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CONFIDENTIAL

ABISTPCT

The purpose of the AN/APQ-2 ("Rog") transmitter modifica-
tion kit kZ527/APQ-2 is to sweep the "ffR" center frequency
from 5 to 20 )4c at a low rate. It was hoped that the Jamming
bandwidth of the "Rug" would to considerably inoreased with no
decrease in its effectiveness at any one frequency. The results
given in this report indicate that the Jamming effectiveness In
decreased by sweeping the transmitter output to such an extent
that the use of the evept signal Is not justified.
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IN TRODUCTIOQ

1. The purpose of the A1/APQ-2 modification kit M52?/AP0-02 was
to sweep the jaumer center freoqtency back and forth over & range of 10
to 20 No 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 her were considered Inadvisable in view of
the termination of the war. Work on this problem was conducted under
the authorization of M Problem 81182T-0, in accordance with references
1 and 2.

2. Investigations were undertaken to determine whether; (1) the
increase in the jamming spectrum width might not make the AN/APQ-2 effec-
tive as a barrage Jamer, (2) the setting-on-frequency problems might
not be simplified due to the wide frequoncy distribution of Jamming power,
and (3) an increase in actual jamming effectiveness at any spot in the
jammed obannel might not result due to the random displacement of the
indicator base line ao the jaming carrier is swept back and forth through
the receiver pass-band. In addition, tests were conducted to determine
the optimum combination of sweep excurmion width and sweep excursion rate
for maximum jamming effectiveness against a radar system of specified band-
width. The effectiveness of the swept AN/APQr-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
motoi 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 io.-
pedance endi 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 Me, the
excursion vidth can be adjusted in steps between the limits of 3 and 20
Mc while at 350 kc the width is adjustable between 10 and 20 Me. The
central frequency, in turn, can be set anywhere between 150 and 350 Me by
making use of vitriouu combinations of loading coils and shorting straps.
The rate of excursion is controllable over a range of 6 to 15 sweeps pi;r
second by adjustment of a rheostat in the armature of the 0J4-volt drive
motor.

XZTHOD 0F W15LEL4 3CTV3

4. The tests were conducted in the laboratory using a simulated radar
system for the jammed "victim". The jamner was operated into a water-
cooled load and a variable attenuator-probe was used in the tranemi6nion
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 *iamming
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 effectiveness. The signal generator
reading for a given test wavi taken both with the "Rug" operating normally
(not swept), and w.th the )V527/APq-2 attachment in operation (sweeping).
The measure of effectiveness given in the tables of data which follow
the text is the difference in reading from the swept a.nd unswept condi-
tion - i.e., the data gives the relative Jamming effectiveness for these

conditions. The details of the ameasuring technique are more fully de-
scribed in reference (3).

5. Various combinations of sweep excursions azd sweep frequencies were
tried and each compared with the "Rugx unswept,

6. Tabulated values of the jammer '.-f power output are given in Table
1. At both ends of the frequerny range the power dropped down for large
excursions of the frequency sweep. Typical power spectra are shown in
Plate 3.

7. The effectiveness waA then measured. for various sweep excursions,
sweep rates, and receiver bandwidths. The results o± these measurements
arc tabulated for a center frequency of 210 Mc ia Tables 2, 3, and 4.
Par other center Orequencios similar comparisons were made and are shown
in Table 5. For each set of conditions, the readings are corrected to
give "1db relative to the effectiveness when the 'Rug' is operated. un-
swept". For narrow sweep excursion and wide-band receivers, it 4ppears
that the Jamming effectiveness is a little grenter for the swept case

than for the non-sweeping case. This seems to be due to the breaking kVp

of the clipping level of the noise, at a result of sweeping the Jamming
signal Into and out of the receiver pass-band. Howevar. for very wide
excursions (20 14o), the minim=u detectable signal using the "swept Rug"

was found to be only a little greater than that for thv receiver in the

absence nf jamming - - i.e., the jamming was almost totally ineffective.
The effect of receiver bandwidth (except for clipping effects - - see

Veference 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 sirnal is within the i-f passeband 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, minism excursion, and maximum

excursion at a center frenuoncy of about 140 Mo.

9. With large sweep excursions, the URM1" appears to be worthless for

the purpose of obscuring an echo. It could conceivably have some nuisance
valao, however. For smaller excursions, the advantage ef broadening the

outpxtr opectrum is largely lost. It thus becomes questionable as to
wltibher the added complioation entailed by the use of the frequency a,.,eep-

ing device Is worthwhile. It It suggested, however, that this problem
could be studied further.
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1. WuShips ltr to IL, C-A22.1(920-Db), C-920-?447. dated
19 July lp.5. requesting assignment of Protlem S1182.

2. ZL ltr to BuShips C-$667-5/RCK (701). Ser. 0-701-2965/45,
dated '5 July 1945, assigning Problem S1182T-C. Priority A-2.

3. 1ML Secret Report P.-2498, dated X8 July 19451 The Dependence
of the Iffeotivenes. of Clipped Nois. Jr-,"Irg 011 the Radar Receiver
Bandwidth.
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Power Output of We~pt A)APg:2 -Jaxmmer at Various 7rreo~incies
Center Frequencoy Total Sweep Excursion PO(vat~te) Condenser'(Mo) (Mo) coupled to

158 0 7 4 turn load-
158 ?7 in coils.
158 s3

300 0 14 1i furn
200 10 o coils
200 19 13

255 0 12 Ij turnI
255 10 17 ooils

350 0 15 straps
.350 22 9
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Total 7r'woency Excursion - 4 Mc
Center 7requency - 210 Mc
Power Output - 7~ Me

sweep Rate Receiver Band~width 2Zffectivelleus

5~ 1. 4

20 1.5 +44

5 .5 -7

20 .54

5 .2 -17
10 .2 -12
20 .2 -11
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Mfoeo.tvences of wet /A -2 Relative To XorI&.I
- " - .AN/AP0-20 Transmitter, ...

Total Frequency Zxcnrston - 10 Mo
Center Frequency - 210 No
Power Output - 7 Watts

Sweep Rate Receiver Bandwidth Effectivoneus
( 2 . (Mc) Q)

5 1.5 -12
10 1.5 -11
20 1.5 -1

5 .5 -. 19
10 .5 16
20 .6 -16

5 .2 G
10 .2 2'7
20 .2 -28
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Ugggctiveness gf Swegt 4g/a- ralnsmiltter6 Relative to-Normal
AN/A•qC2 Trangmitt eX

Total Sweep Excursion - 20 MH
Centor 7requency - 210 Ma
Power OUtplit - 7 watts

Sweep Rate Receiver Bandwidth Effectiveness Min. Det.
_Av m(M ) .( .- Signal of Rec.

5 1.5 -25 -39 db
10 1.6 - 19 -39 db
20 1.5 - 29 - 39 db

5 .5 - 33 - 41 db
10 .5 - 30 - 41 db
20 .5 - 35 - 41 db

5 .2 - 41 - 48 db
10 .2 - 40 - 48 db
20 .2 - 43 - 4 db

e
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TABLE V

ZfectV.eneGs Of SUIwt A&APO-2 TranemItter Relative to Normal

AJIAPc,-.2 At VariouA Ireraengies

(Operated against PDO Receiver)

Cete Jequenoy Sveep Zzo.IrsiorL Sweep 8pe fetvnu

350 20 16 - 24
350 20 5 - 15
350 10 16 - 10
350 10 5 - 9

204 20 16 - 10
204 20 5 - 5
204 3 16 - 3

Q43 5 0

146 20 16 -1
146 20 5 - 5
146 3 16 -
146 3 5 0
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