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PREFACE
Unclassified
The Background Analysis Center was established at the Willow Run Labora-

tories of the Institute of Science and Technology within the Infrared and Optical Sen-
sor Laboratory under Contract SD-91 with the Advanced Research Projects Agency.
The Center's functions were to collect and review pertinent documents, store and
analyze background data, and investigate background discrimination techniques.
While the survey reported herein was being conducted, the level of effort at the Cen-
ter was reduced, and activity was shifted to the Ballistic Missile Research Analysis
Center (BAMIRAC) of the Infrared Physics Laboratory, where publication of reports
has continued under Contract DAHC-15-67-C-0062, ARPA Order No. 236.

This report is a review of measurements of infrared backgrounds. An attempt
has been made to make a comprehensive survey of the unclassified literature on
downlooking measurements current to about the beginning of 1967. Some samples
of uplooking measurements, including solar spectra, have also been included.

This report has been classified Confidential by the Advanced Research Pro-
jects Agency on the basis of the many classified references. Each section and sub-
section is, as indicated, Unclassified by itself.
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ABSTRACT
Unclassified

This report reviews background measurements made from altitudes of 5 km
or higher up to 1967. Optical backgrounds of all types, including solar spectra, have
been considered. The review of each experiment includes information on the instru-
ments used, spectral and spatial information, and information on the method of data
collection and on the kind, format, and availability of the data obtained.
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BACKGROUND MEASUREMENTS
MADE ABOVE FIVE KILOMETERS:
A SURVEY OF THE LITERATURE (U)

1

INTRODUCTION
Unclassified

This report surveys available optical background measurements made by various agencies
and reported up to 1967. The backgrounds considered are primarily those seen when looking
down at the earth and its atmosphere. Most of these measurements were made at altitudes
greater than 10 km. In addition, horizon measurements, total hemisphere irradiance measure-
ments, sky brightness measurements, and solar spectrum measurements are included. An
extensive search has been made of the literature, and workers in the field have been contacted
in an effort to make the survey as complete as possible,

The purpose of this survey is to help the system designer find among the available mea-
surements those that are useful for his particular purpose. It is felt that a simple listing of
the agencies that have made measurements would not be useful to many researchers because
the individual with a hypothesis to test or a design parameter to estimate needs to know whether
a particular set of data contains the information he may require. This survey should enable the
reader to determine whether the information he desires is available by informing him of the
important parameters in each experiment. If the reader is interested in a particular experi-
ment, he can refer directly to the review of that experiment in sections 3 through 8. If, on the
other hand, he is interested in a particular parameter without reference to any specific experi-
ment, he can consult the indexes for this information. This report will probably be most useful
to nonspecialists in the field of background measurements, although specialists should also find

it a convenient reference.

The authors have followed the basic outline shown below in preparing the reviews of back-

ground measurement programs.

I. Instrument description and platform
A. Platform, time, date, location, and maximum altitude
Brief description of instruments used
Spectral information
Spatial information

moaww

Data recording procedures

UNCLASSIFIED ,
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II. Data: a description of the format, quality, and availability of the data obtained

The referenc:s cited in this survey were drawn from numerous sources. Therefore, users
wishing to retrieve the reference documents may not, in general, expect to be served by any
ordinary library or single government service. Rather, some knowledge of the various possible

supply agencies is needed for each referenced document.

2
INDEXES
Unclassified

The reviews in this report are indexed in four ways: in chart form, by subject, by author,
and by wavelength. The chart index has been prepared for quick and easy reference to experi-
ments by specific parameters. This index also provides an alphabetical corporate-author

listing. The key to the symbols used in this chart is given below.

2.1, (U) CHART INDEX
Chart Index Key

Instrument

C Camera or other image-forming device

R Radiometer

S Spectrometer
Platform

A Aircraft

B Balloon

R Rocket or missile

S Satellite
Scan Pattern

A Azimuth
Complex: scan pattern too complicated to be described easily
Elevation
Fixed: instrument held in one position relative to a balloon
Horizon: scan across horizon
Linear: instrument fixed with respect to platform and platform moving linearly
Raster

oo e 6)
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Space A ation rad and (& aensitivity km
{Tlros) {1960-1963) cloud pictures 0.71t0 0.8 u;
radiometera:
6tu 6.5 u, X L-
(‘) ;ullzs“' X - 5V, eacept lor wideband
5 o Infrared where X = 50V
81030 i,
0.55 to 0,75 .
widetand Infrared
73 Naval Medicai Research Sky brightness R Human eye A 15 km A, —
. Inatitute (1951-1952) response —9-_ E
X
X - 20
3.14 Naval Ordnance Test Rudiance map R 21610 2.7 u R 102 R R =
Stallun (TASCAN) {1960) km j}
fo-x o
X = 10 mrad
3.15 Naval Ordnance Test Muitiapectral R 1.9 u R 64 km 1 R —_—
Station (T-BIRD) radiance in 22 4 X
(1962-1963) two dimensions 274 i
43 u po- X o4
6.7 u X = 23 mrad
. Naval Ordnance Test Radiance map R 18510 2.7 u s 1064 R —2
Station (Tranait 2A) km
{1960)
X
X = 6 mrad |
.16 Naval Ordnance Test Daytime cioud R Nine liltera on R 50 km E t 15§
Stalion (BIRA 01) radiance and wheel:
{1964) reflectance 234
| 2.56 X
2.68 u X = 5 mrad
1 271
294 u
3.30 u
385
4.30 u
4.5 u
5.5 Naval Ordnance Teat Hurizon R 2.2 R 40 km st c 506
Station (1963) prolile 27
3 u ¢
] 027 4
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Curporate Author
and Date of Nature of Spectral Spatial Reaolution and
Section Experiment Meaaurement Infurmation Shape of Field of View

Precision

" | Scan Pattern

Naval Reaearch Sular apectra 0.21 100,35 Not given
Laboratory
(1946-1960)

Northrop Space Ultraviolet 0.005 to 0.18
Laboratorlea radiance
(1963)

Naval Research Horizon
Laboratory (1949) radiance and
gradient

Navai Reaearch Nighttlme 0,104 100,135 p
Laboratory (1955) ultraviolet 0.12210 0,135

1.8 Nortronica Divislon, Sky brightneas R Vialble apectrum R 20 to Broad 1leld of view L S—

Northrop Corp. (1964) 200 km |
6.9 Univeraity ol Oxfurd Atmoapherie R 11030 ¢ A 11 km 200 L = 1

(1953-1954) flux

20°
42 Radlatlon, Inc. (1957) Bpectral 8 0.4t030 p A 6 km Hemlaphere L —
reflectance
4.3 Unlveraity of Rhode Albedo R Wideband Infrared B 30 km Hemlaphere F m— 5
: 1sland (1954) meaaurementa

.17 Royat Alrcralt Reflected R Two liltera eover A 12 km A, —

Eatabitahment (England) sunlight Irom 2toS p E

(1961-1962) clouda =

X = §°

8.2 Royal Atreralt Solar apectrum - 10to 8.5 A 16 km Narrow lleld of vtew, L High

Eatabliahment (England; lixed on aun preclaion

T.8. Mosa) (1957-1960) L |
7.5 Univeralty of Alr-glow 8 16t03.7 B 7.5 km Narrow fietd of view F + 500 -

Saakaichewan (1960) apectra
(¥ ] Scripps Institute of Absolute R Red, green, btue, A 6 km A, e——

Oceanugraphy (1957) radiance human eye E,
L
£

Nadtr:
X = 1° or hemlaphere;

hortzontal:
1 X = 0.,5°
acanning:
= §°
.21 Stanford Research Cloud Cc Viaibte A 20 km —
Inatitute (1960-1962) photographs
1.6 State Unlveraity ol Measurementa R 03210 0.5 & R 120 km [+ ———
1 Towa (1958) of viaible T
aurora Y
I H
X
E X ss¥
] Y- 3.50
i 6.8 Univeralty of Radiation R Wideband s | t100 Hemlisphere L —_—
Wiaeonain (1959) batance of inlrared km
{Explorer VI earth
6.5 Wooda Hote Oceano- Total Infrared R Blaekbody A 5km Broad fleid of view L —
graphic Inatitute flux responaa
3 (1962(7))
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2.2. (U) SUBJECT INDEX

Subject Section
Aerospace "Four-color experiment” 3.8
Aircraft platform 3.5, 3.6, 3.7, 3.17, 3.18, 3.21, 3.22, 3.34, 4.2,
4.4,5.8,5.9, 6.5, 6.8, 6.9, 7.3, 8.2, 8.4
Air glow 1.5
Albedo determinations 3.9, 3.18, 4.3, 4.4, 6.6
Atmospheric
Absorption 8.3, 8.4
Emission 6.2, 6.3, 6.4, 6.9, 7.8, 7.7, 8.5
Transmission 8.5
Aurora 7.6
Balloon platform 3.2,3.3,3.4,4.3,5.2,5.3, 5.10, 6.2, 6.3, 6.4,
6.7, 6 ,74 1.5, 8.3, 85
BIRA 01 and BIRA 02 3.16
Clouds
Distributions 3.6, 3.11, 3.12, 3.19, 3.21, 3.22, 3.23
Radiance 3.4,3.5, 3.6,3.7, 3.8, 3.9, 3.13, 3.14, 3.16, 3.18,
. 3.20, 5.8, 6.9
Reflectance 3.5, 3.18
Data
2 Photographic
Visible 3.6, 3.7, 3.11, 3.12, 3.16, 3.19, 3.20, 3.21, 3.22
Infrared 3.13, 5.10

Radiometric (radiance)
Altitude dependent (radiance as

a function of altitude) 5.4,5.5, 6.2, 6.4, 6.5, 7.2, 7.3, 7.6

Azimuth dependent 3.2,3.3,3.11, 3.16, 3.17, 7.3

Elevation-angle dependent 3.2, 3.3, 3.5, 3.11, 3.16, 5.8, 7.3

Geographical variation 3.7, 3.10, 3.11, 3.12, 5.4

Horizon profile 3.2,5.2,5.4,5.5,5.6,5.7, 5.8, 5.9, 5.10

Isoradiance plots 3.2

Radiance gradient 3.2, 3.3, 3.6, 6.2, 6.9

Scattering-angle dependent 3.3,3.5,3.9, 173

Two-dimensional* 3.2,3.3,3.11, 3.12, 3.13, 3.14, 3.15
Spectrometric (spectral radiance)

Altitude dependent , 6.2, 6.3, 6.7, 7.5, 8.3, 8.5

, 6.10

Horizon profile

4.2
Elevation-angle dependent 6.7

5.3
Scattering-angle dependent 3

*Data are potentially usable for reconstruction of a two-dimensional radiance map.
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Statistically ana'yzed
Cloud dimensions, probability
distribution 3.21
Cloud and terrain spectra, averaged 3.5, 3.7
Radiance levels

False-alarm probability 3.5
Joint distribution {multispectral) 3.8,3.15
Means and deviations from means 3.3, 3.8, 5.4
Probability distribution 8.3, 3.7,:3.8, 5.7
Radiance gradients, probability
distribution 3.2,3.3,3.8
Detectors
Arrayed 3.6,5.4,5.9
Cooled 3.3, 3.5, 3.16, 3.17, 5.6, 8.5
Ion chamber 7.7
Photoconductive 3.3, 3.7, 3.8, 3.13, 3.15, 3.16, 3.23, 5.6, 5.1, 8.2,
8.3,8.4,8.5
Photocell 3.24, 1.8
Photomultiplier 3.3, 3.16, 3.18, 4.2, 5.7, 6.8, 7.3, 7.6
Pyrheliometer 4.3
Thermistor or bolometer 3.2, 3.10, 4.2, 5.4, 5.7, 6.3, 6.4, 6.5, 6.6, 6.10
Thermocouple or thermopile 5.8,5.9, 6.2
Explorer VII 6.6
Filters: see figure 1 v
Flux measurements 3.24, 5.8, 6.2, 6.3, 6.4, 6.5, 6.6, 6.8
HITAB-TRIS 5.5 -
High-resolution spectroscopy® 3.10, 5.3, 8.2
Horizon discontinuities 3.2, 3.3, 3.20, 5.2, 5.3, 5.4, 5.5, 5.6, 5.7, 5.8,
5.9, 5.10
Meteorological phenomena
Viewed in infrared 3.11, 3.12
Viewed in visible 3.11, 3.12
Missile platform: see Rocket platform
Nighttime measurements
Aurora 7.6
Radiance 3.12, 5.5, 5.9, 6.2, 6.3, 6.4, 7.5, 7.8
Nimbus I 3.12, 6.10
Ozone emission 8.6
Photography
Infrared 3.13, 5.10
Visible 3.6, 3.7, 3.11, 3.12, 3.16, 3.19, 3.20, 3.21, 3.22

Probability distribution of radiance values 3.3, 3.8,5.7

*Resolution is on the or-d:x: (;f 0.03 u or better.,
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Reflectance

Cloud 3.5, 3.18
Terrain 3.5, 4.2, 4.4

Rocket platform 3.14, 3.15, 3.16, 3.19, 5.5, 5.6, 5.7, 7.2, 7.6,
7.7, 7.8, 8.6

Satellite platform 3.8, 3.9, 3.10, 3.11, 3.12, 3.13, 3.23, 5.4, 6.6
Scattering-angle correlated data 3.3, 3.5, 3.16, 3.18, 7.3, 7.4, 1.8

Sea backgrounds 3.11, 3.12, 4.2, 7.3

Sky brightness 3.24, 7.2, 1.3, 'i.4, 7.8

Solar spectra: see figure 3

Spectral response

Cameras: see Photography
Photomultipliers: see figure 1
Radiometers: see figure 1
Spectrometers: see figure 2

Spectral scanning: see figure 2

Statistical analysis: see Data, Statistically analyzed

T-BIRD 3.15

TASCAN 3.14

Terrain measurements 3.7, 3.12, 4.2, 4.4

TIROS 3.4, 3.8, 3.11, 6.10

Transit 1A, 1B, and 2A 3.13

Ultraviolet measurements 3.2, 3.3, 3.16, 3.18, 4.4,5.7, 1.7, 8.6
Vanguard II 3.23

Vidicons, visible 3.11, 3.12

2.3. (U) AUTHOR INDEX

Author Section Author Section
Alder, J. E. 3.21 Bechtol, T. R. 5.10
Anthony, R. 5.6 Bieber, C. F. 5.9
Band, H. E. 4.4 Blackmer, R. H., Jr. 3.21
Bandeen, W. R. 3.11 Blau, H. H. 35
Barnett, V. R. 4.2 Block, L. C. 3.10, 4.4
Barr, N. L. 7.3 Boileau, A. R. 6.8
Bartman, F. L. 3.4 Born, J. 5.1
Baum, C. C. 3.24 Brewer, A. W. 6.9
Beardsley, N. F. 5.8 Brooks, J. N. 3.2,5.2
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Brown, D. R.

Burdett, G. L.
Byram, E. T.

Chamberlain, J. P.

Chaney, L. W.
Clark, H. L.
Clarke, D. B.
Coblentz, W. W.
Collinge, J.
Conover, J. H.

Cumming, C.

Darling, E. M., Jr.

Davis, J. F.
Davis, P. A.
Dittmar, N. R.
Doolittle, R. C.
Duncan, J.
Eddy, J. A.
Ekrem, R. T.
Espinola, R. P.
Fenn, R. W.
Fitzgerald, D. R.
Fjarlie, E. J.
Friedman, R. M.
Fritz, S,
Fujita, T.
Gates, D, W.
Goldberg, I. L.
Goldslak, L.
Hampson
Hanel, R. A.
Haynie, W.
Hoffleit, D.
Houghton, J. T.
Howell, W. E.
Hoyem, J. A.
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Section Author

3.17 Hughes, N. D. P.
3.12 Johnson, F. S.
7.7 Jones, V.

3.17 King, J. I. F.
3.4,3.6,6.10 Klass, P. J.

5.9 Kupperain, J. E,
6.5 Landrum, B. L.
7.2 Lienesch, J. H.
5.4 Loh, L. T.

3.19 Lovett, J. J.
8.4, 8.5 Lowe, N.

3.12 Luckiesh, M.
3.11 Mayfield, E. B.
3.11 Mc Ilwain, C. E.
3.16 Mc Kee, J. B.
3.11 Meloy, G. E.
5.1 Michaels, J. V.
7.4 Miley, H. A.

6.7 Moore, D. K.
3.5 Moss, T. S.

6.4 Murcray, D. G.
3.6 Nelgner, H. D.
8.4 Newkirk, G. A.
3.8,3.9 Noxon, J. F.
3.23 Oppel, G.

3.11 Ovrebo, P. J.
8.3 Parent, R. J.
3.12, 6.10 Persky, M. J.
3.12 Press, H.

8.4 Purcell, J. D.
3.11, 3.23 Pyle, R. L.

5.4 Quirk, A. L.
5.10 Rao, K. P.

6.9, 8.2 Rawcliffe, R. D.
3.22 Reifenstein, E. C., III
3.15, 5.5 ‘Sadler, J. C.
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8.6
7.5
3.19
3.12
7.7
3.18
3.1
6.10
3.10
3.14
7.2

3.9

7.6

5.7

3.8, 3.9
3.12
7.2
3.13, 3.14, 3.16
8.2
3.2,3.3,5.2,8.3
3.7

7.4

7.5

5.1

5.8

6.6

5.3, 6.3
3.12
8.6
3.1
4.3
3.11
3.8,3.9
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3.19
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Author Section Author Section
Samuelson, R. E. 3.11 Vachon, D. N. 3.19
Serebreny, S. M. 3.21 Valovcin, F. R. 3.6
Shackleton, H. R. 4.3 Vestine, E. H. 7.2
Shapiro, R. 3.12 Viezee, W. 3.11
Sigler, J. D. 4.2 Von Thuna, P. (. 3.5
Smiley, V. N. 5.6 Wark, D. Q. 3.11
Smith, C. P. 3.16 Weickman, H. K. 6.4
Smith, R. B. 3.12 Weinstein, M. 6.6
Soules, S. D. 3.20 Wessely, H. W. 3.8
St. George, F. B. 3.13, 3.15 Wexler, R. 3.11
Stair, R. 7.2 White, F. E. 3.2
Stampfl, R. A. 3.11, 3.12 White, R. C. 6.2
Strange, L. 3.11 White, R. W. 6.2
Strong, J. 6.2 Wilkins, G. A. 3.14,5.5
Stroud, W. G. 3.11, 6.10 Williams, R. L. 3.8
Suomi, V. E. 6.6 Wilson, N. L. 8.6
Teele, R. P. 7.2 Winston, J. S. 3.11

) Thompson, J. R. 3.7 Wolfe, W. 5.1
Townsend, M. R. 3.11 Yamamoto, G. 3.11
i Tousey, R. 8.6 Zachor, A. S. 3.10
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2.4. (U) WAVELENGTH INDEX

e o e B 51

L

(3.4)

—(5.7)
-(3.9)
-(3.9)
-(3.16)
— (3.3)

(3.11)
(3.4)

(5.7)
—— (1.6)
-—(3.3)
-(3.3)
~(3.3)
-—(3.7)

WAVELENGTH (4}

Unclassified

FIGURE 1. DISTRIBUTION OF RADIOMETRIC DATA BY WAVELENGTH. The width of the line indicates
the nominal system response, The number in parentheses is that of the relevant review,
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FIGURE 1. DISTRIBUTION OF RADIOMETRIC DATA BY WAVELENGTH. The width of the line indicates
the nominal system response. The number in parentheses is that of the relevant review. (Continued)
l 5 Unclassified
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(6.2)

(6.3

0.1 . 0.4 0.6 0.8 1.0 2 4 40 60 80 100

WAVELENGTH (u)

FIGURE 2. DISTRIBUTION OF SPECTROMETRIC DATA BY WAVELENGTH. The number in parentheses

is that of the relevant review,
Unclassified

(8.3)

3 4
WAVELENGTH (p)
FIGURE 3. DISTRIBUTION OF SOLAR SPECTRA BY WAVELENGTH.

The number in parentheses is that of the relevant review,
Unclassified
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3
THE INFRARED, VISIBLE, AND ULTRAVIOLET BACKGROUND STRUCTURE

AS SEEN FROM ABOVE
Unclassified

3.1, (U) INTRODUCTION

In this section, we review experiments pertaining directly to the optical background struc-
turr: of the earth and atmosphere under various ~onditions, as seen from above. Data pertaining
to the optical background structure have been produced by (1) experiments concerned solely with
the nature of the structure, (2) experiments concerned with a certain aspect of the structure
(such as clouds), and (3) meteorological experiments not directly concerned with radiarnce struc-
ture but yielding information on it as a byproduct of the primary results, Experiments falling

in these three categories are reviewed in sections 3.2 through 3.24.

3.2, (U) "HIGH-ALTITUDE BACKGROUND STUDIES": D. G. MURCRAY AND OTHERS
I. Instrument Description and Platform
A. General

An ongoing study of the spatial and spectral structure of the infrared back-
ground of the earth was initiated in 1958 with the ''High Altitude Background
Studies' series of balloon flights under the supervision of D. G. Murcray. Spatial
scanning and multispectral filtering provided radiance data representing the in-

frared background as seen from all look angles and over a wide spectral range.

The balloons were launched in generally clear weather over Holloman Air
Force Base, New Mexico. Nine missions were carried out, over the period of 8
July 1958 to 9 September 1959. Data were largely recorded while the balloons
] were at their peak altitudes (in the vicinity of 80,000 ft).

This work was conducted under the auspices of the University of Denver under

and Air Force contract.
B. Instrumentation: Calibration

A modified Barnes R-8B1 8-in. radiometer was used. This instrument has

been described completely in the first quarterly engineering report (referenced
at the end of this section). Cassegrainian optics, an optical chopper wheel, and a
filter wheel were components of the optical system. The chopping speed was gen-
erally 80 Hz. The detector was a 2,5- by 2.5-mm thermistor bolometer detector
with a KRS-5 window.
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The radiometer was calibrated by the near-extended-source method by means
of a Barnes 12-in.-aperture source. [n flight, the radiometer looked near to the
zenith every 10 min, affording a periodic location of the effective zero levei of
radiance. Changes in responsivity were followed by a built-in blackbody reference
source whose temperature was allowed to vary with the ambient temperature but

was accurately monitored.

The field-of-view structure was also measured (cf. referenced sixth quarterly
engineering report). This was done by moving an incandescent bulb across the
radiometer's field of view at a range of 340 ft,

Auxiliary instrumentation included look-angle-sensing magnetometers, power
supplies, recording equipment, and various package transducers (see below).
Also, one of the chief modifications of the radiometer entailed the addition of an
ultraviolet channel. The ultraviolet channel, however, has not been discussed and

will, therefore, not be considered in this review.

C. Spectral Information

Five filters covered a broad infrared range peaked from 1.5 u to beyond 10 u
(see fig. 4).

D. Spatial Information

The field of view of the radiometer was 0.5° by 0.5° square (see fig. 5).

In flight, the spatial scan was as follows. ‘The radiometer axis looked at a fixed
angle of 10° below the horizontal. A piane mirror was placed in the aperture of
the radiometer, deflecting the optic axis through an angle of 80°, The mirror was
then rotated, resulting in a conical scan of 160° at the apex. The spin rate of the
mirror was 2 rpm. In addition, the radiometer assembly advanced in azimuth 150

at the end of each mirror scan.

E. Data Recording Procedure

The radiometer completed a scanning cycle every 5 min. At the end of the
azimuthal excursion, the filter wheel advanced one position. The complete data
recording cycle lasted 1 h,

The output from the radiometer and all anciilary information were converted
to digital form and stored on a seven-channel digital magnetic tape recorder on

the balloon. Recording speeds of 1 in./s and 2.5 in./s were used; the packing
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FIGURE 4. RELATIVE TRANSMISSION VS. WAVELENGTH FOR FIVE FILTERS. D. G. Murcray, 1959,
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FIGURE 5. FIELD OF VIEW OF THE RADIOMETER. D. G. Murcray, 1959, 3
Unclassified
density was in excess of 500 bits per inch. The sampling rate of the radiometer
signal was 20 per second. i
The entire instrumentation package was recovered after each flight. The
package temperature was monitored at three localities within the gondola and sent
by telemetry to ground.
II. Data

A. Signal Processing: Correlation to Ancillary Parameters

The output from the radiometer was synchronously demodulated immediately

after preamplification. The signal was then filtered, converted to digital form,
and stored on the recorder.

The signal from the magnetometer potentiometer was recorded simultaneously
with the radiance data, thus insuring correlation of radiance to look-angle informa-
tion. Cloud information and radiometer responsivity variations, on the other

hand, were acquired separately.
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B. Data Reduction

Digital computer facilities were available for the data reduction by the Denver
Research Instltute. The tabulated radlance values and correlated look angles were

a direct output of the program. Reduction beyond this stage was evidently done by
hand,

C. Prepared Data

Data have been prepared and published by the University of Denver workers
in the reports referenced at the end of this review. The following have been pre-
sented in the fInal report and the special report no. 1.

(1) Isoradiance plots that show the radlance as a function of elevation and

azimuth angle
(2) Plots that show the distribution of radlance with elevation

(3) Graphs that present the dlstribution of % with elevation (where 6 is the

elevation angle)
(4) Graphs that present radiance as a functlon of elevation angle near the
horizon

D. Data Format

The flight tape was ten-channel digital magnetic tape compatible with the
Burroughs Datatron Model 205 Computer.

The output from this (radlance values and look angles) was on a paper-tape

format for use on a "flexowriter."
E. Experimental Error

The uncertalnty in the radiance values can be taken to be 0,2 mW/cmz-sr.
The look angles were generally known within 20,
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3.3, (U) THE "FLIGHT DATA" SERIES: D. G. MURCRAY
1. Instrument Descriptlon and Platform

A. General

The "Flight Data" series of radiometric measurements made from a balloon
was a program similar to the earller "High Altltude Background Studies," also
under the direction of D. G. Murcray. Improved radiometry, narrower filters,
and a revlsed form of data presentation were used in this later series, resulting

In data characteristics fundamentally different from those of the previous program.
In addition, ultravlolet data were successfully retrieved and analyzed. In all, thls

program has yielded on the order of 107 radlance values for a wlde range of in-

solation angles, viewing angles, cloud condltions, and spectral bands.

Fourteen launchings were carried out between March 1961 and March 1963.
The balloons were launched from Fort Wainwrlght, Alaska, Holloman Air Force

Base, New Mexico, and Faribault, Minnesota. Several types of cloud cover were

encountered during the flights.
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This research program was supported by the Aeronautical Systems Division
of the United States Air Force Systems Command, through the Denver Research
Institute.

B. Instrumentation: Calibration

A modified Barnes 8-in. radiometer was used. This instrument employed
Cassegrainian optics, opticai chopping at 80 Hz, a 12-position filter wheel, and a
photoconductive detector. The detector was an InSb unit, 0.40 mm square and

liquid-oxygen cooled.

The radiometer was caiibrated using a 72-in.-long blackened aluminum
cylinder having a 12-in. diameter as the source. The near-extended-source

method was used.

1

Auxiiiary instrumentation included iook-angle magnetometers, data record-

ing instrumentation, and a 28-V battery pack.

An ultraviolet radiometer was boresighted with the main radiometer. The
ultraviolet radiometer was a photomuitiplier device which utilized muitipie filter-
ing and optical chopping.

The instrumentation is described here as in the final report (referenced at
the end of this section). Some changes took place in the course of the program
(see especially Balicon Flight on 9 April and 23 May, also referenced).

C. Spectral Information

The radiometer filter wheel accepted 11 filters and a blank. The filters
covered the spectral region from 1.8 to 5.0 u. The individual response curves

are given in figure 6.

The ultraviolet radiometer also employed a fiiter wheel. The filters in the
wheel covered the range from 2500 :\ to 3900 zi; the individual transmission curves

are given in fizure 7.
D. Spatial Information

Both elevation and azimuth scans were made. On flights 1 through 3, scanning
was in the form of a cone with an apex angle of 160° and an axis of 10° beiow the
horizontal. While this cone was being traced out, an azimuth scan was aiso being

made. For the remainder of the flights, azimuth scanning was carried out at

several discrete elevation angles (see below).
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The field of view of the infrared radiometer was 1.3 mrad square. The field

of view of the ultraviolet unit was not stated.
E. Data Recording Procedure

In its final configuration, the radiometer scanned 180° in azimuth in 1 min.
The elevation angle was then changed and the next azimuthal scan completed.
After the complete cycle of four or five elevation angles, the next filter was posi-
tioned and the process repeated. Combined with the sampling speed of 50 Hz,
this resulted in a total of 15,000 radiance values for the time each filter was in.

After digitization, the radiometer signal was recorded on magnetic tape on

the gondola. The balloon gondola was recovered after each flight.
II. Data
A. Signal Processing

The output from the infrared radiometer was synchronously detected, filtered,

clamped to a reference level, and passed through the analog-to-digital converter.
B. Data Analysis

As mentioned above, the radiometer signals were first digitized and then re-
corded on magnetic tape. Upon retrieval, the flight tape was played into the
University of Denver's digital computer, where preliminary data reduction was .
done. Final reduction was then done on an IBM 7090 computer.

C. Prepared Data
(1) Infrared data

In the first five flight reports, data are shown in the form of a distribution or
cumulative distribution of radiance and radiance gradient (with respect to eleva-
tion) at different elevation angles. Graphs also show the radiance as a function of
scattering angle. Ancillary information includes the time, date, and balloon alti-
tude.

Data for the remainder of the flights are shown in tabular form. These tables
show the root-mean-square and mean radiance as functions of viewing angle and
sun azimuth or viewing angle and scattering angle. Ancillary information here
includes time, date, cloud conditions, balloon altitude, insolation angle, and the

number of observations on which each radiance value is based.
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(2) Ultravlolet data

Ultravlolet data are only presented In flight reports 3 through 5, although

ultraviolet data were obtained on several of the other flights also. The form of

presentation has been similar to that of the infrared data.

D. Data Format

The format for the raw voltage data was 1-mil by 0.5-1n. magnetic tape on

3600 ft reels.

The radlance values were evidently stored on tape compatible with the IBM

7090 computer. These data amount to over 10'7 radlance values.
E. Experlmental Error

Exact error statements were not available for thls writlng.

1t is also noteworthy that the descriptlons of the cloud deck were somewhat

vague. Therefore, close correlatlon of the data with the structure of the back-

ground scene is probably not possible.
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3.4. (U) MEASUREMENTS OF INFRARED AND VISIBLE RADIATION ON BALLOON FLIGHTS
AT AN ALTITUDE OF 34 KM: BARTMAN, CHANEY, AND OTHERS

I. Instrument Description and Platform
A. General

Tn support of the meteorological satellite program of NASA, tests of the radio-
inetric instrumentation have been carried out Iy, various independent agencies. In
two high-altitude balloon flights, the TIROS-Nimbus "medium resolution infrared
radiometers’ (MRIR's) have been tested against an interferometer, direct earth
surface temperature measurements, and each other. We describe the resultant
data here.

Two balloon flights were made, both beginning in the early morning hours and
returring data for the rest of the day. The flights took place on 2 June 1962 and
26 June 1963. Both balloons dwelled at an altitude of about 112,000 ft. The launch
site was Sioux Falls, South Dakota.

B, C, D. Instrumentation and Spatial and Spectral Information

The instrumentation was changed somewhat between flights 1 and 2. The essen-

tial characteristics are summarized in table I.

The infrared instruments were boresighted; they looked downward at a fixed
nadir angle of 30°, The spectrophotometer looked straight down. The azimuthal
angle was apparently left to vary at random. Two 70-mm cameras photographed

the scenes.
E. Data Recording Procedure

The data were collected by FM/FM telemetry. The format for the interferom-
eter data was analog, on magnetic tape. The format for the other data was not
stated.

II. Data

All the data were expressed in terms of equivalent blackbody temperature
rather than radiance. The prepared data have been presented in graphical form,
as follows (see referenced report by Bartman et al., pp. 387 - 392).
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(1) Equivalent blackbody temperature of various cloud scenes (see below)

(2) Equivalent blackbody temperature vs. scattering angle (0.2 - 6 p, 0.55 -

0.75 u)

(3) Comparison of radiometer measurements from TIROS IV and the balloon-

borne TIROS over selected coincident scenes

The following cloud scenes were viewed: low stratus, cirrus, stratocumulus,

cirrus over stratocumulus, cumulo-nimbus, and high cumulus.

The blackbody temperatures were always given to three significant figures.

TABLE I. COMPARATIVE C HARACTERISTICS OF INSTRUMENTS USED IN
MEASUREMENTS OF INFRARED AND VISIBLE RADIA TION

Instrument

TIROS MRIR

Nimbus MRIR

Block I-4T
interferometer

Perkin-Elmer S-G4
spectrophotometer

Unclassified

Nominal Field
Spectral Bandwidth Of View
(u) (degrees) Flight

Channel I: 5.8 to 6.8 5, conical 1and 2
II: 7.5to 13.5
I: 0.2 to 6.0
IV: 7.5 to 30
V: 0.55 to 0.75

Channel 1I: 6.5 to 7.0 2.85, conical 2
II: 10.0to 11.0
III: 0.2 to 4.0
IV: 5.0to 30.0
V: 0.55 to 0.85

6 to 16.5 at 0.5 pu 15, conical 2

0.4 to 1.05 2.5 by 0.25 2
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3.5. (U) SPECTRAL PROPERTIES OF HIGH-ALTITUDE CLOUDS: A.D. LITTLE, INCORPORATED

I. Instrument Description and Platform

A. General

Under the sponsorship of the Advanced Research Projects Agency, A. D.
Little, Inc. has completed an experimental study of the infrared spectral radiance
of sunlit clouds. The apparatus was installed in a U-2 jet aircraft and flown in a
series of approximately 50 flights over various portions of the continental United
States. The period over which measurements were made extended from January
1963 through 1964.

This work has yielded a considerable volume of data pertaining to the infrared
properties of a variety of clouds with respect to cloud type, cloud altitude, scatter-
ing angle, and insolation angle.

B. Instrumentation: Calibration

A modified Perkin-Elmer rapid-scan grating spectrophotometer was used. By
means of a flip mirror, the instrument effectively compared radiation from clouds
or terrain below the aircraft to sunlight falling on a diffuser plate mounted in the
upper skin of the aircraft. Components included Dahl-Kirkham foreoptics and a
photoconductive detector (see fig. 8). Ge:Au, InSb, and PbS detectors were available
for interchangeable use; the PbS detector was used in most cases, however. The

detector unit was liquid-nitrogen cooled.

Other instrumentation used to record ancillary information included the
following:

(1) A visible radiometer with a 60° field of view and a 0.4- to 0.8-u spectral

response

(2) Probes that measured the electric potential gradient in the vicinity of the

aircraft
(3) A device that measured aircraft pitch, roll, and yaw

(4) A data camera from which sun position, time, bearing, and data-synchro-

nization information could be obtained

(5) A 70-mm tracker camera with a field of view of 42° in the forward direc-
tion by 180° in the lateral direction

(6) A camera with a 15° field of view boresighted with the spectrometer
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A diagram of the instrument configuration is given in figure 9.

The spectrometer was calibrated in wavelength by means of the high order

l spectra from a cw gas laser at a fundamental wavelength of 0.632 u. Several
marker pulses were positioned throughout the spectral scan so that spectral calibra-
tion was maintained throughout each spectral scan. Amplitude calibration was
carried out by the field-flooded method, using a blackbody of known temperature.

C. Spectral Information

The spectrometer scanned from 1.15 to 1.55 p or 1.75 to 2.90 p or 2.4 to 3.7
u, depending upon the slit used. Likewise, spectral resolution ranged from 0.01
to 0.1 p, depending on the slit used. The spectral scan rate ranged from 15 to
150 sec/u.

Spectral order isolation filters were used, resulting in the overall spectral

] response curves given in figure 10.
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D. Spatial Information

The spatial scan was in all cases provided by the forward motion of the air-
craft. Two basic scannirg modes were used. In the flrst mode, the optic axis of

the spectrometer was directed stralght downward (fixed at nadir), and the aircraft
fiew at an altitude of about 10 km over a variable flight path. In the second mode,

the spectrometer looked out the slde of the aircraft at a flxed 80° nadlr angle and

flew in a hexagonal path about the cloud deck of interest. The latter mode was

used approximately one-third of the time. In both cases, the spectrometer looked

upward from time to time to record the irradiance from the solar diffuser above.

The flip mirror was placed in the solar-viewing positlon ten percent of the time.

The field of view of the spectrometer was 0.46° by 2.30°, 0.08° by 2.30°, or
0.46° by 1.38°, depending upon the slit used.

The geographlc posltlon of the aircraft was not satisfactorily monitored during

the experlmental work. Therefore, correlation of the aircraft coordinates with the
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data had to be derived from the tracker-camera photographs by means of identifi-
able landmarks.

E. Data Recording Procedures

Except for the photographic information, the raw data were recorded on a 36-
chan.el oscillographic recorder.

Many possible combinations existed among scanning mode, spectrometer slit
width, and spectrometer filter. In practice, the particular combination or sequence
of combinations of modes was determined before each flight ana stored on an auto-
matic programmer. The pilot, of course, had control of the spatial scan. In later
flights, the position of the flip-mirror was also subject to the pilot's control. The

amount of data recorded in any one moc'e was more or less uniformly distributed,
i.e., all n.odes were used some.

II. Data
A, Signal Processing: Correlation to Ancillary Parameters

In the final system configuration, the output from the spectrometer detector
was amplified, synchronously demodulated, and filtered before being recorded.

The output was then recorded on the oscillographic recorder.

Correlation of information from photographs and the pilot's log with the oscil-
lographic data was achieved by a counter marker which was entered simultaneously

into the camera frames, strip chart, and pilot's logging cards.

B. Data Analysis

The spectra were reduced by the A, D. Little workers by means of a semi-
automatic electromechanical curve tracer which produced a regular analog curve
of spectral radiance. This analog device also corrected for zero level shift and
nonlinearity in the wavelength scale. This process was used in the preparation of
the published data (see section D below).

In addition, an independent treatment of the raw data is presently taking place
at the Institute of Science and Technology of The University of Michigan. Of the
total flight data, the data from 15 flights (1400 suitable spectra) were found to be
suitable for detailed analysis. These data have been digitized in their entirety for

further analysis.
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C. Data Format

As mentioned above, the spectra were first converted to analog curves of
spectral radiance. The format for these was a regular photographic oscillograph-
type strip chart.

The digitized data have been recorded on magnetic tape. The tapes are in-
tended to be played back on an Amperex FR-100 FM instrumentation recorder at
3.75 in./sec. The tapes each carry 7 channels of data; from 8 to 11 spectra are
recorded per track. There are 19 reels of tape with 1209 linear and 122 nonlinear
spectra.

D. Data Published in Report

(1) Graphs of averaged spectra for different types of clouds, with supplemen-
tary information to indicate the conditions under which the data were

taken
(2) Comparative graphs of the spectral profiles of various clouds and terrain
(3) Graph of diffuse reflectance of various clouds and terrain

(4) Graph of relative scattering vs. scattering angle at various wavelengths

around 2.5 .
(5) Graph illustrating how various composite cloud backgrounds synthesize

Information recorded with the spectrometer data included time, radiance
from directly below the aircraft, pitch, roll, and yaw of the aircraft, sun angle,
potential gradient in the vicinity of aircraft, wide-angle photographic data, and
photographs from the camera boresighted with the spectrometer (see references

by Blau and by Blau and Espinola).
E. Error Statements

The overall experimental error in the radiance values has been estimated to

be 25 percent.
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3.6. (U) THERMAL RADIANCE PROPERTIES OF CLOUDS: F. R. VALOVCIN AND D. R.
FITZGERALD

1. Instrument Description and Platform

A. General

Since 1962, workers at the Air Force Cambridge Research Laboratories
(AFCRL) have flown a U-2 aircraft over various types of cloud structures to ob-
tain simultaneous infrared and photographic data. The U-2 was instrumented to
take photographs of clouds in the visible region and measure the effective temper-

ature variation based upon radiometric measurements in the 8- to 13-u region.

A moderate amount of data has been gathered over the period from 1962
through 1966. The data analysis has been directed chiefly toward the meteorological

implications of the measurements.

B. Instrumentation

A Barnes infrared radiation thermometer, model 14-311, was used in cunjunc-

tion with a 70-mm aerial camera.

The method of radiometer calibration was not discussed in the reference.

C. Spectral Information

The spectral passband of the radiometer was governed by filters passing ra-
diation between 7.5 and 13.5 u.

The camera was sensitive in the visible region.

D. Spatial Information

The radiometer's field of view was approximately 2° by 29, resulting in a sub-

tended cloud patch of 35 ft by 35 ft at a range of 1,000 ft.

The field of view of the camera was 42° by 180°, the longer dimension being

perpendicular to the direction of flight.

Scanning motion for the instruments has not been discussed but is assumed to

have been provided only by the forward motion of the aircraft.
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E. Data Recording Procedure

The data recording procedure has not been discussed in detail and appears
to have varied with the type of synoptic situation being studied. The data rate in

one instance was 1 data point every 15 sec.

In some instances. actual cloud-top and base altitudes were measured by flying

through clouds making detailed observations.
II. Data
A. Reduction and Analysis

The radiometric data were analyzed to provide effective blackbody tempera-
tures. Correlation of temperature values with cloud type and altitude was. in gen-

eral, satisfactorily achieved.

B. Prepared Data

Summary data appear in the paper presented at the Third Symposium on Re-
mote Sensing of Environment. Composite photographs with radiance profile or

mean temperature are presented for several cloud structures; also included are:

(1) Frequency distribution of cloud-top temperatures taken during five flights
(table, p. 164)

(2) Temperature structure in and over cirrus clouds (graphs, pp. 170-172)
C. Error Statements

A nominal precision of +3°9C has been attributed to the measurements, ¢orre-

sponding to a 5-percent error in emissivity calculations.
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D. R. Fitzgerald and F. R. Valovcin, "High Altitude Observations of the Development of a
Tornado Producing Thunderstorm,” presented at the Conference on Physics and Dynamics of
Clouds, Chicago, Ill., March 1964.

Instruction Manual for Model 14-310, Portable Radiation Thermometer, Barnes Engineering
Co., Stanford, Conn., 1961.

. TIROS III Radiation Data Users' Manual, Goddard Space Flight Center, Greenbelt, Md., August
1962.
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3.7. (U) A SPECTRAL RADIANCE STUDY OF TERRAIN AND CLOUDS: EMERSON ELECTRIC
I. Instrument Description and Platform

A. General

Emerson Electric Manufacturing Company has conducted a series of airborne
radiometric measurements in which the radiance structure of a wide variety of
terrain and cloud backgrounds was observed from moderate altitudes by a down-
looking radiometer. The radiometer employed a rotating color wheel which
governed the system's spectral response in eight regions ranging from 0.35 u to
2.6 u. The platform for the measurements was a B-25 aircraft; the altitude of
measurement varied between 1,000 and 20,000 ft. The measurements were made
in 1961 and 1962. (See figure 11.)

The data evolved from this program may be characterized as visible and near-
infrared radiance data indicating the gross statistical structure of radiance over
the continental United States. In comparison with the results of similar works,

these data are perhaps most notable for the statistical methods applied in their
preparation.

B. Instrumentation

The radiometer used a temperature-controlled PbS detector and a filter wheel
containing eight filters. Incoming radiation was chopped at 225 Hz. A 70-mm P-2
camera and a 16-mm gun camera were boresighted with the radiometer and gener-
ally were triggered once for each revolution of the filter wheel. The procedure

used in calibrating the radiometer was not known at the time of this writing.

C. Spectral Information

Seven narrowband filters had responses centered at 0.35, 0.45, 0.58, 0.65,
0.80, 1.02, and 1.62 u. The eighth filter had a response of 2.0 to 2.6 u. Exact

filter transmission curves are given in figure 12,

D. Spatial Information

The radiometer looked straight down with a circular field of view of 6.90. At
an altitude of 15,000 ft, this gave a ground patch of approximately 0.07 sq nmi.

E. Data Recording Procedures

Radiometer output was printed on paper tape in digital form. The filter wheel .

could rotate at either 3.5 or 7 rpm, so that the maximum sample rate was 7 per
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FIGURE 12, TRANSMISSION CURVES FOR FILTERS IN THE FILTER WHEEL OF THE RADIOMETER.
Emerson Electric Co.
Unclassified

minute for each filter. The filter wheel was sometimes stopped in one position,
and data were recorded continuously. Some, and perhiaps all, data were recorded
with the flight number, time of day, mode of operation of the filter wheel, and pho-
tograph number specified.

II. Data
A. Signal Processing

The signal from the radiometer was amplified and fed to the recorder on the

aircraft.
There were apparently no in-flight calibration checks.
B. Raw-Data Format

The data were recorded digitally on a paper-tape format.
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C. Data Analysis: Prepared Data

The analysis performed by the Emerson workers was directed chiefly toward
the distribution of radiance values. Also, the spectral emissivities of various

types of terrain were computed.
The following prepared data appear in the Emerson report:

(1) "Spectral Radiance Distribution" (number of data poi'ts per radiance
increment) for each filter for each of seven types of terrain (bar

graphs, pp. 13-148)

(2) 'Spectral Radiance Comparison" of various types of terrain
(pp. 157-167)

REFERENCE
Unclassified

H. D. Nelgner and J. R. Thompson, Airborne Spectral Radiance Measurements of Terrain and
Clouds, Report No. 1323, Emerson Electric Manufacturing Co., St. Louis, April 1962.

3.8. (U) THE AEROSPACE INFRARED FOUR-COLOR EXPERIMENT
I. Instrument Description and Platform
A. General

The platform was an Agena vehicle. The satellite was launched on 14
December 1962. The apogee was 344 km, the perigee was 174 km, and the in-
clination of the orbit was 71,

The satellite carried a four-channel radiometer which measured radiance
in the 1.4-, 1.8-, 2.2-, and 2.7-u regions simultaneously. The resultant data
were therefore amenable to joint radiance analyses between selected channel
pairs. Approximately 105 radiance values per ciannel were produced by the

experiment.

B. Instrumentation

The radiometer used four uncooled PbS detectors. Narrowband interference
filters were cemented to the detectors to obtain the spectral regions of interest.
The incident radiation, which was chopped at 600 Hz, was focused on the detectors

by an aspherical silicon lens.

UNCLASSIFIED ~
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C. Spectral Information

Radiation intensity was measured in four narrow bands centered at 1.4, 1.8,
2.2, and 2.7 p.

D. Spatial Information

The satellite was stabilized so that the detectors always looked at the nadir.
The field of view for each detector was 2.5 by 25 mrad, wirich gave a ground patch
of 0.8 by 8 km when the satellite was at a 320-km altitude. Detector configuration
and scan direction are given in figure 13, The satellite speed was approximately
4 mi/sec, so that less than a second elapsed between the time the first and last

detectors saw the same ground patch,

E. Data Recording Procedures

Data were collected by telemetry. In view of the size of the ground patch and
the satellite's velocity, eight samples were measured per second per channel,

; Data were recorded in the form of plots of voltage vs. time thzt could be calibrated
directly in terms of radiance.

o
1
Scan
Direction {
25 2.2 u 2.7 p 18 u 14 uy| —i

—+1 2.5 o —72.5‘——-2.5L— -] 2,5 [—

18.3 18.3 18.3 ]

1 FIGURE 13, CONFIGURATIONS OF DETECTORS USED IN THE FOUR-COLOR
EXPERIMENT. All dimensions in milliradians. r
Unclassified
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II. Data
A. Data Reductiou and Analysis

The Aerospace workers reduced and analyzed the data. A discussion of the
philosphy of the several types of analyses is given in the referenced report by
H. W. Wessely.

B. Prepared Data

In the referenced report by Friedman a table is presented that gives back-
ground radiance as a function of longitude and latitude. Samples of the records of
voltage vs. time obtained at one of the tracking stations are also given. Graphs
show correlation between two spectral bands and correlation of radiance with sun
angle. Graphs are presented of the cumulative radaiance and radiance-difference
probability distributions in each of the spectral regions. One graph presents the
cumulative radiance probability as a function nf insolation angle. In each spectral
region, the radiance vs. insolation angle and the root-mean-square radiance vs,
mean radiance as a function of insolation angle are plotted. A comparison is made
between calculated and observed mean radiance in the 2.7-u region. Spectral
joint-amplitude distribution plots are given for the 2.7- vs. 1.8-u and 2.7- vs.
2.2-u spectral regions.

Good data were received cnly during the daylight hcurs. About 150,000 data
points per channel were received during, portions of 10 of the first 14 orbits. Some
informaticn on cloud cover was collected by a TIROS satellite,

C. Experimental Error

Data obtained in the 1.8-, 2.2-, and 2.7-u spectral regions are probably accu-
rate to within 10 percent. Because of a light leak in the 1.4-pu filter, the data for

this channel may be in error by as much as a factor of 3.

A second similar experiment was performed at a later dute. Direct inquiries
can be made to Dr. R. Douglas Rawcliffe, Aerospace Corporation, El Segundo,
California.

REFERENCES
Unclassified

R. M. Friedman, Satellite Measurements of the Near Infrared Background Radiations from the
Earth, Report No. TDR-69(2260-52), TN-1, Aerospace Corporation, El Segundo, California,
September 1962.
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R. D. Rawcliffe, G. E. Meloy, and R. L. Williams, Satellite Infrared Background Experiment
(U), Report No. TDR-169(3260-52), TN-1, Aerospace Corporation, El Segundo, California,
July 1963 (CONFIDENTIAL).

H. W. Wessely, Satellite Infrared Background Experiment Data Analysis (U), Report No.
TDR -269(4710-29)-1, Aerospace Corporation, El Segundo, California, June 1964
(CONFIDENTIAL).

3.9. (U) THE AEROSPACE ULTRAVIOLET EXPERIMENT
I. Instrument Description and Platform

A. General

Under the sponsorship of the air force, two satellites were launched carry-
ing ultraviolet-radiation experiments prepared by the Space Physics Laboratory
of Aerospace Corporation. The first was launched on 15 May 1962 into a polar
orbit with an apogee of 650 km and a perigee of 298 km. The second was launched
in late July 1962 at an inclination of 70.3° with a perigee of 205 km and an apogee
of 393 km.

B. Instrumentation: Calibration

A dual ultraviolet radiometer was used. The radiometer channel was com-
posed of a simple objective lens, a triple-section filter, and a fourteen-stage
photomultiplier with a CeTe photocathode. The albedo channel was cumposed of
a unidirectional blackened sensor followed by a quartz light pipe followed by a
similar photomultiplier detector.

The radiometer was calibrated using a National Bureau of Standards tungsten
source. In-flight calibration was maintained by means of a built-in calibration

lamp. The calibration techniques used were not described.

C. Spectral Information

Because the experiment was planned around the Hartley absorption band of
ozone, the filters were designed to give a peak transmission near 2550 .f\ Spec-

tral transmission curves are givzn in figure 14.
D. Spatial Information

In orbit, the satellite was stabilized to the nadir. The radiomeier looked to
the nadir at all times with a circular 10-mrad field of view; this gave a ground
patch 2 mi in diameter at a satellite altitude of 200 mi. The albedo channel ac-
cepted backscattered solar radiation from a wide field of view below the satellite.

UNCLASSIFIED
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FIGURE 14. SPECTRAL RESPONSES OF AEROSPACE ULTRAVIOLET
RADIOMETERS
Unclassified

E. Data Acquisition

Data were stored on analog tape aboard the satellite and then telemetered to
tracking stations. During readout, real-time data were also obtained. The radi-
ometer channel was sampled 3 times per second, and the albedo channel was
sampled 12 times per second.

II. Data
A. Raw Data

Data were obtained from only six orbits; the rest were degraded because of

telemet:y noise.
B. Prepared Data

The report dated 26 July 1963 gives 2 X 10'5 W/cmz-sr-u. for the value of
the scattered solar irradiance as observed by the nadir radiometer. The sun

angle for this measurement was 49°, [
C. Experimental Error

Noise degradation led to an uncertainty of +15 percent in the radiance values.

UNCLASSIFIED I
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REFERENCES
Unclassified

R. M. Friedman, R. D. Rawcliffe, and G. E. Meloy, Radiance of the Upper Atmosphere in the

Middle Ultraviolet, Report No. TDR-169(3260-50), TN-4, Space Physics Laboratory, Aerospace
Corporation, El Segundo, California, July 1963.
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E. B. Mayfield et al., Experiment and Preliminary Results of Satellite Determinations of the

Albedo in the Near Uitraviolet, Report No. TDR-169(3260-50), TN-2, Aerospace Corporation,
El Segundo, California, May 1963.

E. B. Mayfield and R. M. Friedman, Satellite Measurement Program to Determine Ozone
Concentration and Albedo in the Near Ultraviolet, Report No. TDR-169(2260-50), TN-2, Space
Physics Laboratory, Aerospace Corporation, El Segundo, California, August 1962,

3.10, (U) THE SPECTRAL BACKGROUND RADIANCE FROM A DISCOVERER SATELLITE: | 1
L. C. BLOCK AND OTHERS

]
I, Instrument Description and Platform

i ! i
A, General

“

The platform was an air force satellite launched on 17 Septemb:ér 1962, It
obtained useful data for approximately one week.

B. Instrumentation

that utilized a bolometer detector. A thermistor monitored the bolometer's tem-

perature. The interferometer's output was the differential radiance between the
target and the detector.

t

The instrument was a Block Associates 18-T interferometer spectrometer I
]

C. Spectral Information

The interferometer spectrometer was sensitive in the region between 1.8 p
and 15 p with a spectral resolution of 0.4 u at 10 u, but data were reduced only
tn the region between 6 and 15 u. The instrument completed one interferogram

‘ per second,

D. Spatial Information

The 159 circular field of view always looked in the direction of the nadir.

At a satellite altitude of 200 mi, this produced a ground patch 50 mi in diameter.
The satellite progressed at 8 km/sec along the orbital path.

E. Data Recording Procedures

Data were obtained by telemetry only in real time when the telemetry output
was within receiving distance of one of the tracking stations. The output of the
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interferometer, the thermistor output, and real-time values were recorded by

telemetry.
II. Data
A, Prepared Data

Several 6- to 15-u spectral radiance curves (mlcrons-watts-centimeters'2-
steradlans'l-microns' 1) that were determined from data obtained over the
United States and Canada are given in the references. The time (from which he
location can be inferred) of each spectral measurement is given; the meteorological
conditions reported at the time of these measurements are also given. The con-
ditions given are temperature, relative humidity, pressure, and ozone density.
Time histories of radiance observed at several discrete wavelengths are also

given.

Several spectrograms of differential radiance are given, but these are of
limited usefulness because no calibration corrections have been made. Several
graphs of differential radiance at one wavelength vs. time are also given, but,

again, no calibration corrections have been made,

No other data from this flight have been analyzed. The telemetry records

still exist, and a low-priority effort is being made to reduce more of the data.
B. Experimental Error

Because of limitations on the interferometer's in-flight controls and calibra-
tions, an upper limit on errors in absolute radiance was set at 50 percent with

the larger errors occurring toward the shorter wavelengths.

REFERENCES
Unclassified

L. C. Block and J. J. Lovett, "Infrared Background Spectral Radiation Measurements From On
Board a Discoverer Satellite (UNCLASSIFIED paper)," Proc. RIS, Vol. 8, No. 1, January 1963,
(SECRET), pp. 95-104.

L. C. Block and A. S. Zachor, "Inflight Satellite Measuremients of Infrared Spectral Radiance
of the Earth," Appl. Opt., Vol. 3, No. 2, February 1964, pp. 209-214,
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3.11, (U) THE TIROS WEATHER SATELLITES

L. Instrument Description and Platform

A. General

The satellites TIROS I to VIII were launched as shown in table II. Each
satellite was spin-stabilized with a spin rate of about 10 rpm,

TABLE II. FLIGHTS OF TIROS SATELLITES

Unclassified

Apogee Perigee Inclination

Designation Date (mi) (mi) (degrees)
1 1 April 60 468 430 48.3
II 23 November 60 452 387 48.5
I 12 July 61 506 461 47.8
Iv 8 February 62 525 441 48.3
v 19 June 62 604 367 58.1
Vi 18 September 62 444 423 58.2
vl 19 June 63 401 388 58.2
VI 21 December 63 463 440 58.5

B. Instrumentation

All TIROS satellites contained cameras with optical axes parallel to the spin
axis of the satellite. Vidicon systems were used. A wide-angle camera was
carried on all TIROS satellites, a narrow-angle camera was carried on TIROS I

and II, and a medium-angle camera was carried on TIROS V to VIIIL.

Infrared-radiation sensors were carried aboard TIROS I to IV, All three
of these satellites carried a five-channel scanning radiometer. This scanning
radiometer had its optical axis oriented at an angle of 45° with respect to the
satellite's spin axis. An optical chopper switched the optical axis of the radiom-
eter back and forth between two diametrically opposed directions so that radiation
from the earth was measured by using space as a zero reference. Each of these
three satellites also carried a nonscanning radiometer. TIROS II and IV also
carried radiation sensors of the type used on Explorer VII. These consisted of
hemispheres with a field of view limited only by the horizon of the earth as seen
from the satellite,
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C. Spectral Information

All the camera systems had a peak spectral sensitivity in the 0.7- to 0.9-p

range.

The 5-channel radiometer measured radiation in the spectrcl bands 0.55 to
0.75 u, 0.2to 6 u, 8to 12 u, and 8 to 30 u. Spectral response curves for these
channels are shown in figure 15.

The low-resolution radiometer contained two detectors. The black detector
responded to radiation in the region from the visihle to the far infrared, and the
white detector responded to wavelengths greater than 3 4. The third radiometer
had both a black detector and a white detector, with the short wavelength cutoff
of the white detector being about 4 u.

D. Spatial Information

The spatial parameters of the camera systems are shown in table III.

The §-channel radiometer had a field of view of 5°, The scan pattern is
quite complicated because of the satellite spin, the orbital advance, and the con-
stantly changing angle between the spin axis and the nadir.

The low-resolution radiometer had a 50° field of view with its optical axis
parallel to the spin axis, The third radiometer had a field of view limited only by

the earth's horizon as seen by the satellite.

E. Data Recording Procedures

Data

Data were either telemetered to ground tracking stations in real time or
analog taped and telemetered upon command. The picture data transmitted from
the satellite are simultaneously recorded on magnetic tape and displayed on a
kinescope. Each picture on the kinescope is photographed. Radiometer data are

recorded on analog tape.

A. Raw-Data Format: Reduced Data

(1) Photographic

All of the usable picture sequences transmitted by the TIROS satellites
are being stored on 100-ft reels of 35-mm microfilm. Copies of these can
be purchased from the National Weather Records Center, Asheville, North
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TABLE IIl. SPATIAL PARAMETERS OF
THE TIROS CAMERA SYSTEMS

Unclassified
Fieid of View Resolution
Camera (degrees) (km)
Wide angie 104 2.5-3
Medium angie 80 2
Narrow angie 12.7 0.3-0.8

Carolina. The pictures can be identified by orbit pass number and frame
number. Listings and maps show the geographical areas covered by each
orbit. Each TIROS has returned a large number of pictures; e.g., TIROS I
returned nearly 3000 pictures. Pictures could be taken oniy in the daytime,

(2) Infrared

A large amount of radiation data has been obtained from the TIROS satei-
iites, Infrared data from the five-channei medium-resolution radiometer have
been processed to produce a final-meteorological-radiation (FMR) tape for
each TIROS satellite. This binary tape for use on a computer locates each
radiation datum point by latitude, longitude, nadir angle, azimuth angie, and
time. The radiation intensity is given in terms of watts per square meter.
These FMR tapes may be obtained from the National Weather Records Center.

B. Prepared Data
(1) Photographic

Large numbers of photographs have been published in the references
cited. Among other things, these photographs have been compared with more
conventional observations of terrain features, ice cover, and cloud cover.
The vidicon system was designed to give information on cioud cover and does

this very well.
(2) Infrared

Data from the five-channel radiometer usually appear as radiation maps
which give either radiant emittance (watts per square meter) or an equivaient
blackbody temperature, This is the blackbody temperature that would produce
the same radiometer response as the scene being vi.wed. In severai reports,

this data is compared with corventional meteorological data,
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C. Experimental Error
(1) Photographic

There is generally good contrast between clouds and the earth's surface.
The brightest and darkest objects exceeded the dynamic range of the system
and appear as either white or black, respectively; however, the intensity of
most objects was such that they appear as gray.

(2) Infrared

Response degradation in all channels of the five-channel radiometer began
shortly after launch on all TIROS satellites that carried this radiometer. Low-
ever, approximate corrections have been computed and can be applied to the

data to correct for this degradation.

REFERENCES
Unclassified

W. R. Bandeen, Tiros II Radiation Data Users' Manual, Goddard Space Flight Center, Greenbelt,
Md., May 1961,

W. R. Bandeen, R. E. Samuelson, and I. Strange, Tiros III Radiation Data Users' Manual Supple-
ment, Goddard Spa:e Flight Center, Greenbelt, Md., December 1963.

Catalogue of Meteorological Satellite Data - Tiros I Television Cloud Photography, U. S. Depart-
ment of Commerce, Weather Bureau, Washington, D. C., 1961,

J. F. Davis, R. A. Hanel, R. A, Stampfl, M. G. Strange, and M. R. Townsend, Telemetering In-
frared Data From the Tiros Meteorological Satellites, Technical Note D-1293, Goddard Space
Flight Center, Greenbelt, Md., August 1962.

R. C. Doolittle, Calibration of Image Distortion in Tiros Wide Angle Photography, Report No. 15,
Meteorological Satellite Laboratory, U. S. Department of Commerce, Weather Bureau, Washing-
ton, D. C., July 1963.

T. Fujita, A Technique for Precise Analysis for Satellite Data; Volume I - Photogrammetry,
Report No. 14, Meteorological Satellite Laboratory, U. S. Department of Commerce, Weather
Bureau, Washington, D. C., January 1963.

R. A. Hanel and D, Q. Wark, ""Tiros II Radiation Experiment and Its Physical Significance,"
J. Opt. Soc. Am., Vol. 51, No. 12, December 1961.

R. L. Pyle, Documentation for Tiros IV Television Data, Report No. 16, Meteorological Satellite
Laboratory, U. S. Department of Commerce, Weather Bureau, Washington, D. C., May 1963.

Reduction and Use of Data Obtained by Tiros Meteorological Satellites, Technical Note No. 49,
World Meteorological Organization, 1963,

W. G. Stroud, Final Report on the Tiros I Meteorological Satellite System, Goddard Space Flight
Center, Greenbelt, Md., 1962,

The Availability of Radiation Data From the Tiros II, III, IV, and VII Meteorological Satellites,
NASA-TM-X-54741, Goddard Space Flight Center, Greenbelt, Md., 1963.
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Tiros IV Radiation Data Catalog and Users' Manual, Goddard Space Flight Center, Greenbelt,
Md., December 1963.

Tiros II Radiation Data Catalog, Goddard Space Flight Center, Greenbelt, Md.. August 1961.
Tiros III Radiation Data Catalog, Goddard Space Flight Center, Greenbelt, Md., December 1962.

Tiros VII Radiation Data Catalog and Users' Manual, Vol. 2, Goddard Space Flight Center,
Greenbelt, Md., December 1964.

W. Viezee and P. A. Davis, Analysis and Interpretation of Daytime Radiation Data From Tiros
II1, Orbit 4, AFCRL-64-34, Stanford Research Institute, Menlo Park, Calif., January 1964,

W. Viezee and P. A, Davis, Preliminary Examination of Daytime Radiation Data From Tiros IIl

Over Cloudy Regions, AFCRL-63-860, Stanford Research Institute, Menlo Park, Calif., August
1963.

D. Q. Wark, Application to Radiation Processes in the Atmosphere, U. S. Weather Bureau,
Washington, D. C., 1960.

D. Q. Wark, G. Yamamoto, and J. Lienesch, Infrared Flux and Surface Temperature Deter-
minations from Tiros Radiometer Measurements, Report No. 10, U, S. Department of Com-
merce, Weather Bureau, Washington, D. C., August 1962,

D. Q. Wark, G. Yamamoto, and J. H. Lienesch, ""Methods of Estimating Infrared Flux and Sur-
face Temperature from Meteorological Satellites,' J. Atmos. Sci., Vol. 19, September 1962,

R. Wexler, "Infrared and Visual Radiation Measurements from Tiros III," Appl. Opt., Vol. 3,
No. 2, February 1964.

R. Wexler, Interpretation of Tiros II Radiation Measurements, Report No. AFCRL-6-638,
Allied Research Associates, Inc., Boston, Mass., April 1961,

J. S. Winston and R. P. Rao, ""Temporal and Spatial Variations in the Planetary-Scale Outgoing
Long-Wave Radiation as Derived from Tiros II Measurements,’" Monthly Weather Rev., Vol. 91,
October-December 1963, pp. 641-657,

3.12. (U) NIMBUS I
1. Instrument Description and Platform

A. General

Nimbus I is a meteorological satellite, the first in the series of second-
generation meteorological satellites launched under the supervision of the National
Aeronautics and Space Administration (NASA). The Nimbus program may be
thought of as an outgrowth of the well known TIROS program which provided the

world's first effective meteorological data from satellites.

Nimbus I was instrumented to provide detailed descriptions of cloud cover

and terrain both day and night on a global basis.

The satellite was launched into orbit on 28 August 1964 at 08:52:00 universal
time. It failed to achieve the desired orbit height of 575 mi, but assumed an ellip-
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ticai orbit with a 578-mi apogee and a 252 mi perigee. The satellite returned
usable data for 26 days; after that the power faiied.

B. Instrumentation (cf. referenced report by Stampfl and fig. 16)

Three major radiation-sensing systems were used; an advanced vidicon-
camera system (AVCS), an automatic picture-transmission system (APT), and a

high-resolution-infrared-radiometer system (HRIR) (cf. referenced NASA Facts).

Stabilization and
Controi Housing

Thermal
Controi
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FIGURE 16. THE NIMBUS I SPACECRAFT. Press and Michaels, 1963,
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The vidicon-camera system consisted of three vidicon cameras with 17-mm

lenses, a 4-track tape recorder, and an S-band transmitter. The cameras em-

ployed vidicons having 800 scan lines per inch. The pictures from the AVCS were

stored on magnetic tape and played back on command.

The automatic picture-transmission system was similar to the AVCS system
but employed a single high-retention camera-recorder unit which was able to hold 1
single images for 200 sec. During this time, the image was slowly read and trans-
mitted back to earth, Here a 5.7-mm f/1.8 Tegea kinoptic wide-angle lens pro-
vided wide coverage for the single camera. This was also an 800-scan-line sys-
tem. Also included in the APT module were an electromechanical shutter mecha-

nism, switching circuitry, and an FM transmitter at 136.5 Mc.

The HRIR system aboard Nimbus I was an improved infrared radiometer sys-

tem capable of transmitting high-resolution infrared photographs in facsimile form.

The radiometer employed the 4-in. Cassegrainian optical system illustrated in
figure 17. The detector was PbSe, cooled and stabilized to -74°C, by a totally
passive radiation-cooled apparatus, Auxiliary equipment for the HRIR included an
FM modulator and tape recorder. As with the AVCS system, the HRIR images

were first recorded and then transmitted back to earth on command over the S-band

telemeter.

In-Flight Calibration ok .
(Reference Blackbody) | o—Choppe

Relay Mirrors

et

Cooling Patch

Primary
Mirror

FIGURE 17. SCHEMATIC OF THE OPTICAL SYSTEM OF THE NIMBUS 1 HRIR. Goldberg, 1962,
Unclassified
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Although planned at certain stages of development, system redundancy could
not be used on Nimbus I. A MRIR (similar to the TIROS MRIR) was also planned
for Nimbus I but left off because of restrictions on the weight of the payload.

C. Spectral Information

The AVCS and APT systems were both sensitive in the visible range. The
exact spectral-response characteristics of these systems have not been given,

however.

The HRIR was sensitive in the 3.5- to 4.1-u window region. The exact re-

sponse characteristics were not given,
D. Spatial Information (cf. referenced report by Goldberg)
The spatial scan patterns are best explained by the diagrams (figs. 18 and 19),

The AVCS cameras, covered an area of the earth that measured 420 by 1575
nmi and was oriented as shown in figure 18. The vidicons registered an image
every 91 sec, resulting in a 5-percent overlap between successive frames. The
field of view of each camera was 379; the spatial resolution was about 0.5 mi at
the surface of the earth directly below the satellite.

Nimbus
Spacecraft,
First Orbit

-———— -
=
-—-— - -
> — - - -

Sun Rays,
First Orbit

Sun Rays, ,
Spacecraft, Second Orbit

Second Orbit i
FIGURE 18, NIMBUS I AVCS AND APT TELEVISION COVERAGE.

Press and Michaels, 1963,
Unclassified
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FIGURE 19. SCAN PATTERN OF THE NIMBUS I HRIR SYSTEM. Nimbus Weather
Satellite Scheduled for Launch, 1964.

Unclassified

The APT camera (fig. 18) looked straight down and provided roughly the same
coverage as the three AVCS cameras because of its wide angle lens. The field of
view was 108°. The APT system was also an 800-scan line system and, therefore,

at padir, provided the same 0.5-mi resolution as the AVCS cameras at nadir.

Tihe HRIR spatial scan was a raster scan achieved by means of a rotating plane
mirror at the aperture (see figs. 16, 17, and 19). Raster advance was produced by
the motion of the satellite along its path. The field of view was approximately coni-
cal with an 8.5-mrad apex angle, corresponding at nadir to a resolution element of
about 4 mi at the earth's surface. The period of scan was 1.33 sec, corresponding
to the generation of 2408 lines for each pass over the dark side of the earth.

E. Data Recording Procedure (cf. referenced reports, Phase II Nimbus Data-Handling
Syslvm, and Nimbus Weather Satellite Scheduled for L:lum-m
The center for all Nimbus communication activity is the Nimbus Technical

Control Center of Goddard Space Flight Center. The basic concept of the data
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acquisition complex is best illustrated by figure 20. While the data-acquisition

system has been described as the Nimbus program data acquisition system, it

will be described here with particular reference to the Nimbus I vehicle.

Command and
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Plcture

APT
Ground Stattons

APT Predicuonsl

(TV and Radiation Data,|
Emergency Data)

Nimbus Techntcal National Weather
Control Center, Satellite Center, Data Oanrenional
Goddard Space United States Integration Kiwte ptotugicdl
Flight Center Weather Bureau ‘ Observations
i__ — )
' ‘ ' ' l Storm
| Ne| al
Special Spacecraft | [World Map l M;;)ha“ ysis Identification
% nd HRIR Map
Teteviston nglneerin
D ttitude Data |
ata ata
Data l
: Archival
a Nattonat
Sctentific and Technical Users e (] ?::‘:ﬂ:;d Weather
Records &
Center

FIGURE 20. NIMBUS PROGRAM DATA FLOW. Nimbus Weather Satellite Scheduled for Launch, 1964.

Unclassified 4

Separate telemetry links %re used for the APT instrumentation and the AVCS-
HRIR instrumentation. In general, the APT system provides almost instantaneous
facsimile reproductions of the image seen by the APT camera, the telemetry link
being maintained directly from the satellite to the user. A typical ground station
manufactured by Fairchild-Straton, Inc. is composed of a manually tracking 13-dB
helix antenna, a commercially available radio receiver, and a standard facsimile
machine (cf. referenced report nn Phase II Nimbus Data-Handling System). The
APT telemetry system is of the PCM/AM type and operates at 136.5 Mc. It is

also through this system that most of the ancillary sensor information is trans-
mitted. The Nimbus APT system serves all institutions, both public and private,
with the facilities to process the APT signal.

The AVCS-HRIR systems form the television subsystem. The telemetry for

this system is of the frequency-divided FM/FM type, in which the signals from

the AVCS vidicons and the HRIR radiometer are FM -modulated, mixed, and trans-
mitted over an S-band FM transmitter at 1707.5 Mc.
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The initial ground acquisition for Nimbus data is completely handled by one
of two similar receiving stations at Gilmore Creek, Alaska, and Rosman, North
Carolina. The data received at Gilmore is immediately proceised by the Nimbus
data-handling system (fig. 21) and transmitted by microwave to Goddard. The
data received at Rosman is immediately transmitted to Goddard in raw form (cf.
reference on Nimbus Weather Satellite Scheduled for Launch). The U, S. Weather

Bureau's National Weather Satellite Center "analyses, disseminates, and archives"

the cloud data used for operational meteorological purposes.

1707.5 Mc
Radio Video Tape
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Gridding _| Partial
Recelver Recorder Reatizey Subsystem Rectifier Equipment

i Video Datu for
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Washington, D. C.

Picture Time
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| _| Gridding Computer
CDC 924 Tape Unit
- 1 Tape Unit
|

Tape Control Tape Unit
Unit ::Tape T

Tape Unit

Tape Unit

Tape unit

Radio Receiver | 136.5 Mc =3 Telemetry

Telemetry Data Computer
CDC 924

FIGURE 21. SYSTEM ON THE GROUND FOR HANDLING NIMBUS DATA
Unclassified

II. The Data

A, Data Analysis

One of the objectives of the Nimbus I flight was to process the weather informa-
tion as close to real time as possible. For stations possessing the APT data-
processing facility (as described above), the information is in the form of a fac-
simile photograph. The cloud formations seen by the APT vidicon are in the hands

of users within 10 min. Fifty-seven APT receiving stations have been listed by
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NASA in the referenced Nimbus I Users' Catalog: AVCS and APT. Of these, 6 are

with NASA, 24 are with the armed services, 12 are with the U. S. Weather Bureau,
9 are international participants, and 6 are privately owned. It will be noted that,
except for the ancillary information link from NASA to APT stations, these stations
are completely independent (fig. 20).

The chief problem involved in AVCS and FRIR picture processing is that of
establishing an exact geographical correlation to the picture, i.e., picture gridding.
This process is described in detail in the referenced report, Phase II Nimbus Data-

Handling System, and is summarized by figure 22. Picture gridding for the AVCS
and HRIR data is carried out automatically by the Nimbus data-handling system

described in Phase II Nimbus Data-Handling System. Users interested in detailed

photogrammetric techniques applicable to the Nimbus AVCS/HRIR data are referred
to the referenced report by Goldslak,

Timing Track Terminal
=
Video Tape fesl Sertalizer Picture Video Partlal "] Equipment
Recorder 'Mlxer}’ Rectifier =1 Alaska to
Washington, D. C.
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FIGURE 22. GRIDDING SYBSYSTEM OF NIMBUS DATA-HANDLING SYSTEM
Unclassified

Although the major emphasis has been on meteorological information, a limited
amount of HRIR data nas also been processed for actual radiance values. This is
selected from nighttime looks only. It is our understanding that this radiance data
has been digitized and is stored at the National Weather Records Center, Federal
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Office Building, Asheville, North Carolina. With the radiance values are stored

look-angle and satellite-position coordinates. The format is presumably Fortran.*
B. Prepared Data

In general, the source of all prepared picture data from Nimbus is the National
Weather Records Center. As the starting point for any potential use of this data,
the procurement of the appropriate data users’ manual published by NASA is
recommended (cf. referenced Nimbus I Users' Catalog: AVCS and APT and Nimbus
1 High Resolution Radiation Data Catalog and Users’ Manual).

The Nimbus I pictures have been stored in the following formats:

(1) Microfilm film sheets
(2) Film Rolls (35-mm film in both positive and negative form)

All inquiries should be addressed to the

National Weather Records Center
U. S. Weather Bureau

Federal Building

Asheville, North Carolina 28801

An indication of how the data is to be used has been specifically requested

(cf. referenced Nimbus I Users' Catalog).

The users' manuals (cf. referenced Nimbus Spacecraft Development, Nimbus

Users' Catalog and Nimbus I High Resolution Radiation Data Catalog) themselves

contain interesting presentations of meteorological phenomena as seen by Nimbus 1.

Apparently Nimbus has been little emphasized as a source of actual radiance
data. As mentioned above, the HRIR radiometer operating in the 3.4- to 4.2-pu
band was the only infrared radiometer aboard Nimbus I, and only selected data
from nighttime looks have been digitized. Inquiries concerning this data may
also be made to the address given above.

Nimbus II, also had an additional medium-resolution, five-channel radiometer
similar to the radiometer used in the TIROS vehicles.

C. Error Statements

The Nimbus attitude-control system exhibited a stability of about £1° in pitch,

roll, and yaw. This corresponds to a gross location error ot about 16 km at nadir.

*Based upon a telephone conversation with Mr. Albert, National Weather Satellite Center,
Suitland, Maryland on 11 August 1965.
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This, of course, implies a possible error of 16 km in the placement of the grid on
any given frame (cf. Nimbus I High Resolution Radiation Data Catalog and Users'
Manual, p. 19).

The radiometer was calibrated by the field-flooded extended-source method
by the use of a blackbody source for which the temperature was accurately known.
Although numerical estimates of precision have not been given, the numbers in-
volved are stated to at least two signiflcant figures. In addition, the system exhib-
ited excellent long-term stablllty (see Nimbus I High Resolution Data Catalog and

Users' Manual, p. 16). In vlew of the number of significant figures and the demon-
strated repeatability of measurement, it seems reasonable to assume an overall

calibration error not exceeding five percent for all HRIR radlance data.
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3.13. (U) TRANSIT 1A, 1B, AND 2A SATELLITES
I. Instrument Description and Platform
A. General

The U. S, Naval Ordnance Test Station (NOTS) at China Lake, California, de-
signed and constructed an infrared terrestrial scanner which was flown as an
auxiliary experiment on Transit 1A, 1B, and 2A navigational satellites. The object
of the experiment was to obtain background data in the 2- to 3-u range. Only the
Transit 2A experiment yielded quantitative radiance values.

Orbital characteristics of the satellites are shown in table IV.

TABLE 1V. ORBITAL CHARACTERISTICS OF TWO TRANSIT

SATELLITES
Unclassified
Apogee Perigee
Date of Launch (km) (km)
Transit 1B 13 April 1960 — —
Transit 2A 22 June 1960 1064 622

B. Instrumentation

The scanner contained a telescope, an uncooled PbS detector with a filter, and

a detector amplifier. Detector dimensions were 0.5 mm by 0.5 mm.
The unit was calibrated using the far-point-source method.
C. Spectral Information
The interference filter's 50-percent response points were at 1.85 and 2.73 p.
D. Spatial Information

The field of view was 6 mrad at the half-power points with the telescope focused
for plane-parallel rays. Field-of-view response curves are given in the report.
The scanner looked in a direction perpendicular to the satellite's spin axis. The
spin provided the scan, and the orbital advance provided the raster. The telescope
scanned a strip about 3 mi wide, and the satellite advanced about 6 mi between

scans.
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E. Data Recording Procedures
The data were telemetered to eight tracking stations.
II. Data
A. Raw-Data Format

From a telephone conversation with Mr. George Wilkins, it was ascertained
that the data in analog tape form are still available at NOTS, but none have been
analyzed,

B. Prepared Data

The only data given in the report are contained in an infrared picture.

REFERENCE
Unclassified

D. K. Moore and F. B. St. George, Infrared Terrestrial Backgrounds Scanner (U), TD 2627,
NOTS, China Lake, Calif., March 1861 (SECRET).

3.14, (U) TASCAN INFRARED-MAPPER EXPERIMENT

I. Instrument Description and Platform
A, General

TASCAN was a rocket-borne infrared scanner developed to produce data suit-
able for the direct reproduction of a two-dimensional radiance map of the infrared
background structure as seen from missile altitudes. The experiments have
yielded data sufficient for the construction of several two-dimensional radiance

maps of the background seen in the 2.5-u region. The data were suitable only for
qualitative analysis.

The vehicle was a two-stage Terrier-Asp I rocket. Four were fired between
June and Octyber 1960, The maximum altitude was approximately 55 nmi. The
last rocket was shot over the ocean off the California coast, and the data from this
flight are given in the report.

B. Instrumentation

The TASCAN infrared scanner was composed of an infrared telescope, an am-

plifier, and a telemetry system.
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The instrument was calibrated by means of a Barnes blackbody source. The

far-point-source method was used,
C. Spectral Information

The half-power points for the system were at 2.16 and 2.73 u. The relative
spectral response is given in figure 23,

.
E o
B e

0
1.5 2.0 2.5 3.0 3.5
WAVELENGTH (1)

FIGURE 23. RELATIVE CELL-FILTER RESPONSE
FOR TASCAN
Unclassified
D. Spatial Information

The field of view was 10 mrad by 10 mrad. The payload had a spin of 3 r/sec
with the spin axis almost parallel to the surface of the earth. The trajectory was
very chailow. Since the telescope looked in a direction perpendicular to the spin
axis, the spin provided the scan, and the trajectory advance provided the raster.

E. Data Recording Procedure

Data were acquired by telemetry.

II. Data
A, Data Reduction

The raw-data format was analog magnetic tape. The signal was demodulated

by means of a frequency discriminator and modulated the Z axis of an oscilloscope
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to produce the infrared map directly. The CRT readout was then photographed.

The data were also subjected to an.lysis for radiance values.

B. Prepared Data

Thirteen photographs were produced as described above. Samples of these
appear in the NOTS report.

Data amounting to 111 samples were reduced for a probability distribution of
relative radiance values (p. 12 of the referenced NOTS report).

C. Experimental Error

The data were estimated to have an accuracy of a factor of 2.

REFERENCE
Unclassified

D. K. Moore, N. Lowe, and G. A. Wilkins, Infrared Data from TASCAN (U), NOTS, China Lake,
Calif., June 1961 (CONFIDENTIAL).

3.15, (U) THE T-BIRD SERIES OF ROCKET PROBES
I. Instrument Description and Platform

A. General

T-BIRD, an acronym for terrestrial background infrared detection, is the
designation given to a series of rocket-probe experiients carried out by NOTS.
The signal processing from the T-BIRD radiometer has been similar to that used
in the Transit II-A and TASCAN experiments (see secs. 3.13 and 3.14) in that two-
dimensional facsimile reproductions of the scene were automatically generated.

The spinning motion of the vehicle provided a line scan of the earth from hori-
zon to horizon. The forward advance of the vehicle transformed the line scans into
a raster scan (for details, see sec. D). The resulting signal could be reconstructed
on the face of an oscilloscope in a manner similar to conventional television.

The T-BIRD probes were carried aloft by Terrier-Asp vehicles launched
from Eglin Air Force Base, Florida. Ten launchings were carried out, four of
which yielded satisfactory radiance data. All of the probes were launched on a

due-south trajectory and reached peak altitudes of approximately 64 km. Other
flight details appear in table V.

0 UNCLASSIFIED




UNCLASSIFIED

B.

WILLOW RUN LABORATORIES

TABLE V. FLIGHT DETAILS OF T-BIRD PROBES

Unclassified
Flight Number Date Time (EST)
T-BIRD 03 2 February 62 1330
T-BIRD 04 5 April 62 1200
T-BIRD 10 17 January 63 1322
T-BIRD 09 16 October 63 1145
Instrumentation

Three detectors in a linear array were used in the radiometers. On T-BIRD
03 and T-BIRD 04, all three detectors were uncooled PbS and were placed in a
single radiometer. On T-BIRD 09 and T-BIRD 10, two PbS detectors were placed
in one radiometer as before, and a PbSe liquid-nitrogen-cooled detector was used

in a second radiometer. Incoming radiation was optically chopped and filtered.

The radiometer was calibrated for responsivity by means of a commercial

blackbody source. A field-stopped-irradiance method was used,
Spectral Information

On T-BIRD 03 and T-BIRD 04, the radiometers were peaked in the 1.9-, 2.2-,
and 2.7-u bands. On T-BIRD 09 and T-BIRD 10, the 1.9-u band was replaced by
the 6.7- and 4.3-u bands respectively., On T-BIRD 03 and T-BIRD 04, the band-
width was around 0.05 u for all channels. On T-BIRD 09 and T-BIRD 10, the band-
widths were approximately 0.05 u at 2.2 u, 0.12 u at 2.7 u, 0,43 yu at 6.7 u, and
0.09 u at 4.3 u. The filter-transmission curves are given in figure 24.

The spectral response of each radiometer was determined by using a scanning
spectrometer, in a purged, dry, nitrogen environment. The off-band rejection
capabilities of the filters were also checked in this calibration,

D. Spatial Iaformation

The radiometers looked in a direction perpendicular to the axis of the vehicle
so that the combined spin and trajectory advance provided complete ground cover-

age. The field of view of each detector was 23 mrad by 23 mrad, and the detectors
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FIGURE 24. FILTER CURVES FOR DETECTORS IN T-BIRD 10
Unclassified

were arranged in line so that they followed one another as the vehicle spun. None

of the vehicles spun precisely as planned.
E. Data Acquisition
The data were transmitted to earth by an FM/FM telemetry system.
II. Data
A, Signal Processing

A limited amount of the data output was used to generate a two-dimensional
oscilloscope reproduction of the scene as viewed in the various spectral regions.
The readout was photographed, and samples of the photographs have becn presented
(see below),

In addition, the raw signal has been digitized for analysis leading to data on

actual radiance.
B. Data Analysis

The two-dimensional photographic reproductions mentioned above were car-

ried out by personnel of NOTS.
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The digitized data is being analyzed by The University of Michigan's Institute
of Science and Technology. Here the analysis has involved multispectral statistical
distributions of radiance levels and radiance differences between adjacent view
fields.

C. Prepared Data

Representative photographs portraying the background scene as viewed in the
various wavelength regions have been presented in the referenced report by

St. George.
Results of the statistical analyses nave not yet been published.
D. Error

The responsivity caltbration was felt to have a probable error of approximately
15 percent. The probable error applicable to the reduced data is 20 percent, ex-
cept for data in which noise degradation occurred. This applies chiefly to the
2,7-u data,

REFERENCES
Unclassified

J. Hoyem et al., NOTS - Michigan T -BIRD Reports: T-BIRD 10, T-BIRD 04, Report No. 6054 -
3-T, Willow Run Laboratories, The Institute of Science and Technology, Ann Arbor, May 1967,
AD 814 844,

F. B. St. George, Project T-BIRD, Report No. TP-3651, NOTS, China Lake, Calif., November
1965.

Target Radiation and Background Measurement Study (U), Volume II, Report No. S-1336, Aero-
nutronic Division of Ford Motor Company, Newport Beach, Calif., August 1961 (SECRET).

3.16. (U) THE BIRA 01 AND BIRA 02 EXPERIMENTS
I. Instrument Description and Platform
A. General

The BIRA series of missile flights, another in the HITAB Program under
ARPA Order No. 243-61, is designed to measure background radiation by using
high-altitude missile probes. Specifically, the BIRA series has been designed to
provide information on the spectral radiance structure of clouds by gathering

background radiance data under conditions of dense cloud cover. The experimental
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work has been done by the NOTS, and the data analysis has been the responsibility
of The University of Michigan's Institute of Science and Technology (1ST).

The BIRA payloads were instrumented in both the infrared and ultraviolet.
The infrared device was a color-wheel radiometer (CWR) possessing filters in
nine bands which covered the range from 2.3 u to 4.9 u. The ultraviolet radiometer
(UVR) was filtered at 2665 A.

The BIRA experiments have produced 103 infrared radiance values for each
filter and 103 ultraviolet radiance values. There was a significant amount of noise

degradation in the 2.9-pu and 2.7-u channels, however.

The BIRA 01 missile was launched from the White Sands Missile Range on 16
March 1964 at 1929:03 GMT. The nominal flight path was due north, The peak of
the trajectory was 188 km,

BIRA 02 was launched from the NASA Wallops Island Test Site in October 1964
at 1822:00 GMT. The flight path was 116° east. The peak of the trajectory was
! 133 km.

: B. Instrumentation

l The CWR, the UVR, and a camera comprised the optical instrumentation sig-
nificant to this review. The three instruments were accurately boresighted.

The CWR employed Cassegrainian collecting optics. The optical path then
followed with a Ge ultraviolet-suppression filter, a highly polished chopper wheel,
the filter wheel with nine filters and one blank, and finally the detector unit. The
detector was PbSe, liquid-nitrogen cooled, potted in SrTi, and had a sapphire win-
dow. The chopping rate for the CWR was 1066 Hz. The instrument is illustrated f
in figure 25. The BIRA 02 CWR was the same unit flown in the BIRA 01 experiment
! but had a new detector unit and, therefore, required an independent calibration.

The BIRA-01 UVR utilized refractive collecting optics, a multi-segment chop-
ping wheel, a bulk-absorption optical filter, and a photomultiplier detector. The
chopping speed was 30 per second. The boresight camera was a Millikan DBM-3
16-mm camera. This unit had recording capacity sufficient to obtain photographs
of the scene continuously throughout the operational part of the missile fllg?tt at a
rate of eight frames per second. The recovery of the photographic data relied
upon the recovery of the film after the impact of the instrument package at the end
of the flight.
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FIGURE 25. THE BIRA 01 COLOR-WHEEL RADIOMETER SYSTEM
Unclassified

Also included in the BIRA instrumentation were a long-wavelength radiometer
and a rapid-scan interferometer. The radiometer failed to produce valuable data
in both BIRA 01 and BIRA 02. The interferometer signal presented a difficult prob-
lem in that the signal was composed of a mixture of frequencies attributable to both
spatial and spectral variations., The analysis of this data has thus far been deemed
unduly difficult to warrant any effort.

Special jigs, stands, and environmental test chambers assembled for the
HITAB radiometer calibrations were available for the BIRA instrument calibrations.
Responsivity calibrations were carried out before and after the BIRA 01 flight and
before the BIRA 02 flight. The CWR was calibrated by a field-stopped far-point-
source method; the UVR was calibrated using an aperture-irradiance method.

C. Spectral Information

The CWR covered the 2.3- to 4.9-u range with iiine filters., The system spec-
tral response for each filter is given by figure 26. The UVR passed radiation in
the 2555- to 2777-3 region as shown in figure 27.
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D. Spatial Information

The field of view of the CWR was approximately square and subtended an angle
of 5% 5 mrad (0.3° by 0.3°). The field of view of the UVR was approximately
conical and had a 6 mrad apex angle. Field-of-view, response-contour maps were

generated during the calibration.

The scanning motion of the radiometers covered the hemisphere beneath the
‘missile as shown in figure 28. The optic axis scanned in a vertical plane through
a total of 180°. At the end of the scan, the azimuthal angle was shifted by a fixed
amount. The next 180° elevation scan then followed. The period of scan was about
50 sec. There were to be five such scans.

In the actual mission performance, the attitude control system (ACS) and scan-
ning mechanism deviated somewhat from the planned sequence. However, correla-
tion of the look angles with the radiance data was achieved to the extent that the
look angles at any instant were known within +2°,

E. Data Recording Procedure

The data were collected by telemetry and recorded both on a standard 12-in.
strip chart and on analog tape. The radiometers employed ac coupled amplifiers.

II. Data

A. Raw-Data Format

Early in the reduction of the BIRA 01 data, it became apparent that digitization
of the radiance data was desirable because the internal emission (NR) of the radiom-
eter was sometimes greater than the incoming signal, making an algebraic sign
determination necessary. Thus the analog tapes for BIRA 01 and BIRA 02 were
converted to a digital format by the NODAC facility of NOTS, becoming raw-data
tapes CHT-48 and CHT-49, respectively. Only the CWR signal was so recorded;
the UVR signal had to be read directly from the strip chart.

B. Data Reduction

The CWR and UVR data has been reduced at the IST. The responses of the

CWR and the UVR were nearly linear, making it possible to convert signal to ra-
diance by using a single responsivity for each filter position.

Programs in IBM 7090 Fortran were written to carry out the necessary tasks,

including noise-correction subroutines. The final output was radiance as a function
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of time for each filter. The look angles and sun angles were expressed analytically

in terms of time, thus giving radiance as a function of these angles as well.
C. Data Analysis

With proper qualifications, all channels of the BIRA CWR and UVR generated
data suitable for analysis throughout the time of measurement. (See sections on

"Prepared Data' and "Experimental Error,"' below.)

D. Prepared Data

Statistical analysis similar to that used in several other cognate programs
has been carried out by IST workers. Probability distributions of radiance values,
radiance differences, and crossing-time distributions have been confined to the
channel 3 (2.7 p) data; a joint -frequency-scattering diagram between the channel
4 (2.7 p) and channel 9 (4.7 u) data has also been prepared. These data appear in
the final reports, IST numbers 6054-7-T and 6054-8-T, referenced herein.

E. Experimental Error

The root-square error in the CWR calibration has been estimated to be

Vi1.5% + 12,62 + 3.0 = 17

In the equ~tion above, the indicated percentages are the errors in the determination
of the aperture irradiance, the field of view, and the output voltage, respectively.

The look-angle uncertainties have been estimated to be #2° for the instrument

relative azimuth and #2° for the instrument elevation angle.

The signal-to-noise ratio (SNR) was high throughout the flight. For the most
part, it appears to have been approximately 20 dB. There was, however, consider-
able degradation in the BIRA 01 data because of a burst-type noise, and white noise
also added to the uncertainty in the low-signal (2.5 pu, 2.7 u, and 2.9 u) channels in
both experiments. The exact error statements appear in the technical reports
6054-7-T and 6054-8-T.

REFERENCES
Unclassified

N. R. Dittmar et al., The BIRA 01 Experiment, Report No. 6054-7-T, Willow Run Laboratories,
The Institute of Science and Technology, Ann Arbor, July 1968.

N. R. Dittmar et al., The BIRA 02 Experiment, Report No. 6054-8-T, Willow Run Laboratories,
The Institute of Science and Technology, Ann Arbor, March 1968.
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HITAB Summary Report Prepared for 26 June TABSTONE Meeting (U), NOTS, China Lake,
Calif., June 1962 (CONFIDENTIAL).

D. K. Moore, Fourth Technical Summary Report: HITAB (TABSTONE) Rocket Probe Program
(U), TP3609, NOTS, China Lake, Calif., November 1964 (CONFIDENTIAL).

C. P. Smith, Third Technical Summary Report: HITAB (TABSTONE) Rocket Probe Program (U),
TP3275, NOTS, China Lake, Calif., June 1963 (CONFIDENTIAL).

3.17. (U) AIRBORNE INFRARED-RADIATION MEASUREMENTS AT THE ROYAL AIRCRAFT
ESTABLISHMENT: BROWN, CHAMBERLAIN, AND HUGHES

I. Instrunientation and Platform
A, General

A limited amount of cloud-reflectance data was obtained in a series of airborne

measurements performed by the Royal Aircraft Establishment (RAE) of England.
The reflectance measurements were made in conjunction with atmospheric-

transmission and pyrotechnic-emission measurements.

Because the spatial field of view was broad, and the spectral resolution was
rather broad (see below), the radiance data is representative of gross radiance

structure but not suitable for detailed spatial or spectral analysis.

The platform was an RAE Comet aircraft. The peak altitude was 12 km., Sev-
eral flights were made over the period of June 1961 to August 1962.

B, C. Instrumentation and Spectral Information

A radiometer was used, with interchangeable detectors as shown in table VI.

Also, two cameras were used to photograph the scene.

TABLE VI. DETECTORS USED IN RAE RADIATION
MEASUREMENTS
Unclassified
Spectral Response
Filter Detector (1)

Ge PbS 1.8 to 3.0

PbS liquid-air- 3.3to 5.2
cooled PbTe

D. Spatial Information

The size of the field of view is not given although it is stated that the response

was approximately uniform over a field of 4° (circular). The radiometer looked
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out the side of the aircraft, and its look angle could be varicd manually by an
operator.

E. Data Recording Procedures

To measure the sunlight reflected from cloud tops, the plane first flew in a
square pattern above the cloud and then in circular patterns at increased angles of
bank. In this way, radiation from all azimuth angles and elevation angles down to
15° from the nadir could be covered.

The output from the radiometer was continuously recorded, and the photographs

were correlated with the radiometer output.

II. Prepared Data

One graph is presented that shows the reflected sunlight (absolute radiance)

from a cloud top as a function of elevation angle in the north-south direction. The

sun angle is also given.

More measurements of the sunlight reflected from cloud tops were made by
flying the pattern outlined above. Sun angle, cloud-top altitude, aircraft altitude,

. and time of day were recorded with these measurements, but these data are not
presented.

REFERENCE
Unclassified

D. R. Brown, J. P. Chamberlain, and N, D. P, Hughes, Airborne Infra-Red Radiation Measure-
ments at the Royal Aircraft Establishment (U), RAD 830, Royal Aircraft Establishment, Farn-
borough, England, March 1963, AD 337 521 (SECRET).

3.18. (U) BACKGROUND DATA FROM AN INVESTIGATION OF ULTRAVIOLET SURVEILLANCE
TECHNIQUE: NORTHROP SPACE LABORATORIES

I. Instrument Description and Platform

A. General

An X-15 platform has been used to obtain ultraviolet-radiance data and to
determine the ultraviolet albedo from 300,000-ft altitudes. Two successful missions
were flown, one on 18 June 1963 and one on 22 August 1963. This work was con-

ducted for the Air Force Avionics Laboratory under contract AF 33(657)-8361.
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B. Instrumentation

A scanning ultraviolet spectrometer was used. The manufacturer was the

Barnes Engineering Company.

The optical design was of the so-called Czerny-Turner type. See figure 29

for a diagram of the system.

Spectral scanning was done by moving the exit slit through the diffracted field.
A traveling Mylar endless tape having slits of three different widths was used. The
slits were spaced along the tape in such a way that an exit slit was always traveling

across the field.

Calibration of the spectrometer involved first calibrating the photomultiplier
detector and then calibrating the whole system. For the detector calibration, a
National Bureau of Standards lamp was uged in conjunction with a monochromator
and an achromat, the respective spectral transmission of which were known. The

system was in turn calibrated with a Bausch and Lomb hydrogen-arc lamp.

A potentiometer was coupled with the slit-tape mechanism so that the wave-

length setting was known in terms of a corresponding output voltage.
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FIGURE 29. OPTICAL DESIGN OF THE ULTRAVIOLET SPECTROMETER USED IN THE NORTHROP IN-
VESTIGATION OF ULTRAVIOLET SURVEILLANCE TECHNIQUE. Landrum et al., 1964,
Unclassified
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The spectral resolution for each of the three exit-slit geometries was found
by observing the increment in wavelength over which the spectrometer would re-
spond to the 0.2536-u Hg line.

C. Spectral Information

The spectral response of the spectrometer is given by figure 30, The spectral
resolution varied from 0.005 u to 0.18 u, depending upon the exit-slit width (the
slit in the Mylar tape).

D. Spatial Information

The field of view was about 5° square,
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FIGURE 30. SPECTRAL RESPONSE OF THE PHOTOMULTIPLIER
(No. CL1125) OF THE SPECTROMETER USED IN THE NORTHROP
. INVESTIGATION OF ULTRAVIOLET SURVEILLANCE TECHNIQUE.
Landrum et al., 1964.
Unclassified
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E. Data Recording Procedures

The data were recorded aboard the X-15, The spectrometer output and the
corresponding look-angle information were recorded separately as functions of

time. Correlation to physical information was therefore satisfactory.
The raw-data format was not stated.
II. Data
A. Data Processing
The data from the X-15 flights were processed in the following steps:

(1) Recording of spectrometer output vs. time

(2) Recording of look-angle and altitude information vs. time

(3) Transfer of signal outputs to radiance values

(4) Computation of scattering angle

(5) Correlation of radiance and scattering angle with spatial information
(6) Computation of radiance mean values

(7) General interpretation of results
Steps 3, 4, 5, and 6 above involved computer processing.
B. Prepared Data
Prepared for and included in the Landrum report are:

(1) Graphs of average background ultraviolet spectral radiance (watts /square
centimeter-steradians-microns vs. wavelength from 0.22 to 0.30 u) for look angles
from 8° to 48° (pp. 224-249)

(2) Graph of theoretical spectral background (p. 228) after Green (Proc. IRIS,
Vol. 6, No. 1) and the Geophysics Corporation of America (work not cited)

(3) Graph comparing theoretical and experimental results of several workers
on scattered solar radiance from 0.20 to 0.33 pu (p. 229)

C. Experimental Error

The entrance-slit assembly became loose during the 22 August 1963 flight, and
the entrance-slit width was therefore changed to an uncertain degree.

The SNR was also somewhat low in this flight.

Numerical precision estimates were not given.
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D. Program Continuation

A similar program was planned by the Nortronics workers under contract AF
33(615)-1483. The status of this program was not known at the time of this writing.

References known to be available are given below.

REFERENCE
Unclassified

B. L. Landrum et al., An Investigation of Ultraviolet Surveillance Techniques (U) (Final Report),
Northrop Space Laboratories, Hawthorne, Calif., February 1964, AD 347 667 (SECRET).

3.19. (U) ICBM CLOUD PHOTOGRAPHS
I. Instrument Description and Platform
A. General

These cloud photographs were taken from ICBM nose cones between altitudes
of 100 and 700 nmi. The Thor and Atlas test flights on which the photographs were
taken were made between May and August 1953,

B. Instrumentation

l The best data were obtained on the Atias flight of 24 August; on this flight, a

i 16-mm camera was used.
C. Spectral Information

The camera operated in the visible portion of the spectrum.
D. Spatial Information

: The camera's field of view was approximately 90° diagonally across the frame.
On the 24 August flight, the camera was aimed downward at angl<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>