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ABSTRACT

The Naval Research Laboratory's SOLRAD 10 satellite, also known
as Explorer 44 or 1971-058A, was launched on July 8, 1971. The satellite
is equipped with sensors to measure solar x-ray and ultraviolet radiation in
the following bands: 15 to 150 keV, 0.1 to 1.6 A, 0.5 to 3 A, 1 to 5 A,
1 to 8 A, 8 to 16 A, 1 to 20A, 44 to 60 A, 170 to 700 A, 1080 to 1350 A,
1225 to 1350 A, and 1450 to 1600 A. It also carries an experiment de-
signed to search for radiation in the 0.5 to 15 A band from nonsolar sources.
The satellite is equipped with a data storage system which can accept data
from almost all solar experiments with a 1-minute or a 3-minute resolution.

The satellite continuously transmits data in real-time at 137.710 MHz.
Individual scientists and institutions have been invited through COSPAR to
receive and use the data transmitted in real time in their own research pro-
grams. To encourage this participation, IRIG channel 7 carries data and
status information for almost every solar experiment.

The experiment complement aboard SOLRAD 10 is described in detail,
and the information needed to convert the telemetered data to solar flux
values is provided.

PROBLEM STATUS

This is an interim report on one phase of the problem; work is con-
tinuing on other phases.

AUTHORIZATION

NRL Problem A01-20
Project A3705381-652B-2F00-551-771

Manuscript submitted March 7, 1972.
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THE SOLRAD 10 SATELLITE
EXPLORER 44

1971-058A

INTRODUCTION

The Naval Research Laboratory's SOLRAD 10 satellite is the most recent of a series
of eight successful satellites which began with the launch of SOLRAD 1 (1960 - Eta 2)
on June 22, 1960. These satellites were launched to make continuous measurements of
the sun's emission in the x-ray band. The last four satellites in the series have been highly
successful - SOLRAD 7A (1964-OlD), SOLRAD 7B (1965-16D), SOLRAD 8 (1965-93A),
and SOLRAD 9 (1968-17A). With these spacecraft, solar x-ray radiation has been mon-
itored since January 1964. During this period, the minimum and maximum x-ray flux
levels of the current sunspot cycle have been determined, and solar x-ray emission has
been observed in two or more x-ray bands throughout the increasing phase of this cycle
and into the decreasing phase.

The data from satellites prior to SOLRAD 8 were transmitted only in real time and
so could be recorded only when the satellites were within range of a ground station.
SOLRAD 8 carried a data-storage system, but it operated for only a month. However,
the satellite continued transmitting in real time and provided almost 2 years of reliable
solar monitoring. SOLRAD 9 also contains a data-storage system, and this system has
operated flawlessly for over 4 years to provide a nearly continuous record of solar activity
since March 1968. SOLRAD 9 continues to transmit both real-time and stored data.

SOLRAD 10 (1971-058A) was launched by a NASA Scout rocket from Wallops
Island, Virginia, at 2258 UT on July 8, 1971. Its orbit has a 51.0° inclination, a 340
naut mi apogee, a 235-naut mi perigee, and a 95.3-minute period. The 262-lb satellite
(Fig. 1) is shaped like a 12-sided drum, 23 inches high and 30 inches in diameter across
the corners. It differs from its immediate predecessors in that its spin axis is oriented
toward the sun instead of perpendicular to the satellite-sun line. All of its solar experi-
ment sensors are located on the aft end (as launched) of the satellite and aligned parallel
to the spin axis. The sensors for a stellar experiment are located on the side of the satel-
lite and aligned perpendicular to the spin axis. The four symmetrically mounted solar-cell
panels, which resemble windmill blades, also serve as the four elements of the turnstile
antenna system.

Individual scientists and institutions have been invited through COSPAR to receive
and use the x-ray data in their own programs of research. One of the purposes of this
report is to provide all information necessary for the reduction of the data transmitted
in real time. Orbital elements and equator-crossing data are available from NASA, but
requests for such information should be made to Code 7125, Naval Research Laboratory,
Washington, D.C. 20390. Information concerning the status of the experiments and
satellite will be kept current by publication in the Spacewarn Bulletin.
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Fig. 1 - SOLRAD 10 during testing in the anechoic chamber. The
satellite is basically a 12-sided drum, 23 inches high and 30 inches
in diameter across the corners. The cones are aluminum collimators
which protect some of the solar experiments from charged particles.
The Stellrad sensor can be partially seen on the uppermost visible
side panel. The solar panels also serve as elements of the antenna
system.

2
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THE EXPERIMENTS

General Information

The SOLRAD 10 solar experiments were selected to measure solar radiation in eight
x-ray and five ultraviolet bands. The selected bands were chosen because of their utility
in providing information on fundamental solar processes, prior experience with the bands,
and sensitivity of various ionospheric layers to radiation within these bands. The following
list identifies the bands selected for monitoring by solar experiments aboard SOLRAD 10:

The dynamic ranges selected for each experiment are based on flux level variations ob-
served by SOLRAD 9 and the expected decrease in solar x-ray emission during the waning
phase of the current solar cycle. Detailed detector and amplifier information can be found
in Table 1 and Table 2. Figure 2 shows the location of the experiments on the solar-
oriented surface of SOLRAD 10.

In addition to the solar experiments, SOLRAD 10 carries an experiment to measure
x-ray emission from stellar sources and a simple resistive-wire experiment to measure the
temperature range encountered on the surface of SOLRAD 10 which is always turned
away from the sun.

Experiment 1: 0.5 to 3 A

Two independent ionization chambers sensitive to the 0.5 to 3 A band of the x-ray
spectrum are designated 1A and 1B. For redundancy, each ionization chamber is con-
nected to its own four-range electrometer-amplifier and fed from a different power con-
verter. The detector used for experiment 1A has a cylindrical chamber and uses a central
pin and a metal mesh lining the chamber wall as electrodes. It is identical to the 0.5 to
3 A ionization chamber used on SOLRAD 9 (Ref. 1). The ionization chamber used for
experiment 1B is rectangular in cross section. Three parallel plates, which divide the
chamber into four equal sections, serve as electrodes. The window area of the 1B detector
is approximately a factor of three greater than that of the 1A detector. A ground com-
mand determines whether 1A or 1B will be connected to the telemetry and data-storage
systems.

X-Ray Ultraviolet

15 -150 keV 170-500 A

0.1- 1.6A 170-700 A
0.5- 3 A 1080-1350 A

1 - 5 A 1225-1350 A

1 - 8 A 1450-1600 A

8 - 16 A

1 - 20 A

44 - 60 A
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Table 1
SOLRAD 10 Solar Sensors

Experiment Band Detector Type and Window Material px(W) Filling Gas Gas Filter px(QF) px(G) a Effective
Number (angstrons) Serial Number and Thickness (g/cm

2
) and Pressure Thickness (cm)t (g/cm

2
) (g/cm

2
) J (ion pair/erg) Window Area (cm

2
)#

1 A 0.5-3 lon chamber 1281 Beryllium 0.127 cm 0.2472 Kr 1520 0.094 7.0 X 10-4 1.89 X 10-2 2.57 x 101 5.28
Aluminum 1000 A 2.7 X 10-5

1 B 0.5- 3 Ion chamber PP-3 Beryllium 0.127 cm 0.2299 Kr 1520 0.112 8.3 X 10-4 1.89 X 10-2 2.57 X 1010 16.17
Aluminum 1000 A 2.7 X 10-5

2 1-5 Ion chamber 1313 Beryllium 0.051 cm 0.1003 Ar 760 0.094 1.7 X 10-4 4.52 X 10-3 2.38 X 1010 5.28
Aluminum 1000 A 2.7 x 10-5

3 A 1-8 Ion chamber 1302 Beryllium 0.0127cm 0.0263 Ar 760 0.094 1.7 X 10-4 4.52 x 10-3 2.38 X 1010 2.97
Aluminum 1000 A 2.7 X 105 5

3 B 1-8 Ion chamber 1296 Beryllium 0.0127 cm 0.0249 Ar 760 0.094 1.7 X 10-4 4.52 x 10-3 2.38 X 1010 2.97
Aluminum 1000 A 2.7 x 105 5

4 A 8-16 Ion chamber 1316 Aluminum 0.00085 cm 2.44 X 10-3 N2 400 0.216 1.42 X 10-4 1.67 X 10-3 1.80 X 1010 1.12
4 B 8-16 Ion chamber 1319 Aluminum 0.00085 cm 2.44 X 10-3 N2 400 0.216 1.42 X 10-4 1.67 X 10-3 1.80 X 1010 0.40
5 1 - 20, 44- 60 Ion chamber 1342 Mylar 0.00064 cm 8.5 X 10-4 N2 170 0.216 6.05 x 10-5 7.1 X 10-4 1.80 X 10' 0.17
6 1 - 20 Ion chamber 1331 Mylar 0.00064 cm 8.5 X 10-4 CCI4 27 0.216 5.27 x 10-5 6.19 x 10-4 2.13 X 1010 0.17

Aluminum 2500 A 6.3 X 10-5
7 A 1080 - 1350 Ion chamber CT-2 Lithium fluoride - NO 20 - Quantum efficiency 38% at 1216 A 2.68 X 10-3
7 B 1080 - 1350 Ion chamber M2208 Lithium fluoride - NO 20 - Quantum efficiency 52% at 1216 A 1.57 X 10-4

M2209

8 1225 - 1350 Ion chamber M2259 Calcium fluoride - NO 20 - Quantum efficiency assumed to average 25% 3.58 X 105 4
M2266 over 1225 - 1350 A band.

9 1450 - 1600 Ion chamber M2317 Silicon dioxide - Triethylamine 8 - Quantum efficiency assumed to average 10% 1.61 X 10-4
M2318 over 1450 - 1600 A band.

10 A 0.5- 3 Ion chamber 1280 Beryllium 0.127 cm 0.2464 Kr 1520 0.094 7.0 x 10-4 1.89 X 10-2 2.57 X 101 5.28
Aluminum 1000 A 2.7 X 10-5

10 B 1 -8 ton chamber 1295 Beryllium 0.0127 cm 0.0245 Ar 760 0.094 1.7 X 10-4 4.52 X 10-3 2.38 X 1010 2.97
Aluminum 1000 A 2.7 X 10-5

11 0.08 - 0.8 Cst(Na) scintillating Mylar 0.05 cm - - - - - - 10.0
crystal (1 em thick) Aluminum 0.05 cm - - - - - - -

Beryllium 0.01 - - - - - - -
Titanium Dioxide 0.03 cm - - - - - - -
Polyvinyltoluene 0.13 cm - - - - - - -

12 A 170 - 500 LiF photo sensitive Aluminum 2200 A - Vacuum - - - - 1.93
surface 600-060-19 A1203 160 A, Carbon 540 A

12 B 170- 700 LiF photo sensitive Aluminum 2200 A - Vacuum - - - 0.079
surface 600-060-16 A1203 160 A

13 0.1 - 1.6 Ion chamber 12 Beryllium 0.508 cm 0.955 Kr 912 0.318 1.30 X 10-3 273 x 10-2 2.40 X 1010 28.13
Aluminum 0.0254 cm 0.0357 Xe 228 5.13 x 10-4 [ 108 X 10_2

-Piessur in mm eurreeted t5 o6C.
tDisoatee betwe-s sindo. and internl gaid.
tDepth l semsitive volume is 2.54 em. ecept far espnaiment 13 uhkch h.s a 6.65-m depth.
#Attrnution factues far s.pperfing meshes have been included in erfe-tive area eal-ulbom.
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Table 2
Data Reduction Constants

[ Detector Conversion Wavelength Assumed Graybody Effective " Amplifier Experiment Conversion Amplifier Quiescent Amplifier Calibration
I I~~~~~~a Amliir, Slope, mrn Constant, C = K/Am I Level, b 1 LevelExperiment Constant, K Band Temperature Area, A Amhfe Slpe m Cosat C eel ee

Number l (ergs/sec amP) (angstroms) (106 K) (cm2) ange (volts/amp) (ergs/cm2 sec volt) (volts) (volts)
.~~ ~ ~~~~~~~ ~ ~ ~ ~ (volts/amp) . .

10

10

2

2

2

2

2

0.5
2

10

2

10

5.28

16.17

5.28

2.97

2.97

1.12

0.40

0.17
0.17

2.68 x 10-3

1.57 X 1o-4

3.58 X 10-4
1.61 x 10-4

5.28
2.97

10.0
1.93

0.079

28.13

1
2
3
4

1
2
3
4

1
2
3

1
2
3

1
2
3

1
2

1
2

1

1

AC
DC

1

1

1

1

1

log
linear

log
linear

1
2
3
4

1.00 x 1013

4.57 x 1011
2.03 x 1010
9.23 X 108

1.04 X 1013

4.70 X 1011
2.03 X 1010
9.23 X 108
4.80 X 1052
2.13 X 1011

1.01 X 1010
4.83 X 1012
2.19 X 1011
1.01 X 101°
9.93 x 1012
4.52 x 1011
2.02 X 1010
7.11 x 1011
3.21 X 10'°
4.85 X 1012
2.15 X 1011

4.75 X 1011

4.77 x 1011

5.06 X 1010
4.87 x 1011

4.77 x 1012
2.50 X 1012
2.39 X 1012
4.76 X 1012

1.274*
4.80 x 1010

1.274*
4.80 x 1010
1.04 x 1013
4.62 X 1011
2.03 x 1010
9.17 x 108

1.37 X 10-5
3.00 X 10-4
6.75 X 10-3
1.48 X 10-1
4.14 x 10-6
9.15 X 10-5
2.12 x 10-3
4.66 X 10-2
1.12 X 10-4
2.53 x 10-3
5.33 X 10-2
2.14 x 10-4
4.73 x 10-3
1.02 x 10-1
9.16 X 10-5
2.01 x 10-3
4.50 x 10-2
1.00 X 10-2
2.22 x 10-1
4.11 X 10-3
9.28 X 10-2
3.01 x 10-1
7.54 X 10-2

1.98 X 100

2.56 x 1 0 °
2.25 X 10-I
2.00 x 100

5.71 X 10-5
1.84 x 10o-4

10.6325*
8.94 x 10-1
11.1847*

3.19 X 100

9.46 x 10-6
2.13 x 10-4
4.85 x 10-3
1.07 x 10-1

0.34
0.22
0.26
0.20
0.28
0.30
0.32
0.28
0.30
0.30
0.30
0.36
0.32
0.34
0.28
0.24
0.24
0.28
0.27
0.36
0.32
0.28
0.22
0.52
0.22

0.26
0.32
0.30
0.36
0.30

15 .32*
0.28

15.32*
0.28
0.40
0.42
0.38
0.38

3.60
1.82
3.88
3.12
3.78
1.94
4.02
3.20
4.28
1.86
4.88
4.21
1.86
4.68
3.64
1.86
3.88
4.35
2.89
3.50
1.86
4.16
4.12
3.46
4.08

4.20
4.28
4.38
4.28
4.16

4.03
4.24
4.03
4.24
4.59
2.02
4.92
3.28

01

(IIT .TM I V )Nfl

I A

1 B

2

3A

3B

4A

4B

5

6

7 A

7 B

8

9

10 A
10 B

11

12 A

12 B

13

7.229 X 108

6.957 X 108

2.840 X 109

3.074 X 109

2.702 X 109

7.977 X 109

7.977 X 109

2.434 X 1010
6.116 X 109

2.68 x 108

1.96 X 108

3.85 X 108

8.06 X 108
7.205 X 108

2.602 X 109

8.28 x 1010

1.21 X 1010

2.768 X 109

0.5 - 3

0.5 - 3

1 -5

1 -8

1 -8

8- 20

8-20

44 - 60
1 - 20

1080 -1350

1080 - 1350
1225-1350
1450- 1600

0.5 - 3
1 -8

0.08 - 0.8
170 - 500

170- 700

0.1 - 1.6

010g8o F = C + (V - b)/m.
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EXPERIMENT 10
(A a B)

EXPERIMENTS
5a6

EXPERIMENT 13

EXPERIMENTS
8a5 9

EXPERIMENT 12
(A S B)

EXPERIMENT 4
(Aa B)

9 EXPERIMENT 2

t
EXPERIMENT I

(A S B)

EXPERIMENT 3
(A S B)

Fig. 2 - Location of the solar experiments and a direct view of the collimators.
The experiment 12 sensors are missing in this photo. Note the four apertures
for the fine-angle-aspect sensors in the center of the mounting flange. A mul-
tiple-layer Mylar-aluminum thermal blanket covers this solar-oriented surface.

The experiment is designed to continue monitoring the 0.5 to 3 A band emission,
which exhibits an extremely large flux increase during solar flares. Fluctuations in the
0.5 to 3 A emission cause changes in the D layer of the ionosphere, which prevent the
normal operation of some ionosphere-dependent systems. In addition, the data from
experiment 1 can be used with the data from experiments 2 and 3 to calculate an elec-
tron temperature and make a size estimate for an emitting solar region.

Experiment 2: 1 to 5 A Band

A single ionization chamber sensitive to the 1 to 5 A band of the x-ray spectrum is
designated experiment 2. The sensor is connected to a three-range electrometer-amplifier.
There is no redundant detector or amplifier because this is a new experiment whose utility
has not yet been verified by experience. Data from experiment 2 will be continuously
transmitted in real time but will only be stored in the memory when chosen in preference
to data from experiment 13 by ground command.

6
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X rays in the 1 to 5 A band are known to affect the D layer of the ionosphere and
exhibit a large increase during solar flares. The data from experiment 2 will be used with
the data from experiments 1 and 3 to calculate an electron temperature and make a size
estimate for emitting solar regions. Experiment 2 is expected to be most useful for this
purpose when the solar x-ray flux is so low that experiment 1 cannot produce data above
the noise level of its amplifier.

Experiment 3: 1 to 8 A Band

Two independent ionization chambers sensitive to the 1 to 8 A band of the x-ray
spectrum are designated 3A and 3B. The ionization chambers are identical to those flown
on SOLRAD 9. For redundancy, each is connected to its own three-range electrometer-
amplifier and fed from a different power converter. A ground command selects 3A or 3B
data for transmission in real time and storage in the memory unit.

The experiment is designed to continue monitoring the 1 to 8 A band, which exhibits
a large flux increase during solar flares and affects the D layer of the ionosphere. The data
from experiment 3 will also be used with those from experiments 1 and 2 to calculate
electron temperatures and estimate sizes for emitting solar regions.

Experiment 4: 8 to 16 A Band

Two identical, independent ionization chambers sensitive to the 8 to 16 A band of
the x-ray spectrum are designated 4A and 4B. The ionization chambers are identical to
those used on SOLRAD 9. For redundancy, each is connected to its own two-range
electrometer-amplifier and fed from a different power converter. A ground command
determines whether 4A or 4B will be connected to the telemetry and data-storage systems.
The experiment is designed to monitor the changes in x-ray flux which have proved to be
useful indicators of a plage region's potential for solar flare activity. Although both of
the 8 to 16 A ionization chambers on SOLRAD 9 continue to function 48 months after
launch, the experiment 4A detector on SOLRAD 10 failed within 2 months of launch.

The data conversion information for these detectors (p. 22) should be carefully noted.
In converting the telemetered information to energy flux units, the most recent available
mass absorption coefficients were used. These more recently measured coefficients are
significantly different from the older values used when calculating conversion constants
for 8 to 20 A band flux from older NRL experiments and satellites. Therefore, to com-
pare the 8 to 20 A band flux obtained from experiment 4 of SOLRAD 10 with any
earlier NRL 8 to 20 A values, the SOLRAD 10 value for the 8 to 20 A flux should be
multiplied by 0.70.

Experiment 5: 1 to 20 A, 44 to 60 A Bands

Experiment 5 is a single ionization chamber sensitive to the 1 to 20 A and 44 to
60 A bands of the x-ray spectrum. The ionization chamber, which is identical to the one
used on SOLRAD 9 to measure these bands, is connected to a single-range electrometer-
amplifier. Data from experiment 6 will be used to remove the 1 to 20 A contribution to
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the experiment 5 detector response to allow continued monitoring of the 44 to 60 A
band, which shows a small flux increase during solar flares.

Experiment 6: 1 to 20 A Band

Experiment 6 is a single ionization chamber sensitive to the 1 to 20 A band of the
x-ray spectrum. The ionization chamber, which is identical to the one used on SOLRAD
9 to monitor the 1 to 20 A band, is connected to a single-range electrometer-amplifier.
Data from the experiment will be used to remove the 1 to 20 A contribution to the
experiment 5 detector response.

Experiment 7A: Lyman-Alpha Flare Detector

Experiment 7A uses a lithium fluoride lens to focus an image of the solar disk in
the Lyman-alpha line of hydrogen (1216 A) on a matrix of pinholes shielding an ionization
chamber sensitive to the 1080 to 1350 A band of the ultraviolet spectrum. It is designed
to detect localized enhancement of Lyman-alpha radiation accompanying solar flares. By
maintaining the spin axis of the satellite to within 3° of the satellite-sun line, the solar
image will always fall somewhere on the matrix of pinholes. The satellite's spin motion
moves this solar image on the matrix and causes the pinholes to chop the light output
coming from small areas of enhanced brightness on the solar disk. Each pinhole has an
area approximately 10-3 that of the projected solar image. The current generated in the
detector during a solar flare is expected to resemble a dc bias level with an ac ripple super-
imposed on it. The dc bias level is a measure of the total ultraviolet flux from the sun in
the 1080 to 1350 A band which is dominated by the 1216 A line emission. The ac ripple
is a quantitative measure of the nonuniformity of the sun's 1216 A emission on a scale up
to 10-3 of the area of the solar disk. This scale size is expected to provide a sensitive
indicator of flare activity. Unfortunately, the experiment failed within a month of launch
without observing a solar flare capable of stimulating an ac response in the amplifier.

Experiment 7B: 1080 to 1350 A Band

Experiment 7B is a pair of ionization chambers sensitive to the 1080 to 1350 A band
of the ultraviolet spectrum and connected in parallel to a single-range electrometer-
amplifier. Solar emission in the 1080 to 1350 A band is strongly dominated by the Lyman-
alpha line of hydrogen (1216 A). Therefore, this experiment will really be monitoring the
sun's Lyman-alpha emission. A truer measure of the Lyman-alpha variations can be ob-
tained by using the data from experiment 8 to remove any contribution from variations
in the ultraviolet continuum near the Lyman-alpha line.

Experiment 8: 1225 to 1350 A Band

Experiment 8 is a pair of ionization chambers sensitive to the 1225 to 1350 A band
of the ultraviolet spectrum and connected in parallel to a single-range electrometer-
amplifier. This experiment will monitor the behavior of the ultraviolet continuum in the
vicinity of the Lyman-alpha line of hydrogen at 1216 A Emission data from this experi-
ment can be used to correct the data from experiment 7B to isolate the Lyman-alpha line
emission.

8
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Experiment 9: 1450 to 1600 A Band

Experiment 9 is a pair of ionization chambers sensitive to the 1450 to 1600 A band
of the ultraviolet spectrum and connected in parallel to a single-range electrometer-
amplifier. This experiment will monitor the behavior of the ultraviolet continuum.

Experiment 10: Charged Particle Indicators

Two independent ionization chambers, each connected to a single-range electrometer-
amplifier and fed from a different power converter, are designated 10A and 10B. Experi-
ment 10A uses a sensor identical to that of experiment 1A; experiment 10B uses a sensor
identical to those of experiment 3. Both sensors are mounted on the satellite surface which
faces the sun but are aligned at a 15° angle to the spin axis. A 50 half-angle collimator
for each sensor prevents them from observing the sun when the attitude control system
is operating properly. Therefore, current generated in these sensors will be of nonsolar
origin and almost certainly due to charged particles trapped in the Earth's magnetic field
which can affect the solar x-ray experiments. These charged particles are able to penetrate
a detector's window or walls and, in the case of the solar x-ray detectors, generate current
which cannot be distinguished from current generated by solar emission. Data from both
10A and 10B will be continuously transmitted in real time, but a ground command will
select data from only one for storage in the memory unit.

Experiment 11: 15 to 150 keV

Experiment 11 is a CsI(Na) scintillating crystal surrounded by a plastic scintillating
material viewed by a single photomultiplier. This experiment is designed to collect data
on the very-high-energy solar x-ray emission which is present only during solar flares. The
electrical pulses generated in the photomultiplier are amplified, and pulses equivalent to
solar x-ray energies between 15 and 150 keV (0.8 to 0.08 A) are sorted into four energy
ranges: 15 to 20, 20 to 30, 30 to 60, and 60 to 150 keV. The number of pulses ob-
served in a 6.36-second interval in each range is transmitted in real time every 6.4 seconds.
The total number of pulses observed in a 48.8-second interval over the entire 15- to 150-
keV range is stored in the satellite's memory unit. An americium 241 radioactive source
can be moved into the detector's field of view for in-flight calibration of the experiment.

High-energy charged particles can cause visible light emission in the scintillating
crystal and in the plastic material. Electronic rise-time discrimination is used to separate
the fast, particle-induced pulses in the plastic from the slower pulses produced in the CsI
by x rays and particles. Only pulses caused by x rays are subjected to pulse-height analysis
or stored in the memory. A ratemeter monitors the number of particle-induced pulses as
a measure of the false counts created in the CsI by cosmic rays or charged particles
trapped in the Earth's magnetic field. The ratemeter data are transmitted in real time only.

Experiment 12: 170 to 700 A Band

Experiment 12 is a pair of detectors, each having a LiF photosensitive surface behind
a pair of aluminum filters, whose output is fed into either a linear or a logarithmic
electrometer-amplifier. The detector designated 12A has a pair of carbon filters in addition
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to the two aluminum filters, which greatly reduce its sensitivity in the 500 to 700 A
range. Unfortunately, this detector has produced abnormally low readings since launch.
A ground command selects the amplifier whose data are to be presented to the real-time
telemetry and memory systems. Either detector can be connected by ground command
to the selected amplifier. Since the 12B detector is the only one of the pair which is
operating properly and it produces current within the range of operation of the linear
electrometer-amplifier, the 12B detector with the linear amplifier will be the normally
selected combination. The experiment is designed to provide information about the
extreme ultraviolet spectrum, which causes ionospheric F-layer excitation.

Experiment 13: 0.1 to 1.6 A Band

Experiment 13 is a single-ionization chamber with a large window area connected to
a four-range electrometer-amplifier. The experiment will monitor the hard x-ray emission
in the 0.1 to 1.6 A band, which is observed only during solar flares. Data from this experi-
ment will be compared with data from experiment 11, which is also observing hard x-ray
emission from solar flares. Data from experiment 1° will be continuously transmitted in
real time but will only be stored in the memory unit when chosen in preference to data
from experiment 2 by ground command.

Experiment 14: Satellite Temperature Monitor

Experiment 14 is a standard resistance thermometer located on the antisun surface
of the satellite and thermally isolated from the satellite structure. The purpose of the
experiment is to measure the lowest temperature attained by the sensor and the variability
of this temperature with time. The sensor is mounted on a 30-layer thermal isolation
blanket attached to the second of a set of two fiberglass radiators which are connected
by materials of low thermal conductivity. Radiative isolation between the fiberglass
radiators is enhanced by using gold tapes and thermal control coatings. Data from this
experiment are transmitted in real time only. Information received will be useful when
designing future experiments which require low temperatures for successful operation.

Stellar X-Ray (Stellrad) Experiment

The Stellrad experiment uses a proportional counter sensitive to 0.5 to 15 A x rays
and seven-channel pulse-height analysis to locate and provide spectral information about
nonsolar x-ray sources. The detector is mounted on the side of the spacecraft and aligned
perpendicular to the spin axis. The detector's window is made of 1/8 mil Mylar with an
effective area of 100 cm2 . The gas filling is a mixture composed of 0.45 argon, 0.45 xenon,
and 0.10 carbon dioxide maintained at 4-lb/in2 pressure by regulation-controlled replenish-
ment from a reservoir. A collimator limits the field of view to 8° (full-width at half-
maximum) in a plane containing the spin axis and 10 (fwhm) in the plane perpendicular
to the spin axis. Charged-particle interference information is provided by proportional
counters mounted on three sides of the x-ray detector.

Aspect information is provided by a blue-sensitive photomultiplier capable of detecting
all fourth-magnitude and hot fifth-magnitude stars. Two aspect sensors are provided for

10
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redundancy. The resolution of the aspect system and the accuracy with which the experi-
ment can locate x-ray sources is better than ±0.25°. This resolution is limited by the
satellite spin rate and the telemetry, rather than by the sensors. rr

Protection From Trapped Charged Particles

Concentrations of trapped charged particles capable of penetrating the windows or
walls of the sensors are encountered in the polar regions on every orbit and whenever
the orbital path passes through the South Atlantic Magnetic Anomaly. After entering
the ionization chamber, these particles create ionization which is indistinguishable from
that produced by solar radiation. If the electrometer-amplifier used with the ionization
chamber is relatively insensitive, such as those used with experiments measuring radiation
whose wavelength is greater than 20 A, the currents generated by the penetrating charged
particles will rarely be above the noise level of the electronics. However, the current gen-
erated in the more sensitive electrometer-amplifiers used with those experiments measuring
radiation with wavelengths shorter than 20 A will frequently be many times greater than
the current normally produced by solar radiation. The problem of charged-particle inter-
ference does not usually affect satellites in low-inclination orbits. However, a low-
inclination orbit was not selected for SOLRAD 10 because of the location of the NRL
ground station at Blossom Point, Maryland. In addition, a low-inclination orbit would
eliminate the participation of COSPAR stations located at higher latitudes.

Although it is recognized that the interference by trapped charged particles cannot
be completely eliminated while constrained to a higher-inclination orbit, steps to decrease
the severity of the effects were taken. The apogee was planned to be less than 400 naut mi
to stay below the regions of higher trapped-particle concentration. Experiments 3A, 3B,
4A, 4B, 5, 6, and 10B are equipped with magnets to deflect some of the approaching
charged particles away from the detectors' windows. The magnets used for experiments
5 and 6 are 0.5 inch thick, with a 0.35-inch gap and a magnetic induction of 3000 gauss;
the inner surface of each magnet is located 0.25 inch away from the detector's window
aperture. The magnets used for the other experiments mentioned above are 1.0 inch thick
with a 0.725-inch gap and a magnetic induction of 2000 gauss; each is mounted with the
inner surface touching the window aperture. The pole faces of all magnets are covered
with a layer of beryllium to reduce x-ray generation at the pole faces by bremsstrahlung.
Experiments 1A, 1B, 2, 3A, 3B, 4A, 4B, 5, 6, 10A, and 10B are equipped with aluminum
collimators to diminish the solid angle through which charged particles can approach a
detector's window unimpeded. All collimators are designed so that a point source located
within a cone of 50 half-angle will be able to illuminate every portion of the detector's
aperture. The walls of the collimators used for experiments 1A, 1B, and 2 are 0.094 inch
thick. The other collimators have walls 0.031 inch thick. For protection from particles,
experiment 11 is completely enclosed within the skin of SOLRAD 10. The x rays mea-
sured are of sufficiently high energy that they can penetrate the satellite's skin and reach
the scintillating crystal. High-energy particles can also penetrate to the sensor; therefore,
experiment 11 also uses rise-time analysis to distinguish light pulses in the plastic material
due to charged particles from light pulses in the CsI crystal due to x rays and charged
particles.

As a positive indicator of interference by trapped charged particles, the sensors for
experiment 10 are aligned at a 150 angle to the satellite's spin axis and prevented from
observing the sun by the 50 half-angle aluminum collimators. Therefore, current generated
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in the sensors cannot be due to solar electromagnetic radiation and will almost certainly
be due to trapped charged particles. If no current is being generated in the experiment 10
sensors, data from the solar experiments are almost certainly free of particle interference.

EXPERIMENT ELECTRONICS

The range-changing and calibration sequences for the experiment electrometer-
amplifiers are described in detail in this section. Some information about the telemetry
and data-storage systems is also given, but primarily in connection with their interactions
with the range-changing and calibration sequences. Detailed information about the telemetry
and memory systems will be found in subsequent sections of this report.

Electrometer-Amplifier Range Changes

The enhancement in solar x-ray emission observed during solar flares varies from three
or four orders of magnitude above preflare levels for the 0.5 to 3 A band to less than one
order of magnitude for the 44 to 60 A band. When the enhancement is greater than an
order of magnitude, it is impossible to make satisfactory measurements over the entire
emission range using a single-range linear electrometer-amplifier. Therefore, experiments
designed to monitor x-ray emission in the shorter wavelength bands use single-range loga-
rithmic electrometer-amplifiers or multirange linear electrometer-amplifiers. The shorter-
wavelength experiments on SOLRAD 10 are all equipped with multirange electrometer-
amplifiers, and Table 3 identifies all multirange experiments and the number of ranges
available to each of them.

Table 3
SOLRAD 10 Multirange Experiments

Experiment Number of Ranges

1 4

2 3

3 3

4 2

13 4

Each range of a multirange experiment is identified by number, e.g., range 1 or range
3. Range 1 is the most sensitive mode of operation for an experiment. Therefore, a well-
designed solar x-ray experiment will operate in range 1 when solar activity is at a low level.
As the identifying number for a range increases, the sensitivity of the experiment decreases.
Therefore, range 2, 3, or 4 operation would be expected only during periods of enhanced
solar activity. For this report, the process of shifting from a more sensitive to a less
sensitive range, e.g., from range 2 to range 3, will be called "downranging," and shifting
from a less to a more sensitive range will be called "upranging."

12
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1,Automatic Range Changing

A single command from the ground station will put all multirange experiments into
their most sensitive range, range 1, and enable them to change ranges automatically. Sub-
sequently, an automatic range change occurs whenever the voltage output of an electrometer-
amplifier falls outside of a range of voltage levels bounded by a pair of preset voltages in
the range change circuitry. If an electrometer-amplifier's output exceeds 4.8 volts and it
is not already in its least sensitive range, it is forced to downrange. If an electrometer-
amplifier's output is less than 0.6 volt and it is not already in its most sensitive range, it
is forced to uprange. Overlapping coverage in the ranges is provided by making the cur-
rent equivalent to a 4.8-volt output on the more sensitive range equal to the current
which is equivalent to an output of 0.5 volt on the less sensitive range. Since most of
the amplifiers have a quiescent (no input) level at approximately 0.3 volt, a 0.5-volt signal
observed on a less sensitive range after a range change will be measurably above the quies-
cent level.

The sequence of events which make up one complete automatic range change cycle
is controlled by two pulses. The primary pulse occurs at 1-minute intervals and defines
the basic period of one complete range change cycle. The secondary pulse occurs at 4-
second intervals and triggers each of the events which make up the automatic range change
sequence. For redundancy, each of these pulses can be generated from two independent
sources. Figure 3 shows the sequence of events for automatic range changing and memory
sampling.

The primary pulse enables the automatic range change electronics to accept the sec-
ondary pulses and carry out an automatic range change sequence. Since the primary and
secondary pulses are not synchronized, the first secondary pulse which can be accepted
can occur anytime within 4 seconds after the primary pulse occurs. The first acceptable
secondary pulse will cause a multirange electrometer-amplifier whose output is less than
0.6 volt to uprange, assuming that it is not already in range 1. The next four secondary
pulses, which occur at 4-second intervals, will each cause a multirange electrometer-
amplifier whose output is greater than 4.8 volts to downrange, assuming that it is not
already in its least sensitive range. Therefore, within 20 seconds after the primary pulse
occurs, there will be one opportunity for an electrometer-amplifier to uprange, and four
opportunities for it to downrange. For the next 16 seconds no automatic range changing
can occur because the sixth through eighth secondary pulses of each automatic range
change cycle do not trigger any events. The ninth secondary pulse will provide another
opportunity to uprange, and the tenth through thirteenth pulses will each provide an
opportunity to downrange. No more secondary pulses will be accepted after the thirteenth
until a new automatic range change cycle is begun by the next primary pulse. Therefore,
multirange electrometer-amplifiers can uprange once and downrange up to four times every
30 seconds.

The thirteenth secondary pulse of the automatic range change cycle also initiates the
scan of the output of all of the electrometer-amplifiers to obtain the data sample which
will be stored in the memory just prior to the occurrence of the next primary pulse. The
scan of the electrometer-amplifiers takes about 3 seconds, and the scanning sequence is
arranged so that the multirange electrometer-amplifiers are scanned last to give them time
to stabilize after a range change.

r~r
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_l PRIMARY PULSE EVERY MINUTE

DATA SHIFTED
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Fig. 3 - Timing diagram for automatic range change sequence and shifting data sample
into memory. Although secondary pulses are shown with different shapes for different
functions, all secondary pulses are electronically identical. The primary and secondary
pulse trains are not synchronized. Therefore, the first secondary pulse can occur any-
time within 4 seconds after a primary pulse.

Manual Range Changing

When the experiments are operating in an automatic range changing mode, an indi-
vidual command must be sent to each multirange experiment which is to be shifted to
the manual range changing mode. The manual mode command shifts the experiment's
electrometer-amplifier to its most sensitive range, range 1, and prevents it from responding
to the automatic range changing pulses. Once the selected experiments have been indi-
vidually commanded to the manual range changing mode, a common, ground-generated,
manual ranging pulse will cause all of them to shift to the next less sensitive range each
time the manual ranging pulse is sent until the least sensitive range is reached. The manual
ranging pulses can only shift experiments to less sensitive ranges. When a given experiment
has been manually commanded to the desired range, a disable command addressed to that
experiment alone will allow it to ignore subsequent manual ranging pulses. Once the disable
command is sent to an experiment, subsequent range changing for that experiment can
occur only if the automatic mode command is sent or if the manual mode command for
that experiment is sent again. Resending the manual mode command will affect only the
selected experiment by shifting it to range 1 and allowing it to respond to manual ranging
pulses again. Sending the automatic mode command will affect all multirange experiments
by shifting them to range 1 and allowing them to respond to the automatic range changing
pulses again. When an experiment is operating in the manual mode, its data are still
sampled for memory storage during the normal scan sequence controlled by the automatic
range changing pulses.

Electrometer-Amplifier Calibration Sequence

The sequence to calibrate the electrometer-amplifiers of all experiments except experi-
ments 11, 14, and Stellrad can be initiated either by a specific command for this purpose
or by the command to transmit the data stored in the memory unit if the memory is not
sampling in the "flare mode." The sequence starts by disconnecting each detector from
its electrometer-amplifier and connecting calibration resistors for each experiment and
range which will cause a characteristic voltage output if the electrometer-amplifier is

14
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working correctly. Multirange electrometer-amplifiers operating in the automatic range
change mode will then be carried through a cycle in which they start in range 1 and are
forced to downrange every 4 seconds until their least sensitive ranges are reached. They rr

remain in their least sensitive ranges until 32 seconds have passed since the calibration
sequence began. Then they will all revert to range 1 and step through the ranges at 4-
second intervals until their least sensitive ranges are reached again. They remain in their
least sensitive ranges for the remainder of the 57-second calibration sequence.

The data sample which will be stored in the memory is obtained during these final
few seconds of the calibration cycle while the amplifiers are held in their least sensitive
ranges. Multirange electrometer-amplifiers operating in the manual range change mode
remain fixed throughout the calibration cycle in whatever range they were in prior to
the beginning of the cycle. The calibration sequence ends with the multirange electrometer-
amplifiers operating in the automatic range change mode left in their least sensitive ranges.
Since only one upranging shift can occur automatically each 30 seconds, normally 60 to
90 seconds must pass after the calibration sequence ends before the four-range electrometer-
amplifiers begin producing data above the quiescent level if range 1 is the proper operating
range.

Although calibration data for only one range of a multirange electrometer-amplifier
are stored in the memory for each calibration sequence, the data for all ranges are trans-
mitted in real time. In addition, calibration data for any one range of a multirange
electrometer-amplifier can be stored in the memory by using the manual range change
mode to shift to the selected range and leaving the electrometer-amplifier in the manual
range change mode at the selected range throughout the calibration cycle.

It should be noted that these calibration data pertain only to the electrometer-
amplifiers and their associated electronics. Except for experiment 11 there is no way to
calibrate the detectors.

DATA TRANSMISSION

Telemetry Systems

There are two telemetry systems aboard SOLRAD 10 to transmit four main data
forms: stored data, real-time digital (PCM) data, real-time analog data, and Stellrad data.
Telemetry system 1 (TM 1) uses a pulse-amplitude-modulated, pulse-code-modulated,
frequency-modulated, phase-modulated (PAM-PCM-FM-PM) transmitter which operates
at 137.710 MHz with a radiated power of 250 milliwatts. Normally, TM 1 continuously
transmits analog and PCM real-time data. The outputs from five frequency-modulated
IRIG voltage-controlled subcarrier oscillators (VCO) are linearly mixed and phase modulate
the rf carrier. Telemetry system 2 (TM 2) uses a PCM-PM transmitter which operates at
136.380 MHz with a radiated power of 250 milliwatts. A power amplifier can be com-
manded into TM 2 to raise the radiated power to 5 watts. TM 2 transmits stored data
or Stellrad data on command. For redundancy, TM 2 can be used to transmit the real-
time PCM data and TM 1 can be used to transmit stored data or Stellrad data. Since the
real-time analog and PCM data forms carry the same information, it is not necessary to
have the capability to transmit both forms on TM 2. However, since TM 2 is not designed
to transmit continuously and is equipped with a 15-minute timer to prevent continuous
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transmission, a failure in TM 1 would prevent recording of real-time data except over a
ground station capable of commanding TM 2 into operation.

Primary Real-Time Data Transmission - PCM

Although SOLRAD 10 transmits data continuously in real time in both digital and
analog formats on TM 1, the primary real-time transmission format is digital (PCM). Data
from all experiments except Stellrad are included in the real-time PCM data. The PCM
real-time telemetry system has an encoder which converts analog signals from the experi-
ments and housekeeping information into digital format and controls the sequence in
which the digital data are passed along the telemetry system. Digital data from experiment
11, various digital housekeeping data, and digital status information for the electrometer-
amplifier range and A or B detector identification are put in proper sequence by the encoder.
Although only one encoder is needed, two are present for redundancy.

The main frame of the PCM real-time telemetry system contains ten eight-bit words.
Two of the ten words are used for synchronization, and the remainder are used for sub-
commutated experiment and housekeeping data. Ten complete main frame cycles, a total
time of 1.6 seconds, are required to complete one subcommutator cycle. Experiments 2,
4, 5, 6, 8, 9, 10A, 10B, 12, 13, and 14 each have one subcommutator word and their
sampling interval is therefore 1.6 seconds. Experiments 1 and 3 each have two evenly
spaced subcommutator words to give them an 0.8-second sampling interval. Experiment
7A has a separate subcommutator word for its ac and dc components and maintains a
1.6-second sampling resolution for each. Experiment 11 has three eight-bit subcommutator
words. It uses 14 bits to display the number of counts in one of its four channels on
each subcommutator cycle. Two bits are used to identify the channel. It takes four sub-
commutator cycles, 6.4 seconds, to transmit a complete set of information from this four-
channel experiment. The third word provides data from the ratemeter on experiment 11,
which monitors the number of pulses produced in the plastic shield by charged particles.

The conversion of analog voltages from the electrometer-amplifiers to digital values
by the encoder uses 256 levels to cover the range from 0.0 to 5.1 volts. Therefore, the
voltage resolution for the normal analog-to-digital conversion is 20 millivolts. To provide
greater resolution for experiment 7B, the three most significant bits from the normal
conversion process are used to set one of eight voltage levels with a 0.6375-volt separation
between 0.0000 and 4.4625 volts. The difference between the voltage from the electrometer-
amplifier for experiment 7B and the set voltage level is increased by a factor of eight, and
this expanded voltage difference is then converted to a digital value by the normal process.
Therefore, 256 levels are used to cover the range from 0.0000 to 0.6375 volt, which pro-
vides a resolution of 2.5 millivolts.

The digital value obtained from the normal analog-to-digital conversion of the experi-
ment 7B data is given by one subcommutator word. Another adjacent subcommutator
word gives the value of the expanded difference between the electrometer-amplifier's
voltage and the voltage level based on the three most significant bits produced by the
normal conversion process. Therefore, the voltage from the electrometer-amplifier for
experiment 7B can be obtained with a resolution of 2.5 millivolts from

V = 0.6375A + 0.0025B,

16
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where A is the value of the three most significant bits from the normal conversion and B
is the value of the eight bits of the word giving the expanded voltage difference.

A time reference is provided in the stream of data. The PCM encoder has a crystal
oscillator which causes an eight-bit time vernier counter to increment every 0.8 second.
The contents of this time vernier are displayed in a subcommutator word which is trans-
mitted every 1.6 seconds. The eight-bit vernier counter overflows at intervals of 3.4133
minutes, and the overflow increments a 16-bit absolute time counter. Each time the
absolute time counter increments, its value is displayed in two subcommutator words
which are shared with housekeeping information.

The real-time PCM data are normally transmitted continuously by the TM 1 trans-
mitter along with the analog real-time data and various satellite housekeeping information.
The PCM data modulate the voltage-controlled subcarrier oscillator for IRIG channel 12
and are actually transmitted in an analog transmission mode. It is also possible to have
the PCM real-time data bypass the IRIG 12 subcarrier oscillator and feed directly into
the TM 1 transmitter. In this case there would be no analog format transmission, and
continuous transmission of all information, except the PCM real-time data, would cease.
Since the PCM and analog real-time data are redundant in experiment data and essential
housekeeping information, the loss of transmission capability for analog format data would
not seriously affect the overall performance of the satellite. If the transmitter of TM 1
ceased to function, the PCM real-time data could be transmitted by the TM 2 transmitter.
Since the TM 2 transmitter is equipped with a 15-minute timer to prevent continuous
transmission, a failure of the TM 1 transmitter would prevent transmission of real-time
data except over a ground station capable of commanding the TM 2 transmitter into
operation.

Secondary Real-Time Data Transmission - Analog

The secondary real-time transmission format will be analog, and all experiments
except experiment 11 and Stellrad will appear in this format. Data to be transmitted in
the analog format modulate the voltage-controlled subcarrier oscillators for IRIG channels
5 through 8. Since the real-time analog data are considered to be backup for the real-
time PCM data, there is no redundancy in the subcarrier oscillator. Analog format trans-
mission can be done only by the TM 1 transmitter, and so a failure of the TM 1 trans-
mitter would prevent transmission of analog format data.

Data, status, and housekeeping information on IRIG channels 5 through 7 normally
appear on 32-segment commutators which are transmitted at a rate of 8 segments per
second. The channel 5 commutator contains one segment each for experiment 14 and
the ac and dc components of experiment 7A. The remainder of the segments are devoted
to housekeeping information for the satellite. The channel 6 commutator is completely
devoted to housekeeping information and contains no experiment data. The channel 7
commutator contains data, range information, and detector identification for experiments
1 through 6, 7B, 8, 9, 10A, 10B, 12, and 13, and information indicating the angle between
the satellite's spin axis and the satellite-sun line (aspect angle). This arrangement was
made so that interested observers can obtain all the information needed to interpret the
solar experiments' data by monitoring a single IRIG channel.
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SOLRAD 10
COSPAR COMMUTATOR -I RIG CHANNEL 7

137.710 MHZ AT 250 MILLIWATTS (PAM-FM-PM)

5V 5V

OV OV

-4 TIME INCREASING ~

Fig. 4 - A sample record from the telemetry of SOLRAD 10 on
IRIG channel 7. This channel carries data and status information
for almost every solar experiment on a 32-segment commutator.
The zero-volt calibrate of segment 1 followed by the 5-volt calibrate
of segment 2 is a unique combination which can be used as a ref-
erence point in identifying the segments.

Channel 7 of SOLRAD 10 is commonly referred to as the "COSPAR Channel." A
sample of the channel 7 telemetry is shown in Fig. 4. Table 4 gives the COSPAR channel
segment assignments and the meaning of the voltage levels for the range information and
detector identification segments. All range information, detector identification, and aspect
angle* information is given once every 4 seconds. Data from experiments 5, 6, 7B, 8, 9,
10A, 10B, and 12 also appear with a 4-second sampling interval. Data from experiments
2, 4, and 13 have a 2-second sampling interval, and data from experiments 1 and 3 have
a 1.33-second sampling interval.

No experiment data appear on channel 8. Satellite status and housekeeping information
on channel 8 do not appear on a commutator. As an optional mode of operation, it is
also possible to present some status information on channels 5 and 6 without using a
commutator. However, the COSPAR channel, channel 7, does not have any optional
modes of operation. It will always present the same information using a 32-segment
commutator.

Stored Data Transmission - Memory Data

The 54-kilobit capacity core memory on SOLRAD 10 is identical to the memory
still operating on SOLRAD 9 after 48 months. It is programmed to store one data sample
each minute for up to 14.25 hours. It accepts 48 digital bits of information as a standard
data sample and is indifferent to the allocation of the 48 bits among the various experi-
ments. This feature made possible a multiplexing operation external to the memory which
allowed some choice in selecting experiments to be stored. Therefore, the experiments
selected for storage in the memory are divided into one primary (P) and three secondary
(S1, S2, and S3) groups. The primary group uses 31 bits and each secondary group uses
17 bits. Each standard data sample contains the primary group of experiments and one
of the secondary groups.

The multiplexer has two modes of operation - a normal mode and a flare mode.
When normal mode operation is selected, primary group data are stored every minute and

*The aspect angle indicator on IRIG channel 7 is not working properly. There is now no way to obtain
aspect information from the analog telemetry. The aspect angle can be determined from the PCM
telemetry only. Current aspect angle information will appear in the Spacewarn Bulletin.
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Table 4
COSPAR Channel - IRIG Channel 7 Segment Assignments

Segment I Function I Description

Calibration
Calibration

Experiment 1 - Detector Identification
Experiment 3 - Detector Identification
Experiment 4 - Detector Identification
Experiment 12 - Detector and Amplifier Identification

Experiment 10A - Data
Experiment 12 - Data
Experiment 1 - Data
Experiment 3 - Data
Experiment 3 - Range
Experiment 4 - Data
Experiment 13 - Data
Experiment 13 - Range
Experiment 2- Data
Experiment 2 - Range
Experiment 5- Data
Experiment 6- Data
Experiment 1 - Data
Experiment 1 - Range
Experiment 3 - Data

Solar Aspect
Experiment 1OB - Data
Experiment 7B - Data
Experiment 8 - Data
Experiment 9 - Data
Experiment 4- Range
Experiment 4- Data
Experiment 13 - Data
Experiment 1 - Data
Experiment 2 - Data
Experiment 3 - Data

0.0 Volt
5.0 Volt
1.0 Volt - 1B Detector; 3.0 Volt - 1A Detector
1.0 Volt - 3B Detector; 3.0 Volt - 3B Detector
1.0 Volt - 4B Detector; 3.0 Volt - 4B Detector
1.0 Volt - 12B Detector, Log Amp; 2.0 Volt - 12B Detector, Lin Amp;
3.0 Volt - 12A Detector, Log Amp; 4.0 Volt - 12A Detector, Lin Amp

1.0 Volt-Range 1; 2.0 Volt-Range 2; 3.3 Volt-Range 3

1.0 Volt - Range 1; 2.0 Volt - Range 2; 3.3 Volt - Range 3; 4.7 Volt - Range 4

1.0 Volt - Range 1; 2.0 Volt - Range 2; 3.3 Volt - Range 3

1.0 Volt - Range 1; 2.0 Volt - Range 2; 3.3 Volt - Range 3; 4.8 Volt - Range 4

Not working properly.*

1.0 Volt - Range 1; 2.0 Volt - Range 2

*If working properly, positive voltage less than 0.5 volt would indicate that the aspect angle is less than 4 degrees.
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the data from the three secondary groups are sequenced over three memory samples.
Therefore, in normal mode operation data for the primary group have a 1-minute sampling
interval and the data from each secondary group have a 3-minute sampling interval. When
flare mode operation is selected, data from the primary group and the S1 secondary group
are stored every minute. Data for the S2 and S3 secondary groups are never stored during
flare mode operation. Shifting from one mode of operation to the other can be done
automatically or by ground command. The automatic mode changes are triggered by the
shift between range 1 and range 2 of the experiment 3 electrometer-amplifier which is
connected to the real-time telemetry. The memory sampling mode automatically changes
to flare mode when the electrometer-amplifier shifts to range 2 and reverts to normal
sampling mode when the electrometer-amplifier returns to range 1. The transition between
ranges 1 and 2 is equivalent to a solar energy flux of 9.5 X 10-4 ergs/cm2sec for experi-
ment 3A and 4.1 X 10-4 ergs/cm2sec for experiment 3B. It is also possible to lock the
multiplexer into either mode by ground command so that automatic sampling mode changes
cannot occur.

The composition of the primary and secondary experiment groups and the bit allo-
cations are given in Table 5. A five-bit analog-to-digital conversion is used to encode the
voltage from the experiment electrometer-amplifiers. Therefore, the voltage resolution
for the data stored in the memory is 0.160 volt. In the case of experiment 10, only the
four least significant bits of the five-bit conversion are stored in the memory. If the
analog-to-digital conversion for experiment 10 requires more than 15 digital counts, the
four least significant bits stored in the memory will be locked at the value of 15. Digital
data from all four channels of experiment 11 are accumulated for a 48.8-second period,
compressed, and stored in the nine bits allocated in secondary group S1. In Table 5, the
column titled "Range Bits" gives the number of bits allocated to provide electrometer-
amplifier range information for the primary group experiments and to provide identifi-
cation of experiment 7A data as the ac or dc component. The dc component of the
experiment 7A data appears every fifth time the S1 secondary group's data appear.

In the case of experiments 1, 3, 4, and 12, whichever detector is connected to the
real-time telemetry system will have its data presented to the memory system. The
selection of the A or B detector for those experiments for presentation to the memory
and real-time transmission is by ground command. Although both 10A and lOB have
their data telemetered in real time, only one of them can be connected to the memory
system. The selection of 10A or 10B data for presentation to the memory is controlled
by ground command. A ground command also chooses the data for either experiment 2
or 13 for storage in the memory system. Data from the experiment which is not con-
nected to the memory system are transmitted in real time only. Data from experiment
14 and Stellrad are never stored in the memory.

In addition to the 15 bits accounted for in Table 5 for each secondary group, two
additional bits are used to identify the secondary group whose data are contained in a
standard sample. These two additional bits also indicate whether experiment 2 or experi-
ment 13 data are included in the primary group.

In addition to the 48 digital bits allocated for the standard data sample, 16 bits are
allocated in the memory to give a time reference for each standard data sample. The
satellite contains a timing mechanism which increments a 16-bit absolute time counter at
exactly 4-minute intervals. For reference with ground time, the value in the absolute

20



NRL REPORT 7408

Table 5
Memory Allocation

Experiment __Group __Data Bits Range Bits

1A or 1B P 5 2
3A or 3B P 5 2
4A or 4B P 5 1
10A or 10B P 4 0
2 or 13 P 5 2
7A S1 5 1
11 S1 9 0
7B S2 5 0
8 S2 5 0
9 S2 5 0
5 S3 5 0
6 S3 5 0
12A or 12B S3 5 0

2)1 2_

or_

_r

M.

time counter appears in the analog real-time telemetry on IRIG channel 8 as it is incre-
mented. After the data contained in the memory are read out and transmitted, which
takes slightly more than 8 minutes, the memory waits for the timing mechanism to incre-
ment the absolute time counter before starting to store data again. The first frame of
data stored in the memory contains the newly incremented value for the absolute time
counter in the 16 bits allocated for time reference. Subsequent memory frames are num-
bered sequentially from 2 to 855 in the time reference bits. This provides a time reference
for each data sample relative to the absolute time reference contained in the first frame.
Since the memory stores a frame of data at exactly 1-minute intervals, the time at which
a given data sample was stored can be established.

If the memory is sampling in the normal mode when the readout of the stored data
commences, the command to read out the stored data will also initiate the calibration of
the experiment electrometer-amplifiers. In this case the calibration sequence will be com-
pleted before the memory begins to store data again after the memory readout. However,
calibration data as described in the section titled "Electrometer-Amplifier Calibration
Sequence" are held in storage registers until the memory unit is ready to store data again;
then the calibration data are stored in the first frame of memory. However, storage of
calibration data is not limited to the first frame of the memory. If the specific command
to calibrate the electrometer-amplifiers is sent while the memory is sampling, the storage
of the calibration data is controlled by the normal scan sequence initiated by the auto-
matic range changing pulses. If the memory is sampling in the flare mode when the
readout of the stored data commences, the calibration sequence is inhibited because it
could prevent the collection of 150 seconds of real-time data during a flare.

When calibration data are being stored in the memory, the seven range bits of the
primary group are not used to indicate range. They are used to clearly indicate that
calibration data are being stored and to identify the A or B detectors as the source of
stored data from experiments 1, 3, 4, 10, and 12. Although this information only appears
with calibration data in the memory, it is readily available from the real-time data. The
stored data have no way to indicate whether the linear or the logarithmic electrometer-
amplifier is being used for experiment 12. This information must be obtained from the
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real-time data or from command records. Calibration data from secondary group 51 are
never stored in the memory. Data from the S2 and S3 secondary groups are stored on
alternate calibrations.

Stored data are normally transmitted by the TM 2 transmitter by ground command.
If the TM 2 transmitter fails, the stored data can be transmitted by the TM 1 transmitter
operating in either the analog or digital mode. Analog mode transmission of the stored
data uses IRIG channel 12. Use of the TM 1 transmitter in the digital mode would tem-
porarily interrupt the transmission of all real-time data. Use of the TM 1 transmitter in
the analog mode would temporarily interrupt the transmission of real-time PCM data but
would not interfere with the transmission of real-time analog data.

Stellrad Data Transmission

Since the power consumption of the Stellrad experiment is quite large, it is turned
on only over a ground station and its data are transmitted in real-time only. The Stellrad
experiment data are normally transmitted by the TM 2 transmitter. In case of failure of
the TM 2 transmitter the Stellrad experiment data can also be transmitted by the TM 1
transmitter operating in a digital mode. This would temporarily interrupt the transmission
of real-time solar experiment data.

DATA REDUCTION

X-Ray Experiments

The response of an ionization chamber to radiation of a given wavelength is deter-
mined by the detector window material and thickness and the gas used to fill the detector.
In the case of x-ray detectors, such as those used on experiments 1 through 6, 10, and 13
of SOLRAD 10, the window completely absorbs low-energy radiation and provides a long-
wavelength limit to the detector's sensitivity. The gas filling of the detector is transparent
to high-energy radiation which provides a short-wavelength limit to the detector's sensi-
tivity. Radiation whose wavelength is between the two sensitivity limits for the detector
will be only partially absorbed by the window material and that portion which penetrates
the window will interact with the filling gas. The interaction between the radiation and
the gas produces electron-ion pairs in the gas. The number of pairs produced per unit
energy of the radiation is a characteristic of the type of gas used. The electrons and ions
move, under the influence of an applied electric field, to the anode and cathode respec-
tively, producing a current whose magnitude can be related to the energy flux incident
upon the detector window. The detector geometry, electrode configuration, and applied
potential are designed to provide a detector with a fast response and to insure that the
electron-ion pairs produced by the incident radiation do not cause secondary ionization
or recombine before reaching the electrodes.

The current generated in an ionization chamber is given by

I = ewjA Jo E (X)e (X) dX, (2)
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where e is the electronic charge, co is the number of ion pairs produced in the gas per
unit energy of the incident photon, A is the effective window area of the detector, E(X)
is the solar emission spectrum, e(X) is the efficiency of the detector, and X is wavelength.
For actual calculations, the integration limits are determined by the range of wavelengths
over which the detector's efficiency is nonzero.

The detector's efficiency is given by

e(X) = exp K (1AmPX)2 {1 - exp LL(PmPX)j} (3)

where the mass absorption coefficients Pm are wavelength dependent and the area den-
sities px are functions of material and geometry. The first exponential summation gives
the fraction of incident radiation of wavelength X which penetrates the solid window and
the small volume of gas immediately behind the window where electron-ion pairs formed
will not be collected by the electrodes before recombination occurs. The summation
over i is a summation over all of the elements which make up the window material and
filling gas. The quantity in braces gives the fraction of radiation which interacts with the
gas to form electron-ion pairs which are collected by the electrodes. The summation
over j is a summation over all of the elements which make up the filling gas.

Figures 5(a) through 5(1) show the efficiency of the SOLRAD 10 x-ray experiments as
a function of wavelength. The values of area density px used in calculating detector
efficiency are given in Table 1. The mass absorption coefficients TMm (X) used were ob-
tained from Henke et al. (2), McGuire (3), Guttmann and Wagenfeld (4), and McCrary
et al. (5). The data from these sources were approximated by a least-squares fit of the
form

4

In Pm = Zak (ln X) (4)

k=O

with g1m in units of cm2/g and X in angstroms. The values of the coefficients ak, along
with their wavelength range of validity, are presented in Table 6.

On all NRL x-ray experiments prior to those on SOLRAD 10, the mass absorption
coefficients were calculated using a method given by Henke et al. (6). For all experiments
except experiment 4 the efficiencies calculated using the new and the old mass absorption
coefficients differed by less than 10 percent. However, in the case of experiment 4, the
use of the more recent mass absorption coefficients produced an efficiency 1.43 times
larger than that obtained using the older coefficients. Therefore, to compare the experi-
ment 4 data of SOLRAD 10 with similar data from earlier experiments, the SOLRAD 10
data must be multiplied by 0.70.

Since the solar emission spectrum E(X) is not accurately known in the x-ray region
(and even if it were known, it would be extremely time dependent), a simple solar emis-
sion model is assumed and an equation appropriate to that model is used to represent
the solar emission spectrum. The most frequently used emission models assume that the
solar x-ray emission is entirely due to one mechanism - either free-free electron transitions
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Table 6
Coefficients Relating ln pum to ln X

Material |
(Validity Range) ao a, a2 f a3 a4

Aluminum
(0.00 - 7.952 A)

Aluminum
(7.952 - 44.00 A)

Argon
(0.10 - 3.871 A)

Argon
(3.871 - 43.192 A)

Beryllium
(0.00 - 44.00 A)

CCl4
(0.50 - 4.397 A)

CCl4
(4.397 - 40.00 A)
Krypton
(0.10 - 0.866 A)

Krypton
(0.866 - 6.47 A)

Mylar
(0.5 - 23.301 A)

Mylar
(23.301 - 43.648 A)
Mylar
(43.648 - 70.00 A)

Nitrogen
(0.00- 30.99 A)

Nitrogen
(30.99 - 114.00 A)

Xenon
(0.00 - 0.358 A)

Xenon
(0.358 - 2.30 A)

Xenon
(2.30 - 11.02 A)

2.621

- 7.558

3.539

3.735

- 0.5090

3.482

2.440

5.660

3.256

0.4794

- 1.710

- 0.9863

0.2828

0.5779

6.382

4.363

1.216

2.966

10.88

2.869

- 2.033

1.839

2.628

0.8846

3.187

2.498

3.137

4.198

2.407

3.546

1.718

2.768

2.538

4.857

0.04802

- 2.763

0.0000

3.312

0.5023

0.03754

0.8624

0.0000

0.9860

- 0.004678

- 0.2570

0.0000

- 0.1740

0.07978

0.0000

0.02286

- 0.6978

- 0.1192

0.2972

0.0000

- 0.9724

- 0.03674

0.0000

- 0.1351

0.0000

- 1.108

- 0.02285

0.0000

0.0000

0.0000

0.0000

0.0000

0.3182

0.0000

0.02347

0.0000

0.0000

0.09955

- 0.01034

0.0000

0.0000

0.0000

0.3151

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000
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(bremsstrahlung) or dilute blackbody emission. Both mechanisms are temperature depen-
dent. A dilute blackbody (graybody) solar emission spectrum is assumed when reducing
x-ray data from NRL experiments (7).

Under the graybody assumption, the energy per unit wavelength interval is given by

E(X, T) = BX- 5 [exp (a/TX) - 11-1 (5)

with B = 27rhc2D and a = hc/k, where h is Planck's constant, c is the speed of light, k is
Boltzmann's constant, T is the color temperature of the emitting medium, and D is a
dilution factor which indicates the amount by which the solar emission intensity falls
below that expected from a true blackbody radiator at the temperature T. The value of
B (or D) for any color temperature T can be obtained by comparing the current generated
in the detector by solar x rays (Ix) with the calculated value of

rA2 ~~~~~~~~~~~I*f2 eXX-5 ex(/T)-1-dX x
I'(T) = ewA E()X [exp (a/T)-11 dX, i.e., I'(T) = B(T). (6)

Since the solar spectrum over the entire x-ray region of interest, 0.1 to 60 A, cannot
be adequately approximated by a graybody spectrum for a single color temperature, the
x-ray spectrum is divided into segments corresponding to the sensitive bands of the detec-
tors, and appropriate color temperatures are selected for each spectral segment. The rela-
tionship between the solar energy flux (ergs/cm2 sec) in such a spectral segment and the
current generated in the detector is

X~b

I a E(X, T) dX

F = A~a2 = - K(T). (7)
eAw I e(X)E(X, T) dX

The integration limits Xa and Xb define the bounds of the band whose energy flux is being
calculated and are generally different from the limits X1 and X2. The latter limits are
determined from the wavelength range over which the detector's efficiency is nonzero.
Table 7 shows typical values for the four integration limits for the SOLRAD 10 x-ray
experiments.

To facilitate automatic processing of the large amount of data produced by the experi-
ments, all data from a given detector, whether obtained during a solar flare or a lull in
solar activity, will be reduced using the same color temperature. The selected temperatures
are shown in Table 2. This approach is consistent with the choice of a graybody spectrum
to approximate the solar spectrum. Neither approach has a basis in the present knowledge
of solar physics, but both are extremely useful simplifications when processing large quan-
tities of data (see Appendix B).

The telemetered experiment data are actually a measure of the voltage levels produced
in the electrometer-amplifier by the current generated in the detector. In the case of the
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Table 7
Integration Limits for Detector

Current-to-Flux Calculations

Experiment [ \"(A) [ Xb(A_[ I 1 (A) |j (A )

1 0.5 3.0 0.1 6.4

2 1.0 5.0 0.1 10.0

3 1.0 8.0 0.1 12.0

4 8.0 20.0 1.0 25.0

5 44.0 60.0 0.5 70.0

6 1.0 20.0 0.5 30.0

13 0.1 1.6 0.01 3.20

linear electrometer-amplifiers used with the x-ray experiments, the voltage output is related
to the detector current by

V = miI + bi, (8)

where mi and bi are the slope and intercept, respectively, for range i. Therefore, the con-
version from telemetered voltage levels to solar energy flux is accomplished by

K(T) (V - bd ( )) 9
Ami = C(V-be). (9)

Values for A, mi, bi, K, T, and C for the x-ray experiments are given in Table 2. Figure 6
shows the ranges of energy flux measurable by the x-ray experiments, based on the current-
to-flux calculations described above.

Experiment 11 uses a scintillating crystal, a photomultiplier, and pulse-height analysis
to detect x rays and measure their energy. The energy of x rays absorbed in the crystal
is converted to visible light which generates a pulse in the photomultiplier. The magnitude
of the photomultiplier pulse is an approximate measure of the x-ray energy deposited in
the crystal. The efficiency curve of this experiment is determined by the filtering materials
which lie between the source and the crystal and by the material and thickness of the
crystal. The low-energy (longer-wavelength) sensitivity limit is caused by absorption of
x rays by the following filters: a thermal blanket of approximately 0.05 cm Mylar, a
0.05-cm-thick aluminum window, a 0.01-cm-thick beryllium window, a coating of tita-
nium dioxide reflecting paint approximately 0.03 cm thick, and approximately 0.13 cm
of plastic (polyvinyltoluene). The high-energy (short-wavelength) sensitivity limit is deter-
mined by the thickness of the CsI crystal - 1.0 cm. Figure 7 displays the efficiency of
experiment 11 as a function of x-ray energy between 10 and 70 keV. The efficiency
above 70 keV is not shown but is approximately 0.9 at 200 keV and approximately 0.8
at 250 keV.

The correspondence between x-ray photon energy and photomultiplier pulse height
is not exact. X-ray emission at a precise wavelength - line emission - produces pulse
heights having an approximately Gaussian distribution. For experiment 11, the full-width-
at-half-maximum of the distribution, i.e., the resolution, is about 0.50 at 22 keV, 0.30 at
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60 keV, and 0.25 at 125 keV. The americium 241 calibration source, which emits 60 keV
x rays, is used in flight to verify the stability of the resolution.

The four channels of the pulse-height analyzer were originally set to sort into the
following energy ranges: 15 to 20, 20 to 30, 30 to 60, and 60 to 150 keV. However,
until early September 1971, the system gain drifted from the initial setting. The gain
has been stable since that time and the present limits of the four energy channels are
approximately 21 to 28, 28 to 42, 42 to 84, and 84 to 210 keV.

Ultraviolet Experiments

Ionization chambers used to measure ultraviolet radiation are essentially similar in
operation to the x-ray sensors except that the roles of the window material and the filler
gas are reversed in determining the upper and lower response limits. In the case of ultra-
violet detectors, such as those used for experiments 7 through 9 of SOLRAD 10, the
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ENERGY (keV)

Fig. 7- Efficiency as a function of x-ray
energy for experiment 11

transmittance characteristics of the window material determine the short-wavelength response
limit. The photoionization of the gas defines the long-wavelength response limit.

To relate the telemetered voltage values to the solar ultraviolet energy flux incident
on the detector's window, the current generated in the detector per unit of incident energy
flux must be determined. As a starting point in this procedure, the quantum efficiency
of the detector is determined. The quantum efficiency is a measure of the number of
electrons which will result from ionization caused by one incident photon. Since the
nominal 1080 to 1350 A response band of experiment 7 is strongly dominated by the
hydrogen Lyman-alpha line at 1216 A, the measurement of the detectors' quantum effi-
ciencies assumes that all radiation in the response band is concentrated at 1216 A. The
quantum efficiency values used for the detectors for experiments 8 and 9 are averaged
quantum efficiencies obtained from the plots shown in Fig. 8. The displayed plot for
experiment 8 was obtained by using measured quantum efficiency values for the flight
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Fig. 8 - Detector efficiency as a function of wavelength
for experiments 7 through 9

detector to normalize a curve whose general shape was determined by the calcium fluo-
ride and nitric oxide responses at the limits of the response band. The displayed plot for
experiment 9 was obtained by measuring the quantum efficiency of the flight detector at
15 points over the response band.

Since an average quantum efficiency is used to represent each response band for
experiments 8 and 9, the energy carried by an average photon in these bands must be
used. A flat emission spectrum over the band is assumed in calculating the average photon
energy. The current generated in the detector is given by

I. - ( AF )(NQ), (10)

where Q is the quantum efficiency, Y is the average energy per photon, N is the number
of coulombs per electronic charge, 1.60 X 10-19, A is the window area, and F is the
solar flux (ergs/cm2sec). Then F can be expressed as

F ( (11)

and we can set

K -g NQ-) ,(12)

where K is a detector conversion constant as in the case of the x-ray sensors. Therefore,
we can relate the telemetered voltage to the incident ultraviolet flux by

K(V - b
F = - b = C(V- b) (13)

mA
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just as we did with the x-ray sensors. The values used for K, b, m, A, and C are given in
Table 2 and values for Q are given in Table 1. Figure 9 shows the ranges of energy flux
measurable by the ultraviolet experiments based on the current-to-flux calculations
described above.

Extreme Ultraviolet Experiment

The sensors used to measure the solar radiation in the 170 to 700 A band of the
extreme ultraviolet spectrum, experiment 12, use a negatively biased photosensitive surface
to generate a current. Photons striking the 2000 A thick lithium fluoride surface layer
cause a number of electrons to be emitted from the surface. The number of electrons
ejected per incident photon, the quantum efficiency of the surface, is a function of the
energy of the photon. A positively biased filter placed in front of the emitting surface
collects the emitted electrons, and, as in the case of the ionization chambers, an electrometer-
amplifier converts the generated current to a voltage level. The efficiency curves for the
detector and filter combinations as presented in Fig. 10 were obtained from the lithium
fluoride quantum efficiency curve and the transmittance curves for aluminum and carbon
presented by Samson (8) and the aluminum oxide transmittance curve given by Burton (9).
The detectors' response to wavelengths less than 170 A is ignored because of the relatively
small amount of flux below that wavelength.

The detector conversion constant K was obtained by folding the extreme ultraviolet
spectrum given by Hinteregger (10) into the detectors' response curves. When the linear
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Fig. 10 - Detector efficiency as a function
of wavelength for experiment 12

electrometer-amplifier is used, the telemetered voltage levels can be converted to energy
flux values using

F =( A ) = (V -b). (14)
mA

However, since the voltage-vs-current expression for the logarithmic amplifier is of the
form

V = m (log1 0 I) + b, (15)

the conversion from telemetered voltage to energy flux for the logarithmic amplifier uses

log1 0 F = C + (V - b)/m. (16)
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Values for C, K, m, b, and A for experiment 12 are given in Table 2 and information
about the filter materials and thicknesses used in the detectors is given in Table 1. Figure 9
shows the range of the energy flux measurable by this experiment based on the current-
to-flux calculations described.

SATELLITE ORIENTATION CONTROL

Spin and Attitude Control Systems

SOLRAD 10 is a spin-stabilized satellite which must be oriented with its spin axis
toward the sun if it is to carry out its solar monitoring mission. The spin rate is main-
tained at a nominal 60 rpm by the spin control. The attitude control holds the angle
between the spin axis and the satellite-sun line, the aspect angle, within a selected value.
If a failure occurs in the spin control, SOLRAD 10 would remain stable for several weeks,
or even months, while the spin rate decayed. However, if the attitude control fails, the
continuous change in aspect angle due to the motion of the Earth around the sun would
cause the sun to be removed from the field of view of the collimated solar experiments
in a few days. Therefore, a great amount of redundancy was built into the spin and
attitude controls.

There are a total of seven control systems aboard the satellite - three for spin control
and four for attitude control. The seven control systems can also be divided into two
main groups based on the fuel used - liquid anhydrous ammonia or liquid hydrazine. All
ammonia systems are fueled from a common tank and all hydrazine systems are fueled
from a common tank. Except for their fuel sources, the seven control systems are com-
pletely independent.

Two of the spin control systems use liquid ammonia for fuel. The third spin control
system is fueled with liquid hydrazine. When it is necessary to increase the satellite's spin
rate, one of the three systems is activated by ground command. There is no automatic
mode of operation for the spin control.

Two of the four attitude control systems are fueled by hydrazine and two by ammonia.
One of the four attitude control systems is selected by ground-command and put into a
mode in which it is able to respond to firing pulses generated by ground command or
automatically based on satellite-borne aspect angle sensors and automatic control electronics.
There are two types of aspect angle sensors aboard the satellite - wide angle and fine angle.
Two of each type of sensors are carried for redundancy, and each of the four sensors has
its own automatic control electronics. One of the two wide-angle sensors is selected by
ground command whenever the aspect angle exceeds 5°. One of the two fine-angle sensors
is used when the aspect angle is less than 50, which should be the normal condition. When
a fine-angle sensor is in use, the automatic control electronics will generate firing pulses
whenever the aspect angle exceeds a control angle selected by ground command from the
following four choices: 0.5°, 10, 2°, or 4°. When a wide-angle sensor is in use, firing
pulses will be continually generated by the automatic control electronics until the aspect
angle is less than 50.
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Fig. 11 - Arrangement of apertures for fine-angle attitude
control sensors. Their location on the solar-oriented sur-
face of SOLRAD 10 can be seen in Fig. 2.

Aspect Sensor Data Transmission

Each of the two fine-angle sensors is made up of four components. Each of the com-
ponents is two segments of solar cell cut to obtain a sensitive area of 0.5 inch by 0.69 inch.
These components are paired and wired differentially to form one-half of a fine-angle sen-
sor. The two halves of a fine-angle sensor are mounted so that their long axes form a 90°
angle. One of the sensor halves is labeled "x-axis sensor" and the other half is called the
"y-axis sensor." Figure 11 shows the arrangement of the components of the two fine-angle
sensors.

Each of the sensor halves is recessed 2 inches behind an aperture. If the optical axis
of the sensor half and its aperture is parallel to the satellite's spin axis, the two components
of the sensor half will be equally illuminated by the sun at zero aspect angle. The two
components of each sensor half are connected to a differential amplifier which produces
an output voltage proportional to the difference in illumination of the two components.
If the aspect angle is not zero, the two components of the sensor half will not be equally
illuminated, and the differential amplifier will produce a voltage output. As the satellite
rotates about its spin axis, the aperture shadow will move around the two components of
the sensor half, and the differential amplifier will produce a sinusoidal voltage output. The
absolute values of the positive and negative peak voltages for the x axis and y axis are
transmitted as real-time PCM data. If the optical axis of a sensor half and its aperture is
not parallel to the spin axis of the satellite, there will be a dc offset voltage. The values
of these offset voltages for the x and y axis are also included in the PCM telemetry. A
direct measurement of the output of the components of the sensor halves never appears
in the telemetry. The telemetry carries only a measurement of the difference in output
of a pair of components.
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As in the case of the fine-angle sensors, a differential output from one of the wide-
angle sensors is related to the aspect angle. Therefore, the PCM and analog real-time
telemetry carry values of this differential voltage, but the absolute output value of an
individual sensor is never transmitted.
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Appendix A

CORRECTION OF EXPERIMENT 5 DATA FOR RADIATION
WITH WAVELENGTH LESS THAN 20 A

The efficiency curve for experiment 5 in Fig. 5h clearly shows that the detector is
sensitive to x rays with wavelength less than 20 A, as well as to the 44 to 60 A band of
interest. Experiment 6 is included in the experiment complement of SOLRAD 10 pri-
marily to provide a way to correct the response of experiment 5 for this undesired shorter-
wavelength contribution. A description of a technique which may be used to correct the
experiment 5 data is provided in this appendix.

The current per unit wavelength produced in the ionization chambers of experiments
5 and 6 is given by

AI = eojAjE(X)ej(X)AX, (Al)

and the total current generated is given by
00

Ii = ecwjAjT E(X) ej (X)AX. (A2)

0

Experiment 5 will be denoted by the subscript 5 and experiment 6 by the subscript 6.
The equations are described in detail in the section titled "X-ray Experiments" in this
report.

Since we want to eliminate the current contribution to experiment 5 from wavelengths
less than 43.65 A, let us designate this current by

44

I' = ecowA. ,E(X)ejAX. (A3)J J

0

We now establish a relationship given by

AI 5 = [Al6, X < 43.65 A, (A4)

where f is independent of wavelength. To justify Eq. (A4), the efficiency curves for wave-
lengths less than 43.65 A must be considered for both experiments (Figs. 5h and 5i). The
efficiency curves in this region must differ because K-absorption edges for Al, Cl, and N
are not common to both.

We will consider the range of wavelengths less than 43.65 A in three separate bands.
In the band between 8 and 31 A, there are no absorption edges which are not common
to both detectors, and so we can closely approximate
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A15 = fA 6 , 8 < X < 31 A. (A5)

In the band between 31 and 43.65 A, the detectors have such small efficiency values that

AI5 = f 1AI6 = 0, 31 < X < 43.65 A, (A6)

and we can immediately set f, = f. In the band of wavelengths less than 8 A we can also argue
that, for commonly assumed solar emission spectra E(X,T), we will find

AI5 =f 2 AI6 0 °, X < 8A, (A7)

and we can set f 2 = f without introducing significant error. The current contribution froin
this band for commonly assumed spectra is extremely small when compared to AIj for the
8 to 31 A band because the assumed solar emission drops off sharply as the wavelength de-
creases. This argument will be most valid for wavelengths less than 4.4 A, where the efficiency
curves differ most.

Based on these reasons, we use Eq. (A4) as a reasonable approximation and, since f
does not depend on wavelength, we can calculate the value of f by means of

44

O5A5LE(X)es(X)AX
f= ° (A8)

44

W6A6 L E(X)e6 (X)AX
0

If the assumed solar emission spectrum is temperature dependent, E(X, T), then f = f(T).
Values of f(T) for selected color temperatures for an assumed graybody spectrum are given
in Table Al.

Table Al
Correction Constants for Experiment 5 Data

T K, (T)
(106K) | f(T) (erg/sec amp)

0.5 0.922 2.44 X 1010

1.0 0.942 2.01 X 1010

1.5 0.974 1.91 X 1010

2.0 1.00 1.71 X 1010

Now a conversion constant Kc(T) for calculating the 44 to 60 A flux from the currents
generated in the detectors of experiments 5 and 6 must be obtained. This conversion con-
stant will express the relationship between the 44 to 60 A solar flux striking the window
of the experiment 5 detector and the current generated in the detector by radiation with
wavelength greater than 43.65 A. This current due to radiation with wavelength greater
than 43.65 A can be expressed in terms of Eqs. (A2) through (A4) as
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70

eW5A5 EZ E(X,T)e 5()zAX = I5 -I5 = I5 -[I (A9)
44

For calculations, placing the upper summation limit at 70 A for experiment 5 includes all
nonzero efficiency values. In the case of experiment 6, the upper summation limit of I6,
43.65 A, is well into the region where the detector efficiency values approach zero for all
practical calculations.

Therefore, we can use

I5- fI = I5 - 6. (A10)

The conversion constant KC(T) can now be expressed by

60

A 5 E E(X,T)AX

44

Kc (T)= 45 4 6 (All)

which can be put in the form
60

A 5 E E(X, T)AX

Kc(T)= . (A12)
70 44

eA5 w5 E E(X,T)e 5(X)AX - eA 6w6f(T)L E(X,T)e6(X)AX
0 0

Values of Kc(T) based on a graybody emission spectrum for selected color temperatures
are given in Table Al.

The corrected flux in the 44 to 60 A band, Fc, is related to the telemetered voltages
for experiments 5 and 6 by

Fc = A5 [I - f(T)I 6 ]

= Kc(T) [(V5b-) _ f(T) (V6 -b6)] (A3)

and to the graybody fluxes by

F. K(T)[Ks[f(T) F6 (A14)

All subscripts refer to experiment numbers. Values for A, m, b, and K can be obtained
from Table 2.
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Appendix B

SUBSTITUTING TEMPERATURE-DEPENDENT,
BREMSSTRAHLUNG-TYPE SPECTRA FOR GRAYBODY SPECTRA

The use of a graybody solar emission spectrum at a constant color temperature in
converting detector current to solar flux values is convenient but not physically realistic.
This appendix briefly outlines a method for converting detector current for experiments
1 through 3 to solar flux values based on a more realistic solar emission spectrum. Com-
plete details have been presented in earlier papers.*t

It is physically more realistic to assume that the x-ray spectrum at wavelengths
less than 8 A is produced by thermal processes. We also assume that the line emission
contribution is sufficiently small, when compared to the continuum emission, to allow
the line emission to be ignored. The predominant source mechanisms for continuum
solar x-ray emission are free-free (bremsstrahlung) and free-bound (radiative recombin-
ation) electron transitions. Based on equations describing the two emission mechanisms
given by CulhaneT the dependence on T and X for each mechanism can be approxi-
mated by the proportionalities

Eff - a(T)g(Xa,Xb)b(X,T)fN2 dV (Bl)

and

Efb - c(T)g'(Xa,Xb)b(X,T){N2 dV. (B2)

The two mechanisms combined can be represented by

EB - [a(T)g(Xa,Xb) + c(T)g'(X,,Xb)I b(XT)fN2 dV, (B3)

where

b(X,T) = [X2 exp (143.89/XT)]-1, (B4)

Ne is the electron density in the solar source region, and the integral is evaluated over the
volume of the source region. The functions g and g' depend on the band of wavelengths
considered, i.e. 0.5 to 3 A, 1 to 5 A, or 1 to 8 A, but don't explicitly depend on
wavelength.

From Eq. (7), a conversion constant based on a free-free spectrum, a free-bound
spectrum, or a combination of the two can be calculated using

*D.M. Horan, Dissertation submitted to the Catholic University of America, Publication 70-22133,
University Microfilms, Inc., 1970.

tD.M. Horan, Solar Phys. 21, 188 (1971).
tJ.L. Culhane, Monthly Notices Roy. Astron. Soc. 144, 375 (1969).
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Dr-

JXb
I abb(X,T) dX

Aa
'-I

(B5)
eb2

ew f e()X)b(X,T) d X

These constants, which we refer to as bremsstrahlung-type conversion constants, are the
same for free-free and free-bound spectra, and combinations of the two because the wave-
length dependence is the same for both source mechanisms and only one specific x-ray band
is involved. Conversion from fluxes based on the constant-temperature graybody spectrum
used for routine processing of the SOLRAD 10 data, FGB(Ta), to fluxes based on a brems-
strahlung-type spectrum at a selected temperature, FB(T), can be accomplished using

FB (T) = FGB (TC) KGB (T) = FGB(Tc)G(T). (B6)

Values of the ratio G for selected temperatures are given in Table B1 for the 0.5 to 3 A,
1 to 5 A, and 1 to 8 A bands.

Table BI
Temperature-Dependent Conversion Ratios

Temperature G(T) for Experiment Number

(106 K) 1A | 1B 2 [ 3A ] 3B

2 0.0215 0.0178 0.743 1.11 1.07
3 0.196 0.173 1.07 0.933 0.940
4 0.461 0.423 1.04 0.768 0.791
5 0.688 0.644 0.919 0.648 0.678
6 0.844 0.802 0.804 0.560 0.593
7 0.941 0.903 0.709 0.494 0.527
8 0.996 0.964 0.634 0.443 0.477
9 1.03 0.999 0.576 0.404 0.436

10 1.04 1.02 0.530 0.372 0.404
11 1.04 1.02 0.493 0.347 0.378
12 1.04 1.02 0.464 0.326 0.357
13 1.03 1.02 0.439 0.309 0.339
14 1.02 1.01 0.419 0.295 0.324
15 1.01 1.00 0.402 0.283 0.312
16 1.00 0.996 0.388 0.273 0.301
17 0.990 0.987 0.376 0.264 0.292
18 0.980 0.979 0.366 0.257 0.284
19 0.970 0.970 0.357 0.251 0.277
20 0.961 0.962 0.349 0.245 0.271

Based on Eqs. (2) and (B3), the ratio of the currents generated in ionization chambers
sensitive to two different bands is given by

KB(T) =
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woAj [a(T)gi + c(T)gi] f ej(X)b(X,T) dX
rij(T)= (B7)

cojAj [a(T)gj + c(T)gj] f ej(X)b(X,T) dX

if we assume that the emission measure f Ne2 dV is identical for the emission stimulating
each detector. This assumption is most valid when the two x-ray bands considered in the
ratio are close in wavelength. Note that the relationship expressed in Eq. (B7) is not cor-
rect for either free-free or free-bound spectra used alone because the consideration of more
than one band prevents the elimination of the functions a(T) and c(T). The equation gives
the temperature dependence of the current ratio for the most realistic continuum spectrum -
a combination of free-free and free-bound.

The temperature of the emitting source region on the sun can now be obtained by
comparing the ratio of currents generated in the i and j detectors to a plot of rij(T) versus
T. However, since the SOLRAD 10 data are available in terms of flux based on a constant-
temperature graybody spectrum, it is easier to obtain a ratio of such fluxes than a current
ratio. By using Eq. (7), we can convert Eq. (B7) into a ratio of graybody-based fluxes
Rij(T), such that

Rij(T) = rij(T)AjGBT ) (B8)

Coefficients of equations in the form

5

T L ak(Rij)k (B9)

k=0

are given in Table B2 for the eight possible flux ratios found from the data of experiments
1 through 3, and Fig. B1 are typical plots of Rij versus T. Temperature T is in units of
106 K. The maximum value of T for which Eq. (B9) is valid is given as Tmax in Table B2.

Table B2
Coefficients Relating Rij to T

i/ | aoI| aj J a2 a3 a4 [ a5 [T

1A/2 1.525 2.225 x 102 - 5.581 x 103 1.059 x 105 -8.407 x 105 2.406 x 106 20
1A/3A 2.573 1.318 x 103 - 1.327 X 10 5 7.541 X 106 -1.916 X 108 1.778 x 109 20
1A/3B 2.611 1.202 X 103 - 1.088 x 10 5 5.560 x 106 -1.273 x 108 1.065 X 109 20
lB/2 1.434 2.175 x 102 - 5.527 x 10 3 1.054 x 105

-8.333 x 105 2.369 X 106 20
lB/3A 2.525 1.299 x 103 - 1.307 x 105 7.427 x 106 - 1.884 x 108 1.744 X 109 20
1B/3B 2.563 1.184 X 103 - 1.072 X 105 5.481 x 106 - 1.253 x 108 1.046 X 109 20
2/3A 1.495 7.659 x 101 - 7.328 X 102 5.408 x 103 - 1.832 x 104 2.408 x 104 17
2/3B 1.547 7.138 X 101 - 6.166 x 102 4.064 x 103 - 1.233 x 104 1.453 x 104 17
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0.020 0.030 0.040 0.045

(a) Ratio of experiment 1B to experiment 3A.

0

0.

H

(b) Ratio of experiment 1A to experiment 2

0.10 0.20 030

(c) Ratio of experiment 2 to experiment 3B

0.36

Fig. B1 - Typical temperature dependence of the ratios formed from
the 0.5 to 3 A, 1 to 5 A, and 1 to 8 A graybody fluxes. The observed
flux ratio can be used to determine the electron temperature of a solar
region emitting x rays produced by bremsstrahlung or radiative recom-
bination processes.
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Therefore, the procedure for converting flux values based on graybody spectra at
constant temperatures to flux values based on more realistic free-free plus free-bound
spectra at variable temperatures can be summarized as follows:

1. Form the ratio of SOLRAD 10 graybody-based flux values for any two of experi-
ments 1 through 3.

2. Compare the ratio value obtained with the plot of Rij versus T for the selected
experiments. This will give the electron temperature T. of the emitting solar source region.

3. Select the values of G(T.) from Table BI for the experiments of interest.

4. Multiply the flux values based on graybody spectra by G(Ts) to obtain flux values
based on free-free and free-bound emission from a source region at temperature Ts.

Similar conversions for longer-wavelength experiments have not been attempted be-
cause the contribution from line emission cannot be ignored at wavelengths greater than
8 A.
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