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1. INTRODUCTION

The results of the launching of NASA 18.53, a Nike-Tomahawk sounding
rocket, are presented and discussed in this report. The payload, a Thermosphere
Probe (TP), described by Spencer, Brace, Carignan, Taeusch, and Niemann (1965),
was joilntly developed by the Space Physics Research Laboratory (SPRL) of The
University of Michigan and the Goddard Space Flight Center (GSFC), Laboratory
for Atmospheric and Biological Sciences. The TP is an ejectable instrument
package designed for the purpose of studying the variability of the earth's
atmosphieric parameters in the altitude region between 120 and %350 km. The
WASA 18.5% payload included a second generation omegatron mass analyzer (for
which a complete report is currently being prepared), an electron temperature
probe (Spencer, Brace, and Carignan, 1962), an ion spectrometer, and two lunar
sensors. A general description of the payload kinematics, the orientation
analysis, and the techniques for the reduction and analysis of the data is
given by Taeusch, Carignan, Niemann, and Nagy (1965) and by Carter (1968).

Because of a failure of the radar tracking, no velocity or positional
dats were acquired for this flight. The complete loss of trajectory data pre-
cluded an absolute determination of several parameters important in the reduc-
ticon of the data. However, the raw atmospheric data acquired were of excellent
qualifty and were reduced to the results presented herein by using an estimated
trajectory. The trajectory estimates used in this reduction were based on the
snape of the raw data obtained from the flight and on much previous experience
with tie performance of the TP in a Nike-Tomahawk scunding rocket.

The omegatren dats were reduced at SPRL and are discussed in the present
report. The ilon spectrometer data ard the electron temperature probe data
were raduced at GSFC and are not discussed here.



2. GENERAL FLIGHT INFORMATION

The general flight information for NASA 18.53 is listed below. Table I
gives the flight times and altitudes of significant events which occurred
during the flight. As mentioned previously, all altitude parameters are esti-
mated.

Launch Date: 17 March 1968
Launch Time: 07:30:01.110 GMT, 03%:30:01.110 Local
Location: Puerto Rico

Latitude: 18°28'57.41" N
Longitude: 66°26'20.06" W

Apogee Parameters:

Altitude: 295.16 km (est.)

Horizontal Velocity: 389.36 m/sec (est.)

Flight Time: 266.00 sec (est.)
TP Motion:

Tumble Period: 2.97 sec

Roll Rate: 181.7 deg/sec



TABLE T

TABLE OF EVENTS
(NASA 18.53)

Event Flight Time Altitude
(sec) ( km)

Lift-off 0 0

1st Stage Burnout 3.5 (est.) 1.3 (est.)
2nd Stage Ignition 12.0 (est.) 7.0 (est.)
2nd Stage Burnout 21.0 (est.) 20.0 (est.)
Despin Ly,2 (est.) 73.2 (est.)
TP Ejection L6,2 77.0 (est.)
Omegatron Breskoff 78.6 136.7 (est.)
Omegatron Filament On, M28 81.2 141.1 (est.)
Peak Altitude 266.00 (est.) 295.16 (est.)
L.0.S. 508.0 --




5. LAUNCH VEHICLE

The NASA 18.53 launch vehicle was a two-stage, solid propellant Nike-
Tomahawk combination. The first stage, a Hercules M5El Nike motor, had an
average thrust of 49,000 1b and burned for approximately 3.5 sec. The Nike
booster, plus adapter, was 145.2 in. long and 16.5 in. in diameter. Its
weight unburned was approximately 1325 1b. The sustainer stage, Thiokol's
TEL16 Tomahawk motor, provided an average thrust of 11,000 1b and burned for
about 9 sec. The Tomahawk, 141.1 in. long and 9 in. in diameter, weighed 530
1b unburned. The TP payload, which was 92.6 in. long and weighed 167 1b, in-
cluding despin and adapter modules, made the total vehicle 378.9 in. long with
a gross lift-off weight of 2022 1b. The vehicle is illustrated in Figure 1.

The launch vehicle appeared to perform without any problems and reached
an estimated summit altitude of about 295 km at about 266 sec of flight time.



ROCKET NO._18.53

"l soDIA. PAYLOAD
92.579
FIRING & DESPIN
®\é/
@/V‘
SECOND STAGE TOMAHAWK
141.1
378879 . 9" DIA.
36.6
FIRST STAGE NIKE BOOSTER
145.2 ORDNANCE ITEMS
16.5 DA,
— @ NOSE CONE OPENING PRIMERS
@ BREAKOFF LINEAR ACTUATORS
@ DESPIN INITIATION PRIMERS
@ SECOND STAGE IGNITER
L 59.936 @ NIKE BOOSTER IGNITER

Figure 1. Nike-Tomahawk dimensions.



4k, NOSE CONE

A diagram of the NASA 18.53 payload including the nose cone, the despin
mechanism, and the adapter section is shown in Figure 2. An assembly drawing
of the 8-in. nose cone is given in Figure 3.

The payload was despun at about 73 km altitude (44 sec after launch),
and ejection began at about 77 km (46 sec after launch). The ejection system
was designed for a tumble period of L sec by using a 2.5 lb Neg'ator* force
and by limiting the travel of the plunger to 1.0 in. (Carter, 1968). The
omegatron breakoff device was removed at about 137 km (79 sec after launch),
and the omegatron filament was turned on approximately 2 sec later.

*Neg'ator is a trade name.
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5. THE THERMOSPHERE PROBE (TP)

The TP used for the NASA 18.53 payload was a cylinder 3%8.1 in. long and
7.25 in. in diameter and weighed 72.6 1b. The major instrumentation of this
payload included an Omegatron II mass analyzer, an electron temperature probe,
and an ion spectrometer experiment. Supporting instrumentation included a
lunar aspect sensor for use in determining the attitude of the TP. The di-
agram in Figure 2 shows the location of instrumentation and supporting elec-
tronics in the nose cone. Figure 4 is the system block diagram.

5.1. OMEGATRON

The omegatron (OM II) used in the payload is a new design based on the
standard omegatron described by Niemann and Kennedy (1966). The new design
is described in a forthcoming SPRL report. Table II lists the operating pa-
rameters of the gauge and associated electronics. The characteristics of the
linear electrometer amplifier current detector, used to monitor the omegatron
output current, are also listed. The omegatron envelope and breakoff config-
uration are shown in Figure 5. The calibration of the NASA 18.53 omegatron,
performed at SPRL during January 1968, is shown in Figure 6.
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TABLE II

OMEGATRON DATA
(NASA 18.53)

Omegatron Gauge Parameters oM IT
Beam Current: 2,00 pA
Electron Collector Bias: The59 V
Filament Bias: -91.55 V
Cage Bilas: - 0.20 V
Top Bias: - 0.59 Vv
RF Amplitude, Mass 28: 4.20 Vy_p
RF Frequency, Mass 28: 141.54 kHz

Monitors
Filament

OFF': 0.12 V

ON: 3.46 V
Beam

OFF: 0.65 V

ON: L.38 v

Thermistor Pressure
(zero pressure)

Filament OFF: 1.83 v
Filament ON: l.74 V
Bias: 3,89 V
RF: 3.87 V
Calibration
Normalized Ns Sensitivity: 2,54 x 107> A/torr

12



TABLE II (Concluded)

Electrometer Amplifier, OM IT

OUT/S, Gain: =-1.000
Range Range Indicator Range Resistor
1-1 0.87 V 9.6% x 10*t @
1-2 1.17 V 9.6% x 10*t @
1-3 1.46 v 9.6% x 10t q
1-k 1.77 V 9.63 x 10t Q
1-5 2,06 V 9.6% x 107t @
1-6 2.35 V 9.6% x 10t @
1-7 2.65 V 9.6% x 10t @
2-1 2,90 V 6.67 x 10*° q
2-2 3.1h v 6.67 x 107° @
2-% 3. 47V 6.67 x 10*° o
2-l 3.78 V 6.67 x 10*° ¢
2-5 4,09 V 6.67 x 10*° @
2-6 4.38 v 6.67 x 10*° @
2-7 .66 V 6.67 x 10*° 0
OUT/D, Gain: =-0.25015
Range Range Indicator Range Resistor
1 0.87 V 9.6% x 10™t 0
p) 2,88 V 6.67 x 10%°
Miscellaneous
+28 power current all on: 460 mA
Preflight gauge pressure (Ns5): 3 x 10 * torr
Magnetic field strength: 2600 gauss
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5.2. ELECTRON TEMPERATURE AND DENSITY PROBE

The electron temperature and density probe consists of two cylindrical
Langmuir probes placed in the plasma, and an electronics unit which measures
the current collected by the probes as they are swept through a series of ramp
voltages. A typical probe is shown in Figure 7. Probe 1, for this payload,
was stainless steel and probe 2 was a platinum-iridium alloy.

The electronics unit consists of a dc-dc convertor, the AV ramp generator,
a three-range current detector, and associated logic and control circuits.
Timing and sequencing of the various functions are shown in Figure 8. The
pertinent system parameters follow.

(a) Input Power
2.26 Wat 28 V

(b) Sensitivity

Range 1 10  pA full scale (5 V)
Range 2 1 A full scale (5 V)
Range 3 0.1 pA full scale (5 V)

(c) Remp Voltage (V)

High AV 80 V/sec
Low AV 2k V/sec
Period 125 msec
(d) Output
Voltage -0.68 V to + 5.8V
Resistance 2600 Q
Bias Level 1.0 V

(e) System Calibration

Occurrence of calibration every 31.5 sec for a duration of
750 m sec.

15



DIRECTION OF FLIGHT

PROBE NO. 2

PLATINUM - IRIDIUM
ALLOY

TP CENTER SECTION

9.000
0.0.-.022

PROBE NO. |
STAINLESS STEEL

Figure 7. ETDP mounting configuration.
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5.3. SUPPORT MEASUREMENTS AND INSTRUMENTATION

5.3.1. Aspect Determination System

The NASA 18.53 TP utilized two lunar sensor systems. One system, a new
design, which was located in the center of the TP body, functioned satisfac-
torily throughout the flight. The other was the standard design identical to
those used on previous nighttime shots with the difference that it was located
on the omegatron breakoff device because of the lack of space at either end of
the probe. Consequently, the standard system functioned only between ejection
and breakoff and was used as a check on the new aspect system. The attitude
of the TP was determined by using the method of referencing the moon vector
and the estimated velocity vector (Carter, 1968). The resulting minimum
angle of attack is plotted versus altitude in Figure 9.

18
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Figure 9. Minimum angle of attack vs. altitude.
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5¢3¢2s Telemetry

The payload data were transmitted in real time by a thirteen channel
PAM/FM/FM telemetry system at 231.4 MHz with a nominal output of 2.5 W. The
telemetry system used thirteen subcarrier channels, as outlined below.

Transmitter: Driver TRPT-251RBO, Serial No. 512
Power Amplifier TRFP-2V, Serial No. 672
Subcarrier Channels (SCO Type TS58)

IRIG Serial Center Function Low Pass
Band Neo Frequency Filter Used
20 6083 124 kHz IS Digital 2500 Hz CA
18 L7 L7 70 kHz OM OUT/S 450 Hz CD
17 5926 52.5 kHz ESP-D 790 Hz CD
16 7L00 L0 kHz IS Analog 1 790 Hz CA
15 6769 30 kHz IS Analog 2 450 Hz CA
1k 4331 22 kHz IS Analog 3 330 Hz CA
13 60%2 14,5 kHz IS Ramp 220 Hz CA
12 1277 10.5 kHz Aspect 450 Hz CA
11 6010 T.35 kHz Commutator 120 Hz CD
10 L160 5.k kHz OM OUT/D 80 Hz CD
9 5936 3.9 kHz OM 2nd Der 60 Hz CD
8 5039 3,0 kHz OM 1st Der L5 Hz CD
7 L5713 2.3 kHz OM Range 35 Hz CD

Instrumentation power requirements totaled approximately 4O W, supplied
by a Yardney HR-1 Silvercell battery pack of a nominal 28 V output.

5¢3%«%. Housekeeping Monitors
Outputs from various menitors throughout the instrumentation provided in-
formation bearing on the operations of the electronic components during flight.

These outputs were fed to a thirty-segment commutator which ran at one rps.
The commutator assignments were as follows:

20



COMMUTATOR FORMAT FOR NASA 18.53

Segment Segment
Number Assignment

1 OUT/D

2 Filament Monitor

3 Emission Current Monitor

L Bias Voltage Monitor

5 RF Voltage Monitor

6 Comparator Ramp Monitor

7 Sweep Voltage Monitor (Ion Spectrometer)
8 Internal Pressure Monitor

9 Thermistor-Gauge Temperature
10 Thermistor-Amplifier Temperature
11 Thermistor-Transmitter Temperature
12 Battery Voltage Monitor
13 Sweep Voltage Monitor
1L +14 Power Supply Voltage
15 RF Amplitude
16 G15 Monitor
17 Sweep Voltage Monitor
18 Ton Spectrometer Thermistor 1
19 Thermistor 2
20 +10 Power Supply Voltage
21 -10 Power Supply Voltage
22 + 3% Power Supply Voltage
25 Sweep Voltage Monitor
2L 0 V Calibration
25 1 V Calibration
26 2 V Calibration
27 3 V Calibration
28 L V Calibration
29 5 V Calibration
30 5 V Calibration

21



6. ANALYSIS OF DATA

The telemetered data were recorded at the launch site by a mobile telemetry
receiving station. Appropriate paper records were made from the magnetic mas-
ters, facilitating quick look evaluations. The aspect data were reduced to
engineering parameters from paper records. The omegatron and the housekeeping
data were reduced by computer techniques from the magnetic tapes.

6.1. TRAJECTORY AND ASPECT

The reduction of TP data involves the use of a mass point trajectory pro-
gram fitted to radar tracking data (Parker, 1962, and Carter, 1968). The pro-
gram, which requires input parameters normally available from radar tracking,
provides an accurate reconstruction of the flight path of the TP. Because of
the failure of the radar tracking systems, most of these input parameters were
not available. The information necessary to provide a trajectory consists of
starting longitude, starting latitude, flight azimuth, time of peak altitude,
peak altitude, and horizontal velocity. All but the first two of these param-
eters were unknown and had to be estimated.

An estimate for the htime of peak altitude was perhaps the easiest to cb-
tain, Examination of An. versus time (Figure 1%, and more exactly, Figure 10)
indicated that the peak altitude occurs about 270 sec into the flight; however,
angle of attack considerations mignt shift this value from the true time of
peak altitude. Typically, the TP has a low angle of attack on the upleg and
a higher value on the downleg, with rapidly changing values over the peak of
the trajectory. If we remove the effect of angle of attack on An; by using an
assumed angle of attack varistion similar tc that of past flights over the peak,
the peak shifts backward in time to about 266 sec (Figure 10). A confirmation
of this value was obtained by examining a plot of gauge density at a = 90 deg
versus time. Since this plot of density versus time is for a constant @, the
peak exhibited is very close to the true peak and occurs at 266 sec, as found
previcusly. This value for the time of peak was considered reliable. The re-
maining parameters are much more difficult to obtain and are more uncertain.

The peak altitude was determined with some degree of confidence from
considerations of the past performance of the Nike-Tomshawk launch vehicle
(see Figure 11). Based on the histery of vehicle performance and given a peak
altitude time of 266 sec into the flight, the expected peak altitude for NASA
18.53% would be about 290 km. Data from the electron temperature probe experi-
ment suggested the possibility of a peak altitude of 295 km. Thus the range
of values from 290 to 295 km was used to attempt a reccnstruction of the 18.53
trajectory.

N
no



From previous flights the range of horizontal velocities achieved was ap-
proximately 275 to 575 m/sec. This was the range of values considered pos-
sible in the case of the NASA 18.53 flight reduction procedure.

The standard reduction of TP data proceeds in three steps. First, a tra-
jectory is determined; then an aspect solution is obtained from the trajectory
and the aspect sensor data; and finally, to this information is added the time
history of the internal density of the omegatron gauge. The result is a pro-
file of the ambient density versus altitude. For NASA 18.53%, after a trajec-
tory was obtained, an aspect solution was attempted., The initial solutions
were poor; improvements were made by changing the azimuth of the trajectory.
For this series of flights the nominal launch azimuth was 325 deg. However,
during the course of this analysis it was necessary to choose a trajectory
azimuth of %30 deg in order to obtain self-consistency between the resulting
trajectory and aspect solutions.

After a satisfactory aspect solution was obtained, an ambient density pro-
file was calculated. If the shape of this profile was totally unreasonable,
then the trajectory input parameters were revised and the procedure was re-
peated. This iterative approach was carried out many times. Because of the
presence of three unknowns, convergence was slow., However, ambient densities
eventually showed some promise; that is, upleg and downleg densities (excluding
the usual geometry and thermal corrections) exhibited some degree of consis-
tency. From this point on, minor variations were made in the pesk altitude
and horizontal velocity for improving the shape of the density profile.

This procedure was followed until the trajectory, the aspect solution,
and the time history of the internal density of the omegatron combined to yield
a compatible upleg and downleg density profile with respect to altitude. The
final results, described in Sections 6.2 and 6.3 of the present report, includ-
ing the atmospheric N, density and temperature profiles, were derived from the
foregoing analysis utilizing the established trajectory and aspect solutions.

A tabulation of the final estimates of the trajectory parameters and
angle of attack is given in Table III. A plot of angle of attack has already
been given in Figure 9. Figure 12 shows the occurrence of significant events
during the flight.

23
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Figure 10. Determination of the time of peak altitude.
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TABLE IIT

TRAJECTORY PARAMETERS

NASA 18.53
Time . Total Angle of
(sec from Alt;;;lde Velocity Attack
launch) ( (m/sec) (deg)
60 103.36 1918.51 11.61
70 121.69 1826,02 11.07
80 139.07 173k.26 10.48
90 155.51 1643,23% 9.82
100 171.02 1552.95 9.10
110 185.60 146343 8.29
120 199.26 1374 .71 7.38
130 212,00 1286.8k 6.%6
140 223,81 1199.91 5.19
150 234,72 1114.00 3,84
160 2l .71 1029.28 2.29
170 253.79 9k5,96 0.46
180 261.97 86k . 3k - 1.70
190 269.25 784 .8% - 4.30
200 275.62 708.06 - 7.4k
210 281.09 634,91 -11.30
220 285.67 566.69 -16.07
230 289.34 505.33 -21.97
2ko 292.12 453,52 -29.1%
250 294,01 414,81 -37.36
260 295.00 393,03 45,71
270 295.09 391.00 -52.10
280 294 .30 409.01 -5k, 2k
290 292.60 Lhl 65 -52.19
300 290.01 Lok 16 -48.12
310 286.53 553.86 -43.,76
320 282,14 620.89 -39.80
330 276.86 693.18 -36.40
340 270.68 769.32 -3%,5%
350 26%.60 848, 3L -31,12
360 255.61 929.59 -29.08
370 k6. 72 1012.60 -27.3%
380 236,92 1097.06 -25.84
390 226,21 1182.75 -2k, sk
Loo 214.59 1269.49 -2%,41
410 202.05 1357.19 -22.nn
k20 188.59 1hks,7h -21.52
420 174,21 1535,11 -20.73%
L4o 158.90 1625.25 -20.02
450 142.65 1716.14 -19.38
460 125.47 1807.76 -18.80
470 107.35 1900.11 -18.27
480 88.28 199%,19 -17.78
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6.2. AMBIENT N, DENSITY

The neutral molecular nitrogen density was determined from the measured
gauge partial pressure as described by Spencer, et al., (1965a, 1965b), using
the basic relationship:

Aniui
n = K(s ,a)
a A%V ocos @ ) ©
min
where
n = ambient N, number density
An, = maximum minus minimum gauge number density during one tumble,
A x AT, where A is the sensitivity of the gauge
ui = VZKTi/m, most probable thermal speed of particles inside gauge
Ti = gauge wall temperature
V = vehicle velocity with respect to the earth
Opin = minimum angle of attack for one tumble
K(So,a) = the reciprocal of the normalized transmission probability as

defined by Ballance (1967), referred to as the geometry correc-
tion factor.

The internal gauge number density shown in Figure 13 (Ani) is the dif-
ference between the maximum (peak) omegatron gauge current and the minimum
(background) gauge current converted (by the gauge sensitivity factor) to
density units. The background current is the result of the outgassing of the
gauge walls, and the inside density 1s due to atmospheric particles which have
enough translational energy to overtake the payload and enter the gauge. The
outgassing component is assumed constant for one tumble and affects both the
peak reading and the background reading and, therefore, does not affect the
difference. The gauge sensitivity is determined from calibration data obtained
by standard techniques.

The most probable thermal speed of the particles inside the gauge, u;,
is computed by using the measured gauge wall temperature. Both V, the vehicle
velocity with respect to the earth, and ap;, are obtained from the estimated
trajectory. The geometry correction factor, K(So,a), is determined from empir-
ical and theoretical studies and is shown versus altitude in Figure 1k.

The resulting ambient N, number density is shown in Figure 15 and is
tabulated in Table TIV.
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Figure 13. Omegatron current vs. flight time.
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TABLE IV

Ny AMBIENT DENSITY DATA

NASA 18.53
17 March 1968
07:30 GMT
03:3%0 Local
Puerto Rico
Altitude* Temperature* Density*
(km) (°K) (part/cc)
140 655 3,76 x 10'°
145 699 2.79
150 730 2.15
155 75% 1.68
160 768 1.34
165 781 1.08 x 10%°
170 790 8.70 x 10°
175 796 7.07
180 798 5.78
185 799 k.76
190 799 3.92
195 799 3.23
200 799 2.67
205 799 2.21
210 799 1.83
215 799 1.50
220 799 1.24
225 799 1.01 x 10°
230 799 8.43 x 108
235 799 6.9k
2ko 199 5.73
245 799 L.73
250 799 3.91
255 799 3.22
260 799 2.65
265 799 2.18
270 799 1.79
275 199 1.48
280 799 1.2%
285 799 1.00 x 10°
290 799 8.33 x 107
295 799 6.91 x 107

¥A1l the listed information is subject
to the qualification that it was de-
rived from an estimated trajectory
and aspect solution (see Section 6.1).

Fit parameters:

T =T97°K

To = 651K __

P, = 5.84 x 10 ~ torr
o =8.52x 10"

32



6.3. TEMPERATURE

The ambient temperature shown in Figure 16 and tabulated in Table IV was
obtained by integrating the hydrostatic equation using the measured N, density
profile to obtain a partial pressure profile, and by relating the known
density and pressure to the temperature through the ideal gas law. In this
procedure the assumptions of hydrostatic equilibrium and perfect gas behavior
are implicit. It can be shown that the density integral is stable and highly
convergent when carried out in the direction of increasing density. The pres-
sure or temperature at the initial (upper) boundary of integration is deter-
mined analytically by means of a least squares fitting procedure using a fit-
ting function based on the empirical expression for the temperature profile
given by Jacchia (1964), and more particularly by Walker (1965). The proce-
dure is described in detail by Simmons (1969). The fit parameters listed in
Table IIT are the apparent exospheric temperature (Tw), the reference tempera-
ture at the lower boundary (TO), the apparent N, partial pressure at the upper
boundary (Pp), and an estimate of the exponential model shape factor (o).

6.4, GEOPHYSICAL INDICES

The 10.7 cm solar flux (Flo_Tj and the geomagnetic activity indices (ap)
for the appropriate periods are shown in Figures 17 and 18.

33



ALTITUDE (KM)

| ] | | | |
300 -
NASA 18.53
I7 MARCH 1968
280 07:30 GMT -
PUERTO RICO
260} —
240 -
220} —
ZOOF— —
180 —
160} —
140} —
120} —
| | _ [ | |
500 600 700 800 900 1000

TEMPERATURE (°K)

Figure 16. Neutral particle temperature vs. altitude.
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Figure 17. Solar flux at 10.7 cm wavelength.
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