^d configuration and rrKket launrh pro- 
cedures hn»*o'.ighou' 'h*1 irsien period.    Jr-r- rlettrical power  tubsystem rriust 
monitor the above areas continuously as 'he payload system progresses to 'he 
final 'ie^Uin.    Specific 'ask« which will be accomplished during the desigTi 
period  iff   -i-3 follows; 

•      l'Iev'frocal Power AUocajion --   The electrical power allrications 
for the Individual •dili^ing «uhsysien-..« will be ronfinuous'iv 
monitored throughotit the design period.    The amount of power 
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and ?ht typs of powtr ?'ur each subs\stein and ihf influence of 
'.rvJävi'iual atilizing tssda na the electrical bus «ill be evaluated 
lud cumrolleo a    aa to result in the bt-st uverall aNstt-m design. 

• ^^*^' ^a%l ^i Cvfifi^uratU'n -- Thr sut-,  vulume and «eight, 
a 11 o t a ? iu .• i f u r t ne~eTe 11 r il il power subSNS'rii. niust remain 
COmpAtlbte with electrical |>c«ref performatu t- and i^-habilitv 
requtremests.    Comiftue i eomfuträo» el !he »irt- alloiatum 
a.-Mi the preflig'^ aed tßflighf . ^irunine-m with elertrual pef- 

n L^se«,  iroftifel aad relial ;::•■   rrquirt-mt-nts will be required 
thro-i^h^u' tim desifs ar. • ■ ..-; ' phasrs.    Sue,  iMTfurmance, 
Ifid    ani > r ^ilver-ztru ,  »ih e-t -1 «diniuni *nd nukel-cadmiunj 
batteries iriU be rridcd   •    • -< luiretJ. 

• '     ' -    ; i ''   '• ''     fe* etectrical pe«er sahsysi*Js must be 

eficere a?« fr • •• «•.-■■j.' lime üü ihe betters suftph ami 
tjuruh rtie »-\'.--.;. Ar? ij; ■ • jt'.-r-N rharfing fecflities.   I ii« 
•'a*' '■ :   »I p ä

'     '■        •. •    * .]\ < *   N*ai^ned to meet the r«iqalre- 
'  •■'•  *i   ftfläisj •■ •    ^reflifhi    beckout proee^ire« and 
U-" •*■■  ->-■•    '     ■ ■   ■:...;..'t-'     .-•.   "ir design iM-riMfi. 

'). ;5. g    -,» ruetui e 

The   'i'---   :••.•.-.- .,.:.. •..=, ,n !Srt-s. part , t itutdftrd HHVH 
components      '   ■   ■■   •    • ,     ■.        i utnfen!    .;  <  eliöBBheU »trael «re which li 
jetUnoned •    expose '■:•  -v.- ■.••■.,,•<-,.      ierodvtaimlc b.adt? <m the 
Base fairing ire iransferre    •      ■    ■  .   •,     ■ .-.r, through the first «nd into 
the second of foas   Blaeis Braut standard ^tension cvclinders, »\ which location 
the fir»»«  mac! *■■    ••••    •• . turt  \s     ade.    Prem that poifit oft, paral- 
lel load paths thr og •    -• • ■   v       H« • itructure will be availai ]< lo 
c-arrv the loads into tfe ignin uting4   rl     h is the rearroos! section of thr 
payload. 

The inlern.il conalructtön    f th? payload is intended to foll^e thr ppneral 
method oi strut U»ra! sspporf and load distribution a«? has been eucceesftttly 
«aed with the BBVft vehicle on crfher programs.   Ftgare 116 is a preliminary 
conceptual  Irawtng    '* the pavload cimflfaration.    A« shows, the major portion 
of »he payload length in comprised   f the spr-rtrgn radiometer, shown as a 
right cylinder (ig-to.   nameter y #8 ;r,    lo^i wjth a pressure dom*1 r.n the 
forward end     Thr balance of fhe payload is positioned aft of thr radiometer 
in separate functional equipmenl decks     Ttese rifr\<~ are Interconnected 
tongitudinaUy by four structural members between each deck an'J arp also 
attached b   'he outer structure '    provide the required sfrenjrth and rigiditv 
to withstand 'he launch,  flight,  and recoven loads. 
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Attachment c' the experiment radiometer to the first equipment deck is 
accomplished at four points around the circumference at (he rear of the 
radiometer.    Tht* instrument is stressed so that its structure will be adequate 
to carry the loads necessitated by this cantilevered-type mounting.    The sec- 
tion immediately aft of the radiometer provides mounting and alignment pro- 
visions for the attitude and rate gyros and associated electronics.    This loca- 
tion enables the closes possible alignment between these sensors and the 
radiometer to be achieved and maintained throughout the flight. 

Located behind the attitude and rate sensing section is the power and 
communications deck,  followed by the reaction control gas system,   recovery 
section and Igniter housing. 

A weight breakdown of the system is shown in Table 31. 
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Table 31,    V; fight Breakdow 

Item Weight (lbs)         | 

|   Nose fairing 
STD cylindrical extension (2) 21. 7" a 28 lbs 
STÜ cylindrical extension (1) 16. 3" 8 23 lbs 
STD cylindrical extension (1) 11. 3" , IB lbs 
Igniter housing 

53. 0    ! 
56. 0    I 
23.0    l. 
18.0    \ 
19,0    \ 

I  Radiometer 80. 0    j 

Attitude and rate-sending section 
(2) ESG 
(3) Rate gyron 
(2) Electronics assert lies 

l        (1) Wi Mng harness 
!               Mounting and connecting structure 

54.9 
27, 0 

1. 5 
8.4                              | 

15.4                            j 

Electric power and communications section 
|        (2) Batteries,   ignition 
j        (2) Batteries,  power 
|        (2) Power-processing assemblies 
|        U) Programmer 
j        {!) Trans^wnder 
1        (1) Telemetry assembly 
1              Rocket and payload instrumentation 
{              Antennas 
{             Wiring harness 
j              Mounting and connecting structure 

68. 5    j 
4.0                            | 

14. 0 
4.0 
5. f 
8.0 

12,0 
2.5 
2. 0 
3. 0 

14. 0 

Reaction control gas system 
1        (6) Titanium storage tanks 
|       (1) Press regulator 
|       (1) Press relief valve 

(1) Gas filter 
1       (l) Fill valve 
|       (6) Thrusters and nozzle extensions 
|       (2) Gas manifolds 

Tubing and fittings 
Mounting and connecting structure 

53.7    | 
21,0                                                     '; 
3.8                           | 
0.5                            i 
2.2 ! 
0. 1                      i 
6. 5 
1.6                            j 
1.3 j 

16. 0 

Recovery section 65.0    j 

1                                        Tot&1 
491,0    1 
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SECTION (i 

PROGRAM PLAN AND COSTING 

B. 1   GROUND RULES 

The recommended probe program c»lls for 10 launches covering the 
Heasonal,  diurnal and ge()graphu  variation.    These launches will bt held at a 
northern launch bite (assumed here to be Fort Churchill) and a tempei   te site 
(assumed here lo be Eglin Field).   In addition a minimunTcost program ha.« 
been described 'Ahich «alls for three probes launched from a northern tüte. 

A baseline program plan was issued to obtain costin| information     This 
gi hedule is shown in Figure 124.    A general statement of work and test plan 
was issued.    Approximately one year Is allocated to procurement,  fabncidion 
and testini» of the sensor,   attitude system,   auxiliary systems and integrating 
structure.     It his been assumed th.tt a single contractor will be responsible 
for the instrument system      The  -vstem -vculd.   after qualification and test, 
be delivered to AFCRL  » ■ an integrated asaembly.  for installation on a Black 
Brant VH.    Costs of the rocket have been obtained and are included m the 
estimates.    Cost of data reduction lo ■ alibrated radiance-position data have 
been estimated.    AFCRL integration and test rang'.- costs have not been .ncluded 
in these estimates      It should be understood that all cost information are rough 
order-of-magmtude estimates based on the design baseline presented in this 
report     All cost quotes,  with the exception of the cost for the Black Brant VB. 
were obtained from divisions of Honeywell.    Model statements of Work were 
issued and a response generated through the normal quoting channels.    No 
negotiations were held against these estimates: hence the rough order of 
magnitude. 

For quoting purposes,  the integrated instrument package was broken into 
5 subsystems,  and costs are collected against these subsystems.    The sub- 
system areas are: 

• System design and system analysis du-ing fabrication/test 

• Attitude dete-mination ami control subsystem 

• Radiometer 

• Auxiliary subsystems (power,  telemetry,  recovery) 

• Integrating structure 

A? part of the baseline instructions,   it wa." assumed that four flightworthy 
integrated instrument systems would he required to meet a launch schedule 
calling for 10 launches in one year.    It was further assumed that a minimum 
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quahfuation program would hv required an each subsystem thai the inte- 
gratirii; »tructttre A<>U1 i b« qualified with dummy instruments and a system 
test of the lotcgrat« i system »'ould be required 

6. 2   STATEMENT OF W( )HK 

MO)   General 

This statement of work eoverg the design   development   fabricaticm, 
tent and data reduction ol  »n integrated instrument system.    This system is 
designed to measure Iht? spei tr d radiance of the earth limb in th»j 1 WIR. 
The system consists of thf following gubsystems: 

( i) Spectral Radiometei 

(b) Attitude Keference  md Control System (ARCS) 

(c) [ntegratini; Structure 

(d) Telemetry 

I*-) Power 

(!')    Auxiliary Measurement Systei 

(g)    <'»round support Equipment 

Th«* integrated instrument system •■■ill be delivered to AFCR1   (CRE), 
H;irison,n    Field.   Bedford. Massachusetts   for final integration and flight. 
Recorded telemetered data will be delivered io Honeywell Im   . Minnaapolis, 
for reduction to calibi, ted radiance and position data     These data will he 
delivered to AFCRL (CROR) for : nnl dal.   analysig. 

The program in a ten ClOWllght program, with first flight srheduled 
during the month of January 1971      A minimum qualification and test pro- 
gram will he required.    Four (4) flight systems and two (2) (iSG systems 
will be delivered in accordance with the nppendrd milestone chart.    Fpon 
recovery,  th«' flight systems will he returned to Honeywell Inc. .  Minneapolis, 
for refurbishment.    One se» of (iSF equipment will be delivered to AFCRF 
and one retained at Honeywell.    The equipment to be fabricated and delivered 
under this statement of work are as defined m section 6.4, 
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<2 . 0)   System I>e»ign 

(2  1)   Requi rementa 

The basic requirements for- thus program are eptp.blished in the foregoing 
.sections of this report      During the der-ign phase,   a continuing effort in the 
Htudy of requirement.- »hall be undertaken to allow for iteration of require- 
ment,■» an«, design 

(2.2)   Spectral Radiometer 

A .spectral radiometer shall be designed.    The design given in Section 4 
shall be used as a baseline design.    A design-to epecificstion shall be issued. 
A critical design review shall precede th«- issuance of this specification. 

(2.^)    Vttttude Reference and Control System 

An attitude reference and control system shall be designed.   The design 
gi  en in Section 5 shall be used a.- a baseline design     A design-to specifi- 
cation shall he issiief!.    A i nti. al design review shall precede the issuance 
of this specification. 

(2.4) [ntegrating Structure 

An integrating structure,   whose function is to provide an alignment 
mount for the radiometer and attitude determination package and provide for 
inclusion of a telemetry power subsystem and the interconnection wiring, 
shall be designed.    Provision shall be made fnr mounting with a GFK recovery 
package and with the Black Brant VB vooster.    The design given in Section 
5 shall be used as a baseline design for a tradeoff study to eFtabliph a final 
design.    A design-to  specification shnl! be ipsued.    A critical design review- 
shall precede the issuance nf (his spenfirstinn 

(2.5) Telemetry 

A telemetry subsystem shall be specified using off-the-Fhelf components 
A requirements specification shall be issued. 

The telemetry system will be a PTM-FM system,  maximum bit rate 102 
kilobits.    Analng-to-digital conversion ^ill be provided fo- 2$ radiometer 
channels,  two channels nf attitude reference system output,   and up to 40 
housekeeping data channels. 
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(2.6) Power 

A power supply subsystem shall be specified using off-the-ghelf com- 
ponents.   A procurement specification shall be issued     Three electrically 
isolated power supplies shall be utilized for each system    providing vehicle, 
paylo-id and recovery power 

(2.7) Auxiliary Measurements 

A study shall he made of the requirements for temperature,   voltage and 
pressure measurements.    A system shall be designed to interface with the 
telemetry system to provide these measurements.    A design-to  specification 
shall be issued. 

(2  H)   System Integration and Te.-t 

Integratinn specifications shall hs- derived.    An overall test schedule 
will he established for developmental,  acceptance,  proof testing and system 
integration testing.   Test specifK attons shall be written. 

(2.!1)   I) it i Processing System 

A data processing system shall be designed and design specifications for 
computer programs issued. 

(2. 10)   Ground Support Equipment 

(2.in.i)  Cryogenic Cart 

A cryogenic cart will he designed to provide on-site cryogenu  support 
for the radiometer.    A build-to  specification will be issued. 

(2.10.2)   Alignment System 

A system will be designed to provide final alignment of the Attitude 
Reference and Control System before launch.    A build-to  specification will 
be issued. 
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.'3. 0> Fabruation 

(3, I)   Spectral Radiometer 

A -pe( tral radiometer shall De produced in accordance with the build- 
to specification and section 6.4. 

(3.2)   Attitude Reference and Control >yh;teni 

An attitude reference and control subsystem snail he produced in 
accordance with the tmild-to  speciluatiun and section R. 4. 

(3.3)   integrating structure 

An integrating structure shall be fabricated in accordance with the build- 
to »pectfication- 

(3.4) Telemetry System 

The telemetry subsystem components shall lie purchased in accordsnce 
with the procurement specifscntionr-. 

(3.5) Power 

The power supplv subsystem shall be purchased in accordance with the 
procurement specifications. 

(3.R)   Auxiliary Measurement System 

The auxiliary measurement subsystem shall be produced in accordance 
with the build-to specification. 

(3.7>   Subsystem Integration 

The subsystem components shall be assembled into an integrated syatem 
in accordance with the integration specification. 

(3.8)   Data Processing 

Computer programs : nail be written,  de-bugged,  and Vülid^ted wii . 
sample runs in accordam •! with the design specifications. 
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(3.9)   GSE 

(3.9. 1)   Cryogeiüc Cart 

A cryogenic cart will be produced in accordance with the design-to 
specification. 

(3. 9. 2)   Alignment System 

An alignment system will be produced in accordance with the design-to 
specification. 

«'4.0)   Test 

(4.1) Qualification 

(4.1. I)   Radiometer 

The radiometer shall be tested as a unit to the flight environment 
acceleration and shock envelope.    The radiometer shall be t0st"^ in a 
thermal environment representing the extremes of the ground an: flight 
environment. 

I 

(4.1.2) Attitude Reference and Control Subsystem 

The attitude reference and '.-ontrol subsystem shall be tested as a urn 
to the flight environment shock and acceleration envelope. 

(4.1.3) Structure 

The integrating structure shall be tested with sim.'.laled packages (mass 
and size) reoresenting r,. .lometer.  attitude reference and control subsystem, 
telemetrv and power eubsytem to the flight environment shock and accelera- 
tion envelope.    Instrumentation shall be incorporated in this test to measure 
acceleration and shock transirnssibility and amplification. 

(4.2) Fun tional Testing 

(4.2.1)   Radiometer 
* 

The radiometer shall be tested for functional operation at the manu- 
facturing facility.    The radiometer shall then be delivered to Honeyvell Inc. . 
Minneapolis,  for performance testing and integration. 
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(^.3)   Performance 

(4.3. 1)   Radiometer 

After proof of functioning, the instrument shall be delivered to Honey- 
well,  Minneapolis,  for performance testing.    Additional performance cross- 
checks will be made at the AEDC (ARO) cold-chamber. Tullahoma. Tennessee. 
Upon completion of performance testing, the instrument shall be delivered to 
Honeywell,  Minneapolis,  for integration. 

(4.3.2) Attitude Reference and Control 

The attitude reference and control system shall be tested for performance 
in 8C<C"dance with the test plan. 

(4.3.3) Telemetry System 

The telemetry system shall be installed in the integrating structure 
and tested for interconnect!mi integrity.    Antenna pattern tests shall be 
made during this test sequence. 

(4.4)   Systems Test 

Thft integrated system will undergo a system test In accordance with 
the test plan. 

(5.0;   F'light Program 

(5.1)   Flight Support 

Honeywell shall provide technician ar.. cngircering support during the 
flight program. 

(5.1.1)   Launch Support 

Honeywell will supply technician support. 

(5. 1-2)   Refurbishmen. of Recovered Equipment 

Honeywell shall refurbish and test recovered equipment.    The test 
program for refurbished equipment will be identical to the test program for 
original equipment. 
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(5.1.3)   Data Keduction 

HoneywcU   vül provide data reduction services to reduce recorded 
flight data to calibrated radiance and position data. 

(6.0) Program Control Requirements and Documentation 

Submit plans for approval: 

CortflgurattCtl Control Plan 

Reliability Plan 

Quality Plan 

Operation and Maintenance Plan 

Personnel Support Plan 

Subcontract Procurement Plan 

(6.1) Configuration Control Plan 

Control all contract end-item devices,  subsystems and systems to 
approved "Design to"' baseline specifications.    Departures ,rom vhe baseline 
will be controlled by engineering change control procedures,   directing con- 
ficuration changes to released documentation. 

"As-built" hardware mil be verified to the "as-engineered" data 
specified to ;in end-item serial number device. 

Documentation records will be maintained that will associate specific 
■'esign data to the specific get of hardware,  including part numbe,'.  drawing 
revision letters,  ECO loc for serialized units, traceability recording where 
necessary at device,  subsystem or system level to support performance data. 

(6.2) Reliability Maintainability 

A limi'ed reliability/maintainability analysis is required. 

Analyse? shall be performed to predict the system MTRF and toe 
system maximum time to repair. 

All test information shall be computed and compared   o model pre- 
diction' of reliability/maintainability 
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(6.3) Quality As.suranct? 

A quality program in Litcordante with the requirements of MII.-I-4520BA 
and the approved quality assurance plan sh til he provided. 

(6.4) Operation and Maintenance Procedures 

A set of operation and maintenance procedures shall he developed for 
the integrated instrument system. 

(6.5)   Personnel Subsystems 

A limited analysis shall be performed to ensure that no uegrad?    in of 
performance or maintenance occurs due to the personnel suhsysten 

C6.8)   Data 

The established Honeywell Data Control function will be used for integra- 
ting the data management effort with the Program Control Office.    Honey- 
well's standard data management syrtem conforms to MIL-D-1000,  with 
drawings,  specifications prepared to M!I.-STD-100.    Data transmittals will 
be prepared on CDBL DD1423 forms in accordance with categories and 
frequency negotiated in statement of work. 

Data management will be primarily concerned with data to be delivered 
to ARPA as directed by contract SDRL's. 

6.3   TESTING 

6.3.1    Develop nent Testing 

Because of the short time scale proposed for the spectral radiometer, 
it will be necessary lo rely for development testing upon the radiometer and 
chamber preser'iy being fabricated at Honeywell as an investment program. 
This radiometer is similar to the proposed radiometer,  with the exception 
of the multiple-channel spectral array; that is. the forebaffle.  blackbody 
absorbing baffles.  pin-hole Lyol lens and general optical configuration are 
essentially identical.    Testing of the completed radiometer is scheduled to 
begin in March 1^70.    Tests have been conducted on the blackbody baffle 
concept with excellent results.    Preliminary testing of the Lyot lens principle 
has been conducted and a direct test of a visible light analog will be conducted. 
Other tests are tentatively scheduled to examine the cascaded effect of these 
baffles in a scattering environmor.t.    Scattering measurements on optical 
surfaces of the mirrors have been made at 10.6 microns with excellent 
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results.    Testing of the rornpletfci assembly for sensitivity and near on- 
axis stray light rejection will be accomplished by the end of April.    This 
radiometer will be cross-tested at AEDC, Tullahoma. in March 1^70. 
The Honeywell chamber is capable of accepting the proposed instrument 
with no modification.    A design for testing high-rejection told filters is 
presently under Aav. 

8.3.2   (.ju:il:fir:ition Tgs11ny 

Again,   because of the short time scale,  qualification testing will he 
held to a minimum.    Because the spectral radiometer ;s a sealed vacuum 
assembly   testing for humidity,  temperature,  fungus, etc.  will be held Jo 
a minimum.    It is proposed that the environmental testing be accomplished in 
in one of the Honeywell 5-ft diameter vacuum chambers.    Tests will be for 
helium leak rate on exposure to expected environmental temperatures, for 
collant hold-time and for warmup under simulated flight environment.     A 
solar Simula' )r i« available for this series of tests. 

The radiometer -.MII be i hecked for alignment hold after- cooldown and 
Will be tested for alignment after exposure to simulated flight acceleration, 
shock and vibration. 

Trie program plan is predicated upon a successful qualification schedule. 
Fabrication of the »"our radiometers is phased in one-month intervals. 
Failure of qualification will result In the failed unit being placed at the end 
"f the delivery schedule,   rework of instruments in the pipeline after re- 
design and designation of the second unit as qualification unit. 

The major problems in design of »his instrument are not environmental. 
The flight environment is relatively benign and similar instruments have 
been successfully flown in more severe environments.    We do not anticipate 
difficulty in qualification of the instrument. 

r>. 3. 3    Performance Testing 

The instrument will he tested for function at the point of fabrication. 
and performance testing will be conducted at Minneapolis in the Honeywell 
chamber,   with a cross-test at the T'SAF Tullahoma facility. 

Functional testing will consist of the following: 

• Cooldown and alignment check in vacuum 

• High-amplitude continuity check and verification of 
array operation 
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•      Chopper operation 

Leak'check of cryogenic »ystem 

Spectrsl check at high amplitude. 

Performance te.stmg in llinneapolia will contiat of seni-itjvity. spectral 
resolution an>i near on-axis (leas then fi-deg) stray light rejection of an 

extended source. 

Performance testing at Tullahoma »ill conslat of a i ross .est of 
sensitivity and measurement of stray light rejection for of!-axis (greater 
than 10-deg) radiation using goniometric techniques. 

6.3.4    Long-Wavelength Infrared (LW1R) lest 
And Calihratinn Chamber 

\ LWIR test and calibration chamber,  presently in the design phase, 
has been fabricated at Honeywell,   The primary purpose of the chamber 
is to verify performance of cooled.   IAV1H radiometnc instruments.    The 
chamber is specifically designer) to accommodate radiometric instruments 
which operate in the 5- to 25-micron spectral region and which include 
the following two primary performance features; 

• Extremely high sensitivity typical of BLIP operation 

• Extremely high reiectirn of stray radiation outside 
the normal field 

To test these performance features,  the chamber will be evaluated, 
cooled to cryogenic temperatures to eliminate internal thermal emission 
and carefully baffled »r» prevent multiple reflections of stray radiation 
within the chamber. 

In asmuch as this chamber is an experimental facility,  its secondarv 
propose is to provide the means to investigate and assess the problems 
encountered with BLIP operation and stray-radiation rciection in terms 
of LWIR sensors. 

Special prowsions included within the chamber which accommodate 
the various tests include: 

• Separate cooled choppers for both radiation sources 
(point and extended) to distinguish on-axis from off- 
ax: s radiation 
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• Fih#r wheels and variable temperature sounes? to stimulate 
.spectral response of targets and barkgrounds 

• Adjustable radiation attenuator fo»- wide ttyantrnc range 
rnea.surernents 

• Internal baffling and black body-type cavity traps to 
attenuate stray radiation 

• Angular culjustnient of point source with regpecl to extended 
source 

In   iddition.  the   ■h.anber -'.••.-i^fi allows for growth in ti'rms of testing wide 
field radiometer - onfigurations. 

The chamber contains two radiant sources of variable temper dure (20'K 
to 100 K) and aperture,  rold,  v&riable frequency choppers« filter wheel. 
radi ition  ittenuator,   i primary collimating mirror,  a relay mirror and an 
extended source projector mirror.    One radiant source is a standard black- 
body whu h provides th»- low-level signals for primary on-axis calibration of 
point and extended sources.    In addition,  the intensity nf this source can be 
Increased to accommodate baffle attenuation measurements at large angles 
off-axis.    The second source is a heated button wnose radiation is projected 
to an angular position near the point source and which simulates a portion of 
♦he earth's "adiation.    This source provides a way of testing near field 
attenuation factors against extended sources 

The chamber contains two shrouds,   an intermediate shroud at liquid 
nitrogen temperature (77 K) and fin internal shroud al or near- liquid helium 
temperature l\ K  - 20 K)      The helium shroud is painted and baffled completely 
on the inside,    fn addition,  each radiant  source,   as well as the colbmated 
beam,   is shielded by specially designed conical traps     These internal baffles 
and trip-; reduce stray radiation from scattering within the chamber. 

r..4   TASK PLANS 

The program activities to he accomplished during this program are shown 
in figure 12">. 

Three phases of activity provide a comprehensive approach to systems 
baseline management.    Each phase will probide adequate definition to define 
a oaseline requirement. 

Program management will define the major tasks and subtasks from the 
statement of work.    These tasks and subtasks will be defined as an entity in 
the performance of completion of a task; i.e. .   a subcontract procurement K -k 
will be a completed task and a service performed by a project supervisor Will 
he work accomplished for the specific service.    (See Figures 12f! and 127.) 
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6.4   1    >yr»ten» 'I a.sk 

I pun receipt of eontpact, a final statemem of work will be negotiated with 
tht? tot^il [ntegrated [nstrument System objectives and tasks defined to include 
analyses, design, development   fabeioation. test and operational su}^>ort. 

Basic approaches to be employed during the program or serve as^ a con- 
str.unt   ir»-   .- ! .! Iü.«, - 

• T^e total -v-t.-rii and it.- eiementg will be analyzed to define all 
r ■quirements and Interfaces    i.e.     mission,  systems,  sub- 
systems,  components and parts. 

• Design and developrr.em .M1! result in a set of preliminary detail 
specifi    .riwr; . j0 rjefine   • subsystem    or CEI function,  configura- 
tion ei ,elope,   }/n i h ir •  teristJ* > and interface definition 

• Te8tin| ■••ill be i ttnducted to verify the performance capabilities 
•'or yivm .»p'-r ifmy > ondjtions     Qualification testing «ill be ac- 
complished to the extent necessary to design proof the system 
for mission   ippli cati   • 

• Designs ».ill be controlled ' •■ documentation that specify m 
mechanical, electrical, thermal   «-f.,  definitions, with 
ngnrous control to ascertain t,.at all maroiactured and/or 
procured items can be verified In- quality. 

• Test equipment shall be   idequate to simulate and check oul 
the perform mre of   i s\ -«. •• 

6. 4 Design and Defirition 

The total integrated system consists of radiometer,  ARCS,   auxiliary 
measurement devices,  power supply, internal support structure, telemetry 
and •vehicle (including recovery system)     Detail specification (part I) will be 
generated on each of these subsystems at completion of approximately three 
month..- of design and development analj'ses.    At this time a Preliminary Design 
Review (PDR) will he conducted to present the recommended design approach 
to the program.    Customer approval of design and development techniques ana 
guidelines is the direction tr, proccde with manufacture of the first unit. 

fi . 4 . 3   Manufacturing 

Subsequent to PDR,   subcontractors are notified to begin manufacture of 
the first unit.    DetaH drawings and specifications are issued internally at 
Honeywell to begin fabrication of ARCS,   support structure,  and AGE 
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equipment.    Manufaeturiag of the first unit will be accomplished to pre- 
relearied drawings that are subject to informal change control procedures. 
Thin permits design changes to be made on workuig master drawings with 
all changes recorded and reviewed by cognizant project engineer. 

The first unit .   brie ated will he subjected to limited qualification testing. 
To   tscert&in the integrity of the qualification unit,   a critical design review 
<(TJH) will be held prior Co environmental qualification testing.    This will be 
the second design review m which ARPA/AFCRL personnel participate to 
determine the .subsystem compatibilities and the integrity of the design. 

At completion of (T)H.   all drawings and Part 1 specifications will be 
released  is ihey become finalized. 

Knvirnnment il tt-sting on the first unit will be conducted at the CE1 device 
level tn the extent necessary t>' design proof test the configuration.    Ul*5S 
completion at qualification testing both  tt Honeywell and its subcontr .ctors. 
the F build-to" detail specification Part M will be updated to reflect the quali- 
fication model O'ltgh^ unit number one! and issued for acceptance test procedure 
verifi cation. 

Manufacture of flight units two    three and four shall hepin at releo-e of 
documentation     At the completion of manufacture of the second unit (iii- 
chiding subcontracted devices) n "FACI" Review wi 11 be held.    The second 
flight unit configuration will be reviewed for compatibility of the hardware with 
released   md formally control documentation.    This review will also serve to 
establish the validity of the acceptance testing of hardware by direct com- 
parison of the acceptance test methods and test performance parameters of 
the specified hardware. 

8.4.4   Testing 

Testing will be accomplished in accordance with a master test plan 
schedule.     \ preliminary test plan and schedule are shown in Figures 12R and 
\29,   with procedures to be delineated by test engineers and quality assurance. 
The overall test propram will consist of breadboard testing as necessary for 
the specific function; development testing to define interfaces and enviro.i- 
mental effects on performance limits; functional testing of a completed dev.ee 
prior to qualification testing or flight environment checks, minimal qualification 
testing as determined by the necessity of a proven design or a state-of-the- 
art application; subsystem acceptance testing to specified performance lirrHs; 
system integration testing at the launch facility. 
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6.4-5   Flight Frugram 

I.aunrh Sue port -- Field service engineers,  with system? engineering support, 
will be provided at the laun, h facility for each flight.    This support begins with 
prelaunch testing and follows through launch execution.    The software and 
operating procedures for data handling and processing will be developed and 
available for all launch activity. 

After launch, data handling and analysis will be processed at Honeywell, 
Minneapolis,  computer facility and reports prepared documenting each flight's 
measurement. 

Hefurhishrnent -- Predicated on the fact that each integrated instrument system 
will he recovered from flight,  the radiometer.   ARCS,  telemetry,   auxiliary 
measurement units,  and power supplies will be returned to Honeywell, 
Minneapolis,  for re-acceptance testing.    I'pon satisfactory retesting of the 
individual devices,  the uni's will be remounted to the support structure and 
subjected to subsystem and systems test in preparation for another Inunch. 

f..r)   OPERATION AND MAINTENANCE PROCEDURES 

He leyweli will develop a set of operation and maintenance procedures for 
this program.    These procedures will be based on the results of a maintain- 
ability analysis along with the applicable extensive background of experience 
gained from similar programs.    The procedures will contain but not neces- 
sarily be limited to: 

• Assembly and calibration to special test equipment 

• Detailed maintenance techniques 

• Maintenance intervals 

• Special operating procedures 

R.fi   CONFIGURATION CONTROL 

Honeywell ^lieves that applying the principles of configuration manage- 
ment -- as   .escribed by DOD. NASA,  and the military services -- constitutes 
a logical approach to sound management of technical requirements and products. 
As a result,  a major Honeywell effort has produced an operating system which 
effectively provides precise identification and control of the configuration of a 
product.    Honeywell has demonstrated its capability to manage configuration 
on such NASA.  Air Force,  and Navy programs a.« Mercury,  Gemini,  Apollo. 
Agena D,   Athena    F-lll,  Polaris.  MOL,   and Mariner Mars 'f>P.    During the 
performance of these contracts,   Horeywell's configuration system hf s under-- 
gone strict audit and review by Government agencies and prime contractors 
and has received outstanding recommendations from both. 
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Honeywell':s system will meet all configuration management requirements 
of this prop  am.    The Honeywell system fully proviaes far configuration identi- 
fication,  control,  status accounting,  and reporting.    The system further pro- 
vtdea for verification that the "as-built" configuration meets the "as-designed" 
configuration from initial de" nition of equipment throughout the life of the 
program. 

To take advantage of the concepts set forth by DOD and NASA    Honeywell 
has established a Configuration Mrn..')gement System winch achieves these re- 
quirements and provides additional tools for sound management.    The result 
of this work is a system which gives precise control of the configuration of 
the product,   and makes the data extremely visible,   accessible,   retrievable, 
and t>mely. 

The Honeywell system is based upon capturing the engineering definition 
only once,   at its source.    Through the use of an H-1800 computer,  this data 
is made available in the form needed for baseline definition,   change control, 
precise product control,   scheduling,  accounting,  and produce verification. 
All identifying data is entered into a data bank and is updated for all changes. 
Thus,  the exact configuration of each serialized end item is established and 
maintaintd.    This single source of data is used to prepare the engineering 
information in the format needed for each application. 

All of Honeywell's major subcontractors will be required to meet the 
configuration identification    control,  accounting and verification require- 
ments stated.    Those subcontractors whose existing configuration manage- 
ment systems meet those requirements will be permitted to utilize their 
own systems.    Those subcontractors who cannot mee; these requirements 
will be required to adopt those features of Honeywell's «ystem needed to 
bring them into compliance.    Although Honeywell utilizes a computer for its 
system,  a computer is not reauired to operate the system. 

The configuration control Engineering Change Flow Diagram which 
Honeywell will use for this program is shown in Figure 130.    This control 
process was used with success in the Mariner Mars 'fiP program and is typical 
of others used at Honeywell.    This process can be adjusted to meet special 
customer requirements. 

R   7   COST ESTIMATE 

Two cost estimates have been prepared,  one for the baseline ten-probe 
expcrimenf and one for the minimum three-probe experiment.    As noted 
above    government costs for test,  mating with vehicle,   and flight support 
are not in. luded in these estimates. 
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ß,7.1   Ten-Fhght Program 

The proposed budgetary costs assume a ten-flight probe program using the 
Blatk Brant VB rocket.    The costs of this rocket are also estimated below for 
information purposes, rocket is assumed to be GFE.    The costs below include 
four (4) integrated instr   u. i systems (assuming payload recovery and re-use) 
contractor launch suppoi . ar    preliminary postflight data reduction. 

Integrated Inntrume/it System (four)      I    4   154,000 

Launch Support  158.000 

Total LB?! 4.312,000 

G* A 5 20. 7< 893 . 000 

Total Cost 5.205.000 

Fee _i7« Sgj ■ 000 

CPFF *    5.569,000 

The ten launch vehicles supplied by the Government (ten 
booster! Black Brant VB rockets plus development of a 
Nike booster) have an estimated value of    t        ROf)  000 

The LBM breakdown of the contractor effort to subsystem levH is af? 
follows: 

Spectral Radiometer                                 t 1,575.000 

Attitude Reference and ( ontrol Systeir 1,127,000 

EHecirical and Power System 8^.000 

Structure 225.000 

Telemetry and Tracking System 348.000 

Recovery System fiO.000 

System Design 100.000 

Testing 500.000 

Launch Support 158.000 

Data Processing  13P». 000 

♦ 4.312,000 
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6.7.2   Three-Flight Program 

The proposeu   -osts assume a three-flight program using the Black Brant 
VB rocket.    The costs below include two integrated instrument systems,  and 
one refurbishment,  launch support and preliminary postfhght data reduction; 

Integrated Instrument (2) 

Launch Support 

Total LBM 

G*A '1120. 7i 

Total Cost 

Fee at 7< 

CPFF 

t    1.584,500 

47,400 

1,631 900 

336 380 

I.§58 2 80 

137 060 

I    2.095.340 

The three launch frehiclea are to be supplied by the government at a unit 
cost of t 42. 000.   resulting in a total tost for launch vehicles of J 126,000. 

The LBM breakdown of the contractor effort to subsystem level is as 
follows: 

Spectral Radiometer 

Attitude Control System 

Flectrical ;ind Power System 

Structure 

Telemetrv and Tracking System 

Recovery System 

System Design 

Testing 

Launch Support 

Data Processing 

600,000 

250.000 

4   .600 

112.500 

174.000 

18.000 

50.000 

150.000 

47,400 

58.400 
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APPENDIX A 
SPECTBAL RADIANCE AND SIC.NAI.-TO-NOISK RATIO 

AS A FUNCTION OF TANGENT HEIGHT 

275 

_ UNCLASSfi  ._ ^n 



UNCLASSIFIED 

10 

t 

i 

J 
i 

a 
u 

5 

10 

10 

10 

i coo 

5 
I a 
f 

100 

10 

60  70  80  90  IOC 110 1?0 1J0 140 150 160 170 

figure Al.    rt. 0- to 5. "-rricron Spectral Harid 

2" f. 

UNCLASSIFIED 



UNCLASSIFIED 

5 
I 
i 

9 
-i 

9 >- 
u 

s 

g 

I 

I 

001 

0.O0J 
60 90 100 

T*HGE«(T   Mti&HT   Km, 

no 

Figure A2.    5. 7- to 6. 4-micmn Spectral Band 

2-' 

UNCLASSIFIED 



UNCLASSIFIED 

19 

I 

i 

10 

10 ■ 1 

10 ifi 

10 11 

to u 

üX 

^X ^ 

•-I £ 
^\ 

..!■■ ■     : 

: ::  

100 

JOO       ^ 
p 
S 

10 

80 90 100 no us 
»T  115 K- IS 

e 

Figure A3.    6. 7- to 7, 0-micron Spectra] Band 

278 

UNCLASSIFIED 



# 

UNCLASSIRED 

i 

i 

100 

K 

d 

5 

o i 

60 70 80 S. 100 

TANGENT MEiGMT   K- 

110   115 

*T  115 K- NX 1 5 

Figure A4. 0- to 7. 2-micron Spectrai Band 

279 

UNCLASSIFIED 

 .^^.^»-■-■^^——^—■ ■ -«■■ 



UNCLASSIFIED 

■ 

* 

* 

s 

10 
-7 

m 
1 000 

to 

■.: 

^-s s 

10 10 

80 90 100 110   115 

100      ^ 

I 
t 

O 

i 
10        5 

1 D 

Figure A5.    7.4- to 7. 6-micron Spectral Band 

280 

UNCLASSIFIED 



— I—,.,.I—■■■■■■■» 

UNCLASSIFIED 

i 
i 
i 
8 
^ to"8 

5 

i? 

r 

•- 8C 90 100 110    !!',• 

Figure Afi.    7. 6- tr 8. 0-mirron Spectral Rand 

281 

UNCLASSIFIED 



UNCLASSIFIED 

10 

i: 
I 
i 
i 
J 
I 
4 
2 
3 

a. 

1     1    f= "      _-4-.- _   ...4  
■'—■        »   1                {•  ~n 

f * i   f •  

 «  

 ■+            j - 

■   ■—+—■■                      ■    ♦■■  i 

L -   .    --   |  *  =t= 1 
H 

♦— 

• 

• :         : —i_ 
•                  4  

I—   ►   y   • 

• ♦ 

•                           * - — 

r • • •                                  t 

-i 

\ • 
• 

• * :. 
: V 

|--l —^—             » \ 
\         * 

 •  «                                  • — 

: ooc 

^ IOC 

10 -10 

80      90     100 110 1) 

o 

s 
— 

s 
6 

i 

Fiinire AT,    R. 1- to 8. 3-rmrron Spectral Bant] 
. 

282 

UNCLASSIFIED 



UNCLASSIFIED 

10 1 OÜCi 

10 

i 
i 

I 
10 ; ■ 

u 
t 

IQ'11 

,.-12 

icr 110 135 

^ASGtS^ HE.&H-^ K- 

Figure A8.    P. 1- to 9. 3-micrnn Spectra. Band 

283 

UNCLASSIFIED 



UNCLASSIFIED 

i 

t 

1 ooc 

10Q e •- 
S 

i 

10 

; ' 

no   135 
■»KGtS^  «El^Mt   'K- 

Fieure A9.   9.3- to 10. O-miTon Spectral ('.and 

284 

UNCLASSIFIED 



UNCLASSIFIED 

—- -■ t- 

i 
i 
i 

! 

i 

5 

r Ni 

N J 

P.   i. • 
4    ■ 

10 

~^r 

• 
— t *    * 

SN 

. ■ 

. IP" » ft      * -' 
- -  

r -n 

s. ooo 

1ÜC 

JC 0 

i 
i 

i 

i a 

5 0 

0 1 

80 <»0 ISO no us 
»■f 115 «- «i)* I «' * 10 13 

Figure A 10.     10. 0- to 10  8-njfcron Spectral Band 

285 

UNCLASSIFIED 



UNCLASSIFIED 

I 
i 

» 

I 
i 

10 

J  0 

0 5 

10 

10 

14 

*         *   * 

* , 

* -___ 

15 
L   ..._  

 a —   .     .^ 

C 01 

0 001 
"-- 80 s.. 100 no  us 

s 
I 

3 a 
7 

F-igure All.    11. 0- to II. S-micron Fpectral Hand 

286 

UNCLASSIFIED 



UNCLASSiREO 

I 
u 
r 

i.OOC 

s 

B 

Figure A 12.     12. 0- to 13  O-micron Spectral i.anrl 

28' 

UNCLASSIFIED 



UNCLASSIREO 

i 

i 

s     m 

90 <>C 100 )0    115 

Figure A 13.     13. I- to 14. 0-micron Spectral Rand 

288 

UNCLASSIFIED 



Warn ^ 

UNCLASSIRED 

i 

s 
u 

s 

10 ooo 

1000 

100 

I 

o 
5 

10 

10 
80      90     100 no lu 

Figure A 14.    14. 0- to 15. 0-micron Spectral Band 

28P 

UNCLASSIFIED 



UNCLASSIFIED 

10" 

I 
g 

3 

10 ■' 

10 000 

i to-» 

.«-10 
It' 

10 

Figure A 15.    in. o- to 16. O-micron Spectral Ran 

2P0 

UNCLASSIFIED 



UNCLASSIFIED 

10 

I 
hi 
* 

5 

t 

lo 

10 

10 

10 

v;     -..■-.:.      :            i—     —j      ■ 

'V            '                 ■                 '                 •                i 

.    \   *f~fcx 
"y '            ■■*-            '              •             •   ■ 

.f 

\ 

. 

■ 

•a •- 

■       - :    /    !x       : \ 
57^-^               "V^   *     \ 

\ 
\ 

-■» 
__                                             \\ 

:                                    k\                : 
» », \    • 

'     .    :    : /"X ; 
•1C 

»J            V' 

:          -          :          : 

-, 

-,    10.000 

1000 
5 

2 
S 

-    lor     s 

- J   ;c 

10  l'    L 

►■■■' ec 90 ico no   u^ 
-ANGE\T HEICMT     «- 

Figure A16,    16. 0- to IT. O-m-.cron Spectral Band 

201 

UNCLASSIFIED 



UNCLASSIFIED 

10 

I 
i 

y 

s •- 
u 
r 

10" 

10 

;; 

i- 

H   ;o ooc 

1000    ^ 
SI 

Ö 

e 
6 

loo    S a 

t( 

i 

Figure A17.    i7. 0- to 18. O-micron Spertral Band 

2P2 

UNCLASSIFIED 



UNCLASSIFIED 

i 

j 
5 
mi 

i 

I 

icooe 

IOOC 

c 

4 

-     IOC 

-    10 

io--'  L 

Figure A 18.     18. 0- to 25. O-mirrnn Spectral Hand 

293 

UNCLASSIFIED 



^r. 
UNCLASSIFIED 

MM yvji«i«?ji^ifJ^^ 
DOCUMiNT COMTSOL DATA i ft D 

f*S£*tt *t—HUmtmm ml tut». *t4, *t MM—«« —O taggmg mm»tmmm mm»i W tmtft mkm Ww mwli MWg " n*»»*»*} 

n<mevwelf Inc'.*,' 'A,?rÄS ^S^ Division 
2^00 Ridgway FurKway 
Mmneupolis,   Minae^uta 53413 

'»• ••►o«i »ccuaiT« CkASti' 

SECRET 
4*    ••Ow» 

4 
>     •» »OB»    '• »1.« 

SYSTEM AND [NSTRUMENT DESIGN FOR AN EARTH UMB MEASUREMENTS 
FROCHAM (U) 

*   og«<ai*Ti«« •«>■« f 

Scientific l mal ! April 1 JanuKry 1970  Approved I Dec 'i'O 
«     *w '••«■■•> fVCM« ■■■•.   •MM» UW<MI    l««l M«*, 

Robert M,  Carlson 
Joseph S, Titus 
Cilenn il.  Wise 

15 April 1 

p 19628-69-C-02 >8 
t   *ac «■< T IM . 

8692 
« DOI) Element   5U301D 

'•      *(><*..    MO     O«    *•*•• '»    NO    O*    ••'• 

10 
•«    ;.■'•.H^IO*'!   ■l*OII<   >fxJtJ*t»'*k 

\V«rt—t-i> (SffQ 0080) 
1 inal Report (Phase 11) 

f »c • *   *>c   •■ 'Amf »4 tu ami mmt ■— •»•l#i»< 

J^ 
i CHL-T0-049 

. «•••_'   OM •' • • «■€• • 

In addition to security requiren^nts whic!   apply t'   this document ;jtui must he met, 
each transnuttal outsi le the Department i - l>efenpe muni have prior approval of 
AFCRL (< »f'.'D.   1 .<;.   Hanscon   i icld.   K.-;f   ,■■  ,   Mus^achusettp 01730. 

Th.is resiearch was suppt>rte i hv the 
AdVanctd Research t*rojects \genrv. 

I syifisi p 

Air i orce < amtiridge Research 
1 aboratories (< >PR) 

i . f i.   Hanscom 1 ield 

«equirementr for a «spectral ra;i!<>n-,rter to measure the earth liml< in the lonc- 
wavclength infrared have been established.    Temporal and spatial Bampling 
requirements for an esperimental program t<> define the variation in the limb 
radiance have been investigated.    An experimental program \if    ,c probes has 
been designed to meet these requirements.    The conceptual des  jn of a lonp- 
vravelength infrared spectra} radiometer if included in the experiment design, x 

h 
^ ■' 

DO TSTJATS 
WfCm >• 

r.\( I.ASS11 1FD 



rnnrt 

l.on,']-wavelength infrared earth hmt- measure- 
rnent spectral radiometer 

Sr 
*.< 

usiAmsm 



THIS REPORT HAS BEEN DELIMITED 

AND CLEARIO FOR N8L1C RELiASE 

UNDER DOD DIRECTIVE S200.20 AND 

NO RESTRICTIONS ARE IMPOSED UPON 

ITi USE AND DliaOIURE. 

DIST^BUTION %immi A 

DISTRIiUTION UNUIHITID« 

ami-i 




