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OBJECTIVE

(U) The objective of these tests was to evaluate the 3/4-ton, Multipur-
pose Ja:nmer ECM System as fabricated under Contract Nr DA-36-039 SC-
67913. Tests were performed to determine the feasibility of the MPJ con-
cept, basic parameters for the employment of the MPJ ECM System, and to
set the standards by which a comparison of the relative effectiveness or
variations of MPJ ECM Systems can he accomplished.
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FOREWORD (U)

This report on the Multipurpoce Jammer (MPJ) ECM System is the first
in a series of reports cn this system to be prepared by the Electronic Warfare
Department (EWD), U, 8. Army Electroaic Proving Ground (USAEPG), Fort
Huachuca, Arizona. These reports are ccncerned with engineering, opera-
tionai, and simulated tactical evaluation of the equipment and system utilized
in the implementation of the EW concept outlined in "A Field Army Electronic
Warfare Sysiem, "' USAEPG-SIG 920-63, dated January 1957.

This report is concerned with the enginaaring end opersticnal evi'na*ion
of those tests on the 3/4-ton truck installation which has been conducic.. '
date. It is intended to serve as a progress report on the first model and as a
guide to personnel engaged in rescarch, development and fabrication of future
models as well as a capability analysis for troop users. Subsequent reports
will delve into the evaluation of such modifications as may be performed as
well as evaluation of the other equipment configurations, i.e., M-59 personnel
carrier and Ul-A "OTTER" aircraft installations; new antenna systems; or

changes in the major components.
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SUMMARY

(C) The results obtained, from the experimental model testing accomplished
thus far, indicate that the MPJ corcept is socund in principle. It is feasible to
fabricate a single vehicle having the capability of rough intercept and direction-
finding (DF), signal analysis, and jamming of enemy signals over an extremely

breoad {requeincy specirum,

(S) The MPJ consists of a number of readily available airborne-type com-
ponents that have been modified for ground utilization. This equipment per-
mits intercept, rough DF, and signal analysis in the frequency range of 30 to
10,750 mics. Tne system is also capable of transmitting a jamming signal to
anv enemy receiver operating in the frequency range of 24 to 10, 500 mcs.

(S) The tests which have been compleied include:

a. Intercept, DF, and jamming of a mortar-locating radar
b. Intercept and jamming of a VHF close-air-support radio net
c. Intercept and jamming of VHF tactical unenciphered radio communica-

tions nets
d. Intercept and jamming of the TACAN navigation system

(S) Tests currently programmed include:

a. Tests against combat suiveillance radars
b. Tests against UHF combat surveillance drone control systems

(S) The tests conducted with the mortar-locating radar incicate the MPJ is
capable of effective intercept, DF, and jamming at ranges in excess of 30, 000
yards provided line-of-sight conditions exist. This range would be reduced,
however, when terrain masking or heavily wooded areas exist.

(S) When employed against the VHF, close-air-support radio net th¢ MPJ
was capable of completely jamming the airborne radio when the aircraft was

approximately 50 miles from the MPJ.

(S) Jamming renges on the order of 50 miles were common when the MPJ
was utilized against the low-power VHF tactical unenciphered communications
nets, However, as on the close support tests, trouble with transmitter fre-
quency drift and excessive receiver bandwidth limited the operational capa-
bilities. Modifications are currently being planned to correct these faults.
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(S) In the tests against the TAC AN navigation system, the MPJ was capable
of completely jamming the airbore indicator when the aircraft was 56, 000
yarde from the jammer. The MF'J was located 20 miles from the beacon for

these tests.

(S) The tests againut the combat surveillance radars have been delayed due
to excessive VSWR and attenuation in the RF transmission system. The sys-
tem has been redesigned and it is planned to complete these tests prior to the
end of 4th quarter FY 1959. It is anticipated that the MPJ will be capable of
effectively jamming such radar equipment as the AN/PPS-4, AN/TP8-21, and
AN/TPS-25 at ranges of approximately 30,000 yards. This estimate is based
G the resulis vptained from another project utilizing a comparable jammer
system,

(C) The teste against s drone control system have been delayed pendiny de-
livery of the OA-1186/ALT-6B transmitier group from the Air Force. Pres-
ent planning indicates that this test should be completed during late FY 1959
or early FY 1960. It is planned to conduct this against the 420-mcs SD-2

~ drone system.

(U) The above incompleted tests, plus data on the proposed modificsti:m:s
to the MPJ system, will be included in subsequent reports .. this #eiiss.
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I. INTRODUCTION

1. (U) BACKGROUND

The concept of electronic warfare employment in the Field Army for the
1960 to the 1970 period, as generated by '""Preliminary Study, Field Army
Eiectronic wWartare System, ' USAEPG-SIG 920-63, established the need for

an MPJ.

Early efforts in the design and fabrication of an MPJ proved discouraging
because the immediately availahle iteme of Signal Corps equipmeni were ioo

large, too heavy, and too bulky.

Investigation of the development of usable items of equipment being con-
structed for the Air Force disclosed that, within their program of production,
there were items of equipment which could be utilized, with modifications, for
the field testing of the MPJ concept. Such investigation led to the early 2-1/2-
ton version of the MPJ as shown in fig. 1.

The Electronic Warfare Department was abie io obtain sufficient quantities
of the necessary items of equipment via a Military Interdepartmental Procure-
ment Request and thus proceeded with the MPJ program. The fabrication of
such equipment into an MPJ was performed by Motorola Research, Inc.,
Riverside, California, and iritial delivery of this equipment was completed in
January of 1958, Exterior and interior views of this equipment are shown in
tigs. 2 and 3.

2. (U) SCOPE

The tests contained in this report are concerned with the engineering and
operational evaluation of the MPJ ECM System, 3/4-ton truck installation.
Information is presented on the results of the performmance measurements of
the MPJ as well as the field test results against typical tactical targets. The
testing was conducted under controlled conditions which gave an indication of
equipment capability only. Future testing under simulated tactical conditions
should provide a more realistic measurement of the Electronic Warfare Con-
cept of which the MPJ is a part,
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3. (U) TESTING FROGRAM

The immediate program is concerned with the continued testing of the pres-
ent MPJ system and of the consequent modifications as well as the evaluation
of the System undex simulated tactical conditions. The anticipated completion

dates for the currently programmed tests are as follows,

Testing of the present modeis of the MPJ as installed in the 3/4-ton truck,
the M-59 personnel carrier, and the Ul-A aircraft should be finished by the
isi quarier of ry 1500. The Uli-A and the M-55 models ure snown i 1igs. =,

5, and 6.

Testing of the improved antenna system installation for both the 3/4-ton
truck and the M-59 personnel carrier should be completed by the 18t quarter
of FY 1960; the testing of the improved antenna system installation for the
Ul-A aircraft should be completed by the 2d quarter of FY 1960.

The prelminary tacticai test and field evaluation of the first EW Company
(ROCID) is scheduled for completion by the 2d quarter of FY 1960. The eval-
uation of the U, S. Army Research and Development Lahoratories (USASRDL)
engineering model 18 to be completed by the 2d quarter of FY 1961,

18
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Fig. 5. (U) MPJ mounted in the M-59 personnel carrier
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II. DESCRIPTICN OF EQUIPMENT

4. (S) INSTALLATION

a. Vehicle

The MPJ equipment is mobilized by an M-37, 3/4-ton, 4 x 4, standard
Army cargo truck, and a standard M-101, 3/4-ton trailer. The majority of
the active equipment is installed in the equipment shelter which replaces the
cargo compartment of the 3/4-ton truck as shown in fig. 2.

The 3/4-ton cargo truck normally has a cargo capacity of 160 cubic
feet and carries a recommended cross-country cargo of 1, 500 pounds.

The 3/4-ton trailer carries the prime power source, the commuaica-
tions equipment, additional tuning heads, the horn antennas, and an air con-
ditioner.

The trailer has a cargo capacity of 175 cubic feet and carries a recom-
mended cross -country cargo of 1, 500 pounds.

b. Equipment Shelter

The electronic equipment, some antennas, and the ope ‘stor are housed
in a lightweight, aluminum-skinned shelter made of a honeycomb material.
This shelter is sturdy enough to withstand the strain of equipraent loading dur-
ing cross-country driving and to withstand the stress of crane pickup even
though loaded with equipment. The equipment racks are mounted in the for-
ward pcrtion of the shelter and are equipped with suitable shock mounts. The
shelter provides 8 maximum of internal volume and yet conforms to the normal
or the near-normal vehicle silhouette. A partial roof of the honeycomb mate-
rial covers the forward half of the shelter. The roof is used to mount a trans-
mitting maet aszsembly and to strengthen the shelter. A radome is fitted over
the entire shelter and, in addition to its prime function as an antenna protec-
tor, serves as a roof for the shelter. An interior view of the MPJ is shown in
fig. 3.

The dimensions of the shelter are approximately 69 inches wide, 74
inches long, and 56 inches high with the radome cover adding another 15 inches
of height. The equipment occupies the forward bulkhead of the shelter from
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top to bottom and frem siue to side ‘c a depth of 26 inches. The roof area
that is available for antenna mounting consists of approximately 30 square
cet. The total weight of the equipment and shelter is approximately 2, 100
pounds which ts about 600 pounds in excess of the vehicle limitations. A
breakdown of weights allows 800 pounds for electroric equipment with 1, 300
pounds allowed for the shelter, racks, cables, and ventilating equipment,

The equipment mounted in the shelter includes (1) transmitting equip-
ment, (2) receiving equipment, (3) modulation and lookthrough equipment,
(4) analysis equipment, (5) receiving antennas, and (6) programming equip-

ment,
c. Antennas

The receiving antennas mounted on the shelter consist of five antennas
covering the following frequency bands from 30 to 210 mcs with a fixed whip
mounted on the exterior of the shelter and a range of 65 to 10,750 mcs with
four AN/ALA-6 antennas mounted on the vertical sidewalls of tae shelter; the
antennas slide up to be placed into operating position as shown in fig. 7.

The transmitting antennas mounted on the exterior of the shelter con-
sist of five antennas covering frequencies from 100 to 350 mcs with the broad-
band stub; 350 to 2,400 mcs with the AT-428( )/U; 2,350 to 5,000 mcs with
the AT-551( )/U; 4,950 to 8,800 mcs with the AT-552( )/U; and 8,750 to
10, 500 mcs with the AT-553( )/U. This antenna assembly is shown in fig. 8.

d. Transmitting Equipment

The major functional groups of the AN/ALT-6B transmitting equipment i
consist of the C-1965/ALT-6B control indicator; the PP-1533/ALT-6B power
supply; the T-608/ALT-6B low-frequency transmitter; the T-608/ALT-6B
high frequency transmitter; and OA-1186/ALT-6B through OA-1185/ALT-6B
oscillators with the allied tuning controls and adapters.

The major functional groups of the AN/ALT-7 transmitting equipment
coneist of the T-464/ALT-7 transmitter with the PFP-506/APT-6 power supply
and the T-465/ALT-7 transmitter with the PP-506/APM-6 power supply. The
0- to 10,000-mcs dummy load is utilized with all trensmitters.

The Countermeasures Transmitting Set AN/ALT-6B is a cw, noise and

frequency modulated, remote controlled, airborne jamming system designed
to jam defensive-scarch, tracking, gunlaying radar, and similar victim equip-

ment.
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Fig. 7. (U) Interinr antenna installation on the 3/4-ton truck
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Victim electronic equipment is jammed by tuning the transmitting set,
either manually or automatically, to or through the transmitting irequency of
the sets of equipment 1o be jammed. The energy transmitted from the trans-
mitting set will, if tuned to the proper frequency, enter a receiver and cause
the receiver output to be unintelligible. The transmitter contains two sepe-
rate, automatically tuned radio transmitters,

Effective frequency coverage of the equipment is determined by the
selection of interchangeable transmitter groups for installation in the trans~
mitting set. Each transmitter group of the AN/ALT-6B covers a specific
frequency range within 350 to 10, 500 mcs; each group includes a frequency
coutrol indicator aand a winable magneitvn osciilaior capabie of (ransmitting
and jamming & different range of frequencies. Only one transmitter in a
given transmitting set can be operated at any one time,

Radio transmitters T-464/ALT-6B and T-465/ALT-7 are specifically
designed as airborne electronic countermeasures (ECM) equipment for jam-
ming enemy radar facilities, Enemy am. or fm equipment operating within
the range of 100 to 752 mcs can also be jammed.

e. Transmitter Modifications

A number of modifications have been made to the transmititing equip-
ment of the MPJ to increase the applicability of the equipment to the MPJ

system,

On the AN/ALT-6B, lookthrough is provided by enabling the lookthrough
puise from a modulator to gate-off the transmitter during signal reception.
The lookthrough piilse is fed from a pulse generator to a modulator.

A jack receptacie has been added to the transmitter to accept external
amplitude modulation snd the lookthrough pulse from the modulator.

A selector switch on the modulator selects either the external modula-
tion or the internal noise modulation. '

Part of the top of the AN/ALT-6B case has been hinged so that the rf
plug-in heads can be changed without completely removing the transmitter
case from the rack.

On the AN/ALT-7, a jack has been provided to accept external am. and
the lookthrough pulse irom the modulator. The modulation bandwidth switch
was removed and a relay was added to disable the noise modulation circuit.
Due to the lack of a suitable antenna, the T-464/ALT-7 transmitter has been
modified to prevent it from transmitting below 100 mcs,
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f. Receiving Equipment

The major functional item of the AN/APR-14 is the R-484/APR-14
receiver equipment,

The major functional groups of the AN/APR-9 receiving equipment are
the [D-226/APR-9 panoramic indicator; the TN-128/APR-9, TN-129/APR-9,
TN-130/APR-9, and the TN-131/APR-3 rf tuners; CY-43/APR-9 mixer am-
plifier; C-654/APK-9 remote conirol; PP-336/APR-9, and the PP-337/APR-9

power supplies.

The radar receiver R-484/APR-14 receives am. or fm signals in the
frequency range of 30 to 1,000 mcs, and presents a visible indication of these
signals on a panoramic display tube. The radar receiver is used in conjunc-
tion with ECM equipment to provide a lookthraugh operation,

Radar Set AN/APR-9 is an airborne intercept receiver intended to re-
ceive radio and radar transmissions in the frequency range of 1,000 to 10, 750
mcs. For analysis purposes, the signals are presented aurally by means of a
headset and visually by means of a panoramic oscilloscope. Provisions have
been made for remote operation,

g. Receiver Modifications

On the AN/APR-14, provisions have been made for operating the An-
tenna Switch in conjunction with the Receiver Band Swiich.

On the AN/APR-9, synchronous pulses are derived from the horizontal
sweep of the panoramic display so as to operate the pulse generator during
synchronous lookthrough.

h. Modulation and Lookthrough Equipment Modifications

This equipment consists of an MD-156/TRT-2B modulator and two
0-207/ALA-7 leokthrough pulse generators.

The modification to the modulator consisted of the following outputs
for the AN/ALA-17 transmitter (1) a low-tone square wave that is adjustable
from 17 to 600 cps; (2) a high-tone square wave that is adjustable from 275 ¢
6,000 cps; (3) bagpipes that consist of five sequential s juare waves of differ-
ent frequencies; and (4) control voltages to allow cw or noise medulation to be

selected in the transmitter,

The modulator modification also alluows for the following outputs on the
AN/ALT-6B transmitter (1) a low-tone square wave that is adjustable from
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17 tc 600 cps; (2) a high-tone square wave that is adjustable from 275 to 6,000
cps; and (3} control voltages to aliow cw or noise modulation to be selected in

the transmitter,

The pulse generators are specifically designed to work in conjunction
with ECM equipment so as to provide an additional feature known as "look-
through'' operation. They generate either a positive or negative square wave
at either a reguiar or random rate. The prf of the square wave is variable
from 1 pulse in 5 seconds to a rate of 30 pps. The pulse delay is adjustable
from 1 to 40 ms with the pw being adjustable from 1 to 15 ing in longth.

i. Analysis Equipment

The AN/ALA-3 analyzer consists of an IP-264/ALA-3 indicator and a
PP-1051/ALA-3 power supply. The AN/ALA-3 is a piece of equipment for
airborne use in analyzing video signals received from a radar-intercept re-
ceiver. For MPJ use, the signals ave observed as oscillographic traces on
the face of a three-gun cathode-ray tube (CRT). The pw and the prf of the re-
ceived pulses are obtained directly from an engraved oalibrated scale over-
layed on the face of the CRT. The readable pw and prf ranges are from 00,1
to 20.0 usec and from 20 cps to 2 mcs, respectively.

j.  Programing Equipment

The programing eguipment consists of a power control panel, a receiver
switching unit, a receiver antenna control unit, and an E-1798-1 power and if.
switching unit for the AN/APR-9 receiver.

k. Prime Power Source

The prime power source of power comes from one PU-346/G as shewn
in fig. 9; this generator set is a 120-volt, 3-phase, 400-cycle unit. Ii {8 ca-
pable of supplying 8 kw of power at an 80-percent power factor. The genera-
tor, complete with integral 5-1/2-gallon fuel tank, weighs approximately 700
pounds. An air-cooled diesel engine with a 4, 000-hour service life is used as
the prime mover and will operate for 5-1/2 hours on each tank of fuel. The
unit has both a manual and an electrical starting system,

The 28-volt, dc power supply has 6 silicon diode rectifiers connected
in a double 3-phase, haifwave (double wye) rectdiier circuit. This unit is
mcunted in the PU-346/G, in the 3/4-ton trailer, and is capable of supplying
2.5 kw of power. A voltmeter and ammeter are provided for metering ihe

28-volt, dc supply.
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1. Communications Equipment

The AN/VRC-17 radio set is an fm radio-telephone transceiver with a
frequency range of 27 to 39 mcs. The set is designed for short-range opera-
tion (between 10 and 15 miles) and can be installed in nearly any type of vehicle.

m. Receiving Antennas

The antenna array consists of an omnidirectional whip anterna operating
from 30 to 210 mcs; an AS-654/ ALA-6 horizontally polarized loop antenna op-
erating from 65 to 210 mcs; an AS-655/ALA-6 horizontally snd vertically po-
larized antenna operating from 210 to 1 000 mos; an AS-656/ALA-6 horizontaiiy
and vertically polarized anienna operating from 1,000 to 5,000 mcs; and an AS-
657/ ALA-6 circularly polarized antenna operating from 5,000 to 10,750 mcs.

n. Tranamitﬁng Antennas

The antenns array coneiste of an omnidirectional broadband stub antenna
operating from 100 to 350 mcs; an AT-428( )/U linearly polarized horn antenna
operating from 950 to 2,400 mcs; an AT-551( )/U linearly polarized horn an-
tenna operating from 2, 350 to 5,000 mcs; an AT-552( )/U linearly polarized
horn antenna operating from 4,950 to 8,800 mcs; and an AT-553( )/U linearly
polarized hori: antenna operating from 8,750 to 10, 500 mcs.

o. Direction-Finding Equipment

Direction-finding group AN/ALA-6 displays radar (or radio) signals on
a cathode-ray screen having a degree-calibrated scale from which the relative
bearing of the received signal can be read. The equipment congists of an IP-
243/ ALA-6 indicator; a PP-974/ALA-6 power supply; a C-1246/ALA-6 antenna
control; a CU-397/ALA -6 coupler; four TG-23/ALA-6 antenns drives; and
three CU-398/ALA-6 couplers,

The Antenna Drives, TG-23/ALA-6, have been modified so that the
direction of rotation can be reversed and the speed of rotation varied.

5. (S) MPJ OPERATIONAL CAPABILITY: RECEIVING

a. Frequency Range

The receiving equipment of the MPJ is capable of continucus coverage
from 30 to 10,750 mcs. The AN/APR-14 receiving component covers the
range of 30 to 1,000 mcs in the following three bands: 30 to 210 mcs; 210 to
400 mcs; and 400 to 1,000 mcs. The AN/APR-9 receiving component (using
the four tuning heads available) ccvers from 1,000 to 10,750 mcs in the
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following four bands: 1,000 to 2,600 mcs; 2,300 to 4,400 mcs; 4,300 to 7,300
mcs; and 7,000 to 10, 750 mcs. Both components are capable of manual or
automatic sector tuning with adjustable limits within each band.

b. Antennas

The five receiving antennas will provide g {requency coverage from 30
to 10,750 mes. Four AN/ALA-6 antennas (two on each sidewall) are mounted
on vertical slides of the shelter. The slides permit each antenna to be raised
into operating position when required with only two of these aniennas raised
into operating position at any one time 80 as to minimize sector blocking of one
antenna by anoviner. Photographs of the antennas are shown in fig. 7.

Two of the AN/ALA-6 antennas cover from 65 to 210 mcs and from 210
to 1,000 mcs and are connected to the AN/APR-14 receiver. A whip antenna,
which covers from 30 to 210 mcs, is mounted to cover the low-frequency end
of the AN/APR-14 receiver. The remaining two AN/ALA-6 antennas cover
from 1,000 to 5,000 mcs and from 5,000 to 10,750 mcs and are connected to
the AN/APR-9 receiver. The four rotatable AN/ALA-6 antennas are covered
by a radome which also serves as a roof for the saelter.

Antenna polarization varies over the frequency range of the MPJ: from
30 to 210 mcs, the antenna is vertically polarized; from 65 to 210 mcs, the
antenna is horizontally polarized; from 210 to 5,000 mcs, the antenna is either
horizontally or vertically polarized; and from 5,000 to 10, 750 mcs, the antenna
is circularly polarized.

c¢. Direction Finding

The MPJ has a DF capability from 65 to 10,750 mcs. From 250 to
10,750 mcs, the antennas have unidirectional beams of 5 to 15 degrees of
beamwidth in both the horizontal and the vertical direction. Since the band is
narrow, caution is required in leveling the truck so as to prevent a misdirec-
tion of antenna orientation and coverage. From 65 to 210 mcs, the antenna
has a bidirectional (figure eight) pattern approximately 60 to 90 degrees wide;
this results in a 180-degree ambiguity. In order to use this bidirectional an-
tenna, it is necetsary to know in advance which direction or sector contains
the victim signal,

Reception of signals in the 65- to 210-mes range usually will be im-
proved by using the omnidirectional whip antenna in place of the bidirectional
AS-654/ALA-6 antenna; however, the limited DF capabilities in this frequency
range will be lost. The whip antenna can be switched into position by switch-
ing the DF - SEARCH switch on the AN/ALA-6 to the SEARCH position. Be-

cause of antenna gpace limjtations, the MPJ has a0 DF capability below 65 mcs.
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The single DF indicator on the AN/ALA-6 is capable of displaying the
video output of only one receiver at any one time. Antenna rotation speed and
position adjustment controls are availabie for both the AN/APR-9 and the AN/
APR-14 receivers. The speed control is variable and provides for opiimum
display when using either the AN/ALA-6 indicator for initial intercept and DF,
or when using the receiver panoramic display for subsequent monitoring while
jamming. During initial intercept and while using the AN/ALA-6 indicator, a
high antenna rotation speed (approximately 300 rpm) is desirable so as to in-
creagc the probability of intercept {rom concurrent frequency searching. How-
ever, once jamming has commenced and energy is transmitted, the AN/ALA -6
indicator will be useless on the victim signal frequency bersuge of the strone
reception of its own jamming transmission. The panoramic display of both
receivers has synchronous lookthrough for monitoring the signal. When in
this monitoring mode of operation, the receiving antenna must be trained on
target or synchronized with the panoramic sweep display.

d. Analysis

The AN/ALA-3 pulse analyzer is switched from one receiver output to
another in conjunction with the AN/ALA-6 indicator. This analysis equipment
is capable of determining the prf (over a range of 20 to 2,000,000 pps) and the
pw (from 0.1 to 20 usec) of an intercepted signal. The AN/ALA-6 indicator
presentation, during initial intercept, will be capable of visually presenting
some signal characteristics such as antenna polarization and rotation, relative
prf, lobe switching, and modulation. A trained person, by observing the AN/
ALA-3 and AN/ALA-6 indicators simultaneously, may determine accurately
the signal characteristics without stopping the antenna rotation and directing
the antenna to the signal source., Should there by more than one signal on the
same frequency, the AN/ALA-3 presentation may be erroneous unless each
signal is examined separately by positioning the antenna.

e. Programing

(1) Prime Power Programing. During normal MPJ operation, all of
the receiving, analysis, and DF equipment i8 in simultancous operation and is
ready for instant use over the entire frequency band. In addition to being avail-
able for instant use, it i8 also desirable to keep all of the previously mentioned
equipment turned on for phase balancing of the 3-phase prime power supply;
this is done to prevent excessive harmonic currents in the power supply and to
maintain power balance. No master power programing switch is provided;
individual units of the receiving system should be turned off (by means of the
power switches on each unit) for maintenance or removal.

(2) RF Programing. The rf programing for the receiving system
automatically connects the proper receiving input to the appropriate antenna
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and transmission line. The rf programing for the AN/APR-14 receiver is
acwated from the Receiver Band Selector switch and also from the Low Band
Antenna switch circuitry (30 to 210 mcs) within the receiver. The low-band
input (from 30 to 210 mcs) is fed from either the omnidirectional whip antenna
(30 to 210 mcs) or from the AS-654/ALA-6 antenna (65 tc 210 mcs). The mid-
dle-band input (210 to 400 mcs) is fed from the AS-655/ALA-6 antenna,

The AN/APR-9 receiving component is fed from the AS-656/ALA-6
antenna (1,000 tv 5,000 mcs) or the AS-657/ALA-6 antenna (5,000 to 10, 750
mcs), The transmission line i8 automaticaily connected to the selected tuning
head by the Receiver Band Selector switch through a coavial relay cperated
from the receiver antenna switching unit,

(3) Video Programing. The video programing allows the operator to
select, for display on the AN/ALA-6 indicator, either the AN/APR-9 video and
the corresponding antenna-position-resolver (APR) output, or the AN/APR-14
video and the corresponding APR output. The video input to the AN/ALA-3 in-
dicator is paralleled with the input of the AN/ALA-6 indicator and, simultane-
ously, both units display the video selected. In addition, a switch is provided
to control the output of the AN/ALT-6B transmitting APR for display of the
transmitting antenna orientation on the AN/ALA-6 indicator,

(4) Programing Simultaneous Reception. With the available receiving
anicnna configuration, it is possible to monitor simultaneously two separate
frequencies (one on each receiver): the AN/APR-9 receiver is capable of op-
erating in either the band from 1,000 to 5,000 mcs or the band from 5, 000 to
10,750 mcs. Concurrent operation of the AN/APR-14 receiver is available on
any one of the three bands: 30 to 210 mcs, 210 to 400 mcs, or 400 to 1,000 mcs.

Since the transmitting equipment is capable of operating on two dif-
ferent frequency bands below the 1,000-mcs range, the MPJ receiver may be
called upon to monitor two frequencies below 1,000 mcs. Since only one re-
ceiver i8 provided to cover the range below 1,000 mcs, any monitoring must
be done in sequence or on a time-sharing basis.

For frequencies above the 1,000-mcs range, there is only one re-
ceiver and one trunsmitter capable of operating at any given time.

6. (S) MPJ OPERATIONAL CAPABILITY: TRANSMITTING

a. Frequency Range

The continuous frequency coverage of the AN/ALT-6B and the AN/
ALT-7 transmitting equipment is from 100 to 10, 500 mes. This capability re-
quires four transmitters with each having a specific coverage of the entire
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frequency range: the T-464/ALT-7 can be operaied within a band of 100 to

170 mcs and the T-465/ALT-7 can be operated within a band of 168 to 352 mcs.
With the use of different oscillators, the two T-608/ALT-6B transmitters
cover the range from 350 to 10, 500 mecs. One transmitter covers the band
from 350 to 5,000 mcs with the use of six oscillators operating from 350 to

585 mcs; 565 to 975 mcs; 950 to 1,525 mcs; 1,475 to 2,400 mcs; 2, 350 to

3,800 mes; and 2, 5800 to0 5,000 mcse. The second transmitter covers the band
from 4,950 to 10, 600 mcs with four oscillators operating from 4,950 to 6, 200
mces; 6,150 to 7,300 mes; 7, 250 to 8,800 mcs; and 8,750 to 10,500 mcs, The
second T-608/ALT-6B transmitter system rf cable is designed so that it is

- PR FEen A —a oy ~ b m nmnn R - - .. m
important that the cseillators with frequeiicies above §, 000 mes be used with

this set 8o as to prevent an excessively high VSWR and consequent damage to
the magnetron.

b. Antennas

The transmitting antenns installations provide a {i equency coverage
from 100 to 350 mcs and from 1,000 to 12, 000 mcs, The low frequencies
(from 100 to 350 mcs) fall within the capabilities of the stub antenna which is
mounted permanently on the outer front portion of the sheiter. There i8 no
antenna transmitting capability irom 350 to 1, 000 mcs.

The second antenna consists of a group of four horns that are mounted
on a single mast which can be rotated by a motor-driven pedestal; the group
covers a band from 1,000 to 10, 500 mcs. A remotely controlled coaxial
switch is mounted on the mast to select the proper antenna or to connect the
output line to a dummy load. The entire assembly is removable from the ped-
estal socket and is adequately safeguarded against weather.

Blocking of one antenna by another is minimized by staggering the an-
tenna heights to obtain beam clearance. The 100- to 350-mcs stub antenna i8
vertically polarized. The horn antenna assembly can be set manually to ver-
tical, 45-degree, or horizontal detent positions.

c. Direction Finding

The antenna pedestal, which receives the mast and directional horn
antennas, is capable of being rotated through an arc of approximately 350
degrees. The pedestal drives a video resolver of the type used in the AN/
ALA-6 antenna drive unit. The antenna horns are directional with beamwidths
on the order of 40 degrees (both horizontal and vertical) and thus minimize the

possibility of jamming friendly equipment.

The video resolver input is obtained from the fluxgate compass circuits
of the AN/ALA-6 ndicator and presents the transmitting antenna position on
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the AN/ALA-6 indicator simultaneously with the received signal bearing in
the form of a narrow strobe line. Thus an immediaie DF position can be ob-
tained by superimposing the transmitting antenna strobe line upon the pattern

of the received signal.

d. Frequency Matching

There are two methods used for frequency matching: one method is
when both the victim signal and the jammer signal must be presented simul -
tancously on the panoramic display of the receiver. The second method is
when the victim signal and Uie jaminer signai are moniiored aurally. The

dial settings of the transmitting equipment are not accurate enough for ideal
frequency matching.

The transmitted signal coupling is reduced to a suitable level for rela-
tively accurate frequency matching by using coaxial cable with a ghielded
outer conductor and operating the transmitter output from the antenna to the
durnmy load. Rapid switching of the transmitter oatput from the antenna to
the dummy load is provided by coaxial relays, and is controlled by the opera-

tor.

Since both transmitters employ self-exciting osciliators to generate
the carrier frequency, the exact operating frequency will depend somewhat on
the load impedance. Thus, if the dummy load differs considerably from the
antenna load impedance, the frequency will vary from the matched conditions
whenever the transmitter is switched to the antenna. The frequency pulling 18
kept to a minimum by keeping the antenna VSWR low and by using a well-

designed dummy load.

When using the panoramic display of either receiver, the display reso-
lution will allow frequency matching within +0.25 mcs., In the event that the
jammer output is to be swept in frequency or operated against a wide bandwidth
receiver of a microwave radar, this degree of frequency matching is adequate.
However, for critical frequency matching for the spot jamming of narrow-band
communications (or similar equipment) the operator may have to employ the

aural zero-beat method.

e. Modulation and Looktirough

The MPJ transmitting equipment is capable of being modulated in the
following manner:

(1) The am. noise mode of operation, that is normally provided for in
the AN/ALT-7 and the AN/ALT-6B transmitters, is pf@erved. This method
of modulation is most often used because of its multipurpose nature.
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(2) The fm provided for in the AN/ALT-7 transmitter has a frequency
deviation of $3.5 to 5 percent; it also has an adjustable sweep speed of 8 to 400
aweeps per second. The fm provided [or in the AN/ALT-6B transmitter is
capable of a siow sweep (2 to 120 sweeps per minute) over the range of 0 to
1,200 mcs and a fast sweep (2 to 20 sweeps per second) over the range of 0 to
350 n.:s or the simuitaneous use of both modes,

(3) The MD-156/TRT-2B modulator provides several types of modu-
lation for the AN/ALT-7 transmitter (a) a low-tone sguare wave that is ad-
justable from 17 to 600 cps; (b) a high-tone square wave that is adjustable
from 275 to 6. 000 epg; (o) bagnires, consisting of five sequeniial square waves
of different frequencies; and (d) control voltages to allow cw or noise modula-
tion to be selected in the transmitter.

All types of modulation (mentioned in the previous paragraph) ex-
cept bagpipes ar~ available from the MD-156/TRT-2B modulator for the AN/
ALT-6B transmitters.

While in the jamming mode, synchronous lookthrough may be used
with either or both transmitters so as to monitor the received victim signal.
In order to keep the transmitter off-time tc a minimum and on-time to a max-
imum, the lookthrough gate is synchronized with the panoramic sweep indica-
tor of the receiver in use. {By delaying the synchronous lookthrough gate and
acjusting its width until it just ""brackets" the received signal on the panoramic
indicator, minimum transmitter off-time can be achieved.) The 0-207/ALA-7
pulse generator is capable of supplying a lookthrough gate for each synchronous
pulse, or it can be adjusted to a random-rate countdown by means of a noise
coincidence circuit. The gate width is variable from 1 to 20 ms ¢nd the gate
delay is variable from 1 to 40 ms.

Two O-207/ALA-T7 pulse generators are incorporated because of
the difference in sweep speeds of the two panoramic receivers. The look-
through generator, operated with the AN/ALT-6B transmitter, is synchronized
with either the AN/APR-9 or the AN/APR-14 receiver, depending on which re-
ceiver covers the desired operating frequency. The lookthrough generstor,
employed with the AN/ALT-7 transmitter, is synchronized with the AN/

APR-14.

f. Programing

(1) Prime Power Programing. Both transmitters of the AN/ALT-7
and the AN/ALT-6B are on standby condition (with heater voltage applied) at
all times. This allows rapid change from one transmitter to the other, of
each pair, without waiting for time delays to cycle. With transmission equip-
ment on standby operation, each transmitter becomes operable in a8 minimum
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amount of time and minimizes frequency drift thai occurs upon initial opera-

With this prime power applied at all times, the only power programing

tion.
The

needed is the switch that selects the desired transmitter from each pair.
unit power switches are available for emergency use or maintenance.

(2) RF Programing. To minimize the time and procedure necessary
in changing the frequency of operation in the performaace of frequency match-

ing or in changing transmitters, an automatic rf programer is incorporated

wherever possible, The activ2 transmitter, when selected, will be connected
ranemissicn line.

automatically, in each case, tc the proper antenna transmis

The two T-608/ALT-6B transmitters designated for use between
350 and 10, 500 mcs automatically select the proper antenna on the mast; this
automatic antenna selection operates with the tuning head in use. With the
exception of the 350~ to 1,000-mcs range, the MPJ antennas cover the range

of 100 to 10, 500 mcs.

A manual switch provides for the termination of any of the active
transmissions into a dummy load (for frequency matching) or the termination
into an antenna (for jamming transmission). All rf switching works in con-
junction with the transmitter interlocks which prevent switching with any rf

power present,

(3) Simultaneous Transmitting. With the transmitting antenna config-
urations available, it is possible to radiate simultanecusly two signals at dif-
ferent frequencies: one will be from the AN/ALT-7 on a frequency range of
100 to 352 mcs, and the other will be from the AN/ALT-6B on a frequency

range of 1,000 to 10, 500 mcs.

The two transmitters in the AN/ALT-7 group utilize the broadband
stub antenna and have separate power supplies; whercas, the two transmitters
in the AN/ALT-6B group utilize the horn »ntennas and share a common power

supply .

SECRET



CONFIDENTIAL

III. PRELIMINARY TESTS

(U) System performance measurements were conducted for the purpose
of insuring that the System was operating according to the individual equip-
ment specifications and to aid in establishing a performance standard hy
which future modificaiions and repaired items could be judged. These tests,
although conducted on a major component basis, were designed to measure
the operational parameters of the System, and determine the effect of related
subsystems on each other, e. g., the effect of the rf system on the transmit-

ter or lookthrough scheme suitability.

(U) The tests which were conducted and the method of measurement are
described in the test and the results depicted in graph form. The graphs de-
pict average values taken from data received on eight different systems and
should not be considered as representative or as absolute,

7. (C) TEST 1, POWER OUTPUT AS A FUNCTION OF FREQUENCY FOR
THE AN/ALT-6B

a. (U) Purpose

The purpose of this test was to determine the power output as a func-
tion of frequency for the AN/ALT-6B transmitter component of the MPJ.

b. (U) Procedure

The AN/ALT-6B transmitter was adjusted according to the procedure
outlined in the '"Handbook of Field Maintenance Instruction, AF TO 12P3-2
ALT6-42." The rf output was then connected through a 2-foot length of
coaxial cable or waveguide, as applicable, to a Calorimetric Wattmeter as

illustrated in fig. 10.

WAESYIPE OR CALORIMETRIC
COAXIAL CABLE WAT TMETER

AN/ALT - 6B

Fig. 10. (C) Equipment setup for test 1
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Each of the available oscillators were connected, in turn, to the transmitter
and at least three power output measurements were made for eacir oscillator.
The average readings werec taken (eight oscillator units at each frequency)

and plotted.

¢. (U) Results

The AN/ALT-6B transmitter was adjusted, at optimum, for the O-444/
ALT-6B oscillator only. The areas which contain nc measuremenis are for
the O-441/ALT-6B and the 0-442/ALT-6B oscillators which were unavaiiable
ai the time of the test. The results of the rf power output are shown in graphic

aw

form in fig. 11,

8. (C) TEST 2, POWER OUTPUT AS A FUNCTION OF FREQUENCY ¥FOR THE
AN/ALT-7

a. (U) Purpose

The purpose of this test was to determine the power output as a function
of frequency of the AN/ALT-7 wansmitter,

b. (C) Procedure

The AN/ALT-17 transmitter was adjusted in accordance with the proce-
dure outlined in the "Handbook of Service Instruction, AF TO 12P3-2 ALT-2."
A Bird Termaline Wattmeter was connected to the transmitter '"Antenna' ter-
minal. Then the rf power output was measured across the frequency band of
both the T-464/ALT-7 and the T-465/ALT-17 for each type of external modula-
tion available to the AN/ALT-7. The external moduiations utilized, from a
modified MD-156/TRT-2B modulator, included cw, noise (internai), bagpipes
(random square wave), and both low (17 cps square wave) and high (6, 000 cps
square wave) tones.

c. (U} Results

The power output as a function of frequency for each modulation is shown
in graphic form in figs. 12 and 13.

9. (C) TEST 3, DETERMINATION OF RF SYSTEM VSWR AND ATTENUATION

MEASUREMENTS OF THE AN/ALT-6B

a. (U) Purpose

The purpose of this test was to determine the VSWR and attenuation
measurements of the rf system of the AN/ALT-6B transmitter,
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Fig. 12. (S) Power output as a function of frequency for the T-464, ALT-7
transmitter
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Fig. 13. (S) Power output as a function of frequency for the T-465/ALT-7

transmitter
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b. (C) Procedure

The rf system VSWR and attenuation measurements for the AN/ALT-6B
were conducted with the equipment setup as shown in figs. 14 and 15. The
signal source was a series of signal generators that covered the required fre-
quency range. The rf output of the generator was appliad to a slotted line and
probe measuring device, The slotted line was connected in series with the rf
transmission system of the MPJ. This test was performed utilizing six dif-
ferent osacillators (1,000 to 10, 500 mcs) for each of the two (both high and low
rent MIJS's. A record waus kept of the

frequency) tranemitters of scven diffcrent MIS's. A

readings from all MPJ's and then averaged.

VSWR
CRYSTAL METER
MOUNT
) COAXIAL
SIGNAL SLOTTED i‘ wm;m\
CENERATOR LINE
" |
ROTARY
JOINT
Fig. 14. (U) VSWR test setup
CABLING AND ATTENUATORS
SIGNAL 0 SPECTRUM
GENERATOR | UU ‘[l ANALYZER

Fig. 16. (U) Attenuation test setup

With the setup for the attenuation and VSWR test, the rf system attenua-
tion measurements were taken in the range of 1,000 to 10,400 mos. Spot checks

were also taken at frequencies below 1,000 mcs.
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To perform the tests, the output from a series of signal generators was
fed into a calibrated section of coaxial cable and then to a spectrum analyzer
and the relative indicated signal was measured. Then the ri system was con-
nected in series with the calibrated cable ard the signal amplitude readjusted
to the previous indication. The difference in the attenuator control settings
for the two readings was recorded. The readings thus obtained were plotied
as a function of frequency and are shown with VSWR resuits.

c. (C) Results

The ieaulis oi the VSWKR portion ot the test are shown in figa. 16 and 17,
The readings shown are the average values received from the seven different
MPJ's. The VSWR readings of 3:1 to 3.5:1 were recorded at certain spot fre-
quencies in the region of 10,000 mcs. The VSWR readings of 2:1 were re-
corded in the region of 1,000 mcs on four of the seven MPJ's, Apparently,
the variations were caused by the varied lengths of cables used in the MPJ
equipment,

Spot checks below 1,000 mcs showed that the system attenuation was
only a few tenths of a decibel and thus were considered satisfactory.

As a result of the excessive VSWR and attenuation encountered, the rf
system is being redesigned for the frequency range of 5,000 to 11,000 mcs.
The new system will employ ridged waveguide. In addition, load isolators are
being installed for the entire AN/ALT-6B frequency range (from 350 to 11,000
mcs) to prevent magnetron damage due to excessive VSWR's at some frequen-
cies, It is expected that these corrections will provide an acceptable system.

10. (C) TEST 4, DETERMINATION OF RF SYSTEM VSWR AND ATTENUA-
TION MEASUREMENTS OF THE AN/ALT-7

a. (U) Purpose

The purpose of thie test was to determine the VSWR and attenuation
measurements of the rf system of the AN/ALT-7 transmitter.

b. (C) Procedure

The rf systern VSWR and attenuation measurements for the AN/ALT-7
were conducted with the equipment setup as shown in fig. 18. The signal
source was a signal generator; the output was connected to the elotted line and
the system was measured for the frequency band of 100 to 350 mcs. Readings
were not taken below 100 mcs because the blade antenna exhibited excessive
VSWR at low frequencies. The rf system attenuation and VSWR were meas-
ured in the same manner as specified in test 3.
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Fig. 18, (C) Attenuation and VSWR test setup

c. (C) Results

The attenuation and VSWR results are shown as average readings from
seven MPJ's and are graphically presented in fig. 19.

- ]

7 i

<
\

FREQUENCY ( MCS)

Fig. 19. (C) Attenuation and VSWR as a function of frequency
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11. (C) TEST 5, DETERMINATION OF TRANSMITTING ANTENNA FAT-
TERNS (1,000 TO 11, 150 MCS)

a. (U) Purpose

The purpose of this test was to determine the antenna patterns of the
horn antenna assembly.
b. (U) Procedure

The radiation patterns of the transmitting antennas AS-428/U, AS-
551/U, AS-552/U and AS-553/U were measured when they were (1) oriented
directly toward the front, and (2) when the antenna was 90 degrees to one side;
the antennas were measured for both horizontal and vertical polarization,

c. (C) Results

The results of the antenna pattern measurements are shown graphically
in figs. 20 through 33.
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12. (C) TEST 6, DETERMINATION OF TRANSMITTING ANTENNA BEAM-
WIDTHS

a. (U) Purpose

The purpose of this test was to obtain a comparison between the theo-
retical free-space beamwidth and the actual beamwidth when the antennas were

mstalled on the MPJ.

b. (U) Procedure

The testing was run concurrently with previous antenna tests and the
results were recorded.

c. (C) Results

The results of this test are shown in two illustrations comparing pub-
lished beamwidths with actual beamwidths. Both horizontal and vertical
beamwidths are shown in figs. 34 and 35.
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Fig. 34. (C) Antenna beamwidth comparison, vertically polarized
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IV. MPJ EQUIPMENT TESTS NOT PERFOEMED

13. (S) EQUIPMENT CAPABILITY AGAINST COMBAT-AREA SURVEILLANCE
RADARS

The tests in this section were designed to determine the capability cf the
AN/ALT-6B transmitting component of the MPJ to jam the combat surveillance
radars AN/PPS-4, AN/TPS-21, and/or AN/TPS-25.

Due to the difficulty experienced during the engineering test phase of the
program, these tests were held in abeyance pending redesign of the rf trans-
mission system in the frequency ranges of 5,000 to 11,000 mcs. The trouble,
as previously outlined, was excessive VSWR and attenuation. Sirce the VSWR
exceeded the maximum ratio permissible (1.5) for the magnetron, excessive
magnetron failure (holes in the windows) was anticipated and the testing was

halted.

A proposed transmission system, utilizing ridged waveguide (DR-19) and
load isolators, is expected to alleviate the current problems (see fig. 36).

14. (C) EQUIPMENT CAPABILITY AGAINST COMBAT SURVEILLANCE
DRONE SYSTEMS

When the test plan for the MPJ, 3/4-ton truck installation, was prepared,
it was planned to test it against the 70-mcs drone (RP-71C). Meanwhile, the
70-mcs drone system was abandoned; the newer system operates at 420 wics,
The MPJ was not able to operate at this frequency since the appropriate trans-
mitter group (OA-1186/ALT-6B) was not in production. It is anticipated that
the group will be received by EWD during the 18t quarter of FY 1960 and the
testing can be reinstated at that time.
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V. EQUIPMENT CAPABILITY AGAINST COUNTER
MORTAR-LOCATING RADARS

(C) The tests in this section were designed to determine the suitability and
compatibility of the AN/ALT-6B when c¢mployed against counter mortar-
locating radurs of ihe AN/ MPQ-10A type. The results obtained from these
tests not only indicate the capability and suitability of the AN/ALT-6B trans-
mitter, but will serve as a standard for comparison of future versions of the

MPJ.

15, (S) TEST 7, INSTRUMENTATICN

a. (U) Purpose

This test was added to the test plan so as to obtain data which could
more readily be utilized as a standard for future comparison.

b. (S) Procedure

In order io provide a realistic target for the radar set, a 12-inch styro-
foam ball was fabricated and covered with aluminum foil; this was attached to
standard weather brlloon and during times of high winds (+10 knets) it was at-
tacked to a kytoon (see figs. 37 and 38). The captured balloon was guyed for
stability and ailowed to rise to an altitude of from 1,000 to 1, 500 feet, The
AN/MPQ-10A radar was located approximately 3,000 yards from the balloon
launch site as shown in fig. 39.

By experimentation, for this location, it waa determined that a radar
antenna elevation angle of greater than 100 mile was required before the
balloon-borne target was clearly removed from the ground clutter scen on the

radar indicators.

The amplitude of the return echo from the ball-target was measured
when the radar antenna was manually oriented at the target; the receiver gain
circuit of the radar set was operated manually and the AJ switch was in the
OFF position. The radar transmitter was then turned OFF and a signal from
a signal generator (TS-155C) was applied through the directional coupler tc the
receiver. This signal was adjusted until it was equal to a previously measured

target signal.
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Fig. 39. (S) Siting arrangement for the determination of optimum jamming
mode

The strength of this simulated signal was ineasured as -70 dbm and is
considered to be a close approximation to the strength of the signal returned
from the balloon-borne target. The use of the balloon-borne target allowed
the radar set to automatically track a target with a return echo similar to that
of a mortar shell without the actual firing of a mortar shell.

In addition, a method was devised for measuring the jamming signal
strength applied to the radar; this was to allow a measurable comparison be-
tween jamming and target signal strength. This method entailed the removal
of a section of the coaxial transmission line from the radar set; it was re-
placed with a length of RG-9/U cable (via a 7/8-inch to a type-N coaxial tran-
sition). The incoming jamming signal was then coupled from the radar antenna
through the fabricated cable system to a calibrated, Polarad, Model R, re-
ceiver from which the strength was recorded,

Siuce the aspect between the jammer and the radar antennas would con-
stantly be changing as the radar tracked a projectile, the jamming signai
strength at the radar was measurod as a funcifon of radar angle. For this
portion of the test, the jammer was located at the balloon launching site and
the jammer antenna was oriented directly at the radar antenna. The field
strength readings (dbm) are shown plotted as a function of the radar antenna
azimuth for the various radar antenna elevations.
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c. (S) Results
The results are shown in figs. 40 through 45.

To simplify the task of measuring the jammer's signal field strength
for each jammer site used in the test, the Model R receiver was employed
with an AT-551/U antenna. Comparison of the main-lobe signal strength
readings between the AT-551/U and the AN/MPQ-10A antennas indicated
that the readings obtained with the AT-551/U were 12 db lower than those
obtained with the radar antenna. It is believed that the reading (-41 dbm)
obtained with the AT-551/U antenna is fairly accurate since the calculated
signal sirength was -38.3 dbm. The formula for the calculation is as fol-

lows:

_PjOp0y a°
4 )2R2

8y

where:

8y = Jammer signal strength at the radar receiver

P; = Jammer power output (156 watts)

G, , = Gain of the receiver antenna (oriented in the direction of the
jammer) (12 db)

Gy = Jammer antenna gain (12 db)
A = Wavelength (0. 07 meters)
R = Range (3, 000 yards)

therefore:

_ 156 x 16 x 16 x (0. 07)2
6

S

J  1s8xt102x9x10

= 14,8 x 10”8 watts

= -38, 3 dom
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16. (S) TEST 8, MPJ CAPABILITY TO INTERCEPT AND IDENTIFY THE
AN/MPQ-10A RADAR SET

a. (C) Purpose
The purpose of this test was to determine the capability of the MPJ to

intercept and display, for analysis purposes, the signal from an AN/MPQ-10A
radar when the radar was used for mortar locating.

b. (C) Procedure

A simulated tactical setup was used in which the AN/ MPQ-10A was uaed
as a mortar-locating radar. The MPJ was used to intercept and identify; after-
wards, the MPJ utilized its capability and jammed the mortar-locating radar.

The AN/APR-9 receiver and the AN/ALA-3 snalyzer were used to de-
termine frequency, pw, and pri.

c. (S) Resulte

Results showed that the MPJ will have the sensitivity and ability to in-
tercept, to identify, and to jam a mortar-locating radar, of the AN/ MPQ-10A
type, in a tactical situation.

With line-of-sight conditions, the MPJ successfully intercepted and
identified the AN/ MPQ-10A radar to a distance of over 30 miles; no maximum
ranges were determined for line-of-sight conditions,

The MPJ lookthrough capability, although slightly troublesome to ad-
just, performs satisfactorily for the frequency matching and jamming of target
signals of this type. The target signal pw and prf can be determined from the
AN/ALA-3 indicator. Pulse width errors of 0.1 to0 0.2 ms and prf errors of
less than 50 cps sre normal for AN/MPQ-10A signals. Such errors appeared
on all sets even though traincd operators were used.

Sample presentations of the AN/APR-9 and the AN/ALA-3 indicators
are shown in fig. 46.

17. (S) TEST 9, MPJ CAPABILITY TO LOCATE THE AN/MPQ-10A RADAR
SET BY DF

a. (C) Purpose

The purpose of this test was to determinc the capebility of the AN/
ALA-6 to DF the signals from an AN/ MPQ-10A radar set.
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AN APR-Y indicutor
showing sitnud from
fhe AN M RS n
ridar

AN/APR-9 indicator
showing noise-modu-
Fated jamming signal
from AN ALT-6B

AN ALA-3 indicator showing
pw and prf of the AN/MPQ-10A
radar

Fig. ‘6. (C) samplc presentations of the ANZAPR-9 and the ANSALA-3
indicators
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b. (U) Procedure

Testing was run concurrently with other tests; a number of DF cuts
were taken at each of the jamming sites.

c. (5) Results

The results showed that the AN/ALA-6 i8 quite capable of providing an
excellent DF reading with errors of only £2 degrees; jamming signal (field
strength) readings indicated that DF errors never exceeded 2 degrees.

For accurate determinations of the DF cuts, an aiming circle and com-
pass were used to double check the MPJ bearing. It was estimated that a
trained operator would have a maximum of 3-degree error since testing re-
sulted in an average of 1.7 degrees for eleven readings and less than 1 degree

for five readings.

Any erroyrs found could not be attributed to distance, but were attri-
buted to the skil! of the aperator since the errors were almost the same at

various distances.

Figure 47 shows the AN/ALA-6 azimuth indicator display giving azi-
muth and amplitude of the veceived signal.

18. (S) TEST 10, RELATIVE EFFECTIVENESS OF VARIOUS JAMMING MODES
OF THE MPJ

a. (C) Purpose

The purpose of this test was to determine the relative effectiveness of
the various jamming modes available from the modified AN/ALT-6B when em-

ployed against the AN/ MPQ-10A radar set.

b. (C) Procedure

The AN/MPQ-10A radar set and the MPJ were sited 3,000 yards apart
on the south range of Fort Huachuca. The balloon-borne target (shown in figs,
37, 38, and 39) was positioned near the MPJ and raised to such a height so as
to allow a radar antenna elevation angle of approximately 100 mils. The signal
strength of the echo return from the target was -70 dbm and the cw jamming
signal strength at the radar set, as measured with the Model R receiver, was

41 dbm.

The radar was operated in two modes (1) the sector-scan mode, and
(2) the automatic-tracking mode. During both modes of radar operation, the
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Fig. 47, (S) Sample presentation of the AN/ALA-6 indicator
jaraming modulation parameters of the AN/ALT-6B were varied and the results
on the AN/ MPQ-10A radar were recorded. The sector-scan mode of jamming
was recorded from the B-scope and the automatic-tracking mode of jamming
was recorded on the J-scope,
¢. (5) Results
The results of the test are given with the specific jamming modulations

emploved,
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(1) Scctor-Scan Operation

(u) Spot-Frequency Noise. The AN/ALT-6B was operated in the
spot-frequency, noise mode of operation and manually tuned to the radar fre-

quency .

This spot-frequency, noise mode of operation was the most
effective jamming modulation of all those used against the AN/MPQ-10A radar
set. When jammer and radar frequencies were matched, the radar receiver
was nearly saturated. A slight detuning (41 mcs) of the jammer prevented all
targets, except heavy ground clutter, from showing through the jamming. The
scope photographs, in fig. 48, illustrate the results.

(b) Fast-Sweep Noise. The AN/ALT-6B was operated in the fast-
sweep, noise mode of operation with the SWEEP WIDTH control varied from
50 to 350 mcs, and the SWEEP RATE control varied from 2 to 20 cps for each

SWEEP WIDTH control setting.

The fast-sweep, noise mode of operation of the AN/ALT-6B is
the same type of signal as spot-frequency noise modulation except that the car-
rier frequency is swept over a variable frequency band »t a variable rate as
determined by SWEEP WIDTH und SWEKP RATE controls. This type of jam-
ming caused strobe lines to appear as shown in the scope photographs of fig.
49. Although each stivbe was of sufficient strength to prevent the appearance
of targets, the sweeping modc of operaution caused the target iv be jammed for
only a portion of the time necessary and consequently allowed the target to be
presented fcr a major portion of time; thus, this jamming mode was consider-

ably ineffective.

(c) Slow-Sweep Noise. The AN/ALT-6B was operated in the slow-
sweep, noise mode of operation with the SWEEP WIDTH control varied frcm
250 to 1,200 mcs, and the SWEEP RATE control varied from 2 to 120 cpm for

each SWEEP WIDTH control setting.

The slow-sweep, noise mode of operation is essentially the
same as the fast-sweep, noise mode of operation except that the frequency
bandwidth is greater (1, 200 mcs) and the sweep rate is slower (2 cps maximum).
This type of jamming was completely ineffective against the AN/ MPQ-10A radar
since the time that the jammer is on frequency is very short as compared to the
time that it is off frequency. As a result, the B-scope indicator was completely

free of jamming for the major portion of {ime as shown in fig. 50,

(d) CW. The AN/ALT-6B was operated in the cw mot': of opera-
tioin and manually tuned to the radar frequency.
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Jamming on frequency

Jamming with ¢1 m.:s detuning

Jamming with -1 mcs detuning

Fig. 18.(5) Eifectiveness of spot-frequency, noise modulation, and slight
detuning
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Sweep width 50 mcs
Sweep rate 2 cps

S veep width 150 mes
weep rate lu ¢ps

oo

~
N

SOCE il 200 MeS
Swveep rate 15 ops

Fig. 19. (5) Effectivencess of fast-sweep nuise modulation with variations in
Sweep vidtn an it seveep rate
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Sweep width 350 mcs
Sweep rate 20 cps

Fig. 50. (8) Ineffectiveness of slow-sweep, noise-modulated jamming

The cw mode of jamming caused extreme interference to the
radar indicator; however, the radar was able to acquire g target during a
major portion of the time because of the critical tuning required and the in-
herent frequency drift of the jamming transmission.

(¢) Single Tones. The AN/ALT-6B was operated in the cw mode
of operation and activated by a square-wave medulation froem the MD-156/
TRT-2B modulator at a rate from 20 to 6,000 cps.

Single tones caused light interference on the B-scope indicator
during preliminary testing; it was not pursued in detail since the antijamming

circuitry reduced the interference to zero,

(2) Automatic- Tracking Operation

(a) Spot-Frequency Noise. The AN/ALT-6B was operated in the
spot-frequency, noise mode of operation and manually tuned to the radar fre-
quency.

The spot-frequency, noise mode of jamming caused the AN/
MPQ-10A to break track on the balloon-borne target the instant the jammer
was turned on, Although the antijamming (AJ) circuits were in operation, the
radar was still unable to irack ang the J-scope was completely saturated as
shown in fig. 51.

(b) Fast-Sweep Noise. The AN/ALT-6B was operated in the fast-
Sweep, noise mode of operation with the SWEEP WIDTH centrol varied from 50
to 350 mes, and the SWEEP RATE control varied from 2 to 20 cps for each
SWEEP WIDTH control setting,

The fast-swecep, noise mode of operation of the AN/ALT-6B
caused interference to the J-scope, however, it was never intense enough to
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Clear scope

Target saturated {AdJ in operation)

(8) J-scope presentations indicating clear scepe, target, and the
cifects of spot-frequency, noise-modulated jamming
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causc the radar to break track or to obscure the target. As might he expected,
the most serious interterence was caused from utilizing a small sweep width,

(c) Slow-Sweep Noisc. The AN/ALT-6B was operated in the slow-
sweep, noise mode of operiation with the SWEEP WIDTH control varied from
250 to 1, 209 mes, and the SWEEP RATE control varied from 2 to 120 cpm for

each SWEEP WIDTH control sectting.

Because of the broad frequency distribution of the jamming
power output, (primarily due to the broad sweep width and the low sweep rates)
the slow-sweep, noise mode of operation was relatively ineffective against the
AN/MPQ-10A. The jamming effort did not prevent the radar from tracking the
target, nor did it cause degradation of the operater's ability to acquire a tar-

get.

(d) CW. The AN/ALT-6B was opcrated in the cw mode of opera-
tion and manually tuned to the radar frequency.

The cw mode of operation produced jamming results compara-
ble to those obtained with the spat-noige mode (am anon za the jammer uwne in
operation, the AN/MPQ-10A lost track of the target). However, this jamming
mode 18 not acceptaiie for tactical use because (1) it i8 not as effective as spot
noise, and (2) it is not as accurate in maintaining frequency (since any deturing
on the order of +0. 5 mcs will allow the radar to remain locked on the target).

(e) Single Tones. The AN/ALT-6B was operated in the cw mode of
operation and activated by a square wave modulation from the MD-156/TRT-2B
modulator at a rate from 20 to 6,000 cps. The procedure was repeated with the

AJ circuitry used in an off-and-on switching cycle.

The single tones caused interference to the J-scope but they
were not capable of causing the radar to lose track of the target. With the AJ
circuitry in operation, no interference to the radar was recorded,

d. (5) Summary

It was determined, from the results of this test, that the most effective
modulation available from the MPJ for use against the AN/MPQ-10A radar is
the spot-frequency, noise modulation. Consequently this modulation was ueed
in the remainder of the tests where the MPJ was used against the AN/ MPQ-10A,
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19. (8) TEST 11, MAXIMUM LINE-OF-SIGHT JAMMING RANGE OF THE MPJ

a. (U) Purpose

The purpose of this test was to determine the maximum line-of-sight
jamming range of the AN/ALT-6B.

b. (8) Procedure

The tests were conducted on desert terrain that had a 10- to 15-fcot
brush cover. Although the test sites were chosen for line-of-sight conditions
between the radar and the jammer, a slight terrain masking was apparent.

The siting arrangement for the test is 3hown in fig. 52. Ten balloon
launching sites were selected and steked; each site was 3, 000 yards from the
AN/MPQ-10A and located in the 270- to 360-degree quadrant. Sites were
numbered from 1 at 360 degrees to 10 at 270 degrees.

The jammer was initially sited at Balloon Site Nr 1 and operated in the
spot-frequency, noise mode. The balloon was launched successively at all
sites from 1 through 10.

At each balloon site utilized, the radar was permitted to lock-on the
target in azimuth, elevation, and range prior to the initiation of jamming. The
jamming effectiveness was then evaluated by observing the ability of the radar
to remain locked-on to the target and still show a target presentation.

From the 3,000-yard position of Balloon Site Nr 1, the jammer moved

successively to ranges of 8,000, 9,000, 21,000, 25,000, 27,000 and 42, 0C0
yards. Maximum jammer range as a function of radar azimuth was determined

for each of the ranges.

c. (S) Results

(1) Janmer-to-Radar Range of 3,000 Yards

With the jammer located at Balloon Site Nr 1, jamming caused the
radar to break track on all 10 balloon sites; even at Balloon Site Nr 10, where
the radar antenna was at 90-degree aspect to the jarnmer, the scope of the AN/
MPQ-10A was saturated by the jamming signal.

The following table shows the jammer signal strength measured on
the Polarad, Model R, Recciver from the AT-551 (MPJ) antenna and the AN/
MPQ-10A radar antenna. In addition, the effectiveness of the jamming is also
shown so that it may be correlated with the measured signal.
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Table I. (8) Signal Strength as Mcasured on Polarad Model R

Signal from | Signal from [ Condition | Radar | Radar ant. gain,
Balloon | AT-551 an- | AN/MPQ-10A of track relative to AT-
site nr | tenna (dbm) | antenna (dbm) | jamming | broken | 551 at 0° (db)
1 -41.5 -31.5 Inteasa Yes +12
2 -41.5 -83 Intense Yes ~-14
3 -41.5 -60 Intense Yes -22
4 -41.5 -62 Intense Yes -25
5 -41.5 -67 Intense Yes -30
10 -41.5 -68 Intense Yes -31

The AT-551 antenna was constantly oriented in the direction of the
jammer while the radar antennz was oriented at the balloon site in azimuth and
at an elevation of 100 mils. The J-scope indicator registered intense jamming
with no targets visible. For all crientations of the radar antenna, the radar
ceased t- track the -70 dbm target as soon as the jammer became active.

(2) Jammer-to-Radar Range of 9,000 Yards

With the jammer sited at 9,000 yards from the AN/MPQ-10A radar,
the jaminirg signal was capable of causing the AN/MPQ-10A radar to break lock

on the bailoon-borne target at Balloon Site Nrs 8, 9, and 10 (70-, 80-, and 90-
degree aspects); since such aspects were the most adverse conditions available,

such sites were selected as marginal jamming conditions.

In addition, a jammer-to-radar range of 8,000 yards was also uti-
lized in which a line-of-sight condition did not exist. The jamming from this
site caused the AN/ MPQ-10A to lose tiack. The results achieved from the two

sites are shown in table II.

Under medium jamming, the targets could be seen when the radar
was "'on-track' but the acquisition of the targets was impossible.

The "signal from AN/MPQ-10A antenna, " shown in the previous
table, i8 a computed value derived irom the data obtained with the AT-551 an-

tenna (MPJ) and the radar antenna patterns,
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Table II. (S} Jamming Results at 8,000 and 9,000 Yards

1

Signal from| Signal from Condition !Jammer to | Radar ant. gain,
Balloon| AT-551 an-| AN/MPQ-10A of radar range | relative to AT-
site nr | tenna (dbm)| antenna (dbm) | jamming (yds) 551 at 02 (db)
10 -57.5 -85 Medium 8,000 =31
8 -50.5 -74 Medium 9,000 =27
9 -50.5 -74.5 Medium 9,000 -28
10 -56.5 -77.5 Medium 9,000 -31

(3) Jammer-to-Radar Range of 27, 000 Yards

the time,

The jammer was successively sited at jammer-to-radar ranges of
21,000, 25,000, and 27,000 yards. The results obtained from these sites are
as follows: the 21,000- and 25,000-yard sites did not offer line-of-sight con-
ditions and thus the results obtained were not as positive as those from previ-
ous siter since the jamming only caused the radar to break track about half

At the 27,000-yard site and under line-of-sight conditions, jamming
was 100-percent effective although the balloon-borne target was launched from
Balloon Site Nr 9 (80-degree aspect). However, when Balloon Site Nr 10 was
used (90-degree aspect), the jammer was ineffective, at any time, causing the
radar to break track. The results are shown in table III.

Table ITI. (S) Jamming Results at 21,000, 25,000, and 27,000 Yards

Signal from | Signal from Condition | Jammer to | Radar ant. gain,
Balloon| AT-551 an- | AN/ MPQ-10A of radar range | relative to AT-
site nr | tenna (dbm) | antenna (dbm) | jamming (yds) 551 at 0° (db)
9 -59 -83.5 Medium 21,000 -28
10 -565 -82.5 Medium 25, 000 -31
9 -54 -78 Medium 27,000 -28
10 -54 -81 Medium 27,000 =31
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(4) Jaummer-to-Radar Range of 42,000 Yards

The results obtained from the jammer-to-radar range of 42, 000
yards appeared to be consistent although uncorrelated; they are included in
this report as unsupported results that might be of intzrest.

The jamming signal strength appearing on the rader indicators
was comparable to that obtained from the jammer-to-radar range of 27, 000
yards. The jamming caused the AN/MPQ-10A radar tracking circuits to
""jitter' considerably but would not c:iuse the radar to break track. The re-

sults are shown in table IV,

Table IV. (S) Jamming Results at 42, 000 Yards

Signal from | Signal from | Radar to jam-| Conditicn | Radar | Radar ant. gain,
AT-551 an- | AN/MPQ-10A| mer antenna of track | relative to AT-
tenna (dbm) | antenna (dbm)| angle (deg) jamming |broken| 551 at 0° (db)

-61 -78 16.2 Medium No -19

-61 -73.5 5 Medium No -14

The discrepancy in the results appears to be in the "signal from
AN/MPQ-10A antenna." This computed valuc depends on the accurate meas-
urement of the "radar-to-jammer antenna angle."

It was felt that further investigation of this range was unwarranted

since the jammer was slightly beyond its maximum effective line-of-sight range.

The exact maximum line-of-sight range could not be determined be-

cause of the inaccessible area between the 30,000~ and 40,000-yard positions.
However, it is believed, for a target at Balloon Site Nr 1, the maximum range
should be 40,000 yards; such .an interpreiation is based on the results obtained

from the jammer-to-radar range of 42,000 yards.

An important point to consider, when analyzing the maximum ranges,

is that the testing was done under good line-of-sight conditions. Poorer condi-

tions or terrain covered by heavy vegetation (causing terrain masking) would
cause a considerable reduction of the ranges achieved.
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20. (S) TEST 12, LIMITING COND:TIONS FOR NON-LINE-OF-SIGHT JAM-
MING WITH AN MPJ

a. (C) Purpose

The purpose of this test was to deterr’\ 4o raximum main-lobe and
side-iobe jamming ranges against the £%/MPC A radar when therc was a
terrain enielding condition present.

b. (S) Procedure

There was only limited testing done with the MPJ and the AN/ MPQ-10A
radar; prior to initiation of the field test, a similar test was conducted utilizing
the AN/ALQ-3(XA-1). The data obtained agreed with the theoretical results: a
ground-based jammer in a 50-mil defilade, at a range of 1,000 yards or more,
will not interfere with the operation of an AN/MPQ-10A radar.

In view of the theoretical and actual results of non-line-of-sight condi-
tions, limited testing was performed.

¢. (S) Results

With the antennas oriented directly at each other at a range of 2,000
yards and with the radar in a 50-mil defilade, only condition 2 jamming was
recorded. At other antenna aspects, jamming was reduced. No further effort

was expended on this test.
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VI. EQUIPMENT CAPABILITY AGAINST RADIO COMMUNICATIONS NETS
IN A COMBAT GROUP AKEA

21, (Uy CHARACTERISTICS OF TARGET RADIOS

The MPJ was tested against three ground communication sets: Radio
Sets AN/PRC-6, AN/PRC-10, and AN/VRC-17. It was also tested against
the Aircraft Radio Corporation VHF Portable Communicator, Type 12, which
is a ground-to-air communication equipment. The characteristics of the
equipment are shown in table V.

Table V. (C) Characteristics of Communication Sets

Comm set Frequency Power output Rated range
(type) (mcs) (W) (mi)
AN/PRC-6 47 to 55. 4 0.25 1
AN/PRC-10 38 to 54. 9 0.9 3to12
AN/VRC-117 27 to 38.9 9 to 16 10
ARC Type 12 116 to 148 1.2 line-of-sight

22, (U) CONDITIONS OF JAMMING

The conditions of communication jamming as they are designated in this
report are as follows:

Condition 0: Operator is unaware of jamming.

Condition 1: All transmissiors received with minor backgrecund annoy-
ance.

Condition 2: Almost =l messages understood but cccasional words and
pnrases lost.

Condition 3: Some words and phrases understood, but contiruity de-
stroyed.

Condition 4: Operator is aware that transmission is being attempted but
cannot receive message.

Condition 5: Operator unaware that a transmission is being made,
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23. (S) TEST 13, MPJ MAXIMUM LINE-OF-SIGHT INTERCEPT AND JAM-
MING RANGES

a. (C) Purpose

The purpose of this test was to determine the maximum line-of-sight
intercept and jamming ranges of the MPJ against low-power, tactical com-
munications facilities of 0. 25 to 15 watts.

b. (C) Procedure

The AN/ALT-7 transmitter and the AN/APR-14 receiver componerits
of the MPJ were used for this test. They were tested against the AN/GRC-7
(using the RT-68), the AN/PRC-6, and the AN/PRC-10 radio sets operating

as communication nets.

After each pair of radio ser3 had been established as a radio communi-
cations net, the MPJ components went into search and intercept operation,
Upon intercept, the victim radio transmitted in clear text and tac MPJ at-
tempied to interfere with the use of noise modulation.

c. (S) Results

Utilizing the 1. 5 meter whip antenna, the intercept capabilities of the
AN/APR-14 receiver are listed in table VI. The results are with unskilled

operators, *

Table VI. (S) Intercept Results

Communication | Power output Intercept freq Victim-to-MPJ
set (W) (mcs) distance (mi)
AN/PRC-6 0.2 51.0 1.6
AN/PRC-10 0.6 49.1 3.0
AN/GRC-17 15.0 49.1 12,5
(RT-68)

*The minimum interceptable signal for an unskilled operator was con-

sidered to be twice the height of the "grass" on the scope of the AN/APR-14,
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It was found that condition 5 jamming existed for the AN/GRC-7 and
the AN/PRC-10 at the maximum intercept distances. Additional work was
performed to determine the maximum jamming capability. Condition 5 jam-
ming existed to a range of 48 miles which was the maximum line-of-sight
distance available.

The jamnming range test for the AN/PRC-6 was not performed because
of a lack of the crystals at the necessary frequency.

the victim radio frequency; several of the causez are as follows:

(1) The lookthrough on the panoramic indicator did not perform satis-
factorily.

(2) The minimum bandwidth for the AN/APR-14 receiver is 600 kcs
with the audio channel receiving and amplifying any signal and noise with this
bandwidth. The frequency deviation of low-power, fm, military sets is 120

kes.

(3) The tuning dials on the AN/APR-14 and AN/ALT-7 are calibrated
in mcs with the {requency settings of approximately 50 kcs being necessary.

(4) Considerable backlush was present in the tuning mechanism of
the AN/ALT-17 transmitter.

A variety of methods was used by the MPJ operators to tune the AN/
ALT-17 to the victim radio frequency; of these methods, none were accurate
and all allowed errora. The methods of tuning are as follows:

(1) The jamming transmitter was tuned to the same dial setting as
the intercept receiver.

(2) The receiver was tuned to a maximum audio signal and then the
transmitter was switched on and tuned for a maximum audio signal in the
receiver earphone,

(3) The victim signal was centered under the vertical hairline on the
panoramic indicator. The transmitter was then turned on; the higher signal
level caused deflection off the scope and rendered it useless. Attenuation
was added to the signal until it was entirely on the scope; the transmitter was
then tuned so the transmitter signal appeared centered on the vertical hairline.
The results were inaccurate since the horizontal axis cf the scope represented

a 6-mcs bandwidth and the victim signal was 40 kcs.
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(4) The final method was to use any or a composite of the above
methods to determine the victim frequency. Once the jammer started opera-
tion, the victim radio searched for the jamming signal frequency and noted
the error. The victim radio was then tuned to the proper frequency and the
jammer was "'talked'" on to the frequency of the comimunication net,

24. (S) TEST 14, LIMITING CONDITIONS FOR NON-LINE-OF-SIGHT JAM-
MING

a. (C) Purpose

The purpose of this test was to determine the intercept and jamming
capability of the MPJ against low-power, tactical radio communications
equipment (0. 25 to 15. 0 watts) under non-line-of-sight conditiona

b. (S) Procedure

Geographic conditions made a change in the testing procedure neces-
sary. The most suitable location was a wide river valley approximately 15
miles froin the victiin radio sites. Since this range exceeded the intercept

capability of the AN/APR-14, only the jamming portion of the test was con-
ducted.

The MPJ was sited at various roadside locationa in the same propa-
gation path and jamming was attempted. As shown ir fig. 53, the terrain did
not permit the measurements between no jamming and complece saturation.

c. (8) Results

The results indicate that defraction of the radio energy at 49. 1 mes
is unreiiable. Figure 53 is a profile of the propagation path. The shaded
area is non-line-of-sight from the victim radio receiver,

25. (8) TEST 15, MPJ EFFECTIVENESS AGAINST A CLOSE-AIR SUPPORT,
VHF COMMUNICATION NETWORK

a. (C) Purpose

The purpose of this test was to determine tho effectiveness of the MPJ
when used agaiast a close-air support equipped with a VHF air communication

network.
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b. (S) Procedure

The MPJ 3/4-ton truck was located on the west range and the radio
net contrel established at 6, 000 yards ii: range. The second portion of the
ARC Type 12 radio net was airborne and varied in range from 0 to 55 miles.

The L-20 aircraft, containing the second ARC Type 12, made a series
of flights to simulate the type of passes that might be expected from a close-
air support mission. Figure 54 illustrates the threc types of flights that

were made.

On each flight, the simulated Air Control Team, locaied at the M-33
radar site, transmitted a one-time-no-repeat message to the aircraft. The
MPJ operators intercepted the test massage and attempted to jam the air-

borne receiver.

c. (8) Resuits

Sweep-frequency, noise-modulated jamming proved ineffective due
to the frequency drift of the AN/ALT-7 and the relatively short dwell time
of the jamming within the passband of the radio receiver.

Spot-frequency, noise-modulated jamming proved to be successful
to a range of 55 miles; however, the instability of the AN/ALT-7 oscillator
caused continual retuning so as to remain within the victim radio 6-db pass-

band of 100 kcs.

In addition, the lookthrough feature proved unsatisfactory for this
type of victim signal and the necessary retuning of the oscillator could be
achieved only by coaching from the radio receiver.

It can be concluded, from the results of this test, that the 140-watt
power output of the AN/ALT-7 is sufficient for tactical use in jamming
tactical communicstions of the ARC Type 12. Needless to say, the frequency
instability and the tuning difficulty make the AN/ALT-T an unsatis{actory
countermeasure against this type of crystal-controlled radio communication.
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VIL EQUIPMENT CAPABILITIES AGAINST TACAN

(C) The results in this section give the effectiveness of various jamming
modes against the TACAN AN/ARN-21 receiver with results on range, effec-
tiveness, and intercept and DF.

(S) In the jamming mode tests, the setup was similar in that the output
of the AN/ALT-6B was attenuated by deflecting the main lobe of the jammer
radiation 20 degrees tn the right of the target AN/ARN-21 and placing the
MPJ in defilade.

26, (S) TEST 16, EIFFECTIVENESS OF THE SPOT-JAMMING MODE
AGAINST THE AN/ARN-21

a. (C) Purpose

The purpose of this test was to determine the effects of the MPJ apot-
jamming mode against the AN/ARN-21 navigation receiver,

b. (C) Procedure

Using the general iest setup, the AN/ALT-6B was operated in the
spot-jamming mode using a cw unmodulated signal. The jammer frequcncy
was adjusied to the AN/ARN-21 receiver frequency by using a spectrum
analyzer.

The AN/ALT-6B attenuator was adjusted until jamming caused the
AN/ARN-21 to go into search. The jammer output was reduced until the
AN/ARN-21 returned to the tracking mode. The procedure was repeated

twice.
c. (S) Results
The results of the test showed that the spot-jamming mode, using a

cw unmodulated signal, was effective in jamming the AN/ARN-21 navigation
receiver. This jamming completeiy negated the navigationai capability of

the AN/ARN-21.

10:
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27. (S) TEST 17, EFFECTIVENESS OF THE SPOT-JAMMING MODE, NOISE

MODULATED, AGAINST TACAN NAVIGATIONAL AID

a. (C) Purpose

The purpose of this test was to determine the effects of the MPJ
spot-jamming mode, noise modulated, against the AN/ARN-21 navigation
receiver,

b. (C) Procedure

Using the general test setup, the AN/ALT-6B was operated in the
spot-jamming mode with a noise-modulated signal. The jammer frequency
was adjusted to the AN/ARN-21 receiver frequency hy using a spectrum
analyzer.

The AN/ALT-6B attenuator was adjusted until jamming caused the
AN/ARN-21 to go into search. The jamming output was reduced until the
AN/ARN-21 returned to the tracking mode. The procedure was repeated
twice.

c. (8) Resuiis

The results of the test showed that the spot-jamming mode, using a
noise-modulated signal, was effective in jamming the AN/ARN-21 navigation
receiver. This jamming capability negated the naviguational capability of
the AN/ARN-21.

28. (8) TEST 18, EFFECTIVENESS OF THE SLOW-SWEEP JAMMING MODE
AGAINST THE AN/ARN-21

a. (C) Purpose

The purpose of this test was to determine the effects of the MPJ slow-
sweep jamming mode against the AN/ARN-21 navigation receiver.

b. (C) Procedure

Using the general test setup, the AN/ALT-6B was operated in the
slow-sweep jamming mode using a cw unmodulated signal. The jammer
frequency was adjusted to the AN/ARN-21 receiver frequency by using a
spectrum analyzer,

The AN/ALT-6B attenuation was adjusted to a predetermined power
output value {determined from previous results in test 16) so as to cause
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the TACAN to break track and go into ~earch operation.
c. (S) Results

The results of the test showed that the slow-sweep jamming mode
using a cw unmodulated signal did not jam or affect the cperation of the AN/

AIXN-21 navigation receiver,

29. (S) TEST 19, EFFECTIVENESS OF THE SLOW-SWEEP JAMMING MODE,
NOISE MODULATED, AGAINST THE AN/ARN-21

a. (C) Purpose

The purpose of this test was to determine the effects of the MPJ slow-
sweep jamming mode using a noise-modulatcd signai.

b. (C) Procedure

Using the general test setup and the power output determined from
previous results in test 16, the jammer frequency was adjusted to the AN/
ARN-21 receiver frequency by using a spectrum analyzer. The SLOW
WIDTH control was set st 100 mes. The SLOW SWEEP rate was varied
slowly from minimum to maximum over a period of 1 minute. When an effec-
tive sweep rate was found it was recorded and checked; upon positive results
the power output attenuation was reduced to find the minimum output neces-
sary for the AN/ARN-21 to break track and go into search operation.

c. (8) Results

The results of the test showed that the slow-8sweep jamming mode
using a noise-modulated signal did not jam or affect the operation of the AN/
ARN-21; the variations in attenuation and sweep rate did not improve the
MPJ effectiveness in any way.

30. (S) TEST 20, EFFECTIVENESS OF THE FAST-SWEEP JAMMING MODE,
NOISE MODULATED, AGAINST THE AN/ARN-21

a. (C) Purpose

The purpose of this test was to determine the effects of the MPJ fast-
sweep jamming mode using a noise-modulated signal.

b. (C) Procedure

Using the general test setup and the power output determined from

SECRET




e -
3 e = RS

SECRET

previous results in test 16, the jammer frequency was adjusted to the AN/
ARN-21 rcceiver frequency by using a spectrum analyzer. The SLOW
WIDTH control was set at 10 mcs. The FAST SWEEF rate was varied slowly
from minimum to maximum over a period of 1 minute. When an effective
sweep rate was found, it was recorded and checked; upon positive results

the power output attenuation was reduced to find the minimum output neces-
sary for the AN/ARN-21 to break track and go into search operation.

C. (S) Resulte

The results of the test showed that the fast-sweep jamming mode
using a noise-modulated signal did not jam or affect the operation of the AN/
ARN-21; the variations in attenuation and sweep rate did not improve the

MPJ effectiveness in any way.

31. (S) TEST 21, OPERATIONAL EFFECTS OF THE AN/ALT-6B AGAINST
THE AN/ARN-21 AND AN/URN-3

a. (C) Purpose

The purpose of this test was to determine the onerational effects of
the AN/ALT-6B against the AN/ARN-21 receiver and the AN/URN-3 beacon.

b. (C) Procedure

A TACAN equipped aircraft with the necessary ground beacon and
communications equipment was used for this test. Only TACAN equipment

was used for navigation with Instrument Flight Rules applying and the pilot
being reqguired to navigate from a blacked-out compartment (a co-pilot was

aboard as a safety measure).

An M-33 tracking radar was sited 8 miles east and 1/2 mile south of
Benson, Arizona; this site is about 4, 000 feet above sea level (SL). The
aircraft flew at 10, 000 feet above SL; thus the aircraft was actually 6, 000

feet above terrain.

8ix flights were made: two from west to east, two from east to west,
and two from south to north.

c. (S) Results

(1) West-to-East Flights

With the use of an unmodulated spot-jamming mode, effective
jamming of the AN/ARN-21 receiver in both the range and bearing indicators

105
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occurred at approximately 6,000 yards west of the Benson site to a point
20,000 yards cast of the site; this was a total of 26, 000 yards. The jammer-
to-aircraft range varied from 30, 000 yards at the west point to 36, 000 yards
at the eastern termination point.

With the use of a modulated spot-jamming mode on the second
flight, similar jamming occurred at approximately 8,000 yards west of the
Benson site to a point 18,000 yards east of the site. Again the total was
26, 000 yards with the jammer-to-aircraft range varying from 30, 000 vards
at the west point to 34, 000 yards at the eastern termination point,

(2) East-to-West Flights

With the use of an unmodulated spot-jamming mode, cffective
Jamming of the AN/ARN-21 receiver in both range and bearing indicators
occurred at approximately 25,000 yards east of the Benson site to a point
6,000 yards west of the site; this was a total of 31,000 yards. After 5,000
yards, the jammer saturated the receiver for an additional 10, 000 yards.
The jammer-to-aircraft range varied from 39,000 yards at the east point
to 36, 000 yards at the westcin termination point,

With the use of a medulated spot-jamming mode on the second
flight, similar jamming vccurred at approximately 28,000 yards east of the
Benson site to a point 8,000 yards west of the site. In this flight the total
was 36,000 yards with the jammer-to-gircraft range varying from 40, 000
yards at the east point to 29,000 yards at the western termination point.

(3) South-to-North Flights

With the use of an unmodulated spot-jamming mode, effective
jamming of the AN/ARN-21 receiver in hoth range und bearing Indicators
occurred at approximately 26,000 yards south of the Ecnson site to a point
28, 000 yards north of the site; this was a total of 54,000 yards. The jammer-
to-aircraft range varied from 7, 000 yards at the south point to 58, 000 yards
at the northern termination point.

With the use of a modulated spot-jamming mode on the second
flight, similar jamming ranges occurred at approximately 28, 000 yards
south of the Benson site to a point 46,000 yards north of the site. For this
flight, the total was 64,000 yards with the jammer-to-aircraft range vary-
ing from 4, 000 yards at the south point to 76, 000 yards at the northern ter-

mination point,

The differences of effective jainming ranges between the east,
west, and north flights were primarily caused by the advantageous conditions
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presented during the south-to-north flights. The east and west flights
passed dircctly in front of the jammer and thus presented a relatively fast
moving target for tracking, whereas the south-to-north flights were more
directly into and away from the MPJ. Since the south-to-north flights had
minimum tracking difficulty coupled with optimum tracking capability, maxi-
mum antenna propagation was directed at the target with a consequently high
jamming capability achieved, for example, 76, 000 yards.

From the foregoing test results, it can be concluded that if some
tracking facility had been available, there would have been equal jamming
capability on all flights.

In addition, whenever the MPJ is located between the TACAN
beacon and the TACAN receiver, the 350-watt power output at 1,164 mcs
will compietely block the TACAN receiver with brute-force jamming.

32. (S) TEST 22, MAXIMUM EFFECTIVE RANGE OF THE MPJ AGAINST
THE AN/ARN-21

a. (C) Purpose

The purpose of this test was to determine the effective range of the
MPJ when utilized against an airborne AN/ARN-21.

b. (C) Procedure

The airborne TACAN was flown on a prescribed course back and
forth in front of the MPJ; after each pass by the aircraft  the range from
jammer-to-aircraft would be extended another 10 miles. Since the antenna
was highly directional, the antenna orientation was directed to cover an opti-

mum portion of the flight plan.

Jamming of the TACAN recciver was to be achieved by guperimposing
the spot-jamming signal on the beacon frequency.

c. (S) Results

Since there is no tracking capability in the MPJ and since the trans-
mitting antenna pattern is highly directional, jamming was poor and only
effective when the aircraft flew iiito the highly directional radiation beam,

In some cases, jamming was intermittent or only partially effective on
either the range or bearing indicators. Poor jamming effectiveness (al-
though the maximum range achieved was 80,000 yards) can also be attributed
to the inability of the MPJ to get on and to stay on the target frequency.
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TACAN jamming requires accuracy and stability in jamming and a certain
capability to track a moving object.

In trying to jam the TACAN receiver, several problems arose.
Of these, one was the problem of continually monitoring the beacon signal
80 as to remain in the vicinity of the beacon frequency. In addition, since
it i8 not pessible to intercept both target and ground beacon frequencies si-
multancously, (the MPJ has only one receiver available for this purpose)
the use of time sharing of intercepted frequencies had to be used; this was
done with little success. Upon finding the lookthrough capability unusable,
4 specirum analyzer was installed in the aircraft to determine the wayward-
ness of the MPJ transmitter. It was found that the MPJ was 1 mcs off-

frequency,

Although the antenna mount of the MPJ can be moved in azimuth,
there is no automatic means to move the antenna in elevation. Thus any

change in elevation is impossible.

33. (S) TEST 23, INTERCEPT AND DF CAPABILITIES AGAINST THE AN/
ARN-21

a. (C) Purpose

The purpose of this test was to determine intercept and DF capabili-
ties against the AN/ARN-21 in an area defense,

b. (C) Procedure

An aircraft, equipped with TACAN and communications to the ground
site, flew a triangular course from Libby Field at an altitude of 5, 000 feet

above terrain.

The MPJ, with intercept and DF equipment, was located at the junc-
tion of Arizona highways 80 and 92. The TACAN ground beacon was located

at Libby Field.

With the aircraft flying the proposed course iliusirated in fig. 55, the
MPJ was to intercept and DF the airborne TACAN receiver.

c. (S) Results

The MPJ was successful in intercepting and DF the AN/ARN-21 re-
ceiver at any point of the flight.
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VIII. FACILITY OF OPERATION

34. (C) TEST 24, MAN-MACHINE EVALUATION

a. (U) Purpose

The purpose of this test was to evaluate the man-machine relationship
of the layout and the general operating environment of the MPJ 3/4-ton truck
installation.

b. (U) Procedure

Human engineering personnel conducted observations of the layout of
the MPJ 3/4-ton truck installation and interviewed operators as a means of
evaluating the man-machine relationships. Consideration of the general
operating environment was the object of this evaluation.

c. (C) Results

It was found that the lighting within the shelter, with the door closed,
is such that the operator's work area is covered by his own shadow.

The AN/APR-14 and the AN/APR-9 receivers, iz the upper tler of
equipment, are too high for comfortable operation at a sitting position. In
general, cabies run in front of the equipment panels and interfere with the

operation of the MPJ.

In summary, a reduction of cable clutter, component rearrangemeni
for eye-level scope arrangement, and improved lighting of th: operator's
work area would improve the man-machine environment.
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IX. MAJOR PROBLEM AREAS

(U) While testing, certain "problem areas' were encountered. Many of
these problems were a direct result of fabricating the system from available
off-the-shelf items of Air Force and Navy hardware instead of initially de-
signing equipment that would perform the MPJ mission. The problems due to
operational and engineering dsficiencies are inherent when utilizing speciai-
ized equipment for purposes other than what it was intended. It must be real-
ized however, that although many deficiencice do exist, the equipment was the
only type available within the time frame which approaches the desired opera-
tion, the size, and the weight of the MPJ concept.

(U) The information contained in the following "major problem areas' are
presented for the purpose of serving as a guide to personnel involved in the
research, the development, and the fabrication of future models or modifica-

tions.

(U) For general orientation of the following problem areas, a general in-
terior view of the 3/4-ton truck installation is shown in fig. 3.

35. (C) TRANSMITTING, 350 TO 10,500 MCS (AN/ALT-6B)

The major probiems with the AN/ALT-6B were caused hy modifications
performed for the purpose of operating the equipment under conditions other
than those for which the equipment was originally designed. This alteration
of purpose and design was as follows: in the criginal concept of the MPJ it
was intended that the operator could change frcquency bands by simply operat-
ing a switch. However, since available equipment did not permit such a sim-
ple switching operation, it was decided to utilize the AN/ALT-€B and have the
operator manually change each oscillator unit when a different frequency band
was desired. A correlation of information available at the time of this deci-
sion indicated that such manuai operation was possible without realigning the
AN/ALT-6B for each oscillator.

Results of this decision were as followa: when the complete set of oscil-
lators were delivered and checked for optimum operation, it was found that
the modulation voltage and magnetron filament voltage must be readjusted for
each magnetron so as to meet manufacturers specifications and thus prevent

injury to or failure of the magnetron.

CONFIDENTIAL

- Sl o L 2L e e



CONFIDENTIAL

This manual mode of operation prevents the origina concept of MPJ
operation. Such manual adjustments are intended to be a maintenance func-
tion rather than the duties of an ECM operator who is unqualified in proper
maintenance. However, there are two possible solutions to this manual re-
adjustment problem: one solution is to use a separate transmitter for each
frequency band of the OA transmitter group; this solution is negated by the
aaditicnal weight and space problems to the already overiadcn MPJ iranspori-
ing vehicle. The second solution, which has proved ta be feasible after con-
siderable investigation, is to relocate the magnetren fiiument control to the
front panel. This allows the operator to readjust the filament voltage to a
simple meter reading for each magnetron. Further investigation has re-
sulted in a common modulation voltage for all magnetrons operating above
5 kmes and a common modulation voltage for the magnetron operating between
1 and 5 kmcs. These voltages, although not optimum, provide an acceptable
jamming signal on all bands and partially restore the original operational

concept of the MPJ.

Additional problems, associated with the AN/ALT-6B, are those of
(1) adverse VSWR effects on the magnetron operation, and (2) transmission
line losses on System efficiency: excessive VSWR's (greater than 1. 6:1)
were measured throughout the frequency hand and as a result, a number of
tube failures (holes in the magnetron window) have been experienced during
this test phase. The MPJ excessive transmission line losses, as high as 15
db, occurred in the same areas above 5, 000 mcs.

To prevent further tube failures, the RF system of the MPJ is currently
undergoing modifications. The modifications consist of (1) a waveguide sys-
tem installed for frequencies above 5,000 mces (with fig. 36 illustrating this
new system) and, (2) coaxial and waveguide load isolator installations for com-

plete frequency band coverage.

The preceding two modifications should result in a inoderately efficient
transmission system and thus reduce tube failures to a normal level.

36. (C) TRANSMITTING, 24 TO 352 MCS (AN/ALT-17)

The major deficiency of the AN/ALT-7 transmitting system is the inher-
ent frequency drift of the transmitter. Constant monitoring of the tuning dial -
is required to keep the transmitter tuned to the specific frequency desired.
Additional difficulty is encountered by the backlash of the tuning conirol when
trying to jam a receiver with a bandwidth on the order of 15 kes. Such defi-
ciences, however, are caused by attempting to operate an ajrborne sweep-
frequency jammer for spot-frequency jamming; the problem ceases to exist

during sweep operation of the jammer.
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37. (C) RECEIVING, 30 TO 1,006 MCS (AN/APR-14)

The primary difficulty in the AN/APR-14 receiving system is the in-
ability of the receiver to audibly present voice-type signals in high signal
density areas. The carrier of the target signal is adequately presented on
the receiver indicator but no audio rignal is presented even at extremely
closc ranges. Examination of this problem indicates that this lack of audio
aignal is caused by the wide (600 kcs) bandwidth of the receiver, Such a
bandwidth permits any signal within +300 kcs of the target signal to be am-
plified equally well and consequently causes a large amount of clutter during
am. operation and causes the '"capture' effect during fm operation.

To determine if decreasing the receiver bandwidth would increase the
audio-intercept capability, the arrangement of fig. 56 was attempted. An

r _____ AN/APR-14 ~l
: e
I [
! i tF o b —sjr-220/una L2010
|| ampuiFien AMPLIFIER | I : OUTPUT
I I S
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Fig. 56. (C) Testing arrangement for audio intercept

R-220/URR receiver was connected to the output of the AN/APR-14 if. strip
and the R-220/URR receiver was tuned to the if. of the AN/APR-14. This
arrangement increased the audio intercept range of the system by a conser-
vative factor of 6. It is believed that this increase in range was caused by
the decrease in bandwidth (reduced to 200, 50, or 10 kcs from the original
600 kcs) rather than by the additional gain of the R-220/URR since the noise
level is established in the if. and the rf stages of the AN/APR-14.

As a result of the previous examination, a narrow band crystal filter
has been ordered for one MPJ and should this prove as beneficial as antici-
pated, they will be added to the remainder of the MPJ systems. With such
modifications, it will be possible to switch the filter IN and OUT of the re-
celver as required and thus return the wideband feature required for many

applications of the MPJ.
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38. (C) SUMMARY OF PROPOSED MODIFICATIONS

To provide the 72d Signal Battalion (EW) with the best possible capa-
bility, the following MPJ modifications are currently being programed.
These modifications will eliminate the need for a major retro-fit program

and still keep within the time frame of 1959-61.

a. An antenna system which will provide full frequency coverage from
24 to 10,500 mcs tor both transmitting and receiving.

b. An rf transmission line system utilizing ridged waveguidé above
5 kmcs and load isolators where VSWR exceeds 1. 5:1 for the transmitting

system.
c. Narrow band crystal filters for the AN/APR-14 receiver which will
permit reception of communications signals within a high signal density

area.

d. The AN/ALT-6B magnetron filament voltage control to be relocated
to the front panel. This will allow the operator to adjust the voltage for
each magnetron to a predetermined simple voltmeter indication.
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X. CONCLUSIONS AND RECOMMENDATIONS

39. (S) CONCLUSIONS

From an analysis of the resul(s obtained from testing the MPJ it is con-
cluded that:

a. The concept of providing the Field Army with a single vehicle having
the capability of intercept, rough DF, and jamming of enemy elec-
tronic equipment operating in the frequency range of 24 to 10, 500
mces is basically sound.

b. The equipment incorporated within the interim MPJ provides this
capability within the limitations imposed by utilization of equipment
which was designed for airborne application.

c. A relatively low-cost modification program will result in an item of
equipment with an improved operational capability which can be uti-
lized in support of maneuvers and field exercises until the produc-
tion itemns are available,

40. (C) RECOMMENDATIONS

It is recommended that:

a. The Electronic Warfare Department accomplish the following modi-
fications as expeditiously as possible so that the best operational capability
possible, within the time frame of 1959 - 1961, will be available to the 72d
Signal Battalion (EW).

(1) An antenna system for the full frequency range of 24 to 10, 500
mcs.

(2) An rf transmission system utilizing ridged waveguide and load
isolators.

(3) Narrow band crystal filters for the AN/APR-14 receiver.

(4) Relocation of the AN/ALT-6B magnetron filament control.
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b. The USASRDL consider the engineering and operational limitations
of the current equipment during the preparation and planning of the

production items,

Close liaison between ihe user U, S. Continental Army Command
and developing agencies USASRDI. and USAEPG be maintained during
the accomplishment of the MPJ program,
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Annex A, (C) Components of 3/4-Ton Mtd MPJ

{ Type of
equipment

Description

Quantity

Transmitting*

AN/ALT-6B transmitter (power output)

C-1956/ALT-6B control indicator
PP-1533/ALT-6B power supply
T-608/ALT-6B transmitter
OA-1186/ALT-6B through OA-1195/ALT-
6B transmitter groups without antennas

Pt

1 each

AN/ALT-T7 transmitter (power output)

T-464/ALT-17 transmitter
T-465/ALT-7 transmitter
PP-506/APT-6 power supply
0-1 kmces dummy load

1-11 kmcs dummy load

P DD e

Transmitting antennas

To eaver the frequency range of 24 to
10,500 mcs

As required

Recelving**

AN/APR-14 receiver

1

AN/APR-9 receiver

ID-226/A PR-9 panoramic indicator
TN-128/APR-9 rf tuner
TN-129/APR-9 rf tuner
TN-130/APR-9 rf tuner
TN-131/APR-9 rf tuner

CU-43/A PR-9 mixer amplifier
C-654/APR-9 remote control
PP-336/APR-9 power supply
PP-337/APR-9 power supply

et et s pe e e P
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Anncx A, (C) Components of 3/4-Ton Mtd MPJ (Cont)
Type of
equipment Description Quantity
Modulation MD-156/TRT-2B modulator 1
and look-
through AN/ALA-T7 lookthrough puise generator 2
Analysis AN/ALA-3 pulse analyzer
IP-246/ALA-3 indicator |
PP-1051/ALA-3 power supply |
Programing Power control panel 1
Receiver antenna and video switch unit 1 each
Transmitter antenna and modulation
switching unit 1 each
E-1798-1 power and if. switching unit
for AN/APR-9 1 each
Prime power PU-346,/G generator set 1
source 2 kw, 28 v dc rectifier unit 1
(mounted in
trailer)
Communica- AN/VRC-17 radio set complete with AN/
tions GRA-6 control group 1 each
C-433/GRC remotce control 1
Direction IP-243/ALA-6 indicator 1
finding PP-974/ALA-6 power supply 1
TG-23/ALA-6 antenna drive 4
C-1246/ALA-6 antenna control 1
CU-397/ALA-6 coupler 1
3

CU-398/ALA-6 coupler

*The frequency coverage of the transmitting equipment will be continu-

ous from 40 to 10,500 mcs when all frequency heads for the AN/ALT-6B are
available. At present, the AN/ALT-T is being used in place of the AN/ALT-

6B in the frequency range of 24 to 350 mcs.

**The receiving equipment is capable of continuous coverage from 30 to
The AN/APR-14 receiver covers the range of 30 to 1,000 mcs
in three bands, and the AN/APR-9 covers the range of 1,000 to 10,750 mcs

10, 750 mces,

in four heads.
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