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.DS'i'3.ACT 

'.i:llis re}_)ort covers the 1 -ork d.one a t t :1is l:·borc' tor:v durin::; 
the no.s t •reC1.r, on .?.nti-jan receivers for search r achr equipnents. 

'.i:he first pa.rt of the r m:>ort covers t l1e develo:911ent of a stc..;1cl­
a.rd test ;wocedur e to be used in the t estinr, of e.11 :·-j receivers 11 -nt"..leci 
rt t.1i::; lc.bora.tory. '.!.'l1e secon(J. ~)crt covers tl~e investicatioa of t he :-- j 
ch r ,,c·L:/_st:.cs of the .:"P I ,,ith :-. vie:, t·. cleternining nhc1.t ch, r c>.cteri stics 
the s··.stc:: . s r, I!hole , ;' s :1ell 2s the ?~:ir itself, mu.st possess if t:ie ?PI 
is i;o _ v11'forn ,,ell in the ~)r esenc a cf j cmr:1in;;. This is folloned by three 
parts co·_,-vrin:, the :ro1·!: ct.one on three specific syst,ms. The SC-3 17~.s 
thoro1

•
1
• ,~:l;-- investi0;ated and field chanGes r ecor.nended to brine it u~J ·~o 

date :.;1 - j performence. Severe.I noel.els of the receiver for the Af:/TPS-r~ 
Liarina Ja.ci.c.r S:,·stem uere tested during its development 'lly 3ell '.i'elephone 
Labor_ co:.:ies , en'1 :tecommen~tions for ir-1prover1cnts were mc>.de. :i:he ori ::;inel 
receive:;.• ;or tl:e ~3.F- 1 syster:i , under developnent at t}1i s l abo r a tor~, , '.'/C>.S 

t ested """'la neu receiver for t:1is s~rstem 1.m.s built nnd tes ted in order 
to test severc>.l ner1 bac!c- bias systems and compare their perfornence. ,~ 
g re<'.'li c'.or.J. ll2.s been learned of the fu.nde.mentals of anti ja.11ning durin,:; 
this 'Jor:: 211d these flli1danent~0 1s ?re discussed as t ltey cone up in the 
rrorJ:. :.?10 f i nc'.l :,nrt co:-itains .?. sur:mar-J of t he desiGn fea.tures necess"-17 
i n e.n . -j receiver together u i th references to s1)ecific earlier di visioi.1s 
of the :.·3:)ort in uhich the discussions of particuler requirenents occur. 
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1. IlTTRODUCTIO:~. 

1- 1. Authorization. 

1- 1- 1. The nork of this problen, as ap1::ilied to t:le 
"Au sco)e, '.:e.s conducted under ti1e c1.uthorize.tion of iraL l)robler.1 s4-5=:,- S 
in nccorC::.~nce ,.-;i th reference (c.) in the list of references 'rl,ich follo,, s 
the te::t. 

l - l - 2 . T'.ne extension of this problem to cover '.10r:: 
on tl1e r:- r 1 ?as authorized i~y the letter cf r eference (b) in the list of 
refereuces uhich follo\Fs tl:.e text. 

1- 2. ~eferences. 

1- 2- 1 . Other references pertinent to t!1e 1Jroble11 
or to z:_,ecial phases of it P.re inclucleC:i as references (c) tc (k) in tl1e 
list c:f references w~lich follo~;s the te:~t . 

1- J. Prcolen. 

1- ]-L. Up to the present tine there he.s been no 
sk11~c.1·c-.. ·1rocedure for testin.::; e.nd cor,1:1a.rin~ a-j receivers. for searcl1 
raa ... ,,1· cc_,-.i~),·ents. The present ro~: ,-r:-.s 1.md9rt-L:en bet!:: to develop ['.ilcl. 

to str•n&.rdize on such a procea.ure for use 2,t t ;_1is lcibor;:, tor:-r, p.nd. at the 
sfne tiite to e:;;:tcnd tl1e c1.- j uor: to cover t~rn P~-r . 

l - }-2. 'i1Iie developnent of t l1i s test procedure in­
volve( ,:' in·,estiq;ation of t'.1e fu;.1d?nantnls cf anti jarmi:1~~ in order tc 
deter i;1.J • ·h,t receiver charactcri sties ;,,re import.?,nt to ~j perfoma.i1ce 
c1nc1 1,0~! t:10y ere lil:el~r to vv.r:'. ·1i'l1is s tudy cf fundamentals '.7l1.S the,1 , 
qui ~e lo:;ically, extended to the develo:pnent of better rec€ivers ['.i1d to 
a be·~t:);c unc:i.erste:1di110 of present receivers r:id t i1eir short- cor-1in.-;s. 

1-3- J• A form of report i n~ tl1e data taken in the 
tests :1. G. else t6 ue d.evelo-oed. ~his fern hgcl to maxe it possible 'i;o 
desc1·~0e e1ctirel:r the t.- j :nrcperties of e receiver ,:i th a, i:1inir.run of 
cornle::it~1 and to ms1:e it possible to evaluate its perfon:1ance TTi thor.t 
excessi VG stud,v cf a, l!".r :;c nunber of curves. 

1- ~-. Search Yersus ]ire Control. 

1- 4-1. Attent ion should be c;;-,lled to t:le fact tl!..".t 
the '.:or:~ c:escrihed i n this report is intended to be a.pplied only to re­
cei vo:i.·s :or search equiynents ::i.ncl does not necessarily apply to receivers 
for fire con.trol equiprients. It is true that the b&,sic require1:1ents fo1· 
the t::c s~rr,t~rns are si□ilo.r; !'!01.mver., the use of lobe- s~Fi tchin--:; a;1tl t~e 
accurc.c:- re~uirer-1ents of fire control equipnent plc'.ce nuch nore strin~;cnt 
requi:..·.:: ..;:1ts on the recc5.ver. As e.. result, entirel:r different test ' )ro­
ceclures , :·:.icJ1 vill not be deeJ.t rrith her e , nust be used to dete!'!,ine t~1e 
sni t,:,.bility of a receiver to fire control service. 

- 1-
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1-5. Tl..ecretical Ccnsidere.tions. 

1-5-1. It is if:Uilediately appa~ent that there are 
three C:.:£'racteristics of a jarni-ning signal Hi th respect to TThich an £'..-j 
receiver nust be tested. These ere : 

(a) Jamming :lreq_uency {relative to radar fre o_uency). 
(b) Janraing Level. 
(c) Jar.ui1ing ;iodulc,tion ~rpe. 

1-5-2. :Sxperience he,s sho~m that it is extrenely 
difficult to tune a jammer on frequency. This difficulty is the result 
of sevorcJ_ factors; the tendency of the high po·.rer cf the jamner to rJasi::: 
the ~.reDk radar signal a.nd mclce it difficult to d.istinglish, the frec!.uency 
rnodulc.tion end fretiuency drift of the jamner and the c c;,plexi ty of its 
controls, the lack of suitable rec:eivin:; equipment of the "panorauic11 

type foL use in setting je.mmers on frequency, the frequency drift in 
availc_:.)1 c II setting-on11 receivers, E',nd the freq_uency FJodule.tio:1 ou the 
radnr ~mlse signal. Jecause of these difficulties zero-beat jamning 
will seldom if ever be enccuntered. 'l'hus it is as ir.1porknt , if not 
more i:r_;_1ort,-int • to test the receiver •.-;i th off-frequency janr.-iing e.s ,,i th 
on-frer~t:..eilcy jamming. 

1~5-3. Little need be said about the necessity of 
testiu_; ·.·ith various levels or Janning. It is only necessary to set c. 
maxir.rur.! level up to ~hich the receiver should be tested. This maximun 
level s::ould be sufficiently high to include the levels likely to be 
encouatered 1 ri t h future higher powered jer~ners. • re may calculate t heo­
retic['ll:r t:1is probe,ble ITIR---Cil'11.l!l1 by nee,11s of the eoue,tion: 

pj Gj Gr hr2 hj2 

LL r · 

Pj ::: Jamr.1er Power, ua.tts (1:-,ithin receiver pass band) . 

Gj - Por1er Gain cf jasner entenne,. 

Gr = Po1.•er Ga.in of receiver antenna. 

hr = Height of :cecei ver ontenna in feet. 

hj = Height of jamr:ier c:-.ntenne, in feet. 

r = Di stance from receiver to je..r.uner ia feet. 
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Assume t>.c'.t the neximm for e,.,cii of these fL>.ctors uill be of t;1e order of: 

pj = 1000 •·•e,t ts . 

G-
J ::; 10 

Gr:: 15c. 

hr - 15() feet 

lij ::. 100 feet . 

. \.nd. t >a :ininu.-:1 r· nGe likely to be encou.'1tered in janrnin.; directed aGt>,inst se2.rch r r .c.l2.rs Y!ill be: 

r = 10, 000 ·-r-:-.rds . 

(This ·1ininun range does not holci. in the case of ii re control 
equi})nents. : :uch s:1orter :1ini1 .un r en ,es ·•ill be encountere,. 
in janming direc ted c"gainst t '1er.1) . 

Cc1.lc1;.L t:.:1.::; rccei ved po\1el.· fron equation (1) .;i ves : 

Convert::..ic; to volte.i';e 6ives: 

~PR = . 14- volts 

~rhere R = 50 oh-is. 

Thus t :tc n.:-...'i:irmm volte.Ge l i kely to be encountered is of the order of 
100 nv. 

1-5-L~. A considerdion of tl1e t:-•pes of Si [,11.:.ils to 
be usec.. :;:or test revecls :,_n iuinite ·,u:riety o:: possible conbine.tio,1s . 
It therefore becomeo a prchle~1 of selecti.ns D. small mmber of t~1)es ,·,hicli ~,ill accure.tel;.r descri 1.>e t:1e receivers e.- ,i characteristics anci. 
still ··:ce}.) the anount of tir:1e req_Ui red to n~:e the test ict fl nini,mn. It in i , inedic'.'tel~, D.ppr->.rent thct a test ,~i th c•:r 1·1ill be necessary to test 
the stLt:c overlo··.d che.re.cteristics of t:1e detector r>nd b2c!:- bie.s (or 
other ovc:-lo.:i.d }Jrotection) circuits. Selected vclues cf lo'.'/. end hi.::;h 
freque;1c~r ;:,mpli tude- modulc.tGcl C\7 • end a cor:nlex enpli tude..-rn.odulated err 
siQlo.l ~.cdul l'ted 1.ri t 11 the co!1biru:,tion of both, ·rill the test the cl.Yn 1.'.. c 
'?TO';Jcrt:'..es of the syster.1 . 

1- 5-5. I t should be noted t:1.?t no f - m signals e.re 
neeo.e-:. lor the test~ ). narron bc"J1d f - f.i si;~nal looi:s like Ci/ to ti1e bc:~cli:­
bias cL.'c .its , since tl1 ey .?re no t froquencv selective; __ nd ?, ':ride b2J10. 
f - !':I si ;::d looks li!:e a.':1Dli tude-□od\u.£'..ted en, since it \7ill smnG outs:.{.e 
the :,_,c-.ss -::icnd of the receiver on peel~ snin~s. 
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1- 5-6. • c tests of ~Jsrforr.wnce e.':ainst II rdl:. •1..;:.11 
need. be included. for t,;o re,.,sc!.s. :'ir~tly, they i1.:.ve proven so inefl'icient for jc;t ,in:; tJ.:t>..t tney are not used to e.:ny t,re0t ext e:1t , 2,ncl secondly, perfor r.nce n[;ai:ist 11 railin,;s11 is a function of recover-J time and c:-.n be c~:ec!:e~: _ui te sinply by a mec1.surer.ient cf recovery tir,1e. 

l -}-7 . :ctecovery tine i s also t he .1ost i11portpi1t facto:;.· , .. eternininr; the perfon1.11nce of e. receiver cgeinst :-;round, seE'. D.mi. cloucl.. clt·:~ter. i'he use of fc s t - c.ctinG bB.ck- b i a.s circuits (I.AVG) a£,;r::.1,nt then6 ..:-c:;.,1s o: clutter h::-.s 'ueco;-Je one of the nost ir::port£'nt c\')Plice.tions of .'.":-j cil."Ct,.i ts; e.nd since recove r y tine deten1ines the 11 d.ifferentiE':i;in.:.;11 

act:.on cf the r eceiver <'Ge.inst t' is clutter, it sr.culd :>e □easured . .:- s an in(.icr·.t:cn of perfom:>.nce in t'1is service. 

1- 5-G. ]ecovery t i r.1e is a.lso ID:Jortant as a."1. inw.cc,­tion o1 1?erfomance agni nst }ti ·;h fretp.ienc:y vmpli tucic- modul ated cu. In t he ::_1rcsence of hi~h frequenc•r a:1:oli tucle- mcdul::-ted C\T (or !I re.ilin -;s 11 ) 
jan :,;.1.:; , t:~e receiver \7ill be inocnsitive to [:,11 echo -pul ce during t!1c positive ~)o.rt of the je.mnin6 nodult>.tion cycle clue to ~1onn.?l lini tin,. 
This, :10·.,ever , uill not res·1lt in"· serious loss in sensitivity. :.?l·.e siGil:--,l • .. ill be visible in t:10 negative 11 hcles11 betueen the positive :.xrts of t:1c c. cle of jan!;in~ r.:c<iulr t:.or., Fllu ~,ill "ue lol':t only ,1hen a posi-ti vc :_)e. : o:.. janninf;; hn.p·,)ens to hit the rece iver .,-,t t:1e Sl'ne tirie ti.1 t it does . : ·,1.t since the ja"!'iin:_; ncd1.•l"tion i s not svnchr oni zecl to the r ·'.CL r sue3:,), \,. vce ::,csi ti ve T)eeks ttill not fc.11 i.1 the swne plc.ce en succes­sive s·.:ec:1s, i?nd if the $iQ.1r->l is lost on one s,1oe~J it ·.1ill be seen on t:.i.e ne~:t . : f , hm1ever, the receiver blcc:rs en stronc !)ea:-s , a no:-tion of tit:! :i :.cles11 '.1ill be lost J.ue to r ecoverJ th1e , ~md in recei vor s u:1ere recover-· tine is long the 11 hol es11 rae:· not be lcn[:; enouGh fer complete recov,n~' , n1J :> very serious loss in se,1sitivity TTill result . 

1-5-J . It n:.-;!1t be of so-ie vuue to test recei ve1·s in t:10 ) ~-esence of noise nodula.ted jDm :inc;. ~rue c:.- j ci r cui t s •:ill not dejL•n t :·.i::; t•1)e cf j.'.'JUT•1int:; (a1w circuit tha,t c.oes ,:ill inprove recei v r se::1s:.·~:.y::.t:· i!l t~1e u.11jrrt1ed co!1dit:.on r-.nd t1el"3fcre ice 11 :1ininur.1 si:;;.1cJ.11 
(ir.i::,:cc ri.1,) circuit r:-ther t ht,11 rn ,.- j device) · ,u t they will prevent recei -.-~r overlo~.d ,-::,_a. t:.us s 1,01-: sor-ie i..1provernen t age.in£t hi :h level jen. :L, .. buci, a test is not -,.:;de on recei vers at the present tine si11ce siznol ·::::c10r,:,tors rrhich will tel~e '.7ide bond. l">l1dorn noi se nodul::-tion ".roe: not c.v~.i:"ble. 

1- 5-10. I:i su.'lr.iaticn, the receiver should be tes1;eG. 
::.:1:::; cl tl1e follouin::; i:;ener,~l ch?racter: 

:'re1_uenc;• - ---------- - - - -- :dot h on a.nd. o"':f fre1_ue:?1cy 
Lev~l - ------------------- 0 to 100 LlV ; :odu.letion Types - - ------- c,;-, 

LOTT frequency a.Tllpli tude- rnodul,tec,. C\! 
iii gh frequency aJ11pli tude- modul '.tef. c1: 
11 Cor.i)le~t11 c>m!)li t ude- r.iodul~teo. c· •• 
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1- G. :C::arly .iork. 

1-6-1. Early ,-,erk at this l e.bon,tor;:r did ;w t Gi-.re 
the receivers as comple te a test as i ndicrted. e.bove. It Hes customary to 
test receivers ;1.t only t·.•o levels (lor1 and '.1igh) 2nd to use on-frec:u.e:.lcy 
ja.C'ln in.:,; onl~r. c:r e,nd ampli tude-modulo.ted C\"I using numerous motl.ul2.tic~ 
fre r:'..uencies nere em~)loyed (see reference e). 

2. I.::;ASURI:-IG PROCZ:JlJBI; - 11 A'1 SCOPZ. 

2-1. Anti- Jar.1 i:easurements - General ?rocedure. 

2-1- 1. All tests run at t!1is laboratory llc,ve been 
based 0:1 the application of a. simule.ted echo signz.1 to the receiver 2nc1 
the ,1e:-.r;nrcr.ient of the loss in sensitivity to this sir:n.J.a.ted. echo e.s 
jamn L1C is e,p11lied. 

2- 1- 2 . The receiver is set up and a pulsed r-f 
sis11al is applied to it from a signal cenerPtor. This senerptor is a 
self -~mls5d generator ~·ri th v2.rfrblc pulse rt'te, varie.ole pulse 1 riclth, 
and V.:.1·i.s.ble pulse- dela.;,r tine. A series of such geuer r-tors h.:1.s been 
develo:p-.:6. o.t this L:,.borator::r for this pnc other uses . The generator is 
set to the pulse repetition rc:ite end the pulse 1 ridth of t he s;rctem ':7ith 
1--rhich t:1e receiver is to be used. An oscilloscope s~'i1ch rcnized to t he 
sync:1ro:.1izin:;--sir;nal output of the generc1.tor is used. as intlicD.tor , a11cl 
the l'>Uloe delay time is set to plece the pulse at c,. convenient point on 
its tro.c . . 11 Ja."1J'1 j_n_-;;11 is supplied by another sicnal gener£'.tor, gener:-lly 
of the S2iJe tvpe as the echo generator, set to deliver en or a'1~)li tU(1.e­
moctul :- tccl c,, as re(:uired. The out!)uts of the t·,•o r-f signal generntors 
are d ::ed. c:,J\d fed to the receiver by mec.ns of a II Tee11 fitting. 

2-1-3. ; :inir.n1m detectable signc.l measure•·1ents .:-.re 
made ·o~r sloHly incre::i.sin,c; the sir:i.ulcted ecl'.o si::;no.l froJ11 zero until it 
is junt c'istin@lish2.ble. Severe.l rel'.din1;s 2.re taken in this manner -r·i th 
the l'>ti.lne dele,y ti;;ie bein·: chnn~ed bet,.rnen renclin.:s to elinina.te the 
observi..t:i.onal error •.1hich nill result if the pulse e.1:,pears in the s0.ne 
place ec.ch tine. The 2-vera.ge of thei:ie reo..din:::;s :.'.;i ves t:1.e Minimum cl.etect­
a.ole si, .. ,nll.l. 'i'he seme procedure is used ,.,hether jamr,1int; is or is not 
present. 

2- 1- 4-. 'Z'iie r•tininun detectable signal is first r.1e2.sured 
by tl!c :iet:1od of pcra.Gre.~)h 2-h-3 ui th no janr.1ins a;~)plied~ This r.1easure­
r:ient __;i v::is ti.1e uujammed sensitivity of t:1e recai ver, in db referred to 
an aT0i 'cr.:.r",f level, derJendin.:; on t~te losst3s in the r-f co.bles and con­
nector::; u.scd to connect the .;ene;re.tcrs and receiver~ i'his unjoromed sen-
si ti vi ty is t0ken ~-s t he zero level fror;i which the loss in sensitivit;! 
is corr .. mtec1. fer each level of ee.ch type of jamming. 
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2- 1-5. r:;:.'he jannin. sit~n,.J. unc~.er stu~, is t:1en c ,:~lied and v.c]justed to the desireo level. ~he rninimUT:1 visible sit,;nc,l is ~- T,i:i.1 deter :incc. by the r:iethod of p;- r; ,re.}):,. 2- 1-_;, l"n(l t>e difference be-';·,een this se:1Sitivity e.nd the u.nj~7med sensitivit? gives the loss due to jcn­min.::;. Sirlce the e.ttenu~.tor on the si.:;ncl .::;enerl"',tor reeds dircctl;r in do, ~he less is biven in db. 

2- 2 . ~est Schedule. 

2- 2-1. ~he proced.ure just outlined is u,~ec.. to cTeter-­mine tD-e loss in sensitivitv for each cond.itior, of janmin:;. In o.11 tests the levels cf ja.'7l':1in!::; used are ..,s follo•-.,s : 

(a) 10 UV 

(b) 100 UV 

(c) 1 TtiV 

(d) 10 I!lV 

(e) 100 mv. 

'r'.11.e 0:11:· C.aviaticn ma.de from this schedule is .. ;:en the luO nv level cannot ·,e ra;..c:!ed due to hit;h losses in t:1.e c. bl"'s (;_,_nr.. in P?I tests , in -~·.c c:.o::_):,ers) conn,3cti:1.-; the jar.utin.; :enerctor to t~te recf'ivcr. In this Cl'..s:; the hi ;hest level thl't can be rer-.c!led is useci. 

2- 2- 2 . ::i.1,.e types of jamnin.:; used t>re cs follo·:,s : 

(a) 
(b) 

(c) 

(d) 

C\'l 

ormli tude- r,1odul--ted C\7 - Lo~, fre( ueac'' ~1od.1 1: ­
tion (e.p11ro:x:. rep. r?te) 

enpli tude- nodulrted c,~ - :.iigh fre.:i_uer:cy r:io<.lul~,­
tion (a:rnro~: . } i - f i.lt·nd • :idti.1) . 

2rmli tude- r.iodul::-ted cn - Connl -.::-.: nocl;.il~tion 
(00th b c.nd c of above) . 

It i:; S" .etiMes nPcesse.r;,r to reduce ~he modul,ti:1.; freq_ueilC'' of the >.i.;h freouenc:· 0r1~11i tu,d.e- mod'...l.L'tcd en because of the difficult" ()f r:ioclul · .ti;. _ _, oost ci.~:n,~l .:;enerators c.t hi~h frequency. In ell cases a r:iodul.,.t::.on level o-.:: from 25 to 50,; is used. 

2-2 ... 3. I n the first tests n~.de usin~ this procc,~.ure three different jcwi1er fre4Sncies • •f're used. i':1ese , ere II zero be2.t 11 
• ?..nd t:se 7req_uenci'--s corres')o:1~in6 to ti1c G "nd 12 db clo·n1 ·,,oints on t:1e rece::. ver be.nd- pe.ss char2.cteristic. These three frec;.ue:1cies ,~ere C.'.'llco. on fre,_ ency, off fre~uenc~· I ~nd off fre ·uenc:· II resnectively. 

2- 3 . Presentation of ~es uts. 

2- ) - 1. D;.;.ta te~~en in tl1is np_nner n:-.s )lci.ted. cs sho•.n.1 i ·: :?lr tes LA to <3 i:'clusive. It ·:,ill be noted the.t i:.11 curves fl.re ;)lovi;oc.~. to s>.oH loss in sensitivity versus jannin•· level for eL.c'.1 
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type of jcr-,10inc; used. This metl1od cf plottin.::_: is used. instead cf the.t 
in ·.:~1icl1 jcJ,1- to- signal ratio is plotted c\_.c>i.nst jD.J_-a level r::-.ther than t~:8 
absolute vc.lue of the loss £,ga.inst the jer., level. Since rcd:·.r perl'ornc.ace 
is de:)end.ent on t :1e sensitivity of t !,e receiver, ra.ther then on the j/s 
r c..tio , the method of plot tin;~ used here probD.bly better describes the 
usefuLicss of the receiver, If j/ s is needed, it cen be obtained quite 
easil;er :ror.: the scale at the oottom of ea.ch set of curves. This sc::.le 
sho:-;s t:~e ratio , i n db, of the je.m level to the minimum cletecte.ble sic-
ne.l in t:1e unjar.med condi tior1. The j/ s r2.tio is then the dii."fere11ce be­
t,.,een t;;·.e ..,-bsciss8. ~a the ordinrte ci the curve at e. given r,oint , siace 
the c;.·c-:.L1. te c".ctuall~r shons the re.tic in c~b of the minimur.:i detecta.ble 
sig1c.l L1 '~;,e l)resence of jamninc (s) to the mininum detect.,-.ble si6n:-,l 
in t::tl u"1j.!:.D!'!ed ccndi tion (Vrain) . 

j/Vmin (in db) s/Vmi n (in db) = j/s (in db) . 

2- 4. Accure.cy of .3.esul ts. 

2- 4-1. Data taken by the three- frequenc~,r syster1 c£ 
par.::-._~1·c;?l1 2-2-J he.s sho,m so□e r,,t:ier serious inaccuracies c?.t times. 
Ta.ble 1 s;-;_o•:s the mean deviations from a series of repeated tests. It 
will be :1oted thc>.t in most cases the devia tion is of the orde r of 1 c.b 
or less lTu.t in several ci:-.ses it is hi:;h, bein.:; 2 db in the extreme c .. se. 

2- 4- 2. These errors h.."\ve been trr- ced to drift h1 t::e 
jemne;: L'e,~uenc:r during the long period of tir1e req_ui:r-ed tc run the cor.1-
plete t.:;et . Since the off- frequenc;r curves :-.re tai-::en at points on t:1e 
r eceive :.." :)c.ss characteristic ,1here the slope is quite steep the janraer 
fre(:uenc~r i.lUst be n.:>.intained constc.nt nithin e;:trenely close lin its to 
obkin. consistent results . It has not proven pr2.cticc1l to hold the 
fre _··.o:1c· • constDnt •.,i thin the re'l.ui red lini ts , especi2.lly on the hie;ho:.." 
f're clueac;;' ec1uipnents , so , to elinin.?te this source cf error, e. nen s:,stei:1 
of t.:::;~:'.."1~ he.s been c.dopted. 

2- 5, Revision of Test 5chedule. 

2-5-1. In the new system of testing the loss is 
measu:cec;. ~t a number of points e.s the jamner is tuned ti1rcu,_;h the re­
ceive;.• :'.)_·ss be.nd. In tJ,is ce.se t he drift ·:,ill sho17 up as 2. shift of the 
curve ,::,.s ::.i. wlwle. This shift ce.n then be corrected in plottinc since t::.e 
peek o:: t:ie loss :'ill ..-,1:"r-yn occur .e.t zero beet, :-ind e.11 curves can be 
plot ce<.~. to show zero beat a.t the same freq_uency, The drift of the 3e:.1-
er.'.'l.to::n :, s been found to be nei;;ligible durinG the tirne required to r.1d:e 
onl:r one run, so no error appee.rs in indi viciual curves. 

2- G. Revision of Present.?.tion of Resitlts . 

2- 6-1. Usin ', the new systerJ of test the loss in 
sensi'ci vi•Gy is ~Jlotted eis n function of jeruner frec:uency , plot tin,:; one 
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curve for each cf the levels at which t:1e receiver is tested. The j/ s ratio c::,n be f cund froi'.1 these curves by su.btract int; the loss in sensi ti­vi ty , ~s s: io;m by the c\:rve e.t ~he _)O int in question, from t:1e vc.lae of j/V.'ilin corres!)Cndin.; to thf'.t curve. The value of j/Vmin for each curve is Given in t~1e legend. Ple.tes 44 to 47 shor; 2 set of curves t d~en in t ~1i s no . ...-me r . 

2- 7. Accuracy of Results of Revised Test Schedule . 

2- 7- 1. Sufficient dnta 11.?.s !lot as yet been tcl:eyi 2.cco::..·c..::.:1__, to the schedule of section 2- 5 to checi: st2.tistici:-.lly the 1::..·cb­able er1·or; :1cuever, i ndic~~ticns c>re that the datr td:en in t~1is ,;;a-:,' ,:ill be perfectl~r satisfactory. 

2- 3 . Pr oposed Alrther Revision of ~est Sche~ule. 

2- &-l. In the liGht of ~,erk to oe described in pe,rt J o:: this report , it has becone ~-D:)~rent tlw.t a test of a recei v.:ir ~.gai.1 s t ":·1,-,li tude-modulated c;; r.iodul··ted. o.t one or t-;,o freq_uencies .. oef: not .:-,0.C(.!.Urtel y describe its per fomence . Sone nethod of t esting n t various . ,odul a tion frequencies should be included. 

2- G- 2 . Plr- te 43 (discus::-ed. in l)crc-;re,phs 7- 5-4 t•nd 7- 5-5) s:.c· •r; the results of a test cf the A..:/'l?S- lB e-j receiver i n •;~1:..cl1 loss i:.1 s ensi ti vi ty is t ?ken t>s f'. function of jan,·lin:; r.1odulr-tion f r e­cuenc; . A curve of this 'type ,:rould be of consider.:-bl e value in des-cri bL1G ~:1e performance of e r ece ive r, As yet , houever, curves such 2,s these cc.n net be convenientl~i token bece,ui;e of t l~e di ffi culty of noclulr.t ­inG ,.vc:.L 'vlc sig1n.l Gener~tcrs ei.t hi;'.';h frequencies (see pe.mgrc:i.ph 7- ..>-5). 

2- &- 3 . Je rk is <' t present under ,,ey e.t t 11is 12,borc.­to~, to cl.evelop c1 ncdule.ted amplifi e r in uhich th· output of a jennins siga . .l ~ene ratcr ·,ill be :-iodu.le.ted up to ~bo1,t 2 : c . A cor::bl- line en:Jlilie1· 1rill be used, 1.'fi th cnt'.1.ode Modulo.ti on , for frequencies bet 1eon 500 1.: 1::.:00 :.cs, ,:hile a ccl)e,ci ty tunec'I. coa:dc1.l-tc'J1K a,,plifier, r: . .;;:--,in 
1it: cr.t:1ot:e nodul..,tic,1, \1ill be used for t he lc· ·e r frequencies . 

2- ,r4. ·.Ihen this TTorl:: h::,s been carried to a success­f,a cc:1c:.1.1sion , it nill be c._Jplieci to t!1e developnent of De t est proce,:.u_1•:3 to 0_0nc::::. ·..,e edequ.?.tel:.r t!1e p~rfomnnce of a recei. ver 2.s a function of the • ot".ctJ.rtion fre uenc~r of tl1e ~Il!)lied ru:ipli tude- nodulr,ted cu jamni,1....,. 

2- u-5. At present two possible test schedules are unde1· co .. sider:·tion. I n t::e fil•st of t hese t'1e '·• icltll r-na. t:1e de·Jt:1 of the zo:..·o 'ik~.t ~.:..·et.. of the loss cnrve '.'lould be Measured nnd plotted rs :. fu.nc•i;:.0:1 o: tl1e :-1odul-tin.-; frequenc:-' • This 1~oulu necesd t:,.te the t1.eter­minction ;·.:1ci sta.ndardi zation of the optinur.1 point at ,hich to measure t~rn nidt', c-r tl1e loss curve. 

2- G-6. The other method under consider:: tion is the plo'i;t:.::.., o: ti·o complete losG curves (one at 100 uv and one e,t 10 JtY ju.1 
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level) for each of about si:~ different Ttlod.ula.tion freouencies. These 
si:( 1.100.ulation freq_uencies • ·ould be the PRF, D.nd 1/16,- 1/G, 1/4-, 1/2, 
ru.1a. 1 tir,es the overall band\-ridth of the receiver. The date.. vrould then 
be plotted as described in section 2-6 using one sheet for each moclulc:i;­
ing frec:uency. For convenience , datv. would t~1en be taken fro□ these 
curves cno. plotted to show directly both depth and wi dth of the zero­
beat ,~.re..--.. 

2-f>-7. If either of these test proce,.ure::i is a0.o~)tet". , 
the t·,:·o iITnilies of curves P.t present t t>ke;1 '· ·i th simple mod.ulc.tion Hill 
not irn '.;:,~::en. T'ne comple~. modul.~.ticn would still be retidned. using 
moo.u.l,Ua:, fre(}_uencies equal to the Pilii' p.nd to one- half of the overE-.11 
bont,: ti l':~h .. 

2-9. Tests . .'i th i.foise 1:odule..ted Jarn.1ing. 

2+1. As )ointed out in part 1, it nould be of 
some vc.lue to test receivers in the preGence of noise jar,Uling. It is 
hopec'. t> .. -;;; the modulr.ted amplified unc1.er development i:,ill r.iodulete ,.,ell 
encuj.l on noise to mr-ke it possi ble to incluc'te such a test in the routi"1.e 
testi~~ of receivers. 

2- 10. Other i:easurements Pertinent to A-j Perfonnence. 

2-10-1. As e. pert cf each cor{r,>lete test of l'n e.- j 
recei ve i· severel other ncre or less st211dard 1.1ee.surer.ients e.re na.de. 
The;y ~.:;:e <'-~- follo,,s: 

(a) Overall 3andrlidth 
(b) Video Chcracteristics 
( c) Stp_bility 
(d) rtecoverJ Time. 

2-10-2 , Overell 3f,nd,7idth. At first gbnce it 
11oulc: see:~1 th2.t tl1e methods of mee.suring overo.11 band,;idth are so uell 
knc'.m to t'.1ose sk illed in the v.rt that they neecl not be d.iscussed here. 
Ho,rever, it must be remembered t hat ~- j r eceivers possess some r p,ther 
W1usucl che.re.cteristics , and some rather wnazing results may be ob­
t"'.ined i:i? specie.l :precautions P.re net t2::en. Firstly, the stendv.rd 
r.1et:1od using fi;.,cecl en input and recording output as the si6nn.l is tuned 
throu·;:: t;1e receiver nass bend car.not be u 0 ·ed. ::::;ven ir t he receiver is 
st::-."Jle ·,:i th a. meter c~nnected in the detectc r lor.>.d ( [l]ld c:,.n unfortun:-tol~• 
l r.r~;e uu;:'uer ere not) it nill ne t be linear. If output is rminta,ined 
const,.·n·t c:•,ild input varied, this raet11od Ma.y be used, tut it is not to b0 
recotue:1ded since , even thow;h the receiver m,\Y r-.puea.r to be perfectly 
st.:-.blc , there uay be some reGeneration ni tl: its consequent narro,:1L1c o:Z 
the bt,.nj_ •. idth. 

2- 10- 3. Another possible r.1ethod is the use of 
anpl i tr1..c',c;- nodule t ed C' · , re~ding output on the indi ce. tor screen, :'his 
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method :;, cin na.v le2d to errors since most si!;nal generators, at tl:e 
fre(luencies of present re.ciP.r equip:,ents, h· ve, uhen 11 anplitude11 modul~tet., 
sufficient frequency r.1odule.tion to :;i ve more denodule.ted ontput fro□ c1is­
crir.1inr-tor e.ction of tho slopin:<; sides of the receiver pass band tha..n 
true cl.etccted output fro□ the anpli tude modul2.tion cOL1ponent . 

2- 10-4. The method found most oatisfo..ctory at t.llis 
laborc.tor, is e.s follovs : A long ~f pulse is applied to the receiver 
and tl1c in•)ut signal level necessary to provide [). fixed output level is 
recorclec1

. <'.S the signal generi:tor is tuned through the receiver pass br-.nd. 
The gulse used. should be about 35 microsecondo long so tha.t its mein 
sio.eb;:ncl eners:r ·1ill occu~)Y only about 30 kc and Pill not introduce e;r:r 
appreci~"ule error. The inverse of tl-e required input level is then 
plottecl to r;i ve the curve of overe.11 res;1onse. This method has been 
found to ._;ive consistent and accure.te results . 

2-10-5. I n ,:my case , regardless of \lhet method is 
used to rwi:e the measure□en t, there are three points ul1i ch should be 
kept in 11ind. :?irst , the nethod s'h.ould not require the connection of 
extrc.neous leads to the receiver since these leads nre likely to intro­
duce roc;ener2tion with its attendant narr01.ring of the bD.ndrridth. Second, 
output sl:ould be ne.inteined consteJ1t end innut varied in order to over­
come .:.s • uch as possible ti1e ncn- line"'r che.re.cteri stic inherent in an 
a- j receiver. Third, the full pass curve should be taJ:en (a mea.surement 
of br-11c1:.Iidth at the } po,rer points is net enough) to deternine the sl,u,.:!_)e 
of t!1e s:drts of the pass be.nd. ?l(:'.te 59 sl10•:s a sanple curve. 

2- 10-6. Video Pass Chl"racteristics. The mel'.surenent 
of vicleo pass ch£" racteri -;tics is perfectly straic;htfornard except t:~£'.t , 
if e. S:1ort tine constrnt or other video filters e.re incorporated in the 
receiver, the ch!'racteristic should be measured for each of these e.s 
nell ['.S for the nomal pass. Plp,te 53 sho..-,s a sar;1ple curve. 

2- 10- 7 . Stability. Stability is checked by first 
i ncrec.sing gain to maximum and noting any regenere,tion. If regenerc.tion 
is present the noise structure nill become much coarser. A high level 
of jorIDin::; is then applied and the e;ai n control turned throughout its 
range, to checl:: for oscill.:1.tion in the pt'esence of jamming. 

2- 10-g. :aecovery Tir1e. Recovery time is checked 
by ap:_)l~rin:; (:I pulse of 50 t o 100 mv level to the receiver and measurin(; 
the tine for the noise to build up age.in after the pulse. This pulse 
should be of the lencth for nhich the receiver uas designed and the 
r ecover-J tine should be measured from the leading edge of the pulse. 
Photo[;ra.pbs are sometimes nede as a gr.,._phic r ecord of the recovery of 
the receiver. Fletes 66 and 67 sho•7 san}')le photoGr".phs. 

2- 10- 9 . Speci al Tests. :Cach receiver presents ['. 
ne•.1 l'.nci. individual problem and in m?.ny cases it is necessary to run 
specil'l ~csts to sho•.7 s;:,eci(:'l charc.cteristics of a receiver. ?12 te 4], 
TThich is described in p['ragraphs 7-5-4 to 7- 5-5 inclusive, shor,s the 
results of such a special test . 

- 10-
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MEASURING PROCEDlB.ES - ?PI . 

3- 1. Test Equipment . 

3-1- 1 . The test set- up useu in rnakinG tests on a 
P?! is the same as that used for the 11 A11 scope except for t~-,o ne,1 i terns 
that v,rc necessary. The first of theoe is a FPI t;ype indico,tor, a-YJ.ll the 
second~ PPI Signal Simulator. 

3-1- 2 . Tho PPI Signal SLmlator mu3t recci ve the 
outpu·ts of two continuously operatint:: signal generators (one for o:.~;;tlo.tccl 
echo :-,)10. one for jarmning) and cr..op these signals into a pattern appro~ir,:o,t­
i ng tnnt of en n..~tenna. The requireoents placed on ttis unit are quite 
severe ·,1l10n it is used to chop a jamr:in~: signal. Sine~ the Maxir:mm jam­
ming lcv-cls fad into it will be of the order of 100 mv and the receivers 
arc sensitive to less than 1 uv, the attenuation of the 11 chopper11 in t:1e 
off position must be 90 to 100 db. At the some tL~e it is desiraole to 
have lou attenuation in the on position since it is nesircd to test the 
receiver at ;:,,s near 100 mv cs possible and, in most cases, the sig~10,l 
e;ener ... ,tcr u ;:,ed for ja,-:iming ni 11 be capable of delivering little Flore 
than this 100 r.w. .A ?PI Signal Simula.tor uhich h2..s proven satisfactory 
,1as developed at t:1is laborator-J. 

3-1- 3. This PPI Signal Stnulntor, TThic~ is shonn 
in Plc.'Gc 37, consists of t\7c choppers (one for signal nnd one for j2m­
mi::i::i..) , ;:,, . . otor drive system, a Selsyn syste□ for PPI drive end the nocos­
sar-y- coc.:::~.o.l r-f fittings . Each chopper consists of c, pair of eoaxial 
loops closc-:-spaced in c.. sl:ielded cavity ui th n. rota.tine disc bet·i;reen 
thG:1~ This ciisc is ::i:.:i.ink,ined at r;round potential for r . f . by close 
spncin.::_; to the sl:icld ca.so. 1'his spacin6 is n"bout .,002 inches, and the 
resnl k . .nt high ce,pP..ci t;y cffccti vely grounds the disc. A circular apc!'-­
turc i:1 '~l .. e disc allo'.:S signal to pass through the chopper during D, 
sr.i~.11 _:_)o:ction of its rotation c:rclc. Coupling "bctrrecn the loops is 
csscntio..lly proportional to are.::1, and since the coupling area, exposed by 
the oirc1.i.lar aperture of the disc as it passes tho circulr-.r cavity in 
,:hich 'G:10 loops arc mounted appro:d.mates the directivity pattern of en 
nntcnn:--. , t}rn simulated directi Yi ty pattern obtuined ni th the chopper 
closely ~.ppro;:i.r.1~1.tos t;_,at of an n.ntenna. Plcto 36 sho0s the construc­
tion of tho chopper. Plate 35 shor;s its simulc'.ted directivity pattcm. 
It ,;,ill be noted ti.10.t the 11 bcam r1idth11 is 6½ degrees n.t the ·} poTier 
points. Plates 33 to 4o inclusive ar0 photogrc.phs of tht1 pa.rts of ti1e 
c,.h.oppor. 

3-1- 4-.. ~ne input loop of each chopper is tuned by 
a co;:,.:do,l line to incrcnse current in t:.10 loop and reduce the loss in 
the c~-1on·.)er. This co2---:ial line is loc..ded \7i th a series inductance £>.lld 

a sh .. mt- ~ondonscr (1.1D.de vn.rinble to pcmi t tuning) to shorten it mcch-
0..'1icc,lly to f' convenient physico.l length. 'inc loop n.nd tho coil nnd 
tunine:; conclcnser may be seen in Pl<',tc 4o. '?ho output loop hf'.s ,'.'. resis­
tor in series nith it to match the lino, r'..!ld the outputs of both chop-­
pen; :'re connoctod together nnd to tho receiver by means of a "Toc11 

fitting. 
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3-1- 5, The choppers are driven at 4. 5 ~.:_).!:'! . by 
means ot e .::;e.;i r drive. The echo sign.?.l c~1.opper he.s a clifferentia.l e;err 
in its drive so that its phase r,1:.~y be chenged and the echo nay be mE;cJ.e 
to e,:);_)C!'.r either i n the jammed sector or out of it. The PPI is driven 
throu~1 its normel II synchro11 system from e ;:,el syn generator connected 
to the j2rt"'ling chopper. This drive system ncy be seen in Ple.te 37. 

3-2. P.nti- Jar.i Vieasurernent~ .. General Procedure. 

3-2-1. The general test procedure used for the ??I 
is t he Sl'l:le e.s t'.1a.t u:-ed for t:1e II A'' scope (par. 2- 1 ... J to 2-1- 5) . It 
has -01.;~n found necesse.rJ, honever, to test the receiver both •·:ith the 
echo in the jammed sector and with it in the unjammed sector. This arises 
from the f r et that uJ1der some conditions of jammini~ the dejamr:iing con­
trols 0"1 the receiver rlill be set in such a manner e.s to adversely af-
fect unjurnned perfonnance. 

3- 3, Test Schedule. 

3-J- 1, The test schedule for t he PP! is the same 
as, <'.il0. und.ernent the sane revision as that for the II A11 scope (Sections 
2- 2 ,:'.ncl ?-5), 

3-4. Presentation of 3esults. 

}-4-1, The presentation of results of PP! t ests is 
the seme as, and uncleITTent the same revision as, that for the "A" scope 
(Sections 2-3 2nd 2- G) . Plates 5A to 16B sho't'T a set of curves for P?I 
testEJ taken acdording to the three frequency schedule (Paragr2ph 2- 2- J) . 
:.ro eurve-s e.re as yet availa.ble shor,in{; the results of PPI tests taken 
a.ccorclin:; to the nan schedule of testin5 throughout the receiver pass 
band (Section 2- 5). 

3- 5, Accur1,.c:y of Results . 

3- 5-1. 1'[!.ble 2 is a tabulc, tion of mean deviations 
taken frora a series of repeated PPI tests made '7i th the three- frequenc~' 
systei:1. It nill be noted t ha.t in most cases the mean deviation is of 
the okder of 1 to 2 db but in a feTT cases it is greater, being in the 
8!{trer.1e case 4 db. 

3-5-2, A sufficient number of readings has net as 
yet '.:leen token by the schedule of pc.rasraph 2- 5 to check its accuracy 
statistically, but it is e;cpected to be satisfactory. 

J-6. PFI Per:forne.nce ~ests - Short iiethod. 

3-6-1. E:i..-perience a t this labor ator-J has shoml 
that D. ::;ood check of P?I e . ...rj perfomance may be obtained ui thout usin6 
the sone,:llat leng thy procedure outlined above. 
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3-6-2. Part 5 of this report covers a study of the 
req1..'.irenents of a PP! for good a- j perfonnance. This study revealed th0.t 
the ~)erfonnance of the PPI in the presence of jamning ,1ill be approxinc.te­
ly the scme as that of the 11A11 scope if the following char acteristics r-,:re 
satisfactory: 

(a) Video Pass Band 
(b) Recovery Time 
(c) Constancy of Gain ni th Variation in Jammi11g Level. 

It is therefore possible to check PPI performance by a mee,su:rement of 
these c!12,ro.cteri sties. 

3- 6-3. The measurement of video pass band and re­
cove~r time nere discussed in paragraphs 2- 10- 6 and 2- 10-3 and need not 
be cliscussed here. The relative overell gain is measured by measuring 
the 2~proxim~te noise heibht on an oscilloscope at each jam level. 11ea­
surenents are made using err jamming and a reading is taken ever-J 10 db 
as tl1e j2ra level is increased from 1 uv to 100 mv. It has been custon€'.ry 
in the J?€',st t~ measure the constancy of ga.in with the jamming off fre­
quency o.bout ·j band 11idth (mee,sured to the ½ po,,1er points). In future 
tests it r1ill be measured both at this point and e.t zero- beat. 

4-. 

4-1. Effect of R-F Cha.ra.cteristics on A- J Performance. 

4-1- 1 . Since the characteristics of the r- f system 
in most c~j receivers has rele.ti vely little effect on a- j perfo:rmance 
it uoulcl be possible to test a.11 receivers at a single r..,.f system fre­
quency sim1Jly by feeding the output of a standci.rd r-f anplifier and con­
verter unit into the i - f anplifier of the receiver under test . 

4-2. Simplicity and Accuracy. 

4-2- 1. Testing in this ,,1ay would considerably sira­
plify the probleM of obtaining suitable s i gnal generators since they 
uoulcl hz.,ve to operate at only one frequency. At the same time it would 
improve the validity of a comparison bet,.,een two receiver s since the 
sign2.l i:;enerators woulci. be operating at the same frequency for both re­
ceivers ai1c1. the errors resulting from the change in pulse shape (on the 
simulated echo generator ) and chan&e in modulation characteristics (on 
the jo.rnming generator) as the frequency is varied, ,1ould not have to be 
dealt ni th. 

4-3. R- F Sys tem. 

4,-3 .. 1. This labora.tory is at present norking on the 
desicn of an r-f system to U$e in the testing of all receivers at a sinGle 
frequency. This r- f system •-.ill use tno r-f amplifier stages using 
11 li:;hthouse11 tubes in ca1)acity- tuned concentric tanks, e>. converter of 
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sinill'.r design, and an oscillator using a. 11 lichthouse11 tu-)e in a co.pc.ci t:r 
tunet: ro- entre;1t tank circuit rrhich uges a II leaky" grid-pec.estal for field 
penetrnt~on to secure the feedback necessf\I'y for oscillation. The entire 
unit rrill be tuned to a frequency of about 450 i.lc and Yrill deliver 15, 
30 or Go Le i-f outnut. It is hoped that sufficient oscill[l,tor injection 
will 1Je c.vailable to pemi t operc1tion at 120 i,c intermediate frequency e-.lso. 

4-:;-2. Sensi ti vi ty will be about 7 db r1nd nil 1, if 
necessary, be reduced to equal that of -~he recei ver1 s :r-f syste.-n by 
puttin~ en attenuator in the 2ntenna lead. Gain ~ill be about 25 db, 
and nill be reduced to equal that of the recei ver1 s :r-f system by pu.t­
tillG en attenuator in the i-f lead. 

rnv:;:sTIGATIOi'! OF Tlfil G:;:;1-cRAL ?..::·'-JI?.::: :.:;i[TS OI' A PPI FOR SATISFACTOrtY 
A- J ERFO::lii.A~WE. 

5-1. General Procedure. 

5-1- 1. .An investigation nas made of the S0-3 radr.r 
systera to determine the general require□ents necessary in a system for 
the PPI to perform satisfactorily in the presence of jar.ming. The entil·e 
sc-::; s~rstera was first 6 iven a conplete test acccrdin6 to parts 2 nnd 3 
of this report. Plates 1 to 16, series 3 , shon the results of this test. 

5-2. Constancy of Gain. 

5-2-1. An analysis of these curves shoned tb.a.t 
there ',as e considerable loss in sensi ti vi ty in t he unjanmed sector ,,rhen 
the receiver nas adjusted to dejam the janmed echo_. Investisation 
shouecl. tl10.t t his resulted la.rgely f'ron the fact that the receiver under 
test lost gain in the presence of janming. To compensate for this, the 
gain ':7!\S incree.sed with the result tha.t, '~!hen the equipment moved out 
of the j.:-r.uned sector and jamming rras removed., go.in increased to meJ.1y 
times norni;,,l end overloaded the s;s,rstera. A-curve 11as then taken of 11 Locs 
in Sensitivity Versus Overcl.l Gain11 to· shew the dynamic ran6e of the P?I . 
This curve is included as Plci.te 22. ·.·i th a nomcl anount of noise shon­
ing on the :i:PI the gain will "be runnins at about 30 on this curve , and 
thus an increase- in gain of r.iore the.n 6 to 1 will cause considerable loss 
in sensitivity. If, honever, the gain in the jammed condi tion is rec1:ucecl 
to the J.)Oint 1:rhere only about 4' the normal anount of noise is shouins, 
a chenc;e in gain of abcut 25 to 1 can be tolerated. This figure should 
not , hovrever, be exceeded. 

5- 2- 2. '.l.\,o methods may be used. tc, limit t his ch,:m:;e 
in go.in. The first involves oper,3.ting the tubes at r0d1.::.ced gain under 
unja1:1r,1e( conditions. If t his is done it is possibi.e to design the oe.cl:­
biasin:; circuits in such a manner a s to obto.in ali.10s t constant gain, re­
gardless of jmnming le•rel. The other Method is the .:-.nplication of AVC to 
the vicleo ;:,111plifier. i1bis A-✓O should operate on the video amplifier 0111:-,,, 
since it nn;v interfere r:i t b. ope r a t ion of ~he back-bias in _; circuits if 
applie,l.. to i-f amplifier stages~ 

-14-

DECLASSIFIED 



. • • ,...., . .... 4 C . $( • ;'!-~.. • • 

DECLASSIFIED 

5-3. Characteristics :~ecessary in the Video Amplifier. 

5-3-1. ·The video pass band should 'be a,s ,, ide as , 
or wic~.or than that of the receiver overall pass band. Under sor1e co,1-
di tions of off- frequency jamning the signal ,7ill come through the re-
cei ver ~s a beat betueen the jamning car~ier and the pulse carrier. ~~s 
beat r.12;r he.ve a frequency (in Uc) consideraoly greate~ the"n the reciproccl 
of tlle :1ulse length (in i;icroseconds) , and May be lost if the vicleo 
pass baad is not sufficient. The ma.ximum frequency of this beat is 
deten1ined by the she.pe of the skirts of the i - f pass characteristic of 
the receiver, so no general rule can be lai d down for it . In the case 
of en i - f enplifier using sincle tuned circuits the video pa.ss shoulcl. 
be 2.t leest as ,1ide as the i - f pass band measured to the 3 db do•m 
points. Ple.te 63 shorrs photos of the video output of c. representative 
a-j receiver in the presence of off- frequency ja!"lJ'lling. The be;,.t note 
can be seen quite easily in these photos. In one case it is 1.5 ::c 
and in the other it is 2 i ,c . The receiver had an overall pass band of 
• 92 i ic. !&e one- sided character of this beat note results from the use 
of d-c reinsertion in the video amplifier. 

5-3- 2. A nide video pass is also extremely ir-i:)ort,mt 
from ti.le standpoint of definition. 

5-3- 3• The video a.r.iplifier should. be protected 8,f;e.L1st 
bloci::i.1c; , er if alloned to block s hould have extremely fast recovery 
(Parc.cr2.~)hs 1- 5- 7 ana. 1- 5- S) . 

5-3-4. Protection is 1Jest achieved by thli use of ::,, 
short- tir.1e-constont video coupling follo,,ed by d- c reinsertion. The 
use of the short- time conste.nt not only helps recovery time e.fter stron:::; 
echoes but also removes tl1e lo\7 frequency ener[,-y from lon~ jammin{; pulses 
and thus helps dejamminG action. D:-C reinsertion should be applied fol­
lo\7in:· the short time constant to remove the over-sning r-nd prevent its 
r enderin__, the e.nplifier insensitive. If a short- time constant video 
couplin~ is used in the receiver also , it nill be necesanry to take pre­
cautions ogainst ghost echoes appear ing on the PPL This can best be 

.done by neans of com!)lete d- c reinsertion on the first short time con­
stent :.-_m,_ by ma.lcin:; the second longer than the first . 

5- 3- 5- Sharp limitin~ should be applied in the vicl.eo 
amplifier folloTTing the short time const®t coupling. The lioiter should 
be set to clip both lJOsitive and negetive sides of the video signal at 
the yoints resulting in maximum sensitivity and should be sufficiently 
fle.t to prevent "blooming" of the scope tube on strons sign~ls. 

5-4. Interaction of Circuits. 

5-4-1. I n the present receiver indicator system 
sync}'.roaization nas lost completely ·.-,ith the application of a fe,., micro­
volts (£. uv) of 60 cycle modula.ted jaTtUninr: signal. Investi[;ation shoued 
this to oe tl1e result of oper?.ting the tining circuits in the indicator 
frOi:i the sr-me porrer su9ply that oper2tes the receiver video amplifier. 
,/hen the 60 cycle signal nas amplified by this amplifier some 60 cycle . . -~, 
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modul-tion uas put on t',e po"er supply. This moclulr-tion nas sufficie·•1t 
to con~1letely destroy the accuracy ot the indicator tining circuits. 
Pl.,.tcs 27 end 2;:, , which are described in paragraph 6-2- 1 , sho\1 this 
effect. A short- tiae const~t in the detector output circuit cured tlle 
trou·11e . 

5-~2. The present receiver used a separate su:_)r,l:,r 
for t:1e i - f stc>ges , so no trouble ··as encountered fron them. Hor;ever, if 
e. se!:)£-r~te supply '9ere not use(. trouble would probably result, since 
bac1 - biD.sin.:; action causes a chan._:;e in plP.te current. This ch~.nge in 
plrte current ~7ould undoubtedly •10dultte the po,.,er supply voltage and 
again re: .ct on the timing circuits . 

5-5, Clean Design. 

5-5-1. :Reference (c) relates to the general desi.:;n 
consiC.er;;.tions of a- j receivers. The necessity of clean design in an 
a- j receiver can.,ot be stressed too much. Stability, quick recovery1 ,;ride c.ynanic ran~e and nide renge of gain control are absolutely essenti.:0.. 
·,!i ti1out t::tcse, the advantages of special dejamning circuits cannot be 
fully reclized. 

6. mv_,~TIGA'l'IOF Aim :CVISIOi" o:, SC- 3. 

6-1. Preliminary Test . 

6-1- 1. The SC-3 recei ver- indicc.tor and m11.ster PPI 
TTere set up c.nd biven a conplete a-j test according to the procedures 
of perts 2 Md 3 of this report . These tests •rere made usin...; the three 
f r eq_ue:.1cy s;rsten (paragr aph 2- 2- }) . The results a r c included as Plates 
1 to 16, series B. 

G-2. Analysis of Results. 

6-2- 1. The first thing that became appP.rent durin~ 
the testin:::; of this syst em uas the very pronounced effect the.t a ver'J 
snall .;,_,;ount of lo,1 frequency modulated jamnin.; has on the synchroniza­
tion of the PPI . Fletes 27 ~d 23 sho\7 t his effect. Plate 27, top , 
shoY1s , in the lcft- hend half , the effect of G uv of 62 cycle r:iodul.:--ted 
Janine. It uill 0e noted that not only are tl.e libht and derk sectors 
very pronounced, but the entire st1eep is periodically displaced outu~r~s 
as is evi<l.ent from the bull:;eO in the T1c:\.rl:er. The lo,·.•er picture on this 
pl.2.te shm,s tle PP! ni th 1000 uv of jaJ!lllling applied. In this case ·~he 
video oi.;nc.l has been removed from the indice.tor tube grid so that t!1e 
blac. • sectors ~re renoved ?nd the dis-plc>ceme:it of the S'IVeep can be see~ .• 
It Hill be noted that the sweep is dts?l;iced entirely off the screen. 
In both tlrn photogreuhs on this plate the ri;-;ht-hand part shons the 'X;/ 
the scope should appear. Plate 2G shoTTs t:-ro phctogre.nhs o: the PPI ir. 
the ::?;..•esence of lo·., frequency modulated jamLling at other nodulation fre­
qu.encie£. The difficult-r r:as tre.ced to interaction t},rough po•·;er su~,-
ply ci1•cu.i ts. • .'hen the demodulated lo\/ frequency signe1 passed throu._;h 
the vi~eo anulifier, it varied the video amplifier pl~te current over ei-~ 

- 16-

DECLASSIFIED 



DECLASSIFIED 

very r:ic1-e range anu this varying current modulated the pouer su:,ply vol­
tage. ~he modulation of the po,1er supply voltage in turn destroyed t~1e 
accur~cy of the timing circuits and caused the abnormal P~I operation. 
Fer t::e present tests tno 4c r.iicrof?rad condensers uere put across the 
150 volt a.nd 300 -volt poner supply terminals to correct the defect. 

6-2- 2. The curves of Plates 4 to 16, series 3, shoi:r 
a consiC.erable loss in sensitivity in the unjammed sector. This is due 
largely to the excessive change in gain as the jar.uning level drops to 
zero. 

6-2- 3. The definition of the PP! rras found to be 
very poor. This results from the narrorr pass band of the PPI video 
amplifior (only 100 kc) . 

6-2-4. Recovery time uas found to be very long , 
beinc of the order of 2500 yards . 

6-2- 5. Stability was very bad. ifi th the AYC snitch 
in ti.1e s::ort time- constant pcsi tion the receiver would break into osc::.1-
le,tion rrith about 5 mv of jamming applied. 

6-3. Pronosed lield Ch.rn, ;es. 

6-3-1. The receiver nas completely revised in an 
effort to correct the defects of section 6-2. These revisions were then 
Yrri tten up as a field change and s.ubmi tted to the Bureau of Ships (letter 
of reference g). Plr-,te 23 shons the circuit of the receiver e.fter the 
field c:11.:.n::;es have been made. Plc.tes 24 and 25- shon the coupling unit 
and ::pr video amplifier after the field changes have been made. 

6-3- 2. The difficulty described in paragraph &--2-1 
nas elinine,ted by the addition of a short time- constc>nt detector-•to•-video 
couplin.:;. This short t i me-constant completely elif'linates the trouble 
since it removes the demodulated lorr frequency signal before it enters 
the video amplifier and thuz prevents por,,er supply modulation. The ri::;ht­
hand 11.':'.lf of the photographs on Plate 27 sho•,7 the ?PI ui th the short-
time conotcnt in. 

6-3- 3. The be lanced video circuit nas removed. TThen 
t~1is ~ 1ort-time co11st2nt na.s put in. :3xperience has shoTTn that this 
balancec:1. video circuit is not as useful as it \1as expected it nould be 
,,hen it Has developed. It is primarily for use ac;ai nst II railin6 s 11 

jar.uain.:; end, since 11 railin...., s" are ineffective o.gainst an 11 A11 SCO})e, c>nd 
a gooci. vicleo lir.ii ter maJ-:es them ineffective e.G2.ins t P?I, they are not 
used to D.ny g reat extent. 

6-3- ~-. The defects described in pe,rag raphs 6-2- 2, 
6-2-Li-, 2.rn1 6- 2-5 ;1ere corrected ·oy revision of the back-biasing circuits. 
Since the design of t his receiver a t;reat de !"'•l ha.s been learned a bout 
back-oian circuits, and in the light of this l::noTTledGe the circuits of 
this receiver vere revised to secure better performance. 

- 17-
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6-J-5. The definition of the P-.71I uas ir.1proved t;re,tly by bromlenin~ both its pass bt>Jld e.nc1 t!1e pass be.nd of the receiver vi cl.er 
ar.1plifier. Plates 19 and 20 she:-- the video pass characteristics of the 
receiver c.fter the pre posed field cllen6es have been made . 

6-4. :aesults. 

6-4-1. A final chec1
• of tre receiver after these 

field chc:-:ne;es had been made shorred considerable i□provement. The re-
cei ver uc.s perfectly stable even nith 100 mv oi jamMing applied and the 11AVC11 (ba,ci:-bias) in the short tioe constMt position. The recovery time 
uas reduced to about 700 yards and the ratio of ma.."Cimum to ninimurn .-:;e.in 
as janninc Has am)lied \·,as reduced to well ui thin the dynamic ranGe of 
the ??I. A-J perfomance hes been improved as is shomi by Plates 1 to 
lG, series :~. It sl1ould be noted t:1at the tmjammed- sector curves of 
Plates :5 to 16 do not apply to this receiver. Plates 31 and 32 are photo­graphs o:: the field- changed receiver. 

6-5. Video AVC. 

6-5-1 . A more complete rev1s1on of the video system 
of a receiver uas m~de t o include an AVC system. This AVC helped to 
lini t t:1e ch,nge in gain as the jamning level llas varied and thus helped to iL()rove !)erfomP.nce in the unjamned sector of the ?PI . Plates 1 to 
16, series A, apply directly to this receiver. Plates 17 and lG sho,, 
its video pass characteristics for 11 A11 ;,.nd P?I scopes respectively. It 
nill be acted t hat the;v are soneuhat better than for the field..-changed 
unit . Plates 33 and 34- are photographs of this revised receiver, and 
Plc:-.te 26 is a schenatic diagr.?.m shoninG the extent of t;.e chcmGes made 
to it. 

6-5-2. It r,ill be seen that the circuit used on the 
6SA7 AVC tube is ver-J unusual. It nas necessar;r, in o~der to keep the 
poll'.ri t~, of the video signal correct, to use a tube that nould not re­
verse T)llc.se. The 6SA7 has an unusual grid characteristic in that the 
third :;rid merely diverts current from pl2.te to screen, ni th the result 
that .:;rio.-screen Gm is t 11e same as grid- plete Gn , but of opposite polf'r­
i ty. Out~t na,y therefore be taken from the screen circuit to secure 
in-pht'l.se 2mplification rri th only the slicht loss in gain due to the dc­
generr-.tion ccused by the sningin~ screen. 

6-5-3. The AVC syster,1 operated satisfactorily but 
the overtll gain nas not sufficient to get the sharp gain- lini ting action necesno.ry for a considerable inprovenent in perfom,mce of the systen. 
The available chassis space Has not sufficient to penni t the inste.112.tion of the nore co□plex syster.1 that nould have been reo_, ired to obtain hicller gain end sharper gain- lirai tin,; action. 

6-6. Conclusions. 

6-6-1. The field chan:,;es made to this receiver 
brine it as nearly up to date in a- j features es is possible nithout 
constructing a completely nen receiver. 

DECLASSIFIED 



DECLASSIFIED 

6-6-2. The use of nn AVC circuit in the video is 
not of i:-,nfficient value to narr~mt its inclusion. It does somerrhe.t 
improve j)erforr,1~mce in the unjammed sector, but in the space availe.blc 
in the present chassis sufficient gain cannot be had to fully utilize 
en AVC system. 

6-7. Nol'lencl a ture. 

6-7-1. In the present receiver the bacl:- bias cir­
cuits i1c.ve been called II AVC" circuits. This is undoubtecUy cul unfor­
tunt:'.te 11:-.me. The baci':-bias circuits are ·1ot 11AVC11 or ~AOC" circuits. One 
of t~ie b.:-sic requirerJents of ''AVC11 or 11.AGC11 circuits is that the ar.1pli­
fier rernD.in linear to the signal beinc handled, '\'Thile t he opposite is 
the c::i.se in back- bias circuits. For t hem to operate t he e.mplifie r r-mst 
be clrivcn beyond cut- off, into the resion of class C ope re.tion , e.nd hence 
becone non- linear. For this reason the use of the tenn II AVC11 may lee.cl. 
to confusion end is not to be recommended. 

DEV.CLOP: ~HT.AL TESTii>!G· 07 J.1:t-C Ai,!/TPS-13 .A- J K:;Q:_;n,-::::2. 

7- 1. General. 

7-1-1. Three models of the Ju~/T?S- 1?, receiver have 
been tested at t his labora torJ e.nd letter re1)orts on these tests lw.ve 
been subni tted (references h, j D.nd k). The· follO\rinc~ i s cl. e;eneral su,,1-
mary of this '.1o rk and is intended to shoTT the general procedure folloned 
in th::: development of an a- j receiver. 

7-2. First Erototype. 

7-2-1. The first protot~rpe rras orou,;ht to this ll".0-
ora.torJ from 3ell 'i:'elep!1one Labore:.tories (~7here it •.1as desiened and con­
structecl) for test early in April (1941+) . It h n.d been designed to in­
coI:_)Orl".'~e cnplified back- bias , but it 11as found that this buck- bias 
uas i':'_pplied to too rJany staf;es fro1;J [-1. single amplifier tu.11e. This re­
sultecl i n ;:,, reduction of ;ein in all stages ,,ithout dri vin1; any ste.ge 
into class C operation, so that t he systen opere.ted as an 11 AVC11 systel!l 
rat:,er tl1an as a baci·:- bias system. 'Ihis difficulty i:ms cured by dis­
conncctinb all but the le.stt•.·o i-f sta[.:;es from the bc.c!:- bias anplifier 
and putt in , non- amplified baci:- bias on the stages thus disconnected. 
Consh1.ero.ble difficulty ,.,as e~perienced TTi th oscillation in the anpli­
fied bo.c:~- bias loop , but ,1hen this i:tas cleared up the receiver Has sat-
i sf.:tcto~r. 

7- 2.-2. The difficulty experienced rri th oscillo.tion 
in the cJ.1l)lified back- bias loop led to the belief tha t non-amplified 
back- bie.s on all stc1ces ·.1ould be more satisfc1.ctor:-r. For this reason 
it ,w,s clecided to use it throughout on the second prototype. 

7-3, Second Prototype. 

7- 3-l. The second prototype 1.m.s brou6ht to this 
laborc.tor:,r for test early in liay (1 ~44) . It used non-amplified back-
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bias throuchout but i:.:1 s founcl, even so, to oe unstable. A study of 
t~1is instability revealed t lvlt it 1as tr.e result of the conbination of 
tuo effects. First, the i-.f amplifier had consider L-.ble gain 2.t via.ea 
frec~ucncy, end second, the decouplin6 i·n the porrer circuits ,ms in­
sufficient d these vi deo frequencies, Hith the rerult that the i - f 
2.Llplifier oscilla.ted at video frequency. This TTas easily remedied by 
t!1c ... ~cli tion of several condensers to the po•·rer supply decoupling cir­
cuits . These condensers nere of about } microfarad ca.pn.ci ta.nee, and. 
aftei· they Herc added the receiver ,,as perfectly s t able even with 200 r.w 
of jamninG e>!)plied to its r-f input ternin.:;.ls and ni th ma.xi:'lum gc>in. 

7- 3- 2. The receiver uas then tested according to 
Part 2 encl Section 3- 6 of this report . The results of this test shonccl 
the receiver to be excellent nhen compared to other receiversthat hc.ve 
beel" tested Dt this l~bon•tory. It ua.s therefore , decided to use t:1is 
system for the final receiver. 

7-4. T.l,ird Prototype. 

7- 4-1. The third prototY})e r,as brow~ht to this 1: b­
orc..tory for test early in September (1941-4-) . Th is unit was in gene r e l 
the sone l'..S the second, differinG only in that it had been 11 cleaned u:n11 

and ",S in a form suitable for manufacture . The purpo~e of this test 
was to secure data on the receiver act ually to be nanufc..ctured. The test 
devi~tecl from this purpose to the extent t hat two slight modifications 
r,ere nr-.de to the video system to il"l:,rove perfornwnce. 

7 ... 5. A ... J 1;easu:.:ements - 11 A11 Scol)e . 

7- 5-1. ':i"he overall pa.ss characteristic rras measu1·ecl. 
by the net~1od of para,'.;raph 2- 10-4, and is included e.s Plate 41. 

7-5- 2 . The a- j chnracteri sties ,·,ere mee.sured by the 
methoc.l of Part 2 of this report , using the schedule of paragraph 2- 5-1 , 
ancl "re included as Pl--tes 44 to 47. Since measurenents on the t-:,o 
previous 1Jrototy:.oes had been made according to the schedule of paro..{;r.:·:)h 
2- 2- ] nncl plotted in the form described in parnGra,..,h 2- 3- 1 , the neces­
sary cw..t~. ue.s teJcen from Plf'tes l.!.4- to !~7 ;,nd re-plotted in the fom of 
parf"tirc.:.1h 2-3- 1, so that tl1i s receiver coi.:.ld be conparecl di rec tly ~1i th 
the previous protot0,pes. ?ll'..tes 4-., to 51 show this re- :9lotted data. 

7- 5-3, A chec': of stability sho•.red no sign nhD.tsoever 
of rcge:1eration, at any gain setting, :m<l ui th Fany jaJ!lr:ling level U}.J to 
the test ,ia;cinum of 200 mv anplied to the r-f input. 

7- 5...!.~. The video pass characteristics ••ere mea.sured 
and fou.;1c'i. to le satisfc.ctory but pemi tting sone inprovenent . The s:1ort 
time- const.,,nt detector- to- video coupling in this receiver uses a 2 mh 
choke ;i.n pe..ra::Uel ~-.-i th a. 15() uuf condenser. T;1is condenser is used to 
].oue1· t}1e :cc?.·.ona..!t. frequency of the circui ~ to nv.tch the pulse- conponent 
frequencies better. It has b en found at tis labora tory thDt the 
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cape.cite.nee in this circuit s'.,ould be ':ept es lorr as possible. The cir­
cuit ·r,;:-s t]'-erefore tested with this condenser removed. Plate 42 sho.rs 
the viclco response curve of this circuit ns r,ell DS tlmt of the oricia,:.l. 
Pb.to L!-j sl,oTTs the unjar:uned sensi ti vi ty .md the loss in sensitivity cs c­
functiou of modulation frequency. The loss TTas mensured using 1 mv of 
jaroninc ,~oo kc off frequency. It uill be noted tho.t the revised short 
time- conctnnt Gives an improvenent in performc>.nce of l to 3 db dependin.; 
on nouulction frequency. 

7- 5-5- The curves of Plate 43 shon \7hat is apparent­
ly a reduction in the loss in sensitivity as the modul2tion frequenc:' is 
incre::-sed be~rond about 200 kc. This is not a true reductiol! in loss. It 
results :from the fact that the generator u£ed as jammer did not modul~.te 
well above about 200 kc. This gave a pro5 ressive reduction in percent 
modul.:.tion as the modulati~ frequency ,,as raised. This does not, ho\1ever, 
affect the validity of the results since only the relative losses e.t 
each frec~uency are of interest. 

7- 5-6. In reportinG the tests of the second proto­
type of this receiver, it ;-1as recommended th[lt d- c reinsertion be a~1plicd 
follo·.,in the short time-constc.nt by operating the first video tube ct 
zero Olt'S. T;·.is is done in the present receiver but no protective resis­
tor for the diode fonned by grid and cathode of the video amplifier tube 
has been put in. This resistor, uhich must be put in to secure correct 
operation, should be in series -.,ith the grid, a.nd should be bet\1een the 
short ti..ie-constant circuit and the video amplifier tube . Plate 42 S!lons 
the video response curve after it has been put in. Plate 43 shoTTs the 
unjar..ned sensitivity and the loss in sensitivity as a function of modu­
lation frequency. It Pill be noted that the inclusion of this resistor 
gives e.n improvement in performance of 2 to 5 db over the first chan~e 
and of 3 to 6.5 db over the unchanLed receiver . Unjaillf:1ed sensitivity is 
improved ~bout 1 db. These results are in line r·i th nh..'\t uould be ex­
pected from previous experience. 

7- 6. A- J ::easurenents - PPL 

7- 6-1. lfo direct tests of a- j perfonnance on a. ?PI 
uere ,l<'cle. A check ,,as ;,ade by the methou. of section 3-.S. 'i'he curve 
shouin..., ccin versus jamming level is i ncluded 2s Plate 52. 

7-7. Linit Tubes. 

7-7- 1. This receiver •:ras also tested nith limit 
tubes in the i - f &1plifier. Two sets of linit tubes rrere used. One 
set ha<.l the maximum input ca.pa.city allowable under J.A:: specifice.tions, 
nnd the other had the minimum Gm allorn,.ble . The results of these tests 
a re included in Plates 52 , 53, and 54. They show that tube character­
istics l1cve little or no effect on receiver perfonnance. 

7- G. Results. 

7- 6-1. The a-j characteristics of this receiver 
are sho\·,n in Pl;;tes 44 to 51, The loss shov,n by these curves is in 
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line ,.-!i th •.rhat rrould be expected from experience v,i th other a- j re­
ceivers. i'he chvnge in gain r,s j?..r.1oin,; level is chnn:'.5ed is well uithin 
the t-;;-11.~·nic rE1n:;e of a PPI and is entirely satisfr.ctory. Stabili t~, :mcl. 
recover:, time e.re e;;cellent. 

7-&-2. Plates 41+ to 47 shot? tr,o peeks of los.s a.is­
place(l t".bout 2 ::c on either side of the zero- beat peelc. These per-.ks, or 
11 sicle lo·ues11 if r:e borror, from e.ntenna. terr1inclogy, are the result of 
skirts on t:1.e i - f pass charRcteristic uhich are not sufficiently stoe:_1. 
Thej.-e is enou5h po.ss 2 Le off frequenc·i to allon the jammins signal to 
pe,ss t:~rou$!1 the 1.,.f amplifier end bea.t vri th the echo carrier in the 
detector, :-noducing a bef.'ct note pulse of too hit;h e. frequency to pass 
throuj., '.;he video anplifier. 

3. 

G-1. General. 

6- 1- 1. Two models of the X3F-l i:odel ifo . 1 receiver 
,,ere tested at this laborE>.tory. The first of these rms a test nodeJ. used 
in tlle development of the circuits for the final nodel. The second r, •. s 
the fin,:,.l receiver to be used in the XJ3F- l system. 

S-2. Descrintion of the Receiver. 

G- 2-1. The x:BF-1 : :oo.el :Ic. l receiver uses t\'7c r-f 
sta,;es, converter, o_scilletor, eight i-f stp:::;es er:i~)loying non-amplifiecl 
baci':-bic,s and vo.ric:-.ble b?ndwidti1. diode detector, and a single st~:,;e of 
via.ea r,nylifica.tion. Pl.:--.tes 69 to 71 show front, top e.nd bottom vio•rs 
of tl10 receiver. Pl2.te 65 si.10;,s :;,. schetnatic die.gram of the receiver cir­
cuit. 

S-2-2. 'lhile t!1e pre- enplifier i a not strictly ·,i th, .. 
in the sco,)e of t:.is pa;per, it neri ts a descriptioi'l because of its noval 
features. It consists of t\·:o r-f stages, the oscillator, 0nd the co,1-
verter; cil are tuned by neans of c. single tuning control on the frout 
panel. 'i1rimners are pro,:idea. on the side of the unit for ali(;ru-.1ent. T~1e 
tr:o r-f st~.ges are identical end consist of capa.ci ty- tuned concentric 
tank circ·d ts usin-:; iilir;hthouse 11 tube .9uplifiers. ~he converter uses n 
similc.r circuit for its ~rid-ca.t >oC.e ta.nk, eno. its pl.?.te circuit feecl.s 
into the :first i - f st.,,.ge. T'ne oscillc'-tor, e.lsc usinG a 11 li:"•:hthouse11 

tube, cc:,nists of e. c~:pr>.city tuned re-entrent tank usin6 a 11 lee1:y11 grid 
pedestc.1 for field penetre.tion to obtain the feedback necessery for oscil­
l e.tioa. It is so proportioned that it uill tr2.cl~ the r-f a.Tld converter 
sta.:;es 0.1:i.~ectl!'• Plates 72 to 74 shou photographs of the pre-amplifier 
particll:" c1.isa.ssenbled. The eeneral arranger.1ent of t~1e p~.rts ce.n be 
seen i1: -~:rnne photographs. 

~- 2-3 . The i-f amplifier consists of eight sta6es 
usin::; G . .' .. 07 21?1plifier tubes with non-amplified back-bias applied to all 
stn[;es but the first, which is a II standard11 st£1.ge. Gain is controlled 
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by conti~ollint; €;rid bias on t 11e second . nd. Lird steges. Prevision is 
also w:-cle for applyin,; e. dele~ed sensi ti vi ty control to 'Ghese gridr. . 
All i-f tr~11sfomsrs are_ double tuned, usin&; slug tuning. r.ri th the ex­
ception of the third, which is a si;1::;le-tuned VB.riable-b:-.nd.TTidth t1·,:1s­
former. Its b,-.nc1nidth is controlled b;r contrcllinG the resistence 
~.cross it, a.nd gain is si~1ul t.:,.necusly et:uEli zed by ch,:mr:in the cat: .ocle 
resi3tOT cf the second stage. 

S-2-4. The detector is c. GH6 d.iode wt,ich sup:7li ::,s 
negl'.ti ve output and is coupled directly to c fuc7 video amplifier. .A 
rel~·, o:_:ie:c.'.'.ted oy either a loccl or a re~1ote sT:i tch, com1ects a sr,le.11 
<!hoke c.cross t!:e detector output for II inclucti ve11 s;1ort tine-const?.nt. 
D-0 rei:1sertion is accomplished by operatinc; the grid. of the first video 
tube ,.t zero bie.s. 

L-.J• Developmental iiodel. 

~-3-L The final circuit of the develcpnentr>l noc:el 
of t: .is :cccei ver was iclenticol , ... i th that of the final receiver except 
for t:te p;.·e-anplifier. Since developr.ient rrorl: on the pre-amplifier y;;,s 
not ~-et co;·1:9lete, the receiver ~iS.S tested usin_<; another pre- amplifier 
si:1il.-:c in ~oin encl sensitivit;i' charn,cteristics but lc:>.c!i::in;:; the sinr;le­
ditJ.-tm1.i,1(: fee.ture. 

G-3-2. iliis receiver rras 
cordinJ to P.?.rts 2 ['11d 3 of Lis :i::iaper. This 
thre&-freruenc~r schedule of p2.ragra·)h 2-2-3. 
acteristics to be se.tisfacto~1 ,,heu compDred 
at t:1.i s l e be rr.to I°'J. 

given e complete test 2-0-

test •:,as made usin,:; ·i;!1e 
It snc,1ed the o.-; chc.r-

to other receivers tested 

r;-4. A-J l'.e,9surements - 11 A'r Scone- Firn,tl i,odel. 

s-4-1. The video pass charn.cteristics ·rrere mee,sured 
and ~re n::or:n in Plate 5,::;. 

&-4-2! The overe.11 pass was measured by the r,1ethod 
of pe.rc,GrCl)h 2-10-4 end is s:1or:n in ?late 57. 

rri t:1 the l)rocedure 
inclt1.llecs ,'S Plates 

s-4-3. Complete a-j tests •.~ere run ir, a,ccordc,nce 
of Part 2 of t:~is report. 'l1lle results of these ere 
60 to 63. 

6-4-4. Serve-scope tr9.ces shouing receiver recove;.7 
time TTere photogre.phed. r:;:'hese photographs r.re included as PlFites 66 .c· .. nd_ 
67. 

i;;ere 
3-6. 

G-5. A-J Measur ements - PPI - Final i ice.el. 

&-5-1. i;c direct tests of ar-j perfomance on a P?I 
r.1~,C..o. :ionever, i'?I perforoance r:as checkecl by the method of Sechon 

:_•he curve si:.cwing gain versus jam level is included as Pla.te 0~. 
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C-.-6. Results - Final i:odel. 

S-6-1. The receiver uas excellent f r om a.n a-j 
stancl90L1t. 11 N' scope performance r;;;,.s as good 2-s that of t:iny other re­
ceiver yet tested. !i th v2rious jara.r~il1~ levels the increase or deci.~ec>.se 
in ge.in ci.id not exceed 25). ~his promises excellent ?PI p.erfonne.nce. 

S- 6-2. Plfltes 66 and 67 shm, the recovery of the 
receiver fror1 a strong pulse (50 riv) . These l?hotogrc:.phs sho'.f no indi­
cation 1:~1ut soever of delay in recover-<J, there being II nci se11 shonin; Oil 

the tr.:-,,il:i.nc; ed&e of the pulse. Plate 66, lo,;rer. s}tons the recove:rsJ 
fron :::, 5 usec pulse ,,hen the s11ort time- const?nt (F.'.l' . C.) is in the cir­
cuit. In t~-is case the receiver is essenti:,lly back- to- normc.l 4 usec 
after t:(e sk,rt of the pulse. 

G-7. Points of Sneci~i Interest. 

5- 7-1. It will be noted that the loss in sensitivity 
sho·.r.1 :to:.: err jamnin5 is a maxioum of 2L~ db. This loss is pcrtl~r due to 
bad :)ul:;e s:1c:;pe fron the s imulnted- echo 6ener1:tor. The direct detector­
to- vio.eo coupling used in the receiver necessitated the use of the sl1ort 
time- cciwtcnt to prevent overloading of the video by the d- c output of 
the (.etec'~or. The pulse from the simulc?ted- echo gener,tor hod a. long 
bui10.- u1) time ruid therefore suffer ed a loss in the short- tirne- consk.,nt 
(3'. '.".: . C.) cou:JlinG circuit. The loss using .'.."'n actual echo pulse 1.1i t~1 Hs 
s:1oi·t "ut·.ilt:.- u~ time vms 5 to 10 db less th.:m tl1c,:,.t shoun in the curves. 

S- 7- 2 , It ,r.rill a.lsc be ;1otect that the curves are 
dist~:1ctly assynetric. This res.u.lts from the ass;rr<1etry of the overall 
pass ~ r>:i.'£".cteristic as s~to~-.,n in Plate 59. 

S- 7- 3. The pec>Jrn of loss wi1icl:: a9pear di sulaced 
a-oout 2-:-..: i:c from the zero- bea.t peak are the resu.l t of tile video pass 
bein::; so,;e0.,hat narron for the pc'.rticulc:>,r i - f characteristic. In t~1e pres­
ence of off- freouency cu j~nming the pulse comes through as a beat be­
t"ITeen t:ie ec'1.o and the je.i"llI'.ling. If the jamt1i!1g is strong e,na. several 
mega.cycles off frequency it ,;;ill set through to the detector and c-use 
tl1is be2.·i; , r1h:.ch, m1lesc ti.le video pass is sufficient , uill not pass 
thr ou.)1 t~~e video amplifier. Plc,te 63 shows two p!1otographs in .rhich 
this oee:i; is visible. The one-sided char acter of the beat is due to 
the use cf d- c reinsertion in the video am)lifier. In this receiver 
there is a sli&ht loss in the II side lobes11 - resulting from this effect. 
But it is not sufficient to ·,:arrant an increase in video bandnidth. 

9. r:t.1;::STEG OF '?IC XBF- 1 ~iODZL l!O. 2 3:ZCEIVLR. 

~- 1. Genero,l. 

9- 1- 1. Althou:;h the :::3J'- l :1.odel Ho. 1 receiver \!t\S 

entirely Sc'..tisft>,ctcry, e, nen test receiver, the :c.F ... l ; .eel.el l~o . 2 has 
been auil•i; in the hope of learninc r.10re about end inproving the perfor-a­
ance i:i.1 '~he zero- beet area,. This receiver was tested nith several syster.1s 
of a:,1pliliod back- bias (recently developed at this labore,tory) \7hich 
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shogecJ. :•)ronise of g1v!.n{.; t]1is i:-1proved. pe:.·fome.nce in the zero- bee.t a1·e~ 

1;iti1ou t ti1e insta°Ji li ty often encountered in 0.npli fied- back- bias sys terns. 

9-2. Descri ntion of the XJF-1 i :odel ~fo . 2 :aecei ver. 

9- 2- 1. The recd ver, X::S?-1 i ,odel i!c . 2, uses ei_;l1t 
i - f skc;cs ancl ., diode detector ,·:i th permanently connecte,;_ short-tir,ie­
const.-.,nt (:7. '1 . C. ) coupling to its sincle-stcc;e video anplifier. Z10 :l. 'r.C. 
is left ::,,ernanently connected only for t!1e sc.ke of sinplici t;r, nad in 
the fL1cl receiver it ,,ill be controlled b~' a sr!itch. 1fo r-f unit h:",s 
been built into the test-mod.el receiver. 

9-2 ... 2. The first t uo i - f stuges used GAC7 tubes 
and \70ro ncmal st::,c;es , unprotecteo. e::cept for ab1:onnall? hig..~ cc:thoo.e 
resistors (Ll-70 ohos) , ~7i th the resultinn; high srid- bie.s and sli~ht c;:1ount 
of ncu- cr.:plified back- bias. The last siz i - f st.2.~·;es '.1e re arrN1L;ed in 
pairs ~.s ( ascribed. in Sections '.::-5, 9- G, or 9-9 e.ccording to the ba~:­
bie.s ::;~0sten beinG tested. The detector i::e.s a 6H6 diode and fed ti1.rou~h 
an 11 L t ucti ve11 short tine- constant circni t i nto a sin_,le sta.:;e video 
ar1pli1ie:.~ using 2. 6AC7 . 

9-3. A- J l<easurenents - 11 A11 Scope. 

9- 3-1. In each ce.se tl'!e receiver VI'S set u:9 for 
test t.~i;,1~; an r - f uait from e.n obsolete receiver. T;1i s r-f unit , rrhich 
;-;as usct si:_;pl~r bece.use it ha!mened to '0e aV.8ilaole , hc.c: GE'in a.ncl sen­
si ti 'li ty c1'P..racteristics sir:iili:'.r to those of the :,oclel ::c . 1 receiver. 
The re: .2:i,DC.er of the test set- uo nas as described in pe.rct;reph 2- 1- 2, 

9- 3- 2. JI.-J tosts were rll.Il on et"ch system by the 
met;_1otJ.s c;~ P.::rt 2 of this report . 

9- 3- 3, Overall band1.'!idth np_s aeasureu. by tho net~1od 
of !)l'.r, .,;:cnph 2- 10-4. 

3- 3-4. The Yi deo pe.ss ci1P.racteristics nere mer.surea. 
c . .ncl yilotteu.. Althoubh no snitch is proYirled to disconnect t::.1e fast tine 
constc.:1·~ in tl1e test nodel , one \fill be iaco:r:pcl'e.tec'i. in the final noel.el, 
so t ::is 'i:est uas MP.de both '.7i th e.nci. \7i thout :?. '.L· . C. ccuplin_;. 

9- 3- 5. Recove r~, tine of eacl: system 1 :as checked. or. 

9- }-6, ;\. chec~c of st::i.bilit:-.' ...-,as r~aa.e on e1?.ch sys',;e;,;i 
accortia to the method of parE'.(;raph 2-10-7. 

9-4. A- J UeasureG!ents - PFI. 

9-4-1. Ho direct tests of performance on a PPI 
nere .1.::-6.c . Instee,d the change i n gein was measured for each system to 
chec~: tl1-e ezpected PPI performence. 
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~- 5. First 3ac:c-Jfr.s Syster.1, 

0 - 5-1. ?late 83 shov:s e. "1vir of ste.ges usin the 
fir:,t s:-nten tested. Operr-.tion is :cs fo l lo•·s: !hen ~ stron. sign~J. is 
appli0C. , ,:;he seccmi. tube. \/ill dra\7 more current :-.nd increase its c~t·,ote 
bic..s . • . .1;.en t •is ha.;:mens the potential of the diode cnt:1ode Hill rise 
in e. positive direction end "ill cut off the diocJ.e current , allowinc 
the first tube to bias itself bc>.ck ~s its :!_?l· te current c'.·,2r.;e,3 t:1e con­
denser i:1 its CP.thoCe circu.i t . The first tu~)e cannot be overloc..d.ec. be­
cause of tl1is bc.ck-biasin(; e.ction 1 uhile t ;1e second ·;ill not overlor-.d 
becrui~e of its r elatively hit:h bie.s and remote cut-off cl1.e.recteristic 
£'.!ld its s: 1

; 11 waount of non- ;,n1Jlifieci bec·i::- bic.s D.ctiou. ..11er. the s1__; .,l 
is re· .ovec." tl1e second 'mbe will return to nornD..l , and • i th the drcp L! 
cnt:.o .c vol t;age t he diode 1-rill a_;ain begi n to cona.uct e.nd vill ti ac:1..;i.r ··e 
the cc:1c~.enr.cr in the cathode of the first t uoe t]~rou.r;h the jOu oh·. re­
sintor. S: nee the conclenser is d.isC:!c.r·~eo. t ,rcu::;h the jOO ohn resis'~or 
ancl f.ioci.e (tottl resistance of c>:ocut 500 oi-...1s) instead. of through t:.e 
2200 o::n resister aomr,lly used. i n non- amplifiad b['.c:~- bins , it mw ~)e 
made I;. o:..' 5 t i mes l rrcer 1..1i thout i ncreasi n(; recover;r tine. At the sN1e 
tirae t;_e use of t l1is ler-:;er cc-ndenser increases builct- up t/:-Je . Si:1.ce 
ti.1c lo!.:~ c,t and i n t:1e vicinity of zero beat is :: ::unction of build- u > 
tine, _)cr.fo1"'1ance i n t !:.is erea. i s ir·provecl. As in non- a:1plified s;-•n·i;e s , 
t he o·ocrrting volta.,~es of the tu·bes l'nc1. the ci:rcuit constcnts r1ay 'ue c.C.­
justec." to ui vc extre1,1ely lo•.7 cha11,;e in i_;c>in at> the j..ll"lninr; is a)pl iec• .• 

"-5-2. This. circn.i t !las s;1own no tendency touarc.i. 
rege:.1cr,·.tion or insto.bili t:7. The only possible feecl.boci: path is throu.;:1 
t he diocJ.e, ,nu since t',e by- pass capc-.ci tors h, ve a re,cta:ice of t'.te orc1.er 
of 2 0~1c1s at tLe internediate frec:_-tenc:r t'.1ere i s little chance of fac{.­
be.c': he:..·e . ?urtl1ernore , a choke , parellel-resonrnt 'l.t the internedic.te 
free;,t,.ency , r.,ny be put in t his lead i7ithout detrimente.l effect . 

9-5-3. The curves cf Plates 7 3 to 61 , sho\/int, t:10 
res .il'~s o:.'.' the a- j tests , s!101.· the pcrfonnance t o oe about t l1e s;une es 
that of t:1.e irnF-1 I :odel Ho. 1. The p~ rt of the curves sll0'7in~ los s i n 
sensi ti vi ty in the vicinity of zero beot a r e na.rrorrer E'.nd she.llo,1er for 
this s~-sten then for the i"odel ~~o . 1 r eceiver nhen the j2.mmi11g is c· .. • or 
lor• ire--_l'.'.ency r.1c,1. '::},is i s o.s ,as e;q,ected, but the curves are bro::'.c:.cr 
ancl dc-:i~)c:.r for hi6h- frequency r.cTr and for the:: coc1bini,tion l ow- --nc.. i1i,,:1 .. 
frel'uenc~r ric;r. ::::~eenination sl:10,1s t_d s to be the r esult of tl,e lon~er 
buil.:'- u:;_} tine. ·ben hi6h- frequency nc•7 is encountered , the lcmber 
buil ·.- u::, tine reduces the de_;enera.ti ve effect of the bac:·- b i as ci:rcui'cs 
on ti.c ,100.ulation components of the jenmint; ond. t hus reduces the clejan­
l!lin.:; '".ct i on. 

9-5-4. ?he performance at or ne£>.r ze!'o 'uer.t is ;ot 
of _,re .... t iDJortance since it is hi_;hly irrprobable t hat jar1rning in t:1is 
region ,rill ever be encotL"ltered. On the other he.nd , hiGh- frequency r.1c•., 
is "'.l:..·cLc~- in use by the enen~r e...7.d is ve:r;c· li::ely to :.ie encountered. 
For t;1is re, son it is proba.bl~- best to use t:.e shorter build- un tine 
even t;1cu;_;h it does ent ail a sli~:it SRcrifice in 2.)erfcmc,nce in t he ze:..·o­
bea'i; • re~ . 
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9-5-5. Ple.te ~2 shous 2. ma.xir.rum re1.tic of gs.ins of 
5/1 ln to 10 nv jarJ.r]in," level. This is not as good a,s the Hodel i.fo. l 
recei 7er ·but is still satisfe.cto17r. Strge gain of these i-f sta[;es ~7D.S 

slightly better than for the non-~m:plified back- bias stages of the ::oC:01 
No. l receiver. 

S--6. Revision of ?irst S:rstem. 

9- 6-1. Revisions uere made to the receiver to check 
perfo:r.1.:"_,'1ce TTi th faster build- up. Condensers marked C in the circuit 
die,e:;r,<:,;.1 (Plc-,te 53) 1.1ere chan:<;ed to 500 utif . This gave a. bu.ild,- up time 
about ec~1.1.e.l to that of the model No. l receiver ;:ind a recover;, time 
a.bou:c 1/ 5 a.s lo=ig. 

9-6-2. The receiver ,1as tl1en re-tes"!;ed. The res·_i.H s 
of t~-is test s ,10T1ed the curves to be sliGhtl~• broe,dened a,ii.d dee9enee. o;i 

cn so t~.1.~:.; they were a.bout the same as the curves of the i:cdel :-o. l 
recei ve1-. 

9-7. Re- Checi: ".7i th l1on- _tunulified Back-:-Bias. 

9-7- 1. To ascertain definitely that there ,ras no 
w1forese0n circuit :,neculi~.ri ty the,t m'!,S affectinr, the results of thes,; 
tests , ~::e recei ve1· •7as converted to tlie circuit of the :iodel :-re. 1 
receiver o.ad again checkec:l.. The results of t~~is check •.,ere the sE1roe o.s 
the res1.1.lts given for the ,.odel No . 1 receiYer in Part 6 (except for k.e 
absence of 11 side lobes11 on the loss curves). 

9- 6. Second 3ack- 3ias Syster.1. 

9-c-1. The last six i - f stnges r;ere then revised 
to use the po.i rs sho·.m in Plde G4. Operation of t:1i s revised pair of 
tubes is cs follo,-,s . IThen a signal is a,pplied the second tube '.7ill 
dre:.1 i::. snn.11 ar.iou.nt of grid current e.nd develop a small amount of grid 
bias ,::,,cross conclenser C1 and resistor R1 (ordinc1.r:,,,r grid detection). 
This .:;rid resistor is purposel~r mi:-,de high enough e.nti. t >c grid COJ1denser 
made lo;, e;1cugh that ~-)preciable si1;nal power will not oe dissipe.ted r,.nd 
the .:,.nplifie:. mll continue tc araplify. Horrever, the negative bias 
develo:;iet'. on the grid TTill bias the tube back a.i,d prevent e,ppreciable 
s11inc into the positive grid region of the tube I s cha.ract,eristic. At 
the s2;-.1e tii-1e , this negative bias -rrill reduce ca.thode current, ca,use t~ie 
ca.tl10C.e to ~o ne~ative, e.nd i)i2-s be.cl: the grid of the first tube. i7hen 
the sign~..l is renoved, the bi2,s on the second tube will dro}J to zero, the 
seconc'. tv.~)c will recover to nonnal, and at the sar.Je tine return t :1e first 
tube to norr:1ru.. 3uild- up and recovery tir.ies are equal, since the secoacl 
tube, ·.:·i t:i its Grid returned. to cutLoa.e , e.cts like e, h i,c;h resistance 
instee.d of a,s a cathode follorrer. 

'3- G-2 . The comnlete results obtdned i7ith the secoaci 
systc,: ;;:.11 not be f;iven here since they sho~-r no a· J}_?reciable improveuent 
ovei· t ::e ; •oclel Ho. 1 receiver. J'urth ernore, t >is second circuit s ;1c'.'C(;, 

siQ,10 oi SliGht instability, al'lC1. therefore should not be used in any 
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receive1· fer fleet service. It is essenti?l th.::>.t a. receiver, especially 
an ~- j receiver, be absolutely strsble. Thus , no circu.i t nhich, sho,1s a 
tenden9y to\1ard regeneration should be used, especially if its perfo1,n­
ance charr:.c-ceristics can oe duplicated by e circuit nhich is inherently 
stable. 

9-s-3. Like the first systen tried (Section 9-5) , 
this systeu he,d slightly more gain per stage (with the same constancy 
of Gain c:.s jamming is 2.pplied) than the non- amplified back- bias syster.1 
of the lioclel ifo . 1 receiver. 

9-9. T;1ird 3ack- :Oia.s System . 

9-9- 1. The last s i x i - f stages of the receiver were 
then revised to use the pai rs of stages of Plde G5. Operation cf these 
pairs is ::'..S follous: ·.!hen a signnl is a~1plied, the second tube l7ill bias 
itself iiack ia the nornal rne.nner for a non- anplified back- bias sta-.:;e, but 
in so clo:.~1c; it 1.7ill also bie.s the first tube back through the common 
cathotle connection. 'flhen the signal is renoved both tubes will return 
to non:.1,,l. The use of e, po1.~1er tube as the second tube e.llo:;s a, releti ve­
ly sr.1eJ.l resistor to be used in the cathocl.e circuit; this in turn a.llo·,:s 
the use of .:. re le.ti vely large b:'"- ps,ss condenser i'li thout sacrificin:; fr.st 
recovery. In this circuit t;1e recover:,r time is slo,..-;er t~1e..n the build-up 
time si:1ce the second tube is acting as a cat ode fol loner. It is not , 
ho1:1ever, ~.s □uch greater D.s i:i the case of non-amplified back- bias since 
the second tube he:.s a rer:ote cut- off char.:>cteristic and nill not be 
com:9letely cut off on recovery , as will the non- amplified stage. 

9-9-2. This system also showed approximately the 
same a - j cl:e.racteristics as the no,1- anrplified. system used in the i:odel 
No . l receiver. Like the other two amplified back- bias systems (des-
cri bee":. in Sections 9- 5 and ~G) it had more gain per st~e \7i th the same 
constt?.;.1c: • of gain as the jammin·.: level m,,,s vnried. 

~10. Revisions of Third System, 

6AC7 1 s t~1roughou t . 
as trieQ originally 

9- 10-1. The third system uas t hen revised to use 
This revision shoned no i rmrover.ient over the system 
(Section 9- 9) . -

9- 10-2. A second revision uas then rnade converting 
tbe system to use 6AG7 1 s throughout . '.i:his revision s:1orred some in::)rove­
ment over ti1e original third system. iioTTever, this inprovemcnt ,,.,,as not 
sufficient to be cf eny consequence a.nd did not malce this system enou:;h 
better t:1a..'1. the non-amplified system of t~1e • :odel i-io . 1 receiver to \w.1-

rant i tG use. 

9- 11. Zero ... Beat Performance e..ncl the Cathode Condenser. 

9-11- 1. In all TTork up to this time it had been 
assuned (rri thout proof) that tha zero- beat perfonnance rras a function 
of the size of the cat] .ode condenser, The tests so fnr described 0.iC:-.. not 
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seem to s:10n this to be the case , so it <:::-.s dec i ded to check it 
directl~r. 

9- 11- 2 . ri.1he e~'l~)lifier nas set up using non- am~)lified 
bacl::- bi£1.S es in the l~od.el No . 1 receiver and tested with cc=tllode con­
densers of th:?'.'ee different sizes. i.Jo a.ttention wa,s :9aid to recovery 
tir.1e in t:d:3 t est since no prc.ctical use was to be nade of the anplifier 
ni th t~1e le,r,.,e condensers in ti1e cathocle circuits. 

9-11- 3. Table III sho'.,S the results of this t est. 
It s~10,7s n.li te clep,rly that the zero- beat performance is im~)roved as t~:.e 
size of t:_e condenser is inc~~ea,sed , ho~1ever, this i n~)rovenent is a ver-:1 
slou function cf condenser size. 

S- 12. Conclusions. 

9-12- 1. '.(he zero- beat perfcme.nce of the receiver 
cannot "ue :1oticea.-bly inproved by ti1e use of enplified back- bias. A 
sli ;ht i n~)rovement ce.n be obte.ined but zcro.-oc.n.t -IJerfonna.ncQ is n. 
very slo· .. function of co:1denser size a.110_ t ;,.e increcJ.se in condenser size 
that c:-;1 be realized is limited by recovery tiP1e to sud'.. en extent the.t 
the in- >l'over-1ent obk,inable in practice is very ST'lall , '?he use of ampli­
fied 02.c:~- oie.s will generally red.uce effective 1~ecovery resist!'-lnce oy c. 
factor of only about 6 to 1 , e.nd t his much incree_se i!l condenser C?.J.'.)aci t:r 
wi ll _,i ve an i~1proveroent in z ero- be:c-.t perfornance of only about 5 db. At 
the sc;:w tine, since the build- up time is inc:ceased in order to obtain 
t his sli ,_;ht impr over:ient, a. loss nill have to be teken in perfonnance 
against :.._ic;ll fren,uency a':lpli tude- modulated C\'/'. 

S-12- 2. If the build- u::_) time (and hence t!1e zero 
beet '_)e:rfomance) of an amplified be.c>- bias systen is me.ci.e the sane .2.s 
~h~_t of a. non- e1J:1plifieci back- bias system , the recovery time can be r.12.de 

muc:1 s::o:..~ter. T:1is bein,-; the c ase, it ·would be expected. thc.t the :)er­
fom2..,ce ~~cinst high frequency aroplitude- modulated C' could be inproved. 
The test ol Section 9-6 indica tes that t his is not true. It is not , 
however, "'· ccnclusi ve test. As soon as sui t c-ble generators are av?.il­
able , 1 . .-: __ cse characteristics !~ai:e reliable mev.sure□ents using hi{sh fre­
queac;· ...-: ::Jli tude- modul::i,ted cw :'.)ossi ble , further tests will be run on t hi s 
subject. 

9- 13. Points of Speci al Interest. 

9-13- 1. 11 Side Lobes11 of Loss. Plates 7'0 to ;_,l s- cm 

no II sicle lobes11 of loss a.s a.ppear on Pl ates 60 to 63. ..\ coP1pa rison of 
Ple,tcs 7G end 59 sno11s the reason for t his. The ~:odel 1'0. 2 receiver lu-,,s 
very stee:9 skirts on the overall pass che.racte ristic ti..nd thus rejects 
the off- frec:uency je.mming ,:vhich '.7ould })rod.uce the beats shom1 in Ple,te 
68. 0 .. 1 t:1e other he.nc. the s:drts of the pass bn.nd of the 11odel l!o . l 
receiver e.re ver._,, bro.s.d end allow the jamming to pass and cause t his beet 
note ,_-,:_ic:1 is rejected by the video. 
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9-13- 2 . Annarent G13.in in Sensi ti vi ty in the Presence 
of J m:u:ii ng. The curves of Plates 78 to ~;i S:.1ow areas of epparant gain 
in seasi ti vi ty in the presence of jamming betneen . 5 2.ncl 1. 0 He off fre-
0.uenc~•. T~1ese e.re not true gains but a r e t~1e result of a slo\7 build-u:, 
of th8 echo genera.tor pulse. 'I'l-:.is slo'l7 build-u~) caused a loss in the 
:H'.'.i1 . 0 . detector-to-video coupling. This is a loss which \7ould not be 
suffereci. 'by a pulse m. th sharp build- up, suc~1 as an actu.?.l ec;,o pulce. 
Thus, ti.10 true zero of the curves nould be thr ee ea five db ebove the 
zero estcblished by the tests. This loss due to slo~'! build-up is not 
suffe:..~e6. i:i the presence of jAfiining . 5 to 1. 0 l.lc off frequency, since the 
jar.uni n _ '"uects ·-,i th the echo to produce a bee.t note 't'Thich falls within 
the :!.)2.ss be.nd of the vicleo amplifie r (Plate 76 - Short Tir.ie Constant I n) . 

10. .Ai::'LIFI::JD V'..:RSUS l{CN-AliP:..!FIED BACK-3IAS. 

'j:he nar k covered i n Parts 7 to 9 of this report led to the 
gener2l conclusior. that non-amplifi ed back- bias is as satisfactory as 
a111plilic0. bad::- bias in its perfon:.cnce cl,a.racteristics and perhe,ps more 
se.tisfc.ctory in other respects . The follc,:i,1g is a sunmary of the fr•,c­
tors lenc"Ling to this conclul;lion. 

10-1. Constancy of Gain. 

10-1-1. Plate 64 s~1011s t he vari::,tion i n gain of t !1e 
x:aF-1 ::oc~el :To. l receiver to be about ·olus or uinus 25 ~ ~.s the j.?.mr.1:l.:16 
level is increo.sed from zero to 50 mv. This vari~tion is e.bout the Sf'De 

as t~'.l'.t obte.ined in the best receiver usi ng aT!plified baci:-bias the,t h.:-s 
yet been. tested at t;:is labor2.to:ry. I t not onl~' indicates that ~)er­
fonncnce on a. ?PI TTill be e:~cellent, but l",lso tha.t such a system usine:; 
non- or.1:1liiied ba.clc- bias could be e.clapted to f ire- control equipment . 

10-2. iJu.'1ber of llibes. 

10-2-1. The gain per stage in a non- e.r~plified buc!:­
bias s~-0 nten will generally be 101:rer t h.=in in aT"J. eJ'l]_Jlified bacl:'.:- bic.s 
sys tem. Tl~is 'fl ill result in the use i n a L_,.rGer number o f i-f ste,::;en 
i n sor:ie ce,ses. I n others , however, the im-,rovenent in gain secured 'uy 
the use of er:1plified be,ck- oias is so smc..11 that not even one stage can 
be di s:1ensed rri th. 

10-2- 2. In the case uhere fe1;1er ste,;-:;es can be used. 
t h e nur,1·oer of tubes nill not be smaller. In aost an}Jlified. back- b i 2.s 
systens several extrD. bac'.:- bias amplifier tu·oes must be used , i::i t h t~:e 
resul'c t": .... :t the fina..l nur:1oer of tuoes ,1ill "ve about the same in ei th.er 
case. A receiver sinilr r to the ASF .. l i;odel :,,o . 1 , bu'~ using amplified 
bac~::::- bic,s used onl:r six i - f ste,ees but had a total of eight tubes i n the 
i-f er,::_)lifier. 

10-3. Recovery Time. 

10-3- 1. Plc1tes 66 and 67 clearly shou tha t t:,e re­
covery tine in a non- a,-;iplifi od back-.bia.s system can b-e made extrenely 
short (Bar1'.graph S- G-2) . 
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10-4. Zero 3eat PerforrneJ1ce. 

10- 4-1. 'l'he zero-beat perfomance of an amplified 
back- bi0..s s;;stem can be ir:iproved cnl~r about :5 db over that of a non­
amplified. syster.1, and. t:1is entails n loss i!1 perfonnance against hibh 
freo_uency am:9li tude- -modula.ted cw. 

10-5. High Frequency Ampli tude- iioduleted c···r Perfcmance. 

10- 5--1. As yet tests do not show eny iJ.1prove1,1ent 
• in the :?crfonn;:-nce of an amplified baci.':- b i a.s system 8GD.inst high­
frer.:.ueac;r ci:l)?li tude- raodulated c>1 over the performo.nce of a non- amplified 
syste1.1. (rhese tests are not as yet conclusive , but do indic8.te , at 
least , tlut if any improve□ent actually c...w be had it nill be very SJ:w.11. 

10-6. Stability. 

10- 6-1. Hon- amplifi ed bade- bias circuits are in­
herently very stable because of the slight degener ative effect of the 
high- vtlue cathode resistors . On the other hand. , ar.1plified back- bias 
circ·.:.j. ts ~re likel;r to be unstable because of the feedback puth c re2.ted 
by the 08.c::- bias loop. 

10-7. Simplicity. 

10-7- 1. One of the most im:9orte.nt adve.nteges of 11.on­
anplifiec-:. back- bias is its siraplici ty and e2,se of servicing. All st8{;es 
are ite;.1tical, except for the e:9})lication of gair. control to some , un<l 
are ;;>er:ectl:v standard e::ce!)t for the high cat'lod.e resistor and. the 
bia.sinc; o-Z the grid. In m,m3r sys terns the i;rid is returned to GID und 
•;ti th ;.1.0 positive bias beine; necessary, c,ncl i n that case the only dif­
ference f1·cr.1 a stande.rd i - f stage is in the value of the ca.thode resis­
tor. 'Z~:'.~ simplicity greatly reduces the prcoler:i encountered "by fleet 
radar '~ec::-,aicians in understandin(~ end speedily servicing ec!uipoent . 

10-~,. Controls. 

10-8- 1. Operation of the a.- j controls in a pro})erly 
desi:;necl non- 21.1plified. back .. "oias systeri is extremely sim:,le. The gain 
control is non- critical aJ1ci no overloc:>_d tekes p l £>..ce at even the hi:;hest 
ja:-:1 l5vels for all;',' set tin::; . Tri.us, the operation of this control is no1..,_ 
mal ev~::n •.,:·'.en heavily jaJ11J;1ed , and it is not really an a-j control. ':::'l1e 
receiver ,.;ill g:merall~r have a. sl,ort tirne com;ta.nt detector- to- vici.eo 
coupli:2.:.;, v.nd the sr,i tell ,;;hich operates it r;ill be the onl~• true e.- j 
control. It -:-rill not, cf course, be possible to suffer a loss in sen­
sHi--rity due tc inp~·oper adjustment of t:1J.s control in the absence of 
jar,traL1__, since tmjammeci. l)erfcrme..nce is no·t n,dve1•sely af!'ected b!' its "oein:;; 
turnec~. on. 

10- ~,-2. If it ,::rere not for the necessi t;, of :1.si,1::; 
an ec:10 ·_,o:{ on the system in t1mine it up, it '\"rould be possible to make 
e. rece:. ver such as the Y..3:F- 1 ;;odel :-;c. 1 entirely autor.mtic in its d.e­
jamr,1in.:.~ .:-.cticn. It would only be necessary to leave tile ~,. T. C. in n.t 
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all tirJes . .!.'he receiver uould t:1e:i ::ut onatically dejarr. all ec··.oes bJ 
the best cf its 2.bili ty ;:;n:(i ,Tj_ e1out sufferin,~ any loss to unj::nmed. 
echoes. 

10-9. Anti- Clutter Perfor.nance . 

10-9-1. The use of fest-acting bact:- bie,s circuits 
(IAVC) to ;,erk through ground, see and cloud clutter is one of the nest 
importn;.1t uses of a.- j ci rcu.i ts . The perfo:rri12nce of e. recei ver acc.inr.t 
this clutter is cieternined largely by its recovery time. 

10- 9- 2 . The recover J time of a 11on-a.T'1plified. bacl:­
bias s;,-ster., can ·oe r.ic'tde extre,:1ely short (Par?..._,;re.p:1 G- 6-2) and thus it 
,,ill pe~::form extre111ely rrell in this respect. Theoretically, the recovery 
tit1e of 1:11 an111ifiec1 'bac!:- bias system c~n be macie shorter than tha.t of a 
non- c:.:,~)lified s;;•ster.1 usin(.:; the same build- up time. It ,iOulci. tl:erefore 
be e.csuneo. tho.t it would perform better in this service. Prelininary 
tests , ,.-:::ich unfortunately ce..nnot be tenned 11 conclusive0 , indicate tl1Z.t 
this is ;.-;.ct the case, the..t, i n fact , ncn- emplified will perfom just 
as ,,ell £'.::;['.inst clutter as QL1plified. will. 

10- 9- 3 . Plate 66 shc,;,s the recovery cf a typicc..l 
non- c.r1~)li~ied. bac'.<:- bi£>.s s~rste::.1 . It Yrill be seen that recover:r is con­
plete .'..- usec after t:1e stcrt of e. 5 usec pulse . 

11. sm il ;,ARY. 

Alt~10u::;h ell the points to be broug1t out in this pt' rt hr-ve 
been bro1.,,:;ht out and discussed e2.rlier in t>is re:1ort, the~r \"Till , for 
con·1e·:ie11ce , be collected. and presented here, ,...it}1 references to the 
earlier c't:. visions of the report in whid1. a com1)lete discussion of these 
points ·.:ill be found. 

11-1. A- J Receiver DeSi£TI Conside rations. 

11- 1- 1. I - F Pass Chc.racteristics. The sl:irts of 
the i - f :._Jf' ss s l,oulcc be a.t te::Tuatocl 21 s u.uch a s possible. The use of an 
excessi veJ.? '.?ide pass in most stages ui th only one or t~-ro staGes to 
lL1i t tl~e pv,ss bani is not reconnended. Refe r to par8.GrE'.phs t-7- 3, 
e.nC. :;- 1~- l . 

11- 1- 2 . 3ack-3ir,.s . I f overlo;,ci_ protection is Sf:cured 
by r.1ec.:1s of back- bias nrotection of the i-f a."lplifier, ncn-,2;1plified 
bacl:- bie.s nill perfcm as .. ell ;,.s if not better than amplified. :2.efor 
to Pe.rt 10. 

11- 1- 3 . Chc...,n;;e in Gain. :'he cL.·cui t constants El.no. 
opcrcc1n.'.:,; voltages in the bc1.ck-biased aJ,1plifiers should. be ad.justed to 
give the least possi blc chan[:;o in gain &.s jemmin_s is a:.1pliec1. Refe r to 
Sectioa ]-2; Pa.r&.gra1Jh 6-5-1. 
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11- 1-4. Bac:.::- Bie.s Time Constant . The back- bias time 
constant should be made as Sllort as possible consistent rd th good un­
jaLltled performance. Refer to Section 9--11 ; Paragraph 11- 2-2. 

11-1- 5. Recover;? Tirie . Recovery time should be no.de 
as short as possible. iiefer to Paragrc:·.phs 1• 5-7 s.nd 1- 5-L', 

11- 1- 6. Detector. In nest cases a diode detector 
is riost satisfactory because of its linea.r characteristic ~.nd wide dy­
nai,1ic rL~.n..::;e . 

11- 1- 7 . Video Pass Band. The video pass band for 
both 11A'1 scope and PPI video amplifie r s s.."iould be ,1i de enough. to pro­
vide ::;ood d.efini tion a.nd to pass the beat betueen off- free!_uency jenMing 
and ec0.o carrier when there is insufficient attenuation in the skirts 
of tlle i - f pass. This will often be considere,bl:f c r eater (Mc) than the 
reci11rocal of the pulse length (usec) . 

I f the first video ste.t;e is operRted with d- c re­
insertion a1,plied to its grid so that the beat is detected, the vid.eo 
pass ,1,.y be narro,yed to norna.l i n its plate circuit and in followin.; 
circuits. tio,1ever, in all ca.ses the pass band of the detector and. viteo 
input ci::.~cui ts sl~ould be 1 vide enough to pass a11y beats tha.t mz-.y occur. 
Refer to Pe,r2.grD.phs 5-3-1 and 5- 3- 2; Para::;r1:'.ph u-7- 3• 

11- 1- 6 . Short Ti.:1e Const~nA; Detector to Video 
Couulinc (F.'i' . C. ). A short time consta.nt detector to video coupling is 
of .;;rc.:•.t V.?.lue as an a.- j measure e.nd. TTill generally be incorporated i!1 
an a- j receiver. A.TJ. inductive short time constant gives sor1en'.1e.t be·~tcr 
perforno.;1ce thM D resistance- ca.}X1.city short time const~.nt . :a.efer to 
Refer'.:lilce (f) . 

11- 1- 9. D-C Re- Insertion. '.ihen a. short- time- const£1~1t 
detector-to-video couplin(; is used, cor:.1plete o.- c re- insertion shoulci. 'be 
ai)pliec';_. ?.efer to Pare,&raph 7- 5--6. 

11- 1- 10. i3alanced Video. The balanced. video cir­
cuit usecc 1n early a- j recoi vers has :.1ot proven sufficiently useful to 
warrant its inclusion in future receivers. :aefer to Pa.ragrF'n!l 6-3-J• 

11- 1-11. Blocking of PPI Video Amplifier . The P?I 
vicleo r-n1llifier, like the 11A11 scop~ video system should be protected 
a.gai:1st ·.)locking on strong signals. Refer to Paracre,ph 5- 3-] ancl 5-3-L: •• 

11- 1-12. Video Lini ting in PFI . The lini ters in ~-
PPI vir,_eo amplifier help greatly in a,-j protection of the PPI ano. shculc~. 
lil"li t con1)letely and c1.t the optimur:i level. Refer to ?aragrEi:ph 5- J- 5• 

11- 1- 13. Clean Design. '£he need for clean a.esi.:;n 
in an c.- j receiver ca.11not be stressed too much. Refer to Paragrnph 5-5-1. 

ll-1-14. Inter-action of Circuits. Complete freed.om 
fro.1 inter- action of circuits is essential in a- j receivers and e.ssocic,teCc 

equiy,.,e;1t. llefei· to Paragra <1 5-::~ ,,.., 
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11- 2. Interpretetion of Resul ts of A-J Tes t s . 

11- 2- 1. Zero Beat Lo$s. E:\9erieace at this lebor a-
tor--,1 ~1a.s sho1.m that the loss i .n sensi ti vi ty of a good a-j receiver in the 
presence of zero- beat cw jamning will be about as s~w,m in Table II I. These 
values f're based on a back- biased i - f amplifier r1i thou.t filter s . Filters 
reduce the loss greatly but a.re difficult to adjust under fleet opernt-
ing conci.i tions. .i!'urtherr-10re, the~, cam1ot be made effective on the hi~her 
fre(~uency equipments because o.Z the diffi culty of getting high rejection 
ratios c.ncl because the frequency nodulation used on jrunmers gives tller:i e, 
very ·.ride spectrum, 

11- 2- 2. ifidth of Zero- 3eat Area of Loss. The width 
of the zero"".be2.t area of loss (measured at the 10 db loss points on tl1e 
curve for c,·: at the hi§;hest jam level) should a::iproxima.te the ba.nd•:!idth 
of the receiver. If it is consicl· rc?.bly narro,!er the perfonnance a6ainst 
high freq_uency r.ic,·r is probably bad, while if it is brorner an unnecessal"'J 
loss is being taken in the presence of c11 and lon- fre q_uency mew jammine;! 

11- 2- 3. 11 Sicle Lobes11 on the Loss Curves. 11 Side 
lobes11 on the loss curves incUc1,,te that either there is insufficient 
attenuation in the ski rts of the overall pass curve or the,t the video 
pass band is too narro;7. Refer to Paregraph t-7- 3, 9-13 ... 1, and 5-3-1. 

11-.2-4. Ap11arent Gain in Sensi ti vi ty as Off Frequency 
Jamr: :i.n;~ is Applied. An apparent gain in sensi ti vi ty will sometimes be 
notecl <-'.S off- frequency jammin~ is ai•plied. '.l'his may be due to either one 
of tTTo t >in.::,s . I t raay be the combined effect of a short t;ime constent 
detector to video coupling ancl a bad pulse shape from the simula ted ecllo 
gener.'.tor, or it may be due to too short an 2.T. C. while the pulse s~1ape 
from the echo gene re.tor is good. 1/hich of these is the cause may be cleter­
mined by putting the receiver i nto the complete system and noting if 
there is any loss in sensitivity to returninc; echoes rrith the short time 
const:-nt in. If there is, the short time constant is too short and 
should oe lengthened; if there is not . the fa.ult is in the simulated 
echo c;encrator and mw be disre,::;e.rded. Refer to Paragre.ph 9-13- 2. 
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(a) 3\.iSµips letter S-S67 /36(4-L5- J) Serial 21[;4. to l7RL of 
16 ilarch 1942 assigning pro:)ler-1 S45R- S. 

(b) Buphips letter C- ll'"Xs- 17055(916.A) Sari.:>-1 C-916-6943 to iTI?cL 
of 12 l.iay 1943. 

(c) Report lfo. HE- 1 of A-J Practices Panel titled 11 fundaJnent2,ls 
of 3ada.r Anti- JaI!lllling" . 

( t'l) l\,'RL letter S-S67- 5/RCi 1(374-:THC) Serial 374s of 31 August 
1944 to BuShips report inG the general requireoents for 
satisfactory a- j perfonnance of a .t'PI. 

(e) L.L letter C- S67- 5/RCi:(370:THC) of 22 December 1gl.l-3 to 
BuShips reporting a.n ea.rl)' test of an a- j receiver. 

(f) HRL letter S-S67- 5/F.Ci:C57L~) - Seria.l 2692 of 7 iiarch 1944 to 
BuShips giving comments o~ video filters and back- bias cir­
cuits. 

(g) :IBL letter C-S67- 5/RC~.i (370: THC) C- 370- 34-.:· of 29 Sept ember 
1944 to 3uShips sugt;esting field modifications to the SC-::i 
system. 

(h) :;.rnL letter s-s67- 5j::m:(374: THC) Serif!.1 2965 of 5 ifay 191-:l:­
to BuShips reporting test of the first prototype of the 
AH/TPS-13 a- j receiver. 

(j) i1IBL letter S-S67-5/Rc: :(374:THC) Serial JlOO of 16 iiay lJl.ll­
to JuShips reporting test of the second prototype of the 
AN/TPS•l3 receiver. 

(le) i:JRL letter C- S57- 5/P.C:i(370~TEC) C-370-355 of 2 October l~;i:1~. 
to :auShi~Js reporting test of the third ~)rotot:r-pe of t he 
A.J/TSP- 17- receiver. 
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APFE:i,:DIX I 

G~OSSARY 07 'i'ZRi 1S Alm SY- .:SOLS 

1 . ChoP"'.ler - A mechanical device used in the testing of a PPI to 
simulate the directivity pattern of an antenna. 

2 . Clutter - A fo:nn of interference or jariming resulti ng from the 
r eflection of radar pulse energy from extraneous tar­
gets, such as nearby land , TTaves , or clouds. 

3. I>ifferentiatinf; Action - 'Ihe frequencv selective action of a cir­
cuit whereby the lo'l7 frequencies are not passed. 

4-. 11 iioles11 (nega.ti ve) - The nege.ti ve peaks of a rnodulc1.ted jamming 
signal .:here the i nste.ntaneous jamning level is reduced 
t o a very lo\7 value. 

5. i:ininum Signal - A contr act ion of the tenn 11minimun detectable 
signal". Generally refers to circuits for, or a study 
of means for improving the absolute sensitivity of a 
r eceiver. 

6. On- FreQuency Jal!IJilin1; - Jamming uhose fre(1uency is ni thin a few 
kilocycles of the radar frequency. 

7. Off-Frequency Jammin1; - Jamming Hhose frequency is several hundr ed 
kilocycles er more reraoved from the frequency of the 
radar but still close enough to have some effect on 
r adar perfonnance. 

8. Pe.norar.iic - ~ type of receiver used in adjusting a jammer. It 
sho'l"!S the complete spectrum of both the radar and the 
jamrier a.nd allm1s the jammer spect rum to be set to 
coincide •.1i th the radar spectrum. 

9. F.PI Si5nal Simulator - A unit used in the test ing of a PPI . It 
consists of one or more choppers , a motor drive system 
and a synchro systel!l for synchronizinG the PPI rotation. 

10. BaiUn.9.:s - A fo:nn of jamming consisting of a series of pulses of 
fixed repebition rate uith no carrier present between 
pulses. 

11. Settin',;-On Receiver - A receiver , used in conjunction nith a jor:1mer, 
for the purpose of adjusting the jammer to the frequency 
of the r ad.ar being jar,uned. 

12. Side- Lobes - A term, borro•·,ed from antenna terminology, used to 
describe the peaJ':s of loss which a.ppea.r on the curves 
of loss plotted against frequency end ~re displaced 
several megacycles from the r eat peak • 

.. 36,./ f 
DECLASSIFIED 



DECLASSIFIED 

APPElID IX I (Cont I d) 

lj. Zero- 3eat Jarnming - A jammint; si::snal n}1ose frequen.c~r is TTi thin a 
fe-17 hundred cycles of the frequency of the rada.r. 

14-. Zero-:i3eat Area - The portion of the curve of loss :9lotted age.inst 
frequency ,1hich includes the peak of loss at zero-beat 
and the slopins sides of this peak out as far as the 
first i:1inimum of loss. 

B - S;ynools . 

1. F. ~. c. - Symbol adopted for the SR- 1, 2 , 3 , 4 and SG.3 video w1it 
control for short- tiMe- const0-T1.t coupling. Abbrevfa.tion 
for 11 fast time constant". STC is the symbol adopted for 
11 sensi ti ve- time- control11

, sometimes referred to as delo,~red 
sensi ti vi ty control. 

2 . J/S - The ratio , generally given in db, of the jamning level to 
the minimum detecte,ble signal in that je.mmed condition. 

3. PJ.F - Pulse repeti tion rate. 

4. s - Uinir.mm detectable si6nal for the janmed condition under 
consideration, 

J:inimum detectable signal in the unjamr.ted condition. 
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Table I 

liean Deviations of Reueat Ree.din, :s on A- J Tests on 11A11 

Scope Using Three Freouency Systen 

As a function of Level 

Level 

10 UV 
100 UV 

1 m,v 
10 'T!V 

100 i:-,v 

l-'.s a function of l'requency 

On ?req_. 
Off Freo. I 
Off FreCJ_. II 

ilePn Deviation 

• 5 db 
. 5 db 
.7 db 

1.0 d'b 
2. 0 db 

tean Deviation 

. 3 9-b 

.6 db 
. 8 db 
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Table II 

Hean Deviation of Repeat Readings on A-J Tests . 

on PP! Using Three-Frequency System. 

As a Function of Level 

Level 

10 UV 

100 UV 

l mv 
10 mv 

100 mv 

As a Function of Frequency 

Frequency 

On Freq. 
Off Freq. I 
Off Freq. II 
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i'foan Deviation 

.4 db 
1.1 cib 
2.0 db 
3.7 db 
4-.0 db 

i.iean Deviation 

1.2 db 
2.6 db 
3.S db 



Jam Level 

50 mv 

50 UV 

50 nv 
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Table III 

Effect of Cathode Capacitance on 

Zero-Beat Loss Area 

Zero- Beat Area 
Cathode Condenser 

. 01 mfd 

.002 mfd 

. 0005 mfd 

r••w 
~· 

Width 

260 kc 

720 kc 

1200 kc 
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Depth 

16 db 

22 db 

29 db 
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Table IV 

Loss in Sensitivity of a Representative Good A.J 

Receiver in the Presence of Zero- Beat 

CU Jamriing 

Jam Level Loss 

10 UV 5 - 10 db 

100 UV 10 - 15 db 

1 mv 15 - 20 db 

10 mv 17 - 22 db 

100 mv 20 - 25 do 
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