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ABSTRACT

The purpose of the AN/APQ,-2 ("Iug") transmitter modifica-
tion kit MX527/APQ-2 is to sweep the "Rug" center frequency
from 5 to 20 Pic at a low rate. It was hoped that the jamming
bandwidth of the "Rug" would be considerably increased with no
decrease in its effectiveness at any one frequency. The results
given in this repirt indicate that the jamming effectiveness is
decreased by sweeping the transmitter output to such an extent
that the use of the swept signal is not justified.
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INTRODUCTION

1. The purpose of the AN/APQ-2 modification kit M527/APQ-2 was
to sweep the jammer center freayency back and forth over a range of 10
to 20 Mc at a rate of a few cycles per second. Several preliminary
modification kits were received by this laboratory to be tested. Further
tests than those reported here were considered inadvisable in view of
the termination of the war. Work on this problem was conducted under
the authorization of NRL Problem Sl182T-C, in accordance with references
I and 2.

2. Investigations were undertaken to determine whether; (i) the
increase in the jamming spectrum width might not make the AN/APq--2 effec-
tive as a barrage jammer, (2) the setting-on-frequency problems might
not be simplified due to the wide frequency distribution of jamming power,
and (3) an increase in actual jamming effectiveness at any spot in the
jammed channel might not result due to the random displacement of the
indicator base line as the jamming carrier is swept back and forth through
the receiver pass-band. In addition, tests were conducted to determine
the optimum combination of sweep excursion width and sweep excursion rate
for maximum jamming effectiveness against a radar system of specified band-
width. The effectiveness of the swept AN/APQ-2 in all cases was referred
to that of the same Jammer unswept.

3. The kit was designed to be installed in the field. It consisted
of a small butterfly-type variable condenser driven by a 24-volt d-c
motor, two sets of loading coils, two short flexible straps for shorting
these loading coils, and two output pick-up loops. Plate 1 shows a
photograph of the kit installed. When installed, the butterfly-

condenser is connected in shunt with the plate lines at the high im-
pedance ends and during rotation causes an excursion of the center fre-
quency over a fixed band. The width of this band depends on both the
central frequency about which the jammer is sweeping and on the number of
plates in the rotating condenser. At a central frequency of 220 Mc, the
excursion ioidth can be adjusted in steps between the limits of 3 and 20
Mc while at 350 Mc the width is adjustable between 10 and 20 Mc The
central frequency, in turn, can be set anywhere between 150 and 350 Mc by
making use of various combinations of loading coils and shorting straps.
The rate' of excursion is controllable over a range of 6 to 16 sweeps per
second by adjustment of a rheostat in the armature of the 24-volt drive
motor.

METHOD OF PMASURING EFFECTIVENESS

4. The tests were conducted in the laboratory using a simulated radar
system for the jammed "victim". The jammer was operated into a water-
cooled load and a variable attenuator-probe was used in the transmission,
line to pick off a small amount of its output energy for introduction into
the simulated radar system. An artificial echo signal to be jammed was
supplied from a pulsed signal generator and fed to the receiver input
circuit through a decoupling network. Then, in the presence of jamming
the echoes were decreased in strength until just visible on a type "A"
indicator. The output of the pulsed generator in db was then recorded
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and used as a measure of jamming effeetiveneSS. The signml generator
reading for a given test was taken both with the "Rug" operating normally
(not swept), and with the KU52?/APQ..2 attachment in operation (sweeping).
The measure of effectiveness given in the tables of aata which follow
the text is the difference in reading from the swept and unswept condi-
tion - i.e., the data gives the relative Jamming effectiveness for these
conditions. The details of the measuring technique are more fully de-
scribed in reference (3).

MESULJTS

5. Various combinations of sweep excursions az4 sweep frequeneles were
tried and each compared with the "Rug"t unswept.

6. Tabulated values of the jammer rzf power output are given in Table
1. At both ends of the frequency range the power dropped down for large
excursions of the frequency sweeps Typical power spectra are shown in
Plate S.

7. The effectiveness was then measured for various sweep excursions,
sweep rates, and receiver bandwidths. The results of these measurements
are tabulated for a center frequency of 210 Mc in Tables 2, 3, and 4.
Fo~r other center frequencies similar comparisons were made and are shown
in Table 5. For each set of conditions, the readings are corrected to
give "db relative to the effectiveness when the 'Rug' is operated un-
swept". For narrow sweep excursion and wide-band receivers, it appears
that the jamming effectiveness is a little greater for the swept case
than for the non-sweeping case. This seems to be dwe to the breaking kip
of the clipping level of the noise, as a result of sweeping the jamming
signal into and out of the receiver pass-band. However, for very wide
excursions (20 Mc), the minimum detectable signal using the "swept Rug"
was found to be only a little greater than that for the receiver in the
absence of jamming - - i.e., the jamming was almost totally ineffective.
The effect of receiver 1andwidth (except for clipping effects - - see
reference 3) seems to be that the decrease in effectiveness due to the
sweeping of the transmitter is less for wider bandwidth, since for such a
receiver the signal is within the i-f pass-*band a greater portion of
the time.

S. A typical set of curves for the power-output spectra are shown in
Plate 3. These are given for no sweep, minimum excursion, and maximum
excursion at a center frequency of about 140 Me.

REOMENATIONS

9. With large sweep excursions, the "Rug" appears to be worthless for
the purpose of obscuring an echo. It could conceivably have some nuisance
value, however. For smaller excursions, the advantage of broadening the
output spectrum is largely lost. It thus becomes questionable as to
whether the added complication entailed by the use of the frequency sweep-
ing device is worthwhile. It is suggested, however, that this problem
could be studied further.
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Power Output of Swet AN•/A,2 Jammer at Various rreptencies

Center Frequency
(mc)

158
158
158

200
200
200

255
255

350
350

Total Sweep Excursion
(MO)

0
6

18

0
10
19

0
10

0
22

Po (watt s)

7
7
3

14
12
12

12

17

15
9

Condenser
coupled to
-iate, line .by.

4 turn load-
ing coils.

1* turn
coils

Vl- turn

coils

straps



TABLE II

Effectiveness. of Sveot AN/APQ,,,2 ,Transmitter Relative To Normal
AN.AR/Q-2 Transmi tter

Total Frequency Excursion - 4 Mc
Center Frequency - 210 Mc
Power Output - 7 Mc

Sweep Rate(cps \annrox)

5
10
20

5

10
20

5
10
20

Receiver Bandwidth, (Mc)

1.5
1.5
1.5

.5

.5

.5

.2

.2
.2

Effectiveness
.... (db)

4'
44
4 4

-7
-4
-4

- 17
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Effectiveness of Swent AN/APQz-2 Relattve To Normal
AN/AP6-.2 Transmitter

Total frequency Excursion - 10 Mc
Center Frequency -, 210 Mc
Power Output - 7 Watts

Sweep Rate Receiver Bandwidth Effectiveness
(cis vnrx.(Me) (db)-

5 1.5 -12
10 1.5 -11
20 1.5 -11

5 .5 -19
10 .5 -16
20 .5 -16

5 .2 - 30
10 .2 - 27
20 .2 - 28
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TABLE IV

3 1ffectiveness of. Swent AN/APQ...2 Transmitter R~elative to N~ormal
~AVAg2 rnm tter

Total Sweep Excursion -

Center Frequency
Power Output

20 Mc
210 Mc
7 Watts

Sweep Rat e

5

10
20

5
10
20

5
10
20

Receiver Bandwidth
(MC)

1.5
1.5
1.5

.5

.5

.5

.2

.2

.2

Effectiveness
(db)

- 25

- 19
- 29

- 33

- 30
-35

- 41
- 40
-- 43

Min. Det.
Signal-- of Rec.

- 39 db
- 39 db
- 39 db

41 db
41 db

- 41 db

-48 db
- 48 db
- 48 db

-7-



TABLE V
Zff ecti~vengsa..f S w~t,.AN/APgý,2,,Transmitler Rel1ative to N~ormal,

(O!/pe.r at agrious Frequencies
(Operated against RDO Receiver)

Center Frequency
(Me)

36O
350
350
350

204
204
204
2Q4

146
146
146
146

Sweep Excursion
0(Me

20
20
10
10

20
20

3

23

20
20
3
3

Sweep Speed

16
5

16
5

16
5

16
5

16
5

16
5

Effect ive ness

24
- 15

10
- 9

- 10
-5
- 3

0

- 11
-. 5
-1

0

-8 "~
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POlVR SPECTRA OF Al APQý-2 TRANS/fITTER
wtFh

MODIFICATrON KIT NZ-527/1APQ-2 FOR F.M;
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