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ABSTRACT

The purpose of the measurements proposed by Project 6.12 was to investigate
the spread of fission debris around the globe and its effects on ionization and
radio noise.

It was assumed that for the high~-altitude shot the fission debris would ex-~
pand from the detonation point untd it was stopped either by the magnetic con-
tainment or, in the case of downward-moving debris, by the denser air, causing
ionization. A high content of atomic ions is formed in this way around 200 km
in height and, due to the low recombination rate, is only slowly removed. The
fission products eventually spread around the earth and, if charged, will form
a belt. Another belt produced by the frapped fission betas is formed even
faster. This belt was expected to emit synchrotron noise.

To make these measurements of the world-wide and long~time effects,
Discoverer satellites were instrumented with specially designed research
packages,

Because of the difficulties and schedule slippages encountered in atiempting
the nuclear detonations, this project was not able to obtain data during the time
of primary interest. Although the four Discoverer satellites instrumented by
Project 6.12 were successfully orbited, they were not operational ai the time
of the detonation. However, all data transmitted by the satellites will be of
interest in defining the ambient conditions prior to the detonation.
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CHAPTER 1

SATELLIT: DESIGN AND C PERATION

Discoverer satellites were programmed as the instrument
carriers for Project 6.12, These satellites are two-stage vehicles
which use a Thor as a booster and an Agena rocket as the second
stage, The entire second~stage vehicle is placed into orbit. Dis-
coverers were launched from Vandenberg Air Force Base, California,
into nearly-circular polar orbits between 200 and 400 km in height.

The following Discoverer satellites were used for this project:

Flight Test Vehicle 1128 launched 30 May 62

Flight Test Vehicle 1127 launched 2 June 62

Flight Test Vehicle 1129 launched 22 June 62

Flight Test Vehicle 1151 launched 27 June 62
Launch dates were coordinated with JTF-8,

The instrumentation for Project 6.12 was mounted on a
research module {(Figure 1. 1) which was then installed on the aft
end of the Agena vehicle (Figure 1,2}, This module was referred to
as the ""N" payload by the system contractor — Lockheed Missile and
Space Company (LMSC) (Appendix A). After injection into orbit,

the payload sensor booms and antennas were extended (Figure 1. 3).

Originally three sets of recgearch instrumentation vere builtee

two for flight and one as a spare. The spare instruments were con-

GROUP 3
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verted to a flight set, since they were not needed as backups for the
first two flights. Because of the tight equipment delivery schedule,

it was not possible to install one of the instruments (retarding-poten-
tial analyzer) on the third vehicle (1129). The fourth vehicle (1151) was
added to the schedule at a later date and did not contain the retarding-
potential analyzer or the synchrotron-noise experiment. The check- -
out test procedures for the instrumented payload are described in
Appendix B.

The lifetime of the instrumentation on satellites of this type
is limited by either the available power of the batteries or by the
actual lifetime of the satellite in orbit before it decays and re-
enters the atmosphere.

The power available to the research instrumentation was
supplied by a small battery pack and augmented by some excess
battery power from the main vehicle supply. This excess power
available to the instrumentation payload varied on each satellite,
depending upon the power requirements of the primary mission of
the Discoverer. In order to conserve battery power, the payloads
remained in an inactive mode until turned on by a command receiver
system. Selected ground transmitting sites had this command capa-
bility. During the period of the inactive operation, some limited data

acquisitions were made to check the status of the equipment. Active

14
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or full-time operation of the instrumentation was planned to be initia-
ted 24 horrs prior to the scheduled nuclear event in order to obtain
world-wide ambient conditions, For a typical operation, a 21 -day
inactive mode followed by a 6-day active mode was planned. Vehi-
cle 1151 did not have the command capability and performed in active
mode for only 56 hours after launch.

The data was recorded on magnetic tape on the satellite with
readouts on command at three different ground recording stations

(Hawaii, Vandenberg, and New Boston). The commutator for both

the tape-recorded and real-time data was a multiple-ring type (Ring
A and Ring B). Each ring had 60 points, making a total of 120 infor-
mational segments available. The concept of the payload operation
and command system is explained in Appendix C. The instrumen-
tation schedule for vehicle 1127 is contained in Appendix D. The
instrumentation schedules for other vehicles are similar.

It was planned for the satellite to explore both the pancake
region and the trapped-radiation belt many times during its active
lifetime. Unfortunately, this obje ctive was not attained. The last
satellite (1129) ceased operation on 7 July 62, and the first success
in the launch and detonation of the nuclear device took place on

8 July 62,

15
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Figures 1.4 and 1.5 show the output in milligauss as a
function of latitude for the X, Y, and Z magnetometers as well as
the total field for selected orbits for vehicles 1127 and 1129,respec-
tively. The results for vehicle 1127 are typical for a stabilized ve~
hicle. The results for vehicle,l129,however, show the effects of
tumbling. From this data it is noted that there is a good correlation
between maximums and minimums of the total field and the latitude.
Utilizing this fact it will be possible to obtain a correspondence be-
tween geographic position and data in the absence of clock data (as
in the case of vehicle 1128), In addition, it will be possible, uti~

lizing the magnetometer data, to determine the aspect of the vehicles.

The operational summary of the four satellites is shown in

Table 1.1.

16
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TABLE 1.1 SATELLITE OPERATIONAL SUMMARY

FIV 1128

Launch date 30 May 62
Period (minutes) 90. 06
Perigee (NM) 104.3
Apogee (NM) 196.0
Inclination (degrees) 74.16
Real-Time Acquisitions (number) 34
Tape-Recorder Acquisitions {number) 29
Real-Time Data (hours) 1.85
Tape~Recorder Data (hours) 11.28
Total Data (hours) 13,13
Liast Active Pass ‘ 143

FTV 1128 was the first of the N-detector series payloads to
be launched. The data received was in the form of digital plots, also
referred to as ""quick-look strip-charts.,” These are the telemetry-
voltage outputs in a thinned-out form, used mainly to evaluate the
performance of the payload and the quality of the data obtained. Sub-
sequently,the satisfactory data is reduced by a computer to the final
form (whatever each experiment is set to measure) with the help of
preflight calibrations of each payload. The data summary is as
follows:

FTV Flight Test Vehicle
VAFB Vandenberg Air Force Base
NHTS New Hampshire (New Boston) Tracking Station
HTS Hawaii Tracking Station
KTS Kodiak (Alaska) Tracking Station
TTS Thule (Greenland) Tracking Station
17
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TABLE 1,1 CONTINUED

Real-Time Data

Orb,  Sta. Dur, Orb.  Sta. Dur. Orb., Sta. Dur.

9 VAFB 6'00" 79 KTS 4'30" 93 NHTS  4'50%
55 NHTS  6'40" 79 VAFB 1'35" 95 TTS  6'55"
58 HTS  6'15v 81 KTS 0'30" 97 HTS T7'00"
61 NHTS 3115 81 HTS 6'05'T 106 HTS  6'45"
63 VAFB  3'30" 87 NHTS  6t30% 111 VAFB 15"
65 HTS 345" 87 TTS  1'35" 129 HTS  3t20"
71 NHTS  5t'10% 89 VAFB T7t00" 143 VAFB 5'15"
77 NHTS 1'30% 90 HTS 8'50% 157 NHTS  4'35"

T ape-Recorded Data

Orb. Sta. Dur., Orb. Sta. Dur. Orb. Sta. Dur.
9 VAFB 2h 38 58 HTS lh 12¢ 63 VAFB 1h 31!
55 NHTS 2h 53¢ 61 NHTS 1h 26! 65 HTS 1h 37"

One hour and 52 minutes of real time and 11 hours and seven

minutes of tape-recorded quick-look data were received in total from
this satellite.

Other pertinent systems performad as follows:

Clock: Inoperative.

Magnetometer: Performed satisfactorily.
Ephemeris: The first 66 orbits are covered every minute. Orbits
67, 68, 69 are not covered at all. Orbits 70-200 are
covered every five minutes.
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TABLE 1.1 CONTINUED

FTV 1127

Launch date

Period (minutes)

Perigee (NM)

Apogee (NM)

Inclination {degrees)

Real-Time Acquisitions (number)
Tape-Recorder Acquisitions (number)
Real-Time Data (hours)
Tape-Recorder Data (hours)
Total Data (hours)

Last Active Pass

2 June 62
90.63
114.9
224,0

74.26

3,2
3,32

8

The active life of FTV 1127 was ended prematurely by a fail-
ure of the satellite power system,and therefore very little data was

actually obtained. The data summary is as follows:

Real-Time Data Tape-Recordad Data
Orb. Sta. Dur Orb. Sta Duxn
9 VAFB 7120 9 VAFB 3h 12

Other pertinent systems performed as follows:

Clock: performance satisfactory.
Magnetometer: performance satisfactory.

Ephemeris: Available, covering the first 66 orbits at one-minute

intervals.
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TABLE 1.1 CONTINUED

FTV 1129

Launch date 22 June 62
Period (rr;inutes) 89,68
Perigee (NM) 113,10
Apogee (NM) 170.0
Inclination {degrees) 75.1
Real-Time Acquisitions (number) 44
Tape-Recorder Acquisitions (number) 44
Real-Time Data (hours) 1.91
Tape-Recorder Data (hours) 25.7
Total Data (hours) 27.61
Last Active Pass 233

FTV 1129 was the last of the fully instrumented N-detector
series, Due to the consecutive postponements of Star Fish,
FTV 1129 decayed for approximately three days before the high-
altitude nuclear explosion.

The data was originally received in the quick-look form
(digital plots) and was subsequently reduced to the final form by
computer. The data summary is as follows:
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TABLE 1.1 CONTINUED

Real~Time Data

Orb. Sta, Dur., Orb. Sta. Dur, Orb. Sta. Dur.
2 HTS  6'20" 113 HTS 3'30¢ 209 KTS 220"
9 VAFB  6'40" 127 VAFB 0'50" 210 HTS  4'40¢
55 NHTS  2'30" 129 HTS  4'20" 215 NHTS 1140
55 TTS  4'10" 145 HTS  3t20¢ 217 VAFB 4'10v
58 KTS  4'00v 153 VAFB 7t20% 219 HTS  3t00%
77 NHTS  4t10" 161 HTS  3'30¢ 221 NHTS 40
80 KTS  5¢30" 169 VAFB  6'40" 222 NHTS  2'50¢
97 HTS  3'00" 185 VAFB  6'40" 224 VAFB 2'10¢
105 VAFR  6t30v 208 KTS at10" 226 HTS  4'00"
111 VAFB  3'00" 208 VAFB 1'50¢ 231 NHTS  3t10n
Tape-Recorded Data

Orb, Sta. Dur. Orb.  Sta. Dur. Orb., Sta. Dur.
58 KTS 2h 07! 185 VAFB 2h 53'* 217 VAFB 1h 47t
77 NHTS 2h 04! 208 VAFB 1h 03* 219 KTS 1h 45!
80 KTS 2h 40 208 KTS 1h27' 226 HTS 0Oh 59
97 HTS 1h 47 210 HTS 1h 24+ 231 VAFB 1h18'

One hour and 55 minutes of real timme and 25 hours and 42 rain-

utes of tape~-recorded reduced data were received in total from the
FTV 1129 satellite.
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TABLE 1.1 CONTINUED

Other pertinent systems performed as follows:

Clock: Worked uninterrupted only after the ejecting of the capsule
(~orbit 55).
Magnetometer: Performance satisfactory.
Ephemeris: It covers the first 200 orbits at one-minute intervals.
Orbits over 200 are not covered,

FTV 1151

Launch date 27 June 62
Period (minutes) 93,68
Perigee (NM) 113,0
Apogee (NM) 384,0
Inclination (degrees) 76,06
Real-Time Acquisitions (number) 56
Tape-Recorder Acquisitions (number) 56
Real-Time Data (hours) 3.73
Tape-Recorder Data (hours) 97.0
Total Data (hours) 100,73
Last Active Pass 56

The long delay encountered in obtaining information on this
vehicle from the contractor has precluded the inclusion of the results
from FTV 1151,
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Sensor Unit for Ion Trap
Probe

Extendible Boom for Ion
Trap Sensor

Ion Trap Probe Electron-
ics

Impedance Probe

9.

10,
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Impedance Probe Antennas

Mounting Bracket for Retarding-
Potential Analyzer.

Synchrotron Noise (radiometers)
Antennas for Synchrotron-Noise
Experiment

Tape Recorder

System timer

Figure 1.1 Research module. (AFCRL photo)
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Figure 1.2 Research module mounted on Agena vehicle. (AFCRL photo)
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1. Aspect Magnetometers 4. Ion Trap Sensor (2)

2. RPA Sensor (2) 5. GRF Antenna (2)

3. Heliflux Magnetometer 6. Impedance Probe Antenna (2)

Figure 1.3 In-flight boom and antenna configuration.
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CHAPTER 2

FLUX METERS

2.1 OBJECTIVE

The objective of this experiment was to perform a world
survey from the Discoverer satellite to establish the location of
the fission debris and to measure the energetic electrons from
fission debris decay produced in the detonations of the Fish Bowl
Series, From measurement of the local gamma-ray intensity,
the position of the debris pancake could have been determined in
successive satellite passes in the vicinity of the test area., This
measurement was to be correlated with measurements
performed by identical instrumentation carried aloft by rockets
flown at the test site. These measurements would have
permitted evaluation of the rate of energy deposition in the
atmosphere due to gamma rays and electrons from the debris
and would have determined the area over which this takes place.
These instruments would have measured the intensity, energy
spectrum, and pitch angle distribution of the electrons at each
passage through the trapped radiation shell. This would have
improved the understanding of injection mechanisms and lifetime

of the trapped radiation, This knowledge would have, in turn,
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contributed to the understanding of the phenomenoclogy of nuclear
detonations above the sensible atmosphere.
2,2 BACKGROUND AND THEORY

Following the radiative phase of the detonation of a nuclear
device, about 25% of the bomb vyield remains in the form of
hydrodynamic energy of the debris. The debris then expands
until brought to rest by the surrounding medium. For lower altitude shots,
the fireball and the debris rise and expand. Thehydrodynamic streaming of
the atmosphere around the fireball causes an upwelling of air at
the bottom of the fireball that eventually converts the fireball into
a toroid, This interaction imparts a lateral velocity to the
fireball and the debris materials and spreads them out
horizontally.

The fission debris is, hence, carried to an altitude of about
200 km or more., At these altitudes, beta rays emitted in the
upper hemisphere by the radioactive decay of the fission debris
can escape the atmosphere, The geomagnetic field will guide
these beta rays to the Southern Hemisphere where the majority
will be absorbed by scattering in the atmosphere, Those beta
rays, which mirror at altitudes above about 200 km, will consti-
tute the trapped fraction of the betas which drift easterly around

the earth.
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Because of the scattering at these mirror altitudes, the
betas may only drift a short distance to the east before they are
removed, If the scattering is not too violent, they may drift as
far as the Scuth African Anomaly before removal. The beta-ray
ex{)erirnent on the Discoverer satellite would have determined the
easterly extension of the trapped shell and, hence, determined
the effect which was taking place.

The low atmospheric density in the neighborhood of Shot
Star Fish may have permitted the debris to expand to great
distances. For example, in the upward direction the major force
acting to restrict this expansion is due to tie interaction of the
charged debris with the geomagnetic field. As a consequence,
this expansion may continue until the debris is (1) brought to rest
(its energy having been converted to magnetic energy and stored in
the compressed field); (2) guided along the magnetic field from the
magnetic bottle to the Southern Hemisphere; (3) deionized and its
subsequent trajectory determined by the gravitational force and by
the position and velocity of the particle at time of deionization.
Any additional beta decay of this debris atom will reionize it,and
thence its trajectory will be determined by the geomagnetic field;
or (4) broken up into separate blobs as the expansion becomes

turbulent.
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The expansion in the downward direction is controlled prin-
cipally by the exponentially increasing atmosphere. The debris
ions lose energy, probably, in fair agreement with the Bohr-
Nielsen theory of range-energy loss of heavy ions. The ions
come to rest at an altitude of 100 to 200 km.

In Shot Teak of Operation Hardtack I, the debris pancake
extended for hundreds of miles, and the gamma rays and beta rays
from fission debris decay produced local ionization in sufficient
amount to cause blackout phenomena.,

In Shot Star Fish the debris, which expanded in the upward
direction, efficiently injected beta rays from the fission debris
into the geomagnetic field. A fraction of the electrons from
fission debris decay as well as a fraction of the ionized debris can
be trapped in the geomagnetic field to form a radiation belt identi-
cal to the belt of artificially injected particles from Shots Argus I,
11, and 111, Decay electrons produced at high altitude in the
geomagnetic field spiral along the magnetic field lines and will
mirror at an altitude which depends on their pitch angle at injection.
Electrons that mirror deep in the atmosphere are lost by scatter-
ing and collision, while electrons that mirror sufficiently high in
the atmosphere at an altitude greater than about 300 km will have a

lifetime in excess of a few minutes., These electrons will drift in
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an easterly direction until they form a closed shell around the
world, The time for this shell to close is a function of the elec-
tron energy. Electrons of 0,5 Mev will, on the average,
complete 1 revolution in approximately 1 hour whereas electrons
of 2,0-Mev energy will complete 1 revolution in approximately 20
minutes., The ionized debris will drift in a westerly direction
and will complete 1 revolution in approximately 1 day.

A polar-~orbiting satellite will cross this artificially
created belt twice per orbit, provided the orbital altitude is
sufficiently high as is the case for the Discoverer satellite, and
provided electron and debris injection occurs at a sufficiently
high altitude which is the case for Shot Star Fish. It should be
emphasized that Shot Star Fish had approximately one thousand
times the nominal yield of Shots Argus I, II, and III so that a
copious injection of electrons occurred. The shell extended with
different lifetimes and intensity from a few hundred kilometers to
thousands of kilometers. It was hoped that by measuring the
extension of the shell and the characteristics of the radiation
composing it, namely, intensity and energy spectra as well as
pitch angle distribution at one altitude, it would have been
possible to infer the phenomenology of the event as a whole, It

was hoped that significaht scientific data could have been acquired

32

SECRET



which would have furthered the understanding of the dynamics of
the distribution of the fission debris in the Van Allen radiation belt,
2.3 INSTRUMENTATION

The instrumentation flown on the Discoverer satellite was
designed to detect gamma rays and beta rays, both from natural
and artificial sources.

As shown in Figures 2.1 and 2,2, the instrument package
contained one gamma-ray detector and two beta-ray detectors
disposed along perpendicular axes. This geometric configuration
will allow rough measurements of angular distributions to be
performed and correlated with magnetic aspect.

The beta-ray detector consists of a plastic scintillator
which is covered by a thin aluminum shield and is viewed by a
ruggedized photomultiplier. The aluminum shield prevents
visible light from impinging on the scintillator and establishes a
minimum energy for beta rays that enter the scintillator, The
chosen thickness of 6.8 mg/ cm? corresponds to the practical
range of electrons of 70 kev, The thickness of the plastic scintil-
lator, approximately 0,31 g/cmz, corresponds to the practical
range of 0, 8~Mev electrons, and is therefore sufficient to stop a
large fraction of the electrons from debris decay. The detector

iz exposed to the ambient through a hole in the instrument package.

33

SECRET



The field of view of this sensor is approximately 1 steradian., The
detector is one hundred and fifty times more sensitive to clectrons
than to gamma rays. The range of sensitivity of this detector is
from approximately 10 to 109 elec’crons/cm2 sec,

The pulse rate and the total current from the detector are
measured. A two~channel pulse-height analyzer is used to furnish
crude spectral information for pulse rates from 10 to 105 pulses/
sec. The maximum pulse rate is determined by the fixed dead
time of the counter of 10 Usec, The pulse rates measure the
number of pulses of energy greater than the threshold energy.

The current monitor measures the rate of energy deposition
in the crystal, It is capable of measuring currents equivalent to
energy deposition rates from approximately 104 Mev/sec to
approximately 107 Mev/sec.

The gamma-ray detector consists of a cesium iodide-
thallium activated [CsI(Tl)] crystal scintillator of approximately
4-g weight covered by a 0. 3~g/cm2 aluminum shield and viewed by
a ruggedized photomultiplier. This detector is embedded in a
foaming compound which is used to support the various components
in the instrument package. The detector is therefore shielded
from the ambient by composite materials roughly equivalent to at

least 2 g/cmz of aluminum. This scintillator is therefore
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relatively insensitive to electrons of energy lower than a few Mev,
The detector is sensitive to gamuma rays of energy greater than
about 100 kev over 4 7 steradians. The range of sensitivity

9

of this detector is from approximately 10 to 10° gamma at-ay's/cm2
sec, This dynamic range is obtained, as in the case of the

electron detectors, by use of pulse and current measurements.

2.4 DATA REQUIREMENTS

The data from this experiment was furnished to a commutator
wired in accordance with Inter-Range Instrumentation Group (IRIG)
standard, This allows decommutation and digital presentation of the
data received by ground stations and stored on magnetic tape,
Processing of these tapes will provide: (1) analog quick-look data;

(2) analog decommutated data; (3) tabulated digital decommutated data;
(4) trajectory data; and (5) magnetic aspect data, It is understood that
full orbit data will be furnished by use of a magnetic tape recorder

provided by the payload integrator,

2.5 RESULTS

Of the instruments flown in this program, only two-—those flown
on satellites 1128 and 1129—-have yielded data that has been reduced
at this time, One acquisition frori an instrument on vehicle 1127 was
obscured by light leaks in our sensors., Of the remaining flights,only
limited data was received because of various combinations of failures
in the satellite system and in our instruments and has not yct been
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reduced. On 1151, indications are that our equipment malfunctioned shortly after

the beginning of the flight.

The nature of this data is shown in Figure 2,3 which is a repro-
duction of the analog  record received from two of the sensors during
a pass over the Hawaii tracking' station, The data was telemetered back
from the on-board tape recorder and represents the record of one full or-
bit. The playback is 26 times faster than the recording time,and the
time scale shown in the figure is the elapsed time of the playback. The
telemetered signal in volts is logarithmically proportional to the count~
ing rate which is shown on the right-hand scale. The start of the record-
ing was determined to be 23 hr 24 min GMT,and the ephemeris gave the
vehicle position to be as noted on the top scale of the figure, As shown,
the vehicle was close to the equator at 66°E longitude and moving North
at the beginning of the record, Large fluxes of radjation are encountered
at the North polar regions and the Equator is again crossed at 105 seconds,
this time at 125°W longitude and moving South. Radiation is again re-
corded in the South polar region,but this time the radiation extends close
to the Equator. From 180 to 200 sec the vehicle is crossing the South
Atlantic Anomaly which 1s that region of the Earth where the geomag-
netic field is the weakest for any given magnetic latitude. Consistently,
in all the data we have received the radiation levels are highest in this

region of the world,
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The differences in the appearance of the record for the two beta
sensors can be ascribed to the fact that the sensors are oriented at
right angles with respect to each other and, in general, have different
orientations with respect to geomagnetic field, The fine structure which
shows up in the data should be ascribed to a modulation induced by the
roll of the vehicle causing short-term variations of the angle between
the magnetic field and the axis of the sensors., For example, a large
peak is evident in Beta-1 at 53 sec,while in Beta-2 peaks appear at 50
and 70 sec. The magnetometer data indicates that the orientation of the
magnetic field and the sensor (pitch angle) changes in the following man-

ner,

t = 50 sec 6B- 1 = 30° flux = 300 counts/sec
6B~ , = 81° flux = 6 x 103 counts/sec
t = 53 sec #B- 1 = 82° flux = 7 x 103 counts/sec
6B- , = 20° flux = 300 counts/sec
t = 57 sec 6B- 1 = 15° flux = 600 counts/sec
#B- , = 82° flux = 2300 counts/sec

Where the peaks occur the magnetic field is nearly normal to the sensor,
and the flux values are minimum when the field is most nearly along the
sensor axis, At times when 6B- } = 6B+ », the flux levels in the two
gensors are equal. Similarly throughout the data the observations indi-
cate that particles are most abundant at 90° pitch angles and least abun-

dant at 0° pitch angles.
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The gamma sensor did not respond significantly during any of
the records and has not been included in any of the data reduction in
this report. The real-time records do not generally show the presence
of any radiation,since they are mostly acquired from léw-—latitude sta-
tions. These records have not been included in the results of this re-
port.

The above description of a single data record indicates how the
data is analysed; namely, according to its distribution in geographic co-
ordinates, the pitch angle distribution of the radiation, and the distribu~
tion in B-L coordinates. The latter, a magnetic coordinate system in-
troduced by McIlwainl) depends on particles being trapped in a magnetic
shell, The quantity B is just the magnitude of the magnetic field, The
advantage of the B-L representation is that on a ziven L shell the flux
of trapped radiation should be a function only of B and should not depend

on geographic coordinates,

The analysis of the data utilizes not only the record of the sen-
sors as shown in Figure 2,3, but simultaneous magnetometer readings
and various monitors, as well as accurate timing and ephemeris infor-
mation. For vehicle 1128 the on-board clock failed,and the timing in-
formation was obtained by utilizing magnetometer data and knowledge of
the vehicle command system, as well as the sensor data itself, For ve-
hicle 1127 some of the timing is inaccurate because of erratic behavior

of the clock.,
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2.5, 1 Geographic Distribution of Data,

The peographic distribution of data from vehicle 1129 is shown
in Figure 2,4 and listed in Table 2.1, The data from 1128 has not
been incorporated into this data reduction,since for that vehicle we do
not have the timing information necessary to correlate the data with
the gphemeris. The 1128 data is listed in Table 2.1 but only as a func-
tion of tape time. Each point is the geographic position of 2 maximum
that appears on the data as well as the recorded flux level, The North
data appears along a line that lies between 60 and 70° latitude; in the
South the data is more spread out in latitude except in the region of the
South Atlantic Anomaly centered at 0° longitude.

The data represents the accumulation from fourteen acquisitions
of vehicle 1129 and not all regions of the Earth were observed, explain-
ing some gaps in the data., Some of the gaps are probably real; for ex-

ample, in the North between 80E and 80W longitude, and in the South,

there is a significant slot between 50° and 70°S latitude around 0° long-
itude. The absence of any recorded flux between 30°5 and 50°N is quite

real, This distribution will become more understandable following the

next discussion,.

Z.5.2 Geomagnetic Distribution Data,

The accumulated data from vehicle 1129 has been correlated
with the local B-L parameters where significant flux levels are re-
corded, This data is plotted in Figure 2.5. Since calculation of B

and L depend on knowledge of geographic coordinates, it has not been
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possible to make this correlation for the data from vehicle 1128. Be-
cause of the time resolution in the available data and uncertainties in
the ephemeris, it has not been possible to assign L designations more
exactly than shown; namely, L=2, 4, 5. Flux levels are plotted for
every opportunity; that is, the absence of radiation is recorded as well
as its presence. On a given pass the satellite will cross an L shell
four times, although at different B values. The general features of
these curves can be understood by reference to the L = 2 curve. At
B greater than 0.4 gauss the bulk of the observations indicate that lit-
tle, if any, radiation is present (the threshold of the detectors is about
300 counts/second). At B less than 0.35 gauss the observations indicate
that the counting rate rises very sharply as B continuous to decrease.
In terms of trapped radiation this indicates that the particles in the
L = 2 shell have such pitch angle distribution that the bulk of them mir-
ror at B values of 0.35 gauss and less; in fact, it would seem that most
of the distribution has mirrored at B=0.3 gauss. In the L =4 shell,
there seems to be a component of trapped radiation at B less é:han about
0.45 gauss, at least at B greater than 0.45 about half the observations
indicate little flux. In the L. = 5 shell,there seems to be no clear indica-
tion of trapped and untrapped radiation.

It should be noted that much of the observed scatter may be due
to inaccurate ephemeris data which places observations at an incorrect

B-L position. Also, there can be considerable strusture within what
we call L=4 or 5.
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2.5.3 Pitch Angle Distribution of Radiation.

It should be noted that the magnetomete:s allow fixing the orien-
tation of the sensors with respect to the Earth's magnetic field, but not
with respect to the Earth itself. It is possible, depending on the loca-
tion, to ascribe up or down to the sensors or North or South, Assuming
that the radiation which we measure are charged particles, the only
angular distributions allowable are symmetric with respect to the mag-
netic field, i.e.,charged particles spiral around the field and can move
along the field. The geometry is shown in Figure 2.6. The sensor is
shown making an angle 6 with respect to the magnetic field. It will
detect charged particles whose plane of spiraling makes the same an-
gle g with respectl to the field, but independent of the azimuth of the
particle around B. The angle § is the pitch angle. It has been pos-
sible to make correlations with the magnetic field for that portion of
the 1128 data where we have the complete magnetometer record and
data from both beta sensors. The angular distribution of some of the
L = 2 shell data is shown in Figure 2.7 which shows that the bulk of the
radiation is at large angles with respect to the magnetic field. Con-
siderably more data must be reduced before an accurate distribution
can be obtained. The large field of view of the detectors (90° total)
causes a spread in the data,and other variables must be considered;
namely, the value of B at the observation point and within the L = 2

shell.
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The distinction between large and small pitch angles is more
obvious when simultaneous data from the two beta sensors is noted ax
is done in Table 2.2, In this way gross time variations are eliminated
as well as the effect of crude resolution in L and B, In every case
where this comparison is possible significantly higher flux levels are
encountered when the sensors are at large angles with respect to the
magnetic field than at small angles.

2,6 DISCUSSION

The results noted above give a fairly clear, if not yet detailed,
picture of the radiation levels at from 250 - 250 kin above the Earth's
surface, By radiation we mean electrons with energies greater than
100 kev, The beta sensors utilized three modas of measurements;
lower level discriminator, counting puise corresponding to particles
of energy greater than 0.5 Mev; upper level discriminator correspond-
ing to particles of energy greater than 1 Mev; and log current monitor
which measured the total energy deposited in the crystal, The mini~
mum energy pafticle to which the sensor was sensitive was determined
by the entrance window of the scintillation crystal, For electrons the
minimum energy was about 100 kev and for protons about 1 Mev. The
response of the sensors in these three modes indicates that the bulk of
this radiation is electrons since the lower level discriminator is typi-
cally some ten times greater than the upper level discriminator rate;
if protons were present in great number the two modes should indicate

approximately the same pulse rate.
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Electron fluxes are observed with 2 maximum intensity of about
10“L suc-l cm_z sterad’l between 60? - 70° latitude, both North and South
corresponding to L= <4 to L= 5, Additional radiation is observed at lower
latitude in the South extending from about +0°W to 40°E longitudes cor-
responding to the L = 2 shell. The angular distribution is cne in which
the bulk of the radiation makes large angles with respect to the magnetic
field lines. These results are similar to ones reported by other groups

with instruments on similar satellites. 2, 3, 4.

The angular distributions suggest that much of the radiation we
measured is trapped at least for times comparable to period of meas-~
urement; however, most of the radiation observed in the LL = 4 and the
I, = 5 shells cannot be trapped for any long period of time., We can cone
sider the extreme case that all the radiation we measure is reflected
at the altitude (250-300 km) of the observation, This radiation then

reflects again in the opposite hemisphere at about the same longitude

and at an altitude corresponding to the same magnetic field, This proc-
ess cannot go on indefinitely,since inhomogenities in the magnetic

field cause particles to drift East or West in longitude depending on the
sign of the charge, Electrons of 0.5 Mev in the L= 4 or 5 shells will
drift completely around the Earth in about 20 minutes,always mirroring
at the same magnetic field value. Thusg, at that part of the Earth where
the field is strong, particles tend to mirror at higher altitudes than at

the part of the Earth where the field is weak, The minimum altitude to
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which particles can descend during this drift and still not be absorbed in
the atmosphere is between 100 - 200 km, Particles mirroring at these
altitudes in the South Atlantic where the Earth's field is a minimun. vill
mirror at high altitudes elsewhere, This explains the presence of ra~
diation in the L =2 shell occurring only near the South Atlantic Anomaly
at other parts of the Earth the,same radiation mirrors at considerably
higher altitudes and is not observed at the satellite,

Conversely, particles mirroring at low altitudes at regions far
from the South Atlantic where the field is high will drive farther into
the atmosphere as they approach the South Atlantic where the field is
low and will be lost, On this basis we can assign a maximum B value
for a given L such that one can observe no trapped radiation on this L
shell at higher values of B. This value of B is just the smallest value
of B observed for a given L at about 100~km altitude,and it will occur in

the South Atlantic. For L. =4, B = 0, 38 gauss,and forL=5, B

max max

= 0,41 gauss, The B-L distributions for L =4 and L.= 5 in Figure 2.5
indicate considerable radiation at higher B values, This radiation must

have been lost to the atmosphere within minutes or bours of the obser=

4 2

vation, The intensity of lost radiation is between 103 and 10° cm”™

2

sec-1, O'Brien5 reports losses of about 105 cm” sec:"1 between L= 4

and L.=5,6, O'Brien's measurements were madz at 1000 km for elecw
trons of 40 kev, Estimates of losses were made by using the pitch an~

gle distribution of the radiation and indicated considerable radiation

loss down to L.=2, We do not observe these losses at lower altitudes,
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but this may be due to a softening of the energy spectrum with a corre=~
sponding reduction in flux at 0,5 Mev,

For the L= 2 shell,B = 0,30 gauss,and our observed B~L

max
distribution indicates that above 0,3 gauss the radiation fall of very
sharply,

It is probably no coincidence that the geographic distribution of
radiation which we see, particuiarly the L.=4 and L.= 5 data, coincides
closely to the zone of maximum auroral intensity,and the flux levels
which the satellite encountered can account for a modest amount of
auroral activity, The maximum counting rates observed (about 104

-2

cm™2 sec™! of 0.5-Mev electrons) corresponds to an energy flux of about

102 ergs cm~2 sec~l, Since an incident energy of several ergs

cm™? sec"1 is necessary to account for the weakest aurora, the ra-
diation we measure can account for only a small fraction of the energy
in an aurora.‘,6 Since 0.5-Mev electrons can penetrate to 70 km, we can
account for the portion of an auroral display that extends to such low
altitudes, Balloon and rocket observations of auroral zone precipitation
indicate that,except during periods of solar disturbances, electrons
with energy less than 100 kev provide the bulk of the energy input, but

our sensors were not sensitive to such particles, 7,8.

2,7 CONCLUSIONS AND RECOMMENDATIONS
The data has not yet been analyzed with sufficient precision to
allow more than qualitative conclusions to be made, These are:

1., Trapped radiation from the L.= 2 shell is observed,
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2, Radiation is observed in the L= 4 and L = 5 shells which ‘can
not be trapped for periods more than perhaps an hour, This
radiation can account for some auroral activity,

3, Pitch angle distributions are such that particles are more
intense at 90° with respect to the magnetic field than at small
angles,

The analysis of the data is still continuing and a particular effortis
being made to eliminate magnetometer and timing errors to permit accu-
rate B-L assignments, The analysis so far has indicated the usefulness of
radiation measurements from satellites with these orbital parameters,
particularly in the following respects, At such low altitudes the bulk of the
trapped radiation is not present,and much of what remains represents loss
from the radiation belts, These observations thus set limits on the lifetime
of the normally trapped radiation. Auroral zone precipitations are clearly
indicated except that measurements must be extended to lower energy par-
ticles to observe the bulk of the radiation responsible for auroras. Extending
the sensitivity of the detectors to smaller fluxes could yield significant re-
sults regarding the lifetimes of particles in L shells smaller than 2. The
dynamics of the radiation belts show up more clearly at low altitudes than
at higher altitudes where they tend to be masked by the normal complement

of long-term trapped radiation.
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TABLE 2.1 TABULATION OF SIGNIFICANT DATA

Read Beta-2 Betu-2
out Tape Lower Uppur
Orbit Time GMT levzl level Lat, Long.
ETV 1129
58 63 sec 39408 sec 0.4 Th 15 8 87 E
79 39899 10 0.4 43 8 95 E
141 41511 0.4 0.3 26 S 113 W
215 43435 0. 35 Th 72 N 12 E
246 44241 .35 .25 25 N 55 E
77 21 sec 54011 sec 3.5 2,35 62 N 11 W
82 55597 1.2 .45 41 S 25 E
86 55701 0.55 Th 45 S 27 E
95 55935 3.3 2,0 60 S 37T E
127 56767 .55 Th 57 S 163 E
198 58613 1,2 0.55 60 N 154 W
202 58717 0.6 Th 66 N 146 W
228 59393 3.5 0.85 60 N 31 W
285 60875 1.5 0.95 35S 0E
299 61005 2,0 0.6 42 S 2 E
80 21 sec 74886 sec 2.1 0.70 68 N 150 E
24 74964 1.5 0.65 71 N 158 E
27 { 75042 1.0 0.55 75 N 178 W
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TABLE 2.1 CONTINUED

SECRET

Read Beta-2 Beta-2
out Tape Lower Upper
Orbit Time GMT level level Lat. Long.
BTV 1129
80 32 sec 75172 sec 0.5 0.5 75 N 147 W
51 75666 1.65 0.6 52 N 91 W
105 77070 0.5 Th 40 S 65 W
110 77200 0.4 Th 49 8 62 W
115 77330 3.1 1.4 56 S 56 W
119 77434 2.2 0.5 605 53 W
129 77694 3.0 1.1 74 S 16 W
132 77772 0.65 Th 758 2w
151 78266 1,05 0.5 588 72 E
154 78344 2,2 0.5 518 78 E
227 80242 2.2 0.8 67 N 126 B
231 80346 2,0 0.5 72 N 140 E
253 80918 2.6 1.2 57T N 118 W
319 82634 1.1 0.5 505 83 W
323 82738 2,8 0.6 58 5 7 W
327 82842 0.8 Th €4S 70 W
333 82998 0.8 Th 708 55 W
337 83102 3.1 2,0 755 32 W
342 83232 2.5 0.7 755 1w
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TABLE 2 1 CONTINUED

Read Beta-2 Beta-2
out Tape Lower Upper
Orbit Time GMT level level Lat, Long.
FTV 1129
97 54 85124 2,6 1.9 70 N 112 E
58 85228 ) 2.4 0.8 73 N 122 E
61 85306 3,0 0.7 85 N 150 E
66 85436 1.45 0.5 74 N 180 E
71 85566 3.5 1.8 69 N 160 W
75 85670 3.3 2.6 62 N 148 W
145 1030 2.4 0.8 535S 106 W
149 1194 1.3 Th 60 S 100 W
154 1324 0.7 Th 66 S 90 W
161 1506 2.7 Th 74 S 63"W
165 1610 3.3 2.5 76 8 33 W
170 1740 3.3 3.0 73 8 5W
174 1844 3.2 2.5 68 S 12 E
178 1948 2.4 0.95 64 S 18 E
183 2078 0.65 Th 55 S 29 E
187 2182 0.55 Th 50 S 32 E
190 2260 0.55 Th 44 S 36 E
153 25 sec 49123 0.5 Th 41 S 15 E
28 49201 0.6 Th 44 S 47 E
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TABLE 2.1 CONTINUED

Read Beta-2 Beta-2
out Tape Lower Upper
Orbit Time GMT level level Lat, Long,
FTV 1129
153 34 49357 2,5 N.R, 52 S 51 E
3e 49409 3,0 2,3 57 S 54 E
39 49487 2,3 1.0 628 61 E
67 50215 2,5 1.7 62 S 179 E
70 50293 2,0 0.7 58 S 177 W
72 50340 0.5 Th 558 174 W
140 52113 2.7 1.6 59 N 134 W
143 52191 2,5 1.3 63 N 130 W
229 54427 0.6 Th 358 21 E
232 54505 1.1 Th 398 22 E
235 54583 0.9 Th 47 S 26 E
243 54791 3.0 1.7 58 8 33 E
245 54843 3,3 3.0 61 S 37 E
247 54895 2.2 0.8 64 S 42 E
276 55649 3.1 1.0 60 S 159 E
348 57521 0.7 Th 61 N 154 W
350 57573 1.4 0.4 65 N 150 W
434 59757 0.75 Th 345 1w
437 59835 1.1 Th 38S 0

SECRET



TABLE 2.1 CONTINUED
Read Betu-2 Beta-2
out Tape Lower Upper
Orbit Time GMT level level Lat, Long,
FTV 11‘::_9_
153 440 sec 59913 0,6 Th 41 S 0
185 40 sec 86299 1,6 0.9 73 N 103 E
53 237 1,9 1,55 62 N 167 W
118 1927 0.9 0.7 41 S 132 W
131 2265 0.6 Th 62 S 117 W
146 2655 1.3 0.9 72'S 59 W
169 3253 1.5 Th 48 S 12 E
242 5151 1.2 0.6 71 N 72 E
251 5385 1.5 Th T4 N 129 E
256 5515 1.4 0.8 70 N 152 E
347 7881 2.6 2,2 73S 107 W
373 8557 3.0 1.6 68 S 33 W
208 20 1472 1.85 1.2 75 S 44 W
40 1992 0.9 0.4 52 8 10 E
44 2096 1.1 0.4 45 S 16 E
115 3942 3.05 1.35 70 N 72 E
125 4202 3.0 0.8 74 N 129 E
132 4354 1.7 Th 68 N 161 E
208 25 7335 3.0 l.6 50 S 10 W
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TABLE 2.1 CONTINUED
Read Betu-2 Beta -2
out Tape Lower Upper
Orbit Time GMT level level Lat, Long.
FTV 1129
208 102 4992 1.2 1.1 538 170 W
210 17 Sblaa 0.9 Th 67 S 105 W
65 150 3.1 2.6 70 S 10w
83 788 0.8 Th 348 23 E
156 2556 2,4 1.5 75 N 105 E
173 2998 2.3 1.3 61 N 176 £
215 Too Noisy For Analysis
217 17 32007 2.4 1.6 67 S 137 W
88 33853 2.3 1.3 52 N 86 W
117 34607 2.0 6.8 67 N 32 E
191 36531 2.0 1.4 56 S 85 E
230 37545 2.5 1.5 50 S 140 E
219 44 42674 0.9 1.2 61 S 178 E
116 44546 1.7 1.6 59 N 125 W
208 46938 0.7 0.7 44 5 34 E
221 47276 3.3 2,5 66 S 53 E
250 48030 1.2 0.9 56 S 172 E
226 73 84713 1.9 1.2 69 S 3w
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TABLE 2.1 CONTINUED
Ruead Beta-d Beta-2
out Tupe Lower Upper
Qrbit Time GMT level level L.at. Lony.,
FIV 1128
9 13 sec 0,5 Th
111 1,0 .5
125 1.1 0.5
250 1.1 0.5
319 1.4 0.6
334 1.6 0.6
58 22 1.7 0.4
97 3.0 2,0
el 12 1.6 0.3
29 2.9 2,0
132 2.5 1.8
160 0.4 Th
63 16 3.2 2.2
19 3.0 1.4
112 1.2 .
127 3.1 2,6
144 2.3 1.4
63 43 0.8 Th
53 2,4 1.4
53

SECRET



TARBLE 2.1 CONTINUED

Read Beta-2 Beta-2
out Tape Lower Upper
Orbit Time GMT level level Lat, Lony.

FTV 1128

65 b2 1.6 .5
b8 ~ 3,0 1.7
Tape Time, Time on record from beginning of record
GMT Greenwich mean time in seconds.
Th Voltage indicated threshold value.

Data from 1128 listed versus tape time oaly and was not included in
geographic distribution,
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TABLE 2.2 SIMULTANEOUS COMPARISON OF BETA-1, RETA-2 SENSORS

Simultincous comparison of Beta-1l, Beta-d sensors, @ =angle
of sensor with respect to the magnetic field, B =response of sensor in
volts (logarithmically proportional to counting rate,)

Acquisition & Time & B1 62 By

P58 22sec, 79° 1.8v 19° 0

97,5 84° 2.9 14° od

95,5 50° 1.7 62° 1.4

¢65 48,5 60° .8 52° .6

50,5 32° od 82° 2.6

52 52° 1.6 48° 1.6

53 81° 2.6 20° A

65 57 14° .3 82° 2,0

65 71° 2.4 90° 2.5

66,5 87° 1,7 85° 1.7

68 88° 1.2 80° 1.2

71,5 84° 3,1 52° 1.8

73 57° 2,2 57° 2.2

172.5 90° 3.2 40° 0

175 17° 0 79° 1,6

$62 26.5 18° 0 79° 2.7

28 53° 2,0 46° 2.0

29 68° 2,9 44° 1.0

131,5 61° 2.4 77° 2.5

133 56° 2,5 62° 1.5

@9 111,5 52° 1,0 41° !
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B~y LOGIC

ELECTRON DETECTOR y -RAY DETECTOR

B-y LOGIC/ ~—_
ELECTRON DETECTOR

Figure 2.1 Exploded view of radiation experiment.
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Fizure 3.5 B-L distribution of obsevved radiation.
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Figure 2.6 Magnetic reference system.
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Figure 2.7 Pitch angle distribution, L= 2 shell.
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CHAPTER 3

IMPEDANCE PRODRBE

Ll ORJECTIVE
The objective of the standing-wave impedance probe on the

Di

iz

coverer was to measure the change in electron density in the
F-region of the ionosphere resulting from a nuclear explosion,
Measurements were to be made in the immediate vicinity of the

9

satellite and in the range from 103 to 10 electrons/cm3.
3.2 BACKGROUND AND THEORY

The impedance of an antenna is modified when it is
immersed in a medium containing a significant quantity of free
electrons, It was proposed to determine the electron concentra-
tion of the plasma by measuring these impedance changes on
a dipole antenna mounted on an earth satellite passing through the
region of interest. The lower the measuring frequency, the
greater will be the impedance change for a given electron density,
In order to measure the range of values expected and yet remain
in the measurement range of the instruments, 24-foot dipole

antennas were mounted on the Discoverer satellites and their

impedance measured at 5 and 14.5 Mec,
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The stending-wave impedance probe developed by the
University of Utah for the Air Force has been flown successfully
on a number of rockets and more recently on two Discoverer
satelires, 1011 o4 gne Discoverer satellite, data was obtained
(rom the tape recorder output at soventeen tape-readout stations
Witih Coverage varving from oune-half to two orbits, Programs for
high-speed computers have been written such that the digitalized
information of the standing waves on magnetic tape may be
converted to impedance values and then to electron densities
automatically,

3.3 INSTRUMENTATION

The impedance-measuring system is shown in Figure 3.1,
This system consists essentially of two R¥ oscillators, artificial
transmission lines, and the dipole antenna. The 5- and 14.5-Mc
balanced crystal oscillators are alternately connected to the
dipole antenna through the sections of artificial line. The two
I_'n:esr together with short lengths of coaxial cable are electrically
equivzlent; one is used to feed each element of the dipole antenna,
thus providing a balanced system, The RF voltages on six
of the 23 sections of one of the artificial lines arerectified
znd then applied to the commutator in the telemetry package,

Thz stznding wave existing on the line connecting the oscillator
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o antenn e recreated on the ground from these sis telemetry
pomnts,  This standing-wave patteen is sufficient to uniquely
defme the drwving-powmt impedance of the antennai,

Measurement of the vlectron densities by the impedance-
probe moethod necessitates using {roquencies on the order of the
~xpected plasma rrequencies,  This requirement dictates the usce

of frequencies from sbout 1 to 15 Me. Achieving an efficient

-,
]
[47]
47
o,
s

antenna at these irequencies po difficult problem for small
rockets; however, antennas of satisfactory size on the satellite
were obtained by use of thin flat 3/4-inch-wide metal tape., The
tape is coiled into a roll and stored in a mechanism approximately
1 by 3 by 3% inches, When the satellite was stabilized in orbit at
2 height where there is essentially no air drag, the coil was
released and unrolled to a length of 12 feet, Two such antenna
elements were mounted diametrically opposite on a cylindrical
section of satellite body to form a 24-foot balanced dipole.

At the operating frequencies of 5 and 14,5 Mc, the

element length is considerably less than a quarter wavelength and

BL

erefore, the free-space impedance of the antenna has a small

M

es15tive component and relatively large capacitive reactance,
The stznding wave on & transmission line terminated by such an

impedznce is extremely high and consequently it is difficult to
/
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detect changes in the impedance,  Furthermore, the effect

of clectron motion on the antenna impedance is such as to make it
increase in negative reactance, It was desirable, therefore, to
reduce the magnitude of the initial standing wave on the line and
to cancel the negative reactance of the free-space antenna imped-
ance, since in the plasma it will change in the negative direction.,
Consequently, a series network was added near the antenna
terminals that transformed the initial impedance to 75 + j100 at
the two operating frequencies, This impedance presented a
respectable initial standing wave on the balanced 100-ohm
transmission lines,and the larger resistive component allowed
the reactance to change quite radically before the standing wave
increased out of the range of measurement,

The artificial transmission lines were 23-section, 50-ochm
lumped-circuit lines desigred to be just over half a wavelength at
the lower frequency. One of the two equivalent lines had six tap
points from equally spaced sections brought out to diode-
capacitor rectifiers. These rectifiers transformed the RF
voltzges on the order of £-volt rms level to the standard teleme-
try range of 0 to +5 volts, The tap points were designated as

VSWR 1 through 6 and are shown in Table 3,1,
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Feriodically,the impedance probe system was calibrated by
switching o kunewn impedance across the lines in place of the
antenna,  This impedance and the actual switching were in the
antenna units, Figure 3,2 shows the antenna network flown on
these satellites,

The

gt

~and 14, 5-7Me oscillators were transistorized
crystal-controlled units that develeped balanced outputs of & volt
rms into each line of the balanced 100-ohm system when the lines
were terminated,
304 DATA REQUIREMENTS

The standing-wave impedance-probe data consisted of
voltages in the range 0 to 5 volts on thirteen pins of the commu-
tator., The data was recorded on the tape recorder in the
satellite, On Ring B the impedance probe segments were as fol-
l>ws: Positions 13 through 18 and 46 through 50 define two com-
plete measurements of the impedance at one frequency. Pin 51
wzs at the 0 calibration level with pin 52, the mode pin indicator,

warying between £ and 3-1/2 volts indicating operation at 14,5 and

,.<
W
thr
Ly
-t
!
Vo4
(Al
[l
n
hy
=
-+
ut
[u
2N
o
[u]
I
.

h sets of six pins in sequence with the mas-

ter sulse calibration pins,; a speed of 40 in/sec anu a minimum de-

r,
jad
Y
O
-
Y
o
jal
)
e
g
e
*
[a}
o
l’D
(5]
ey

or full scale; (3) a low-density binary tape
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with the digital values (dn volts) of each group of six ping and the associated time
words: (3 a two-ply listing of all tapes: (&) complete ephemeris of the satellite;
W altinude. yield, time of detonation, and geocentric latitude and longitude of the
nuclear devive: and (V) fonesonde data from as broad a coverage of the satellite
orbit as possible.
R RESULTIS

The standing~wave impedance probe functioned on two satellites,
1127 and 1129, and failed on 1128, The data from 1128 shows a con-
¢ wave on the antennas throughout the lifetime of the sat-
@llite for both the 3-Mc and 14, 5-Ac frequencies, This indicates that
all the electronics functioned properly,but that the antenna release mech-
anism either failed or was not aciivated, Since limited “elemetry
w25 2vailable this function could not be monitored to determine the

gxact nature of the malfunction,.

The impedince probe functioned properly oa 1127 ,but only two

s}
hed
-t
n
<

f data are available because of the failure in the Lock-
~zed da*z recording-transmitting system, Data from both frequencies,
.c, were available and analyzed, The low-frequency
=rz%2 was flown for the measurement ol the normal ionosphere, while

sze nizn freguency was flown to measure the expected extreme increases

[
Y
r
14
»]
vr
v
(W)
"
0,
30
)

sity dre to weapoas test effects, Since there were no
zgmons tests while 1127 and 1129 were in orbit, the 14, 5Mc data is
rezinly us=ful for comparison with the 5-ic results.
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The impedance probe on 1129 functioned throughout the lifetime
of the satellite in the lowsfrequency mode but failed in the high-frequency
mede on orbit 77, It is impossible to determine the exact naturce of the
failure,but it was in the oscillator circuit, There was sufficient high-
freguency data available, however, for calibration and comparison
purposes of the low-ireguency probe, A total of approximately 17 or-
bits of low-irequency data were available for analysis, Figure 3,3
shows the amount of data available, plotted as a function
of

eographic latitude with the longitude of the equator crossings noted,

i}
i

The orbits in which the data begin are also noted,

Figures 3.4 and 3, 5 show th2 zlectron density, the altitude of the
satellite;and the X magnetometer {vertical orientated) as a function of
latitude for FTV 1127 for low and high frequency,respectively. Figures

3.0 through 3,19 are similar representations of the 1129 results,

3.0 DISCUSSION

The standing—wave impedance probe data was digitalized and
stored on high-density computer tapes by Lockheed, We further proc-
essed :he data on an IBM 7030 computer system utilizing programs
dzveloped for the analysis of the data, The outputs from this com-

puter, electron density as a function of recording time, were listed
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and stored on BCOD low-density tapes.  From these tapes we were uble to obtain
complote graphical representation of the data using the Eleetronic Associates, Ine,
(EAD automatic plotting system. Thus, the complete system of transmitting,
rocording, digitalicing, processing,and representing the data is done
automatically,

In the analysis of the data the collision frequency effects at sat-
ellite altitudes are negligible and neglected, The effect of the earth's

magnatic field is also neglected based on previous rocket and satellite

results, On FTV 1117 no apparent effect was 2vident although the ve-

. .

nicle had a very slow tumble rate after orbit number 10, Finally, al-

)

though both the real and reactive compoaents of the impedance are cal-
culated {rom the voltage standing—wave ratio and the phase of the stand-
ingy wave and either can be used for the case of an operating frequency

well above the plasma frequency, only the reactive component was used
in the cnalysis because of its greater sensitivity to the electron density

changes, In addition the reactive componsent can be calculated from

trhe paase measurements even when the standing~wave ratio cannot be

zreater than the operating frequency,
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Tue electron density can be caleulated from the measured chanpge
B

in reactance according to the following:

h} v
N Ca AX
N = X — X -
0,0 C 1 A X+ 1
)
wC,
where @ o= AT
i = operating frequency
Co = C1 + Cp
Cy) = eilfective capacitance of the antenna
C2 = shunt capacitance of the antenna
£ 0= Xps- Xy
Xgg = reactance of antenna in free space
Xj = reactance of antenna in the ionosphere

In general, we tune the antennas, which are short dipoles, to a free-
space value of jlO0 ohms at a spacial facility constructed for this pur-

pose, For these three satellites the antennas were tuned and the ef-

»

fective and shunt capacitance measared on a mock-up shell of an Agena

wericle,
Ir. the znz2lysis of the data we had two problems, The impedancze
measuremsents for th

2 5-L{c data gave a much higher effective capaci-

vt
m
o1
s
1g
-t
&)

ran measured, This was explained, however, by the presence
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during flight of saveral protruding objects (the heliflux magnstometer,
The ORE antennas, and two toa trap prebes) that were not present when
the cffective capacitance was measared,  With 2 change in this value
and xnowledice of the lonoesphere we were able to analyee the 5Mce data,

The other problem was in the analysis of the 14. 5-Mc data,

-

o oorder to nave results that corresponded to those from the 5Mc
dita, we nad to add 3 fixed phase to all the measurements of the
stainding wave. This meant that a longer cable connecting the lumped
trinsmission line to the antenna was flown than was used in the cal-

iorations. We could not verify this,but the results of Figures 3.4

znd 3.2 show the very excellent agreement between the 5- and 14, 5-

¢f tne ionospaere. Even when the satellite is going through the F-
lzver, where the density is the highest, detailed fluctuations in

denzity zre prezent and quite noticeable. The expected dip in density

v
-
N
19
o
W
it
o
i
ot
N
[a]
T
£
[
i
t
O
i
-

which for these orbits is essentially the

z=izrzpric eguztor, are evident. Quite large changes in density

rnd tne southernmost part of the orbit in the auroral zone are

i
Ly
O
b

sLown on both orbits. The satellite has gone through the F-layer

znd in fzct is at an altitude above 350 km. Of interest is the fact

.zt not enly i3 there an increase in density (the peak at 70° south for
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both orbits) but that two and three very sharp minimuwmns, lower than
Anv other nuhttime values, are ovident.,

The results of 1129 wre shown in Figures 3,6 through 3,19,
Only in orbit 35, where onlv a small amount of data was available,
was the vehicle stabiliqred, Figure 3.7, the first readout atter the

A Y

satellite became unstable, shows this effect on the electron density
results, The X magnetometer output is shown for comparison pur-

poses. If the data is examined carefully, it can be seen that some-

times the peaks in density are in phase with the magnetometer output

=

nd sometimes not. The changes in density are not due to effects of
the eartn’s magnetic field with respect to the antenna. The change is
associated with the spin of the vehicle and is probably a measurement
of the electron density in and out of the wake of the vehicle. We
nave observed this efifect also on FTV 1117,

Orbit 177 (orbit 185 readout) shows a much faster spin rate
thzn on the earlier resuits., The effect of the spin on the electron

density measurements is not nearly so severe. The measurements of

electron densifyv at two ground recording stations (Adak and Hawaii)

N

re

g

nown on the data. There is an excellent agreement between the

two results.

The last two orbit readouts, Figures 3.18 and 3.19, are
interesting. Thne satellite is now at a low altitude and is experiencing
the hezting effects due to friction with the air, The low electron den-
zitv vzlues present in «ll previous orbits are a constant higher value
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for thesoe ovbits,  This ix oxplained as o loss of 4 small part of the
antenna due to the heating offects,  In the Figure 3,19 where now the
satellite has a very slow tumble rate shown on the X magnetometer
data, the effect of the wake iy more evident since the antenna is in

the wake for longer periods of time,

~1

. CONCLUSIONS
The standing-wave impedance probe measures the electron den-
sity of the ionosphere very well, In a stabilized vehicle, fine struc-

ture measurements of the ionosphere can be made, If the vehicle is

soinning, 2 spin rate of 1 revolution per minute or greater is desir-

w
Q
-
(]
K,

or more detailed measurements, Itis important that the two fre-
quency impedance probes be flown, no>* only for the greater range, but
1o provide a comvarison and calibration in case the flight conditions of

the probes are not as anticipated,
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TABIY 8 1 DIPYDANCY PROBF COMMUTATOR ASSIGNMENTS, RING R

ol Cal 0 Cal -

13 IP-1%x VSWR 1 X109
13 IP-2 VSWR 2 X110
13 IP-3 VSWR 3 X111
lo P-4 VSWR 4 X112
17T IP-5 VSWR 3 X113
13 IP-o VSWR 6 X114
30 Cal 3 Cal -

<o IP-1 VSWR 1 X213
L7 IP-2 VSWR 2 X214
13 IP-3 VSWR 3 X215
49 IP-1 VSWR 4 X216
30 -5 VSWR 5 X217
=1 Cal 0 Reierence w218
32 IP-7 Mode X219
37 Cal ¢ Cal -

33,33,60 Sync

-Catzat mumber IP-7 is mode control which indicates the frequency
zrd mcde of the system. The frequency is switched whenever the

e retdstar npsses this serment.,
N R
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Figure 3.2 Satellite antenna network.
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Orhit 225, 5-Mc results, VAFB, Orbit 231 rcadout.
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CHAPTER 4

RADIOMETERS

.1 OBJECTIVE

The objective of this experiment was to measure the radio en-
vironment before, during, and after the Star Fish event. Measurements
before the event would establish the existing natural radio background,
thus allowing an absolute evaluation of the Star Fish effects, Measure-
ments after the event would estimate the rate at which conditions were
returning to normal, The work was undertaken by the Space Radio Pro-

ject {SRP) of the Harvard College Observatory

The natural radio noise background is generated largely by the
following processes:

1. MNagnetobremsstrahlung (gyro-radiation) generated both by
electrons trapped in the terrestrial magnetic field (the horns of the
Van Allen belt have b.een detected as low as 300 km above the surface
of the earth) and by precipitation of untrapped electrons, believed re-
sponsible for the auroras and possibly the night-glow, Conventionally,
the gvro-radiation is divided into cyclotron (nonrelativistic energies)
and synchrotron {relativistic energies) radiation, in which the harmon-
ics of the cyclotron frequency become important,

2, Electromagnetic radiation scattered by magnetic field and
irhomogeneities from plasma waves generated by the Cerenkov and

two-strearn processes in the ionosphere, The steep electron density
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gradient (dN/dR) of the lower ionosphere, however, does not favor the
production of intense plasma waves,

3. Galactic radio radiation due to synchrotron radiation. This
is expected to be substantially different along the galactic plane and
toward the palactic halo. Possible contributions from discrete radio
sources (Sun. Jupiter, Cassiopeia) should also be considered,

4. Natural terrestrial noise background due to local and prop-
agating atmospherics. The intensity of this noise at low frequencies
is modified by the propagation conditions and displays a diurnal varia-
tion shown in Figure 4,1,

5. Aan-mad= noise, especially over densely populated areas,
This noise is expected to be, in general, narrow-band in contrast to
the mostly wid=-band atmospherics,

From thz above extensive but probably still incomplete list of
potential radio noise sources, one can appreciate how complex, but
also how necessary, are the measurements of the natural radic back-
ground, especially when the effects of an artificial event of similar

nature are to be evaluated,

4.2 BACKGROUND AND THEORY
This project has been engaged in a theoretical and experi-

mental program to predict and measure the long-wavelength radio

environment that is unobservablec on the surface of the earth

because of the shielding of the terrestrial ionosphere. The
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frequency range of primary interest has been roughly from 10 Mec
to 10 ke, To date the project has prepared instrumentation for
several satellites and ;;robes in the Discoverer, MIDAS, and Blue
Scout programs.

The results of the Argus and Jason projects in injecting
and measuring beta decay electrons trapped in the terrestrial
electromagnetic field has led to consideration of the various
radio-environmental effects caused by this band of trapped
electrons. The synchrotron radiation of these trapped electrons
in the geomagnetic field will be peaked in the megacycle region of
the spectrum which is unobservable on the surface of the earth,
In addition, there is great interest in the electromagnetic pulse
generated by the explosion itself,

The radioactive debris of a high-altitude nuclear explosion
ejects beta decay electrons into the surrounding terrestrial
magnetic field,producing synchrotron radiation. The most proba-
ble energy of electrons emitted is assumed to be 1 Mev., For
evaluation, it is further assumed that the major energy radiated
by these beta decay electrons falls into a rather small frequency

interval around a frequency of maximum radiation. The
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frequency of maximum radiation is given as:
1.4H (B/m c?)?
Vmax = *° gauss o Mc (4. 1)

where: Vmax = frequency of maximum radiation, Mc
>

H

1

magnetic field, gauss

E

il

energy of electron, Mev
m, = rest mass of particle, Mev

¢ = velocity of light, m/sec

2
For E = 1 Mev, (E/mocz) becomes 4; thus the expression may be

written as:

Vmax = 5.6 H Me (4. 2)

At 400 km above the earth's surface, H is roughly 0. 25
gauss; therefore, for l1-Mev electrons the frequency of maximum
radiation falls in the megacycle range. Measurements made
on the electron spectrum resulting from the Argus project show a
considerable number of electrons at 2 Mev and above, so that
synchrotron radiation should be intense up to 10 Mc.

The effective temperature of such a cloud produced in the

Argus project is: ___
T, ~2x108 /H OK/Mt (4. 3)

or roughly at the altitude of interest:
Te = 107 OK/Mt (4. 4)
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This should be compared with a maximum cosmic radio background
temperature of 107 °K at 4 Me.

The synchrotron radiation is polarized and therefore could
have possibly been detected as a modulation at the tumble period of
the Discoverer satellite. The polarization of the synchrotron
radiation would enable its detection at only a few percent of the
cosmic background.

The experiment frequencies of 4.010- and 6.975-Mc are
below the F', ionospheric-region critical frequency over considera-
ble portions of the satellite orbit, During those periods when the
satellite was above theh _ F,, there still existed a possibility of
leakage of terrestrially generated radio-frequency signals thxough
the ionosphere. The project had, at Harvard University, a series
of ground-based transmitters and receivers operating on the satel-
lite frequencies. These transmitters sent out a coded sequence of
pulses during times when the satellite passed over the Cambridge
area. Time correlations of this pulse code, with the telemetry

data, have been made to determine the local ionospheric attenuation

at frequencies below the F, critical frequency.

4.3 INSTRUMENTATION

A large dynamic range, 80 db, was selected for the N-datectors

(designated MkIc) to avoid the saturation which we had experienced
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with previous satellite radiometers, Each payload included two radi-
ometers operating at frequencies b,975 Mc and 4,010 Mc. The band-
wid-h of both radiometers was~—10kc,and the post detection time cou-
stant was set at 2,5 seconds by the telemetry sampling rate,

The radiometers basically were crystal-controlled superhetero-
dvne total power receivers with an intermediate frequency of 310 ke,
The power drain was a modzst 600 mw, including the voltage regulator,
The radiometer input impedance was 504, The parformance of the
receiver was continuously monitored in flight by switching periodically
between the antenna (15 sec=6) and an internal load (5 sec =2 T),

A block diagram of the MklIc radiometer is shown in Figure 4, 2.

The MkIc radiometer was constructed of welded modules encap-
sulated in Stycast 1090H, One such moduale is shown in Figure 4, 3.
After the modules were assembled and tuned, the entire package and
harness were also embedded in Stycast, The weight of each completed
radiometer was 1, 35 pounds, The payload in its final form is shown in
Figure 4,4, The radiometers were calibrated at temperatures from
-65°C to+60°C. An ambient temperature monitor was included in the
payload, and its output was received along with the other telemetered
data, As we will see in section 4, 5 results, this humble monitor gave
us some very useful information in an area where it was least expected

but badly needed-—=—on the satellite local time,
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The antennas employed, one of which is shown in Figure 4, 5,
were Yeiser Laboratories 25-foot tape antennas and were used as
monopoles because of the severe space and weight limitations of the
satellites, Each antenna was power matched for free space, using a
base loading inductance and a matching transformer,

Given the stringent space, weight, power, and telemetry
limitations imposed on the radiometers and the tight time schedule for
their bread-boarding, construction, and testing, SRP feels quite proud
of their on-time delivery and their subsequent successful performance,

The lack of an ionospheric sounding station of continuous oper-
ation in the Boston area prompted the SRP to construct (as fast as it
could) a simple ionospheric sounder to complement the N-detector
pbservations., This would enable us to check the ionosphere for leak-
age of ground noise and at the same time evaluate the ionospheric con-
ditions for wave propagation., The leakage test was performed by
transmitting a coded signal from the SRP ground station at Harvard
College Observatory to the satellite during its passage over the Boston
area, After the completion of the sounder (it was ready only for one
of the Discoverer satellites, Flight Test Vehicle (FTV) 1129}, an iono-
gram was taken before and after each Boston passage of the satellite,

In addition to the sounder, two receivers were also operated at
the same frequencies as the satellite radiometers (6,975 Mc and 4,010

Mec) to monitor the local activity at those frequencies, Operation of the
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sounder, the transmitters, and the monitors required a group of three

people on practically an arcund-the-clock schedule,

4, 4 DATA REQUIREMENTS

The data requirements for the reduction of the experimental
results are: (1) complete ephemeris of the Discoverer satellite;
(2) altitude, yield, time of detonation, and geocentric latitude and
longitude of the nuclear device; (3) an indication of the energy and
number of electrons trapped by the geomagnetic field as determined
by other detectors on the Discoverer payload; (4) analog oscillographs
of the decommutated telemetry with system times and pre- and post
calibrations clearly marked; (5) digital magnetic tape of the decom-
mutated telemetry data in standard format for the IBM 7090 digital
computer; (6) ionosonde data from as broad a coverage of the satel-
lite orbit as possible; and (7) data from the Discoverer magnetometer

for tumble and spin results,

4.5 RESULTS

4,5,1 Flight Test Vehicle 1127 Data.

The data obtained from our radiometers were not of good qual-
ity because the temperature environment immazadiately after ejection of
the capsule was too low for optimum operation of our equipment, Until
the satellite could start rotating and equalize the temperature (about
orbit 50},the vehicle was completely stabilized, and our radiometers,

mounted on the Agena airframe and directly exposed to space, were on
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the cold {shadowed) sid= of the vehicle, These radiometers had been
designed to operate most efficiently at room temperature, and this
condition was never achieved by Flight Test Vehicle 1127, Operating
temperatures were very low (—-30*C), so the sensitivity of the instru-

ments was greatly reduced,

4,5,2 Flight Test Vehicle 1128 Data.

The received quick-look data of Flight Test Vehicle (FTV) 1128
have indicated that our radiometers performed satisfactorily after or-
bit 55, i,e, after the temperature was stabilized around 10°C, A com-

plete thermal history of our payload is shown in Figure 4.6, and from

it one can see why the radiometers of FTV 1127 ran into difficulties

during the early orbits,

Partial restrictions and priorities on data processing at Lockheed
have curtailed the reduction of the tape-recorded data from FTV 1128 to
their final form (brightness temperature or radio noise flux). However,
we have undertaken to reduce the tape-recorded data by eye and hand
from the available quick-look strip charts. This is a hard and slow proc-
ess, and the accuracy obtained in this manner is much inferior to that
of a computer reducing the data from the original magnetic tapes. How-
ever, it is hoped that in the future a proper and accurate reduction of

the data can be made,

Some of the tape-recorded data of FTV 1128, reduced in the

above-mentioned manner, are plotted in Figures 4,7, 4,38, and 4,9,
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along with total magnetic tield and the payload temperature, The ne-
cessity of using the magnetometer and the temperature data will be ex-
plained below, A summary of the FTV 1128 real time data, the only
ones reduced in the computer, is given in Table 4,1, In this table,
Rev is the satellite revolution, UT and LT are universal and local time,
respectively. Ty is brighiness temperature, and S is flux,

Transmissions to measure ionospheric leakage were made from
Harvard Observatory during the active life of the satellite, We oper-
ated for the total of 46 passes over the Boston area, It is anticipated,
however, that the leakage results will be inconclusive because of the
satellite's low altitude,

4.5,3 Flight Test Vehicle 1129 Data.

. The originally received quick-look data indicated that our radi-
ometers performed satisfactorily, and this was confirmed by the subse-
quently received reduced data.

The ionospheric sounder was completed in time for the Flight
Test Vehicle (FTV) 1129 satellite, lonograms were taken preceding
and following each passage of the satellite over the Boston area, In
addition, ionograms taken at other different parts of the day established
the diurnal variation of the ionosphere during the satellite flight. An
example of the transmission operation and the results obtained is shown

in Figure 4,10,
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Most of the records indicate that the transmitter (5-second
pulses) is clearly picked up by the satellite radiometers, but these
results are not conclusive because of the very low orbit of the satellite,

The thermal history of the FTV 1129 payload, shown in Figure
4,11, displays the same features evident in the record of FTV 1128,

A summary of the real time observations from the reduced real time,
data is given in Table 4,2, In this table, Rev is the satellite revolu-
tion, UT and LT are universal and local time, respectively. Tb is
brightness temperature, and S is flux, A more elaborate analysis was
reserved for the extended tape recorded data,

The logs of the maximum, the minimum, and the average of
every observational cycle, each one having a duration of 20 seconds
divided into 15 seconds on the antenna and 5 seconds on the internal
calibration, were tabulated and plotted vs universal time, In practi-
cally all the records, a large difference between the maxima and the
minima appeared in certain sections of the orbit; this separation oc-
casionally reached several orders of magnitude, A more detailed
analysis of all the points within each observing period revealed that the
apparent separation was due to a—>5, l-second-period oscillation of the
noise level, A closer search through all the records showed these
oscillations to be more frequent at 4,010 Mc than at 6,975 Mc, Anex-
panded picture of the oscillations is shown in Figures 4,12 and 4,13,

Figure 4, 12 shows the oscillations appearing at 4,010 Mc but not at
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6,975, In Figure 4,13 the oscillations appear simultaneously on both
frequencies, The cause of these oscillations is not exactly clear, We
will discuss this phenomenon again in the cor;clusion.

In addition to plotting the logs of the maxima, minima, and
averages, we also plotted the difference for the two frequencies (4, 010
Mc and 6.975 Mc) against time for all available orbits, The differences
of these logs is the log of ratio of the maximum, minimum, and aver-
age radio noise level at the two frequencies, and is indicative of the
slope of the spectral index in the region of the above mentioned fre-
quencies. A typical long orbit (No., 185 recorded at Vandenberg Air

Force Base) where all these plots are included is shown in Figure 4, 14,

Polar diagrams of the averages at 4,010 Mc and 6.975 Mc were
also made to evaluate the latitude dependence of the received radio noise.
Orbit 185 (Vandenberg) is diagrammed in Figure 4,15, Figure 4,16 dis-~
plays the averages at 4,010 Mc from seven different orbits (No. 80, re-
corded at Kodiak; 97, Hawaii; 153, Vandenberg; 185, Vandenberg; 210,
Hawaii; 217, Vandenberg; 231, Vandenberg), and Figure 4,17 shows
the averages at 6,975 Mc for the same orbits, This combined repre-
sentation was chosen to demonstrate the repetition of some typical
features from orbit to orbit, and also to show the progressive emer-
gence in the later orbits of a characteristic pattern.

Finally in Figures 4,18 to 4,29 the averages of the two fre-

quencies are shown together for all the 12 available orbits (there are

106

SECRET



at least 300 such average points in each diagram, corresponding to the
300 or more 20~second observational periods included in each tape-
recording), This representation demonstrates the similarity of the
patterns obtained at the two frequencies, It also shows some small

but significant differences that the two patterns exhibit, One such
difference is that the radio noise level rises and falls more smoothly

at 6,975 Mc than it does at 4,010 Mc; another is that the 6,975 Mc
pattern rises ahead and falls after the one at 4, 010 Mc, These features
hint that there is a strong dependence of the radio noise level on the
ionospheric electron density, These results will be discussed further

in the conclusion,

4,6 DISCUSSION

4,6,1 Flight Test Vehicle 1127.

The magnetometer and the electron density probe performed
rather normally during the early orbits, The formula suggested by
Lockheed (letter of July 27, 1962),

t=135634+26,5T
where t=systems time

T= plot time
rendered completely incompatible results for all the data, However,
from the few available clock data, we were able to reduce a new time
formula:

t=14786+26.0 T
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and this produced the anticipated over-the-earth pattern for the total
magnetic field and the electron density, These are shown along with
our data in Figure 4, 30,

Because the finality of the satellite power system failure was
uncertain, the transmissions tq measure ionospheric leakage were
continued until orbit 101, i, e, a total of 25 passes over the Boston area,
Unfortunately the satellite did not recover,

4,6,2 Flight Test Vehicle 1128.

The ephemeris of Flight Test Vehicle (FTV) 1128 was satisfac-
tory but incomplete, A jump (increase) of about 15 km takes place in
the interface of the two ephemeris sections, due presumably to com-
puter extrapolations,

The major problem with the tape recorder data analysis was
presented by the fajlure of the satellite clock and the failure of the elec-
tron density probe, The only data that would help place the orbit were
from the magnetometer (which could place to a rather good approxima-
tion the crossing of the equator as well as the northernmost and south-
ernmost latitudes of the orbit =——the NPT and SPT) and from the ambient

temperature monitor of our equipment.

The temperature monitor could be of help in the following man-
ner, From our previous experiments we had observed that the temper-
ature would reach minimum around sunrise, This minimum point could

be located to a rather good approximation on our records, On the other
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hand, the ephemeris gives the universal time and longitude and hence
the local time of each segment of the orbit, In this manner the point
of the orbit where we have local sunrise could be found and associated
with the corresponding point on our records, and thus the orbit could
be placed, The fact that the two methods (magnetometer and temper-~
ature monitor) are independent,and also that one usually has more than
one such encounter for each tape record, allowed us to plate the or-
bits with considerable confidence,

One might think that the orbit could be placed from the log books
of the telemetry stations that operate the tape recorder, As we will
see in the analysis of the FTV 1129 data, this unfortunately is not poss-
ible,

4,6,3 Flight Test Vehicle 1129.

The digital listings of the reduced data received from Lockheed
had printed on the side (according to our request} the corresponding
universal time, When the data were plotted using this time list, a very
puzzling pattern emerged, To resolve this problem we dacided on a
trip to Lockheed to have a first-hand contact with their computer staff,
ple, There we found that Lockheed, due to a misunderstanding between
the computer staff and the tracking staff, had assigned to the begin-
ning of our data the beginning of the recording time, This is not correct

for the following reason,
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The satellite can store approximately 13,416 seconds of data,
This can be played back at a ratio of 260.1, i,e, in 516 seconds, The
satellite, however, fades out beyond the tracking station before it has
the opportunity to play back the whole record, The portion lost {(at
least 100 seconds of playback time, i, e, at least 2, 600 seconds of act-
ual recording) corresponds to the beginning of the recording, because
the tape recorder plays back the data in reverse order, In addition an
undertermined amount of data is lost on both sides of the station be-
cause of bad reception conditions when the satellite is close to the hori-

zon. The following diagram illustrates the situation.

beginning beginning
of of
recording playback

13,416 seconds of recording time
(516 seconds of playback time)

satellite
fadeout p4— portion recovered over the station

Y

uncertain uncertain
«data over ,lg intelligent part of ,le data over -]
the horizon recovered data the herizon

error in the time
e assigned to our — ——p
reduced data

Because of the uncertainty concerning the actual amount of lost

data, it is impossible to place the orbit from the log books of
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the tracking stations, It must be remembered that a 12-second mistake
in the playback time corresponds to a mistake of more that 20 degrees
on the satellite orbit, For this reason, this method could not be used
in placing the orbits of FTV 1128,

From the existing AFCRIL clock data for FTV 1129, we were
subsequently able to reduce the actual times of the tape records, which
we also made available to all the other participants in the FTV 1129
satellite program,

Another difficulty encountered in reducing the FTV 1129 data
was the inadequacy of the provided ephemeris, This ephemeris was
composed of three completely mismatched sections, due presumably to
over-the-border extrapolations of the computer, The fact that the
satellite did not have a beacon after orbit 55, and the ephemeris had to
be based only on tracking angles, could account for the computer error,
The mismatching of the three ephemeris sections is shown in Figures
4, 31 and 4, 32, In addition to the mismatching problem, the ephemeris
did not cover orbits over 200, where practically 50% of the data is lo-
cated, Realizing the inefficiency of this ephemeris, LLockheed agreed
to run a new one, However, this was not done because no funds were
available,

Subsequently,we were able to obtain some SPADATS bulletins
for the FTV 1129 satellite (officially called Alpha~Beta 1), Using these

bulletins and the existing real time data, we constructed an ephemeris
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for the orbits over 200,and using it, we were able to examine the large
amount of data included in these orbits, At the time of this writing, we

are still trying to produce a new ephemeris through SPADATS,

4,7 CONCLUSIONS

4.7,1 Flight Test Vehicle 1127,

The very limited amount of data obtained, coupled with the re-
duced sensitivity of our radiometers, made it practically impossible
to draw any substantial conclusions from the Flight Test Vehicle sat-
ellite data,

4,7.2 Flight Test Vehicle 1128,

The preliminary hand reduction of the Flight Test Vehicle (FTV)
1128 data has produced a latitude~ and local-time-dependent pattern with

20watt m™2 (cps)™! (see Table 4.1). The

average fluxes ofthe order of 10~
relatively short life of the satellite does not allow a clear separation of
dependence on latitude and local time, because the satellite always
reaches a certain latitude at approximately the same local time, A
strong correlation of the 4-and 7-Mc data was observed, indicating a
rather broad banded noise source,

A very striking feature of the tape-recorded data (see Figures
4,7, 4.8, and 4.9) is thz very large dynamic range of radio noise level
encountered over an orbit, The explanation could probably be found in

the ionospheric propagation conditions and on the latitude and local time

dependence of the radio noise level, This phenomenon which has not
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yet been fully understood could be very significant in many space oper-
ations,

A more detaiied analysis of the FTV 1128 data, including iono-
spheric leakage results, will be undertaken as soon as the data are

properly reduced by the computer.

4,7, 3 Flight Test Vehicle 1129,

To obtain conclusive results (positive or negative) on the prob-
lem of ionospheric leakage, the satellite must be clearly above the
F, max, and the critical frequency of the ionosphere must be higher
than the frequency of the coded signals transmitted to the satellite,
The orbit of Flight Test Vehicle (FTV) 1129 was unfortunately much
lower than originally anticipated. In fact, the satellite was never
clearly above the FZ max over Boston, and therefore the obtained re-
sults cannot be conclusive, All the passes over the Boston area for
which data are available show that the ground signal is recognized by
the satellite, This confirms the basic principal of the experiment but
does not answer the leakage problem, bzcause of the low altitude of
the orbit., Accurate measurements of the galactic radio noise were
also precluded for the same reason,

The 5, 1-second oscillations observed in our data seem to be
caused by the fact that there is a second commutator of period 2,55
seconds on board the satellite, XEach observational cycle of the elec-
tron density probe is mad2 up of two periods of this commutator, i,e,,
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a total of 5.1 seconds. During the first period, the low frequency

(5 Mc) is in operationsand the mod? monitor reads—-3, 85 volts, During
the next period, the higher frequency (14,5 Mc) is used,and the mode
monitor is at 2,8 volts, Through some coupling, which is not yet fully
understood, this periodic alternation is imposed on our receivers,
producing the observed 5, lI~second oscillations, The puzzling part of
the problem is that these oscillations appear only during certain sec-
tions of the orbit and not always on both frequencies, One explanation
could be that the interference is regulated by the antenna impedance,
and hence by the local electron density. A more detailed comparison
of our data with that of the electron density probe, which hopefully will

resolve this problem, has not been possible yet because of the different

time listing of the two data,

The most striking feature of our data is the very large dynamic
range of the received radio noise encountered over each orbit, The
profile of the FTV 1129 orbit (Figures 4, 18 to 4,29), especially of the
later ones, is strikingly similar to the diurnal variation pattern of
atmospheric noise as observed from the ground. This observation is
not surprising in view of the low orbit of the FTV 1129 satellite, The
local time dependence of the observed pattern (high during the night,
low during the day, with steep changes at sunrise and sunset) is clear-
ly shown in Fipure 4,15,

A latitude effect was also observed with more pronounced signals
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received around + 40° latitude where most of the storm activity takes
place, In the early orbits, as can be seen from Figure 4, 33, the
south-north crossing of the equator occurred at approximately 4:30 am
local time, and the latitude and local time effects were to some extent
opposing each other, This resulted in a not very clear pattern for
these orbits (e, g., orbit 77 observed in New Hampshire, Figure 4.18),
In the later ones the S-N crossing of the equator occurred at around
2:30 am local time, and the two effects seem to align together and
produce a typical clear pattern (e, g., orbit 185 observed at Vandenberg,
Figure 4, 22),

An altitude dependence could not be established because of the
practically circular orbit of FTV 1129, and also because there is
some uncertainty regarding the reliability of the available altitude

information,

No obvious longitudinal dependence was observed, However,
some special features recurred from orbit to orbit for which no appar-
ent geophysical correlation could be established because of lack of
more extensive observations,

A comparison of the obtained flux patterns with the correspond-
ing electron density profiles for the same orbits indicated very strong-
ly the existence of the inverse correlation betweea the local plasma fre-

quency and the observed radio noise fluxes.,
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The strength of the received radio nnise will definitely depend
on the ionospheric propagation conditions, especially in the lower iono-
sphere where the collision frequency is still high, Therefore the ob-
served inverse correlation with the electron density is very much in line
with what one would expect, and to a great extent explains the observed
latitude and local time depende:nce of our data. A close correlation
between the two frequencies was apparent, indicating the broad-banded

nature of the noise source,.

Though all the noise sources mentioned in Objectives, Section
4.1, maybepresent, the verylarge observedfluxes and their distribution sug-
gest strongly that the predominant source is the atmospheric noise, If
this is the case, then satellite observations such as those made by FTV
1129 (low-frequency radio noise measurements) will allow a rapid and

complete earth coverage of atmospheric activity and storm centers,

4,7.4 General Conclusions-.

One of the two objectives of the N-dstector satellites, the meas-
urement of the Star Fish effects, has not been accomplished because
of several postponements of the high-altitude nuclear detonation., The
other objective, however, the evaluation of the ionospheric environment,
has been carried out successfully for all the experiments on board.
The electron density, the positive and negative ion densities, the mag-

netic field, the p and yY-ray fluxes, and the radio noise flux have been

measured simultaneously for several orbits, This should provide quite
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a complete picture of the encountered environment and its variations,

In our case a very strong radio noise flux was measured, with substan-

tial latitude and local time d2pendence, These unexpectedly high radio
noise levels could have important repercussions on such vital areas as
space telecommunications, ballistic missile guidance, radio navigation,
etc, These experiments have also indicated that the atmospheric activ-
ity over the entire earth could be adequately monitored by a satellite~
borne low-frequency radiometer, The dstected radio noise levels in
FTV 1128 were a little lower than the ones observed in FTV 1129, This
could indicate an altitude dependence of the received radio noise, be-
cause FTV 1128 had a somewhat higher orbit,

The =zarly failure of the FTV 1127 satellite and the rather low
orbits of FTV 1128 and FTV 1129 have precluded any conclusive meas~
urements on ionospheric leakage and galactic radio noise, This brings
us to the recommendations for the future,

The existence of very strong radio noise fluxes below the Fp . .
should be more fully investigated in order to establish clearly its
latitude, longitude, altitude, local time dependence, and correlation
to other geophysical phenomena, A further investigation of natural
and man-made radio noise leakage through the F) layer has now be-
come more pressing because of the very strong fluxes observed,

The ideal way to establish the global pattern of the radio noise

below the F» ax 2nd check for its possible leakage through it is to

117

SECRET



use a sweep-frequency radiometer (~1 to 10 Mc) on an elliptical or-
bit satellite (~~200-km perigee, ~~800-km apogee) with a long life ex-
pectancy and accurate ephemeris and clock information,

We hope that such an opportunity will arise in the future and that the
valuable experience gained from the N-detector satellite will allow us

to carry out this task successgfully.
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TABLE 4.1 FTV 1128 REAL TIME DATA

4,010 4,010 6,975 6,975 ALT
Rev Sta* UT LT logTy logs log T, log$ km  Comments
9 VAFB 1306 0506 5,3 -20,2 6.1 -18.9 346 Regular
55 NHTS 1005 0505 6,2 -19.3 9.0 -16,0 308 7 varies
58 HTS 1430 0430 6.2 -19.3 6.5 -18,5 321 4 offset
61 NHTS 1929 1429 6.2 -19,3 6.2 -18.8 202 7 quiet
. 4 varies
63 VAFB 2230 1430 5.3 -20,2 6.2 -18.8 198 Very good?7
65 HTS 0132 1532 5.0 ~20,5 6.0 -19,0 191 4 noisy
71 NHTS 1005 0505 6.2 -19.3 6.5 -18,5 315 7 slope
assypt.

77 NHTS 1927 1427 6.0 -19.5 6.8 -18.2 210 7 slope
79 KTS 2217 1217 5.5 -20,0 5,3 -19,7 245 Good
79 VAFB 2223 1423 5.3 ~20,2 6.1 -18,9 220 7 noisy
81 HTS 0127 1527 5.3 -20,2 5.5 -19,5 198 Slopes
81 KTS 0124 1524 5.2 -20,3 5.8 -19,2 221 Very short
87 NHTS 0958 0458 6.2 -19.3 7.5 -17.5 317 7 noisy
87 TTS 1006 0506 5.0 -20,5 6.0 -19.0 301 4 poor
89 VAFB 1255 0455 8.0 -17.5 7.5 -17.5 324 Source
106 HTS 0120 1520 6,0 -19.5 6.3 -18,7 (250) Begins well
129 HTS 0104 1504 5.5 -20,0 6.5 -18,5 250 Poor
143 VAFB 2147 1347 6.3 -19,2 6.5 -18,5 291 Poor
157 NHTS 1831 1331 6,0 -19,5 - - 317 No data 7
% VAFB Vandenberg Air Force Base,

NHTS New Hampshire {(New Boston) Tracking Sta’clon,

HTS Hawaii Tracking Station,

KTS Kodiak (Alaska) Tracking Station,

TTS Thule (Greenland) Tracking Station,
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TABLE 4.2 FTV 1129 REAL TIME DATA

4,010 4,010 6,975 6,975 ALT

Rev Stax UT LT log Ty, log$ log T, logS km Comments
77 NHTS 1935 1435 6,0 -19,5 6,7 -18,3 215 4 & 7 noisy
80 KTS 0000 1400 5.5 -20.0 - - 240 Pulse
97 HTS 0135 1535 5,3 -20,2 6.2 -18,8 215 Quiet
105 VAFB 1255 0455 9 -16,5 12 -13 262 Very noisy
111 VAFB 2215 1415 5,3 -20,2 5.8 -19.2 216 Quiet
113 HTS 0120 1520 5,2 -20,3 6.2 -18.8 215 Quiet
127 VAFB 2205 1405 5.2 -20.3 6.1 ~-18,9 216 Quiet
129 HTS 0105 1505 5.2 -20.3 6,2 -18,8 215 Quiet
145 HTS 0050 1450 5.0 -20,5 6,0 -19,0 214 Quiet
153 VAFB 1215 0415 10 -15,5 12 -13 233  Very noisy
161 HTS 0035 1435 5,1 -20.4 6.2 -18.8 214 Quiet
169 VAFB 1200 0400 10 -15,5 12 -13 225 Very noisy
185 VAFB 1140 0340 11 -14,5 12 -13 218 Very noisy
208 KTS 2155 1155 5.0 -20.5 5.0 -20,5 220 Very quiet
208 VAFB 2200 1400 5.5 -20,0 6,0 -19,0 210 Quiet
209 KTS 2320 1320 4.8 -20.,7 5.4 -19.6 220 Quiet
210 HTS 0000 1400 4.9 ~-20,6 5.4 -19,6 200 Quiet
215 NHTS 0750 0250 10 -15,5 12,6 -12,4 205 Poor
e VAFB Vandenberg Air Force Base

NHTS New Hampshire (New Boston) Tracking Station

HTS Hawaii Tracking Statioa

KTS Kodiak (Alaska) Tra:king Staiion
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TABLE 4.2 CONTINUED

4,010 4,010 6,975 6.975 ALT

Rev Sta* UT LT log T, logs$§ log T, log S km Comments
217 VAFB 1050 0250 9 -16.5 11 ~-14 200 Pulse
219 HTS 1340 0340 9 -16,5 11 -14 192 Pulse
221 NHTS 1705 1205 5,3 -20,2 6,2 -18,8 205 Spike
222 NHTS 1835 1335 5,7 -19.8 7.2 -17,8 205 Quiet
224 VAFB 2130 1330 6,0 -19,5 6.2 -18,8 200 Quite good
226 HTS 0030 1430 5.0 ~-20,5 5,5 -19,5 192 7 slope
231 NHTS 0720 0220 11 -14,5 - - 160 No 7 Mc
* VAFB Vandenberg Air Force Base.

NHTS New Hampshire (New Boston) Tracking Station.

HTS Hawaii Tracking Station.

KTS Kodiak (Alaska) Tracking Station,
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Figure 4.1 Diurnal spectrum of atmospherics.
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Figure 4.3 Welded module for MkIc radiometer.

Figure 4.4 Mklc radiometer package, FTV 1127, FTV 1128, and FTV 1129.

Figure 4.5 Yeiser Type A tape antenna,
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Figure 4.15 Polar plot of 4.010~- and 6.975-Mc data for Orbit 185, VAFB, FTV 1129.
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CHAPTER 5
ION TRAP PROBE

5,1 OBIECTIVE

The objective of this experiment was to study the variations
with latitude and longitude at an approximately constant altitude
near the peak of the F-region (300 km): (1) positive ion and

ol0 particles/cm3; (2) energy

electron densities in the range 10 to 1
distributions of charged particles in the range 0 to 100 ev; and (3)
vehicle potential due to vehicle-plasma interaction,

The study of these properties and their global distribution
before, during,and after a high-altitude atomic burst would reveal
important facts on the extent and nature of the disturbance caused
by such an event, relating to photochemical processes, RF propa-
gation, radar tracking of rockets and satellites, etc.

5.2 BACKGROUND AND THEORY

Instruments to measure charged particle densities, temper-
aturle) and energy distribution have been flown in the past three
y2ars on vertical probe rockets and satellites. The objective of
such flights was to study these electrical properties, their absolute

values and time, altitude and positional variations leading to a

better understanding of the basic properties of the ionosphere and
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interplanctary plasma.  Such properties as the dissociation,
ionization and recombination processes operating in the undis-
turbed plasma, vehicle-plasma interaction in the light of how the
presence of the vehicle modifies the plasma, and how vehicle
potential is influenced by the plasma are being studied and their
physical significance evaluated.

The theory is discussed with reference to the three
modes of instrument operation (Sections 5.2.1 through 5.2.3).

5.2.1 Mode I,

A voltage is applied between the two electrodes sufficient

to collect all charged particles entering the electrode system

given by: 2 5
V=mv (b”-1) (5.1)
2 q az
where: a = radius of inner sphere, cm

o
|

radius of outer sphere, cm

1

v = velocity of particle relative to vehicle, cm/sec
m = mass of heaviest particle expected to be collected, gm

q = particle charge, coulombs

V = applied volts
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v in this formula can be expressed as:

bvl= v T+ lv | (5.2)

™

where: v * maximum velocity of particle in a Maxwellian gas

vy = vehicle Velocity

so, considering the vehicle (rocket or satellite) employed and
whether the instrument is collecting positive or negative
particles | Vo | > | A | or | Vo | << | v, |; hence, one or the
other can be neglected, e.g., for a = 1.27 cm, b = 5.7 cm,
v, = 8x 10° cm/sec, and considering singly charged NOt ions,
then -192 volts are required to collect all ions entering collection

since Vo >> VT. Taking the case now where Vo >> vT, then it

is easily seen that the probe sweeps out a volume of:

2 3
vvazvvxTrr cm”/sec (5.3)
where: v, = vehicle velocity
A = cross-sectional area of probe
r = outer radius of probe

If now the ion density in the volume swept out is n+/cm3, then the

current flow to the center electrode is given by:

I=n, e, v, " r? T x f(v) (5.4)
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where: i = current flow to center electrode

. . 3
ion density (number/cm™)

=]
“+
i

~
5
1

charge per particle

5
I

= vehicle velocity
I = experimentally determined transmission factor for
outer electrode
The value of the function f(v) depends on the potential of the outer
sphere with respect to the undisturbed environment,

5.2.2 Mode 11,

For electrons the theory is identical to standard
Langmuir-probe theory which may be found in standard texts.
From analysis of the current-voltage curves, (electron) tempera-
ture, wvehicle potential) and the form of £(v) to be used in Equation

5.4 are easily determined,

The simple Langmuir-probe theory must be modified for
ions to take into account vehicle velocities of the same order of
magnitude as random thermal-ion velocities.

5.2.3 Mode III.

Plotting the second derivative of the current against voltage
gives a typical form of Maxwellian (or other) energy~distribution

diagram.
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a3 INSTRUMENTATION

Two experiments were involved—one for negative particles
and one for positive particles, A sensor, a s box,and an
amplifier were provided for cach., Both experiments derived
timed functions and voltages from a common timer box. A
block diagram of the instrumentation is shown in Figure 5.1,

The sensors consisted of a set of two concentric spherical
electrodes, The outer electrode was 3 inches in diameter and
perforated to give a high transmission of particles; the inner
electrode was solid and of l-inch diameter, Roth were tungsten

.
coated to reduce photo and secondary electron emission., The
sensor was mounted at the end of a boom which was erected
perpendicular to the vehicle surface when conditions of zero drag
and zero g were attained. The boom was made long enough to
place the sensor outside any vehicle influence such as solar
shacow, vehicle plasma, and vehicle wake .

A series of programed voltages were applied to both elec-
trodes from the timer box and bias hox,

A description of one unit applies to both, so attention will
be given to the positive ion unit. Potentials are reversed on the

electron sensor,
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A03. 1 Mode L

A fixed negative potential is applied to the center sphere
from the bias box, the outer sphere beiug kept at vehicle potential,
The bias supply is in series with the center electrode and the
logarithmic de amplifier, the input terminal of the latter being at
vehicle potential and so acting as a zero impedance device,

As explained previously, the probe sweeps out a cylindrical
path through the plasma: bhence, the current measured is propor-
tional to ion density. A voltage proportional to the log of the
current in the range 0 to 3 volts is telemetered on a continuous

channel with a frequency response minimum of 100 cps,

371

. 3.2 Mcode II,

With a fixed potential applied to the inner electrode, a
sweep voltage in the range +20 to -20 is applied to the outer elec-
trode, thus operating the sensor in a Langmuir-probe mode. By
means of a calibrated analog voltage telemetered on a commutated
channel, a plot of current produced against voltage applied will
give vehicle potential and an ion temperature measurement,

5.3,3 Mode III.

The outer sphere is kept at vehicle potential; the inner

clectrode voltage is varied between zero and maximum (voltage

W

pplied in Mode I) by means of the bias supply, Again,an analog
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voltage telemetered on o commutated channel gives @ measure of
applied voltayge to be plotted against current produced, giving an
energy-distribution diagram,

In addition to programing the mode of operation, the
timer box also provides an analog voltage (telemetered) un a
commutated channel, giving an indication of the mode in use at
all times,

The two sensor units consisted of the spherical electrode
assembly, mounting assembly, and boom assembly. The boom
was 3 feet long with a uniform diameter of 1 inch, The booms
weighed 1% pounds each. The two bias supplies were mounted ir
as close a proximitiy to the respective sensor booms as possible,
The bias supply boxes were approximately 4 by 4 by 5 inches and
weighed 2 pounds each. Two amplifiers were mounted as close
as possible to the respective bias boxes. The amplifiers were
approximrately 9 by 4 by 2 inches and weighed 2 pounds each.

The timer box was mounted in a convenient location. Its size
was 9 by 5 by 4 inches and weighed 3% pounds,

The total power consumption had an average value of 3
watts with a peak of 8 watts and a minimum of 1% watts, all at +28-
volts dec, The instrument had a telemetry output of six pieces of

data to be commutated,
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S04 DATA REQUIREMENTS

The immediate post-flight requirement is for a paper strip
chart of appropriate commutater (Ring B) -~Visicorder type—at
a chart speed of 10 in/sec, Post-flight data reduction requires
the commutated channel decommutated and digitized at the rates
shown in Table 5,1, All information is to be corrected for drift,
ete, , and put on magnetic tape in standard IBiM rormdi aud also
to be tabulated, Complete ephemeris data including time,
latitude, longitude, radial altitude above the earth's surface, and
resultant velocity (absolute velocity) arealso to be put on tape and

tabulated.

TABLE 3.1 DIGITIZING RATES FOR ION TRAP PROBE

OutEu_t_ Post Numbers Digitizing Rate
samples/sec

ES-1* 02,19,31,43 10
ES-2 03,20,32,44 10
ES-3 04,21,33 7%
ES-4 05,29, 45 7,
ES-5 34 2y,
ES-6 42 2%

*ES = Electric structure, ion trap
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Two spherical electrostatic analyvrers were successfully tflown
on each of the Discoverer satellites 1127, 1128,and 1129, Sensor | was
used o measure the density, energyv, and temperature ot nepative ions
and electrons: sensor 2 was used to measure the density, energy, and
temvperature o7 positive 1ons,  NMost of the data were obtained in the al-
titede region from 180 to 425 km.

The results given in this report have been obtained from strip

charts, since the magnetic tapes for the experiment (all outputs) were

"t
1]

ceived in the latter part of April 1903, This did not allow time to in-

B

clude machine-processed data. As a result,;much of the charge density

Iine structure along the satellite trajectory is not shown on the experi-

The reduction of the results has been further complicated by
inadequate ephemeris and satellite clock data. For example, the original
ephemeris for FTV 1129 showed the apogee and perigee altitudes in-
rZ ziter orbit 134, An improved ephemeris was finally obtained
tnroazn SPACETRACK in early May., The satellite clock did not work

in FTV 1125, The clock data is necessary to relate the experimental

[}
[
1
d
P
“r
w
ot

o tne eprnemeris, The magnetometer data which gives crude
zeczravhiczl position was received in May 1963, For this reason the

=xnerirnental oitputs are given with respect to system time,
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S, 1 FIV ILLT Rexsules,

The experiments worked well tor approeximately 2 orbits, All
experiments then terminated due to a commund failure, The variation

B

of positive 1on and electron densities with geographic latitude is shown
in Figure 3,2, The flight was carried out at a time of Arctic Summer

and Antarctic Winter,

Az shown in Figure 5,2 the positive ion and electron values

igree within the experimental error during the day and show a signifi-

{1

cant difference beginning at about ionespheric sunset.
The electron density becomes less than the positive ion and

remains less until after sunrise, The negative ion concentration is

1,

ound {0 exceed the electron density at night, As can be seen from Fig-
ure 3,2 the position of the sun has a dominant influence on the magni-
tade of the charge densities. At night, the time of minimum densities,
tre vehicle reaches its maximum altitude of approximately 415 km,

Licde II. From the Mode II current voltage curves,see for ex-

)

armple Figure 5,3, the satellite potential may be determined (Sagalyn,
Smiddy, Wisnia, 19t3), Because of the poor resolution of the strip
crnart data,tne Mode II current voltage data could not be reduced. Curves

(

)

btained irom real-time acquisitions gave small values of satellite po-
tentizl, {~0,1 to -0,5 volt ). The average energy of the ambient charged
sarticle: varied between 0,16 and 0. 20 ev. The corresponding am-
Sient ternperatures varied between 1000°and 2000°K, Periodic measure-
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ments of energy, tempervature and satellite potential can be obtained
when the muagnetic tape data is analvesed,

Mode 1. The expeviment did not voperate in Mode IIT during the
reals time acquisition periods,  This data can also be obtained when the
magnetic tave data is anclveed,

3,5.2 FTV 1128 Results,

Results were obtained from six tape-recorded orbits and 23 real-
time acquisitions from FTV 1128, The vehicle clock did not operate,so
that crude position must be obtained from the magnetometer results,

The magnetometer data was received during the second week of May 1963;
this dia not allow time to correlate the experimental outputs with the

magnetic field.

Positive ion and electron densities obtained from the tape read-
out on the sixtyrfifth orbit is shown as a function of system time in Fig-
are 5,4, The ion and electron densities are approximately equal when
the charge densities are high, From a comparison of these results
with those obtained on satellites 1127 and 1129 one can estimate that
the values obtained between 20 and 130 seconds correspond to daytime
conditions. Atabout 143 seconds;which probably corresponds to local
ionospheric sunset, there is a sharp decrease in the charge densities,
At this time the electron density becomes less than the positive ion
density. This is in acreement with results obtained on vehicles 1127
and 1129, showing the presence of negative ions in the nighttime iono-

sphere,
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The Mode I and HI data have not yet been reduced, This, to-
cother with the machined processed Mode 1 results, will be given in a

report to be prepared at the Air Force Cambricge Research Laboratories.
Y |4

Zn

<33 FTV 1129 Results,

Experimental results were obtained from fifteen tape recorded
orbits and twenty-three real time acquisitions on vehicle 1129, As the
magnetic tape outputs were not received until the end of April 1963,
only hand-processed strip chart data will be given in this report. Be-
cause of the inadequacy of the original ephemeris, incon-
sistencies appeared in the orbital data. For example, after orbit num-
ber 134 the apogee altitude suddenly increased, New orbital elements
were obtained and a new ephemeris derived by SPACETRACK.

The variation of charge densities, positive ions,and electrons

with latitude obtained on orbits 177 and 178 are shown in Figure 5.5.

The altitude variations are small during this period; apogee is
230 km and perigee is 210 km, The overall pattern of the latitudinal
variations is similar to that observed on vehicles 1127 and 1128,

A rapid increase in charge density is observed shortly after iono-
spheric sunrise., Normal daytime magnitudes are reached a few hours
later. During the day,the wensity variations are small, Shortly before
ionospheric sunset the charge densities decrease, reaching a minimum
z few hours after sunset. At night between 0100 and 1230 hours local
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‘ . . v o .
time 4 secondary maximum is observed at 207 to 257 south, A night-
time increase in electron densities is often obxerved around midnight

by 1onesvide stations near the equator,

The positive ion and electron densities are approximately equal
during the dav, At night the positive ions are a factor of 1.5 to 5
greiter than the electron densities,

While the pattern just described was observed on most orbital
records received from vehicle 1129, on certain of the orbits, signifi-
cant differences occurred, For examiple, on orbit 97, as shown in
Figure 3.0, the charge densities during the nighttime reach to almost
the davtime values, At this time, the electron and positive ion densities
zre nearly equal, This will be discussed further in the next section.

The spin and tumble rate of vehicle 1129 varied considerably
during the data acquisition period., This motion is easily determined
irom the experiment outputs as the sensors move in and out of the ve-
rnicle wake, The eifect onthe measurement is shown in Figure 5.7;
tnis reproduction of a portion of the flight record illustrates the decrease
in the positive 1on measurement when sensor 2 enters the vehicle wake,
otn the zlectron and lon densities were found to decrease almost an
order of marnitude in the shadow of the vehicle, three to five feet be-
nd the satellite, A comparison of the ion densities values obtained
uver a portion of an orbit with the sensors in and out of the satellite
mare 1s ziver in Figure 3,8,
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Mode L Only real-time afode 1 data has been reduced at this
e, The electron current voltage curves give temperatures ranging
between 1200% and 2100YK.  Examples of Mode I electron sweep curves
oxtained during the thight of FTV 1129 are shown in Figures 5,9 and
5. 10, The vehicle potential was measured to be -1,0 to 0,5 volt,  The
temperature 1s caloulated to be 1534°K from Figure 5,9 and 1830°K from
the data given in Figure 5,10,

Mode IIL, Examples of collector current vs collector voltage
curves odtained from sensors 1 and 2 are shown in Figures 5,11 and
2, Tris data was obtained at 340 km  and a local time of 0542 hours.
Saturation iz reached at a collector voltage of 75 volts, This corres-
ponds to  charged particle energy of 9 ev.  Assuming a vehicle po-
tential of L ey, this corresponds to positive ions of 8~ev energy;
tne calculated 1on mass is 30 amu. This indicates that the mass of
tme majority of the positive ions present is less than 30 amu.

Tne electron sensor curve in Figure 5,11 shows that
cver %07 of the charged particles are collected for an applied voltage

0 wolts, Trnis corresponds to the voltage required for the collection

L}
N

[

re

ent electrons, MNost of the electron sensor current voltage
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curves show a smmall increase up to 40 oxr 50 volts, This increased
current may be due to the presence of higher enerpy electrons or to
negative wons,

Feriodic Mode III measurements along each orbit will be obtained

from the machine-pracessed data,
« 0 DISCUSSION

(Y]

The latitudinal variations of charge densities obtained on polar
orbiting vehicles 1127, 1128,and 1129 show certain general persistent
features, Inese include a sharp decrease in the ion and electron den-
sities around sunset, a secondary maximum of varying relative intensity

2t night, 2 minimum in density before sunrise, a rapid increase in den-

sity arter sunrise. The electron densities are usually lower than the

s

oositive lons during the night hours. Significant number of negative ions
are observed below 300 km at night.

Tne daytime variations with latitude and solar position are smail;
tnis is partly due to the fact that the effects of the solar position and

altituce variations tend to cancel one another on the orbits chosen for

vehicles 1127, 1128,and 1129.
Cnanzes in lengitude do not have a major effect on the latitudi-

r.zl variations. However, the data shows that the relative magnitudes

.

of the maxima and minimum are effected by change in longitude,
Sigrificart modifications of the general latitudinal pattern do occur.
As pointed out earlier, the results of vehicle 1129 show large changes in the

ragritudes of the night'ime maxima, Exammation of the solar and magnetic
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data for this perieod shows increased solar activity, This relation will be
exartned i osome detail ax part of the analysis of these results,

These three satellites were launched in the same season; a period of
Antarcne Winter and Avctic Summer, The charge densities change from one
to three orders of magnitude between the light and dark regions of the iono-
sohere, It would bevery desirable tecarry out similar measurements in the

altitude region 200 to 400 km, in the months of October and February,to

obrain seasonalvariations in the ionospheric charge densities over the earth.

It is unfortunate that tne temperature and energies of the charged

(8]
o
=]
-t
—
[g]
—
4]
'3
[}

culd be reduced for only the real-time acquisition. Any effect of

latitude, longitude, altitude, and local time on these properties could not be

determined.lt will be possible to obtain this information fromthe machine-

Y

rocessed data,

814
L]

7 COXNCLUSIONS AND RECOMMENDATIONS

The variations ot ambient positive and negative ions and electrons
nave been obtained as 2 function of local time, latitude, and longitude, in an

altitude region 200 to 400 km. The energies and temperatures of these

v

zarticles have also been measured periodically during each orbit, The

i
(14
Ui

s5ults show the solar position gas dominant influence on the results,

Tre launching of vehicles with similar payload during each season of the

0
p\
ﬁ
P
(W]
o
—
[}
*
by

.erefore be highly desirable. The machine processing of the
wericle data continues. This data will be included in a report on the

arnalysis and interpretation of the results,
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SATELLITE ORBIT NO. 77
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Fizure 3.7 Voltage versus time, Orbit 77, FTV 1129.
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Figure 5.5 Ion density versus time, Orbit 77, FTV 1129,
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Figure 5.10 FTV 1129, Sensor 1, current versus sweep voltage, 2250 hours.
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Figure 5.11 FTV 1129, Sensor 1, current versus collector voltage.

182

SECRET

140



CURRENT SENSOR 2 (AMPS) —

1076
-
o
; M
107k
.
' FTV 1129 R/T 9VAFB DATA
I SENSOR 2 (POSITIVE COLLECTION)
. CURRENT VS, COLLECTOR VOLTAGE
H 25° N 120° W 340 Km
1} LOCAL TIME 0542 HRS
[0-8 :f_
4
109
TR =
gt I 1 1 ! ] 1
0 20 40 60 80 100 120

COLLECTOR VOLTAGE — VOLTS (NEGATIVE)

Figure 5.12 FTV 1129, Sensor 2, current versus collector voltage.
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CHAPTER 6

RETARDING-POTENTIAL ANALYZER

bl OBJECTIVE

The objective of this experiment was to acquire information
of the explosive effects on characteristics of the ion-electron
medium by direct local measurement with a retarding-potential
analyzer. In specific, it was to explore on a global basis any
measurable characteristic disturbances {(as a function of the time
after the explosion as well as the global location) in comparison
with reference measurements of the same experimental quantities
before the explosion.

The interpretation of the raw data obtained is expected to be
meaningful not only in general terms of total ion (electron) density
and some effective temperature, but also as a determination of the
non-Maxwellian tail in the energy distribution, symmetric or
asymmetric deviations from isotropic velocity distributions, and a
reasonably well resolved separation of ion species. Besides
operating as an environmental ion-electron analyzer, the instru-
ment "+as programmed to accomplish an occasional photoelectron

analysis.
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(SN BACKGROUND AND THEORY

Vehicle~borne charged-particle sampling devices, with or
without retarding-potential discrimination and/or analysis, have
become most important tools of direct probing in recent studies
of the ijon-electron medium throughout the E- and F-regions, the
outer ionosphere (magnetosphere), and interplanetary space,
Various expressions such as "ion trap",three-electrode
charged~particle trap' and 'sheath current monitor" (Bourdeau's
group, NASA), "Langmuir probe'" (Bourdeau, Spencer),
"retarding-potential analyzer' (Hinteregger, GRD), "Faraday
Cup" (Rossi, MIT), and other names, have appeared in the liter-
ature with rather loosely defined distinctions among them.

The experimental art in this field is still in an exploratory
state. Some fundamental questions on the physical interpretation
of existing measurements (e.g., those from Sputnik III) have
been clarified only recently, Much of the overall theory may
still be considered to be in a state of debate., (A monograph,
based on informally circulated work by Hinteregger with the bene-
fit of several conferences with Bourdeau's group of NASA, is
being prepared for publication.) In spite of certain remaining

controversies as to details, however, the general soundness of
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using electrostatic retarding-potential discrimination and analysis
is considered to be well proven experimentally,

The use of planar geometry for the analyzer structure has
been approached most closely in the design of the GRD and NASA
instruments (Aerobee Hi 1959, MIDAS 1961, Aerobee 1959,
Expleorer VIII, respectively). Realization of nearly one-
dimensional sampling and retarding conditions not only affords
the least complicated theoretical evaluation but also appears to be most
advisable in cases of established or suspected symmetric and
particularly unsymmetric anisotropies of the particle-velocity
distributions. Therefore, more than one planar retarding-
potential analyzer of different orientations was provided for the
satellite experiment.

In spite of the basic simplicity of the sensor, shown
schematically in Figure 6.1, an intelligible yet proper theory can-
not be given briefly, Therefore, it may suffice here to state that
the instrument rejects (within certain limits) charged particles of
one polarity and operates as a normal-energy analyzer for those
cf the other polarity, Normal energy here is defined as the
quantity %mzzz (see Figure 6.1), i.e., the energy associated with
the velocity component of the approaching particle in the normal

direction relative to the aperture plate, From the current-voltage
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diagrams obtained from two or more detectors with different orien-
tations of their detector axes (7 in Figure 6,1), it is possible to
determine anisotropy and asymmetry of velocity distributions. The
diagrams from a single detector already allow (1) inference of
ion density (electron density); (2) calculation of effective electron
temperature, as well as determination of non-Maxwellian tail in the
electron-energy distribution up to the instrumental scanning limit—
ER (see Figure 6.1); and (3) mass-spectrometric identification
max
of ion species to the extent determined by ratio of the vehicle-
velocity component V§ to the average (thermal) ion speed and by the
difference in mass number of the major constituents involved.
Elements of the theory of measurements with planar
retarding-potential analyzers have been published. 12 A
more complete analysis of the various problems of ion density and
velocity~distribution measurements from space vehicles is present-

1
ly available only as an informal report for limited distribution. 3

6.3 INSTRUMENTATION

Two identical retarding-potential analyzers (Model 6D, Comstock
and Wescott, Cambridge, NMass.) with associated automatic range-
switching and polarity-switching amplifiers, program unit, and regula-
ted power supplies (Adcole Corporation, Cambridge, Mass.) (see

Figure 6,2) were used in the experiment,
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The analvrsers or sensors were mounted as far apart as possible, Duae
to phvsical limitations of the allocated space, they were mounted look-
ing out radially from the vehicle with an angular separation of 101°
{see Fi}_;ul'L‘ tr, ,’l.)

The instrument was programmed such that both sensors were
operated simultancously in any one of three modes., Mode I was the
measurement of photoelectrons leaving the tungsten sensor cathode or
target due to incident extreme ultra-violet radiation; Mode II was the
measurement of environmental positive ions; and Mode III was the
measurement of environmental electrons,

The mode program sequence was II, II, IiI, II, II, III, I. Each
mode consisted of 23 measurements, and each measurement was
synchronized with the 0,4-rps telemetering commutator. Two meas-
urements were made on each revolution of the commutator., There-
fore, the time between each measurement was 1.25 seconds, and the
time duration of each mode was 31,25 seconds. The complete program
required 218.75 seconds,

A schematic diagram of the sensor elements and connections is
shown in Figure 6.4, A tabulation of element voltages as a function of
mode and measurement number is shown in Table 6.1,

The sensor tarcet currents were measured with separate auto-
matic range-switchine and polarity-switching amplifiers. The ampli-
fiers jiad eight ranges oI sensitivity, The adjacent range sensitivity

ratico vas four, Full sc1le ur the most sensitive range was 2,45« 10'10
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ampere. Full-scale for the least sensitive range

- 10
was o, 45x10 x~17- d.0¢10°° ampere.

When measuring positive currents, the amplifier output at zero
input current was 5,0 volts and at full-scale input current it was 0,0
volt, When measuring negative currents, the output voltage at zero
input current was 0.0 volt, and at full-scale input current it was 5.0
volts. This was accomplished in the amplifier by offsetting the ampli-

fier output voltage 5 volts when a polarity change was detected-

Range sensitivities were automatically decreased by a factor of
four at full scale for increasing signals and increased by a factor of
four at 179 of full scale for decreasing signa.ls.14

The system outputs which were telemetered were as follows
{(see Table b.2): VRl and VR2 indicated measurement step number,
Each output was a five-step staircase between 0 and 5 volts. VR ad-
vanced one step for each commutator synchronizing pulse, VR, ad-
vanced one step for each five VR, steps.

Eo) was the amplifier output voltage for sensor Sl and repre-
sented % full-scale of that amplifier.

E~, was the amplifier scale factor and polarity indicator for

sensor S1. It consistcd of 16 discrete levels corresponding to the eight

sensitivity ranges in both polarities,
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E, > was the amplifier output for sensor S2.

ET2 was the amplifier scale factor and polarity indicator for
sensor S2,

Ep was a mode indicator. It consisted of three discrete levels
and varied according to the mode program.

AMon =1 and Mon #2 were outputs monitoring the regulated sup-
plies used throughout the instrument.

Synch was used as a means for synchronizirg the measuring
program witih the commutator. The closing of this commutator seg-
ment to ground through the telemetering input impedance was used as
an input to the program unit.

The program was advanced one measurement step at the end of
a read-out period (see commutator pin assignments, Table 6.2.),
allowing approximately 0.2 sec‘ond for transients to settle out before

the next read-out,

6.4 DATA REQUIREMENTS

The Ring B commutator had 60 segments at 0.4 rps. Seventeen
informational segments were assigned to the retarding-potential analyzer.
The assignments are shown in Table 6,2,

For quick-look information, three copies of the stripout are re-

quired for the informational segments shown in Table 6.3, For analysis,
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two copies are required of the Midwestern record or equivalent of the
tarious acquisition times, The paper speed should be adjusted so that it
can be read manually,

Informational segments are to be digitalized and placed on low-
density magnetic tape in floating-point binary form. The tape format
should be of the form shown in Table 6.4, Each commutator revolution
should be one record. Two copies of the binary-coded decimal listing
are requested and also a binary tape of the format shown in Table 6,4,

For trajectory information, the following is required:

(1) low-density magnetic tape of the ephemeris; (2) two-ply listing of the
data on binary tape or tapes; (3) a write-up of the format of the binary
tape (length of record, file, and number of files); and (4) a tape log
containing a complete list of the orbits, stations, times, etc.,, at which

the acquisitions were made.

The following is a description of format of the data
received from Lockheed Missiles and Space Division. Low-density float-
ing-point binary tapes were received with all experimenters’data merged
on one tape. FEach file on the tape contained an experimental parameter
which consisted of one or more points on the commutator. The format was

the following: TIME (1), DATA (1), TIME (2), DATA (1), etc.
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Upon receiving the tape,a binary-coded listing of the parameters
given in Table b, 2 was produced from the binary input tape.

Plots of voltage versus time were also received for each experi-
mental parameter, A tabular listing of the ephermeris was also supplied.

The current and the logarithm of the current was computed from

the E and E; value on an IBM 7090 computer,

6,5 RESULTS

Retarding~potential analyzers were included in the instrum-
entation of only two of the satellites: FTV 1128 and FTV 1127. No
data was obtained from FTV 1128, Data was obtained from FTV 1127
for a period of 72 minutes or 4/5 of an orbit,.

One of the possible reasons for this failure can be traced to
the power supply. While the design voltage of the instrument was
in the range of 26 to 31 volts, the power supply of the satellite pay=«
load was an unregulated 28~volt supply dropping down to a plateau of
26 volts after a few orbits, The same design error may be respon=

sible for the poor performance of detector S1, Another reason is

the unusually low temperature as measured in the radio noise in-

strument, Therefore, only data from detector S2 is being presented,
The data was taken during orbit No, 2 when the attitude of

the satellite was stabilized with respect to the vertical and the di-

rection of motion. That means that during this orbit both detectors
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were side detectors looking perpendicular to the direction of motion,
In this case Mode II data cannot be readily interpreted in terms of
positive ion densities,

Mode I was designed for the measurement of photoelectrons,
During the useful life of the instrument,both detectors were in the
shadow and never looked toward the sun, Two samples of the cur~
rentevoltage curve for Mode I are shown in Figures 6,5 and 6. 6,
They were measured in the range of the higher northern latitudes,

However, most of the time no current was measured.

Samples of Mode Il measurements are shown in Figures 6,7,
6.8, and 6.9. The scale used for the current is logarithmic above
10_1 0 ampere and below minus 10—10 ampere. Between these points
it is linear, keeping the transition smooth. For high-retarding po-
tentials the current is found to be negative. This is caused most
likely by secondary electrons created at the auxiliary grid by ion
bombardment. There appears to be a correlation between the ion
saturation current and the amplitude of the negative current.

The general behavior of the voltage-current curve as a

function of the position on the orbit is represented in Figure 6, 10,
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The curves show currents versus time for different retarding vol-
tages.

Samples of measurements on Mode III are given in Figures
6,11, 6,12, 6,13, and 6, 14 for different positions on the orbit, It
should be mentioned that in the plots of current versus retarding po-
tential a correction had been incorporated, The original plots
showed a tendency toward a staircase shape in line with the range-
switching voltages. The current data points were corrected by sub-

-10
tracting a constant current (35 x 10 amp in range - 5) on all the

odd ranges. This can be justitied by a driit in the amplifier front
end when the temperature drops below the tolerance of the circuit
elements. A similar correction was applied for the Mode II data

where the constant current had to be added. At southern latitudes
(Figure 6. 11) the electrons generally follow a thermal distribution

with a linear slope in the chosen representation, From the slope an

apparent temperature Ta can be derived using the relation

o]

I=1 exp [- eV |. This apparent temperature is used primarily to
KT

a
describe the measured data and would represent the actual temper-
ature of the electrons only if the instrument would work according
to a simple ideal theory. Unfortunately, we do not have data points

in the area of lower retardation. It is possible that the slope in this

area could be higher. Under the given circumstances the slope was
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constructed from the section between 1 and 4 volts and extrapolated
toward higher positive voltages in order to obtain at le the inter=-
section with the horizontal line given by the saturation current IO.
VRI is found to be in the neighborhood of 7 volts. In the design of
the instrument it was anticipated that the current drop would occur

in the vicinity of 0 volt, This explains the lack of data points in the
critical region of the retarding-voltage curve. At the equator and
northern latitudes (Figures 6.12, 6.13, 6.14) a trail of hyperthermal
electrons can be observed, It starts sharply at VRz and falls off ex-
ponentially until about -20 volts where it reaches the threshold of sen«
sitivity.

The variations of the essential features of the retarding-voltage
curves for Mode III are shown in Figure 6,15, All the measured val-
ues of I, Ta’ 'VR1 and VRZ are plotted as a function of time and lat-
itude. The highest value the instrument was able to measure is

-6
4x10 amp. During part of the orbit the current was above this

value,

As mentioned before, detector Sl is not believed to have
worked properly according to its design. Nevertheless,the satura-
tion current appears to be a correct measurement both in Mode II and
in Mode III operation. The result in this case is only slightly differ-

ent from the measurements of detector S2, However, the slope of
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the retarding-potential curve in Mode II is much smaller than meas~
ured with detector S1., On the other hand, in Mode III between +8
volts and + 5 volts the current drops from its saturation value to its
minimum value, The electron temperature T can be found from the
slope of the current-versus=voltage curve.

In spite of the fact that the detector flown on satellite FTV
1127 is not ideal in the sense mentioned before, the formula was
used for determining electron densities. I0 and Ta were taken from
Figure 6,15 and 5 cm® for A. The result is shown in Figure 6.16 to-
gether with the electron~density plot from the impedance probe,

The agreement is better than might be expected from the use
of an unreasonable value as T, for the electron temperature. How-

ever, the compensation lies in the fact that the collecting area A

should have been measured not at the detector but at the outer edge
of the ion sheath.

A qualitative interpretation of the measured I - V_ curves
can be given as follows: the key to the curves is the high voltage of
+10 volts on the aperture grid, This value had been chosen to enable
the collection of electrons in the case of high-negative vehicle poten-
tials. (Occasional vehicle potentials as high as -10 volts had been
reported.) However, in the present flight the vehiclc potential was
low and probably never went more negative than -1 volt which can be
concluded from the Mode II data and which also is confirmed by the

ion-trap data., The high aperture voltage causes off-perpendicular
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gradients of the potential outside of the detector, However, the de-
tector analyzes the electrons only in terms of the perpendicular
components of the gradient. This causes the current to drop oif at a
higher positive voltage because some of the electrons entering the
aperture have not gained a perpendicular velocity as high as indica-
ted by the +10 volts of the aperture grid. Another consequence is a
slope less steep than produced by a detector of ideal geometry which
explains the high apparent temperature, Finally, more electrons
are collected into the aperture, thus increasing the effective area of
the aperture.

A way of analyzing the present data quantitatively in terms of
electron temperature has not yet been worked out. In any case, the
high potential of the aperture with respect to space potential prohibits
the determination of an accurate electron temperature,

The tail in the energy distribution of the electrons found on
part of the orbit is interesting and believed to be real. It conceivably
could be produced in the immediate vicinity of the vehicle if it is not
a characteristic of the ionosphere, Production of the tail inside the
detector appears very unlikely, On the other hand, the orbit occurred
on a magnetically quiet day,and hyperthermal electrons can hardly be

visualized to exist in the particular parts of the ionosphere.

6,6 DISCUSSION
According to previous experience with retarding-potential

analyzers of planar design in satellite vehicles, such an instrument
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is well suited to measure positive ion densities,provided it is orien-
tated in the flight direction, It also is a good indication of the mass
of the major ions and their number density. When the detector is
orientated at an angle with the flight direction, the analysis becomes
complicated,and the mass resplution is reduced. In fact, no satis-
factory way of analysis has been found so far for this case. Since,in
the present program,data was collected only while the detectors were
looking sideways, an analysis of Mode II data in terms of ion densi-
ties has not been attempted at the present time.

Only limited experience is available for an analysis of Mode
III data of the planar retarding-potential analyzer. In an environment
of thermal electrons the direction of the detector should have little
influence on the measurements. For an ideal detector of plane ge-
ometry with the aperture grid at space potential (to eliminate any dis-
tortion of the geometry outside of the detector) the formula for the

electron density is

I is the saturation current

o

A is the area of the aperture
e is the charge of the electron

m is the mass of the electron
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6.7 CONCL.USIONS

In spite of the limited amount of data coliected by the instru-
ment the experience gained from the flight is very valuable. Of pri-
mary importance is the information obtained on the performance of
the instrument itself. It is very helpful for improvements in the de-
sign of the retarding-potential analyzer. Some of the more elemen-
tary shortcomings can be easily corrected in future flights. Of more
fundamental nature is the achievement of a better or more defined
geometry of the potentials outside the detector. It is important,
however, that the advantage of the planar geometry for detecting and
measuring the anisotropic velocity distribution of hyperthermal elec-
trons is maintained. Such electrons appear to be present even in
the F-layer of the normal ionosphere and certainly are to be found
in the nuclear disturbed ionosphere.

Based on the latest experiences a modified version of the re-
tarding-potential analyzer has been constructed and will be flown in
a satellite vehicle in the near future., It is extended on an arm from
the vehicle and primarily works in Mode III. In addition to the
sweep of the retarding potential a sweep of the voltage on the aper-~
ture grid is incorporated., There is every reason to believe that
such an arrangement will measure accurately vehicle potential and

electron temperature,
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If successfuljthe next step in the development is a device
which automatically adjusts the voltage on the aperture grid to the

space potential,
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TABLE 6.1 SENSOR ELEMENT VOLTAGES AS FUNCTION OF MODE
MEASUREMENT NUMBER

O DN N NN NN WD DNNNDDNNDNDDNDNDDNDIN

Mode I Mode II Mode III
Vo 19,5V Vo -29.8V Vo 19,5V
va 10,0V va -2.99V Va 10,0V
Measurement
Step No. VR Vi VR Vi Vg Vk
1 -~26,85V*  -29,9V -24,9V -4,9V 14,8V 12,
2 -28.5 -29.9 -23.3 ~-3.3 11,2 12,
3 -28.5 ~-29.9 -22.2 -2,2 7.9 12,
4 -28.6 -29.9 ~21.4 -1,4 4,7 12.
5 -28.9 -29.9 -20.2 -0,2 4,07 12,
6 -29.3 -29.9 -19,3 0.7 3,48 12.
7 -29.9 ~29.9 -18.5 1.5 2.94 12.
8 -30.6 -29.9 -17.7 2,3 2.43 12.
9 -31.5 ~29.9 -17.0 3.0 1.94 12,
10 -32,7 -29.9 -16,5 3.5 1.47 12.
11 ~-26, 5% -29.9 -15.9 4,1 1.01 12,
12 -33,7 -29.9 -15,5 4,5 0,58 12.
13 -34.3 -29.9 -15,1 4,9 0,16 12,
14 -35,1 -29.,9 ~14, 8 5.2 ~0.26 12.
15 -36,1 -29,9 -14.5 5.5 -0, 66 2.
16 -37.2 -29.9 -14.4 5.6 -1,08 12,
17 - 38,4 -29.9 -13.3 6.7 -1,48 12.
18 -39.8 -29.9 -12.3 7.7 -1.88 2.
19 -41,5 -29.9 -11.5 8.5 -2.30 12,
20 -43. 4 -29.9 -10.9 9.1 -2.71 2.
21 -45, 6 -29.9 -10.2 9.8 -3, 14 12.
22 -26, 5% -29.9 6.7 26,7 -3, 80 12,
23 ~-55.2 -29.9 22.8 2.7 -15.1 12,
24 -62,+4 -29,9 40, 2 60,2 -43, 4 12.
25 -74,8 -29.9 57.3 77.3 -74. 8 12.
*Mode I Saturation Measurements.
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TABLE 6.2 TELEMETRY PIN ASSIGNMENTS FOR RETARDING-
POTENTIAL ANALYZER

Informational Segments Parameter
0l ZERO (Cal)
06 VR1
07 VR2
08 ET1
09 EO1
10 ET2
11 EQ2
12 Sync
25 ED
26 MON1
27 MON2
30 5.0 V (Cal)
35 VR1
36 VR2
37 ETI1
38 EO1
39 ET2
40 EQ2
41 Sync
57 2.5V (Cal)

VR, voltage on retarding grid

ET, voltage that indicates range sensitivity
ED, voltage that indicates type of mode
EO, voltage indicating detector current
MON, monitor for input to voltage detector
1, indicates Detector 1

2, indicates Detector 2
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TABLE 6.3 QUICK-LOOK SEGMENTS FOR RETARDING-POTENTIAL ANALYZER

Informational Segments Parameter
06 VR1
07 VR2
08 ETIL
09 EO1
10 ET2
11 EO2
Time

TABLE 6.4 TAPE FORMAT FOR RETARDING-POTENTIAL ANALYZER

Time 1 Time 2
Informational Segments Informational Segments
01 01
06 06
07 97
e'clc. et!c .
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Figure 6.2 Detector with the antiperturbation shield removed
showing the shroud and V, grid. The cylindrical cover for the
electronics is also removed exposing the three electronic cords.
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CHAPTER 7

SUMMARY AND CONCLUSIONS

The original objective of Project 6. 12 was to investigate the
spread of fission debris around the globe and its effects on ionization
and radio noise. Because of the difficultiefs and schedule slippages
encountered in attempting the nuclear detonation, this project was not
able to obtain data during the time of primary interest. A secondary
objective,however, the evaluation of the ambient ionospheric environ-
ment, was successfully carried out by all experiments on board, Al-
though all experiments did not function perfectly on all vehicles, useful
and valuable information was nevertheless obtained from each of the
instrumented satellites.

Had a nuclear detonation occurred during the active life time of
these payloads, the primary objective would have been obtained, The
analysis of the data obtained has enabled the experimenters to evaluate
the performance of their particular sensor.

This analysis will be extremely valuable in the design of satellite
payloads flown in conjuction with future nuclear test programs. Numer-
ous problems were encountered in attempting to schedule these piggy-
back research modules to be in orbit during a nuclear detonation on sat-
ellite vehicles which had another prime mission. The two major pro-

blems were the inability of the experimenter to control both the satellite
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launch dates and orbits, If in future tests scheduled events are more
closely met, piggyback flights of this nature can accomplish their pri-
mary objective, However, a more desirable method to accomplish
these satellite missions would be to have the satellite under the direct
control of the Defense Atomic Support Agency (DASA). In this manner the launch

dates and orbits could be selected to satisfy the requirements of the DASA mission.
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Appendix A

ENGINEERING CHANGE PROPOSAL TO INCORPORATE “N”
PAYLOADS INTO DISCOVERER SYSTEM

18 Janisry 1962

In reply refer to:
L¥SC/A003162
D/62~62

Subject: Contract AF OL(647)-673
ECP=LH~673= 15
Discoverer GRL *N" Dotector Payloud

Tot ATSSD (5S7DK)
Attn: lr, E, Pauley
Air Foree Unit Post Office
Los Anreles LS, Californls

Theru Alr Force Plant Reproseriative
' Loekhsad Migsilos % Space Cerpany
Sunnyrale, Celifornia

Enclosurs: (s) Scven (7) copiss of FOP~Li-673~
Discoverer GRD "N" Deteotor Payload

Lo Erclosure (a) is ransmittad horowith for review, recormepaation
and n=cessary follow-up action.

2e The Contractor roguires a complete go ahsed by & January 1962
in order to aczormodate goucelal payloads from the Geoplsics Bezearch
Dircctoratc ard the assoc.ated tupport for tha three (3) FIV's requeated.

i.0. TTV 1127 vhru FIV 1129, Should additlonal information or clarification
be required, the Contractor will 'be p eased to provide an oral presentation,

IOCKFELD MISSILES % SPACE COMPANY

Ve ~ ,
’f}%%/m

Spacd Jyusaes Contracts

GAD:Husbw \
eo: AFSSD (S37D) @"" 4
J ‘oA
AFSSD (3S7D) N 18 195, W
Attat  Capts A« W. Johnaen l/“r"} ",1
Copp RY o
Adxr Force Plent Popresentative cggngs_ . /\.

Suny vale, Cslifornia
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LOCKHED MISIILES & SPANE COMPAMNY
L RN

LRGN SIH 4O N AN L eGP U TION

WS 1T
ENGINEERING CHANGE PRCPOSAL
i] P NUMIER "”"i‘u.i?r-: i CONIPAGT HUMBZE 1 ARIGLE iN PRODUCHION
_rreg72.38 11-02-62  [AF O4(AhT)I-673 M vs [ No
| TILE OF CHANGE FRIORIYY
Disceserer CRN UNE DNetasgtor Paylnad A

EN

MATURE OF CHANGE (INCIUDES DISCRIPTION, OR 6 EXHIBIT) Roference. (A) ECP-LIl-673-2 dated 10-18+61 and
approved by Anendmant -"gﬂ

The Contractor recormends that the Discoverer Statement of Work, AT Exhibit 60-6 be
supplemented to conduet orbital GID ™" Debcctor Tosts for a maximum orbital active
period of tuenty four (2l) days on three (3) of thirteen (13) Flight Test Vehicles
included by Amerndment No. 2. The three (3) recommended Flight Test Vehicles are

FIV 1127, FIV 1120 and FIV 1129, The research program will be conducted in accordance
with the now work statement paragraphs telow amd in accordance with ECP=THe673~2

datnd 10-18-61 and approved by Amendment #2h. The significant change is to provide
extonded orbital research tests after Discoverer primary objectives have been
aceomplished. Ths prosram requires a go-ahead prior to 2L Jan. 1962 to assure
sufficient time to procure the necessary hardware, design and fabricate the rcsearch
module, fit and checkout commensurate with FTV 1127 and to instull the ground stations

in support of the three (3) flights.
(contined on Page 2)

REASON FOR CHANGE (INCLUDCS EXPLANATION OF 17EMS CHECKED RELOW, OR BY EXHiSii Raference (A) ECP=Lil=673-2

dated 10-18-61 and approved by Amend.#2l
The Contractor recommends that reterence (A) ECP be supplemented to provide the
system cepabilities for a twenty four (24) day active orbit research module life to
support the Geophysics Research Directorate "N" Dectector Fesearch Payload on three (3)
Discoverer FTV's, The addéitional ground station command and control equipments are
included herein and will also be utilized to suoport the Solar Collector hxperiment
and the Subsatellite Research efforts proposed on latter FIV's,

n

| ESTIMATED COST OF PROPOSAL R PURPOSES OF FUND ALLOCATION)

R 327,000 GFFF_Bpdmtary,
ITEMT ABFECTED BY CHANGE (CHICK AFPROPRIATE §OX)

s

(T swmre ] rerrormance SUBSYSTEMS

[0} seevice ue [ rcors ano eouipmant @a [
{0 sse 39 seanes Os [de
[T mnrercranceanumy ¥ resr Be [wu
[ eoxen Assers Ano Facturies [X ore O O

[X; WEIGHT AND BALANCE OK CONTRACT WEIGHT e 3] omir 82-62

71 ESYIMATED EFFCTIVITY CHANGE PCINT
Thaon (3) Disgovernr wohigles ~ FTV 1127 them F7V 1120

'aT; DOLE CONTRACTOR RECOMMEND TRAT CHANGE BE MADE RETFOAGIIVE GN ARTICLES
‘ DEGIVERED TO PROCURING AGENCT?

0 ve [j no

W!EM/O REANIZATION JAANAGER

EATE | TrericaL CoNTracts , MILITARY CONTRACTS
e e |7 fos (G C B tirine Y,

FORM LMSC 17001 &
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EC 2L Hel 73~

Papw &

4. Nature of Change (con't)

The propran objective is to make available an extended life (twenty four days)

on the Discovcrer Agena vehicle for special paylosds that the Geophysics Research
Dircctorats will supply.

The following airborne equipmenty shall be furnished for each of three vehicles.

ITEN N0, EQUIFMENT QTY
i TUommand Hecelver and Decoder  ~ 1
»2 Tape Recorder/Reproducer
26:1 ratio 1
3 /T4 T/M Link IV 1
=) Commutator (0.1 x 60) 1
x5 Time Reference Generator 1
6 Antenna 1
*7 Power Programmer and Control
Box 1
8 Batiery Type VI 2

The following ground station equipments will be required in each of three (3)
stations.

ITEM N0, EQUIPVENT QTY
I VHF Transmitter T
2 Audio Coder 1
3 Antemma 1
The peyload sensors recommended {furnished GFE) for two (2) flights consist of the
followings \
REGUIRED  WEIGHT PCWER
ITEM ¥O.  INSTRUMENTS TA POINT (L3S) (VATTS)
1 Impcdence Probe ) [ 2.5
2 Retrrding Potentisl Analyzor 8 5 2.5
3 G.R.F. (Galactic Radio Frequency) I 5 L,0
b Yon Trap 12 6 6.0
5 Beta-Garma Datector 20 13 3.0
Tatal 50 3 15,0

The resetrch payload for one (1) flight w11l consast of equipments to be determined
at a later date and supplied as GFE itera,

# Thase items have been approved amd arc within scope of Amendment #2i to the =673
Contract.
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BCP-LH- 672
Page 3

RECOIMENDED }ODIFICATION TO VORX STATEXENT
Add Paragraph 2,11.1.1 ( )

Anmnlysis snd Design: The Contractor will porform sll the necessary design to
TnGezrate a GAD VA" Dotector Payload (furnished CFE) into each of three (3)
Dlscoverer Agena B aft equipment racks, and the installation of the new groud
support equiprents to support thess flights. This design and analysis effort will
include the feollowing:

1l. On the Vehicle:
a, Anterna design and installation
b. Commond Rec2iver and Dacoder System
c. F¥/FMi Telemoter System
d. Powar and Programmer Systom

2. OGround Statlion:
a. Antenna resquirements
b. Trancmitter and Coder requirements

3. Operaticnal Plenning for the conduot of extended orbital life (approximately
ZE days ectivity)

Add Paragroph 2.11.1.2 ()

Test: Tho Contractor wlll direct, coordinate and condnct development and inspeetion
Testing of research instrumentation - GRD "N" [oizctor Experiment (furnished GFE),
Artenna Systen, Cormand Receiver and Decoder System, Telemetry System and

argoclated hardware,

Add Paragraph 2.,11.2.1 ( )
Febricatlon end Asserbly: The Contractor will provide the material, procurerent

fatrw.casion end esccmbly of sufficiont sets of the follewing to svpport thres (35
Flight Test Vehicles.

L. Reseerch Peylesd - GRD "N" Detector Experiment kod. Kit

1. Cormarnd Receliver and Decoder

2. FH/F¥ Telemeter Link #L Systen

30 Arrtenna

lie Power Supply for 24 days active 1ifs

In addiffon, the Contractor will provide th ma%a-rial, procurement, fabrication,

cs3anbly and installation of threce (3) jrcund tracking transmitter systems computible
with the airborna equipments included herein.
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ECP-LH~670 -
Tage 4

Systor Desaription

Geaornl

Ty ertended 1ife aystem will consist basically of a tepe recorder/telemeter
sysiem controlled by a comnand system. A system block dlagram is shown in
Figure 1, This system will be passive until after ojection of the recovery cepsula,
at which tirme the command receiver 13 activated, Normal operation of the extended
1ife system is thon in3tituted upon receiving a sirgle momentary ground commarnd
signdl.. The oquipments aboard tre vehicle are programmed to minimize useage of
batiery power, thereby extending system life to twenty four (24) days.

Typical Orbit Overation

As the vehicle 1s approaching a trackins station, & ground command transmitter will
be used to transmit a single comrand, The ecrmand receiver in the vehicle energizes
the telemeter transmitter in an vnmodulated mode, The CW signpal will persist for
approximately tvo mimates in order to accomplish the dual function of serving as

an acquisitiion beacon and waitirz wabtil well within good transmission range before
data is transmitted. Upon acquiring of tha CW signal, the ground command systenm
may be turrod off. After the two mimte delay, resdcut of tape recorded data

will b~ initiated, Afior readout is accomplished, the telemeter system will

shut down and the tape recorder will return to a readin made until the systsm is
again comnanded on. )

Tracking Statioa

Figvre 2 shows the requirements of a ground tracking station and installation of
three (3) such cormand transmitter syatem will be provided cpecifically at VAFB,
Hawaii and Wow Boston.

Schedule

The schedile of GRD "N" Detector Fayload for FIV 1127 is shown in Figure 3.

Using “he schodule of FIV 1127 as a base, FIV 1128 follows by (8) calendar days
and 1129 follows by (9) calendar days.
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SEQUENCE OF EFVvENTS
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t
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™ ’I— [ i | :
] |
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COMMAND I i
T s B I |
) ! Lo /e "W ok SECond RTE 1/4
‘ | VCo5 op [ Pk ond | TR READ cvT T OFF _
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Appuendix B

CHECKOUT TEST PROCEDU RES

—
RFVISIONS ~7
SYM DFSCHIPTION NAYFKE AFBRTIYAL
A" ' R.ovlood paragroohs 3.8.4.2, bJ2.2,
4ol B.3.5, B.3.6, B.3.7, 4.341C,
bos.3. WaSub, Bo305, 4.3.9, 403413, ~
Del_tou ruirgraphs 4.4 ol 4.5.9.7 Ljeh/6% :ﬂ'P
|
i
5337655 6295 ‘
NEXT ASSY MSED ON I
APPLICATION l
o0 v 271762 TEST PROCEDURE 0
or 0,7, Weight : (Approval Sheet)

s 5“ S— 3RD DOR LOCKHEED  amcmary
ok - | — “3LE 116 CORPORATION
engr;  Reds Gryote —  maT MISSILES and SPACE §!+:2.0N
—_ - - SUMNYYALL CA; 'FORNMA
evses Mo M, Papcted (6225) 1127 % mp
NGRS 4. Talley —

AP T ROGE" ’\ — CAL - - v .
T e e FC 414106
- ! 'j "1"' ENGRY 49—'44( 1 ?( cone QOOET AR B lr-‘

TR MY S kel
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TITLE %? E» TEST PROCEDURE
GRD DOOR MODWLE 116 TEST shil126

LOCKHEED MISSILES & SPAZE COMPANY
T T LR R PO PP

YT Y

SHEET2 OF 1TSHEETS

1,0 SCOPE -~ This Procedure details the checkout of GRD Module 116.
2,0 APPLICAELE DOCUMINTS -

Drawing 1lll126 - Specification GRD Module 116
Drawving 1342931 - Wiring Diagram, Module 116
Drawving 1342572 ~ Instrumentation Schedule, Link II, Vehicle 1127

3.0 REQUIREMENT3

3.1 Equipment

RP Master Control

" Detector Test Cables - SP2103, 5?21%, spal07, 8r2108
"i" Detector Magnetometer Simulator - SP2104

Command Receiver and Decoder Simulator - SP21L48

C.E.C, Recorder or Equivalent

3.2 Power

Equipment - 110V AC 60 CPS
Test Specimen - +287 DC

W

Pavircnrental

w
-

This procedure my be used under standard test srea conditions,

3.k Special Tersonnel - NONE
3.5 Safety

Yormsl safeby precautions shall be cbserved to prevant damage to test
specimen and equipment or haszard to personnel.

3.6 Controliad Functional. Bquiprient -

Durding this test a record »f the running time or the number of cycles of
each Limited Life Item shall te maintained as per conditions and instruc-
tions listed in drawin-s and/or Controlled Functional Equipment ldist,

The Serial Numbers of the Limited Life Items shzl)l be entered and "START"
and "STOP" Times for each entered item shall be indicated as explained
on the Tperation Record. When the limitation factor is spacified as max-
i:mn;; cycles, ard "X" shall e placed in the sppropriate colum for each
cycle.

"A" Rev. b/ok/62

COHM M YL SALT
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TIVLE

TIrITYY Y

CRD DPOR MODULE 116 TEST

LOCKHEED MiSSILES & SPACE COMPANY
. Yoo LI LR R PSR TR YRR

=¥

TEST PROCEDURE

Slah126

SHEET ) OF 17 SHEETS

.

3.0 REQUISEMENTS (comtinued)

Check
List

1,6 (eontimed)
AL the conclusion of the tests, the run times and/or cycles shall be
totaled for each item listed and entered in the appropriate Operation
Record,
3.7 Calibration
Check the calibration stickers of the test equipment to verify that
the calibration is current,
3.8 &"\acial
3.%.1 Patch Pandl Progran - Make the following patohes on the IRP
»aster Control Takeh Tznel:
J1 PATGIES
FATCH T2 PATCH
X236 TC-1 SI3 J1-A Z-1 J-17 Jack 51
X237 TEC=2 515 J1-B Z~2 J-13 Jack 52
ngs CLOCK TEM: J1-C Z=3 J=29 Jack 63
X262 2PA-3 Ji=D Zl H-33 Jack 33
X263 RFA-9 J1-E Z-5 H-34 Jack 3L
€k AFA~10 J1-F 26 d-32 Jach 35
BIGY MON, J1-3 2= J-33 Jack 67
X248 SRF TR (L) N 2= Hel€ Jack 16
J1l +28 ITUTR =g ~9 1-13 Jack 115
J101 +28 QUIF J1-¥ 2-10 L-14 Jack 116
J15J1 RET S771IE Jl=L Z=11 - Jack 122
N5 RET S7UIT Ji¥ 12 L-21 Jack 123
J1552 +28 QvIE Ji=N 2-13 L-13 Jack 117
J1xJ2 +28 337IC J1-P =L L-1€ Jack 118
J15J2 RET 3TUIP J1-R =15 L-22 Jack 124
J17J2 RTC 3UUIT J1-3 214 1-23 Jack 125
J1AJ1 +23 3CTUIP J1-T 17 L-17 Jack 119
JYL +26 STE J1-T 2-12 1-25 Jack 127
J1FJ1 RET 3QUI- J1a7 =19 =24 Jaek 126
J1651  RET 3QUI2 J1-w 7-20 1-32 Cack 134
J1FJ2 +28 SCUIE Ji-X =21 1-26 Jack 128
J16J2 *28 S3UITE - 422 L-27 Jack 129
"AM Rev. 4f2k/62
K M ML TUNEA Y
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TITLE

SHOCST LY T 116 TRST

LOUKHEED MISSLE

[T

==

Caerer s v

S & SPACE COMPANY

TEST PROCEDURE
Shibize

SHEET] OFLT SHEETS

3.0 BTUIREMENTS (eontinued)
3.6 Specaal (continued)

3.8,1 (continued)

J1 TATOHFS  (continued)

SECRET

PATCH 10  fATCH
J1€J2 “ET sQuit J1-2 2-23 1-33  Jack 135
J16J2 DET 3QUIB Ji-z 7"k L-34  Jack 136
JAIS +28 3JNIR J1-b 7.0% =28  Jack 130
J6JI5 TT 3TIR Jl-c 226 Ml Jack 137
J6JT +29 SCUIR J1-1 r-27 =29  Jack 131
IEXT RTY SQUIR g 0 "R M.2 Jack 138
I5J5 +28 3QUIE Ji-t Tl L-30 Jaek 132
JNE KRLT 5¢U1IR Ji-g 23 H-3 Jack 139
J577 +2B SQUIB JL-h, (53 L-31 Jack 133
J5J7 RET 3 VIR Ji-l ca2n Maly Jack 140

PARYTOT0 EAICH
+28V RET 2+ %-23 A=2 C RET
+25Y TNTED J2-r  Wa2E Al +23V sul SW-l
TRUSH 11 J2-4 V-l E~20 3W-20 (MOM nND)
PRISH 12 J2-B X-1 E<21  3W-21 (MOM GND)
ARUSY 2L J2-C wa Fe2l  ow-2L (MOM GND)
DC SHISLY J1-Z w2 B2 IC RET
T/ NI3ABLE J2-3 -3 A= 3W-3 (ALT +28)
ORBIT ¥OIE J2eF  W-h A-3  3W-18 (ALT +28V)
T/ SEIZLD J2-G Ve s C-2 X ]Le
+28 Ry *OLITOR Jian X-3 -1 Jack Yo, 2
200V MK J2.3 W-E q-2 Jack No. 2
PAC L3V MO J2-¥, V-7 V-3 Jack Yo. 3
CHAN. & 2UTPUT “RILG B el Va7 o5 Snialded Jack No. 1
CAN, 8 ®IT Jaz A 220 onield=d Jack No. 16
LN, 9 TTETD 'RING A J2=N v-37 Mf Shielded Jaek No, 2
AN, "IZ7 T/R TROT J2-p X-0 o Shielded Jack No, 3
CHAM, "C" T/R JITTUT J2-R %=1 L Shielded Jack No, L
TIMER COMM, T/R to R/TA an=s vall E~22 572 (i gND)
TIMER €U M, /% 40 HOUT Je-I £l Du23  31=23 \tiue GHD)
SWIICHED +2°V £ T/ J2-t 212 =l Jack ¥No. L
SHIICIET +227 o T/ J2ay =13 Heb Jack o, 6
TIMT ITART 423V onp) J2-W 513 =10  Jaek o, 10
CONT, #2770 &3 TAM J2=X . 4-8 Jack \No. 7
TWT, 4277 ko QM J2-Y vels -9 Jacs Lo. ?
R D J2-2 P H-5 Jack o,
vTEOOND J2-a  wW-lf =7 Jack No, 7
"A" Rew, &fehoe
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TITLE
FGHN TOOR MR 116 TEST

==

LOCKHEED MISSILES & SPACE COMPANY
N L R I T T T Y SRR

TEST PROCEDURE
AT

SHEETS OF LTSHEETS

4

3.0 NMQUIREMENIS

(cont inued)
3.8 Speeial {coutinued)
3.8.1 (continued)

J2 PATCHFS  (continued)

FACH P FATCH

JSQUIPR PUR SHIZLD J2-d  W-18 A-12 DG RET
ADATT, SO, COP™M, J2.8 V19 A-17  +28V (SW-12)
HET, SOUTR PR J2-f X129 B~6  IDC RET
SQUIE MuR (+28V) J2-g  W=lD B-11  +28V (5W-3)
RKT, SOVIR F'R J2-h V.21 A-6  IC RET
T3 PWR+287 J2-5 =22 ALl 28V (5W-5)
LOCKOIT SWITCH J2-k V=23 W-2h  LOCKOUT SWITCH (J2en)
3¢7IF FWR SHIFLD J2p V=25 c-$  OC RET
J3 FAICRDS
PATCH 10 PaATCH
J3-y 523 H-lk  Jack 1y X238 GRF (L.71)
J3-7 Q.27 =15 Jack 15 X240 GR} (L.O1)
J3-TE 826 4=17  Jack 17 xzﬁg GLF {6.9)
J3-g  5-15 H-18 Jack 18 X247 GRF (6.7)
I3 -7 H-19 J-ek 12 X109 If° TROLS
J3-P 5a7 1~20 Jack 20 X110 I'F PPGEL
J3-B 3-8 H-2l Jack 21 X111 IMP PROLE
J25 0 T3 1-22  Jack 22 X112 IMP PAQ'L
J3-7 -9 =23  Jack 23 T113 IR PLOFL
27 5-9 -2y Jack 24 X11k DT TROFL
J3-¥  R-10 =25 Jack 25 X1h5 VP N.OSE
J2-E =3 =26 Jack 26 X251 R.P.A.
J3-¥  8-3 -2/ Jack 27 X252 R.7.A.
I35 Rk -28  Jaek 28 X253 R,P.A,
Ja-i Il £-29 Jack 29 X234 ®,:.A,
I3« - #-30 Jack 30 X255 R.F.A.
J2-E S-5 Y-31 Jack 31 .29 R.P,A.
J3-L  R<6 1-32  Jack 32 X261 R.Z.A,
I3 Iel£ J~2  Jack 3 X221 Beta-iamma
Detector
J3-i 1-16 J=3  Jack 37 £222 BG D
J3-8 1.0 J=U  Jack 3§ X223 BG D
J3-§ 17 J=5  Jack 39 X224 RG D
J3-4 <=2 J6  Jack L0 X225 BG L
J3k -1 J=T  Jark W1 Y976 Qo p
J3-u u.01 J=3 Jack 42 X227 PG L
13.m  R-18 J=9  Jack L3 X228 G [
"A" Rev. W/ek /62
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THLE

ORD DOOR MODOLE 116 ITST

. vaey

LOCKNEED

=

MISSILES & SPACK
su 8 surners 2 ecases

COMPANY

(IR TR

TEST PROCEDURE
Sh1k126 i

SHEETG OF LBHEETS |

t’lo

REQUIREMENTS (continued)
3.8 Special (continuad)
3.8.1 (continued)

J3 PATHES (continued)

PATCH  TO_ TATCH
J3-n Ta8 J-10 Jaok 4 X229 B«.G D
J3-p  Q-1% J=11  Jack 45 X230 B<G D
J3-q S.19 J=12 Jack 6 X231 BG D
J3-v  R.22 J=13 Jack 47 X232 Bg D
J3-w  T-22 Jeli Jack 48 X233 BG D
J3«r R.20 J-15  Jack k9 X234 B-G D
J3-x Q23 J=16 Jack 50 X235 B-G D
J3-A  G-) J-19  Jaock 53 X241 IoN TRAP
J3-R Sl J=20 Jack S X242 ION TRAP
J3-C  R-2 J~21 Jack 55 X243 ION TRAP
J3-a T-12 J-22  Jack 9% %24 ION TRAP
J3-D T2 J=23 Jack 57 X245 ION TRAP
I3 T4 J=2; Jack 58 X245 ION TRAP
T3 T-10 J-25 Jack 59 092 CLOCK
J3-X Q-1 J=26 Jack 60 X193 CLOCK
J3-Y 311 J-27 Jack 8L X194 CLOCK
J3-2 R-12 J-28  Jack 62 X195 CLUCK
J3-3  R-24 J=30 Jack 8§ X031 MAONET(METER
J3-44 T-24 J=-31 Jack 65 X092 MAGNETCMETER
J3-BP Q25 J=32 Jack 66 X083 MAGNEIXMETER
J3-CC 325 J=3k  Jack 68  +28v MON
B 3-13 K=1  Jack 9 S3Y.C
J3.PD R-26 K-2  Jack 70 CAL «
T3b 0-13 -3 Jack 7L CAL 1/2
J3-d Rl K-4  Jack 72 CAL 2
U PATGHES
FATCH 10 parc
Jh-A  T-2R K-7  Jack 75 LINX 2 200V MON
Ju=R  Q-29 K-11  Jack 79 LINK 2 OFF MON
S  $-29 X-8  Jack 7€ VEi, BATT.INPUT MON
Ju=D R=30 ¥-5  Jack 73  +28 REG MON (LINK 2
Jhe® 730 -2  Jack 77 2 MIN TIMER COM. M
JioF Q21 K-10 Jack 78 10 MIN TIMER COM,MO|
Jhot 371 K-13 Jack B1  SIG RET
Ju-F  He32 =6 Jack T4 6.3V MON (LINK 2)
Jh=d  T=32 K~12 Jack 30 DOOR O7F MON.
"AT Rav, bfzh/€2
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THILE

GRD DOORL MOVULE 116 I™ST

TrrTYrTY

LOCKHEED MINSILEYL & “PATE COMPANY
e T N U

A raes

TEST PROCEDURE
Shk126

=

SHEET 7 OF 14 SHEETS

VA" Ve mwfam/u

3.0 RRQUIREMINTS  (econtinued)

3.8 Jpecial (continued)

Jack No,

3,8.,2 Test Jack Identification -~ The following is an identification
of the DRP Mater Control Test Jacks for this test only:

_I_d‘fsntification

+2BV REG MONITO® (LIYK 2)
200V MONITOR (LINK 2)

6.3V MONITOR (LINK 2)

+28V (SWITCHED) TO LINK 2
+28V RUTURY TO LINK 2

+28V {SWITC'ED) [0 LINK 2
28V RETWRN 1) LINK 2

+28V BATT, TO LINK 2

+28V BAIT, T0 LINK 2

TR 3TANT [0 LINK 2

NOT USED

K0T USED

%20 USED

X238 (4.01 MC GRF SIZ N0O. 1)
240 (4,01 M3 3RF 313 NO, 2)
X248 (4.0L ¥C GRF SIS KO, 3)
X239 (€.9 ¥C 3RF 5IG O'T)
X247 (6.9 ¥C GRT CAL MON)
X109 (I¥P. PROEE 3IC N0, 1)
Y110 (IMF PROEE 3IG %O, 2)
711 (TMP PROPE 3IG NO. 3)
X112 (DP PROEE 3I3 L0, L)
113 (D¢ FROBE 315 0. 3)
Xa1h (I¥P PROFE 5I% N). 6)
Xaks (IMP PZO3F TRMP)

X251 (RPA 1, ¥R)
X252 (RPA 2, VR
7253 (BPX 3, EI
x2sh (RPA U4, EO
X255 (RPA 5, =7
X256 (RPA £ EO 2
X261 (RPA 37.C)
X262 (RFA ID
X263 (RPA MOMITCR 1)

X26L (RoA M7 ITR 2)

X221 (R-3 D¥T OVTPUT 10, 1)
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TITLE

GRD TN HONITE 116 TEST

=

LOCKHEED MiSSILES & SPACE COMPANY
NPT I I PN I T T

Terrr

TEST PROCEDURE
8414126

Y

SHEET 8 OF )7SHEETS

3,0 REQUIREMENTS (ocontinued)
3.8 Special (contioued)
3.8.2 (continued)

Jack No, Identification
37 X222 (B<G DET OUTPUT MO, 2)
38 X223 (B~0 DET OUTPUT NO, 3)
39 X2zh (B-G DET OUWTPUT NO. &)
Lo X225 (B8-G DET OUTPUT NO, 5)
A} X226 (B-G DET OUTPUT NO, 6)
42 ¥227 (B-G LET OUTPUT N0, 7)
L3 X228 (B-G DLT OUTPUT N0, 8)
Lk X229 (3G DET OUTPUT NO. 9)
L5 X232 (B-3 D'T OYTPUT N3, 10)
ué X2 ga—a DT OUTPUT NO, 11)
47 X232 (®-G DET OUTPUT NO, 12)
LB X233 (B<G DLT OUTPUT NO, 13)
Lo X234 (B-G DET CUTPUT NO, 1k)
50 X235 (B~3 DET OUTP'IT NO, 15)
Sl X236 (TEC 3IG N0, 1)
52 X237 (TEC 5IC N2, 2)
53 X231 (T TRAP AM- 1)
54 X232 (ITL TRAP AMP 2)
55 X243 (ICY TRAP EIAS 1)
56 x2hh (ION TRAT BIAS 2)
57 X245 (ION TRAP SWEEF HON)
5% 246 (1'% TRAP 0.P, MON)
59 0192 (CLeoK 313 No, 1)
én a93 (CLXX 315 Ko, 2)
61 X194 (CLACK 3IG KXo, 3)
62 a5 (CLI2K 3I% No, k)
€3 X196 (CLOSK TEM?)
N YOBL (MAGNITOMETER 3135 w0, 1)
65 X0E2 (MAGHDTOMETER 316G NO. 2)
&6 X083 (MAGNETCMZTER SIG KO, 3)
67 300M 0! ITOR
£3 «267 M (DoR)
69 snIC
m CAL +
7 CAL 1/2
72 CAL 2
73 LIN% 2 +237 REG MOW 20 LINX 1

AT Rev. wjze/2
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TILE

GRD DOOR MODULE 116 TEST

LOCKHEKED MISSILES & SFACE COMPANY
PO T T T P .

=

e

TEST PROCEDURE
slaln 26 ]

SHEEY 9 OF 1 PHEETS b

3,0 REQUIAENMINTS (oontinued)
3.8 Special (sontinued)
3.8.2 {continued)

Jack No.

Shielded Jack No.

KF’\JNH

3.8,3 Squib Memitor Set-lp - Insert Fuse Holders with 1/10 to 1/5 AMP
fuses between the following Test Jacks on the DRP Master Contral:

Identification

LINK 2 6.3V MON TO LINK 1
LINK 2 200V MON TO LINK 1
VEH BATT INPUT MON TO LINK 1
2 MIN TIMER CMM TO LINK 1
10 MIN TIMER COMM TO LINK 1
LINK 2 OFF MON 10 LINK 1
DOOR OFF MOi O LINK 1

SIG RET

Identdfication

CHANNEL 8 OUTPUY
CHAN.EL 9 OQUTPUT
CYAN*EL 'E' OTPUT
CIAL EL 'C! OUTPUT
RCTURN

Between Jack 115 and Jack 122
Between Jack 116 and Jack 123
Between Jack 117 and Jack 124
Betwwen Jack 118 and Jack 125
Between Jack 119 and Jack 126
Between: Jack 127 and Jack 13
Between Jack 128 and Jack 135
Fetween Jack 129 and Jack 136
Between Jack 130 and Jack 137
Between Jack 1% and Jack 133
Retween Jack 132 and Jack 139
Detween Jack 133 and Jack 140

"A" Rev. b/Zh/62

Check
List
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THLE % TEST PROCEDURE

GRD DOUR MODULE 116 TESY slak2é

LOCKHELD MISSILES & SPACEF COMPANY
O T R T YT R

SHEET 10 OF LTSHEETS

T o

Check
3,0 KREQTUIREMENTS {oontinued) List

3,8 Special (eontinued)
3.8.4 Tsst Set-Up

3.8.Lk.2 Connect the !N! Dmbector Test Set-Up as showm
in Flgwe 1,

NOT®y Por this teat, +28V DC i{s used on the fol-
lowing IRF Master Control Power inputs,

+28V REG, +28%V UNREG, -28Y, 2KC,

3.8,4,2 Label the following IRP Master Control Switches
as shown:

SW3 - T/M DISARE

SW5 - SQUIR POWTR

SW12 - ADAFT, SEP.

SW18 - ORZIT MODE

SW20 - BRUSH 11

Sw2l - BRUSH 12

SW22 - DOOR ON AND T/R READ-IN
3W23 - DOOR OF AND T/R READ-OUT
Sw2l, - BRUSH 5

3.8.4¢2 Adjust the output of the +28V supply so that +28
* 0,37V IC 15 measured at the IRP Master Control
Fower Input,

3.9 Test Data Reoording -

All required data taken as « result of this test shall be recorded
ou the Appendix,

Verify that contractor Quality Assurance personnel are present and
are adequately equipped to monitor all performance data generated
during the accomplisiment of this test procedure,

"A" Rev. 4,46z
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TEST PROCEDURE

Shak126

p
4

SHEET 11 OF 17 SHEETS

LOCKHERD MISSILES & SPAUE JOMPANMY
Care v oasa ea - P N

djj=29g 3801 0308330
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TITLE
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TITLE % TEST PROCEDURE
ARD DOOR WODTLE 116 TEST

Shalaeé 4

A

SHEET 12 0F17 SHEETS

Crimck
L,O TEST List

.1 3quib Firing Circuit Test

4,11 Poai\%on the Following IRP Master Control Console Switches
to "Ny

Sl Snoox POWER)
3W=5 £SQYTIB POWER

4.1,2  Fosition SW-18 (OIBI! “UUE) to "ON™, and verdfy that all
Squib Monitor fuses are blown, (Ref, Para, 3.8.3)

L.1,3  Position Switches SW-5 and SW-13 to "OF[!,

L,2 Ajapter Separation Test

L.2,1 Position the following switches to "ON™:

SW-) (+28V )
W-12 (Adapt. Sep,)

L.2,2  Verify that +28V is noi present at the following Module
Harness Pin :

J12P1 - Pin A

b4.2,3 Position 3¥-12 to "IFFT,

.2,k Verify tnat +28Y is preseat at the following Module Harmess
Pin :

J12F1 -~ Fin A

"A" Rev. 3fck/6e
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THLE ‘% TEST PROCEDURE

[ GRD DOOR MOOCLE 106 TRST skil2é

b LOCKHMEED MISG L ESN & SPACK CDM’A"Y 4
i SHEET 1) OF ITSHEETS 7

4.0 =537 (continued)

Check
List

L.3 Instrumentation Check

b.3.1

k.3.2

h'3.3

L.3.4

4.3.7

&
.
A
.
T}

A" Rav. w/iufE2

Poeltion the following switches to "ONg

SW-l {+28V Power)
Sw-18 (Ordit Mode)

Momentarily dspress Sw-2L (Brush &, Door OX)

Connect a IC Ammster between IRP Master Control Power
Monitor Jacks +28V Reg ®C-l1" ani "C-2¢,

Position SWe2 (+2°V REG Current Monitor) to ®ON", and
record in Appendix I the current indicated by the G
Amreter connscted in paragraph k.3.3.

Mowentarily depress 3'~20 (Rrush 11, /3 OFF) and record
in Appeniix I the current indicated by the IC Ammeter
connected in paragraph 4,3.3.

Momentarily dspress 3¥-21 {Brush 12, ALL OFF) sng
record in Appendix I the current indicated by the DC Armeter
cornected in paragraph L,3.3

Momentarily depress S¥'=2l (Prush &, Door MN) and SW-22 (Door ON end
T/R READ-IY), and ¢izcomnect tepe razordsr plug JHOPZ.

Measure and record in Appendix I the voltages present at
the following test jacks: (Ref, paragraph 3.8.2 far test
;ack identification)

Test Jack Required Voltage
BV /Y Dt 5V IC
15 0 to SV IC
16 G to 5V IC
17 0 to 5V IC
18 0 to 5V IC
19 0 to S5V IC
) 0 %5 5V IC
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{TITLE '%‘ TEST PROCEDURE

SRD DR MO7LE 11§ TEST S L126
LOCKMEED MiS< LES & SPACE COMPANY

SHEET 1L OF | 7SHEETS
L.2 TS3T (eontinued)
4,3 Instrumentation Chesk (continued)
L.3.3  (eontirued)
Test Jack Raquired Voltage
21 0 to 5V IC
2 0 to 5V IC
23 0 to 5V IC
24 0 to 5V ¢
2S Q0 to 5V IC
26 ~Ji 10 #5.07 IC
27 0 to 5V IC
28 0 to 5V IC
2% 0 %o SV IC
X 0 to 5V I
n 0 to 5V IC
32 0 to 5V I
33 0 to 5V IC
3 0 to 5V IC
35 0 to 5V Ix
36 0 to SV IC
37 0t SY IO
a8 0 to 5V IC
39 0 to 5Y IC
Lo 0 %o 57 0
la 0 to SV IC
L2 0 to SV IC
L3 0 te SV ¢
L, 0 to 5V IC
45 0 to SV IC
46 0 to 5V IC
L7 0 to 57 IC
L8 0 to 5V IC
49 0 to 5V IC
50 0 to 57 I
51 0 to 5V IC
52 D to 5V IC
33 0 to 5V IC
AT Feve wze6e
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TTrrrrer

TITCE -%?F TEST PROCEDURE

GRD DOOR MODULY 11 IEST

slahL26

LOSKRNEED M A% LES & SPACE COMPANY

SHEET 150F 1 TSHEETS

Lot TEST  (continued)

%3 Instrumontation Check (continued)

L.3¢  {conmtinued)

Test Jaock Raguired Voltags
4 0 to 5V IC
55 0 to 5V IC
8 2tz SV DC
57 0 to 5V DE
33 2 to 5V IC
59 0 to 5V IC
& 0 to 5v IC
61 D to 5V IC
62 0 to 5V IC
&3 Dta5v IC
£l 3.7:0,3VIC
&g 2,5*0.3VIC
66 1.2 - 0.3V ¢
48 42t Qv e
&9 5.2 # 2,05V .G
mn 3.0 £ 9,037V IC
71 2.5 % 0,03V .0
72 £ 0,03V
76 S0 0.4V IC
79 L,0 *t 0,47 IC
%0 he0 t 04V IC

4e3.9 “easzurz and record in Arpendix I the voltazes present at Test
Jack A7 for tne following Sersor Boo~ coniitimms:

Condition Required Voltage
Booms %os, 1 =nd 2 JOWN 3.7 Lo 4V IX
3oc= %9, 1 TP, Boor No, 2 DOWN 3.1 *t0.,VIC
Soc~ Yz, 2 P, Boow Ni. 1 IOW 1,9 £ 2,2V IC
Socms %08, 1 and 2 TP 0,6 £ 0,2V ¢

{Zcor ON and TR Fesdi-Out). Meesure &nl rezory in Apvendis I tue
siitess at Test J2eK 77.. This voltuge snall be 4.C % 0.4V IC.

, P - Em
A e w08
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TITLE

TrrTTTY

FWD TOR ¥ONLF (1

TR

% TEST PROCEDURE

| TR

LOUKSMEED MiSn'LES & SPASE COMPANY
N S e aareans

SHEETS OF 17SHEETS b

kﬂB

d
te]

3,0 TEN  (rontinued)

Instrumentation Check (ecoatinued)

Check
List

L.3.0

3.1k

+.3.15

Coxmutator and Tape Recorder Test

Momentarily depress SW-22 (Door ON and T/R READ-IN).
Measur= and record in Appendix I the voltage at Test
Jeek TS, This voltage shall de k.0 & 0.4V DO,

PTosition SW-3 to "ON", and momentarily depress 3W.21,

Yerify that +28V DC is present at the following test jacks:
Test Jack Return
3 T
Q T
0 T

Verify trat continuity exists between the following test
Jacks:

Between Test Jack 1 and Test Jack 73
Between Test Jack 2 and Test Jack T5
Betveen Test Jack 3 and Test Jack Tk

Mopentarily lepress SW-20, sand position SW-3 to "OFF”.

5.4.1

;’.-./QA X

Misconnect Module Harmess Connectors J24Fl, J24p2, and
JP4P3 from the Test Cadle and connect them to their
zating recertacles on the comitator.

Derress Sw-2% (EFUSH 5) and Sw-22 (Door ON and T/R READ-
I%) and verify that tre commutator and tape recorder are
operating,

After 30 * 5 VIN derress Sw-21 (ERUSH 12).

Conmmet 4 chanrels of & C.E.C. Pecorder to shielded jacks
1, 2, 3, ard 4, (Peturn on 3hielded Jack 5,)

Set the ©.Z.C. Recorder sreed to 130 inches per second.

womentarily derress SW-ci (BRUSH 5) and SWe23 (Door ON and
T/P PEADOIIT.)

S———
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TITLE

GRD DOOR MOBULE 11b

YT YT

=

LOUKHEED M SSHES & SPACE COMPANY

. e

TSST

TEST PROCEDURE

LSRR Py

SMEET 17 OF 1T SHEEYS

<4 Commutator and Tape Recorder Test

Y0 TR (continued)

-‘r'-f Y 4 L/?h/'ZZ

Position the C.E,C. Recorder Chart Drive Switeh to "ON®

for % ¢ 1 seconds.

{eontinued)

yreas SW-21 (BRUSH 12) and position SW-1 to "OFF".

Data Reduction

4%,%,9,1 Verisy that all data points recorded in parsgraph

%,4.7 are in acecordance with Instrumentation

Schedule 1342572,

k,5.9,2 Verify that ail data points on Channel C and
Channel £ outputs are flat within *+ 0,5V DC.

Check
Iist

e Ve
B e ——
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Appendin ¢

UNTDELECTOR PAVLOAD COMMAND SISTFM CONCERYT

T PR S S

INLERELNARTMIMTAL COMMUNCSANISON

TN,

e Distridbation LINGS hos. el PAI 24 Aprill 1982

Note: Only Table T and Figures 1, 3, and 5 are included in this appendix. )

M3, P. linadga G 6ae62 MU A0k BAT 1 T eo232

S M PETSCOR EXPERIUENT SYSTSf CONCEPY

To 32quat b these concerned with tha various parareters of this program, the follewing
is a btrlof decseription of ihe Oroymd and Vehicle systemd ond its oporaiicnxl plans
(Figure 1 is a sipplified tlock diagram of tho overall system).

In order that erperinents could teonefit {rox the sdvandages conbaincd in the ability
to make ragsuremcnic ot the time of interest, the use of *recletime® corrand
c3pabiliiy in adlition with the "pre-prograxwned” fyoe of command will be used,

round Coard Traeking Syctem

i58 traciing Statisis &b vard, Hswail, New Tostoa u3d KedlaX, have been equipped
with singlzenzlix antennas vhich are slaved to the normal tracking snhonnas, Thess
nelizes cre driven ty crystalecsontrolled trensruitizrs, which ore in durn, wdalated

Ty audic tozed origirating from an avdio ccdar. This coder consists of four avdio
czeillatsrs, each tuzed to a presslectad fregacnsy. Criginally this =anit had a phiche
Latisn for each audlo frogvency. Pushinz any ono bation yroridod a pith from the cathode
£ollousr sutrid to & puch~podl arplifier, whish in turn, ncdulated the trencaltters

In ordar %o lzssen the possibility of 1 vehicle ascepling a nisdircetcd commisod, en
arrangenant kis boen inmcorporated into the systom vhich reguir:zs that each command

shill in reallity consist of two disorezt freqasnciost an adiv>rs ton2 followed by

a Cermarnd ton2. Ths reguicexmcnt 4s suzh that 2 aover tor: ot first be tranmeiotzd
followed oy a ccxrand tone within one (1) sesond after tarrmirasion of rastyr tone
termiration, In orcder to facilitate cs2rationcl scjuenmess at thz growd ssations, and

Lo olirinide pescible difficully in sclecting two tones in the &dlozad:xd tim: epen,

a flizit rodificaticon of the sudio codor was rode. The grouni cuppor® agency has
rrovided a paacl in the contrel arca, Tols parcl has thres budiuas lusnied on the fTont
T«aixle Iigaging any button, provid:s sIZf wolts to the audlo eoder winlech 4s locatsld

at the romote tracsmitter zitz, The coder, az:n rezoivlng the 423 cotand frem B tton RAN
Will providz za Addresa tore heving a daby cyzle of ose (1) sceead, fwllerad imnediatdy
ty a Ceomond tons hewing a daty cyele of one (1) sozond. This seamen.: will huve &
rezatitiza rale of fomr (L) sessnds. The soz» ssguance ooswds wica tahons ME° ard

*3% ars siacaged.  In conjw.ction with vhis, thrro 13 alse a fowr (L) pcsition swlich
lc3atei on the front of $ho 3zdio coler. “afxywirg 4o Table I, it is shown inot vy
seloctinr amy of the feur rositlors, a coxbination of the Xdrcsa ard Commard tewus cwn
be cnzloyzde

=icla J-staz
e we.lils will cortain & rorcazetind fY roztivor. eporalinz ia 182 100-150 sz gp thiwie
Tais riooiver is fel by a cipelz antonar wolsh s axeited LUy the bone redulated sasnals
origirziicg fron the greend stalicns., The ai1die cutsutbt of the rec.ivar feeds the
SCzszdsr, T3 Dzeeler ris four aodio Tiliors, erch shavply Lu-d fo oae of the
prezalanad aadls foegquinsics,  (Sc2 Tiole I) The sutpad of e ok Filter i3 fed W a
¢ arplifier which, in turr, drives a v2lsy. These relays, uron exeitition, prewld:

3

2 megard Slozor: to the prepor cloiva relay la tae cgsiuniprews ~ro. One of the rel-
drivar s-plifiers in the Dicodir, Kis 3 tize~dslay dcop-oub circuli. %nis cireuwit, upon
r2ceipt nl tha proper tone (Adiress 10212) hilds a 7ilay nlosed for thn ducation that

iha sigoal {3 presaent, znd vpon ceasxtuon of tha sinnal, halde ihe relay closed for

5
¥
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Tehd AY y St [aopta)

oo (1) 3azend, * o5 seeerde Durlige (813 thoo, thr cleend reldy switches B+ to the
rexaining wlay dreiver erplifiers, Olnide ong eno of the threa remaining tomes to bte
sent throuzh o perforw Lty function.

Troer ecmoands (four toncn) or
"N Dalestor Txporirest. I-".c

s Mgnature or is."xtiﬂ::'t.i cn
v2hizle accerting a misdiro:isd
w111 be irxved prior 20 tkw larn
Irom comxant systen » lecated st

co—**rn end control tho functions of the
;23 of two (2) tones, one of which is

b nt w11 lsoaen the possibility of a

4 e ..:'i roens of the tono cemnand combination

N our tha wohisly, These weroends will be transmitted

a2 of the twreaidry stations,

0 1
'J

The follewing is 2 deroription of the soouonce of evants of the wehicls during ey
Tactive® rode,

Standard Confiturstion (with r-or) t"x rel‘;rsr:c: o Mememeefwnd Figure 3
A, Coremand X (oresh B) indtiste. ¢ tlror-pregronuar &b 4hich time the following
gaquane of oparation cocursy ,~t sire.zoro, the f{laxants of the T/M are
turned o3 tirar on,.

3 of the T/¥ ara turned on: tspe recordor

it tl-» pluc X0 s,-g de, the Vot
0l o3 real-tize dats readout.

enerzized to the re

A% tiz> plos & se.on?c, VOG'D zre ong the cauwdy~ent ca the Door "ON"; tepe
recerder starts to resd out Ciio.

At tima ples 20 seocris, ti-rowy "Z\.F"; rzcord siznal to tape recorder;
tape recirdcr in $re xecord <rife proz.imin logle in the state to accept
anather po—ands

3, Jacwnd T (Tresh L) drislsiss che tops vrrordlr ty pacs.  This funetion is
siven In tla avonb ol o ooopt reoardsr mlfussden snd rsal tire data i3 required
T:r zozplatien of sissior.

Co Zevzazd 2 (Prazn ATV Lnidiztss whe eroinixz iz OF™ arnd Leor "OFFT functions.

Gl et wimer) with rolevin: o Ersmwasiesad Figure 5

2 P ~='i~~s ag cz3eritzs ir tws es-iv llons for the stanard

=L r nrs the crd of a3z s:r_n of tha tape recerder to
'LJ the &yster lozle on tre atole to azcept another comande

This syetiz= w11l be 2003 tooa tuek vp te tho tlrer prograxsire

Fridecf=Tar .
iZs 2 -‘,E':L;,c Jamanies a2 tnootipe rocorlor i5 aoil ty sinlrel oo “ain geanenss of

cperstizrs g3 1z 2s f:1lew: (Ceferersc Phpeeesirmmxd ripuro 5)a

1. Curing a riesrd ocic ard ab tle end of  bours of read-in, too E.0.T. s2n3ing
retmcoz 107 wolatod eircadtr, o ture o2 irciraionisticn "OITM and o plz2u3
tre cys%a= losie 4s tia 3tet: 4o geespt maoihIr comm ards

2, T=airs s ropasiizz role and a0 *be end of 7 ninut2a of readout, the E.0.T.
nh. ze 17"..- - 33 3zconss Lire d<l:iy mirouit to vlace the tape reccroer
Ln v e peccrd ~o o sad rad Lo odasn. I 30 rc:o'v’u, X=2 (record mcde) is
fabanied wasn oo powse 4o 711 i In b c,.:!r;ri*c:: ¥=9 and K-8 to
recont & slrnsl o urn door 7f upst ¢r —sioticn of the recording s2quence. The
systar 48 now plactd in the sizis of Jazic %o aceipt avother command.
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L 2antie st oo
TEeT Ty Retho chned of the Mmoot roo¥: wramary micolen, the "M Delogior Rypaoviz-ath
w111 hava the fellm.in\, soquencd of opacaticnyy

l. Vonilering enly durlng the cebld meds

s Toafirn ™\ Doteoior Parlond zporetion prior & wocoviry, DMrlrg thic ported,
0 "H® Txer ia propramied »a acyelire data for cra (1) complrio avbAt Fd Lo
cler out data at the fivst sos? veqaielSlen rricr vo going iate the prosl e
ralde

J. Aer Th..,, caxaletion of the pricay ~Assicn axd aftrr L,B. orcrcioe, the vrohicle
rouer and T,F, antenna 48 trvmr Dsvred for tho exelusive woe of Who FUY Botsniow
yxpoririente

Ly Tho vobicle will vomela dna p 321> roda of apsration, wntdl sveh sira hbas
“2alirnbion” of vve exparincn’ is doocod nsccosary. (Syaten "OFF® uith tho

2xs3ptics of the comrend recsiver &nd dacoden)

§, Jserational elhwdls of the cxmerdment ara pleemzd for ovsvy 13 hevws Anbminal,

S Uoea reoairt of iratrueticra from Dopt, 63-62 to coocones wiith tha Fasiie:
phese of the exgorimond, tho "I Dvvaoter Dperdmont 45 twesad TOUM for a
p\.riod of dry3 unlil depl Lt*'::* ol batlzpise and/o" PORT azd FOTFP fop cvooific
3im2n bo T dolovcined ‘c" Lor%e 6282, Tha coslyod cormand uoquerse will bo
sant to all trecking s;ntio..-c

::rnl:z -f 2 4

RS
33 aa

thz madlo g
2l c;‘::ator, &t th\ vﬁ“‘l’ci:’c’ 3 ol w0l
ceverding o Table 7, w1l tern on 813 ogrirmcnde

,.d {42 corrond unlil noSificd of Telinziny

ovin statlon) Tho valhicle, vrom roesind ol g
o irts a O ride of tr-roclasior e Thlrly,

"::i Tlord spwely o g0t . Bal

: If fhore e o 1wthher o

TATD Jurl: o inis erhil, thun ourin eomplotdon of the romal

“" *-C.:;r lill *5‘.1...1 olf, .2 dos -tz w31l sy eny ol i tnno v
Fren opEPatiig fa the rarl-imorods. (Mafor o Tohls I, woifrdidon of Tu

/QqﬂﬁmﬂuAaiL

Cu to Yindge, .4..1_,‘
Digeovorer Regerveh Pavlosdas

€ b o
. {
=]

L
i B
f
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Gr¥sHLebw

cer =, E, Crowtter/S. I, Velrs Y. % Epsicln
Jo Fochorbirw . Oe Unrahaor
Ge 3 Flymo v Dy Toactka

Po rionk

B

D, Folleuln

e o Wnuzen Lo Ienisom
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Salestor Swltch Tosition cotrel Yodion Addvens N
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o AT 8.7
~2 L 5.7
1‘;" S\ "C” 507
#3 . AT Suls
43 i npn Sa)-l
41 Ll q“h
-0 ngu 5.1
o g 5
L W 53
Tyl 10
Pefinitlien of Corzarnd .

Comzand "A" = Fil ssonta/ON

T+32 szoorda = Flatzg/oN
Foro hereedo~fMzadsus Fositios

T+&7 geeonds = (~ie/CH
Tapr becordsr/oN

810 giaends o T 00E

Toom/ M
Trpe Recoedze » Ol/Rz~d-In twdd
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Appataas b

INSEULRPMEN LA VION SUHEDEL Y, 1oy ey

—

T8 Spesification deseribes tha Instrumentation Requirements and winimua
startrd of perforsmanca for e talemcter aystem.

Revision Status of Sheets on Datex Noted
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£ NS 3 wo.| vours| maox %lmﬁ' (rgF) _|yeipd i3
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3 1 =52 k2 33
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$ | Es-h x2hh 33

o | meA-l X251 35

7 RPA=2 X252 37

3 | rea-3 253 33

9 | Resb X254 39
o BEAS 255 40
2] _zpe3 ¥255 L

2] =t X251 k2

3 Ie-2 X213 43

1) B2 kb

IR-3 b 411 45

5] -l 1216 %6

17| IBS X217 47

1] IR =18 18
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20] Es-2 xh2 i

2y Fs-3 x2h3 5

=1 X235 6

2 TEC=2 x37 7

24 Clock Temp X196 8
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Separation:

Command B:

Cormand C:

Brush 11:

Brush S:

8rush 12:

Brush 25:
Brush 26:
Brusk 23:
Brush 2i:

L e mrmr——————————— L Wb

PROGRAMMI NG

Turns on clock, receiver and decoder.
Three ground commands will perform the
following functions.

T/M filaments on. 60 sec time delay staris
and inititates T/M plate voltage. 1.5 min
time delay starts tape recorder readout.
10 min time delay turns tape recorder and
T/¥ off. Tape recorder switched to read in
mode.

Tape recorder bypass

A1l equipment off except receiver, decoder
and clock

T/¥ filaments on. 60 sec time delay starts
and initiates T/ plate voltage. 1.5 min
tine delay starts tape recorder readout.
10 min time delay turns tape recorder ard
T/M off. Tape recorder switched to read
in mode.

Tape recorder bypass

A1l equipment off except receiver, decoder
and clock.

T/¥ filaments on, door disable
T/ plates and VCO on
Spare

Spare
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