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ABSTRACT

The AN/UPT-T3 is a training jammer designed to
similate electronic jamming on S-band radars, The equipment
‘delivers an RF signal to a small antenna which is placed in
the beam of and pointed at the radar antenna, It should be
used only in the immediatc vicinity of the vietim radar,
Mocdulation by several sine wave frequencics or by noisc may
be applied to the tunable RF oscillator to simulate the
various types of countermeasures. The device may be used
in the study of the effect of electronic jamming on con-
temporery S-band radors, such as the SG and the lMark 8. It
may also be employed tc acquaint radar operators with thesc
countermeasures and to train thcm in the technique of mini-
mizing the effects of such jamming. This report describes
the design, operstion, and perforionce of this equipment,
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6. Design of a low power triode oscillator for this ap-
plication and development of the modulator circuits around an
existing cscillator were begun. 4 pilot model was constructed
at NRL with its modulator giving 60 cycle, 10 kec., 50 ke.,

200 ke., or 350 ke, sine wave, or noise, at 50 percent or

1C0 percent modulation. Provision was alsc made for running
CW, overmodulating with the sine waves, and for superimposing
60 cycles on the sine wave and noisec moduletions., It was
demonstrated that the pilot model could be opersted success-
fully against contenporary S-band radars.

GENERAL DESCRIPTION OF THE AN/UPT-T3

7. A pre-producticn model of the AN/UPT-T3, using the
oscillator designed expressly. for service in this equipment
was menufactured by Harvey Radic Leboratories, Inc.,, from the
pllot model described azbove. It consists of the generator
unit, an antenns, 25 fect. of RG-8/U cable, ten fest of line
cord, and csrrying cases for the above, The equipment, less
carrying cases, is shown as connected for use in Plate 1.

(The head set shown in this plate will not be furnished with
the equipment.) The gencrator unit alone, with dust cover re-
moved, is shown in Plate Z2..

8. The equipment operstes from the 110 volt, 60 cycle
line and consumes 150 watts. The size of the generator unit
is 12" x 12" x 18", and its weight 67 pounds, The character-
istics and performance of the pre-production medel closely
approximate those cof ‘the finel production mcdel.

9. The main controls are: (See Plates 1 and 5)

(2) (8-2) The four position modulation selecting switch
by which C¥, noise, sinc wave, or overmodulated sine wave
opcration may be selected. .

(b) (8~5) The 60 cycle modulation switch,

(c) (8~1) The four position sine wave frequendy switch,
for selecting frequencies of 10 ke., 50 ke., 200 ke., or 350 ke,

(d) (S-3) The two position percentage modulstion switch
for choosing between 50 percent and 100 percent meduleticn.

(e) (5-4) The oscillator meter circuit switch, through
which the meter may be caused to read grid current, plate
current, or plate voltege.

(£) (S~6 and S=7) The twu power circuit switches,

(g) (A) The oscillatcr tuning centrol,
— .
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(h) -(B) The attcnuator and output conncctor,

(i) (R-34 and J-1) The listen through device gain cone
trol and hoadsct jeck. A nane plate will be furnished on the
final production model, shcowing the funetion of each control,

- OSCILLATOR

10, From the ecarly 1nvcst15atlﬂns it was cuncludcd that
for antenna separations under 100 fect, powers of the order of
1/2 millivatt at an LZ antenne (gain cbout 12 db,) arc adequate.
To dcliver this power through seventy five fect of RG-8/U cable,
the oseillstor should have an output cof abeut 50 milliwatts. It
wes recognized that the equipment should be sturdy, stable in

power and frequency, simple o cperate, small, and light. Since
" the cherecteristics of the two cavity tricde circuit recommended
it on 2ll of these points, it was selceted for use in this
equipment.,

1. The cathcde-grid line. is "fclded brck! over the platee
grid line, as mry be seen ih the cnelescd drawing of the AF
circuit (platc 3). Both cevitiaes are tuned with pistens acti-
vated by a screw drive mechanisc and the nitches of the drive
screws zre sc relsted »s to malke the two pistons track over the
tuning ranges of the eircuit. A sliding clutch arrengment, rc-
lerscd by pulling out the tuning kneb, permits trimming the
cathode piston adjustment with respect to that ¢f the plate. A
seriecs of interlocldnz washers between the two mcvements limits
the amount of possible reset displaceucent and thereby prevents
the possibility cof operatcr cenfusion es 2 rosult of inedvertente
1y detuning the cathcde circuit a considershle amount.

.12, Frorm the drewing of the RF circuit- shown in Plate 3

it may be secn that the cethode piston is mede up of two sceetions
insulsted from each cther. WTach secticn contacts one ccnductor
¢f the corxial line in which it appears. Cepreity provides low
RF irmed®nce ncrzss the bekk of the riston, while rermitting the
DC insulrtion necessary for develeping bias. The plate circuit
is tuncd by a plunger with broad band RF chokes at its inner cir-
cunfarence, Tho chokes serve the sane purposc as the capreity in
the cathode pisten, and elsc permit oporation of the piston in a
regicn closer to the tube then would be pcssible with the cepacity
type. To prevent tho cavity behind the plete piston from reflec~
ting undesirable inpedences through the chokes, n traveling baffle
plate is provid:d. This plete divides the portlon of the cevity
. behind the piston intos tws sectiocns, and nrovents unfaverable
rgflcctimns'which would ctherwise result. Fecdbeck coupling is
effactoed by nmcans of o loop coupled tightly to the plate cavity,
and termineted in e enpacity ecoupling to the crnthode circuit.

The degree of couplinz thus intrsduced proves ndequate for the
type 2040 tube, snd does nct require ~djustment, The output
probe, which cxtends intc the plate cavity, is not shewn in the
encloscd drawing.

- .
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13. The ocutput of 2y aversge tube in this circuit is
about 50 milliwatts ot 9 centimeters, increasing to 100-150
milliwatts at the lower fregquencies. The osut-ut lavel for a
fixed frequency varies with the input to the coscillator from
the unregulated 30C volt nower supply. These variaticns have
nct been noticeable in any of the operesticnsl tests to which
the equipment hes been subjected.

14. Frequently a2 new tube wmay be substituted in the cir-
cuit withcut requiring any adjustment., Oceasionally some trim-
ming of the scmi-permrnent sdjustments, such as the input veoltege
and the piston positionings, is neecessary when tubes arc chenged.

ATTERUATOR
15. Since the treining jaumer is tightly coupled tc the

rader in acturl use, sn attenuator is rneeded in the RF circuit
tc freilitate sirmletion of merginel jamming, It is not neces-
sery that the attenustcr be lincar, or even that it be calibra-
ted. However, it should previde continuous adjustment of at-
tcnuation, and heve lew mdnirmum insertion loss.

16. A copacity type attenuator is used with this equipment.,
It consists of a2 fixed and o icverble scetion of the central con-
ductor of 2 coexinl lins, The cne scetion is moved by means cf
a screw adjustment on the front renel, and mey be adjusted to
actuslly contact the fixed portion of the central conductor.

The ~ttenustion incre=scs from » ainimum veluc as the movecble
probe is withdrevm from this position. \

17. The discontinuity produced in the line when the move-
ablc probe is withdrawn gives rise to reflections. & resistive
disc, inscrted in the line between the oscillator and the attenu=~
ater, demps undesirable rcflections to the pcint where serious
effceect on the performance of the oscillator is avoided. This
produces 2 minirun irserticn luss for the attenuator of abcut

3 db, )

18. The attenuator, azs prouvided on the equipment, permits
adjusting the cutnut from abuout half the cutput power of the
oscillator tc a2 level which cruscs cssentially no disturbence
on the victim redar screen. at ne ~djustment cf the attenuator
is the oscillation :f the RF gonerater seriocusly impaired.

ANTEINA

19. . Weiving the requirerment for remote operativn made it
possible to perfsrn 21l necessary functions with one antenna.
Since the avznileble RF power is cdequate, even with low gain
antennas, an antenna beam sufficiently wide to 2llow inaccuracies
in pcinting is perzissible. Thus 2 sm=ll, ruzged, wide-bend
rediater with a widc Leam width in both pelerizations wes nceded
fer the equipment. :
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20. To mect these requirements, an S-bend. hern, 7" x 8"

x 10", is previded. 4 1/8" pclystyrene window is clanpud across
the aperturc and sealed with a rubber gesket. 4 nrobe feed,
operating into a type N fitting provides the ncecessary coax to
wave guide transition. 4 block containing four tapped holes

is sccured to the waveguide to allow attachment of any mounting
device which mry bc desired.

21, The standing weve ratic (voltage) of the antonna veries
frem 1.0 to 2,0 2cross the bend from nine to eleven centimeters,
The highest reflecction encountered does not interfere with the
opcrotion of the oscillator, even when connected directly to it,
and ordinarily et lcast four db, of ceble will isclate the two
corpenents. The amcunt of power reflocted is less than 15% in
21l cases,

S22, The orientation of the antenna is changed to effect
different polarizations, Its beswm width is °pprﬂximpt ly 30
degrees for both polarizaticns, and its grin ~bout 16 db,

L

LODUL:.TOR

23, The tyses of modulation requested aro meise sand high
frequency sinc wavc, with orovision for supcerinposing 6C cycle
sinc wave con eithcr. It should be pessible to cperate at 50
percent or 100 percent meduleticn with any coibination.  The
preblern (as modified) 2lsc roouests Lve ractulation with the high
frequency sine waves.

C 24, A Hertloy oscill~tsr is used os a sinc weve genyrﬁtﬁr.
A& four position switch (S-1) selcets the orouper resonsnt cir-
cuit fcr 10 ke., 50 keco, 20C lc,, <r 350 %c. cscillaticn, With
2 VR-150 tube used tc regnlrte the plsate and screen volteges,
the output ronrins cssentially constant for these fregquencies,
The oscillator operstes intc 2 6V6 cathude follower. A4 semi-
permanent adjustment of the pereentnge sine wave rodulation is
rrovidad in the potenticometer appesring as o portion of the out-
put circuit of this cathede follower.

25, Noise is genersted by an 884 gns tube, and saplified
by 2 6V6. The coils, L-4 ~nd L-3, in the »late circuits of the
884 ~nd 6V6 respectivcly are used to incrense the high frequency
output of the circuit by tending to neutralize the shunt cepa-
city in the tubes and other parts of the circuit. The band width
of this ncisc gencrﬂtpr is about 1.5 megecycles. Percentage
modulnation is adjusted by means of a petontionetor in the plate
circuit of the 6Vé ewplifier,

26, The AF oscilletcr is platc modulsted by two parallel
6V6 tubss, 4 switch (S-2) selects excitetion for the modulator
fren cne of the two gencrators menticned, or removes all excita-
tion, permitting the 2F oscillator tc cpecrate TH.  Owver modula-
tion with sine Waves is cffected by driving the modulator with
the full sine wave output of the cathode follower mentioned in

paragraph 24.
Ny . | | 2
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27, The sccendary of the 60 eycle medulation transformer
is connected in scrics with the DC plate voliage circuit of the
AF oseillator., Excitatien of the princry ot this tronsformer
from the power socurce thus intreduces the required 60 cycle
modulation. 4 variable resistor in the primary of this trans-
foreer preovides sdjustment of the pyrcont*gc 60 cycle medulation,

_and = switch (8-5) 1n the same circuit is uscd to turn it on »r
off.,

28. Sine wave ~nd noise cxcitations for the modulator ap-~
pear across a tapped resistor, Tre percentage mcdulation switch
(5-3) in tho 100 percent position comnects the grids of the
nodulrtor ccross the complete resistence, and in the 50 percent
position ~cross just hnlf of it. Another secticn of the sane
switch chenges the voltape across the primesry of the 60 cycle
modulaticn trensformer.

27, Si- s from the vietin redzr picked up in the
AE/UPT-T3 -..t~—r -ppenr in the platc-grid covity of the RF
cseillator. The feced back circuit couples these signals to the
-cathode-grid esvity <f the 0501llﬂtcr, and the pulses of the
radar sprenr as detected signnls on the grid-of the oscillator
tube. The asplitude of thesc sipnals incresnses as the cscillator
is tuncd to the frequency of the victim rader. Too oric civeuill
cf tils cscillator is usced te excite 2 two stege ~udic amplificr
cperating into o headset. It is possible to set the jromrer
frecuency to opnrox l!“ty;J that of the radsr by tuning for maxi-
mu strength 51gnml in the phenes, sincs the tuning eircuit fer
this listen through receiver is the platc circuit of the oseillz-
tor itsclf.

30, W'th the four controls it is pessible to apply 50 per-
cent, 100 percent cr eshout 500 percent modulntion by 10 ke.,

50 ke., 200 ke., cr 350G kec. sine wrve, 50 percont or 1C0 percent
noise modulrtion, or 60 cyele modul=tion combincd with zny of
thic othor tynes mentioned except cvermodul-tion, It is also
nessihle, Dy meens of the sbttlnﬁ-nn device, to adjust the fre~
queney of the jammer to sapproximatcely that of uhe victim rréer,
& eonplete 01rcu1t Aingren of the modulator, power supnlics, and
listen thr.ugh device is shown in Flate 5.

OPERATION

31. The AN/UPT-T: ..:.pment is connccted for usc &s shown
in Plate 1, The nntenna should be mounted in the beam of the
victim rodar sntennn, 2nd pointed et the latter. The transmitter
operates satisfrctzrily if less than seventy five feet cof 36-8/U
cable is used tc connect to its antenne, and the separation be-
twecen enbennss is less than 100 feset. The effccts of the equip~
ment on the i secye of an SF radar arc shown in figures 1, 2, =nd
3 of Plate 4. The ncdulatizns used are 100 percent noisc, 100 per- -
cent 350 kec. sire weve, and covermeduleted 350 ke. sine wave re-
spectively. Figure four shows the traoce in the ebsenee of jerming,
The redrr gein eontrol was left in the smme position for all of
these vhotographs.

S | .
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When it is desired to remove the Jemming offoet, it
has been found edviseble to detunie the jasning oseillator or
disconnect it from the ~ntenna, rethor then shut down the power
supply, The slight drift in frequency immedistely follcwing
the applicaticn of plete voltasc is thus avoided.

33. The pre-pr~duction nwdel has becn used under field
conditions at NIL against the SE, SG, =nd }ark 8 radars. L. 211
“ tests over fifty fect of cable wWas used betwean the tracsnitter
and the antenne of the AN/UPT-T3, and its antenna was mcunted
10C feet frem that of the victim radar, All except the strongest
signels werc cbscured in 211 cases,

CONCLUSICNS ~

34, The AN/UPT-T3 adequately mects the requirsments of the
subject problem as modified, in respect to modulation, tuning
range, power output, easc of opcratiocn, size, snd overall
perforaance. .

35. » Preliminary tests indicste that satisfactory performance
ageinst Nayy S-band raders may be exrected with a mininum of
installation end uperaticn difficulty.

RECOLI-END..TICHS

36- .

The N/UPT-T3 is recommended for use in the immediate
vicinity of the victim reder ¢nly. The AF power is not adequate
for cperetion over long distences:
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