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FOREWORD

Supplemental tests 1 through 4 for the operational evaluation of

Electronic Countermeasures Set AN/vIL-8(XL-2) were conducted in re-

sponse to a request from the Commanding General, United States

Continental Army Command. These tests determine (1) mutual inter-

ference of two AN/LQ-8(XL-2) jammers and (2) mutual interference

between the ANALQ-S(XL-2) Jammer and communications systems. This

report was prepared by the Electronic Warfare Department, U.S. Arimy

Electronic Proving Ground, as a part of Project 33-56-0013 to supplement

"Final Report, Operational Evaluation of Electronic Countermeasures

Set AN/M4L-8(XL-2)," (U) USAXP-SIG 920-72. It will serve as a guide

in future design development and doctrine of tactical employment.

H. MrcD. BROWN
Col SigC
Chief, Electronic Warfare Department
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ABSTRACT

The results of four operational field tests of the Electronic

Countermeasures Set AN/MLI-8(XL-2) are set forth to supplement the

tests reported in Final Report, Operational Evaluation of Plectronic

Countermeasures Set AN/MLQ-8(XL-2), (U) USAEPG-SIG 920-7?< The/-

supplemental tests are concerned primarily with mutual. interference

from the use of the AN/MLQ-8(XL-2) in close proximty to another

AN/MLQ-8(XL-2) or to other friendly electronic equipment. Two

AN/MLQ-8(XL-2) jammers employed for mutual protection interfere

slightly with one another when sited 1,O00.yards apart but, at

tactical ranges of 2,000 yards or moreLo disability is indicated.

The janmer must be separated from division-area grid communications

by a distance of 1 mile to prevent Aisruption of teletype circuits.

When the Radio Terminal Set AN/TC-24 of a grid system is sited from

2 to 15 miles from the AN/1EQ-8(XL-2), it shares power in proportion

to which lobe of the AN/AUA-8(XL-2) antenna is affected by the intc.-

fering transmission. This power sharing prevents predetonation of

VT fuzes, or effective AN/ML=-8(XL-2) operation. If the AN/MLQ-8(XL-2)

is kept 1/4 mile away from Radio Set Aircraft Radio Corporation (ARC)

Type 12 used for voice communications, the interference, although

perceptible, does not prevent communication.

3
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Sectioh :I, Introduition

1, . GE.NERAU

Electronic Countoeraeasuros Set AN/,NfQ-8(XL-2) was field-tested at
the U.S. Army Electronic Proving Grouned (USAEPG) during the summer
and autumn of 1956. The results of the tests are set forth in "Final
Report, Operational Evaluation of Electronic Countermeasures Set
ANA)!IQ-8(XL-2)," (U) USAEPG-SIG 920-72, as a part of Phase II, Equip-
ment Test and Evaluation, of the USAEPG-3 program.

2. BACKGROUND

A doctrine of employment was developed whereby two jammers wiere
to be employed sisiultaneously because the individual unit was sho.'m,
in the tests of 1-956 to be incapable of adequate self-protection
against VT fuzes. It was necessary to verify this doctrine by a test
to dete-mine whether or not the tvuo equipments operating as a pair
for self-protection inLtrfere with each other and thus reduce the
effectiveness of the jammiin. As it had previously been determined.
that two AN/hffQ -8(XL-2) jauers could be employed effectively with
intervening ranges of 2,000 yards or more, the test of mutual inter-
ference of the janmer described in this report simulated a situation
in which the janimers weeo only 1,000 yards apart with antennas beamed
to,,,ard each other. Evtn tunder these unfavorable conditions, the
mutual interference, although nticeable, is not of sufficient dura-
tion or of uniform frequency Lo reduce the effectiveness of the
j axuaing.

In some previous: tests of thu A1JK/hQ-8(XL-2),. interference effects
on nericby radio cowiuxwications v':ee ober vd. it was, therefore, n 23-
esoa.ry to deteriainc how ser7',1 th( uffect. ,ue- and the distances a!,
which the effects were obcerved. Tests wurv also scheduled to deter-
mine the deterioration in VT-fitze janming caused by the communication
linlks sharing power with the AN/1MZ-8 (XL-2).

E CRET
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Section II. Description of Additional Eauiment for
Sunnlemental Tests

3. RADIO TERMINAL SET AN/TRC-24

Radio Set AN/TRC-24 provides fm. radio facilities for voice, fac-
simile, and teletype transmissions in the usable frequency range of
100 to 400 Mc/s over an unobstructed line-of-sight path. The set
transmits basebands in the frequency range from 250 to 68,000 cps.
Telephone Terminal AN/TCC-7 contains three modem (modulator-demodula-
tor) units, three subgroup modulators, the group modulator, the order
wire, and the 68-kc/s pilot circuits that provide 12 channels of traf-
fic signals and one channel of order wire signals. Each modem can ac-
cept four voice-signal modulations in the frequency range from 250 to
3,500 cps. Use of the AN/TCO-8 permits eight teletype channels to be
put on one voice channel, which gives the equipment a total capability
of 96 teletype channels. This type of communications system is used
in existing division-area grid communications. A block diagram of a
division-area grid-communications system diagram is shown in fig. 1.

4. RADIO SET ARC TYPE 12

Radio Set ARC Type 12 is a VHF unit, which operates over the fre-
quency range from 118 to 148 Mc/s to transmit and receive crystal-
controlled, am. voice signals. The set can be airborne or ground-
based. When the set is ground-based, a whip anterna is used. This
type of radio set is used near the front lines in a division-area grid
communications system.

6
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Section III. Supmlemental Tests Performed

5. SUPPILADENTAL TEST 1. MUTUAL INTERFERENCE OF TWO AN/ -8(xL-2)
JAMME~

a. P

The purpose of supplemental test 1 is to determine the degree
to which two AN/ML-8(XL-2) jammers interfere with each other and
reduce jamming efficiency when sited so that they face one another
at a distance less than that at which the jammers had previously
been tested.

b. r

Two AN/MLA-8(XL-2) jammers were sited 1,000 yards apart,
facing one another. A Signal Generator 608C was used to feed a
160-MO/s signal through an adjustable T-attenuator, 874-A, to one
of the jammers. Countermeasures Receiving Set AN/TLR-9 was used to
monitor the output of the two jammers, each of which was adjusted to
make two sweeps per second with a 1/5 duty cycle. The AN/TLR-9 was
used in an attempt to synchronize the two AN/ML-8(XL-2) jamers, but
variations in sweep rate made this impossible.

Tests were conducted under the following five conditions:

Condition Jammer A Signal generator Jammer B,
at A always on

(nr) (condition) (condition) (squelch)

1 Off Off Off

2 On; squelch off Off Off

3 On; squelch off On; freq. 160 Mc/s Off

4 On; squelch on Off On

5 On; squelch on On; freq. 160 M/s On

a. Test Results

During condition 1, Jammer B triggered on noise and swept
from low to high frequency with an output between 10 and 15 watts.

SECRET
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During condition 2, an occasional large pip appeared on the

scope of the AN/TLR-9 for a second or more when the Jammers were
synchroni ed.

Under condition 3, results similar to those obtained during
condition 2 were observed. In addition, the signal of the opposing
jamer could be seen on the receiver scope of each Jammer. The
signal moved fran left to right, or fron right to left, or remained
stationary, because of the variations in synchronization.

During condition 4, when both jammers were operated with
their squelch circuits on, triggering occurred only when an inter-
fering signal of 178 Mc/s was received. The jaimmers did not inter-
fere with each other.

Condition 5 yielded the same results as condition 3.

6. SUPPLE ffAL TEST 2. EFFECT OF AN/ L=-8(XL-21 OPERATION ON
AN/TR0-24 IN A GMI OMICATIONS SYSTM

a. Purpose

The purpose of supplemental test 2 is to determine the inter-
ference effects on communications when the AN/aL-8(XL-2) is employed
in the vicinity of a division-area grid comnulnications system and to
determine at what distances or in what positions it could be employed
without disrupting communications.

b. Procedure

The grid communications system was composed of two AN/TRC-24
terminals sited 20 miles apart with a line-of-sight communications
path as shown in fig. 2. The system had the capabilities of teletype,
facsimile, and voice transmissions in both directions. As no on-line
cipher devices were available at USAEPG for use in this test, the
effects on these devices were not determined. The AN/[-8(XL-2) was
sited as shown in fig. 2A.

The distance from terminal A was varied and the effects of
the jammer on the three types of comnunication were observed and
recorded to the distance at which the effects of interference became
negligible. During this step of the test, the antenna of the
AN/W-S(XL-2) was directed alternately at each terminal to note
effects when the transmission of the AN/TRC-24 struck the back lobe
of the Jammer and triggered it to jam communications.

The positions shown in figs. 2B and 2C were also used in
determining the interference effects with the Jammer so sited that

9
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5 MI. FOR ARC TYPE 12 TESTS

20 MI. FOR AN/TRC-24 TESTS

TERMINAL A TERMINAL 0

JAMMER
- - ) LINE-OF-SIGHT

"VARIABLE

A. JAMMER ON LINE-OF-SIGHT

k 5 MI. FOR ARC TYPE 12 TESTS

. Mi. FOR AN/TRC-24 TESTS

VARIABLE

TERMINAL A TERMINAL 8

LINE-OF- SIGHT

8. JAMMER OPPOSITE TERMINAL A

5 MI, FOR ARC TYPE 12 TESTS

20 MI. FOR AN/TRC - 24 TESTS

JAMMER

TERMINAL A I VARIABLE TERMINAL B

LINE-OF-SIGHT

I

C. JAMMLIR OPPOSITE POINT ON LINE-OF-SIGHT

Fig. 2. Siting arrangements for Tests 2 and 3
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the main axis of its transmission intersected the line between the
terinals at 90 degrees and at various points along that line. The
frequency of the transmitter at terminal A was 134.25 Jk/s. The
frequency of the transmitter at terminal B was 154.25 Nb/s. The
Jammer employed the RDL folded-dipole antenna elevated 10 degrees
and polarized at 25 degrees and operated at muximm power. The
AN4/W-8(XL-2) operated at 2 sweeps per second, and its duty cycle
was 1/5. The squelch circuit of the Jamer was turned alternately
off and on to determine the effect of squelch-cirouit operation on
coninmnications.

With the Jmmer sited on the comunuications line-of-sight as
shown in fig. 2k and with its antenna directed toward terminal A, all
comauicationa in both directions were satisfactory when the jmr
was 1 mile or more from terminal A. A clicking noise at the sweep
rate of the jamer was audible, but it was not intense enough to
interrupt or disrupt voice tranmissions. At the worst, it was
irritating. The clicking noise appeared on all channels and on the
order wire and could be heard as long as the Jamer and the terminal
were within 3 to 5 miles of each other.

When the jammer approached within a mile of a terminal with
the Jamer's squelch off, the teletype communications became garbled.
When the squelch was turned on the commuications remained garbled,
although not so badly as before. When the squelch was at its muxim
setting very little Janming occurred. An unexpected effect on the
teletype transmissions was that when the teletypes were not trans-
mitting any messages and the Jamer happened to be on, a relay in the
TH-5 rectifiers used in the communications circuit was thrown open,
and the teletypes ran open at random. Different TH-3 rectifier units
were substituted, and various degrees of the random teletype operation
resulted. In one instance, the machines all ran open continuousAy,
but in another, spasmodically. In still another instance the relay
opened only partially and caused the teletype keys to flutter and
jump intermittently.

The effects on facsimile were not considered serious. Dotted
lines were produced by the jumer signal at intervala in proportion
to the sweep rate of the jammer, but these lines were neither dark
enough nor dense enough to obscure the transmiesion.

At a distance of 1 mile from termAnal A the Jamer antenna
was turned around and directed at the B terminal to note the inter-
ference effects at A frm the back lobe of the Jamr antenna. The
only effect was slight garbling of the teletlpe.

11
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When the jamner was sited 1 mile off line-of-sight opposite

terminal A as shown in fig. 2B, the effects were approximately the
same as when it was on the communications line-of-sight. The Jammer
antenna was pointed only in the direction of the terminal.

When the jammer was placed 1 mile off line-of-sight at a
point 1/2 mile from terminal A, the effects were approximately the
same. At a distance of 1 1/2 miles, no interference was noted even
with the jammer squelch off.

7. SUPP TAL TEST 3. EFFECT OF AN/M1=-8(XL-2) OPERATION ON ARC

a. Purse

The purpose of test 3 is to determine the interference effects
on communications when the ANv1-8(XL-2) was used in proximity to
a VHF circuit that employs two units of ARC Type 12 separated
5 miles but with line-of-sight between them.

b. Procedure

The method employed in test 3 was the same as that illus-
trated in fig. 2 for test 2. The jammer was sited directly on the
line-of-sight, then on a line at right angles to the line-of-sight
at the point occupied by one of the ARC Type 12 units, and then
on a line that is perpendicular to the line-of-sight and intersects
it 1/2 mile from terminal A. The commnication equipments, which
were 5 miles apart, operated on a frequency of 132.82 Mc/s. The
Jammer employed the EDL folded dipole antenna elevated 10 degrees
and polarized at 25 degrees and operated at maximum power. It
operated at two sweeps per second with a duty cycle of 1/5 and with
the squelch circuit turned alternately off and on.

Voice transmissions were directed from each radio set to the
other radio set. The interference effects were observed for various
distances from the AN/MIA-8(XL-2) to the ARC Type 12 units, and for
various distances from the line-of-sight and at orientations to it
to determine the distances and positions at which the effects of
interference became negligible.

.Ress

While the AN/M4L-8(XL-2) was sited as shown in fig. 2A on
the line-of-sight 1/2 mile from terminal A and 4 1/2 miles from
terminal B, interference was uniformly negligible. At terminal B
the jammer sweep was audible at all times, but, at terminal A, the
sweep was audible only when the squelch circuit was turned off.

12
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When the jammer was moved to a point 1/8 mile from terminal A

the sound of the sweep was audible at both terminals whether the
squelch was on or off, but the effect at terminal A was so strong that
the operator at this terminal was unable to understand voice signals.

The AN/W4-8(xL-2) was then sited as shown in fig. 28 along
a line perpendicular to the line-of-sight that passed through
terminal A. At terminal B the sweep of the jammer was heard at all
times and from all janner sites, whether the squelch circuit was
applied or not. The same was true at terminal A when the jammer was
1/4 mile away, but when the jamner was 1/8 mile away and the squelch
was on, the sweep was not audible at terminal A.

When the jammer was sited 1/4 mile off the line-of-sight as
shown in fig 20, interference was negligible.

8. SPIA TES-T 4. I=W C=EM IHA/ -Vaca-) 9=WA=~
FRMRADIO TEMA MET AN/TMQ-24

a.

The purpose of supplemental test 4 is to determine the degree
to which division-area grid cormuications employing the AN/TRC-24
could interfere with the operation of the Al/1 -8(XL-2) when it is
used as a countermeasure to 105-mm howitzer VT fuzes.

b. Prcdr

The jammer was sited at 90-degree aspect to the trajectory of
105-mn howitzer VT fire at the janming range of 9,000 yards, at which
a kill of 70 to 90 percent could be expected, and the AN/TRC-24 was
sited 10 miles away on the opposite side of the trajectory, directly
opposite the jammer. The antenna of the AN/TRB-24 was directed at
the ANLQ-8(XL-2), which was operating at 164 M/s, a typical fuze
frequency.

At this relative location, the jammer became completely
ineffective. To determine the distance at wich the AN/TRC-24 would
not shhre power with the AN/AA4-(XL-2) at this relative location,
it would have been necessary to withdraw the AN/TRC-24 to successively
greater distances until the power sharing ceased. Because of range
limitations, a more practicable relocation was made. The AN/TRC-24
was resited in line with but behind the main axis of the lobe of the
jammer, as shovm in fig. 3.

The AN/TRC-24 was operated with a 1, 000-cps tone on each of
the 12 voice channels. The distance at which power sharing became
effective through the back lobes of the AN/ML-8(XL-2) antenna was

13
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"AN/TRC-24

Fig. 3.Siting arrangement for Supplemental Test4
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determined. Field strength measurements of the A/TR-24 trams-
mission were taken at the Jamer antenna with the Jammer antenna
directed (1) at the AN/TRO-24, (2) 90 degrees away from it, and
(3) 180 degrees away. The measurements were made through the
antenna of the AN/AIA-8(XL-2) with an NF-105 field strength meter.

Throughout the test the AWA9t-8(XL-2) used maximm power
and employed the EDL folded-dipole antenna elevated 10 degrees and
polarised at 25 degrees. It operated at two sweeps per second with
a duty cycle of 1/5, and the squelch circuit was on continuously.

o. TestaResult

The AN/ALQ-8(XL-2), without interference, obtained a kill
of 90 percent at a Janing range of 9,000 yards. When the AN/TRC-24
was moved to successively closer positions from the rear, the Jammer
began power-sharing, and, when the AN/TRG-24 was situated within
6,400 and 8,100 yards, the kill dropped to 70 percent.

The inherent noise level at the ANACL-8(XL-2) antenna was
16 uv. The actual field strength of the signal received from the
AN/TRC-24 at the distance where interference began was calculated
from the equation

St =_(Sa+ N) 2 -N2  (1)

where St a true signal strength

Sa a apparent signal strength
N = inherent noise level of receiving equipment.

The readings were taken with the antenna of the
ANALL-8(XL-2) in three different orientations with respect to
the AN/TBC-24: (1) directed toward the AN/TRC-24; (2) rotated
from the first orientation horizontally 90 degrees; and (3) rota-
ted horizontally an additional 90 degrees, or 180 degrees hori-
zontally from the first orientation.

Substituting in equation (1) the apparent signal strengths
at 8,000 yards in the orientations described, the true field
strength of the AN/TRC-24 at the Jammer antenna was calculated as
shown in Table I.

SECRET
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Table I. Field Strengths at Specified

Orientations of the Jammer Antenna

Orientation of 8 a
Jammer antenna

(deg) (uv) (uv)

0 160 159

90 28 23

180 50 48

Since the field strength of a signal in microvolts varies
direatlky with the distance from a point source of energy, assuming
constant impedance characteristics along the path of transmission,
the distance at which the AN/TRC-24 would interfere with the
ANAL-8(XL-2) when its transmission was "looking" down the axis of
the main lobe of the jammer, as in orientation 1 (see Table I), can
be estimated with a fair degree of accuracy. The field strength
of the interfering signal must be the same as the true strength of
the signal received when the transmissions of the AN/TRC-24 and the
AN/W[-8(XL-2) are identical in azimuth, as in orientation 3 (see
Table I). The distance at which interference will cease at orien-
tation 1 is determined by the equation

DVl = D2V2 , or D2 = 2 (2)
V2

where D1 = distance (yds) corresponding to the 159-uv strength of
the AN/TRC-24 with orientation 1,

V1 a field strength (uv) at D1 with orientation 1
D2 = limit (yds) of interference by AN/TRC-24 at orientation 3
V2 = field strength (uv) at D1 with orientation 3.

In equation 2, substitute

D2 = . 26,000 yds (approx)
48

= 15 miles

The main lobe of the AN/MQl-8(XL-2) will, therefore, not
be affected by the AN/TRC-24 if the equipments are sited more than
15 miles apart. By the same method it can be established that the
side lobe of the jamner will not be affected unless the equipments
are closer than 3,800 yards or 2.2 miles; and direct field measure-
ments given in Table I show that the rear lobe will be free of
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interference if the AN/TRC-24 is kept 3.6 to 4.6 miles away. In
application of these test results, various factors must be taken into
consideration. These values are, of course, variable because of the
influence of weather and terrain. The test results were obtained
for only one elevation and one polarization of the Jammer antenna.
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Section IV. Conclusions

. upplemental test 1 shows that although two ANI-(XL-2)
janers cause mutual interference when facing each other,
the interference is of such short duration and displays
such frequency variation that janning effectiveness is not
appreciably reduced. The range of 1,000 yards, which was
used in the test, is not a tactical range. In actual combat
the jammers would probably be 2,000 yards apart or even farther.
Since previous tests at these greater ranges with collinear
antenna patterns demonstrated no reduction in the efficiency
of the jamners, mutual interference does not create a tactical
disability.

2. Supplemental test 2 shows that the AN/UI-8(XL-2) causes no
serious interference with division-area grid commmnications
as long as the Jammer is positioned farther than 1 mile
from all communications terminals. At distances of less than
1 mile the teletype circuits are seriously affected. Although
no testing was performed with on-line unenciphered code devices,
it is assumed from the results of the tests that have been
conducted that these devices would be affected in much the same
manner as the teletype circuits.

. The results of supplemental test 3 show that the AK/ILQ-(XL-2)
will not cause critical inteTerence with voice ccmmLmicationA
ep loying the ARC Type 12 radio set at distances greater than

mile. At such distances some interference exists but it is
not serious enough to prevent ccmmunication.

A. Supplemental test 4 shows that the AN/ = -8(XL-2) loses effec-
tiveness in Jamming VT fuzes when the AN/TR-24 is directed at
the Jammer, and that the AN/TRC-24 must be withdrawn 15 miles
when the equipments oppose one another in the direction of
transmission, or 2.2 miles to protect the side lobes of the
Jammer and approximately 4 miles to protect the rear lobe.
Because of expected variations in terrain, weather, or param-
eters of the jammer, these values are considered to be nominal.
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