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INTRGDUCTION

The Intelligence Problem

A long=standing reguirement exists to collect electronds
intelligence from the interior and Infreguently covered maritime regions of
Rugsia. By use of the proposed satellite the "8“ Band radar dispesition in
the Soviet Union would be scannsd approximately 14 times per day. By
interrogating the satellite only on a planned and progrommed selectlon of
passes carefully selected data giving the geographical disposition of the
Soviet radars in this imporiant band can be determined. The daia would
be collected by the existing Y. 8. and friendly ELINT siations and procegsed
in the usual ELINT channels. To maintain security In the operation, ths
satellite would transmit the ELINT data being coellected only after Interroga-~
tion by one of the ELINT stations. The effect weould be one of extending the
horizon of each ELINT site at least twice per day to a range of 20060 miles
for a perind of approximaiely 15 minutes.

Operation of the Satellits

The propossd satellite would be lavngched ina 7 g° orbit at an
altituds of between 400 and 600 miles. The orhit would be established by
tracking & small 20 milliweit trensmitier at 108 Mo by the exdsting Minkrack
stations. After a few passes the Vanguard system could produce an
Ephemeris: for the subsegquent passes for all the ELINT intercept sites for
the life of the satellite. By using 108 Mo to establish the orbit & cover plan
could be evelved which would be effective.

The satellite would carry two trangmission systems, one at
168 Mo for tracking which would be powered by solar cells and operate when
powered by the sun (gpproximately 70% of the tlme) and one at 86 Mc which
woulkd transmit the intercent data only upon interrogatien. A simple orystal~
video system would be used to intercept the Soviet *5" Band radar transmisslons
and the output of this receiver would modulate the outpul of the 86 Mc '
transmitter with the signal ¢haracteyistics of the ncoming "8” Band signal,
E lfe of sppreximately 12 moaths can be obtained from a 20 inch satellite
wsighing approximately 3% pounds. This unit should provide adequats fixes
on the majority of the higher powa ed "8" Band radar systems in use ashove
and ailoat. .
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Background

The Countermessures bBranch of the Leboratory has a lengthy
background of experience in the slectronic intelligence fleld and this proposed
program consists of & reduction to practice of certain reseaich *m}uﬁgaw
presently undsr Invesiigation and dthers now avallabls. The daia gatheped
would materially assist the continuing research program of the Laboratory iw
providing experience in dealing with high~density signal analysis and ldentifica~
tion. This program is part of a broader project to develop slectronic intelligence
instrumeéntation for all supersonis vehicles of the future under the Bursau of
Agropauvtics sponsorship.

detellite Periormance Characteristics

As shown In Fig. 1, with the satellite in a Zypic:al orbit of 5&3%.:
mile altitede, & will be Hlumineted by, and will intercept, the main beams of
twi typical Soviet radars, Gage and Token. The time dwration of the intercept
of the Gage signal will be about 2 1/2 minutes and about one minute for sach
of two lower major beams of the Token radar, during the pericd when the

satellite 1s approaching the radar site. Due to the.fact that the radar antenna
patterns are not highly direciive upward, the zatellite will lose contact when
it is ebove the major beam of the radar and will Intercest the redar again during
the pericd when the range batwesn the satellite and mw mdar is incressing.
Pigure 1 Hllustrates the partcular case when the satellite is to pass direstly
over the rader site.

: In Fig. 2, the map is & northern hemisphore polar siereographic
projestion with standard parallel at 40 degress north latitude. The Soviet
Territory is the central land mass with the pink color. The tracks for s 70=
degree orbiting satellite are shown numbersd in sequence with number 1 being
the first pass following the launching from Capo (":m&%ml, Florida., The arrow
heads on gach orbit track indiceie the direction of ravel of the satellite. 8iz
izght»mm uimlé;:&‘: are ﬁhawn which represent the data~link intercept rangss

- resent EI ftes located in |
These circles are alse indicative of the area
about these sites n which the satellites can be intemrogated. At a satellite
altitude of 500 miles the range would represent a cér:,le whoge radiug 15 1850
statute miles.

_ Flgure 3 shows the data~link ground rangs as 8 {unction of
satellite altitude. This gives the distance from a point on the earth directly
below the sms;_.lliw_., at which the transmiited data can be received by a ground
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“gtation. "The curve ahows that the masximum range ocours at an dl‘i.i’mﬁ& of
500 miles. At lower altitudes the range is limited to the line-of-sight distance,
while at gréater altitudes the limftation in range is due to the free-space
attenuation of the signal.

Referring agahx to Fig. 2, an crange circle ig shown at the right
of the canter at the bottom of the fHoure, This represents the intercept range
of the satellite’s “S" Band receiver. As shown in the figure, the satellite is
positiane& {center of orange circle) at the extreme range of the ELINT intercept
station located. mq At the moment it 8 interroaated it would be
mt@mapung tha reaadars m 2 perimater defemw of th

eansmuﬁe a bmad M@n«img mward from the mriphwy @f th@ c:zrcla apﬁraximateiy
600 mileg. Asg the gatellite continues northward on the track of pass number 1
in Fig. 2 the gector being swept by the satellite will move northward. When it
‘passes a point dch:uy opposite the intercept station to the west it will begin
its backward looking sweep of the |

, - At some point just before it passes out of range of the

~station on orbit number 1 it will come within the range of the station in
and this station will then begin to collect the intercept data as the gsatell
continues northward in {ts flight. A similar path can be traced for each pa
showing the satellite’s relation to each intercept station and the general
coverage afforded by each pass. Each day the track of the passes will shift
slightly and in the course of a week's time approximately 100 passes ovér the
Soviet Unfon will have heen made. By comrelating the data obtained in the
various pasges over a certain area, the accuracy with which a certain sader or
group of raders can be "fixed” will improve. At the end of two weeks an atcurate
picture of the *$" Band radar defonses of the Soviet Union can be drawn.

Since the basic Intercept systém used will be a ¢rystal-video
system with an overall sensitivity of «47 DBM, the side lobe power of the rader
will not be strong encugh t¢ reach the satellite. This is shown graphically
in Fig. 4. For example, & radar of the Token clags with an effective peak power
of 0.4 megawatt and an antenna gain of 40 db (@) could be intercepted by the
satellite receiver at a range of 3000 miles. Now if it is assumed that the side
lobes of the radar are down 2§ db the curve shows that the rangé againzt thess
lower powered components of the antenna pattemn is only 300 miles. The gatellite
will be placed in orbit between 400 and 600 miles above theé earth, and none of

\ will be detectable by the satellite.
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Technical Maﬂ of the Satellite

The basic electronics system in the gatellite is shown in Plg. 5
as a block dlagram. The description of the essential components of the system
will be based on this disgram, .

Ganeral Gﬂn’ﬁtméum

The electronic eircultry of this intercept system will be of the
building block type which will allow the maximum use of standardized com=
ponents in various types of satellites. In general, printed circuit boards will
be emplayad to providé uniformity as well as o reduce the cost and weight.

An effort will be made to keep the overall weight to an abgolute minimum without
sacrifteing reliability. Clrouits will bé potted into circular wafers which are

8 1/2 inches in diameter, with componeénts displaced so ag to maintain dynamic
balance about the longiiudinal axnis of the lavnching vehicle, :

Intercept System

The intercept system will consist of multiple antenna elemenis
spaced around the satellite such that adequate coverage will be had for all
orientations. This is necessary due to the probability the satellite will be In
continueus rotary motion.

The intercepted signals will be confined to a predetermined
frequency band by the use of a band pass filter located bétwepn the combined
antenns input to the system and the detector. By using very broad frequoncy
coverage antennas, the intercept operating band ¢ould be predetermined anywhere
in the range 2500 ~ 10,000 Mes. For the flrst unit, the band coversd would be
2606 to 3250 Me. The pulses of r~f energy intércepted by the antennas are
accepted by the band-pass filter, detected by the crystal detecter, then
amplified and gtratched prior to being rebroadcast by the data«link transmitier.

Data Link Transmitter Sysiem

The video amplifier is followed by the Modulator. Besides
driving the Data Link Transmitter, the Modulator alters the pulse shape of the
aignals putting more énergy Into the audic frequency specirum, j.e., the pulsas
are stretched in tima duration.

Page 4 of 7 Pages

sl ONLY

Approved for Release: 2024/06/08 C05025360



CO 5, 025360 Approved for Release: 2024/06/08 C05025360

s ’Ehe Bam Link Trangmitter s a crystal-controlled oscillator
followed by two transisters operating in parallel which consume very little
power during the time of no modulation. During the signal pulses, the
transmiiter {s capable of putting out approximately 500 milliwatts peak
power, the efficiency of this trasemitter 1s estimated to be about 55%.
During the perfods of no modulation the oscillator power consumption drops
to 25% of the maximum ér modulated power, thus effecting another saving
of battary life. .

Command System

The satellite will contain a commind receiver which, when

. interrogated, will actuate an interval timer, apply power to the Intercept
System, and the Data Link Transmiiter, and turn off the Command Receiver,
for the period of the timer {about 30 minutes). The command signal is
received on the turnstile antenng gystem and is fed to the command receiver
by means of a hybrid phasing retwork. The lecal oscillator of the command
receiver 18 a self~contained crystalecontrolled unit so the frequency of this
command signal may be changed from one satellite to another. For the first
satellite, the command frequency will be in the vicinity of 75 Me.

Batteries

The electronics instfumentation, with the exception of the.
tracking transmitter, will be battery operated. The intercept receiver, data
transmitter and command receiver will each uge the required number of
mercury cells, while the tracking transmitter will operate from solar cells.

The command recsiver will operate continuously while the
intercept receliver and associated data transmitter are turned on for 36
ninutes during selected passes. Only 25 percent of the total number of
passes will be interrogatad snd minimum battary 1ife of 12 months is expected.

waight and Size

The total welght of the satellite, including the spherical shell,
intermal structure, antennas, instrumentation and batteries will be 35 pounds.
The diameter, exclusive of solar cells and antennas will be 20 inches. The
instrunientation and batteries will be contained in an intemal cylindrical
compartment 8.5 inches in diameter and approximately 9.5 inches long.

Page 5 of 7 Pages

2 BRAN :
CONTHROL SYSTEM ONLY

Approved for Release: 2024/06/08 C05025360



C05025360
‘ Approved for Release: 2024/06/08 C05025360
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In order.to mmgate the command receiver in the satellite
from the ground, it is necessary to illuminate the satellite with an interroga~
tion signal, modulated with an audio tone previously chosen in the 1500
to 3000 cycle rangs. This signal must persist for at least one tenth of &
second. Since the sensitivity of the command receiver 15 quite high, being
in excess of <100 dbm, line<cf-sight intetrogation ranges against a satellite
at altitudes fron 200 to 1500 miles will be possible using a 200-watt
ﬁrawmmm’ radiating from a relatively low gain antenna.

An examination of Figure 2 will ghow that such a mm:mm@r
located at |, could interrcgate all erbits within line~
of-sight which are thoge numbered #4 through #10. These passes provide

everhead coverage of the entire Soviet tesritory except that small portion
which les (in the figure) above the orbit #4 in the Kamchatka<Bering Straits
vicinity. ,

Gér@und Based Recelving System

The pwsent ELINT facilities which are to be usaﬂ &g intercept
gites for receiving the signals radiated from the satellite are at present
‘efuipped with excellent receiving equipment in a frequency range inar-ludm’g
86 Mc. While it is possible to utilize these recelving and recording fac. [
it would be more desirable to £ and equip separate standardized small “ERY
Huts" for each site. These huts are transportable shelters large encugh to
hold the eniire ground instrumentation and two operators. The huts would
have & rotatable antenna mast, complete with steering and braking awm@s.
A Cerner-Reflector type antenna on this mast would be adaquate for reception
of the satellite signal and would provide a half power beam width of about
60 degrees.

& Time $tandard would be necessary to put timing information
on the dual track 15 inches per second tape recordings with the satellite
signal.

CONCLUSIONS

The proposed Electronics Intelligence Satellite is based on known
techniques and is within the state of the art today. This progrem ig a part
of the initisl effort necessary to explore the operational aspects of the

broader research program, particularly those related to data handling. The
satelliie will provide a vast amount of intelligence noet now available from
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any other programs, This satellite could be launched by any number of
existing cqmbin&tians of rocketry. The use of the 108 Mc Vanguard frequency
to establish the tracking Ephemeris required to direct the ground data link
operations, provides an excellent cover for the classified portions of the
expefiment. Since the classified Electronle Intelligence telemetering part of
the Satellite's operation will be on an undisclosed frequency which is actuated
only whén intermgated, it will be difficult for some casual observer to detect.
When the satellite beging to retum to earth 4t will disintegrate due to the
heat generated in pasaing through the earth’s atmosphere thus laavmg no
tell«tale svidence which might be used later to embarrass us about the nature
of the operation sa:mﬁucﬁed.

FUTURE PROGRAM

The proposed "§* Band Satellite has cestain common components which
are adaptable to many other frequency ranges by simply changing the inpwt
components to the crystal video system. It is proposed that a second Satsllite
utilizing "X" Band would be launched to survey the Sovist Union for "X" Band
emissions following the successful launching of the iirst Satellite.

Te provide data on the correlated activity on two frequency bands
simultaneously it 1s proposed to build a somewhat larger two-band Satellite =
which would cover both 8" and *X* bands first. Following this would be an .
“L% and *3* Band Unit and later an "8™ and “L* and still later an "8" and "¢
Band Unit. While these two~band units would be a part of a future program,
their planning should also begin on the approval of this project. All 6f these
satellite programs would utilize common mmpenents inzofar as possible.
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