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·~ork on anti-j"U'O circuits fo_r radar receivers has been in progrPr.c 
at this labor'ltory since 1941. Many types of circuits have bPnn tri@d 
2nd di "~ara Pr!. h""ce'''"" of beinp- i:Z--'l""'lcticel or b""ca.use of having unde­
sirable ch~r~cteristics which offset the a.j. adva'!'ltag0 s offered. Tbo 
princi,!'8 1 a. j. features v:hich have b"cn experimentally provery·a.re now 
bcillP incorporAted in current receiver design arc: 

l. IF rej~ction filters. 

2. Lo~ frPquAncy deeeneration in the e~rlier IF ste?e~. 

3. Anm~ified. back biasing in last IF stag ... ~. 

4, l3al •meed video. 

Mot-t o:f th<> yrork to c'll'lte ha.., be,..n nith Type A presentation since the 
inrer"~t rP~olution of tre A scope is in itself an a.j. fen+ure (~a 
cl"lr"'nr~d to -1). Hor ... ver thP m'in t=>-..phasis in a.j. ~r1- no'!"" will 
be ap":)~ i od to PPI prC"Pntation. PresP'l'lt circuits ( · .. hen used ,Ii th thir> 
A scop0 ) nill be found quite effective against any type jamming sig­
nal -hich thP e-rney rt'l"" uo"'d up to the preGent. Except by rPduction 
of reeeiver ~Pndwidth or c~~nre of rndar freq~Pncy a.j. against a 
truly r~'l'V1om noi~o j£~=ing ai"Tlal is impossible since any mPchani~m 
for acco~li~riru>~ this would be u~cd primarily to imorove th~ sicnal 
to noi~n rntio of thn TPCCiver. 

Tb"' firot rad.c'lr a.nti-j~'11mi.ng nor~ at ?Iri.val Rese"rch Laboratorv 
starte~ in J·,ly 1q41 afte-r it had bPcor~ evident that prc"ent radar 
syste~~ could be e~sily jCJl"MP~ with almost any type of radiation on 
the r~nar frP.q·ency. Since radar systor?JJ as a whole are iqflc~ible 
es to froque~cv of OTY'rqtion bccau~e of complicated antcnn8 arr~o 
which rill o~e~ate over only a narrow frequency band and beca\We of 
iI:Ultiple tube tran~~,tters ~nich aro difficult to :r.nYe pq"ily tunable, 
work was ~tqrted to r~duce the vulnerability of rad.Ar receivers to 
jamming airnals. It wQq rn"li-nd that any rOCPiVillP systnm could be 
jammed but the TO'rk wa~ initiat!"d to de"i'"'ll receivers r~ich ~ould bo 
lenn e"~ily jemnPd with the ulti:::::i.tc hope that receivero could Pvnn­
tually be deoigned .,,hi ch rould m.,-.ko j<mmine ir--or<=Jctical., or a.t least 
much less effective. 

An P~'l'lli..,"11tion of the frecp1~..,cy spect::-um of ~ ran<>r puloe show" 
an enerty distribution upre~lillP' out cnch side of the co.rricr froourncy 
to a conoiderablo extent, the cxnct PXt~nt depc.'ldine on the puloo 
~~~pe nnd the pulce l~..,vth. ~or a r~~rch rodar puls of 5 ~icro~Pcondo 
: ,& la.,."1ih th~ bnnd is t\:rrproxi1'!""tal..,. I:. 200 kc. Since this ~n"'-rry s"Orn1'd 
is ~orP or lc-rn uniforl"' it is P9"",..ib:n to eli-'in:-~• intcrfe-rrnce v-hich 
fall q in only :psu-t of tho band a:od paPu the -r>•lloe side bnnd e.norp.;y 
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outside the interfere~ce 'btmd with r.,ore or loss pulse attenuation de­
pending on the extent of the interference bru:i.d. 

I:t two 1':requenciea arn imor1tu■ed on a non-lineAr device ruch oa 
a detoctor or a converter tube new frequencies are goneratod equal 
to the oum and diff'erence of the originnl. frequeneieo. ~c new aum 
or difference frequency can then be m::plified without amplifyin.o; 
the original :frequencies. Thia phenomena makes possible the reJeo­
tion of ~trong interference which can be eliminated in a detActor 
or converter tube, only the beat frequenciea between the pulse sig­
nal and interference then b~i~ amplified. 

Pulse echoea are etation.'117 on a radar indicator oseillograph" 
due to the sweep of the oscillograph bel\m being s;ynchronized with 
the outgoing pulse from the radar tranami tter. Pulsing intPrlorence 
is usually non-synchronous and conoiota o:t "Ghost" puls~n floating 
acrooa the o~cillograph screen. If the cathode ray tube io 1nstan.­
taneoualy b" n.nked when such a signal is received the 11ghost11 will 
disappear. However if the time betw-een these "ghost" puloes is groat 
enough for the receiver to recover oenoitivity the normal ochoeu which 
are not blanked will appear as before. 

Kethode of making use of the interference rejection avnilabie 
because of the phenomena of trecpmey band spread of the rndar 1;>ulee 
eignal, of heterodyning interfering signal nnd p"lllac nir.,nl~ ,md of 
oacillogra.-ph blanking in the presence of nonsynchronoua ru1se type 
interference have been investigated and ci~cui te have been d volol',.d 
which have mo.terially improved the anti-jam properties of ref:J\l' re­
ceivers. 

C. EillLY AJ EXPERillENTS AND BESULTS. 

1. Considerable Cil interference was encoimtered during labor­
atory teats of radar 1:ystems. This brought hom the :fact that rnd"-1" 
reeeiTera cou1d be easily jamned. The first expedient t~ken to re­
duce the eftecta of Ci jamming was to couple tho filV'..J. detector of 
the receiver to the first video amplifier grid 'by meano of a bloc~1ng 
condenser. Thia eliminated blockin& ot the video er.")li ner cnused 
by rectified DC from the detector biasin« the video grid o'f the 
operatillg characteristics of the tube. Thia method of C':7 elitlination 
was carried ao far as practicable b7 increaaing vidf'o a1""Dlifier min 
and decreasing IJ' aq,lifier gain to a point where IF overlonding waa 
del~ed considerabl7. The Ultimate limit for thio aimplf\ "C°h~,...~ is 
determined b7 the necessary sic:naJ. required at the 2nd -detc~tor to 
give useable output in the ab~t'lllce of a CW Jommine; oignal. ~is 
method of CW elimination is automatic. requiring little. if aey. r&­
ceiver relidjustment in the presence of interference. 'n-e dynamic 
range (ratio of interferi~ Ct1 oi{.118,l voltage to the :ninimum deteo­
table pulse voltage) can be increased with a minit:.U:':! o:f complications 
from about 10 for a recei•er id th direct conpled second detector to 
about 1000 for a high video gain receiver. 
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The dynamic range of such a system can be increa~ed even further 
by means of two gain controls, one on the IF an:plifier and on~ on the 
video amplifier. If ample reserve of gain is available in each rur,. 
plifier and ample t;ain control possible the dynamic ranse a~.inst CW 
can be increased as much as desired, beill€ finally limited to the 
value at which the first IF amplifier tube is overloaded by the i~ 
terference. .Dynamic ranges of 1,000,000 against CVJ are obtainable 
in this manner. A system such as this, however, require~ continuous 
variation of two gain controls as the interfering signal level varies, 
resulting in an amcward operational handicap. In addition to tho 
operational handicap, design of video amplifiers ~ith a.gain of 1,000,000 
which are suitable for radar use is very difficult. 

A modifica.tion of this method .re.s tested which hAd a dynamic -r-nnge 
of greater than 100,000 against CU interference. This system used 
parallel IF and video channels with equal gain, cross connected witr 
side detectors to give automatic control of IF and video gain. Ao 
the en· interference level increased, blocking the later IF stager,, 
side ~etectors ahead of the blocked IF stages fed signal into the vidoo 
amplifier at ~hi ch point the interference ~as eliminated and the oi~nnl 
was amplified to the desired output level. This system ~~s further 
CTOdifien in its final form so that the final detector fed back through 
an attenuator to the video amplifier ~ith the earlier side detectors 
coupled in at an appr~priate point on the att~nuator to give equal out­
put rep-a.rdless of which detector tube was in operation. Although c­
was elimina tecl. i:n this fashion the difficulty of video o.mplifier do­
sign v-hich wo,ud eive a sufficiently short recovery timo fro~ the 
transmitted -pulse combined with the vulnerability to modulated inter­
ference stopped additional effort on this systC!ll. 

2. The idea was conceived of making use of the interference as 
the heterodyne oscillator, thereby parsing tho boats botwoon the in­
terference ond the desired echo pulses and. eliminating the interfer­
ence energy at the first converter of the receiver. The.IF amplifier 
would be no designed that it would pass the hieh frequenr:y video con>­
ponents of the pulse and the higher frequency beato between the in­
terference and the pulse. In this manner C'."i, AM, or Hi with rnoduJa­
tion fre42nciea below or above the frequency pass bame'of the IF ould 
be eliminated. Several receivers of this type ~ere dooired and con­
structed. The~e used a zero beat converter followed by a high gnin 
differentiating video amplifier (loq frequency IF amplifier) in turn 
folloTTcd by a DC restorer and filter for reforming the pul~e. 

In operation, two methods of interference rejection were possible 
with this type of receiver. c-;1 of low modulation rate MC'J could be 
eliminAted by retuning the local oscillator to exact 7-Cro beat with 
the interference. ill of the DC and low frequancy modulation compo­
nents of the interference were eliminated becaw:ie the~ fell outoide 
the rernonse btUld of the IF amplifier. This allowod the higher fr► 
quency components of the pulse signal to come throU{;h tha amplifier 
without attenuation. The second method of interference rejection 
con~isted in siMply switching off the receiver local o~cillator and 
uninp the interferill€ signn.J. ae the hetero~e o~cillator. ~~ aa 
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well as .AM and cw. could be eliminated in this fashion . 

However , for search radar applications where pulse lengths of four 
to twenty microseconds were used it was found to be impossible to de­
sign a differentiatine video amplifier with the necessary high ge,in 
which would give sufficient pulse response and at the same time have 
a short enough recovery time from the transmitted pulse for short min­
imum range. For example, a receiver of this type designed for operar­
tion with a four microsecond transmitted pulse required 25 microseconds 
for recovery from the transmitted sie,nal, corresponding to a minimum 
range of two nautical miles. In addition, because of the slow recovery 
time of the runplifier circuits, railing and other types of interference 
with high frequency modulation components caused more damage ·than in 
normal receiver circnits. 

For use with very short pulses a zoro-beat conversion receiver in 
quite practical an~ ~ecovery times in tho order of a few microseconds 
are posiibl "'• Bot-h design and operation of a receiver of this typo is 
relatively simple and many types of interference can be easily elimi­
nated. Experiments were roade with double superheterodynes and dual IF 
receivers making use of zero- beat conversion for interference rejection 
but none of them proved to be practical because of the impossibility 
of obtaining short recovery time in the high gain differentiating video 
amplifiers . 

3. The next receiver was developed with the idea of making Wle 
of the good features of the zero beat receiver s.nd yet of eliminating 
as many of the disadvcnta5es as possible. 

A double superheterodyne was decided on which had a relatively 
high frequency first IF with amplified AVC to prevent ove1·loading by 
interference, followed by a seeo?1d: converter and a one Mc '.tY1'ltl'1ch 
made possible , under some conditions, using the interference as the 
heterodyne oscillator. Tunable rejection filters were placed at the 
input to the 1 Mc IF amplifier for rejection of any desired narrow 
band of frequencies in the normal pass band of the amplifier. A bal­
anced detector- video amplifier was incorporated for blanking of signals 
above a controllable amplitude. CW, FM or AM with modulation rates up 
to 500 Kc. could be rejected by using the interference as the heterodyne 
oscillator . CW exactly at zero beat which could not be used as the 
heterodvne o~cillator could be eliminated by means of r~jection filters 
provia.ect. 

The dynamic range of this receiver was in the region of 50, 000 to 
5,000 for the types of interference mentioned. 

The obJection to this system was that highly skilled operators 
would be required for its operation and the time needed to anti-jam 
under some conditions would be quite long since eight to twelve control 
knobs were necessary to make use of the features provided. 

It. Experiments were conducted with balencing circuits in various 
parts of a receiver with the idea of balancing strong signals to zero 
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output rl thout affecting weaker si <"T\als. 

Teots were made on ~le.need Ir amplifier circuits -:,,111ch b<>le.nccd 
the IF components directly by means of push-rull grid parollcl plate 
circuits in 10ich one char.nel op~rated ~t low bi~s and other chrinn~l 
operated at high bias. In thia fashion strong signals would P"Do throll{'h 
each channel and cancel in the output circuit but calc si "'!lals -ri th r"tl­
dom phese relationahipc to tho interference would pnso thro""h one cr,umol 
only. Succes~ful acrplifiors of this type ...-ere constructed at 1 Mc., 
3 Kc., and 15 Mc., and a dynrunic range of about 20 v:as .,.e,!lli .,.od in ono 
stage. The action ot thio circuit tiao depmldent on amolitune difff'ronre!l 
only and 17a8 independent of side band frequency compononto rilich r-s a 
veey desirable f~r.ture. HoWftVer, the operation of thio circuit woo qµite 
critical and accur~te phase control for good interference cancell~tion wa 
extremely difficult. ilthough single stages operat~d oatiGfactorily C1\S­

caded amplifiers of this type proved to be ii::proctical • 

.1 modification of the belanced IF acplifior v:hich balanced the rec­
tified component of the interference 8{".0inst the IF cot::"'>onent appCl'\red 
to be th~ most satisfactory compromine. The IF components of the inter­
ference were reduced to a value rllich never drove the IF ~,.....,lifier grids 
poeitiTe by merely feeding back ~~oUR,h of the rectified output to al~o_yo 
maintain the szr.plitier tubeo in the ne~ative grid region. By slightly 
delaying the time of the feedbnck voltape the hi,,.her frequency beats b&­
tween the interference and the desired puloe were not fod back in phase 
so these echo bents were passed by the m:;plifier at the pnak Gm point 
on the crest of the interfering r1ves. A short ti~ const'\llt in the 
biasi~ bac~ circuit allowf'ld operation thr~ fairly high modulation 
frequencies either AK or J'M. For very hi&h I!lOdulation rateo a long 
time conutant could be nwi tched in thereby allol!Jing the biao vol ta"'o 
on the amplifiers to build up to a peak v~lue equal to the p~nk modul&-­
tion le't'el of the interference. In thio .,,,~ the echo v-~uld only be seen 
when it ,ea ph~sed properly with the interference ao that it rode on top 
of a IOOdulation peak of tho interf'erence. 

In the type CG-46.ACQ, receiver designed a■ a replacomAnt in the SC 
aeries radars it haa been found that the ohort or m~iu::i ti~~ constant 
position of the feedback circuit will prevent amr.>lifier ov,,rload with 
modulation rates up to about 50 Kc at which point it is preferable to 
nitch to the long time constant and to wrk on the modulation pcako 
rather than to try to foll~w the modulation. 

Detailo of the actual biasi~ bt\Ck circuits for provention of over­
load and for auppreooion of interference modulation will be discussed 
later. 

Pal.1ing interference with frequency componento cimila.r to those 
in the radar pulse are not apprcciabl~ discriminated arainst in the 
biasing back circuit■• For rejection of interference of this tY}'e. 
particularl7 _for P?I preaentation or pip etching preoentation where 
relative pe~k voltage ratio of signBl to interference is of utmost im­
portance, the brlanced video amplifier woe develop~d. Thie dovice has 
a manual control which r.n.kee po~oible inverting the polarity of pulocs 
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above a desired amplitude without inverting ws'lker pulse signnlo , In 
thia ~ normal echoes will appear with positive output ~honng e brir.ht 
cpot or arc on a PPI screen while stronger pulses will drive noeative 
and give very little output indication~ It io poosible wi t r thio circuit 
to make weak puleeo show indications above any i~dicutions resulting from 
stronger pulse,. The balanced Tideo circuit operates in th" followinr 
fashion: Two diodes are used as final detectors. one rectifying the 
positi~e half waves of the IF and the other the nee~tive half wavco. The 
negative output is coupled to the grid of a video amplifier tube ~hich 
ia biased for claas.;. operation. The pooitivo output io coupled to tho 
grid of a video amplifier which is biased for class B or close C opern.-­
tion. The outputs of the two video tubes are connected in parallel. The 
class A amplifier passes all si€?Wls, but the class ·C ampliflor passes 
strong signals onl7. In this manner strong signals caneel at the output 
but weak signal.a pass through one channel -only .md give positive output 
without attenuation. By means of a bias control or a sa,in control on 
the class C channel all signals above some desired level c!'ln be i::iade to 
cancel or drive negative which givets no indication on a P.PI oco-pe or o. 
pip matching scope. 

5. Uide band random noise modulated interference cannot be effeo­
tivel7 eliminated by means of rejection filtero, biasing back circuits 
or balanced video amplifiers. Improving signal to noise ratio in the 
receiver when the noise in question is from an external source and is 
appreciabl7 higher than the inherent receiver noioe appears to be im­
pcaaible without reducing reeeiver bandwidth. Improvement in Dif;IlB.l to 
noise ratio obtained by means of integration, feedback thro'Q,'.""h delay 
lines, etc., is a method of reducing bandwidth without requiring in.­
creased pulse length. The maxiICW:1 improvem?.nt in signal to noiao ro.tio 
obtainable by post detector integration (which seems to be the only 
:practical way of doing it at the present tioe) appears to be between 
3 and 10 db., and such equipment has not as yet been developed to- a. 
stage practical for incorporation in a radar receiver. 

However, an appreciable improvement in signal to noise ratio can 
be accomplished if definition can be sacrificed ( as it often . can be in 
a search radar) by' narrowing the receiver bandwidih and increasing the 
transmitter pulse length. A practical improvement of 15 db can be ac­
complished in a radar system if the receiver bandwidth is decreased by 
4o:1 and the pule• length is increased a oimilar amount. Particularly 
in a multi-purpose radar which must have good definition for ohort range 
1'C>Z'k but also must be capable of good sensitivity for eo.rly -rorning on 
improvement of 15 db is valuable. l'his improvement in .... sicnal to noise 
ratio would result in a 60',6 increase in radar range against aircraft. 
Variable bandwidth and variable pulne length is being incorporated in 
the XBJI { S.R) radar system in the process of development o.t tbe Naval 
Research Laborato17. · 

D. PRESENT STATE OP' RAil&R ilJ AT NAVAL RES~CH IA.BOliTORY. 

1. -Anti-jam circuits of various types have been mentionPd. 'lbc 
CG-461.CQ anti-jam receiver was developed at Naval Research L~boratory 
to replace e:rlating SC, SC-1, SC-21 and SE ra4a.r receivers. 17':lis receiver 
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rn.-iltas us0 of th.J most pre.cticc:.l of th.., &J circuits 1cv.)stii·c.t.:)d f,nd con­
taina the followinp- gan~rci featur.:ls: 

F-requ-.;ncy band 175 to 225 .~c. 
Ov . rall r..:lc~iv..:ir b~ndwidth 300 Kc. 
Sansitivity 6 db. 
RF &IIPlifi~r - 2 st&g0 usi~c GL 446 tubes. 
Conv..:irter GL 446 
Local oscillator GL 446. 
IF fr.Jquency 15 l✓.c . 

If timplifier 5 stages using ~c7. 
AVC 6AJ;.7. 
~.:itector 6H6. 
Balanced viddO 2 - 6AG7. 
~otal nu::ibur of tubes 13. 
(S~e Plat~ 2 for photogrc.phs nnd pln.t<l 5 for ',1irin~ diogr"""TI). 

a. Two IF r~j.;:ction fil t0rs .-:r~ tu.-wble individ~lly ov..ir the 
I? band. I'h0s~ roj~ct a v.Jry narrow band of fr.Jqu..::nci ,_.., oo that a pulso 
s1~1 ce.n ba :passed duo to the sid.J band fr0qt..,.mcie~ pros.:int "hilc nn 
int-:?rfcri:1g sip;nal ·-1 thout sidu bands (cw} or v:i th only lo'"' frl"qur-,1cy side 
h~ndo (~duk.tion frcqu,mci -.. s roughly b.:ilow 1000 cycl..:s T'i thout l'-Pnr .3cinblo 
Fi.i co~on,3-nt) or a side be.~ compoa,.mt which col'lcists of ,.. .. ,..,-.ntiully ,... 
singl~ .requ~ncy can be gr~F.tly reduced in emplitudv. 

b. Hi~,.. cathod0 biasing r ~nistors oru u.r-ed in th.:i '3 .:cond and 
t hird IF sta~vs in ord0r th~t dcmodu!ttion of the high lcv~l i nt_rf~ring 
sigru:.l v·i 11 t~k.:i plac-.: and d~....,,:,dulatod voltagu will autor'"·tically bias 
b~ck thu ~.molifi-.:rs so th~t ovvrdrivine of th-.: cmpli~i.:irs into th3 FTid 
curr~nt r,,wion is er__,atly dclay~d• In ord..!r to diff..:ro!}tiAtc b~t,·n"""l thv 
dvsir.Jd. pul::.J ,nd th.., int.;rf ,.r..:nc.:i moduletion u ,.m,..,11 condcnnor is plac~d 
across thu ~t.hod..:i rJsistor e.nd th-.. time conot nt i!'l so "''1 ju"'t---a that hie:h 
fr..:iquency puls~ co~on~nto and high fr~qu.Jncy b~to b~twc~n th~ inturf~r0nco 
end th<.! d.:3sir.Jd puls..l \'.i 11 not bu dvganurat ... >d but all lo·v lr fr.::qu 'ncy com­
P"n.;n ts r.i 11 bcl lroTily d0t;..:n..:ra t,Jd, r .. -sul tin.;; in r.::duc,,d ,. ... 1 in to th,!, in­
tcl!f ~r Jnc.J hut not to th.:i d..:sir0d pulc0. 

Th..: fourth end fifth IF &."'lplificro hcv.:: ... -plifi_d DC fv ·db,c~ 
for th0 Jl'UrTlOsv of -•wit'!U:n r.uppr0soion of int~rf ..:r..:nc . ·,1th ,..,;nirmn lo,.f, 
of r·in to th..} d ... oirvd pulsu sis;.na.ls. Thl3 cc.thod<.?o of thl}G~ h~o .,,,.plifi0ro 
e.r0 roturn.:id ( throu,-h d.Jcoupli~ n.Jtwo~ks) to th..: ple.t~ of th0 6--G,7 'h<>ck 
bion "1:Jplifi~r. :-'.c grid of th0 6AG7 in dir0ctly conn.}ct.Jd to the n,""'"'tiVc3 
d.Jt~ctor output. Aa the n~gativ~ output from th0 d~t.Jctor io incr~~,.~d 
(th..:l fu.G-7 bias is incr..:c'"Jd) raising tht.; plLt..: inpcdanc0 and incr.:?est~ tho 
bias on tho IF amolifier tub~o. c::,uficiont pr-,in is e.vi:ilobl..! in th.J 6-G-7 
th"lt th-.: s~cond dot~etor output ccn n0vur ~xc1:.•.:•d onu to two volto r"'er-rdlu"":1 
of th,; oir.nal l'"'V;;l 11t thv IF grids. This f ~tur ...: prt:iv..,nts "":tty por-dbility 
of video ~""Dlifi.Jr overlond1ng. ~ ti~? coLstant owitch is provided which 
allo~~ a choi~~ of fr.:iquancy r.:is~on~e in th~ f~~dbecY circuit for opor~tion 
throi;-:;" variorc t~..:s of int0rfur0nc1J. 
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Another fc"' ture of thin bk sing b, ct circuit which is not ob­
vious et n glence is brout;ht about by the rrnner in which the tiiill7 bia.s­
in~ b~ck amplifier operateo. Non-i-~1ly in the absence of interference 
the fu..G7 i~ oper~ttng at low bias on its diode characteristic with a 
plate impedance of about 4000 ohms . In series with the fui.G7 are the IF 
amnlif:ior tubes which ore operat~ with high bias and hic;h plate im­
pedance. In the presence of s t.rone; puls int; or ro.i ling int 0rf crcmco the 
grid of the fun.7 is driven far negative past cutoff blocki~ tho tube 
completely. Bias then builds up on the IF runplifi er at a rete depend­
ent on the tube imoedance and the cathode to cround cnpacity. Howevc>r, 
the instjilllt the pul ::.e goes off, the fuG7 crict is returned to normal bias 
and the bias voltage develoncd across the condcn~C'r from IF ca.thodco to 
ground is very quickly returned to nort00l · thro'U('h the lo .. , imn£>dnnce tube. 
This ratio of buildup time to recovory time in the AVC ~molifier circuit 
is about 5:1 and helps to maintai n n short receiver recovery time from 
the main transmitted pulse £>.nd from rnilill{; interf,,rc-nce. 

Th~ second detector- vi~co circuit 6 iveo the bola.need video 
operat ion previously described: Toe t~o ~ections of the 6H6 diode n.re 
so connected th~t one element rectifies the positive h~lf cycle and the 
other rectifies the neg8tive hnlf c~'Cle of the IF v-ove. The nee:;ativo 
diode is coupled to the normal video amplifier tube (6AG7) which oper­
ates class A. The positive diode is coupled (throll{ai n variable attc-n­
untor) to the grid of the balancing tube (6AG7) \·1hich is operated with 
cutoff bias. The b~lanci 1~ tube \''il 1 only amplify sic;nals whi-c:h are 
sufficiently strong to drive the Grid voltSRe high cnoueft so the tuba 
will conduct. The signal level required to r.rke the tube conduct io 
controlled by the potentiometer at its crid. Since the plate of the 
oala.~cing tube is in parallel rith the plate of the norr-..'.ll video ampli­
fier it ia possible to m."lke all sign~ls abov~ some level deter~ined by 
the input potc-,tiorneter settint; c r nccl to zero output vhile all signuls 
below that level will still hive positive output. This circuit is par­
ticularly useful in bl~1king out pulse interference on PPl in<li~ators. 
and to ··reduce the maskillf.: effect of nonsynchronous pulneo and railinFa 
on pip-matching scopes. 

2. The followin~ table shc-F- the co;.'"D'-..rison betv-con the iw 
receiver and a conventional receiver ~ith no AJ protection for various 
types of interference: (See also a~rendix - plate 4) 

Dynamic Range 

Type of Interference iw Receiver Conventional Receiver 

c~ 100,000 

4oo cycle 50; modulated CW 100.000 

1000 cycle 5°' modulated C~ 100,GOO 

10.000 cycle sq • .:ave~ modulated C"ii 100,000 

100 Kc. 50; -..odula.ted c-;; 25 ,000 

-8-

15 

25 

25 

50 

50 



(Table continu~) 

Type of Interference ~ Receiver Conventional Receiver -
100 Kc. lOOp modulated CW (Railings) 

100 Xe. 5(1/, modulated CW plus) 
) -

1000 cycle ~ modulated CW ) 

100,000 2000 

25,000 25 

3. J.. stnndard J.J receiving system h"'.n been develonrd at ""o.val 
Research Laboratory for use Yd th the XBF, CXCB, SR and ST radar oy.,tems 
which makes use ot the .A,,J f'eatures of the CG-46.AcQ recei v,..,. plus ( 0TCept 
the ST) incorporation of a v~riable bandwidth circuit which malren avail­
able bandwidths of 2 Mc, 250 Kc. or 50 Kc . 

Tl-:e flexibility of this receiving syoteo is increas~d by ~plit­
tin& the receiver into two parts. The RF circuits complete with a con­
Tentional I~ amplifier feed ft monitor scope in the tran~mitter frnm~. 
From the 2nd IP' SJT:)lifier of the monitor receiver &. line 1::000 to the AJ 
unit at the main indicator frame where PPI and A scope pre~entation is 
available. Remote P?I units are then fed from the nnin indic~tor. The 
i'w unit contains variable bandwidth-ci~cuits, rejection filters, ampli­
fied short time conrtant back biasinp circuits and bnlanced v ideo c ircuits. 

4. An .AJ adapter to be uoed with Mrrk III "c.nd H,cirk IV rado.r 
systems has been developed (Plate 3 and Platn 6) ~hio unit conoists of 
an IF rejection filter, four IF a.mr,lifiers. short ti~e constant ~mplified 
back biasing and bale.need video. The dj'nacic ranges of the C0..4fui.CQ re­
cei ver ohown in the table are repreoenta.tive of tho other .£J system.a b&­
cause the baoic J,.J features are the same. 

E. CO CLUSIONS. 

1. The surface of radar anti- jam:nina- has been ocratched and 
considerable improvement against C",7, He·;;. and VEOn interference hq.s been 
realized. rAore improvement with rPd·1.ction in oprrl!tional co::-nlcxity in 
in order. 

The JJ work hich has been done 'fl'ill prevent the cmcmy jemning 
our radars with the simpler types of interference such as c-a, cine rwe 
or squere ve amplitude or frequency modulated C7 with ~-0dulation_rates 
below 50 Kc. and will make it ' npprociably core difficult tho.nit wos pre­
viously to Jam with modulation rates above 50 Kc. 

The power necess&r7 to ~ 
10 watts of CW or ~CY at 20 miles. 
through nearly 4o million watts of 
of eenoitiTity. 

riougly Jwn an SC receiver io about 
The C0...46AC~ receiver could operate 

C'u at that range without serious lona 

-9-
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In the final analysis it may be stated that the AJ problem 
has been carried to the point where in order to jam our radars effec­
tively the enemy mus·t use complex wide band modulation ( such as noise) 
on his Jamners. As yet no complete ~swer to the problem of noise 
jamming haa been evolved except to shift the ra.d.Pr operating frequency 
off the band which is being jammed. Work is progressing en easily 
tunable radar systems and that will probably be the best AJ featuro 
available in any radar. 

2. Following is a list of A.J features nhich are to be inves­
tigated at Naval Research Laboratory in the immediate future for pos~ible 
value in improving AJ performance of radar receivers: 

a. Side band balancing circuits for elimination of any ampli­
tude modulatod interference. 

b. Side band blanking circuits for elimination of a:n.y frequency 
modulated signal. 

c. Pulse length discriminator circuits for rejecting any pulseo 
either loncnr or shorter th.an the radar pulse. 

d. Improved back biasing circuits for shorter recovery time 
and elimination of manual controls. 

e. Ir:oroved clipper circuits for cleaning up presentation 
on PPI in presence of jamming. 

f. Automatic control circuits to keep echo amplitude inde­
pendent of j8lil':ti.ng level in order to prevent PP! blanking in jammed 
sector and to prevent bearing inaccuracies in fire control systems du~ 
to off bearing interference. 

g. Improved variable bandwidth circuits. 

With the above features properly incorporated it is the 
eventual hope that a radar AJ receiving system will be developed which 
is virtually impossible to jam except with true random noise. In the 
meantime it is hoped that experin~nts on noise reduction will lead to 
a practical method of combating noise jamning, 

At the present state of the art the only completely sure fire 
AJ dnice is a second radar on an unjammed frequency and this may ul\vays 
be the case. 

that 
very 
with 

It is recommended that work be continued on 1w receivers but 
in adc; i tion, every effort be r:iade to make all future radar systf"n:-s 
easily tunable over at least a 10-% frequency range, preferably 
r~pid automatic variation in steps. 

' t '1 ' • --· -· 

- - . -· - 10 -
•, • I ·• f ~ ~•• .... 

' ' 

s 



7 ~. Go ABY of 0AV Jam.~in6 Sif;nnl Generator. 

The 6o A3Y jam~ inc; sicn:-.1 gene r e.tor W[!.S devcloy>lid to f'ur-
ni sh typica.l jamrninG s1. ~!"..c.l s to >e u:.ed ,.'i t:1 t ::e CG ~6 .\C~ r,'cl3i ver 
iO "."" operator trdninc eboartt shin . 

i'he jamrninr; ni{;")a.l scnero.tor cont,dns · n oncillator, tunL'.ble 
'between 1 50 c- nd 25() r.:c., 2 . 1.JUi;.t-in r::ultivibrct0r, .-,r . .:' ·1 ::otlul~ t c r. 
;,n_ a~ tenu2.tion IT.r'.r:;e of ~ppro xirmt.e l~· . ~ volts to 100 ~.,icrovol ts is 
".V,' il,.ble \tith r.,odulc.tion of c.bc u t 50; ~t 100 cycles , l OCO c~rcles, 
l G, <XiO cycl~r: , or 100 ,000 cycles per ::;econd :.r.( pulne ,·,od.ul1 ti on ui th 
t:,e srm•' frc(i_u.enc i c s of i·epeti tion r,-te r t :-. pulse lenGth of ;,'.lout 
ni::: :n j crosecond.s. An e.t~enw.tor coi:.,:rol (ccl i b r a tec.i in ap'1ro--i;., te 
output volts), Fn aF tunin~ control c~.librnted in ·1~)pr o:d~.1, te ·:11,;,­
c:rcles ">1~r seccnd, · p1.1.l::;e-~1odul; ti c=-i switc '.1 , a 5 ~1osition t q:, ::;,.,itch 
to select nodul, tion :freouency, ~n u. ~ po';:.:>r s ·.·i :c:i, .ire t ~ (' co!,t"olu 
on t·:e :front l)c-mel. One So X3Y si :~n;.l ;.~n, r-~t --:.· i, t o ~,e :•1r:1in:1ed 
,,i th ee.ci. CG 46 .AC~ repl;acerie :-.:. receiver. 
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