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This final report on the operational evaluation of Electronic
Countermeasures Set AN/MLQ-8(XL-l) was prepared by the Electronic
Warfare Department as a part of Job 33-56-013 (USAEPG-3 EN Systems
Test) of the United States Army Electronic Proving Ground Techni-
cal Program. The report is based on field tests, including firing
tests, conducted at Fort Huachuca, Arizona, during the periods
March through August, 1955, and March and April, 1956.

Artillery support for the firing tests was furnished by C Bat-
tery, 294th Field Artillery Battalion, Fort Bliss, Texas, and the
Flash Ranging Platoon of B Battery, 617th Field Artillery Observation
Battalion, Fort Sill, Oklah. The 2d Platoon of the Heavy Mortar
Copanqy, 5th Infantry Regiment, Fort Lewis, Washington, provided sup-
port for the mortar firing tests. Personnel of the lst Signal Group,
Fort Huachuca, participated in operating and -- intaining the various
equipments.

Tests in this report do not necessarily correspond to those
contained in the test plan issued for the task. Sem tests in the
original test plan were not performed because bai eng data
required were obtained from other reliable sources. Certain other
tests were modifled, deleted, or expanded to attain the basic objec-
tives through different approaches, and a few tests were deferred and
later cospleted during autumn of 1956.

H. MD. BROWN
Co1 SigO
Chief, Electronic Warfare Deparint
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ABSTRAT

Results of an operational l of Electronic Countermea-

sures Set AN/4-LQ8(XL-1) are set forth. The ANAZL (X-1) is a

truck-mounted, swept-repeater janer for predetonating artillery VT

fuzes in the frequency band of 110 to 170 Mc/s.

Optimum operating parameters for the jammer were determined.

The capability of the AN/LQ-8(XL-l) to predetonate normal VT

(NVT) fuzes of the T-226 type was satisfactorily demonstrated at an

extreme range of 15,000 yards for high-angle fire and 10,500 yards

for low-angle fire, both under optimum conditions for the jawr

(including 90-degree aspect).

Use of the controlled (CVT) feature of the fuzes so that they

arm 3 seconds before impact reduced the maximum ranges approximately

50 The janer was tested under a number of adverse condi-

tions which were found to reduce its effectiveness by from 20 to 90

From the results of the tests it was estimated that two jammers,

properly sited and adjusted, placed 5,000 yards apart behind a sub-

I stantially straight main line of resistance, can protect an area of

about 6 square miles fron CVT- and NVT-fuzed fire.
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Section I. Sui.ary

Operational field tests were performed on Electronic Countermea-
sures Set AN/ML-8(XL-I) to evaluate operating parameters, range and
effectiveness, and vulnerabilities to intentional and nonintentional
interference. The equipment satisfactorily predetonated VT fuzes of
the T-226 type.

The operating parameters of the jammer were the subject of the
first group of tests. The optimum settings were found to be as
follows:

i. Sweep rate: 1.5 sweeps per second (high-angle fire)
2.0 sweeps per second (low-angle fire)

2. Pulse width and delay time: 2.4 microseconds
.3. Duty cycle: 1/3
.. Power output: maximum

Antenna polarization: 0 degrees for NVT fuzes, 45 degrees
for high-angle CVT fuzes

6. Antenna elevation: 10 degrees

The maximum effective range was greatest for 90-degree aspect
(15,000 yards against high-angle fire and 10,500 yards against low-
angle fire) when the jamer was used against NVT fuzes, and in the
absence of obstructions or other interferences including enemy
counter-countermeasures.

The maximum effective range was reduced when the aspect, antenna
elevation, or antenna polarization was changed or when CVT fuzes were
used. The maximum ranges against CVT fuzes were 8,250 yards for high-
angle fire and 5,250 yards for low-angle fire. The jamer's effec-
tiveness was reduced against fire from O-degree aspect to 1,000 yards
against low-angle fire.

From a tactical standpoint, the area over which the jamming is
effective against CVT fuzes (the most difficult to predetonate) is a
corridor of 2,000 by 5,000 yards, approximately 3 square miles. If
enemy fire comes from a 180-degree sector, this area is doubled since
the screening effect of the active predetonation area gives protection
to at least a comparable area to the rear; thus the total area protec-
ted may be 6 square miles.

Volley fire, producing signals appearing simultaneously within
the pass band of the jammer, causes the power to be shared and reduces
the effective range by a factor equal to the reciprocal of the square
root of the number of simultaneous signals.

9
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When trees or vegetation interfere between the jammer and shell

trajectories, the effective range is reduced by about 25 percent.
The presence of reflecting hills behind the shell trajectory reduces
the effective range by 50 percent.

Friendly NVT shells were predetonated when passing through the
antenna field of the jamner; furthermore, they reduced the effective
range against enemy shells by power-sharing the jammer output.
Friendly CVT fuzes, arming beyond the jammer field, do not cause this
problem.

Interfering signals, if not sweeping, can cause reduction in
effective range by the principle of power-sharing. Radiating 1,000
watts of interfering signal directly into the Jammer beam from a
distance of 7,000 yards reduced the effective range by 50 percent.

A subsequent modification of the ANAL-8O(XL-1), the (xL-2),
although miniaturized and more rugged, was found to possess about 30
percent less effective range than the (XL-1). For a comparison of
the two equipments, see Annex C.

10
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Section II. Introduction

Electronic Countermeasures Set AN/MI-8(XL-1) is an experimental
jamner unit designed by the University of Michigan. A prototype
model was built and tested by Signal Corps Engineering Laboratories
(SCEL) at Fort Dix, New Jersey, in April 1954. It predstonated VT
fuzes successfully. Subsequently the Electronic Defense Laboratory
(EDL), Mountain View, California, built four models under Contract
DA 36-039-sc-31435 which were used in tests at USA!PG during the per-

iod of September to December 1954, where they predetonated 1099 of
1120 rounds. Further tests were conducted by SCEL at Ft. Sill, Okla-
homa, during March and April 1955, but the results obtained were not
considered conclusive, and additional tests were recomnended. They
are the subject of this report.

The Janer was designed to predetonate T-226 VT fuzes and their
several modifications, including T-226-29, which is equipped with an
antijaming circuit which required the received signal to be present
for a fixed aidm time before the fuse will detonate the round.

This jainr will not deny the enew the use of artillery shells
which are time detonated in the air at an altitude for aximum de-
struction. It does force an en=W either to calculate the time of
flight for eac# round and then mechanically set the fuses or to
design elaborate antije ing circuits that will protect electronic
fuzes against jamon n.

The AN/ALQ-8(L-l) has since been further developed into a tacti-
cal jeep-mounted model, ANAE4-6(XL-2)s which is provided with a
squelch circuit because the x-3)tran ts a significant noise signal
during periods when no fuse is being Jemed.

The purpose of these tests was to evaluate the operating charac-
teristics of the A ~ I-l-). to deterine Its range and effective-
noss, and to ascertain the influence of terrain and enme counter-
countenmasures.

11
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Section III. Descrintion of Electronic Countermeasurea Set
ANi"&=l)

Electronic Countermeasures Set AN/ALV-8(XL-l) is a swept-repeater
janner used to predetonate VT fuzes in the frequency band of 110-170
Mc/s.

4. FUNCTIONAL DESCRIPTION

The AN/WLQ-(XL-1) receives and transmits using the awe antenna
on a time-sharing basis. The general operation of the repeater can
be understood by referring to the block diagram, fig. 1. Incoming
signals pass through the distributed amplifier nr 2 and without ampli-
fication reach the receiver mixer. The local oscillator is continu-
ously swept through the range from 310 to 370 Ml/s, and as it scans
the band, a 200 Mc/s component is generated in the mixer whenever a
signal 200 Mc/s below the instantaneous oscillator frequency is pre-
sent in the band. This 200 Mc/a signal is fed to the if. preamplifier
and if. amplifier, which pass and amplify signals in the range from
195 to 205 Me/a. An attenuator permits the signal level to be adjusted,
and a coaxial line delays the signal about 2 usec. The gated if. am-
plifier and power if. amplifier pass the signal through network 1 to
the power (output) mixer. Since this mixer is also fed with a signal
from the local oscillator, one product in its output will be approxi-
mately the frequency of the original incoming signal. The difference
between the frequency of the received and transmitted signal is due to
the time delay introduced by the coaxial delay line and the sweeping
action of the local oscillator. If the local oscillator is scanned
through its 60 Mc/s range about twice per second, the average frequency
change' will be about 150 cps/usec or 300 cps for the 2-usec delay
time. The sweep rate can be adjusted to give the frequency shift which
is moat advantageous for a specific operation. From the power (output)
mixer the signal passes through network 2-1 to the distributed ampli-
fiers nr 1 and nr 2, which amplify the signal and feed it to the an-
tenna for radiation. Feedback around the loop is prevented by the
action of the gated generator and the delay lines.

Some of the parameters mentioned above can be varied:

i. The transmit time or pulse width can be varied from 0.8 to 2.4
usec.

2. The duty cycle can be changed from 1/3 to 1/5.

12
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.. The sweep rate can be varied from 0.5 to 4.0 sweeps/sec.

A. The delay time can be varied in steps of 0.8, 1.6, and 2.4
usec.

5. PHYSICAL CHARATERISTICS

Electronic Countermeasures Set AN/IL-8(XL-l) is mounted in a 3/4-
ton truck which pulls a trailer containing the power unit. The Jammr
is made up of 14 components, listed in Table I. Figs. 2 - 7 show main
components of the equipment and antennas used in the tests. Antenna
AS-542/U was used in all tests reported except Test 7, Antenna T~pes.

6. TECHNICAL CHARACTEISTICS

Electronic Countermeasures Set AN/ALQ-8(XL-I) is a single-antenna,
superheterodyne, swept-repeater Jamer operating in the frequency range
of 1U0 to 170 Me/s. Technical characteristics are:

Frequency Range 3.O - 170 Mc/s

If. range 195 - 205 M/s

Oscillator frequency range 310 - 370 Mc/s

Bandwidth 6 M/s

Sweep rate (variable) 0.5 - 4 sweeps/sec

Range To be determined by test

Power requirement 5 Ky, 120r, single-phase
60 cpsa

Antenna AS-542/1 b

aor any similar power unit; it is not an integral part of AN/%A-8

M-1).

bThis is not the antenna supplied by EDL, but it is the one used
throughout most of the testing.

14
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Fig. 2. AN/JIWQ-8(XL-1) mounted in 3/4-ton truck U-37, uith WDL
folded dipole antenna in operating position, horizontal
polarization
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Fig. 6. AS-542A1 Antenna
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Fig. 7. Teirex X-100 Antenna
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Table I. AN/4U-8(XL-l) Components, Approximate Volume and Weight

Unit Description Weighta Volume

nr (ibs) (cu ft)

1 Distributed amplifier power supply 122 2.6

2 Distributed amplifier power supply 122 2.6

3 Distributed amplifiers 88 2.6

4 Input and booster if. amplifiers 79 2.6

5 Gated if. - power if. amplifiers 97 2.6

6 Local oscillator and power mixer 108 2.6

7 Gated generator - monitor 83 2.6

8 Monitor oscillator and control 93 2.6

9 & lOa Power junction box and delay line 1 124 2.6

lOb & lOa Delay lines 2 and 3 162 2.6

11 Oscilloscope DuMont 304A 86 1.4

12 Oscilloscope, Tektronix Type 514AD 100 3.0

To b1264 30.4

aWeight estimated by subtracting 10 percent from boxed shipping

weights.

bTotal does not include antenna and supports because figures from

EDL are not for Antenna AS-542/J used for most of these tests. Com-
ponents 13 and 14 are the EDL antenna and its supports.

20
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S~t~nr ~To Ta~t to jeterine ontimum Ofet opal paremterz

This group of tests was conducted to determine the optimum opera-

tional parameters for the use of the AN/LQ-8(XL-l).

7. TEST 1. SWEEP RATE

The purpose of this test was to determine what sweep rates of the
AN/ALQ-S(XL-l) result in optimum operiting characteristics when used
against high-angle and low-angle fire. Constant parameters of the
test are listed in Table II, and the siting was as shown in fig. 23,
Annex A.

Results of the test, as presented in fig. 8 and Table II, indicate
that the optimum sweep rates are included within very narrow margins.
Although 100-percent kili was never attained during low-angle fire,
the results are conclusive. For high-angle fire the most effective
sweep rate is 1.5 sweeps/see, and for low-angle it is 2.0 sweeps/see.

. .. . . .. .. 4 1H~i i

10 M W I I

,o ~ ~ Ili ! ,,,i!!

a

0 -- 7-7- --- i

- -- -- -- -- I L!!

z: 40 ! !!! !! !

0

0

SWEEP RATE (SWEEPS/SECOND)

Fig. 8. Percentage of kill, test 1, high- and low-angle fire
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Table II. Results of Test to Determine Sweep Rates

Percentage of rounds predetonated

Sweep rate High-angle fire Low-angle fire
(sweeps/sec) (5,000-yd range) (6,500-yd range)

1.0 0 ---

1.0 40 0

1.5 80 ---

1.5 100 20

1.8 60 30

2.0 --- 50

2.0 60 70

2.5 0 30

Parameters

Variable: sweep rate

Constants Value Constants Vale

Antenna polarization 0 deg Delay time 2.4 usec

Antenna elevation Optimuma Duty cycle 1/3

Attenuation 9 db Range (jammer 5,000 yds and
to trajectory) 6,500 yds

Aspect 90 deg
Angle of fire High-angle, charge 3

Pulse width 2.4 usec Low-angle, charge 4

Fuzes NVT (early arming)

a See Annex B for definition
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8. TEST 2. DUTr CYCLE

The purpose of the test was to determine the optimum duty cycle
for use with the AN/AQ-8(XL-1). The parameters employed and the re-
sults attained are shown in Table III. They indicate that duty cycles
from 1/4 to 1/3 produce the highest percentage of kills for both high-
and low-angle fire. Since a duty cycle of 1/3 gives the higher aver-
age power, this cycle is recommended.

The siting arrangements appear in fig. 23, Annex A. To keep the
jammer within the confines of the military reservation it was neces-
sary to decrease the maximum effective range by desensitizing the
jammer.
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Table III. Results of Test to Determine Optimum Duty Cycle

Angle of Duty Range Percentage of rounds
fire cycle (yds) predetonated

High 1/2 5,000_ 20
High 1/2 4-_,__00 0
High 1/2 4,000 U
High 113 5,000 9U
High 113 4,50 lo
High 11/ 4,ooo 100
High 1/4 5,000 90
High 1/4 4,0500 10
High 1/4 4.000 1ou
Low 1/2 6,300 U
Low 1/2 5___800 0
Low 1/3 6 20
Low 1/3 5P800 80

I& -115,0 70
LOW 1 6,300 0
Low 1/4 5,800 80

Parameters

Variables: range and duty cycle

Value C t Value

Antenna polarization 0 deg Pulse width 2.4 usec

Antenna elevation Optimum Delay time 2.4 usec

Attenuation -9 db Angle of fire High, charge 3
Low, charge 4

Aspect 90 deg
Fuzes NVT (early arming)

Sweep rate 1.5 sweeps/
see (high-
angle fire
2.0 sweeps/
sec (low-
angle fire
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9. TESTS 3 AND 4. PME WIDTH AND DELAY TI E

The purpose of these tests was to determine optimum pulse width
and delay time for operation of the AN/ALQ-8(XL-I). The pulse width
and delay time were kept equal to each other because it is very de-
sirable to transmit all of the signal through the delay line.

The delay time was varied by connecting different lengths of
coaxial cable, three 500-ft spools of which are included with the
jammer, to provide delay times of 0.8, 1.6, and 2.4 usec. It was
found that the AN/-8(XL-i) was erratic and suffered from reduced
output when it used 0.8 usec delay time; tests were therefore con-
ducted only on delay times of 1.6 and 2.4 usec.

The siting arrangements are shown in fig. 23 of Annex A. Para-
meters of the test and results appear in fig. 9 and Table IV, which
shows that the highest available pulse width and corresponding delay
time, 2.4 usec, yielded the most effective results.

too

Ntl N' 11tI

vfl i -L : .. . ..
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Fig. 9. Percentage of" kill as a function of range for two different
pulse -Adths and delay times.. tests 3 and4
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Table IV. Results of Tests to Determine Optimum Pulse Width and
Delay Time

Pulse width Delay time Range Percentage of rounds

(usec) (usec) (yd) predetonated

1.6 1.6 4,000 100

1.6 1.6 5,000 0

1.6 1.6 5,300 20

1.6 1.6 5,800 0

1.6 1.6 6,300 20

2.4 2.4 4,500 100

2.4 2.4 5,000 90

2.4 2.4 5,300 70

2.4 2.4 5,800 80

Parameters

Yitjajes: range, pulse width, and delay time

CosansYI conta Value

Antenna polarization 0 deg Sweep rate 1.5 sweeps/sec

Antenna elevation Optimum Duty cycle 1/3

Attenuation -27 db (1.6 Angle of fire High, charge 3
usec delay)
-9 db (2.4 Fuzes NVT
usec delay)

Aspect 90 deg
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10. TEST 5. ANTENNA POLARIZATION

The purpose of the test Yms to determine the optimum polarization
of Antenna AS-542/U when employed with the AN/M6Q-8(XL-I). Two polar-
izations were investigated, 0 degrees and 45 degrees, because these
provide optimum coupling at the mid-point and the terminal portion of
the trajectory of the projectile. Siting arrangements are shown in
fig. 23, Annex A.

The test showed that the horizontal polarization (0 degrees) gives
about 40 percent greater range than 45-degree polarization with optimum
antenna elevation and at 90-degree aspect against either NVT or CVT
fuzes. The parameters and results are shown in Table V.
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Table V. Results of Test to Determine Optimum Antenna Polarization

Angle of Attenuation Antenna Maximuma
fire (- db) polarization effective range

(deg) (yds)

High 9 0 4,900
High 4 0 5,500
High 1 0 7,100
High 9 45 3,450
High 4 45 3,900
High 1 45 5,200
Low 9 0 6,000
Low 4 0 6,200
LOW 1 0 6.900
Low 9 45 3,450
Low 4 45 3,900
Low 1 45 5,200

Parameters

V ab : antenna polarization, attenuation, and range

SValue Constants Value

Antenna elevation Optimum Delay time 2.4 usec

Aspect 90 deg Duty cycle 1/3

Sweep rate 1.8 sweeps/ Angle of fire High, charge 3
sec Low, charge 4

Pulse length 2.4 usec

a See definition of mauimm effective range in Annex B.
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11. TEST 6. POMWER OUTPUT

The purpose of the test was to determine the power output of
the AN (-8(,-l) in terms of maximum effective range. The siting
arrangements appear in fig. 23, Annex A. The parameters employed
are shown in Table VI. The results, given in the same table, show
that as power is increased, maximum effective range also increases.

29

SECRET



SECRET

Table VI. Results of Test to Determine Relation of Power Output
to Maximum Effective Range

Attenuation Distributed Maximum
amplifiers in circuit effective range

(- db) (nr) (yds)

9 2 5,200

12 2 4,800

9 1 4,100

12 1 3,700

Parameters

Variables: range and power output

Constants Value Constants VaU

Antenna polarization 0 deg Pulse width 2.4 usec

Antenna elevation Optimum Delay time 2.4 usec

Attenuation -9 db and Duty cycle 1/3
-12 db

Angle of fire Low, charge 4
Aspect 90 deg

Fuzes NVT
Sweep rate 2.0 sweeps/

sec
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12. TEST 7. ANTENNA TYPES

The objective of the test was to determine the optimn type of
antenna for use with the AN/ALQ-8(XD-1). For this test the gain of
the jammer was reduced so that excessive ranges would not make it
necessary to site the jammer outside the boundaries of the Fort
Huachuca Military Reservation. The siting arrangements are shown
in fig. 23, Annex A.

Antenna AS-542/U and the EDL folded dipole were both field-
tested in terms of range. The results, shown in fig. 10 and in
Table VII, show that the AS-542/U is superior to the EDL folded
dipole for use with the AN/WA-8(XL-I). Other tests have pre-
viously shown that the AS-542/U is also superior to the Telrex X-100
antenna for use with this particular jamer. For tactical use the
large AS-542/J may, at times, be unsuitable, but it does have
greater gain, and the effect of lobing because of terrain reflec-
tions is less pronounced with the hS-542/U than with other types.

...........

4AI fS~ TX to
3

I0 I I II ]

I I I

Fig. 10. Percentage of IdUl as a function of range for different
antennas, test 7
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Table VII. Results of Test to Determine Optimum Type of Antenna

Range Percentage of rounds predetonated
(yds) Low-anrle fire High-anele fire

AS-542/U EDL folded AS-542/U EDL folded
dipole dipole

4,500 100 100 100 80

5,000 --- 60 30

5,250 --- 40 ---

5,500 --- --- --- 30

5,750 --- --- 30 ---

6,000 100 90 & 80 20 20

6,500 30 --- 20 ---

7,000 30 --- 10

Parameters

Variables: use of Antenna AS-542AJ and EDL folded dipole; range.

Value Constnts

Antenna polarization 0 deg Pulse width 2.4 usec

Antenna elevation Optimum Delay time 2.4 usec

Attenuation -9 db Duty cycle 1/3

Aspect 90 deg Angle of fire High, 961.8 milsLow, 408.6 mils

Sweep rate 1.8 sweeps/
sec Fuzes NVT
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13. TEST S. FUZE SENSITIVITY

The purpose of the test was to determine the fuze-sensitivity
settings most favorable to jamming by the ANAMA-8(XL-I).

Early arming of the fuze renders it more susceptible to jamming.
A distinct correlation appears between the two curves shown in fig.
11. As the signal strength of the fuze varies, so does its sensi-
tivity appear to vary. The coincidence of the state of low fuze
sensitivity with passage of the fuze through the edge of the main
lobe of the janmer's transmission, which is a region of high rate
of jammer signal, may account for the drop in fuze kill to 30 per-
cent. A slightly later arming time may have placed the state of
initial high sensitivity of the fuze in the region of the high rate
of change of jammer signal, thus producing the sharp rise in the
percentage of fuze kill.

Parameters of the test and results obtained appear in Table VIII.

,oM,

tX

&i I6 I a fI W hU .M E 1 _ _

S4 1 04 -

4-I-

0[ 2 4 6 II 10 12 14 16 is1 22 24 26 211 30 32 34

ARMING TIME FROM TIE GUN (SEC)

Fig. 11. Percentage of kill as a function of arming time, test 8

33
SECRET



SECRET

Table VIII. Results of Test to Determine Fuze-sensitivity Settings
Most Favorable to Jammer

Intended arming time Actual arming timea Rounds predetonated

(see) (see) ()

10 7.0 100

31 26.1 29

32 27.6 60

33 28.8 78

34 29.6 63

Parameters

Variale: arming time of fuzes

Constants vAIM Cosat va

Antenna polarization 0 deg Delay time 2.4 usec

Antenna elevation Optimum Duty cycle 1/3

Attenuation Unknown Angle of fire High, 1,056 mils

Aspect 90 deg Range (Jammer) 6,750 yards

Sweep rate 1.5 sweeps/ Fuzes armed as required
sec by this test(T-226E2)

Pulse width 2.4 usec

a 'Actual arming time" is an aritbmtical average of the intervals
after discharge until the fuzes begin transmitting.
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14, TEST 9. M'WTMV RANGE. ASPECT 90 DR s.NVT. 7TEMS

The purpose of the test was to determine the range at which the
AN/MLAI-S(X-l) will predetonate 90 percent of HYT fuses with high
and low angles of fire when the iamer is sited at an aspect of 90
degrees to the trajectory. The maxinunm range for high-angle fire was
130 000 yards; for low-angle fire it was 10,000 yards. The siting

arrngeent are shown in fig. 23, Annex A.

The results are shown in fig. 12 and in Table U, which also
displays the paramters. In som cases two or more percentages of
kill are recorded opposite any one range; this double entry occurs
because in some cases guns and jamier positions were changed while
te jmming rage ws kept costant.

0
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Table IX. Results of Test to Determine ifective
Range, Aspect 90 Degrees, NVT Tuxes

Percentage of rounds predetonated
Range High-angle fire Low-angle fire
(yds) _ _ _ _ _ _ _ _ _ _ _ _

10,250 1003, :5W 4.0
11000 100 0
1,500 100 0

12.000 100 0
12.500 90 -

13,000 90 -

13,250 100 -
13.500 90 -

9.000 -
100

14.5W0 100-

15,'000 so___________

40
15,500 Q 0

Parameters

y£gdAW: range

Vavua= value

Antenna polarization 0 deg Pulse width 2.4 usee

Antenma elevation Optim~a Delay time 2.4 usec

Attenuation -10 db Duty cycle 1/3

Aspect 90 deg Angle of fire High, charge 3
Low, charge 4

Sweep rate 1.5 sweeps/ Fuzes NVT
see (high-
angle fire)

2.0 sweeps/
sec (low-
angle fire)
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13 T=S 10. EFFETIV RANGE. ASMET 45 DEMM-S )INT FUZES

The object of the test was to detemine the effeative range
against NYT fuzes at 45-degree aspect with the equipmzt sited ts
shown in fig. 24, Annex A. The rewst are shown in fig. 13 and are
recorded with the parameters in Table X.

The effective range is sharply reduced from that at 90-degree
aspect (test 9). The change In aspect angle and the change in
antenna polarization amine to drop the effective range to about 40
percent. Note that 10-degree antena elevation proved to be the
best.

-,0Ii7

1:aT7

0

Fig.~~~~ 13 Pecnt. o .ki. a. a f.cto of ra.e aspect

45 dgres, NT fzes hig- ad lw-anle ire
40 --- Test 10
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Table X. Results of Test to Determine Effeotive Range,
Aspect 45 Degrees, NYT Fuses

Range Percentage of ro r Dedetonatd
High-eagle fire Low-mangle fire

(yds) Antenna elevaion (dog) Antema elevation (deg)
10 30 45 10 3O 45

2,750 .. ... 20

3,750 - 100 - 100 50 0

4,750 100 60 100 20 20 0

5,750 0 - 0 - - --

Parameters

Variables: range and antemna elevation

Vauea
Ante=n

polarization 45 deg Pulse width 2.4 usec

Attenuation - 10 db Delay time 2.4 used

Aspect 45 deg Duty cycle 1/3

Sweep rate 1.5 sweeps/sea Angle of fire High, charge 3
(hig-agle Low, charge 4
fire)

2.0 sweeps/sec Fuse NVT
(low-angle
fire)
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ase papose of the tet was to determine the effective raw*
for Jug WT fuses at in aspec t C135 degree.. Owe rompse
against higb- an low-magle fire shown In Table 2, viah also gives
the pummmters, exceeded 7,000 yards. It shouild be noted that an
atenna elevation of 10 degree was optiml. Owe sittM~ arrgu1t
are shown In fig. 24,. Anne A.

Table XI. Results of Test to Detemmine iffectve
Range, Aspect 155 Degres,. WiT Fuses

RWag ecet of rounds nredetcnated
Hiab00116 fie kmnlm fire

(yda) Antenn elevatim (dl)MO T de
10 3 45 10 3D 45

4,730 10 --

6,9750 100 100 90 100 100 so

Parmtrere

YXj.~an: range and mntin elevation

Antema polarimatian 45 deg Pulse width 2.4 usec

Attenuation. -10 db Delay t1m 2.4 uses

Aspect 135 deg Dty cycle 13

sweeprate . 5 sweeps! Angle of fire Nigh, charge
8weePsec (high.. Low, chare 4

2.0 sweeps/ Fuse NYT
sea (low-
angi fire)
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1.7. TET 2.EFETMV W"N. o-DMM A=PET. NVT UZE

The purpose of the test was to determine the effective range
against NVT fuses at 0-degree aspect with siting as shown in fig. 24,,
Amnex A. As shown in Table XII and fig. 14, the Jazmer provided
complete protection from high- and low-angle fire employing HYT fuzes
at a Jamiing range of 1,750 yards with 0-degree aspect.

00
hiT

[iANG IYFD if I A II

[fig 4 Iecntg of kil as a cin frne

40

SECRE



SECRET
Table XI10 Reslts of Test to Detezm:ine Effective

Range against NYT Fuzs., 0-Dsp'.. Aset

Range Pr~tg
(yds) ______________fire_ m-engl fire

1,750 00100

2, 750 200

3,.730 20 0

4,.750 0 0

Paramueters

Y1CLAJ&: range of Jumer

Antenna polarization. 0 dog Pulse width 2.4 usleo

.Antenna elevation 4.5 dog (low Delay time 2.4 usea
angle fire)

9.5 dog (high
angle ftire

Attenuation -10 db Duty cycle 113

Aspect 0 dog Angle of fire High (961.8 ails)
Low (408.6 ailis)

Sweep rate 1. 5 oweep/ Fuses NYT
s~ea (high-
angle fire)

2.0 sweeps/
see (low.
angle fire)
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18. EST13. VFEITE RW AAPET 20 WE..CT711

The purpose of the test was to ascert~ain the effectiveness of
the jamr against CYT fuses at 90-doegre aspect, with siting as
shown in fig. 23, Annex A.

Table XIII and fig. 15 shiow that the optiuim elevation of the
antenna is still 10 degrees. The 43-degme polarization was selected
to optimze coupling between the active MIT fuse and the Jmser
antenna,. just as in test 9 horizontal polerzation of the jamr
antena was used to optimize coupling with the NIT fuse. The ramp
against CYT fuses was cut apprroximately in half compared to the range
against NYT fuses.

. . . . . . . . . ..... ... ...

ITest 13

IN IN[2
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Table MIz. Results of Teat to Deteruine Irfeative
Range, ApOect 90 Degrees, CT Fues

Range Percentage of ton DeetIated
fre LoW-angle fire

(yda) Atemna elevati (d) Antenna elevation (dg)
10 30 43 10 30 43

4, 250 -- - - 100 100 100

5,250 - 90 100 90 and 40 0 0

6,250 100 70 60 20 0 0

7,250 100 -...

8,250 90 ....

Parameters

=WQg : range and antenma elevati

Antenna polariation 45 deg Pulse width 2.4 usee

Attenuation -10 db Delay time 2.4 usec

Aspect 90 deg Durty cycle 1/3

Sweep rate 1.5 sweep./ Angle of fire High, charge 3
sec (high- Low, charge 4
angle fire)

2.0 sweeps/ Fuses CVT
sec (low-
angle fire)

S3
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The purpose of the toot was to, investigate the eff ectiveness
of the Jamr against CM fuse when it was sited at an aspect of 45
degrees with varied ranges and antenna elevations.* The siting
arrangemnts are shown in fig. 24, Annex A. The results shown in
Table XIV and fig. 16 indicate that the effective range at 45-degree
aspect dropped som 30 percent from that at 90 degrees with CWT fuses
(test 13). This diminution of effectiveness was to be expected from
the 0.707 reduction in coupling between the fuse and the antenna, of
the jamier.

i t
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Table XIV. Results of Test to Deteruim Iffectiveness,
various Ranges and teqa Ilevaticas

Range Percentigmo
Highml fire _______________________e(yde) Antenna elevation (dleg) a -nnae36Vati( Q (daft

10 30 45 0 30 45

3,.750 10 0 50

4,750 100 100 100 40 40 0

5,750 100 100 20

6,750 90 60 20

Parameters

=a&J: range and antenna elevation

V3ue-I ivue

Antema polarisation 45 deg Pulse width 2.4 usec

Attema"tion -10 db Delay time 2.4 usec

Aspect 45 deg Duty cycle 113

Sweep rate 1. 5 sweeps/ Agle of fire High, charge 3
see (high- Low, oharg 4
angle fire)

2.0 sweeps/ Fuse CYT
sec (low-
angle fire)

45
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M. TIM 15. M CTIY EI. ARU , CT 135 D_ GR S. OTT FlIMI

The purpose of the test was to determine the effectiveness of
the AN/ALQ-8 ,L-l) againstT f uses at am aspect of 135 degrees,
with the siting shown in fig. 24, Annex A. The results shown in
Table XV indicate a distinct drop in range to 25 percent of the
range at 90-degree aspect (test 13).

Table XV. Results of Test to Determine Effectiveness, Aspect 135
Degrees, OTT Fuses

Percentage of rounds redetonated
Hiag-aegle fire Low-awls fire

adAnte) eleva ion (dez) Ante= elevation (dez)
10 30 45 10 30 45

2,750 100 90 --- 20 40 0

3,750 --- 60 100 20 and 60 60 and 0 0

4,750 80 20 100 and 20 25 0 20

Parameters

Varible: range and antenna elevation

Antenna polarisation 45 deg Pulse width 2.4 usec

Attenuation -10 db Delay time 2.4 usec

Aspect 135 deg Duty cycle 1/3

Sweep rate 1.5 sweeps/see Angle of fire High, charge 3
(High-angle fire) Low, charge 4
2.0 sweeps/sec
(Low-angle fire) Fuses CVT
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21. TEST 16. EFFECTIVE RANGE. ASPECT 0 DEGREES. CVT FUZES

The objective of the test was to determine the range at 0-degree
aspect against CVT fuzes, high- and low-angle fire. The siting is
shown in fig. 24, Annex A.

The results, shown in Table XVI and fig. 17, indicate an effec-
tive range for high-angle fire which seems large compared with the
results of other tests. This may have been due to unusual terrain
reflections producing unusual effectiveness against high-angle fire.
The low-angle fire, however, showed the expected reduction in range
for 0-degree aspect to about 20 percent of the effective range for
90-degree aspect. It may be presumed that the high-angle fire would
normally suffer a similar reduction; thus the figure of 7,000 yards
for 0-degree aspect, high-angle, CVT, should not be accepted since a
figure of some 2,000 yards effective range would be more normal.

I1: : ; I T

I! I

0

40

RANGE I YARDS X 103

Fig. 17. Percentage of kill as a function of range, 0-degree aspect,
CVT fuzes, high- and low-angle fire, test 16
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Table XVI. Results of Test to Determine Effective Range, O-Degree
Aspect, CVT Fuzes

Range Percentage of rounds predetonated

(yds) High-angle fire Low-angle fire

1,000 --- 60

1,750 100 0

2,000 90

3,000 100

4,000 100

5,000 100

6,000 100 ---

7,000 100 ---

7,500 0

8,000 0

Parameters

Vaial: range

Constants Consats Value

Antenna polarization 0 deg Pulse width 2.4 usec

Antenna elevation Optimum Delay time 2.4 usec

Attenuation Unknown Duty cycle 1/3

Aspect 0 deg Angle of fire High, charge 3
Low, charge 4

Sweep rate 1.5 sweeps/sec
(High-angle Fuze CVT
fire) 2.0
sweeps/sec (Low-
azgle tire)
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22. TEST 17. AREA PROTECTED EFFECTIVELY

The purpose of the test was to estimate the area effectively
protected by the ANAU4-(XL-1) operated singly or in a pair. Sit-
ing arrangements appear in fig. 18. The jamming range to the CVT
trajectory (gun nr 2) was 6,000 yards, and to a nearby NVT trajec-
tory (gun nr 1) the range was 7,000 yards. Only two guns were used
simultaneously; the predetonations nearest to target occurred 1,000
yards from the target of gun nr 2, firing CVT fuzes. Constants of
the test are stated in Table XVII.

For 90-degree aspect fire as shown in this test, the area pro-
tected is much smaller under CVT fire, perhaps 20 percent of that
under NVT fire. Estimating this smaller area from the conditions
of this test and from the CVT range tests, a large figure is still
obtained since only 90-degree aspect fire was used. Introducing
CVT fire at various aspect angles from a 180-degree sector, the
area of active predetonations against CVT fire may not exceed 3
square miles, i.e., a trapezoidal area perhaps 5,000 by 2,000 yards.
This estimate is made using two jmrs 5,000 yards apart with their
main antenna axes intersecting symetrically at 90 degrees. and is
based on figures concerning the effectiveness of the jamer employed
against CVT fire and low-angle fire. The effective ranges conemed
were 3,400 yards at 135-degree aspect, 5,100 yards at 90-degree A-
pet, 4,300 yards at 45-degree aspect, and 1,200 yards at 0-degree
aspect.

Table XVII. Constants of Test to Determine Area Protected Effectively

2=9 lfW YALU
Antenna polarization 0 deg Pulse width 2.4 usec

Antenn& elevation Optimum Delay time 2.4 usec

Attenuation -10 db Duty cycle 1/3

Aspect 90 deg Range 6,000 and 7,000
yards

Sweep rate 1.5 sweeps/sec
Angle of fire High, charge 3
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Fig. 18. Relative positions of NVT and CVT predetonations.. Test 17
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Me purpose of the tests reported in this section was to deter-
mine the limitations imposed on the usefulness of the Jir by
natural or artificial interference such as might be expected in a
tactical situation but not resulting from eneW action.

23. TET 18. FJDICE 07 HrLLS BI(I T !T(MY

The Jaer was sited in such a position that the trajectories
of the shells to be predetonated would pass between te jiwnr and
the slopes of a mountain, as illustrated in fig. 23, Annex A. A
general comparison of the results with those made to determine the
effectiveness of the equipment in relatively unhampered situations
(section V) shows that the echo from hills beyon the trajectory
reduces the maxizn effective range of the jinsr as uch as 60 per-
cent. The results appear in figs. 19 and 20, and in Table XVIII.
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Table XVIII. Results of Test to Detenmine Influence
of Hills beyond Trajectory

Range Percentage of r.unds predetonated
Higbh-angle fire Low-angle fire

(yd) Antenna elevation (dog) Antenna elevatioa (dog)

2,000 100 100 100 100 100 60

3,000 100 100 10 so 60 60

4,-000 60 60 100 20 60 60

Parameters

YZJjaW: range of jamer and antenna elevation

Antenna polarization 45 dog Pulse width 2.4 usec

Attenuation -10 db Delay time 2.4 usec

Aspect 90 dog MV cycle 1/3

Sweep rate 1.5 sweeps/ hnge of fire High, charge 3
sec (high- L4w, chare 4
angle fire)

2.0 sweeps/ Fuses CVT
sea (low-
angle fire)
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24. TEST 19. INflUENCE OF TREES BETWEEN TRAJECTORY AND JAMM

The purpose of the test was to ascertain whether foliage inter-
vening between the jamer and the trajectories of shells would dim-
inish the usefulness of the jamner. The siting arrangement appears
in fig. 26, Annex A. The range for high-angle fire drops about 50
percent from the range attainable without interfering foliage, and
for low-angle fire drops approximately 20 percent, as shown in fig.
21 and Table XIX.

I-'

0

+ Ii

o 1:

2o
0 i

4,000 4,500 5PO0

RANGE 4 YARDS X 10O
3

)

Fig. 21. Percentage of kill as a function of range, 90-degree aspect,
with trees between trajectory and jaumer, CVT fuzes, high-
and low-angle fire, Test 19
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Table XIX. Results of Test to Determine Influence of Trees between

Trajectory and Jammer

Range Percentage of rounds predetonated

(yds) High-angle fire Low-angle fire

4,300 100 70

4,400 100 80

4,500 80 60

Parameters

Vaial: range

Antenna polarization 45 deg Pulse width 2.4 usec

Antenna elevation 45 deg Delay time 2.4 usec

Attenuation -10 db Duty cycle 1/3

Aspect 90 deg Angle of fire High, charge 3
Low, charge 4

Sweep rate 1.5 sweeps/sec
(High-angle fire) Fuze CVT
2.0 sweeps/sec
(Low-angle fire)

S 6
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25. TEST 20. EFFECT ON FRIENDLY FIRE USING NVT FUZES

The results of the test are best presented in two parts depending
upon the vector relationship of the jamming transmission to the emission
of the fuzes caused by different polarizations of the antenna of the
jammer.

a. Janmin- out of Phase with Eneny Fire

In the first part the jammer was sited at successive dis-
tances from the trajectory at 90-degree aspect with the axis of its
main lobe intersecting the trajectory near the expected point of
impact, as shown in fig. 25 (Annex A.) In this part of the test the
antenna was polarized at 135 degrees for high-angle fire and at 95
degrees for low-angle fire so that it would be approximately 75
degrees out of phase with the polarization of the fuzes in either
case. The results are shown in fig. 22 and Table XX.

b. Jamming with Optimum Polarization to Enemy Fire

In the second part of the test the siting was such that the
axis of the main lobe of the jammer intersected the trajectories of
two guns at approximately 90-degree aspect to each. The guns were
firing at almost opposite azimuths, and their trajectories crossed
the main axis of jamming shortly before impact. The jamming range
against the friendly gun was approximately half that against the enemy

nhich was 4,000 yards. The siting is illustrated in fig. 27
(Annex A.)

The antenna of the jammer was polarized at 45 degrees with
respect to the enemy gun so that the axis of the dipole lay in a
plane approximately tangent to the trajectory of the enemy fuzes at
arming point. Both enemy and friendly guns fired simultaneously.

During high-angle fire the jammer predetonated 100 percent
of the enemy rounds, and during low-angle fire it predetonated 80
percent. But the jammer also predetonated 88 of 89 friendly rounds
under the circumstances described. It is therefore evident that the
AN/WL-8(XL-1) may not be expected to operate effectively without
interfering with friendly NVT fuzes. CVT fuzes arming outside the
field of the jammer will not, of course, be predetonated.
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Table XX. Results of Trial to Determine Effect on Jmming

with Antenna Polarzation 75 Degree. out of Phase

Range Percentage of rxunds predetonated
High-angle fire, Low-angle fire,

(yds) polarization 135 deg polarization 95 deg

2,000 - 100

2,500 - 100

3,000 100 40

4,250 - 0

5,250 60 0

7,250 20 0

Parameters

Vgahge: rnge and angle of fire

Phase distortion of antenna Approx Pulse width 2.4 usec
polarization 75 deg

Jauer Ser nr 3 Delay time 2.4 useo

Antenna AB-542/U Duty cycle 113

Antenna elevation Optimum Fuses INT

Attenuation -10 db

Aspect 90 deg

Sweep rate, high-angle fire 1.5 s/s

Sweep rate, low-angle fire 2.0 s/s
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26. TEST 21. MWUAL INTERFERENCE BET;IEEN TWO JA=RS

The purpose of the test was to ascertain whether or not two
AN/MLQ-S(XL-l) sets would interfere with each other during simul-
taneous operation and at various sites. Serial numbers 1 and 2 were
sited on onposite sides of the trajectory, each at a range of 2,000
yards and opposed to each other in the direction of transmission at
90-degree aspect, as shown in fig. 28 (Annex A.) All rounds were
predetonated, and no mutual in-.erference was observed.

Subsequently the sets were sited side by side with their trans-
missions directed in the same azimuth, but they disclosed no tendency
to trigger each other. Further experiments showed that even with
sweep rates set the same, the exact synchronization required for
"ringing" or loop oscillation is so improbable that the chance of
this kind of interference occurring is negligible.

Parameters are recorded in Table XXI.

Table XXI. Parameters of Test of Mutual Interference

Vil: siting and direction of transmission

Constant Value Constant

Antenna polarization horizontal Pulse width 2.4 usec

Antenna elevation optimum Delay time 2.4 usec

Attenuation -10 db Duty cycle 1/3

Sweep rate 1.5 sweeps/ Range 2,000 yds (for
sec (high- each jammer)
angle fire)

2.0 sweeps/ Angle of fire High (967. mils)
sec (low- Low (408.6 mils)
angle fire)

Fuzes NVT
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27, TEST 22. !MM=..COMT]M -LMUSUM MWAL AX AN/AM-W.

The purpose of the test was to ascertain whether the AN/tT-2C
would interfere with the ANAIQ-(XL-1) while the je r was pre-
detonating CVT fuzes. The A2/TRT-2C was sited at the position of gtm
15 as shown in fig. 24, Annex A, so that its axis of transmission
coincided with the trajectory of the projectile. The transmitting
signal was swept through 138 to 170 Plc/s every half second. The
ranges attained by the ANAIQ-(XL-I), shown in Table XMII, were not
affected by intermittent transmissions of the AKTRT-2C.

Table XXII. Results of Test of Vulnerability to AN/TRT-2C

Range Percentage of rounds redetonated
(vs) High-angle fire Low-angle fire

2,250 100 80

3,250 0 0

Parameters

Variables: range and intermittent transmission from AN/TRT-2C

Sue v aue

Antenna polarization 0 deg Pulse width 2.4 usec

Antenna elevation optimum Delay time 2.4 usec

Attenuation - 10 db Duty cycle 1/3

Aspect 0 deg Angle of fire High, charge 3
Low, charge 4

Sweep rate 1.5 sweeps/
sec (high- Fuzes CVT
angle fire)

2.0 sweeps/
sec (low-
angle fire)
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28. TEST 23. COUNR-O4 MES SIGNAL BY ANAWT-. 90-DEGEM

The jammer AN/RT-4, which was used as counter-countermeasures
equipment, was sited in three successive positions as shown in
fig. 28 (Annex A) and its signal was beamed at the AN/JLQ-(XL-1)
from each site. The AN/ MT-4 transmitted cw, mow, bagpipe, audio,
and video signals from l to 2 times per second or maintained constant
frequency at 165 M/s to approximate the conjectural average of the
fuze frequency.

The tests showed that with the AN/AT-4 sweeping, the effect on
the ANAJLQ-(XL-1) was negligible except when a full kilowatt signal
was aimed directly into the AN/AL-8(XL-1) antenna main axis at a
range of 2,000 yards, an event not likely to occur in tactical situ-
ations. Stopping the sweep so that the AN/I-4 signal centered in
the fuze band of frequencies was more effective, especially against
high-angle fire, but again this amount of power at such a short range
is not likely to occur in actual combat situations. The results of
the test are shown in Table XXIII.
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Table XXIII. Results of Teat to Determine Vulnerability
to A/N/I -4, 90-degree Aspect

_ High-Anrle Fire
AMaT.4 Percentage of rounds predetonated

Position Frequency Power out Cw Mbw Bag- Audio Video
(Ma/u) (Watts pipe

1(592941 1 150-1M ' 1.0n0 inn inn on i 100
2 61797 .0-170 1,000 100 100 100 100 go
3_ 603926 - 179 650 100 100 100 s00o159941 165 1.000 0 0 0 0 0
2161793Y771 16- 1.000 - No data13(603926)I 75 "0 0 0 20 -0 0-
1 59 50-170 1,000 20 20 0 LO Ln

2 617937 1 - 1,000 1 00W 1W -IO 0
3( 9)1330-116 6730 100 1W0 30Lo ",_o

"16509 aw W- 1 1 W000

Parane'trs

YXA dAU: nodulati, frequency, and siting of ANAST-4
rakdvalue r kfl YXuM

Antenna polarization 0 deg Pulse width 2.4 usec

Antenna elevation optima Dela tim 2.4 useo

Attenuation - 9 db Duty cycle /3

Aspect 90 deg Range 3,750 yards

sweep rate 1.5 sweeps/ Angle of fire High, charge 3
sec (high- Low, charge 4
angle fire)

2.0 sweeps/ Fuses NVT
sea (low-
angle fire)
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29. TEST 24. COUNTER-C0 TI&UE SIGNAL BY -d. 0-DERK

The purpose of the test was to determine the effect of the
ANAMT-4 on the AN/AL-8(XL-l) when the latter was at O-degree aspect
and the AN/ART-4 was sited at the position of the gun.

The results shown in Table XXIV dealing with high-angle fire
are conclusive and indicate that counter-countermeasures by the
AN/MRT-4 reduce the Jaming range of the AN/AU-8(XL-I) by approx-
imately 1,000 yards. (For low-angle fire there is a corresponding
reduction in range.)

Table XXIV. Results of Test of Vulnerability to AN/1J16-4,
90-Degree Aspect

Percentage of rounds predetonated
Range High-angle fire Low-angle fire

Antenna elevation Antenna elevation
(yds) Optimum Horizontal Optima Horizontal

1000 .... 20 80
2,000 i00 ......
4,000 100 ....
6,000 90 ......
7,000 20 ......

Parameters

Variable: range of jammer

Consat value Constan

Antenna polarization Unknown Pulse width 2.4 usec

Antenna elevation Optimum, Delay time 2.4 usec
horizontal

Attenuation Unknown Duty cycle 1/3

Aspect 0 deg Angle of fire High, charge 3
Low, charge 4

Sweep rate 1.5 sweeps/ Fuzes CVT
see (high-
angle fire) ANA T-4 at gun position

2.0 sweeps/
sec (low-
angle fire)
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Section VIII. Discussion of Test Results

30. OPERATING PARAMETERS

The optimum operating parameters of the AN/,4Q-8(XL-l) are
presented in Sec IX, 1. The optimum antenna elevation was 10
degrees.

Use of the maximum power output produced the most satisfactory
results (Test 6). The AN/MLQ-8(XL-I) is equipped with a series of
attenuation switches, various cOmbinations of which reduce the
power output. The maximum power output is obtained by bypassing
the attenuator completely. Throughout this report, maximum power
is indicated whenever -10 db attenuation is stated (maximum gain).

31. FUZE SENSITIVITY

Variations in the arming times of the fuzes were definitely
correlated with the observed signal amplitude behavior of the fuzes
for the first few seconds after coming on the air.

32. EFFECTIVENESS

The maximum effective ranges of the AN/ALQ-8(XL-I) are set
forth in Table XXV of Sec IX. Maximum ranges for NVT fire were
15,000 yards for high-angle and 10,500 yards for low-angle. Maxi-
mum ranges for CVT fire were 8,250 yards for high-angle and 5,250
yards for low-angle.

The results of the friendly-fire test (Test 20) show that the
ANA{LQ-8(XL-I) will detonate friendly NVT fuzes as well as enemy
shells. The CVT technique, in which the fuze is not armed until
within 3 seconds of its objective, would minimize this problem.

The effectiveness of the AN/LQ-8(XL-l) was not reduced by
mutual interference of two jammers (Test 21).

It was considered necessary by operators of the AN/ALQ-8(XL-l)
that a monitor receiver having the same frequency band be used in
conjunction with this janer.

33. AREA PROTECTED

The area protected effectively (Test 17) by the ANiMLQ-8(XL-l)
is governed by many factors, such as use of CVT or NVT fuzes, aspect
angle, terrain conditions, number of simultaneous rounds, and presence
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of interfering signals. If two Jamers are arranged 5,000 yards
apart with antenna beam intersecting at 90 degrees, the area within
which all CVT and NVT fuzes will be predetonated may be considered

to be roughly rectangular in shape of some 5,000 by 2,000 yards with
the longer dimension extending along the baseline between the two
Jaumrs. If the enemy fire is from any direction within a 180-degree
sector forward of the baseline between the two Jamars, an additional
"shadow" area behind the baseline is protected, because shells aimed
at the shadow area would have to pass through the forward coverage of
the Jamrs and would be predetonated there. The total area protected
in this case would be about 6 square miles.

3. VULERABILITY

The AN/MA4(XL-1) was not vulnerable to a counter-countermeasures
signal from the AN/TRT-2C (Teat 22). It was vulnerable to counter-
countermeasures signals from the AN/RT-4 only under conditions which
would be highly improbable in a tactical situation. There was a small
reduction in range (1,000 yards) when the ANAIRT-4 was set to a fixed
frequency and used at a range of 6,000 yards.

35. PUBMR TE0IING

An additional interference test was conducted by aimi the AN/
MLQ-8(XL-1) at the Libby Airfield control tower from a distance of 1
mile. Tower operators reported their vhf circuits (Aircraft Radio
Corp., Type 12) were bothered by an annoying rattle or buzz, but that
no caminncations were interrupted. Light aircraft pilots also re-
ported siilar effects. It is indicated that the AN/AI (XL-1) can
be used in fairly close proximity to vhf cmouunication links without
disrupting comunications.
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Section TL C,-SIUSIODS

,1. The optima operating parameters of the ANARL-8(XL-l) we as

follows:

Parameter Optuima Value

Sweep rate 1.5 weepe/sec (High-angle fire)

2.0 sweeps/see (Low-angle fire)

Duty cycle 113

Pulse width 2.4 usec

Delay time 2.4 uBec

Antenna polarization 0 deg, NIT

45 deg, high-angle CvT

Antenna elevation 10 deg

Power output san

Antenna typie A-4

2. The effectiveness of the AN/AL-(XL-1) in terms of maxmm
effective ranges obtainable under various conditions in set
forth in Table Xfl. In general, the ANAIL-8(ZL-I) is most
effective when used with optima parameters (I. above) against
NVT fumes and deployed at 90-degree aspect with antenna elevated
at optima elevation (approxinately 10 degrees).

The inaximm effective range of the AN/L"(XL-l) when the
antenna axis is facing a hill (Test 18) is reduced by 4,750
yards for high-angle fire and by 2,000 yards for low-angle
fire.

The mxian effective range of the AN/A4-8(XL-l) when the
antenna axis is facing trees which are between the jamer and
the trajectory (Test 19) is approximately 4,500 yards for
high-angle fire. This is a reduction in maim effective
range of about 1,250 yards.
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Table XXV. Maximum Effective Ranges of the AN/WQ8(XL-l)a

Fuze Angle Aspect Antenna po- Ant. Max. elf. Reference
of fire larization elev Range Test

(type) (deg) (deg) (deg) (yda) (ar)

NVT Hi 90 0 O A. .15.000 9
LO O_ " 10, 500

NVT High 45 45 10 51000 10
H-Ligh t0 4,00High 45 5,000

Low 10 3,750

LoW 45 a
NVT High 135 45 10 c 1i

High 30 c
Hig 4 c
Low 10 c
Low 30 _

Low _ _5 c
NVT High 0 0 Opt a  2,25012

Low fr 2,000
CVT High 90 45 10 8,250 13

High 30 5,250
Hi 45 5j 750
Low 10 5,250
Low 30 4,5W
Low 45 4.500

CVT High 45 45 10 6,750 14
High 30 6,250
High 45 5.250
Low 10 c
Low 30 c
Low 45 0

CVT H 135 45 10 3,750 15
High 30 2,750
High 45 _

Low 10 c
Low 30 c

CVT Hi 0 0 O a  7,250 16

Low Opt 1,250

aComaon constants are optimum operating parameters from the table
of J., preceding, with the exception of antenna polarization.

bSee definition of maximum effective range in Annex B.
0cMaxmum effective range not determined.
dSee definition of optimum antenna elevation in Annex B.
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3. The vulnerability of the AN/UL-8(XL-l) is greater when the

frequency of a counter-countermeasures (CCU) signal is approx-
imately equal to the frequency of the fuze signal, rather than
when the COM signal is swept through a band of frequencies.
The set is most vulnerable to a CCU signal when the axes of the
OCM equipment and the Jammer coincide and are directly opposed
in azimuth. The Jammer is slightly more vulnerable to a bag-
pipe signal than to other types of signal used in the test (see
Table XXIII). At tactical ranges the reduction in range of the
jammer is negligible.

_. Incorporation of visual means of viewing signals from all moving
targets within the AN/LQ-8(XL-I) frequency band is desirable.

2. Further procurement of the AN/Q-8(XL-l) in its present form is
not indicated. This set is an experimental model and therefore
no testing of ruggedness, portability, maintenance, and similar
factors was appropriate.

6. A smaller tactical version of the AS-542/U antenna is needed.
The EDL folded dipole and Telrex X-1O0 antennas, although ac-
ceptable in size, were much more sensitive to terrain reflec-
tions than the AS-542/U.
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ANM A. SITING H NNTS

Figs. 23 to 28 which follow are drawn so that the gun and
jammer coordinates can be determined. The coordinates of the tar-
gets are approximate. The sites and trajectories cover a portion
of maps ANS SERIES V898, heets 3947 111 SW and 3947 il SE.
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ANNEX B. DEFINITIONS

Antenna Polarization:

The angle in degrees to which the antenna dipole is set, measured
from the horizontal position toward the angle of fall of the pro-
jectile, seen in the direction of Jamning

Asect:

The angle between the projections on the horizontal plane of the
projectile's trajectory and the axis of the main lobe of the jammer
antenna, measured in degrees from the direction of flight of the
projectile to the projection of the Jamer axis (See fig. 29)

J ,

- 0N 9ASPECT CT OP5PECT
1350 ASPECT TAW-

ASPECT

/ I \
+ J

JJ

Fig. 29. Diagram of Aspect

Fuzes that are set so their electronic radiations start 3 seconds
before expected impact time (Controlled Variable Time Fuzes)
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The time, expressed in microseconds, during which the received
signal in held in the coaxial delay lines of the AN/ALQ-8(XL-l)

The ratio of pulse width to one complete cycle, or a : b in fig. 30

Maxmu Effective Rane:

The range beyond which less than 90 percent of the rounds are pre-
detonated

NVTFues:

Fuzes that begin to transmit signals 7 to 10 seconds after leaving
the gun (Normal Variable Time Fuzes)

Ontlmum Antenna Elevation:

When NVT fuzes are used, the angle of elevation of the antenna axis
necessary to aim it at the point where the artillery projectile
reaches maimum altitude

When CVT fuzes are used, the angle of elevation of the antenna axis
necessary to aim it at the point where the fuze is expected to arm

PuleWidh:

The time, expressed in microseconds, during which the AN/A-8(XL-1)
is transmitting (see fig. 30)

TRA NSMIT K IIClIIVI.
Pml PIRIOD

-" b

Fig. 30. One cycle of ANA %-8(XL-1) transmission
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ANNEX C. C(AdPARATIVE STUDY OF ANALQ-8(XL.i and (YL-.

During tests of the AN/MLQ-8(XL-2), which is an improved tac-
tical version of the AN/MLQ-8(XL-l), a test to compare the XL-I and
the XL-2 was conducted to determine which of the two sets was more
effective in countering T-226E2/A VT fuzes. The test was conducted
at 90-deg aspect with fuzes set for NVT action and using optimum
parameters. The results clearly indicated that the XL-i was superior
to the XL-2 in maximum effective range attained. To eliminate a
possible variation in space patterns of the antenna, the same antenna
was used, in the same position, for both equipments.

To determine whether the shorter time-on-signal of the XL-2, 20
milliseconds, compared to that of the XL-i, 90 milliseconds, might be
the major cause of the difference in performance, the XL-l was field
modified to reduce its time-on-signal to 60 milliseconds. The maxi-
mum effective range of the XL-I was then checked under field condi-
tions identical to those which preceded the modification. Results
showed that the reduction in time-on-signal had caused a deteriora-
tion in effectiveness. The results of this test are shown in Table
XXVI and in fig. 31.

A comparison of the XL-l and the XL-2 in respect to the number
of sweeps required to predetonate a fuze shows that the XL-I often
prefunctions the fuzes on the first sweep, while the XL-2 requiren
on the average 5 sweeps, and on occasion as much as 17 sweeps to pre-
function a fuze. This distinct superiority of the XL-I over the XL-2
has not to date been definitely proved to be due to the greater time-
on-signal, but the field checks made to date are strongly indicative
that the difference in time-on-signal is a major factor contributing
to the difference in the number of sweeps required by each equipment.
The number of sweeps required by the (XI-2) to prefunction a fuze
is shown in Table XXVII.

Limited experimentation with the duty cycle of the XL-2 showed
no significant difference in performance resulting from alternations
between duty cycles of 1/3 and 1/3.5. The results of the duty cycle
test appear in fig. 32.

Although at this time it is not conclusively proved that more
time-on-signal will greatly increase the range of the )L-2, the field
checks made indicate that significantly greater range effectiveness
may be expected if the time is extended to at least 30 milliseconds.
Beyond this point, range may increase only slightly. However, the
greater time-on-signal of the XL-l, 90 milliseconds, conpared to the
lesser, 20 milliseconds, time-on-signal of the XL-2 may account for
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Table XXVI. Relation of Time-on-Ognal to Kill

Time-on- Antenna Duty Range Percentage of kill
signal elevatior cycle XL_ 1 XL-2

(ma) (deg) (yds) (uxunod) (mod)

20 0 1/3.5 7,500 60

20 13 1/3.5 7,500 80

20 0 1/5 7,500 100
N/A

20 0 1/3.5 9,000 20

20 13 1/3.5 9,000 20N/A
20 0 1/5 9,000 60

90 0 1/3 9,000 80

90 13 1/3 9,000 80

90 0 1/3 10,500 80

90 8 1/3 lO,500 60 N/A

60 13 1/3 9,000 80

60 0 1/3 10,500 N/A 40

60 8 1/3 10,50 40

Constants of the Test

Basis, 5 significant shells; high-angle fire; horizontal polarization;
NVT fuzes armed 9 see after firing; 105-mm howitzer; 90-deg aspect;
XL-I, 1.5 sweeps/sec; XL-2, 1.6 sweeps/sec.
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Table XXVII. Number of sweeps required by the ANAQ8(XL-2)

Rtanges Sweeps Shells(yds) (average nr) (nr)

2,700 4.4 5

4,200 5.5 4
4.5 4

6.0 1
6.3 3

6.0 2

4,800 7.1 8
4.3 3
4.5 2
4.9 0

9.7 4
5j005.0 5

5,900 7.0 5
5.0 4

4.3 34.8 10
4.9 i0

4.7 857 6
5.1

5,9900 6.18
5.74
5.3
7.5 2
6.7 3

Average 5.45 132

Constants of the test

NVT fuzes armed 6 sec after firing; horizontal polarization; 90-deg
aspect; jeep-mounted antenna.

82

SECRET



SECRET
the inability of the XL-2 to pdetomte a fun on the first or seeond
map.

- I I

FL- 32 - - O - Y -O kl O US the -(n-2)

-,- I , the reults ot this oamparlsonv it is evident thathe I Is Moa te'T ve .4 the XL-2 and that the Inmwuod of-
-at-emm my be & to the l tim-a-epal of the IL-1.

11. (. 1(.) a 33 an block itm of the NML-1 and th

fl-2. An e =mton at Us two diapsms reveals that although the
bus unitA of the Gtmr a a MWle wre not ohigd in fabricating
the Z.-2, csrtan do eximt. sue ae as incip y the
fftr mm Of u-emlmLOn - the looatiom of the various units.

01 electrical d erenee that remlted from the m~rloation
of the original N.-1 stem, em, io the chanp in systm band-
width. In the ML-2 the MOt= bandwidth ,is frm 3 to 5 lb/8, while
in the M6-i the atem bandwidth is trm 9 to 12 Mo/@.

No attet was mde to perform a detailed analytic circuit can-
parso betsen the two sets, but the fail=* of the XI-2 to natch
or better the pezrc, noe of the IL-1 my be the result of a ombine,
tam of thes hames as well as the lack of sufficient tim-on-signal.
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