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| LONFIDENTIAL

»‘.:‘. :
The purpose of the AN/APQ-2 ("Rug") transmitter modifica- '.."».' 0
tion kit MX527/APQ-2 is to sweep the "Rug" center freguency G

from 5 to 20 Mc at a low rate. It was hoped that the jamming ,
bandwidth of the "Rug" would to considerably increased with no .

decrease in its effectiveness at any ones frequency. The results ! ;‘ _
given in this report indicate that the jamming effectiveness is ,xh '
doecreased by sweeping the transmitter output to such an extent BOd .
that the use of the swept signal is not justified. ,%%\._‘
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DUCTION

1. The purpose of the AN/APQ-2 modification kit MX527/APQ-2 was

to swesp the jJammer center frequency back and forth over a range of 10

to 20 Mc at & rate of a few cycles per second. Several preliminary
modification kits were received by this ladoratory to he tested. TFurther
tests than those reported here were considered inadvisabdble in viewof

the termination of the war. Work oa this problem was conducted under

the authorigzation of NRL Prodlem §1182T-C, in accordance with references
1l 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 jammer, (2) the setting-on-frequency problems might

not be simplified due to the wide frequuncy distridution of jemming power,
and (3) an increase in actual jamming effectiveness at aay spot in the
Jammed channel might not result due to the random displacement of the
indicator base line as the jauming carrier im swept dback and forth through
the receiver pass~band., In addition, teste were conducted to determine
the optimum combination of sweep excurcion width and swesp excursion rate
for maxioum jamming effectiveness against a radar system of specifisd band-
width. The effectiveness of the swept AN/APQ-2 in ull cases wus referred
to that of the same Jammer unsweépt.

3. The kit was designed to bo installed in the field. It consisted
of a small dbutterfly-type variable condenser driven by a 24-volt d-c
moton two sets of loading coils, tw short flexible straps for shorting
thewe loading ocoils, and two output plck-up loops. Plate 1 shows a

K photograph of the kit installed. When installed, the butterfly=-

- condenser is connected in shunt with the plate lines at the high im-
podance endu 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 1s sweepling and on the number of
platoes in the rotating condenser. At a central frequency of 230 Mo, the
excursion width can bo adjusted in stops btetween the limits of 3 and 20
Mc while at 350 Mc the width is adjustable between 10 amd 20 Mc. The
contral frequency, in turn, cen be sct anywhere tetween 150 and 350 Mc by
mnaking use of vurious combinations of loadinz colils and shorting straps,
The rate of exoureion 1s controllable over a rango of 6 to 15 sweeps pur
socond by adjustment of a rheostat in the armature of the J4-volt drive
motor.
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4. The tosts were conduocted in the laboratory using a simulated radar
system for the jammed "victim¥, The jammer was operated intd a water-
cooled load and a variable attenuator-proboe was ueed in the transmiusion
lino to piclk off a omall amount of its output cnergy for introduction into
the similated redar system. An artificilal echo signal to be Jammed was
supplied from a pulsed signal generator and feod to the receiver input

“ circult through & decoupling network, Then, in the prosence of jamming
tho echoes were decreased in strength until just visiblo on a type "A"
indicutor. The output of the pulsecd genxorator in db was then recorded
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and used as a measwre of jemming effectiveness. The signa) generator
reading for a given test wan taken both with the "Rug" operating normally
(not swept), and vith the MX527/APQ-2 attachment in operation (sweeping).
The measure of effectivencss given in the tadles of data which follow
the text is the difference in reading from the swept and unswept condi-
tion - £.0., the duta gives the relative jamming effectiveness for these
conditions., The details of the measuring technique are more fully de-
scrided in reference (3).

HESLIS

5. Various combinstions of sweep excursions and sweep frequendies were
tried and each compared with the "Rug" unswept.

6. Tabulated values of the jammer r=f power output are given in Table
1. At both ends of the frequency range the power droepped down for large
excursions of the frequency sweep., Typical power spectra are shown in
Plate 3.

7. The effectiveness was then measured for various sweep excursions,
sweep rates, and rsceiver bandwidths. The results ot thesy measurements
aro tabulated for a center frequency of 210 Mc ia Tables 2, 3, and 4.
Tor other center “requencics similar comparisons were made and are shown
in Table 5. For each set of conditions, the resadings are corrected to
give "db relative to the effectiveness when the '"Rug' is operated un-
ewept"., For narrow sweep excursion and wide-band reccivers, it appoars
that the jamming effoctiveness is a little grecter for the swept case
than for the non-sweeping case. This seems to be due to the breaking mp
of the olipping level of the nuise, ar a result of sweeping the Jemming
signal into and out of the receiver pass-band., Howevor, for vory wide
excursions (20 Mo), tho minimum detcctable signal using the "swept Rug"
was found to be only & little greator than that for thu recelver in the
abesnce of Jamming - - i.e., the jamming was almost totally ineffective,
The offect of receiver bandwidth {except for clipping effects - - soe
vofarence 3) scems to be that the docrease in offectivencss due to the
sweeping of the tranemitter is less for wider bandwidth, since for sucha
recoiver the signal 4s within the i-f ‘pass~band a groater portion of

the time,

8. A typical set of curves for the power-cutput spectra are shown in
Plate 3. These are given for no sweep, minimm excursion, and maxi mam
excursion at a center frequoncy of about 140 Mo,

BEQOMMENDAT IONS

9, With large sweep excursions, the "Rug" appears to bs worthless for

the purpose of obscuring an echo. It could conceivably have some nuleance

valun, however, IFor smaller excursions, the advantage of broadening the

output upeotrum is largely lost. It thus hecomes questionable as to

wholBer the sdded complintation entailed by the use of the frequency sweep-
_ing dovice is worthwhile. It ie suggested, however, that this prodlem

could be studied furthor.
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ZARLE I
Pover Output of Swept AN/APQ-2 Jammer at Various Fregyencies

Center Frequency Total Sweep Excursion Po(watts) Condenser
Mo (Mo) K coupled to
rlate line by
158 L 0 7 4 turn load~
188 H ? ing colls.
168 - i8 3
300 0 14 14 sum
200 10 18 colils
200 19 13
255 o 12 1§ turn
356 10 17 colls
350 0 15 straps
350 22 9
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Total Frequency Excursion - 4 Mc

Center Frequency - 210 Mc
Power Output - 7 Me
Sweep Rate Receiver Bandwidth Effectiveness

: ) {g)

5 1.6 41
10 1.5 43
30 105 * 4

5 b -7
10 N7 -4
20 N -4

5 02 - 17
20 .2 - 11
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Sweep Rate

Total Frequensy Excursion - 10 Me
Oenter Frequency
Fower Output
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- 7 Watts
Receiver Bandwidth Bffectivencus
(Mg) (4p).
1.5 - 12
1.5 - 11
105 ol 11
.5 - 19
05 - 16
.5 - 16
'2 - 50
02 - 27
.3 - 28
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Total Sweep Excursion - 20 Me
Centor Frequency - 210 Mo
FPower Output - 7 Watts
Sweep Rate Reeceiver Bandwidth Effectiveness Min. Det.
(Me) (dr) Signal of Rec.
5 1.5 - 2B - 39 db
10 1.5 - 19 - 39 db
20 1.5 - 29 - 39 4d
B o6 -~ 33 - 41 4db
10 N - 20 - 41 4d
20 5 ~ 3B - 41 db
5 o2 - 41 - 48 dd
10 R - 40 - 48 4d
20 .2 - 43 - 43 db
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(Operated against RDO Receiver) '%“4;
Sete
Center Frequency Sweep Excursion Sweep Speed Effectiweness K ‘f;»
(Mo (Mo) _(pe) (dn) N,
350 20 16 - 2 e
350 20 6 - 15 AN
350 10 16 - 10 52
3 6 - 9 .-
? ¥ g
204 20 16 - 10 T
204 20 8 - 5 v gy &
204 3 16 - 3 . \i‘- .
204 3 ) 0 b :
:: “. - .
4
146 20 16 ~ 11 b3y
146 30 5 - b —
146 3 16 - 1 Moy
148 3 5 0] N
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