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FORf.1'. 0RD 

On f! o f thP rnajor de f ici c> ncies 1n NORAD ' s p r o ­
" l'amme:d fo1·ct"i::1 , as sta t ed i n its objec ti vPs pl ans 
fo r 1961 -1973 , was " l imi t e d capab J l 1t 1es of t he 
manned bomber de f enses t o opera te i n a heavy ECM 
enviro nmen t." Thus , one of NOR.-\D' s objec ti ves was 
to s t rengthen the sys t em aga i nst ~nemy e l ect r onic 
counte rmeas ures , The purpose of th 1s pape r is t o 
trace the major progr ams designed to ach ieve this 
ob: 11:..:: t ive . 

• 

UNCLASSIFIED 



CONTENTS 

CHAPTER 

I MEETI NG THE ECY THREAT 1 
The ECM Threa t l 
Pl ans dnd Re r.u irement ~ 2 

I I ECCII f ltPROVF.VF.~'TS FOR SURVEI LLANCE SYSTEM 5 
Backg round 5 
Prog r am t o ¥nrl1 f v Fvi~ ~ing L~ nd-B~sed 

Raaar s 7 
The Fr e quency D1ver~1 t y Radar Prog r am 14 
Programs for Ofi - Shor e Radars 15 
Prog r am fo r Ba ll i~ti ~ Ml ~si l e Ear ly 

Warning Sys t em 17 

I II ECCM IMPROVE MENT FOR WEA PONS SYSTEMS 19 
Proi 1·am 1or Ni k e Hercu les Rad ars 19 
ECCM Features for Manned Interceptors 20 
Direc tiona l Antenn a g for Weapons Con-

trol in ECM Environment 22 

IV TRAI NING AGA INST ECM 25 

V 

• 

SAC J oint ECM/ ECCM Tra ining 25 
ADC ECM Force 28 
Aii borne Elect ronic J amm ing SyGtem 30 

PASS IVE ECCY BYSiiMS 
Introduction 
Grounrt Based Passive ECCM Detection 

and Tracking Systems 
Long Ran~e A:! rbn r ne J>t'\~cdv~ H,:,m1n;; 

SyRteT11 

34 
34 

3-C 

38 

VI CANADIAN ECCM PROGRAM 40 
Resear ch and J)f:vc>lopment 40 
ECCM Imprc vcments t o r Ground En viron-

ment 41 
Pass ive ECCM Systems 42 
ECCM Tra i ring Fa c il i t 1cs 44 

GLOSSARY OF ADBREV IATION5 

GLOSSARY OF TER~S 

47 

49 



• 

UNCLASSIFIED 

CHAPTER I 

MEET I!<G ntE ~CM TIIRl.-\T 

The Sov iet Union wou ld likely be the only . 
nation in t hi~ decade to have t he capab ility to 
make a direc t attack on Mor tb America . The Sov t et 
weapons wou l d coo■ ist pr imarily of ICBM's , sub­
l aunched missiles , a nd ai r craft car r yin~ free- f all 
and atand - off nuc l e Rr weapon9 . Altho\lkh t he 
Soviets wou l d r e l y i ncrea5i ngly on b a ll is tic mis -

( ai l ea , they would r eta~n a mnnned-bo■b • r for ce to 
) di versify t he threa t and pr ov i de for dama~e assess­

ment and r econnais~anc e . They wou ld also use 
boaber~ aga ins t sma ll h~r dcncd and ~avab l~ targets . 

At pret'.t:nt it was e-~ t l m;1 t Prl t n,s:1y c~•• 1 d r •..?t 
::ibout 200 bombers over North iun~r i ('a on two- wa y 
miss ions in an i uit ia l at t ack . They could inc r e ase 
t he nuabe r by us i ng mediuni bomber s on one-way mi s ­
s i ons , bu t with gr owt h i n miss i ~e ca pab i lity t his 
woul d become l ess li ke ly. 

EP ch Sovi e t bo,,,ber woul d car ry def e nsi ve 
Elect ronic Co~nt ermeas ures ( ECM ) e quipment,• In 

• It was estimated that eac h heavy bomber would 
carry 500 l bs of chaff nnd 3000 l bs of electronic 
jamm ing equipmen t, providing ea r h bomber with 
9,000 wa tts of r adia t ed j nmn,ing power distribut ed 
o ve1· t he operat ing fr e que nc i es o f a J 1 NORAD radar 
sys tem~ (NQR f or LRAPII, da t r d I No v 19 6 1). 

[ 1 ] 
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Since NOkAD's es tabl1shmE::11t in 1957, a great 
deal ol pru ~r ~ss in i mprov ing ECCM capabilities of 
most parts nf t he sy~tem had be en made . Many ECCM 
mensures had been comp l e t ed, o thers were programmed 
for c ompl etion o ver a peri od of yea r s and were 
gradu~ l ly coming into service , and SOLle measures 
we re s t i ll be ing sought by NORAD. • 

An att empt has been made to trace in the suc­
ceedin~ c hapte rs, h i g h lig h ts of the various pro­
grams wh ic h r e lated to NORAD'R F.CCM p l~ n~ and r o­
quir ements . 

• Hot covered in t h i s pap e1 we.1.· e or~an izat i n n a 1 .. 
,:hanges dt.•sh:: nc d t u i mp rov ~ El Pct•·· n LC Wa r ... are 
( EW ) f u nctio ns i n ~OitAD. In J anuJ ry 196 1, th e 
respons ibility fo r po l i ~y tn Headquarters 
NORAD as trans f l'J d fr ,. DCS Ct t mnica 1 ions 
and El ect ronics t o DCS Operations . Th is led to 
t he e s tablis hmen t , o n 1 Ja nu a ry 1~ 6 2 1 of a new 
d iv ision in DCS / Op ra tion!, -- Operations El0c­
[ ronic Warfa r P Div is ion. EW functions, pre­
viousl y performed by Operations, Jojnt Tra ining, 
and EnvircnmC'nt, .~ri r e now ('OnHol Lda ted into on e 
d i vi si on. Th e Op e r a tions EW Divis ion publi~hed 
a new policy r cli?: ul a lion on EW, SORADR 55-33, on 
7 J une 106 2, i1nd :O.ORADR 5j-16 on 3 1 Octobt•r , 
Nta nda rdizing the hnndl ing of EC ~I opl'rations 
t hrou~hout NORAD. 

[ ..j ] 
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CHAPl'ER II 

ECCII IMPROVEMEN TS FOR SURVEILLANCE SYSTEII 

BACKGROUNDi 

Until t he mid- fi fti es , r e l ot i vel y l ow priority 
was g iven to ECCY requi r t'.'r.t-' nt s in a i r d efense . Con­
sequen tl y , progress was s low i n deve l op i ng an ECCM 
c a p abi li ty in t he radar s y~ t em . Bu t at l ca~t t he 
system was equ:il to the ECM t h r eat of that per iod . 

I n fac t . b y 1955 1 th- r ~dar s yst em h a d b ecome 
l esa vu l ne r a b l e to RC~ and even he l d a s lim advan­
tage over c urr e nt a i rborne jammcrs . Gr ound radar 
opera t ors had t he use o f tun abl e mag n e trons to 
c hange rndar fre4u encies , an t i-clu t ter circuits to 
e limi nate or minimize jAmmi ng e ff ectiveness , and 
more powerful r adar b eams . By c hanRing frequenc i es 
as often as ai rborne operators coul d locate the• 
and j ~• them , ACl&W personne-1 could f o.1 ~ e ~nemy ECM 
operators l iter ally to play foi1 ow- t he- l cader. 
The AN/CPS-6B radar , fo r ins tan ce, had f i v e di f fer­
ent frequencies bu1lt i nto i t which ~ou l d be 
sel ected by t he f l ick of a s witch, the r eby forci ng 
the enemy to c hase ground radar around the fre­
quency band . 

liowever. dPvP. Jop~cnt s in ~ l c ctronic~ jn t ha t 
per i od threatened to negate the curren t advantage 
of being ab le to tu ne r adars rapid l y . Carc inotron 
t ubes (bigh- fr ~que acy osc illator t ub es ), t h a t were 
capab le o f being t uned over a wide freque ncy ran~e, 
were becomi ng avail ab l e t o the Soviets , I t was 
es t imated t ha t r ap i d t uni ng abilities in a i r de­
fens ~ radars ~a ve them a t wo t o th r ee year a dvan­
t age over curr ently o per:it i onal jammt•r -.. thnt wer e 
1:imi t ed by mec han i ca ll y t uned mag nC>crnns. 

Cal li ng a ttenti on t n t he vuln~rnb i l i t y o f the 
ai r dc-fe nse system t u tho nt•w ECM t hrent I i n 195 5 , 
an int er-service stu dy g roup. Pr0Jt1 r t Lam p Ligh t, 
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recommended es tabJ i~hment of a lon - rerrri pr og r am 
aimed at reduc i ng vulnera b tl i t y . The L.., mp Light 
report s t ressed t h~ need fu r new radars cha r ac t e r ­
ized by f requency diversity an d t unabi l ity . 

In the past , r a dar equ ipmen t had been d es igned 
with lit tle or no ECCM c a pab i lit y. Anti-j ammi ng 
fen tur es wer e deve l op~d Rf t e r the basi c equipme nt 
was produced and adde d l a t e r on a r e tro f it basis. 
Even the new r adars coming i nto ser vice a t that 
time -- t he FPS- 20 and l a t e r t he FPS- 7 -- would 
have on ly the bares t ECCM cardbilit y built into 
t hem . 

La.mp Light' s sugges t ion was acted upon by the 
Air Research and Development Command (now the Air 
Force Sys t ems Command) which undertook ~ two-yea r 
deve l opmen t proj e ct known as t h e Fr equency Diver­
sity Prog r am . This call ed f or t he development of 
s ix new radars ( in add ition to a UH F rannr bcin, 
deve l oped hy !..inco lu Labor atori es ) wi th a fr e ­
quency r ange from 22 5 mes t o 5600 mes . These 
radars wer e t o be t unable vv~r a 30 por ~ion o t 
th e i r band and were to be ns i nvu lnerab le t o j am­
ming as possib l P , 

4 11ot h er w i nd - fa] 1 f r o m t he Lamp Lig ht report 
W<LS tha t by 1956 , ECCM was be i 11g g i v en mor e empha­
sis by Headqm~ r t er s USAF and the DepartmPn1 If 
D-=:Ir::wi~ ( oo:,, . 1-·or example , the J CS ass t gned the 
r ~sponsibi l i ty for study ing ai r defense ECY needs 
t o the Weapons Sys tems Ev~ iuat ion Group (W~tG ) . 

[ I i ] 
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ThP Cnnttnen tal Air Def ense Comma nd (CONAD)• 
r ecogni z<'d in early 19 5 7 t ha t t he s ur v ii l anc e 
s ys t em - - compos•d Ja r gcly of FPS-~ a nd CPS- 6D 
t ype r ada rs -- wus ex t re~~l y vulnerable to mass 
ECM att ack . T lii s :tact o t ll f P -.as lur~e f u lly 
dr i ven home in Octul>cT I 156 ar. d J anua r y 1957, 
Du r ing the~e two months , SAC air, raft, ne~·l )' - a r med 
wi tti ALT- 6 and ALT-8 jar,u,1<•rs and L' r.1ployin~ random 
cha f f drops , fl e"A t hrnu KI, t n,.. th r • •· dt-"len~e for e 
ar eas dis~uptl n~ the sur\PillancP, ident i f ication, 
and con t r ol capabilit y nr r:wrh o f tl,<: :;ystcm . 
They comp l e t e l y JammPd r ~dars , and c lose con t rol 
i nt e rc~pt s were v irtually e l jminated . 

However, t e~ls conducted by t he WSEG ~how~d 
tha t r adars modi fied wi t h ECCM f ixes coul d counter 
the ECM threa t. Bu i: f un ds for ECC ~1 modif i cat ions 
were s l ow in comi ng . The Air De f ense ~or~and's 
effor ts uver a 15-rno~th per i od t o persuade USA F to 
commi t FY-1 959 f unds fo r JJ1odificatl11n~ to ex ist i ng 
r adars bore no fruit. A g r ea t dea l o t reliance 
wos bein~ pl a ~ea on impl ementat ion of t he FD pro ­
~ram t o so lve the ECCM prob l em. 

PROG RAM TO MODIFY EX JST I NG l..A~D-BASED RADARS 

Jn Sf'ptembrr 1957, th P JCS ac::ked CON.i'.D to out­
l in~ i ts n~~1s in th P ~£ CM field . Up t o th is ti■e , 

r etrofi t of t he r.1<ia r n<'twork had b!!en lef t to ADC 
and USAF . NORAD, which c·ame into £.•x i stence tha t 

* CONAD, a J CS un i1 i ed comma nd , was formed in 1954 . 
NORAD , a Cnnadia n- U.S. i ntc~rat ed command, was 
fo r med in 19 57. Th~ headquarters were me r ged 
wi th the li . S . membe r s of the SOR.AD s t a .t" f s erv i ng 
as the CONAD sta f f. Jn t h int lTCst of accuracy 
in thi s s tudy , the ac tu a l command t nki n~ an 
ac tion i s ctes 1Knated. Prior to 1957, i t was, of 
course , CONAD en tire ly. A.:t e r 1957, it was CONAD 
in one in ~t ance , NORAD in another. And in some 
case& , both comma nds are involved or one Jollowa 
up the other . 

[ 7 ] 
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mont h, Atressed t he ~ecd for a retrofit program to 
prcvide all pnc:isf bl e anti-jarnminl,{ de v i cE's fo r 
existing weapons and ground en v ironment ••qu ipment. 

NORAD then issued Re~ulat1on 101 - 2 in January 
1958, which served as a ~u1de in detur~1nin g equ i p ­
ment , trainin~, and p~rsGnnel requi r ements to 
counter enemy ECM. A~:i.in NORAD ' s program call ed 
fnr ECCM modification to exist 1ng sys l eros and the 
inclusion of ECCU features in ~11 future equipment . 

I n May 1958, CINCNORAD, G~n~ral EarJc ~ - Part­
ridge wrote USAF, a~ain r eiteratj n~ the requirement . 
With the poss ib le delay in the Frequency Diversity 
{FD) Radar Pro~ram, he sa id it was essPnt ial th3t 
al l programmed FPS-20's, one FPS-6 h~i~ht finder 
at each site, and all FPS-7's be ECCM-modified , 
He stated tt'iat if it were nut possible to divert 
tunds to a\.:1.;vu1pli.:.~ i~::t'dia t"" rnn<lificat1on, a 
phl'Sf"d fund in~ prve r a1n throu~h the IT-1959 and .FY-
1960 buying programs should bC!' accomplished. "I 
feel, " he said, "that tlic> EC~[ thr<.•at to the air 
dt-fense system is such hat nny further po,-;tpone­
mt'nt s of the procure~ent of ECCM modifirations for 
the current radars incurs a 1· isk out of proport i on 
to the oost ." 

Response to these pleas f inally came in JJne 
1958. liSAF announc ed that i t pl annc-d t o provid~ 
a l l FPS- 7 ' s and those 1'VS-ti .:suu FPS-20 radar~ t h:i t 
were to rema in in operation , wi th a capab i lity t o 
combat the enemy F.cM threat . It proposed certain 
ECCi mud ificat i ons ror the FPS-6 ' s and FPS- 20's 
• hich 1.·ou l d bl' incl udt'd i n th e FY -1 9 59 radar pro­
gram . Other n~w ECC~ techniques for these ra dars 
~ere pr o~rammed fo r se rv ice tes t 1n ~ in FY-1959 a nd 
were t o be included in the FY-1960 mod if ication 
proK r am , Any n~w t echniqu~s t ha t could not be i n­
c ludec! du r ing produc t io 11 wou ld be:- con~1.de1·ed in 
Juture retrof i t programs . 

rONA D was s till not sat i s f ied . The (olluwi ng 
mon th, it wrote that 11 th~ FPS- G, FPS- 7, ~nrl FPS-
20 radars we r e to b<' rf fl•ct i ve l y employ£'d l n the 

r 8 J 
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1960-61 ti m1 p e r 1ud , a dd i tional fun ding W:ls needt.·d . 
COKAD a l so stated tha t t he modi f ica ti ons pro posed 
b y USA F fn r t he FPS-20 fe l ] shur! nf that ex ppc t c- d. 
An an t i - jam conso l t.• for e :i c:h sc l was n e edeu con­
curren t ly wi t h \ he othe r Mod ifica t1ons to m::tke the 
FPS - 20 nn e f f ec t i ve tCCII r ad a r. Th~ FPS-G he ight 
f 1nd t> r r a d ars n eeded a. n 11. pl u \' ed an t enna if the 
progr ammed tunable mag11el r on was t u he o f ·,1 alue . 
CONAD the refore &uumi t l ~d to USAF its pro posed 
Class V ECCY mod if ications whi ch it felt 1 a l ong 
wi th ADC , were neces sa ry t o get a n effective ECCM 
env ironment . • 1 

In Augus t , USAF r eplied tha t i t wa s in general 
agreement wi th the Cl ass V modif ications . Th~ pro­
posa l s were be j ng pr o c.: esscd throug h ARDC and Ai r 
Ma t er i e l Comma nd (now Ai r For c e Log i s t i c s C0Jru11 and) 
and o nce the most desirab le co nfi gur a tions of each 
modi f ication v,as det er mined, t h~ p rn 1°8 !"! wculu ht· 
fu nded on a pri or i t y LdM i s . 

Cer ta i nly 1958 marked t he t urning point in 
NORAD's an d ADC 'sendeavors t o ge t fa vorab l e ac t ion 
by USAF t o meet t he ECII t hrea t . rgely r espons i­
~ l e !or this turn of ev~n ts \as t he· nu~ua l l y 
r api d p r o g ress made in r e-..,·a rch and tkv elopment in 
ECCII e qu i pment . l t bf'Cam, appart:-nt that certain 

,. 
• Class V ECCM mod ifieat :i. on~ f or th, ~·ps- 6 inc l u ded: 

Control lab l e Nod Angle I 1• lud 1 n • . ~ • .. ulh cont rol , 
I mprovPri t'.:1 tc n11 .. , h,nab l ,• ~la~nctru, VideG l nt L·­
g1·ation , Dicke Fi x, l..og wit h FTC , Monopu l sL· 1 PRF 
J i tter , PuJ se Compression , and a1 1 AJ Contro l Box . 
Fo r the FPS-7 CONA.D wa n t• d : l mp ruvl"d AJ Comm ] e , 
Simu ltaneous Dial Tra nsm b.s ion and Oup l <-' x 1n~ , 
Ma t c hed Fi lters, ,Ang ul ar Powe r Ad,1ust mcnt, Pu lse­
to- Pulse Freq uency Sh ift . For the FPS-20: Tu n­
able Dup l ex i n g , inc l ud ing Mu lt iple P1· ~-amplifiers , 
Cross - gating and Wave-Guide Switchi ng , AJ Consol e , 
Improved Vid eo l n t eKra tion, Side Lobe Canc e llatio n, 
i nc l•Jding AVA, Ve l o c ity Filt e r s , Dicke Fix, PRF 
J it t ur , Pl SAB , CFAR-MTI, I mproved Ant en na, and 
Pul se- t o-Pulse Frequency Shift, 
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modifications t o ex ist i n g rada rs would provide an 
ECC ll c apab i lity ev~n before the FD rad a 1·s were to 
he i ns t a ll ed . A new nut~ o f optimi s m prevailed. 
Her e t ofor e , this picture had be en a nything but 
br igh t s i nce SAC had proved i~ 1~ 56 and 1957 that 
the radar ne t work wa s di c; as t 1·ous l ;-; vu i nerau le to 
modP rn ECM . Accor di n ~ ly, a c r as h pro~ram to 
mud iJ y s ome uf t h e rada r s wi th ECCM f i x 1: s and to 
Lest t hem was undert ak en. Th i :::. r esult Pd in the 
WEX- VAL trsts in lht· 3ilh Ai r Divi s i on du r ing 
Augus t t o Octobe r 1958 . Th ese tr~ ts proved that 
ECCM ■od i fi c a tions t o exis t i n~ r adars we re effec­
t ive, "¥i h i ch g ave impe t us to t hl' ECC~f n: .. 'l I"o f it pro­
g ram. 

H eveir, a 1-11 _ t h "1 . . 1i r . n t r_- 1 1rly 
es t ab l is l, ed b:y the end of 1958 , the: nex t yea r 
proved t o be f rust rat ing ~ecause of d0 1 ~ys in pro­
cur in~~ H~l rl ins t~ 11 i :ig t ht=" n:-qu i rea J::t'C\I I iX PS . 

The compe t i tive f i x es offet·ed by i ndus try t ook 
tlme t o assess and de ci s l uns on what to buy wer e 
diff ic-u l t t o mak r. . I t had t o be assu rt>d that t he 
f 1~es w~re not incompat i b l ~ wi t h SAGE and the 
probl e-ms o r necessary modif i cati on~ to ot he r pa rt s 
o f the system had to b c ons i de r ed . Las tly, the r e 
was the const a nt prob l em of fu nd i nj,( in the ECCM 
program -- a !' actor which r eac he d c ri t i c a l propor­
tions 1 11 l a t e 1959 whe n tt,<' ,-.nt i r c ai r dl'f e nse 
s ys tem underwe nt s arch in g sc ruti ny b y Cong r ess 
and t he P~nt ai;o n, 

Cut s in the FD progr am at that time , however, 
served t o sharpen th e need for modi f ication of the 
ol de r rada rs . More FPS- 20 ' ~ ~nd FPS- G' s wo u ld now 
have to be r etained i n the sys t em a nd they woul d 
need the ECCM ca pab1 l ity promisrd by t he FD r adar. 

By the end of the ye ar , general agreement ha d 
been r ea ched con c e rn i n~ the r equir ements a nd gen­
~ra l desiln ch3rac : ~ri s t Lc s of t he Cl nss V Modifi­
ca ti ons fo r t h•· FPS-20 , FPS-6, a nd f r>dcra I Av ia t ion 
Al-:"ency Air Rou t e Search Rad a rs ( ARS R' s) . 

[ Lil ] 
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FPS- 20 RADAR 

Althou ~h t he kits for th~ FPS-20 did no t con­
tain al l 1mprove~~nts CONA D had r eques t ed, i t waa 
at l eas t a s t e{: ~n 't he r i i;:ht direct i on. The Bendix 
Corpora t ion was awarded an i n iti a l contrac t to pro­
vide 44 modif i ~atio n kit s . res t ing of the equip­
ment start ed in ~id-1 960 , bu t afte r f our mont hs t he 
program ran into ser ious troubl e when def icie ncies 
we re dis cnve:- ::: d i u t he modif ica t i ons . This l ed ~o 
additiona l s t udies on Lh e advisabil ity of i nstall­
ing the k its i n SAG E radar s . The m~tt er was 
f i nally sett l ed in September 196 1 when USAF ap­
p ro ved th•" Commun i ca t i ons a nd Elect ronics l mple­
■cntation Pl an for El ect ronic War fare . The docu­
ment ■pec i f i cd the GPA- 102 and GPA-103 modifica­
tic n■ tor t he FPS - 20. They wer e i dentica l except 
the GPA- \ 03 had tbe veloc i ty fi l te r and ac t th~ 
PISAB . • 2 Prev ious l y , a l l FPS- 20 radars bad been 
equipped with LOG- FTC , PI E, and Non - coho IITI. 

FPS-6 HE IGHT FI ND ER 

Also included in t hi s same document we r e 
spec ifications 1or a modi ficat i on know n ~s OA- 2325 
for t he FPS-6 height f inders . ** Althoug h t his 
modi i'1ca t i on pr ogram wa,=; 11n".fcr.1,•ay in 1962, USAF 
w~s i nv ~m li~a tin~ the poRR ibi l 1t y of reori e nting 
i t t o give F.CCM capabi li t y to t he FPS- 6 ' s tha t 
were t o be included in BU JC . 

* GPA-102 cons i s t ed of Di p l exing , MTI (coho and 
non-coho), Dicke Fix, Log , and/ or Log i c Cir­
cuit r y, PI SAB , Side Lobe Can cellation , CluttPr 
Gating , Video l nt ~K r ator, AJ Console , and Cross 
Ga t i ng . 

•• OA-2325 co nsi~t c d of Side Lobe Cance ll a tion, 
Lo ~ , and Dicke Fi x . 

[ 11 ] 
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ARSR FAA/.~DC RAPARS 

Earl y in 196C, fundin~ ~3s maJe ava ilabl e f or 
Class Y Modlficat i o ns f o r iive ARS R FAA 1AOC joint-
use l' J.da rs. However, by tin ti m1i.• the ECC~I fca tur eM 
were settl e d on , t hr cos t ~~s r ev 1s~d up~ards a nd 
t hL r equirement had to be resubmi tt ed t o USA F The 
outcome wncs t h:a t i n Oc t ober, USAF appr oved ECCM 
feat ures fo r only thrr•P jo int -us~ r adars .* 

FPS-7 RADAR 

As s ta t e d, CONAD al ,o wanted the FPS-7 e quipped 
"' 1 t h Cl ass V ECC~1 ,od i fi L:t ti o nc;; , Th e n;o difi c a ti o n 
proJ,!ram fo r t h is radar hJ. d been ap proved by USAF in 
19 59 , but it was no t to s t a~ t un ti! Apr i l 1961 . 
Als o. r Pt ro fit was to b eg in wi t~ the t e nt h unit , 
leavi ng the f irs t nine FPS- 7' s wi thout a n ECCM 
capa b 1l1ty, Howevt r, the FPS-7 produc t ion progrk~ 
-..·as cut b y fiv e to a curr~n t l y programmed 30 radars. 
uf th i s numbC' r , 25 !Were s chedu led to be ir.odi.fi e d 
~it h ECC~ fi xes . • • 

GA P- FILLER RADA fl - F'P:S - 7 1 

In ,Ju l y 135H, AOC stated a requiremen t to uSAF 
1or J;;CCM fea t u1·e~ f o r gnp- f i I I I rs . .\ dcvc l 0p111"=: 11 l 
p r og-ram \lo'as i nit i a t ed in .January 1959 , a nd v:u•jou s 
1 ixes were t es t ed du r i ng- that year . NORAD an d .A. DC 
provi ded ass i s t an ce i n dett·r mini n l[; the mi nimu"l ac-
e ptft bl c ECCM requ i r emen t~. Genera lly , th~y cti d 

• Side Lobe Cancell at i on, 10<:i , Dick e .Fix, CFAR­
~T I, and Cross Sect ion s ensi t i vi t y . 

•• The FPS-7 1::CC\t f ixes ( ECP- 91 ) were: Di c ke Fix, 
Sid e LJ)be Cancellation, Side Lob e Blank ing. ITI, 
3h0° Gain Hf' c.Juct 1on , Dcam D~ l e ti o n, LOG \'i dl"'o , 
MTI Vi dcu (coho and non- coho and clutter gat inK), 
and AT CrJnso l c . 

• 
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not advoc ~t e exp~nd iturPs of huge sums o f money on 
comp l ~x c i rcui t r y s in c e gap- l i l l r~ ~ere so l ely 
wa1·ning radar and \j, erc unrnanned. 

By Octob e r 1960 . CSAF had es t ~blish~d a pro­
g ram to mod ~r niz ~ a l l cx i ~ ~ng SAGE ~a p- f iller 
si t es a nd equip all pr ogr~mml.c! SAGE gap-fill er 
sites ( n t otal 01 1R2 - - 137 in th1· t.: . S . and -15 in 
Canada ) \j,' i t h the AN. FPS - 74 . This r adar would pro­
vide gap-filler sit~s wit h J.11 ECC!I capabil i t y • 
At other thnn new si t e s , the ex ist i n~ rada r ( FPS-
14 or FPS-1 8) '1'as to bt. con ~crt ed tu the FPS- 74 
with ECCM modif i c a t ion kits . 

Howeve r , the FPS- 74 pr o~rnm was r educed i n 
l a t e 1961 and ear l y 1962 b~cause of r educ t ions i n 
the 416L system to prov i de r esou r ces for the SAGE 
back- up (BU IC ) . The progrnm s ottl ed to 124 FPS-
74 's ( 79 for U. S . a nd 45 for Canada). Alt hough 
this number had no t changed a t the e nd 0 f 1962, 
thP r.a nadi ~n prng r aro was deferr~rl f ~r one y~ar be ­
cause o f fi nanc ia l s t ringencies . Because o f this , 
and s l i ppages i n t h~ U.~ . pro gr am , t he who le Ka p­
fi l le r pro~ram was be i ng re-exam ine d in t he face 
o f d iminishing emphas i s on mann ed bomber de f ens e . 

Sta t us o f t he ECCM Radar Modi f ication Prog ram 
at t he end o f 1962 was : 4 

• 

FP - FPS- .fo"Ps=-20 F'Pr-7 
(He i g h t ( ECP-91 ) GPA-i 02IGP:\- 103 (Gap 
( i nde r s) 

-- - F1lll'rs) 

ROGRAMME:O 13 5 2~ 29 20 124 

J NS TALLED 25 20 23 14 0 
I 

• FPS-74 Fi n .•s inc 1 udl:d : fi·e qu c·nc y pro~r ilmmc t· , 
Jns t an tan enus f'1·cquC'ncy Cnrr "1 lat ion -- CFA R, 
Frequency AKi li ty , and MTI. 
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THE FREQ~ENCY DIVERSI TY TI ADA R PR<XiRAY 

Th FD deve lopmen t program, wh i c h had started 
in 1955 ( s ee abo ve) , wa s comi ng t o a ~ucces s ful 
conclue 1on by t he end of 1957, des pite t he usual · 
fundi ng probl ems . The FD r adar s st il l i n t he de ­
ve l opmP n t prob ram at th i s timC' ~\ ere t he FPS- 24 , 
FPS- 26 , FPS- 2 7, FPS- 28 , a nd FPS- 35 . By the end of 
t hat ye ~r, ARDC and ADC had r eac hed agr eement to 
ins t a l l the new r ~dars a t ac t ual opera tional site■ 
for Rh a.kA- dvwn lE~Hti r.g . A l t houg h t h e ECCII c apa­
b1l it 1~~ o l the FD r adars we re i nhe r en t in the de­
s i gns , a somewbat l esse r c~pab i l i t y was settled 
f or in the production progr am .• 

ADC s ent a pr elimi nar y operat i ona l pl an for 
t he FD r adar progr a.m t o USAF i n 1957 . It wa.e a,­
proved on 10 J ~nua r y 1956 . The f o l l owi ng J une , 
ADC pub l i s hed a fi nal opera t j o~s pl an approved by 
both NORAD and i.'SAF . Thi s pl an provided for FD 
r ada r s to rep lace mos t of the ex i !ting r adars in 
the U.S . an~ Ca n ada -- 175 s ites , 

• For t h~ FPS- 24: Frequ ency Agi li ty , Di plexi ng , 
Pu l seCompreqsj on, St a~gered PRF, Hard Lim i ti ng , 
Ve loc ity-Shap~d Co h r! , DPI , Video Integr a t ion, 
Ve l oci t y Fi lt er, Sector Gat i ng i n Range I Az i ­
muth , AJ Console. For t h~ FPS- 26: Fr 0 quency 
Ag1 11ty, L I N - LOG, Di cke l"Tx, PWD, Po l a r iza t ion 
"'S0lect i on , I AGC , 8And Wi dth Se l ect i on, AJ Con­
s ole , and 3 rd Detecto r. Fo r t he FPS- 27 : Fr e ­
que nc y Agil i ty , Dicke Fix , Staggered PRF , LOG 
FTC Coho ~ Non-Coho , Indi v i dual Cha nn e l Bl ank i ng , 
Au t oma ti c RX Selec t i on , Clutt e r Edge Bl anking , 
Ve l oc i ty Fi l t er , PWD . DPI, and AJ Console . For 
t he FPS-3 5 : Fr e quency Agility, A- 2 Console,-­
Pu l s e Co'Tl.pre::isior., Co ho MTI, Va ri a ble Bandwidth, 
Ve l oc it y F l lt c r, Sec t or Ga t es , Sid e Lobe Blank­
ing , Az j muth Strobe Report er, Vid eo Integration, 
Dicke RX , AJ Cons o le , LOG RX . 



'ED 

However, by the end of 1958 , the FD program 
was fairly uns t abl~ due to bud~et reductions an d 
techni c a 1 prob le, b . USAF o.tllnu·Jnced that s ome $29 
ml I lion had been dropped !1 om the:.- FY-1950 buy in i,: 
pro5 ram wh i ch would reduc ~ t h e FD radar pr, ~u e 
men t s by 24 FPS- 26 ' s , As st a ted earl ier , this had 
a bear inK on t he dee is ion cu proceed with uiodif 1-
cat i ons t o t he o ld rada r s . 

Throughout the next thrP"" year1:1 the FD radar 
program underwent many changes and suf f ered maj or 
cu t s . The FPS-2& was cancel l ed enti r e l y i n 1950 . 
In 1961, because of f und limitations , USAF de ­
ferr ed procurement of t h, F~S- 27 r~dar and the 
supporting cJnstruction PTOi r a.w f or FY 61-62. 
Lat11r in the yea1· , it cut out f ive FPR-27' s nnd 26 
FPS-26 ' •. 

In any case , Jn 1961 one FPS-24 and t hree 
FPS-35 m r adars wer e operat iona l. 

Sta tMs of the FD Rada r Program a t t he end of 
1962 was: 

=-2 
{Heigh 

Fi ndc 

tj FPS =24'- l'Pr-2 7 - ,...Fl'S-3 5 -Total 
t (SP.a rch (Search (Sea r ch ( Search) 
r) 

PROGRAMMED 7 1 12 32 

I NSTALLED 35 
I 

10 0 

-
PROGRA M~ FOR OFF-SHORE RADARS 

TEXAS TOW ERS 

12 

10 

The r a~ar~ on both Texas Towe rs of f the East 
Coas t had been mod i fi ed wi t h ECCM f ixes for s ome 
time . The two FPS-6 he 1ght f inde r s on each tower 
were t:qu ippe d wi t h Si de Lob e Can<.:t:!lla tion, Log 
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Recei ver , and Dicke Fix -- the s ame mod i ficat ion 
for the land-bas ed FPS- 6 '~ (OA- 2325). 

The FPS-20 A. search r:idar on each tower was 
equ ipped with the GPA- 103 ECCY mod i fi ca tion kit.• 
This radar with ECC~ modification wns r edes ig~nt ed 
t he FPS- 67. 7 

AI RBORNE EARLY WAR.JUNG A.ND CONTROL RADARS 

I n November 1958, ADC submit ted request s to 
USAF for ECCltl modif i catio ns to AEW&C r adars -­
APS-95 Seai·ch Radar and Are-45 Heigh t Fi nd e r . 
Si nce t hen , AJ"IC bad emphas i zed a continuing and 
ur~~nt need for ECC~ fi xes and scugh l ~ppr oval and 
fund iag . As matters stood, various orototype fixes 
were being tested, but a progr a~ t o modify these 
radars for ECCM had not yet begun. 

NAVFORCONAD RADARS 

The radars 1~ the Navy radar ship~ and air~ 
craf t i n t he NOR, D system had a n ECCM capabi li t y 
as sho\\'Q b e l ow :~ 

Radar Func tion AJ Cont rols 
• 

AGR's AN/ SPS- 8A a nd B Height Finder STC , FI'C , 
.~ S/S PS - 12 Ai r Search IAVC. I AGC 
AN/ SPS-17 Air Search 

DER ' s AN/SPS- 8A He1~h t Finder STC, FTC, 
AN/SPS-5 Sur fac e Search l AVC, IAGC 
.,N/S PS-10 Surf ace Search 
AN'/ SPS-29 Air Search 

• GPA-1 03 cons i sted c f: Dipl<'xing , MTI (coho and 
non-coho ), Dicke l.ix, LOG, and/or Logic Circuitry, 
Veloc ity Fil t e .L·, Side LobE> Cancellation, Clutter 
Ga t ing , Video Int eKr ator , AJ Cons ole , and Cross 
Ga t ing . 
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•r-2 AN/APS-82 AL'W STC, FTC, 
IAVC, I AGC 

WV AN/APS-45 Height Findt: r STC, FTC, 
AN/SPS- 20 u:lf IAVC, IAGC • 

PROGRAM FOR THE 
BALLISTIC MISSI LE EARLY WARNING SYSTEM 

Al so vuln~rable t:o 1-:cM and rPqu ir ing ECCII 
f ixes were t he r ada r s of t he Ba l l i s tic Miss ile 
Ear ly Wa r nir1g Syst em . I n Octob er 196 1 . USAF 
authorized $ 160,000 for qu i ck f i xes to g i ve BMEWS 
a limi ted capab il i ty t o r ecog nize when i t was be­
ing j ammed. These f ixes wer e install ed in Sites 
I and II and i ncluded a Test Ta r get Gener a t or, 
Noise llonitor, 13nd ECM S imulator t o provide oper­
a tor t ra ining . 

A complet~ ECCM program for $43 mi ll i on that 
would g i ve BMEW S some c~pab1l i t y to oper ate in an 
ECI envi ronment was approved by USAF in March 1962 
and sent t o 00D f or approva l and fu ndinK. Addi ­
tiona l fixes fnr recog nit ion and analysis were an 
ECII Mon ito r and n Ce nt ra l Data Processor Expansion , 
to be used iu conj unction wi t h t he Tes t Ta r ge t 
Ge~era tor. Activf ECCM moLii fica t i ons includ~d 
Polari za t ion Select i on (horizonta.l-vt:1t it: a l ) t o 
provi de se l cctiv.: 1J lalb:1ng, and Narr ow Baa d fr e ­
quency Shi f t to provide ma nua l contro l ove r the 
"moon fi x ." Ten ta tive l y approv ed 1n t he prog rui 
we r e a Doppler Fi l ter Disp la y and Blank ing , Wi de 
Banc Frequenc y Shilt, a nd S id£> Lobe Ca ncel la t i on. 11 

Howc-ver, DUR&E p l aced a ho ld o r der on USAF ' s ECCM 
progr 'Un s ine~ the estimat ed cos t ft ns $ 52 mill i on 
and had t o be r cducerl. 

A r ev i sed ECCM proRr am f or $28 mill ion was 
appr ov ed i n November 1962 by the Ass istant 

• See Glossa ry. 
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Secre t ary of t he Air Force (R&D) . This p rogram 
prov ided f or continuation of fixes conta ined i n 
t he origina l pro~r~~, but ex~luded production 
f unds fo r the Si de Lobe Canceller. Instead, 
!urids were provided for a prototype Side Lob e 
Cance l ler with purchase o f fo l low - on unit s to be 
held in ~bcyanc~ p~nd i n~ eval ua t ion of prototype 
tes ts. Also , funds 1or th~ Wide Dand Fr e quency 
Sh if t were tempor a r i ly ~u. pended p~nd in~ comple ­
t ion of a study on pu l s e compr l.'ss i on as a s ubs ti­
tute i tem . 

The r e v ised program was suijm i t t ed t o DOD f o r 
approval and r elease of tunds. -
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CHAPTER III 

ECCM I~lPRO\'EMENT FOR WEAPO NS SYSTEMS 

PROGRAM FOR ~IKE HERCULES RADARS 

Included in the Nike He-rcul es ImprovPment Pro­
gram, were Pr t~ns i vc ECCM improv ements t o t he Nike 
Hercul es r adars . Maj or i tems b e ing added to the 
Hercules sys t em wer e a HIPAR (Ili i;;h Power Acquis i­
tion Radar) and an ECCM i mprovement kit for the 
Target Tr ack i ng Radar (TTR). An ECCM kit, cons ist­
i ng of AJ disp :ay circuit s , was a l so be i ng in-
stal l ed 1n the orig inal a cquis ition r~'"'"'~ (TnPAR). 

As the name i mplied, HIPAR was a maj or s t ep 
forward in power ou t put (6-7.5 megawatt s ) over 
pruv i ous acquisit i on radars. ~1gn 1i1cant improve­
ment in "burn through" ra nge was ac h i eved in a 
heavy ECM e nvironmen t . The ECCJI I e a turc s of HI PAR 
were an integr a l part o f the set and were not r et­
rof i t t ed as in the case o f o t her acqu i si tion radars .• 

NORAD bad a r e quiremen t to equip a ll 139 Herc­
ul ..-s f i r e un i t s in t he system wit h HIPA R r ad:1rs . 
Cur rently, 66 HIPAR sets were f unded by the Army 
at a co~t o f nearly $1 , 000,000 each. Thos e fire 
un it s not receivi ng Hl PAk ' s were t o g et FPS - .$6 
r..:1ars . These 1·adars ·liere ca l l ed ABA R's (Alt ~rnat e 
Bat tery Acquisi tlnn P.~dars ). 

Since th P FPS-36 1 s had lit t le ECCM capabil i t y, 
a kit was be i ng added and t hr. r ada r r edes ig nat ed 

• HIPAR ECCM features wer e : IU ~h Power Output, 
Narrow Azimuth Beam Width, Side Lobe Suppression, 
L-Band Oper a tion (Fre quenc y Diversity), Fast Fre­
quency Sh i f t Capability, Ant i -Jamm ing Display 
Ci rcu i ts , Random Varying PRf, Non-coher~nt and 
Coherent MTI's. 
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t he FPS-71.• A further modification was approved 
t o increase peak power output agains t ECM to five 
megawat t s by adding amplitrons and parametric 
amplifie rs. 

The ECCM modific at ion ki ts for t he 1TR were 
be i ng ins t a lleJ l n all 139 Hercul ~s ti re unit s . 
This inc luded a long-pulse mode wh i ch i ncreased 
t he aver age power output by a lac t or of t en and 
i mproved ECCM capabili t y . Anothe r ECCII f ea tu re 
o f t he TTR was short - pul se transmibs i on wh ich im­
proved r ange defin i tion. 

Frequency diversit y was achieved •ith the 
addit i on o f a TarKet Han~ u1g Rada r ( THR) operat Ing 
in the K band . The TRR p1ovided range infn rmat ion 
when the TI'R was beiu~ J a..rnm~d. An ECCM feat ur e of 
t h~ TRR was two t ransmit tLr - receivcr combinations 
with panor a:nic re.:ei vt:1' ,.ii.s pla y. 1 

The phot ogr aph on t he opposi t e page s hows a 
group of r a dar s a t Site W- 64, an ARADCOM Nike 
He r ~u l es insta l l a t ion a t Lor ton, Va . In the bat­
tery cont r o l a r ea are a LOPAR , TRR, TI'R, and 
HIPAR (cent e r). 

ECC~ FEATURES FOR K~NNED INTERCF.P'rORS 

A number of ECCM !ea tur~s had been i ns talled 
in NORAD ma nn ed i nt ~rceptors to increas e the ef­
f ectiveness o f a irborne r adars o per a ting agains t 
j amming . These f ea ture~ took the for m of circuit 
fi xes and home-on-Jam c qu ipment t•2 Howev~r, the 

• FPS- 71 ECCM f eatures were: Narrow Az imuth Beam 
Width, Side Lobe Suppr ession, L-Band OpPrat ion 
( Frequency D1v3rsit y), Anti-Jamming Dis play Cir­
cuits , Non-coher ent and Coherent MTI'a. 

•• Cu r r ent ECCM f eatu r es jns t3l led in t he F-101, 
F- 102, and F-1 06 were : Range discr i mination­
anti -cha f f, A~t omatic RF Tu ning , Ferrite Att en ­
uat or, Home- on-J amming , Ra pid Re lock , nnd Ran­
dom PRF. 
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capability of a irborne s ys t ems a ~a inst ECK a i med 
at t he ai rborr.1 r ~dars was l imited by the traas ­
■ itt i ng powe r a~d circuitry whi ch could be carried 
1n int e r ceptors . In the mean t t me, the capac ity of 
the bombe r to j am h~d been ~t eadil y increasing. 
The Soviet was now c apable o f jamm in~ with one 
ki l owat t carcinotron t ub•s a nd would likely have 
one k i lowa ~t tr~v e ling wa v e tubes i n operationa l 
qu an t it i es by t he mi d-sixt i es . Thus , the time had 
b~en r eached wheu the present~ ECCM fea tures in the 
intercept ors w~r~ inadequat e .J 

I n 1960, when USAF was f orc ed tu r e duc e the 
planned int erceptcr force , a comprom1~e was ~ad e 
t o 1,1odern ize current int Prcc-ptors . Accord ing ly, 
t he Ai r Fn r ce contracted Hughe~ Ai rcraf t Company 
t o develop~ numb r of Class V mod i f ication s wh ich 
wou ld im~ro~ e primarily the ECCM capabi l ities of 
the F-101 , F-102, and F-106 . Thcs~ modi f ica tions 
were ; infra rPd s ~arrh and track s~ stem , r edesigned 
antenna wi t h lar~er d is h , pa r ame t ric amp lif iers , 
ant i -chaf f , and rap i d- tuned magnet r ons . All these 
features were for t he F-lOl ' s and F-106 ' s . The 
f - l02 ' s wou!ct get only the IR search a nd track 
■ ystcm . These modif ica tions wflre inc luded i n the 
pro1e r a.m fo r t he I on~ Range Ai rborne Pa ss ive Hom i ng 
System . • 

• 
DI RF.CTIONAL ANTF.NNAS FOR 

WEAPONS CON r ROL I~ ECM EN VIRONMENT 

The vu lnerabil ity of g r o und-to - ai r comm unica­
tions t o jamming was a matt er o f vit a l concern to 
ADC from 194 8 on . Throu~hriut the ye> a r s , ADC 
sought to deve lop measur, s a nd devic ~s chat would 
provide some d e. r ec n f prot ection t o the link be­
t we£>n ground cont rol and i nt e r cept or . For a t 
l eas t a dec3de, no s ing l e p i ece of equi pment was 
deve loped whith s ol ved t he prnb lem. Thus, present­
day ma nne d and unrr ann d int e r « ept o r s we r e s t j ]l 

• Se c Chapt er V - Passiv ~ ECCM Sy s t rms 
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vulnerabl e to cc- .. 1Unica t ions jairu:!in~ alt hough t hey 
were soMewha t bett~r nf T in t h~ SAGE Pnv1rnn~~nt 
cont rol led b y Ti me Di vision Da ta Link (TDDL). 

Mo re0v ~r . TDDL ~a~ less s usct'pt ib lP to e l ec­
tron h · _j amm ing whc n U!H·d 1.n c-onj unct i on with t be 
AM/FRT-49 (20kw ) high-power am p l i fie r ar.d/or 
hN'/fRA-37 d1rt.•ct i cnal ant e nna. The la t te r pro­
v ided a high- ga in ct i rect i c nal anten na a r r ay and 
high- pnwi:-r tran!=:mitter to give EC\( protection. A 
fe~ o f the FRT-49 amp li fi~ r s had been ins t a ll ed at 
TDDL s it e.; , but t he rn.A -37 pro Kran, of 23 sPt!I; for 
U.S. and 16 sets for Ca ~ada d i ed on th(.' v ine .· 

In Jul y 1961. a lt houg h ES D had rcporteJ 
f avorab ly on l h~ ECM-rt<slst cn t ~apabil ity of the 
FRA-3 7 d i rectiona l ant enna , it c1ues tioned t he wi s ­
dom of i mpl ement ing such a syRt~m becaus e of the 
high cos t ( approximately S23 mill ion ) a.ad t he em­
phas1 ~ bein~ p l aced o n a SAGE b ack-up capab ility . 
ESD rccommendc~ that p l ans for procurement be 
cance iit!d . In V l t'V- o f t he ECM Lhn:al, l>ulh NORAD 
and AOC wC'rt• quick t o d i sagree with t he recommend­
at 1on. Despi t e t hi~ pP, tt:" s t , the Secretary o f 
Defens e placed a hold or der on FRA-37 procurement 
in Po.r ly Au~us t . A compl ete r ejustif i cation of 
the need for t his sys t ~m was r e qu es1P.d. 

• .-,U\.., ..... ~l.l.i., a u~,'-.._;,,._ .. : .:.i.. t.:1,t i~u tu th e f act tha t 
the antenna sys tem was essenti a l t o control of ai r 
d e f ense weapons i n an ECM e nvi ronment. It appeared 
some. hat i n consi i::: tcnt lo provide ex t t:'nSi\·e an t i­
jam1ing fea tures for the ~round radar system but 
not f or the command a 11d co n tro l Jink . ADC r eques ted 
USAF to sec ure r elr-asc ni fund i n g for the FRA-37. 
Although it hel d ou t l i t t le hope !or success, USAF 
ag r eed to seek r e inst~teme nt of the program. Be­
cause of a DOD decis ion that no upgrading o f SAGE 
was to b e undr~t aken, USAF' s e ffort was u nsuccess­
fu l. Fina]ly, th e 4 16 L reorient ation pln n of 1 
November made uo ~rovi~iun for the high-powe r 
direc tional ant enna. 

On 1 Ma rch 1962 , when SOR.AD i ssued NAOOP 64-73, 
it stat~d a r equirement Jor na rrow -bnnd ( 15-16 db 
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ga in) · d1rec tional a nten na s for 39 s~ l e c ted TDDL 
s it es to r e p lace the $23 mi llion FR.A-Ji pro~r am. 
It sa id tha t b ecause of the C3 n cc ll a t ion of t h e 
FRA-37, pos i t ive con t rol u f \H·apons under hea v y 
ECM cond i t ions could nu t lJe .assur•·d . A n ar row­
b n nd di r ec t i onal a n t~r.n, ~)"!=lli.•a1 -...·o~ld !=.~tisfac t o 1 -
il y correc t t h i s defi c i t?11 1 y, hov.cvr>r . Also, t he 
r educ t ion in band v,id l h .111d antPnna g-:i in r C'qu irc­
me nt s wou ld grc a I l y r educ•.• t h e• co~ t of the s u b ­
s tit ute ant enn :i prob r t r: •d 1 1 I l p ,. ide ~u ff i-
c i ent " b u i-n t hroug Ji'' ca;nhi l ity in hea v y EC~J 
env ironment. 

On 15 Ju11e, NORAD .·t:>ques ted ADC to re in ­
stat e a d i rec t iona l ant Pnna r equ i rement pro~ r am 
at 39 GATR sit es . ADC , in t urn , r eques t ed USAF 
t u approve t h t" rc-quiremen t and f und i t in lh t! AOC 
pack age pr ogram , USAF p~s s t'd the r equ ireme nt to 
ESD f or ~ t udy an d requ e s ted ADC to s uppor t the 
pr ogram only f or BUIC. 

T 1 ' 
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TRA INING AGAI NST F.cM 

SAC JOI NT ICM ECC M TRAI NI NG 

EARLY TRAINI NG 

CHAPTER IV 

f rom the star t, t he air de f enRe forces had 
r• lied on St r at ~gi c Air CnmMand t o prov ide mos t of 
the ECII f or training . SJ\C ' s BIG PHOTO ECM progr am 
beian in 1950 and lasted t o r six ylars . Although 
thi s program i mp r o\·ed dur in"' t h~ p r->r i o d, 1 t was 
genera l ly i neffec t i ve in pruv1di ng the necessary 
ECCM trai n ing for th-e a ir defense s ys t em . SA<.! was 
occupied wi t h i ts primar y commitments an d i t s EC~ 
equi pmen t was incapab l e o f ja.rTtmin~ mos t o f t he 
rada r f r equencies . What j a11U1'1ing SAC cou l d do was 
eas i l y countered by t he ~r ound env1ronment . 

It was not un ci l 19 56-57 t hat SAC was capable 
of providi ng e f fective janming . At t ha t time , SAC 
was b eing armed w i th mu ltipi e ja.m.D1er s whi ch pu t 
t he advant age squa re ly un t he side of t he attacking 
bomber. Si nc e t he s ys t em had not h i n.~ to count e r t he 
advances in SAC' s ECW ~qu i p~cnt, whi ch of cou rse 
r eir es en t ed the inc r eased enemy threat, efforts i n 
ECCM tra in ing wer e acce l erated . 

This l ed to a new ser ies of mont~ly ECM exer­
cises wit h SAC begi nninK in April 1957. While it 
l as ted , thi s s eries pr ov i ded the b ~s l tra ining up 
to t hat t i me for bot h the U.S. and Ca nadian Air 
Defense Commands. However , although some parts of 
the a i r def nse system wer e we ll exercis ed now, 
others con tinue~ to be untouched . For one th i ng , 
SAC was unabl e to j aru effectively S-band radars 
operati ng above 3250 mes . Tnis prec luded t horough 
evaluat ion of Army Nike uni t ef f ectiveness aga inat 
ECI . Al so , in NovembE r, SAC withdrew it s onl y ECM 
wing f rom the exercises , whi ch g r ~a tly r t'duccd 
t r a ini ng bene f i ts . F i na l l y, the exer cises we r e 
s t opped co mp l e te ly in FdJrc.1 r y 19 5H , fol lowin~ a 
co llis i on be tween n SAC D-4 7 and a n ADC F- 86 . 
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BIG BLAST PROGRA M 

It W:J.!: no t un t ii . · t obl• r 1Y58 that ECM exer­
c i ses wi th SAC were r c•sumed . Thus , fo r nine mo nths 
t h e air defen~L· s ys tc'n, o 1 ~orl h Amt"ri ca r eceived 
v i r t ua l l y no li v • l:CCM training, a n d thl" syst em 
de ter i ora t ed . f1~ally , ne~otia tions we re compl eted 
an d a ne"' seric> .. , c• a. - narr.t·d L;l\.i BI .. o\ST, got under ­
wa y . Thi~ scri e~ camr about la rge l y as a r esu l t 
of USAF's d~ c is1 on i n Jun ~ 1958 , not to bu i l d u p 
the ADC EC)I f o1·c 1"' bu t t o expl o i t SAC's ECM po t cn ­
ti,l. USA F hP l r. thnt S.~C eonlrl fu1fill the air 
def{"n :..e t r ain i na.t requ i r ement s and d irected ADC and 
SAC to work ou , a proj; r ::un. 

I n Bi g Bl ast , SAC bol!lber wings wPre paired 
wi t h air defense <l i vls i ons . Al l mi ss i ons wer e 
p l ann ed primar i ly as NORAD component ECCM training 
miss ions , and Headquar ters NO~D was c o ordinating 
agency be t ween SAC and the pa ~t lc i pn . ing forces . 
Th<? miss i ons ve 1·e design ed to comp h ,te• one pene­
tration l e~ of ~t l e~~ t en c a~J

1
uue-hal f hours 

durat ion emp l oyinK max i mum EC~ . 

The pro~r am wa~ rev i sed in Oc t ob e r 1961. The 
U.S. and Can ada were divid~d i nto three geographi­
cal ai r de fense t r a i n ing areas. ThesP areas were 
~ l i~ned with SAC numb~r ~d a i r fo r c es . Eac h of the 
latter was to p1·ovi de one cxe: rc i s e e a c h mon th to 
Lne ..:ppl 1cab le a i r defense a l' c a . Ead1 c xt> rc i s e 
wft~ t ~ cons i s t of am n1 murn or 2U SAC a ircraf t 
us i nR; max i mum ECM at spec ifi e d po r t ions of the 
route . :.! 

Alt houg h B i ~ Blac;t. ,...hi c h wa~ still go ing a t 
t he en<l l ,f 196 2 , hau surp~SRt"'d t 11 e ca 1 i bc>r of prc­
\' ious ECM tra in in~ •,d th SAC , t he progra m fe l 1 pcr ­
s i st cnt l y sho r t o1 NORAD ' s 11c• 1•ds . Chi nit.:ally , 
SAC was still 3bl c LO devot~ on ly a lim i t ed amou n t 
o1 flyi n g t i mt.' t o the e xe r c- l~L·s . A l sn, •he f r e -
quenry cov~r a~es and c apab i ] j ti0s of SAC ' s ECM 
equi pmen t r em ai n•·d la r ~rly in1•rim pa t l b lP wi t h th e 
SORAlJ sys LP ~, s Lnce th '-·Y Wl' l' l• d l'b l ~ n 0d. for use 
agains t t ht:> Sov iet at r df'fen.:.P sys t , ·r.1.· 
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RADAR BOMB SCOR I NG PROC.RAM 

Ano t he r con tinuing NOR.~D/SAC s eries ~as the 
Radar Bo"'b Sr.or i ng ( RBS) Prot(ram 1n 1t 1 a t cd 1n the 
f a l l of 1960. Th e p u r pose was t o provide j o int 
ECK/ECCW t r a ini ng t o SAC crews anrl ARADCOM units . 
I t provided AR.,DCOM units wit h vita l ECll opera ting 
experi enc e aga i ns t hi~o- p3rformancc aircraft in 
adequate number& . Al though 1 t star trrl on a t en ta­
t ive baais , th e RBS ~ro~rnrn s t cad i1y expanded i n 
s cope and impor tance a s a _jo int ECM1FCCM t ra i n ing 
vcnt i.lrc . Fo r exampl e , i u Novc,r.bcr 1961, approxi­
mate l y 5600 r uns were scorPd b y Sike units . 

In Ju ly 1961 , NORAD conrurrPd in :-t S~C prn­
pos:.l t o es tab l iRh a low-l evP l SAC/Nike RbS lH'o­
gram on a continu i ni basis . A t est of the capa­
b ili t y of Nike to scor e low -.ll t1tudc 1·adar bomb 
runs had been SJccessfu lly ~omp Jeted rarl lcr in 
Ju l y . By Sept ember, ~ORAD nnd SAC had established 
proc edures fo r conduct and 1mplrmentalio, of a 
permanent low- l t- " t\'l RBS prc. i,: rarn . Thn J:i .' tieram was 
a l ■o expanded t o inc lude Ala~ka , si nce t he Nike 
units t horc wer e no t und~r ARA OCOM . 4 

DEEP RI VER 

There were a numb e r of tt-rml nal j o i u t ECIJ' 
~ II rirrr 1iq:p", ev Rl u:1 t ion!=- . and test proicc t s 
wh i c h ha c1 prnvirt Pd v s:ll11Rh lP F.r.M P"lC [W r i P nC' P for the 
JORAD s ys t em . Of no t e waa o ~ep Ri ver wht ch was 
the t a1rd phase of the SAGE Mi ss i le ~as t er i nl e ­
grat ion tes t s . 

Deep Ri v er ran dur 1!l,-:. _ y 1~61 - ti:! i n th~ 26 1 h 
NORA D Region and cons i ~ted of 12 mi ssion~ ul J O to 
40 SAC ai rcraft ea~h. The purpose of Deep River 
was to eva l ua t e t he opera t i ona l uf fective ncs~ of 
an i ntegrated SAGE/Mi ss il e Master Syst em a~a i nst 
ffl anned bombers ~mpl oying vn r yi ng deKre es o f ~CM. 
The t es t s wer e conduc t ed i n t wo maJor ECM , w 11·on­
me nts: an ALT-6 ~pot - we ~p 1amm in~ ~nv ironm~nt 
a nd an L-band c a r e i n<'t r ou L.u·a·a~<.' cn v 1 r onmC'n t wi t h 

[ 27 ] 

UNCLASSIFIED 



ALT-6 spot :ind ' or swPep j ::unm i nl!; in low L-b:rnd. 

fh e co nclus i ons 01 Deep River were that the 
SAG E s y stem sur \' e i l l :rn~e o f a mod•~ra t e s ize high 
alt 1 tude bomber for c e was: '' Pr a c t ica 11 y l 00 
perct>nt effeC' Live 1u a non - EC\I env iro nment. 
s ligh tl y impaired in a rr.odc r :it,· ~pe l-:-~ e e p a nd 
chaff ECM e nvironment (c haf f 1 m~j or contributor); 
ser ious ly impaired i n a car cino t ron barr age ECM 
environment; fur t he r de~raded whPn ~nph i sti cated 
maneuve r s a r e e mp loyed wlt h ~ it he r s pot - sweep or 
c arcinotron j amming .·• ., 

SKY SHIELD 

Sky Shi e ld prov i ded th e NORAD forces wi t h 
r ea l isti c ECC M t ra ining on an annu a l ba3 is a gainst 
a mass bomber at t a c k emplo ying F.CM. Al l non­
par ti c l p~Li n~ ai rcra 1t t hroughou t the co nt i nent 
w re g r ounded f o r the dura t i on o1 the exercis e in 
o rd e r to permit unrest ri cted us o o f ECM by the 
attack in~ f orce . 

ADC EC\! FORCE 

• .I,i 1::;:J, tl1t: s . i. 1i1 ~.- } , • • 1· S . .\C b e~an J 0int he,. , 
~CCJ.f tr::ain ing, :1 fPll' "''•d i f i•_•d D-25 :i i rc rait -.·i t h 
Wnrld W::!. !' !! j~ .. n- n- cq~:..pi,, ..... t ·n•: .1\:: .1 ~ .:,, .i.~ut:-u Lu 
a ir d e f ense . The f o r cP, .c•ons i s t ing of ~· igh t a ir­
cra ft , was poor 1 y e qu ippr.~d an d I wi t h th e i.nade quat e 
performancL' oi t h£> 8 - 2 5, a dd·d l i t tl e- t o SAC' s ECII 
efforts . 

Fina lly , i n 19 54 , ADC r ;.i.Ja r c a l ibratio n s quad­
rons were formed into radar evaluation fli ghts and 
given t h~ a dditic a a l mission o f providing ECM 
tra i ninK, Sevent een B-29 1 s 1 previously ass i gned 
to th e r ada r c alibra t i on ~quadrons, WP re added to 
t he e i ght D- 25 ' s . llowc vc-r, tht> B-29's contribut ed 
lit t le ECM tra inin~ b ~caus1 t1f dP l a ys in modifying 
them. They had only locally-ins talled cha f f dis ­
persers a nd, in a f ew cases , S-band Jamm~ r ~ . lt 
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was oot un t il 1956 tha t t h~ 8- 29 ' s ~ere fina l ly 
mod if h .•d to c a n·y EC )I ~e:11 · . 

In ant i ci pat i on t hat the> EC\l- ,,tod11ied B-29' s 
would no t pro v idt.• r e a lis ti c: tra1n1n ~ , 1 11 Oc tulJt.•l' 
1954 , ADC asked f or B- 57' s \\ 1th a c.:unf1 ~ u1·a t i o n 
espec ially desi ~ned f or EC~ t~ai nin~ . [SAF ap­
proved t he need a nd l nuk ~t e ps to dev~l o p the air­
craf t 1 bu t no thing ma t erial i z e d dPsp i tc AOC's con­
tinued prompt in ~s. 

NORAD, no t long a 1t c r its forma tion i n 1957, 
joi ned ADC ir. it s p leas t o US AF fo r more modern 
,:r.• ai rcrn f t. SORA D ~ n ln th:1 1 it ~ ECC'! tra in i:1~ 
requ 1 r L"■C' nt s cou l d no t be- me t by a ny command or 
combina tion of cowm3 nds in cx i s t~nc ~ . The SAC 
training miss i ons an d the ADC r ada r f l 1~h t s were 
valuab l e , but they fa il ed to sat i s fy NORAD's ne~ds 
1 n qual ity or quanl lty . ~evert hc!c~~ , i~ June 
1958, l!SAF d t'cl a rl·d I hat l t wo u ld ' •Ot b u11 d up t he 
ADC EC•I force and direct ed tt r c::.-ater use of SAC's 
ECM patent ia l. 

By ea r ly 1959, it beC Affle appa r ent t hat 
despit e effort s t o itlc r eas e SAC's pa r t ic ipa t ion in 
air defense tra i ning t h r oug h t he Big B l as t p rog r am , 
ECCi tra1 ni n~ r emained woe f u ll y i nad e qua t e. Th i s 
s pun·:"-:! AOC- ~ C"'- :lg:i i r. -: .... -e. ~ ,-.-~ y tc, ·t.: ~Af-· m'. -~ h i ,-.:.■- ··- --·· 

p1.•rlunrn.n c • EC~' a j r r. r aft t n r, nl :u ,, 1 h ..... R -••q AOC 
... -kPd '"'r 7 :::. ,~_ .;. .... , .. ., 90 ,.. .. .. r + c--- .. 1·~-- C' ..1 ·•· 1·t "" ··n; •· --s-- 1 
.,. - - - - • ,.,J ~ ..,J - • ~ .. .._ ,._ ., I ~. U J-' 1.1 U llt a I U i:. .&. W' ~ ... &.I .&. 

jamm i n~ pod s an d Pxte l' n:'! l r ha I f d i spPnsC'rs . 

On 20 March 1959. Gene 1·:t l P~r t r id,Ke, Cl NCNOR:\D, 
wro t e to Gtme r al ll'h i t.i•, Ch 1e·f of S tal!, t;SAF, ~iv ­
i1 1- " whol f.'hea r t l"d " s u ppn rl t ,, lllL' Il - 57 rcqu in.:mcnt . 
He c•niphasized t•1at ,1.-ith p r t •~c- l"' t t:CC\I traini n • , i n 
an en1er~(rnc y not mo r £' 1ha 11 h a) f t h£' Pf 1 £'(_'tiv~nes~ 
of the a il <lt.•:l ensc. systl'rn l'Ou ld b l' ach i eved , 

Fi n a l ly, in April Hl 59, USAF ass i gnPd 50 8-57 
a i r c r :i fl -- 25 l L•s s t han th,• numb~r asked for . 
The B- 29 ' s wt•r e to b(' phasc-d o u t and t he ECM. t:"qu i p­
mcnt t ra nsfe r r ~d t o t he R 57' s . H 



l'L 

By the end of 1960, tht.• B- 57's had b een tra.ns­
i c>rrcd to th l· t v.-o ADC radar ~va 1 ua t ioo s quadrons . 
The followin g year, a modi f i ca tio n p rogram •;1.-as 
b egun to fi t a n umb e r o f t hese airc r a ft with 
int erna lly-ins ta l l e d ECY equi pmen t . Sixt een air­
craft in ea-.:h s quadron wer e f i tted with one ALT-6 
with X-, S-, and L- band os c illators. 

Ea rly in 196 2, USAF a ppro ved and funded a 
program to Pqui p t he R- 57' s with t hre e -phase 
eng ine-d1· i v t:" n 20 KVA c o nstaut -spe•. d a l t e1·nato r s 
a nd wi ring . Eac h a irc r af t wo u l d t hen h av e s uffi­
c i e n t powe r t o suppl y t e n t ransffi i t t 1ng e ys t ems 
f o r jam11 ing . Cu r r en t p lan n i ng c a l l e d f or the 32 
~ircraf t in t he r ada r eva lu a t i on ~qundrons t o be 
mod if i e d t o in c l u de 1 n C'ac■ h a i r crait i 1ve ALT-6 ' s, 
t hr ee ALT-13 ' s , and two ALR-18 ' s . Thi~ coni1gur ­
aliuu wo uld provi ae an tC M c apab 1 l 1 t y aga i ns t all 
NORAD ' El maj nr f r equcn c:,• b a:1ds . In a ddi t ion, 
t we 1 v E B - 5 7 ' c; a t B i g gs Arn were t o h mod i f i c.· d t v 
g i ve them a n ECM capa bil i ty aga ins t Nike r ada r ~. 9 

AI RBORNE ELECT RON IC JAMM I NG SYST EM 

Dtsp it e i mprovem~nts i n ADC' s ECM f o rce and 
in j oint SAC/ NORAD t r a ining progr a.ns , NORAD 's re ­
quiremen t to make t!1e sys t em effect i ve against the 
ECI t hrea t was s t i l l fa r f rom satisf i e d as ma tters 
s tood in th e e arl y s ixt ies . ~ORAD needed an air-

... ~..Q2--. " l ec t ron i-e-:1....,...· ., .:.1 ~ .-,ys Lei"' · iiiade r its u per a - · ·-­
t iona l control that cou id prnv trlP Pff ~ct ivc EC~ 
aga ins t 1 L~ Len maJor .'"requ ency bands in the 

( :JO ] 

--·-· 



UNCLASSIFIED 

ma nned bomber sys t em .• 

Gen e ra t Pd L, y th i s 11 1...•ed, a n e" concep t in a ir­
burne ECM wa .._ dPVC' I opC'd - - n S C' I f- cont a i nl.•tl de­
ta chab l c poCJ, con1a i11i 11~ i ntr-rch an~l•ah } e Pl"ct ronic 
j a m111in..: u n i t s , \,; hich l'ould bC" s l un.: ex tl rnal l }' o n 
any a i r c r a1 t in l hP a 1 r c'r_• 1 1 ♦ n se inYl :1 tory . Recent 
d eve l opmt-n t s i n c: .. lc.·,.-tron lc t ubes had T"la d e i t J eas i­
bli• t o packa~e £CM equ ip1nen t of su!fic i en t power­
o utput i n a c!e-t:.chahle pod . 

Thi s r equiremen t wa~ sC"t out ln t he NORAD 
Qua li t at i ve Requ iremen t f o r Airbor n~ El ect r o nic 
J ammi nl,!' 5ystPm, rl:11rad 1 r11ne 19Gl . 1 This :.QR 
c a ll ed Jo r a famil y o f EC~t pods t: apab l e of provid­
ing e f! cc t ive £.CM a1,:a ins t :il l ten NOR..\D f reque ncy 
b ands. 

NORAD envisaged 16 I::CM pods a l loc:.ted to each 
of the 43 NORAD intercepLu 1· :::. m.1c1.J1 u 11 s and 50 pods 
to each o f the t wo 8 - 57 squadrons. Th i s alloca-
t ion would provide t h e r e qu i red el e ctron ic j a~m i ng 
ca pabi lit y fo r an y air defe nse exerc i se regar dl Pss 
of geogr aphical are a or numb e r of ai rcra f t involved. 

In follow-up acti on to Ute NQR, ADC s ubmitte d 
a Qua lit a tive Operat ional Requirement t o USAF on 8 

... , ... .__... .... -- .__,..., . _ ___,...._ ---· .. NORAD 
.... 

Dar.ct D:..n c 

-c, - ~ ....... ......... 
No . (i n me s ) Ty pe o f NORAD Rada r Type o f ECII 

~f:1-2:Tir Pick e t Ship & SAGt Sea t· r h Hi pwr ar ra ge 
2 400 - 50(1 DopplPr, At.1¥ & SAGE s ~-a r c h II " 
3 1215- 1365 SAG C: ~ Picket Ship Sea r .. t! II II ., 

·l 1350- 1450 Ni k• HIPAR 
5 2320 - 2680 SAGE S c•:ttTh II ., 

6 27011-2900 SAJE Ht F.1nd & G:tp F il l 1•r II ., 

7 3100-3 570 Ni k (• LOPA R & Pi. ck i•t Ship -
fl t Finder " " 

8 5400 - 5900 SAGl Ht :Fi nde r & P i ck P l 
Sh ip Search .. " 

9 8500- 960 0 Nik t> TTR & Al To be deter111 in~d 
JO l 3 50 n - I 7 50 0 Sikc- TRR To be det l•rm ined 

[ 31 ] 
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Novembe r 196 . 

On 2.J ~i.1rc h 1962 , LSAF a.e1 vised NORAD and ADC 
that i t " r ecogn izes tlu wor ld widE def i cienc ies in 
air de fen se 8 ys t em ECM tra1n i ng capab il1t les which 
prec l ude exerc i se a t posses~ed ECCM equipment s on 
a frequ ~nt and r egul:t r bnsi~ ." To a llevia t e this 
s i t ua t i on , U~AF said , u n Opt..· t·a t iunil l Support Re­
quirement {OSR) f o r air de t ense ECM t rai ni ng 
equ ipment wns h Pi n g p r ,.pa r P<I. 11 s purpose was to 
a l ign d eve lo pment al effo r t wit h t r a ining r equ ire­
ment s o n a prio ri ty b asi s and to provi de a s ing le 
r efer ence sour ce to doc ument a nd control 1uture 
1·equirements . 

To t i1 1 5 (•nd , USAF wa~ rPa l i gn 1 ng current ECM 
mod i f ica t ion prograiris . A prog r:im to r1odi f y t h e 
century- series aircraf t and T- 33' ~ with the ALQ· 
J l .tCM Tra .1ui n1< Pod .1r~ s ,·ancclleli. A p ro~ rRm t o 
equip AOC, Alaskan Air Command , a nd Pacific Air 
For ces B- 57 EC)il t arget for ce ai r cra i t wit h t hree­
phase e ng ine-driv E' n 20 KVA const nnt speed a l t e r ­
nators and wiring ~~s approv~d and f unded , 
Finally, 300 QRC-1',n X-, S - , .. d L-band tra!n lng 
pods f u r .\DC, AAC , PACAF U . S . Air Forces in 
Europe , and Air Trainin~ Command wer~ to be fun ded 
.tu .!)~~ t...;':' prov 1de _in i t 1 .1 1 mini'!!,U."' squil.dZ:.""· J;.J.· ... i " ~-
in~ capab1 Li ty. For purposes nf uniform \\'Or ! dwide 
di~t:-ibt.ti"'r. , :t.?!o .. ~~~t: ···ere ·•· '1':." ~:1 dc :! c"crdjnb 
t o UF Bquad r ou strenKths . USAF sa i d this wo u l d 

1 pruvi de ADC and AAC with 260 QRC- L60 jamming pods . l 

Th P propose~ USAF OSR for a i r defense ECM 
training equi pment \lias passcu l l l riOH.AD 111 Jt.n1 
for r ev iew- and commen t . NORAD _enc- r a lly conc urred 
in t he OS R but made a numlJPr of r ecommendations to 
USAF to bring i t. in lin e.• wit h lht' NQR Jo r ECM pods. 
Currently, the OSR was he ing s ta f f ed fo r pub lica­
t ion nt He adquar t ers USA F. 

In t he· me.:n time , USAF had c mpnas i zed th ;i. t b e ­
ca uA P o f limi t e d f und ~ , i t wou ld have t o procu r e 
ECM pods in y early 1n~1·1!1ncn t ~. Approx i ma t e l y $6 
mi ll i o n wu u ld be a vaiJuh l, · [u i· FY 1~63, US AF 

• 

• 
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advi sed i n Novc~b~r . 12 Thi~ ~uul d hu y 13 1 QRC-1 60 
I IEi - ] 2J f 11 1· I DC i11d •• I" • I : I. ·-ll',I 
provide a n ECM c aoab i l ily in fou1· vf XOR-'.D's t~n 
fr oque ncy bRnds• - - ~ start towa r ds sat i s fy i ng the 
ECM pl1d r equ i l'Pment. 

F1nal ly, 1n c ·rn 1 r 1ai, 1th the ECM pod p 1·o~ r am , 
USAF authuri 7.'-1 d ~5'l, OOO F\" 1962 funds to e va Ju-
nt, .1 pro •· . 1 1. 1 [l• 'I • •- band 1u"u·1atlc 

j amming techni qu ;,_•. NOR·\D r. l1 n I urnmendE'd pracure -
mf"f'lt f"r 1n\'t'S t ii;:J. t ion , undt•1· t!H.• QRC p~gr~"!, • • 
ce rtain items of e qu ipment to ful fil l its EC~ po~ 
r equireaent . The Ne lpa r fundin~ sa~is!!ed on e oI 
NORAD ' ~ requl's t a;; , 

Thi!I p rupos cd systL·m , 1i c 1it.:'ct i v c , wou ld h:iv c 
n number of ad\'anta 5:c:•s over L•: l ,I i nK ECM techni1.1ues: 
, . . ~- . it would 1·cqui re on l y a simple ECM rece ive r , 
and .J anUG lng would b e done on t·reque!.cies sepn r ated 
f r on1 thos(;" t1·a nRm1 tt ed hy tht~ l'ada:,, . I t woul d be 
appl1cnb l c to NORAD ' s pod r"' qu ir••men t a~a i nst 1non o ­
pul sc t rack 1n~ r adars and havP broad a ppl ica t i on 
t var i ous WC'apons sys t t'm!'i n~al ns t a w1 cl t• variL•ty 
of threa t s . 13 

4 

• Band 3 121 5- 1365 mes - SAGE & Picke t Ship Search ; 
Band 4 13 50 -1450 mes - Slkt:" III PAR: 
Band 6 2700- 2900 mes - SAGE ti t Find e r & Gap Fi l ler; 
Band 9 8500-960, ) mes - AI 
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CHAPTER V 

PASS IVE ECCM SYSTEMS 
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l east t emporar ily, fur the r experi~enta tion ~ i t h 
pass i v l-' die t c ~- l ion e q u i I n.:: n t . 

Bu t t h ~ fo llowi ng y t:!3.r in terest was r f'v ived. 
A r equir ement fo r a pn~~ i v~ d~ t ~c ti on system as 
par t uf Lhe ac 11ve rad ar nPt~ork 'tli as s t a t e d by ADC 
i n J une 1956 . Four years lntor, Lwo groun d- based 
syste~s -- JAMTRACK and AN TLQ-8 -- w~re av a il abl e 
f or t est ing . 

USAF budgeted for development and production 
of t he TLQ-8 in Fi' 19Gl-63 . However, hy .Janua ry 
IY6 l 1 the 11..Q- 8 1 as tl n.-11 a s1gncd 1 \li'3Ji nut rcco111-

mended because 01 its low capabilitv and t he need 
for costly custom i nstallation at each site , I n­
stead, it was p r opo~ ed that a third t@chniqu ... --
a syst~'II kno• n as TCU'ASTRA - - be tested . This 
Threshol d Con t rol Un j t ~utuma l ic Strobe Tr 3cki ng 
was basi cally an an l i - 1am l ype of d i splay con ­
t r o ll ed L>y an op~ra tor . The SAfJE 416L ProJec t 
Of fice r eco 11U11ended imo len1entation nf t his system 
in SAGE by mi d- 1962 . 

ADC a nd NUKAD , howev<>r, recommended t hat an 
impr ovPd VPrs io n o f the TLQ-8 be devel oped as the 
primary passive defense s ystem . The Project 01-

• ·11ce agn ... ,~.t..·~ ·~!.e T LQ - 8 was t he o a l y __ systE•• 
w.i th ex: t e n s i ve modifh:ati.ons, tha t possessed th e .. ~--­
potl'n l i I l to mee t NORAD 1ADC l' l.'Qll i I'l~me n ts . Ni!vcr-
t h e l e 9s , the Pro.,ec t Of fice con tinued t o r ecorrunenc 
t he TCU •ASTRA and b.:!st•d Its posi liun on a h igh 
deg r ee of t echni cal confi dence , the earl ier capa­
bility thi s sy~tem could provide , and an ov~r­
,..hP l PII 1m1 cuR t advant :i~c over th,! T l,Q- 8 . 

} ollowing compara li~ • stud1v s r~quested by 
USAF, a fi n al tt.•s t r t·•po t· t \\ as p rep ;1 red by the 
P1 ojcc l Of f ic t in May 196 1 . AKain, TCU/ASTRA wa s 
recom I nd ed a l ong wit h de\'e 111 p1 ,, 11 o f a mor e 
s ophi s t i ca t ed s ystem fn r ul Limntc use . A ,di fied 
vcrs i ,n o f t he TLQ- 8 was suggl""stPd with 1·etention 
o f t h• TCU/ASTRA as a hack-up s y stram . 

[ . ] 
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para■etr1c amp l if i ers and rap id t un in~ ( pulse-t11-
pulse f r equency s h ift i ng). 

USA F was also taki ng sepa r at~ a ction t o pro­
Yide fuads fo r a n_LftAPH Syst m de ve l opment fur the 
BOMARC B miss i l~ .~ However, ~ORAD was no t optim­
istic about get t ing ii b PC'lU~P of the h Jgh costs 
and tc c hu1 cal problems jnvolv ~rl j n m0J i 1yi ng the 11 BOIU RC s ys t €!■ . • 

·-- ·- • -·-- ··- -- -- -- - ... . 

• Dc>p pJ,•r c h:11·.tc t e risti c:s of tJu, DOMARC s y s tl•m ,·ur 
r en tly ~av~ 1t a li mit ~d ECCM capabi l i ty . 

[ 39 ] 
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CHAPrER VI 

CANADIAN ECC~ PROG R.~M 

RESEARCH .~ND DEVELOPMENT 

Wit h the forma tion o i the Ai r Defenc e Group 
i n De cember 1948 a nd t he bu il di ng of t he Pine tree­
Rada r Li ne , t he RCA F r eco~ n i L~d t he EC~ th rt'a t to 
t ht- Cana d i a n g r ound e nvironment. Tu me et this 
t hrea t , the RCAF emba r ke d o n an El~c t r o n ic Wa rf~re 
( EW ) prog1·am of r ese.u ·c h :ind devPlopmcnt, procure ­
ment o f i mp ~ove ~ an d n~ ~ ~yuipme nt , and tr~ ining . 

I n Canada, EYt' R&D .... a s cuo r d J na t Pd and di rec t c d 
by the NAPK 1N• Comm1t t e~ whi ch consistPd o f re pr e­
sent ati ves o f the t hre~ Sr r v i ccs, o~(ence Resea r c h 
Board ( ORB ). and )J11t !0n:1 l Rc sc.•arch Council ( SRC). 
The NAPK I 'l Co111r.1 i t 1 ee 'lt'RS formed i r, 1956 to provide 
a qu i ck reac t io n ca..,abllity i n this fie ld, c ompa r a ­
b l e to .the QRC proli(ram i n t he l 1 .S . MoM t b as ic R'&O 
undertak 1· 11 hy t h i s Committee was dune by t he NR(; 
and DRB . Howev.._. r. whe r e in terests we r e s pec ia li zed, 
t he RCAF no r ma l l y d irf'ct cd i li.; uw n p r oKr am v. 1 t h 
a ss i stanc: t• p r ov i d c.• d b y t he Comm i t lee ._. ll ,e g,:: n 1 np- . 
n,en t s J..n _j: ,!u:;...!.' . f...,. :.-:~d-~ . K . we rl· t. l osf• l y mun i Lu red 

~l,y t h e Comm i tt ee tl) d Pte rm i n f' poss ibl e_• appl i ca t ions 
1n t h , L,:rn ad 1an s y !:io lt>t1'S an d t a i.L\' 1d dupli<·a tion of 
de ve 1opment e f f ort. 

To a c hi e v e the b e s t puss i bl e ECCM proi.?: r arn for 
th e NORA D environme n t , USA F ESD an d the Direct o r ate 
o J EW u ( RCAF H~adqua r tr•r!i f o 1·med a -Ju 111t USAF. RCAF 
ECCli Ev.t I ua l i o n Ln.,up . I II l s Gr oup was e s tab li shed 
i n Aul! ust 19 59 . I t s l u1H' t iun wast •• •· x aminc:.· and 
se l ect ECC~I equi pments tha t we t· ( • r·ompa tib l t• lo r use 
o n tJw t: . S. a nd Cana dian-f ina nc t•d 1·ad a 1·s in Cana da. l 

• Cod.- 11 .1 mt.• . 

[ ,1u J 
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ECCM B IPROVDIEST~· f OR GROUSD E.'i VI RO~'llEST 

A pro~ r a m tu impro v e t he capab il i ty of Canadian­
f i nanced radars ag:ainst an [C\I at t.u k b , ~an .:. 11 1957. 
ECCII f i x L"~ werl' dcvl.•lopt:d , o r ,n·r,.• llnder dcvt· lup­
ment, fur t he FPS- 507 Height Finders and FPS - 508 
S11:·arc h Radars . 

FPS-50 7 HE IGHT FINDERS 

Rec E ive r G1·ou p (OA5033) was deve l oped to p ro­
v ide a11 ECLM f ac i 1 it y 1 u r the 1' PS - 5u 7 . It co!!.pr ised 
a !) icke Rcceivc_, 1· 1or u se a~a iub l l1.11T a g c j arnm i u~ , 
a Log Rece i v er fer use a~:1i ns t spo t j amm in~ , a PRF' 
jit ter kit fo r use agn i nst t"l• pP :>. tt- r j amming, a Pre ­
s e l c c t 1 11 n Ca v i t y fo r i ma~ L' 1 • l•j e c t i u n , n n LI o w i d e -
band P1· t'-Amplif i e r , lm:1 l allation v f' thi:; :·r...·cciv€.·r 
group w3s c~mp l e t ed at Ca nadian-finan ced sites i n 
Dt:c cmb e1· 196 1 . 

Al so, a progra m began in Sovember 1957 to 
d eve l op an AJ Co n so l •-- ( OA50·19 ) fo1• the FPS-~7 . 
The purpoc:.c of t he Co'lsolP was t o monitor simu l­
taneous1y a m.:, ximum of th r 1• e vi deos from the height 
~ 1"11u't ,. I .,d ."rT~ ~· pc:' .! .·!'":11:1. n :. ··-~~ ,. i '-' f'l (I .~ nrt tq f PD-

t ral i 2P c ontrol o f ECCM f a~i l i t 1es . Dcli vrries 
were t o bC' c omplet ed in Nlrly l!:163 !o r a l I FPS-507 
hejght find t:r s . 

A v ideo imp rovcme n t ( i rc u it l \i iliL-u F.uha r:cer ) 
was dev t.•l up t.•d i n 1962 and \\ :ls t·u1·r,•11L ly und"r eva l­
ua t ion f11r the FPS - 507 . It provided ::i s hort pu l s e 
supp r essor to rt.'duce RH I ECM nois• lutte r . 

f ina l ly, a Lon~ Pul se Suppressur wa s under ­
going eva lua tion t o r ins ta l lation in t he FPS - 507. 
I t wa~ a c l ut t er e l i mi na tor circu it l mploy1 ng 
video cance ll a tion. It was desi ~n e d to operate 
on any pu l se wh i ch was longer than the rada r pulse 
widt h. 

( 11] 
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FPS- 50 8 SEARCH RADARS 

An AJ Console (OA503 8) •a s a lso d eve l ope d for 
t he FPS-508A Sea r ch Ra d ar. Like the Consol e f o r 
t he FPS-507 , i t ~ as developed t o mo n itor rada r 
performance and centralize co n trol ot ECCM fa c ili­
ties . Inst a l l ations were compl et ed i n No vember 
196 2 . 

Deve lopmen t of a Receiver Group (OA50 3 5 ) was 
completed in 1962 ior thisl'adar . It consisted o f 
a narrow ban d Dick~ Receiver havin~ ~ two megac ycles 
IF bandwid th, a ha rd limit e r and ~ITI CFAR 1F outpu t 
in add i tio n to its CFAR 1rid".:'o output. l l was t o 
be installed 1. n cascade wit h thc, lrPady-tnstallta 
wideband Di c k e Receiver (OA5034 ) . De livery wal!:I ex­
pected i n ea r ly 1963. 

Lastly, ~ Dup lex Gr.tir.~ Unit was deve l oped in 
196l t o pi.ovidc a capnb1 ty for a11tomat ical l y 
choosing t he ou t put of t he least-jammed c h annel ot 
a duplexe d radar . Cu r r en t ly under ~v!luation , i t 
was p l annPd for use wi t h th e FPS - 508 . 

GRC'JND BASED PASSI VE SYSTEMS 

( ·12 ) 

-
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F.CCM TRAIXI NG FACILITIES 

EARLY ECM EQUIPJ.1ENT 

To train radar opera tors in the use of anti­
jammi ng t ec hni1ues , a requ i r ement was es tab l ished 
in J u ly 1951 to fit ~n a ircraft wi t h ECM equip■ent. 
The f irs t EC~ air,.r af t in the RCAF was a Dakota, 
~quipped wit h chaff dispense r s and AN. APR-9 rP­
ceivers . ln 195G, t he li rs t C-119 was equipped 
wi th var i ous EC?tl pr o toty pe e qui pme nt . The same 
year , a CF-100 was e quip ped with an ALT-4 j ammcr 
nnd an APR - 9 receivPr for tra ini n~ aircrew i n 
countering c! l tfc tronic jamming . Two m<r•i:> C- 1!9'a 
were added i n 1957, a nd a l I t hr wEre equipped 
• 1th APA-74 pu ls~ ana l y z er~, APS-54 r ec eivers, 
ALT-4 :X-band j ammer s , and ALT-8 S-band j a1nmers. 

To s uppl emen t a irborne EC~ t r a ining in RCAF 
ADC , t Yio mob~ l e ground vehicl es Wl!' l" C fi tt ed with 
L- , S - , and X- band 1nter~ept r ec e i vers, L- a nd S­
band 0/F unit~, pul s e ana lyzer s, VHF c ommuni ca tions 
equi.pment , wideband crys t al v id eo inte 1·cept rP -
cei ver w 1 th n, F uni ts , .aud L- and S-b nnd _j nmmers. 

Th e ANI ALT- 50 1 l- ...:l.·· .I - :...: nd carc1notron bar---IJ~e Jamm~r ~a s deve lop ed and pu t i nto ope ~a t ion 
i n t he RCAF in 1957. Th i s be came the first car­
c i ~otron j :111lffle r in the NC-PAD system . It ,as c apa­
b l e d f provi d i ng spo t , ba~rage a nd sweep j amm i ng 
at high o ut put powe_-3 and was el ectronic-a l l y tun­
able . In 19 59 , imp rov Pd mo du-ls of the ALT-501 
wure ins t a ll ed in t he C-119 a1r~raft. Finally, a 
t hird g~nera ti o n o l thi s ja-... u~ , was Cleve lopL'd, 
eva l ua t ed and app roved as a pre -produc t ion pruto­
typ~ i n 196 1. Th i s ja1'\Iner was a pressurized, 
miniaturized, high - a ltitude vers iun uf t h~ previ ous 
modl!l . Th~· L-band v r-rsio11 had a p ower output of 
50U- 100U w~ tt s a na fr equ ency r ange of 1 200 -1 500 
mes; th• S-ba nd ver !, 1 0 n had 200 - 500 watts -power 
outpu t and 2600 - 3 100 mes fr equency range. " 

[ 4·1 ) 
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ELECTRON IC WARFAR E [ ~ IT ESTADLIS lllill 

Thl· RCAF ADC mad• ma x i mum U M .• o f o u t s idt: 
f r i endl y fo rc es to prov id~ ECCM t r a i n in~ . SAC ai r ­
c raf t overfl ying CanaJian ten·itor;- o n tra ini ng 
miss i ons prov i d L" d EC\L How e v e I' 1 SAC ' s c qu i prnen t 
was desiKn~d to j am t he Ru~~ia n r adar s yst ~m, and 
since it was und £-rs t an d'1lJly rc lUl' t nnt to ' ' show i ts 
h:ind," SAC opl·ratc.·d it s ECM o n a l i mited se a. Lt> . 
Au10

1 
USAF ADC ' s il:CM 1nr ce made o nly a ne i;t Jl li!' ib le 

c o n tribution t o RCAF t ra i n in~ . Si milarly , RAF 
bombsr ovcrf I i i?hts provided o n l i' t okC'n ECC~t train-
i nr . 

Because o f this , an El~ct1oni c War f a r ~ Unit 
( EIU ) was es t abl ished in RCAF ADC to provide an 
ECII/ECCII ia~il ity wit h in the Ca.n a,Uan a i r defense 
environment . I t began operat ions on l Apri l 1959. 
The next step•~· to re-equip the EWU wi th improv~d 
j a •l ~ equ ipme nt 11.nd t o i n..::rc a sc the numbe r of .CCII 
aircraft t o provide adequa t e Pxerr i ~e a n d tra in ing 
for the a i r d efen~w sy~t~ffl . 

Pro viding nirc 1·a ft a nd equipm c- nt f o r the ADC 
-~- _... ,h·•---~ ~ ~--: 1.ree phust:~ . , ~ .a Lu~t:rt:ct- · - -

the ex i s ti ng f a c il iti es t he RCAF l1ad a t th~ t time 
__ •h r et:? C-l1 9 ' s , o n P Cf-UH•. : nd onr mob ile unit. 

Phase rI c u vc r ~u l ia\.> add ition 0J sev e n CF- 100 ' s 
f it ted wi t h ALT-1 X-ba nd j amrn~ r s , APR-90 r ece i ve r s . 
and MX900 / A c ha f f d i s);.,t•nsc rs . Th i s phase was c om-
plcte-d . Phase III wou l d inc r ease t he t 'E u f ECM 
CF-J OO :i i r c ra!t l o 15 , ;:rn<l wa~ s c hc-du l ed t o s t art 
i ., Sc ;: t r.;b c r 1 ~f.J. Al l ., i, l , a i i ~ '-" l"l ' l o be i i t tt•d 
with ALT- 50 I L- and S - h:rn d careinn tron )a1nm£' r s, 
p l us ALT-68/ ALR- 18 X-b.t nd j:tmme1· 111s ta ll a tion. 

Finally, a pro~nim was un d11r way t o e x tl•n d 
t he fr eque ncy r an g!:' oJ th e ALT- j{}l ca r c inot r o n 
Jammer f r oni I.- and h hth S-ba nds to C- and l ow S­
band~ t o cu v~ r t hen~~ FPS- 26 and FPS - 2 7 FD radars. 
ThC' r l'quire d ca rcinot r o ns wC're to bl' a vail a b le in 
~ar l y 1963 and opt r ationa l j a mmrr~ by lat e 1964 . 
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AI 
AJ 
ARSR 
AVA 
AVNL 

C.FAR 
Coho 
cw 
DIP' 
DPI 

ECCM 
ECM 
[W 

EWU 

FD 
FrC 
ITI 

JII PAR 

IAGC 
1Avc ···· 
IF 
IFC 
IR 

KVA 

LOG 
l.OPAR 
LRAPHS 

MTl 

Non-Co ho 

GLOSSARY OF ABBREV IATIONS 

Airborne Int erception 
. .\nt 1-Jam(ming ) 
Air Rout e Search Rada1· 
Ampli t ude Versus Azimuth 
Aut omatic Vid eo Soise Leve ler 

Cons t~ nt False Alarm Rat e 
Cuhcr~ut Osc i lla tor 
Con tinuous Wave 

Directi on Finding 
Det ec t ed Pu lse lnterfercnce 

Elect r o ni Coun t er Counter Meas ures 
Electron ic Counter mea sures 
Elec t r o nic War fare 
i lect rryni c Wa1far e unit 

Frequ ency Diversi t y 
Fast T ime Constant 
Frequency Time In tensi ty 

... . -·· --
Hi~ h Powe r Acquis it i on Radar 

Instan t aneous .,u tomatic Gaia Cont rol 
I nst antaneous Automatic Vol ume Contro l 
:~s t a nt aneous Frequency 
I ns t an taneous f requ~ncy Corre l ation 
T n f r• r o:d 

Ki lovol t Ampc-re 

Log arit hm 1 c Re cei v·er 
Low Power Acquis ition Rada r 
Long Ra ntle Airborne Pasi; i v e Homi ng 

System 

Moving Target Indicator 

Non- coh C' r ~: nt Os c il la t o r 



PI E 
PI S.AB 

PP I 
PRF 
PID 

QRC 

RBS 
RF 
RHI 
RX 

SUl 
SLC 
STC 

TCU/ ASTRA 

TDDL 
TRR 
'M'R 

UHF 

VTII 

• 

Pu l se Inter.t erence Elimi na t or 
Pu l se Inter f e r Pnrr Separation and 

Blanking 
Pl an Pus1t ion I ndi~ator 
Pulse Recu r r ence Frequ ency 
Pu I se Widt h Disc1·1mina tor 

Quick Reac t i on Capabil i ty 

RadRr Bomb Scorin~ 
Rndin Frequenc y 
Ra n gP H~ibht I ndicator 
Rece i ver 

Side Lob~ Blank i ng 
S ide Lobe Canc e l l a t i on 
Sens it ivi t y Ti me Cont rol 

Th re~ho l d Contro l Uni t/Automatic 
St r obe Tr a ck inr,c 

Ti me D1v1~1on Data Li nk 
Ta r get Rang ing Radar 
Ta r ge t Tracking Radar 

Ul tra High Fre quen cy 

··-Vo·l tag;-Tunecl Ma~netron 
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GI ..OSSARY OF T F.RM8 

Active ECM - Co un termeasures whi ch re ly o n t he 
raa at o n or r e -ra di a tion o f e l ect roma ~netic 
ene r gy f or the i r e f f ect , and a r e , t here fore, de­
tectabl ~ by t he enemy . Thr y inc l , de jamm i ng , de­
cept ion, and Lha f f, 

An ti-Cha ff Rt~e i ve r - The anti - chaf f r eceiver is 
essent aliy a device cap~ b le o f d i s criminating be­
twePn t ~rg~t s ~cv i ~; a t ~i 1 l c r e 11i v ~1uc 1t 1 Ps a nd 
elimi na ting t h~ s l ower . Th is i s us ually nchieved 
b y us i ng t he chaff e cho es as a re f e r enc P and us ing 
a phase d t: tt:cto r a nd l i mit e r t u el im ina te the 
r 

............. -.i.--
~ -....... . • . 

A:iti-Ja. mrn ing Conso l e - A cons ol e whe re t he d is -
p a~s an c o n t r ols o f ECCM ct~viecs an d d i s p l ays of 
r aw r adar vi d e o are gat h(•r Pri f n,· C' €' n"tr~ l 1z e d con­
trol by the ECCM 01f i c e r. 

Automa t tc Video Li mite d ( AVL) - A fea ture which 
prov iaes a utomat i c g ain con t rol in t h e r e c e iver 
preamplifier to r e duc e the ef fect s of unde~ rable 
s i gnals o t relat ivel y Ion~ durat i o n or o f a CW 
na t ur e . It is useful for increas ing the ECM level 
at wh ich a r eceiver will s atura te. 

Automa tic Vide o Noise Leve l e r (AVN L) - The n VNL 
sys em s a mp e s t e r eceiver o ut put noi s e l eve l at 
the end of ea ch =sweep , and automatical ly adjusts 
the pr eampli fi e r ga in for the follow1n~ swe~p to 
hold the avernKe noi s e l e vel at t he PPI constant, 
t o ob tain a constant fal s e alarm rat e. 

,. 
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Carc i notron - Thi s i s a b ack111.u·d-wnvc osci l l atu r 
t uoe o -u - Ts mor e comPlo n l y k nown by its French 
trade na mi' ''Ca r c i nutron ." I t i s \ Olta ~~ tunab l e 
over ~n o ctave of f requen cy an d has made wi de 6 and 
barrage amming poss ib le wi t h c quipmc•nt s of con ­
ven t ional s Jze . In action, it i s a c t ua ll y a very 
high speed sweep j ammer but t he swe,~p frequency 
can be ra i sed t o 5 mes or mo re making t he ~~nera l 
api:ear• nce at t ha 111111 .Jar equival ent to barrage j J.m­
aing . 

Cl . 1, r-'~ l. I•,. l u .uhi I ' •n' t. • 1r. ~ Tar t:"t Indic a to 1· 
"(M'T"t1 - J5rov1cies c u t te r-ga Ing , nonco 1erent-MTl 
In 01·dcr t ha t t h~!.!~~- d e s irabl e ~J. .. 'li' l_i;u:.0,r:flssir.~ 
~ny o~·us~d 1n clutter , chaf f a nd nunc lutt er re­
~ions . In the caRe whe r P the si~n al is wider than 
the pu lse • idth u1 th e radar, the clu t ter gate 
u!es 1.his s1,;no&l 111.a Lh t:' re i crem e signal aga ins t 
v. h1ch the mov 1n..: tar"t: t i s bea t, a nd only the mov­
i ng t ar1et i s prl•sent ed. In r 1-!iu n s o f ch:iff , t he 
charf becomes th ~ r PJercnce s i ~nnl and the movin~ 
targe t 1s d i s p layed. In areas where no clut t er 
exu; t s , norrna l \"i d~u i s prescnt c-d . 

Clu t t e r Gat in~ - Provides f or 1·emova l oI clu tt er 
aria en~, I T <· Lou ds f rum 1wr ma l vi Jl:'o crn the■ basi s of 
pu l se w.i dlh , an d ~ubst 1t u tio n ot \!Tl vi deo .i n th t 
r e5'!iOns of c I ut t1}r :ir.d c ha I l , l u uds . 

Coherent MTI - Th 1s unit i "- wn•d to d i:; c ri mina l• 
Oc>twt.•Pll mov 1 ng' ta r ~ i.•t!-> and ! ixPd t :lra.; l•t!i , and t o 
pP•St·nt o nly t h L' 111ovin~ one.•~ . Tlw vel o c ity 
!-ill.lp i m l!ii pro\'i dL•d l, i ru · t' ('as, r hi !'-i u lwl u t l L' l' 
,1b. 1bi Ii ty .i.JUdb ) in LllC.· pr .... st• tH' l• of .scann ing and 
C l U t l t.• f med ll L.t t i U 11 , 
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Cons t ant Fa lsc A la1·m Ra t e ( CF.AR) - A term ~pp l 1 ed 
t o a n y r:id:ir r ec~ l Vt.'7" ( ~1 ~ • Ui.ckL· Fix I Mfl • c> lc • ) 
t ha t <..loes not c.- xhihi t a chant?'-" u f si~n:i l t o no ise 
rat io .:is a r es u lt. o f t he chan~ing ampli tud e of 
intcr ieri ng or J am~ in~ s i ~n al ~. The fal se a la r m 
rat"'· 1 ::i .func t ion o i t he L•xc,:s~ i vc no i s e wh1ch 
would be processed by the AS. FST-2 as a resu lt of 
a rcd~ced si gn a l to no ise rati o 1n t he pr~s ~nc~ of 
j amm in~ or ot her intcr fc &·ence . 

Cross Ga t i n!,! ( Log i c Circuits) - Th e c-ros!il - g::t ti n::: 
c-ircu t ,:; pai·t of i.l"i t: l-U P1 pos1 t ~ r a.du r r eceiver. 
J t i ~ , i n e1fec t, a small comput e r whi c h au t o­
nat icall y selects t h e bes t of a numbe r of vidPo 
ou tput s a nd processes them be f o re t h ey a r~ f~d to 
the displ;-1.)'s . 

Dirke Fix - Th is r ece iver [i x 1s e ifec tive as a 
tl AR ( co n~t a nt False Alarm Rate ) device against 
p~ r i odica l ly recurrin~ ECM such as pu lse o r sweep 
Jamm ing . I t consis ts of: a wid C'-ha nd fi ll~= with 
::rn impul se r ("sp,:-n&c wi ilch p r event s the ECM recur­
rence from rln~ ln g ~~e rec e iver: a b a nd l imit e r 
whi c h l im it s a ll r ece ived e nc r KY down to the no ise 
1~vel 1 bul s till prese r v~s pha ~e i nfo rmation; and 
a narrow-ban d fil t er o 1 optimum ba ndwid t h fo r the 
i·ad:i.r pul s e wid t h to discrimina t e aga inst th ~ ECll ---· 
content o f the li rq i t '.!r:1 __ ~·• .;;;r.+- ::...• •··-~:n.• Di c.::·:e Fix ·1:e·-~---

_,_ t l'l v e 1; ~- -toge ther with th e i oi,,: r < ivPr, s e nd! it s 
outpu t to tlw rross i.: at i n~ c 11·cu1ts . 

D.i 1J i~x- hL ce 1vcr - Th P func t i on of t his e qu ipme n t 
• is t n malte t ht• ma x imum U S " of t h..-. dua 1. c hannel f ea ­
ture o f a radar ( , . ~ . AW FPS-20>. p--::•rmh ll n~ - shm l­
t an, u us or t 1me - sta~~ c•r 1 ·d tra nsrii --~don and recep-
tion ot t wo fl•,:4uenc h ·s b y t ht• --an;L' anh.•nna . Bas i c 
d1plC'x i ng is enhanced b y ad di 11 1! n :cc i ver fixes lo 
each c hann£•l an d then a p p : y i.1~ c ross -cor r elation 
or l og ic c ircuitry bL' twecn c hann1·b to se l ec t and 
pass t he opt i mum o utput. 

Elec:t roni t.: Count ~rmcasurE' s - That m::tjor subdivision 
u1 EW invo-1 vi n~ ac t ions--rakPn to pre vent or r Pduce 
1 l11 pffec t iV l•n c-ss o f Pn cmy t: q Ui!)ml'n t and tac-tics 
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employing or affec ted by P-lcc tromagne tic 1a dia t ions. 
EC~ •nc ludca a c t i ve a nd pas~ i ve meas ures . 

El e c t r o nic w~ r [are - T ha t div i s ion of t he mi l itary 
use of e e ct 1·on1ci in vol vin g act1ons ta.k e n to pre­
vent o r r e du ce an eneMy ' s effective use of radia t e d 
electromagnet i c cn~r ~~, a nd actJun~ take n t u insur e 
ou r own effect i v e use o f ractiat ~d P l 0 ~tromagnetic 
energy . EW inc ludes ECM and ECC~1. 

Fas t Ti me Cons t an t ( FTC) - Type o f coup l in2 ci rcu it 
used i n raaar rec~ vers to permit discri■inating 
against echo pulses of durat ion longer tha n t he 
transmi t ted pul se . 

Freg_uency Ag ili ty - The ability ro rapidly cha nge 
raaar1requlnc1es withi n a g iven band either by 
manual selec t ion or by automa tic ~Ple ~t i on in dis-

·-- ·c rete or ra ndom steps . ·--- •• • • ··- -- ~ 
4 

Fre~u~ncy D1vers1t y (FD) - A met hod of transmission 
R"A nr rPcept1on us n2 a numb e r o f frequ encies 
a:lmu lt a neously to i mpr"ve the tracking probability 
and ma k~ more di fficu l t effort s to de l iberat e ly 
;am or in terfere with t he radar. This is accom-
pl 1~hed by plac i ng ra dar ~~ ts opera ti ng in diffe r­
en t frcqurncy bands at a c!j a,. c-nt s i tes to compli­
ca t e t h e j amm ing probl em . 

Homi n 
t ion 11 

- The net o f us ing a r ece iver wi th d i rec­
an t e nn as t o l oc ate and s t ~er t owar ds a 

!-'I O \l rcf' , ,I rnrt1ation . 

I ns t a n tan eou s Automat i c Gain Cont rol (IAGC ) - A 
v ery II '!. [ I D •r, : in:- ~a In r u n t r n ! ,_,!-jPQ toaect·eage 
t h, • Ka 1 n o f a 11 I F a rn p li I 1 , • 1 • t o p n • ,, en t over l o ad 1 n ~ . 
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J uuning - The del iberate rad iation o r re- r ad iat ion 
o"felect r omagnet ic energy wi t h t he obJec t of im­
pairin~ t he use o1 electroni c d evices by t he e nemy. 
It inc ludes ~lec troni c and mec hanica l Jammi ng . 

Jamming, ~ar r age - The jammin~ of a wide port ion 
or ban~ of the electromagne tic s p~c t r u.n . 

Ja.lllll ing, Spot - The j arnminK of a specif i c f requency 
o r c anne . 

Jall11Jl1ng, Sw~er - flat! j amm i nL! Li n. b and of f r e ­
quencies oy varying the freq uenc y of the J amme r at 
a 1 iven rate . 

Logarithmi c Rece iver - A nonsaturabl~: nonl in~ar 
receiving system . Th is r eceiver consists of a 
series uf IF ump li [ i urs ( e~ ,h capable of a c t ing as 
ampl it ude detectors ) which amplify on a logarithmic 
~urvn to ma in tai n an essenti a lly cons tant output 
a1J11pl1Lude re~ardl ess o f the a mp l i tude of the in put 
siKnal. This j9 a c complished by s uccess ive l y d rop­
ping s t ages of ampli ficat ion a s the inpu t s igna l 
increases in ~mplitude . As stages are dropped , the 
preced ing stage a cts as the vi deo d etector. 

Lon it P11 I ~ Suppres3or - A v i d eo ca nce ll at ion cir­
~ t .,dd ..... h -""~ ':!T~tG~--::n :IDY pu l se nhich is longe r 
~ban th e r adar pulse wid t h . Re c e ntly deve l o ped by 
NRC •(Canada ) ns a c lutt ~r el i mina tor aad anti-chaf: 
device . 

II ' l)U. i ~ - Au II L, .. .-. tc-'-lau i4ue t' ,,11!) l u y .i nt; 
and one refl ector whi c h produc es t wo a nt e nna 

beams wit h a sma ll angu l a r disp l acement betW PP O 
them . Generall y usrd 1n fir e contro l radar . 

Noncoherent MTI - A wi de- band amplifier and phase 
e t ecto r aI1'fcring from n coher e nt MT I s ystem i n 

tha t t he f i xed cr her ent r e f v r e nce s i gnal is no t 
ut i lized . The s low-mo vin~ of i' i x t;• d perman t:n t 
ec hoes, e ha f! o r weat h e r r etu rn~ il r e used as a 
substitute fur t he coherc>nt signa l. Thl" phase 
d iffe ren~ c b e tw een t he jast-mov i n~ ta r ~~ t s and the 
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backgr ound r e turn s makes possib l e t he detection of 
fast-mov i n~ objects a nd cnnce l l ac 1on of fixed or 
Bl ow-~ovl ng r e turns . 

Omnid i rec t i ona l An tenna - A nondi r ec tional ant enna 
w1ich is or l zont al1y o r verti ca lly po larized . It 
is us e d f o r ECCM purposes wi th s i de-lobe blanki ng 
(SLB ) 1 s i de-lobe r :in~e l latiun ( SLC } a nd the: pano­
r amic or f requency t1 me i ntensit y (FTI) displ ay. 

" OR" LoR:ic - Circuits that pass one !:S igna l from 
ei t er o two sou r ces and arc peak se l ec t i ve. 

Panoramic Dis lay - A wide band display which in­
cficates tne prese11ce of a l l shtnals withi., '.:!. des ­
i gnat ed f r e quency spectrum usua l ly thnt of the 
radar wi th which it is operating . In moat in­
stances, t he radar opera t ing f r e quency is al so 
indicated on the display . 

Panor-ru ic Receiver A recelver tha t co nti nual ly 
swe~ps through a sel~~ted portion of the fr equency 
spectrum and , in conj unction 1!',' j t h the panor am i c 
disp lay , ind i cates frequ enc y of all sig na l s present. 

Polar i za1ion Divers i ty - Thi s tochnh1.ue i nv o l ves 
tlie '\i il.1' al iu11 uI pu iar i za t j o n s uc n a s hor i zont::i 1 , 
ver tical, c ross - polariza t i on , c irc ular or ~ llip ti ­
cal fo r radar use , ~1ther si ~ultaneouR] y or si n • ly . 
ThP use of vari ous po l ar i za tions wi l l i n ma ny in­
s t anc es resu l t in a re<luc: ti on of eff ec t i ve jam111 inl( 
power a t the radar antenn a t r•rm i nals, enablin~ 
mo re reliabl e radar opera t io n 1 n an ~CM environ~en t. 

Pr e-sc l ccllon Cavit y - Ry the use o! t uned r.::a v.it i es 
accc-p In~ onTy the lrcqu~ncy bandwi d t h us ab le by 
the radar rece iver , noise ~nt e ri n~ the an t e nna nt 
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the radar image f r equency is re1~ctcd . Cons~que ntl y, 
the amo~nt of unwant~d ener~y into th~ r~ceivrr i ~ 
r educed . SincP the jammin~ 1s usual l y uncorrela t ed 
noise, t he improvement could be as much a s 10 db . 

Pu l se Jnterf erenct: Eliminator (PIE) - A variable 
bana-wfifth rece1ver employinJ.:-band -pass filters 
for the purpos e of clim1natjnt,t sidr•-.bnnd f r l'quencies .. 
It i s not compaliLl~ ~·ith S.I.GE due to exc c:;F; ivc.• de­
lays and puls e stretch1n~ . 

Pu l se I nterference', Suopression. and Blanking (PISAB) -
Cancels asyncnronous pulses liy-cfi ] ay in-:-·we-v'I«lcL1 
pulse for one PRF pe-riod aua co, pa r in .. U,!3 with 
an unde l nycd pul se . It the pulses nr s ynchronous, 
they will cance l and no blankin~ pul~• is deve loped . 
Asynchronous pulses which a1~ not l ikely to be co­
incident will not cancel. These pulses a re amp l i ­
fied and used to •.''?velop a PISA13 gat ing pulse and 
are applh·d to 1'hP. transf C' r gatc:s. The PI SAB 
gating pulse functions as a OlJoking pu l se by 
changing the "OR" logic to ''ANn" lo~ic and does 
not allow video to pass through thP transfer g3tes . 

!"c: -! se Repeti t ion Frequency (PRF) Jitter /Di vers i ty -
T e teL"lin1quc o f v-aryin~ tfil! PRF at ·a· r andom-or 
progra,nred ra t e . Random vilri ations o J PRF will 
deny MTI but is e ffective a~ainst r~peater or 
range Ka t t> stealer..;, Pro1-:ramn ~ct \ a.t•ia t ions are 
effect i ve in eliminati.,g bl1nd spl•e~~ r.urmally 
assoc ial ~d with MT I . 

Ytalse - tu-Pul~c .• "''!~n-.. h t - l •r in 7 t 
radiat'!if Trequency ! n -a-•1uasT-1·and;,r.1 fashion be­
t\lteen pu lse's , a radar can bL• proLL·ct.:d against 
spot and r epea t er J amrnin~. The e J!~ctivcness wi l l 
depend on the bandw i dth over which the change o f 
fr equency 1s spread . 

Pu Is~ W id t h D i.-, 1 1· J. , , i , . a [ i, , n ( PW D) - A c i r i.: u 1 t whi c h 
cllm na t es or bl ink'I ll.'CC'IV~cl s"lgn a l s wh ich :a. re 
less tha n or more than certain predetermin ed pulse 
v.i d ths i n respcc t to tllC' tran sm itt ed pulse wi dth 
o f thr radar. The PW D c ircu i t i !:i a l~o used to r 
the ~ener a t i o n of th e MTI c luttc r -~atv . 
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R•p1d l y Tunabl e Tr~~~~it , er - This tr ansmitter re­
qui r es 1J road -banif7:tl-' c o mponen ts . lt will be pos-

i ,I• j• t n f requPnrits on a puls~-l u -pul s e 
basis within the operat ing band of the radar. 
Pulse -to -pulse freq uenl· )' .,vi Ll t y "·i l l allow the! 
radar to counter th f th reat of hi~her ECN power 
s ince 1 t wi 11 f o rc e a j ammer lCl spr ead 1 ts power 
ovt:r a wider spectrum, and will tlt>11 y the uses of 
,:ipoofe r or r epeater EC~I tha.t does no t have a pu l s e­
t o-pu lse f er r e t and 1o~k- o n capabil i t y. 

Sect or or 3 60-Degree Gai n Redu• tion - A f eature 
wKiclt 1:"11:ilil·e6 tlfo re-cciv er ~ain to be reauc ed 1.n a 
selected sec t or or thro~~hout 360° t o r educ~ th~ 
effects of heavy in terfeJ o ·- ur- J :unrni ng . 

Sensitivi t T une Co ntrol (STC) - A r adar circui t 
llihich reauces rece v,,.r s,en-.,iTfv1t)• for the fi r st 
f ew thousand }·iLrdr:; oI each swe ep, then grad ua l ly 
restores it to noriu.:'l for the purpose of J'Pdncing 
t he scope "b loomin~" rf feels cd" close-in ect-oes . 

Shu1·t _~lsc Supp1·esso~ - Th is video impr ovement 
clrcuit Is6as c.·cf on t he discr i mina tion of short 
pulses . The short pu ls~ d i scrimination t ec hn ique 
al lo~~ i mmed iate r esponsP to nll video sig na l s, 
t hus i s compa tib l e wit h SAGE . 

Side Lobe Blank ing (SLB) - Uses an 0mni antenna 
an rece v er to co rup~1re t h e r elative intens it ies 
of t he mai n an tenna b ean. and omn idi rectiona l 
an tenna si ~na l s . Si ~n a l s r eceiv~d by the omn i 
ant en na and exceedi n~ prede t e r mine d l e ve ls are 
u:,.~J Lu ut:v L" luµ ~•.i 11 l c.:Juc .i.u t,; µ u 1::,,._. ~ Iur U1t- Jna1u 
l obe vi deo , 

Side Lobe Canc 1:: llation ( SLC ) - Utilizes an omni-
1rect1onal antenna ana- recei vc>r for compar is on 

with Lh~ s i gna l s rece ived b y the mai n l obe ant enna . 
Receive d s i g nals 1rom t he omni a nt enna an d a~soc i a­
ted c ircuitry are compared wit h t he m~1 n lobe r e ­
turns. Th e omn i a nt Pnna s i ~na l s are ct r t ectcd o p­
pos it e in po l ari t y 1 r0111 th t.• ma in l obe and the re­
s ult ant outpu t o f tht• ma in loh~ t' C' C(" 1\' l' r i~ t he 
a l~ e braic .sum of t hf' t wo t i ~ u1 ·<•s . 

[ 
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St agger ed PRF Uni t - Th i s unit wi l l extend the 
fi rst MTT-6 inasp~ed i nto the supersoni c r eg ion. 
lt is a lsu ust:d t o iJPli mize the ,.- eloci t;- response 
over anv desired ve l oc ity range . I t has AJ ca pa­
~ili t i es agai n~t s ynch r onous sponfe r - t ype, pul s e­
jammi ng s i g na l s . 

Travel i n~ Wa v t! Tube - A broad band mic r owave tube 
1n which ampli f i ca t ion i s e f f e c ted a t d i screet 
frequencies b y the in t e r acti on between the f ie ld 
of a wav~ propagat~d a long a waveguide , a nd a beam 
o J el trans t r aveling with the wave. 

Va riabl e Dand-~idth - Th ~ u!1il i ty to var y the band 
p:iss of J. c1 cuft or a mp l il ler . This fea tu r e i s 
uti l t zed to r ej ec t o r red uce the effec t ~ o f un­
wa nt ed s i~n3 l s whi ch r equ ire wi dcr band pass t han 
the wa nt ed signa l ~. 

Ve l ocj t y Fil tPr (Stora e Tub e ) - A storage t ube 
oev ce siml a r o tne storag~ t ube c lutt e r ga t e 
wh i ch blaaks a l i t a r get s that do not move more 
tha n one r eso l u tion ce ll in less t han a pr~dcter­
mined numbe r o f antenna scans . This device is 
sensitive t o abso lut e velocit y and ther efore i ~ 
v~ry e ffec tive agai ns t spo t bundle cha f f drops . 

Video I nt ~~ rat i~n - SY .~he u~~ of. ~~ itable de}~T 
a n .int e5,?"ra t1on c ircuits, the video output s from 
th e radar c a n b e integrated o ver a number of puls e 
i nterva ls. Tar g e t r ts ponses wh i ch are cohe r e nt 
wi l l as a resul t be tnhanced whil e r andom pu lses 
and noise wi ll be r educed by compar i s on . 
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