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The naTJ !'::iJel CXFF r2.:~ic, c1ir_ction fi:1e1cr, d;:-;:vr:1lo;Y.:id ty 
t~---:.: I~\:~~r·al T1,;l€;cornrnu:1..1cB.tic1:s L,"::.':or;::tori ... :s of £Ts:; York, u nc\.:r 
?,.u·cau of Ships Contrvct ?::Zss-3('231..t -,'l&S t~stcd t o d~tGrrci.nc the 
sonnc'ne::,s of its o:;vratin.~: ~,ri ::~c- j_pL.,s :md its suita':ility for 
~-'~·:

0al us _i . '.Lhc equi;-)m2nt, c~1v::.ri,1g the frsc,_uenct r.sl:i:.:; 140 - 600 
1.'.c, v, ·:::,loys four svpar ~t'-' e~f( •..,nna arr 2vs sup;::,ortec1 '::y a:-id in fro:-it 
of squar.:: flat screens, ar,·- ~n ~ :o -· i or nount ing as a quadrangl e a ­
round a ship 1 s r::asL T:1" a;_·ttc;ni·!.,: outputs arc r,l terneti:ly s·:,itch2d, 
:..y c,1...,ctronic m"'ans , to the i.a:_;u t of f1 common rcc0i v,:3r , thE- vicso 
o;_,t;:,ut of -.-:hi.ch is synchro:10,_1.sl ;- s·.,itchcci through suit:ible ampli­
iJ.•.:..rs and a diff.~rE;ntially conrn:~cted. variaole r8si stive net-.. ork1 

to a cathodo ray tub6. Arrc:::n?(, .::,:..:nt is such· that the output of 
c.2ch antc,nna appears as e. i'l:t to;)p•..;d 11p i p 0 , the 11p i ps11 from the 
i onr antennas appoarinb si!'I::G .. ta:,c,m1.sl y . Eearings are obtained by 
natching "pip11 heights by an adj1..,stment of the atte:1uator , i ts 
calibrati on ': t::ing in t0rms of cn~ar beari ng . The eqi i pmcmt bo-
ing d..:v0l opm,mtal, various char.g"'s and presum-::d i r:ipr ovE-m~mt s -. 1:.;re 
m"'c~e; by the contractor during th.:: progr ess of the test . The t0sts 
i ncicated that the equipmE:nt ·,;as strictl y l aboratory material, not 
nschanically suitable aither as a 1r:.anufacturing prototype or for 
lJ3.V2.l 1.1se in iis~resent form. Electricall y , i t was found to function 
as imcm ed but t o ::;c subject to v ar i2ol e ~.nd difficult- to- control 
i nstrumanta.l er rors 2s high as fifteen degrees . The eqi :ipnent suc­
c2ssfull y denonstrated the ,:rinciflc:: of opC::r.<>.t ion, but ;,·,hather e . .:<di­
tional c;.;v0lopnE:ntal -, :ork coulc~ tr2nslats i t into pr ototype eq.li!)roent 
sui t;,.th: for N;wal use, :r:;i ::;ht :;,,_, open to question . 
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1. Th~ F::c:sr8.l 'ielac0rr .. ·untc,=i_1..oc.: Lv':c c'tories cf ~~m York, unrer 
-,ir,;iz.u of 51:ips contract N'....:..ss- JO,JL, r;::v,~loped a radio directio,, fin''-

( · · t ' '. ' l ,, . ~1.·) . t' +' o2r ~r •t:-1n::'1t oe~i-·nv aa as ":c .. a_ v.L!:1 ccverin:! rt·:'! ... r ::q,.18nc:~ r :::in::i-e 
lli0- '::-00, t c, in r.!r .. cb ½c:3r inz ... ··.-:ic:.;d~0nec '•.ere o'~ ➔ ~in°'d ":,y c orr,parint 
th~ aL::Hud!j of signal reC.:. lVS•' rror. h<io o1 f our fixed antennas ~~os ­
SOS:31!"'.- su:_s~ar1ti ally cosine r ,1-;.··-~:'~:,.·1ty through 180 degrees, rrourted 
in ~ ,::;nadr':l.nglE> arounc a shi_ 1 s m~~st . 'Ih':J tearing indication is ob­
t air1si: 1yy the adjustment of a c· J__;__e::-::nt1.al attenuator in the receiv~r 
ovt -L~.t c ircuit· to obtain ermal output from the two antennas under 
c,);: arisor., this attenuato; ;:,eir:~ ~alibrated in terms of azimuth. 
Ta.2- s- s tem is similar to the 0!"-5..tish T:,;pe FV-1 dew loped duri.ng the 
, ,ar, exce pting tr.at it has '.,02r, r·, f in&d t o include rapid 3.utomatic 
s· i.tc :cin:I. of the, antennas and a c2thc..:.e ray output presentation . 
'l h-a opereting princii:,l e demc-n&t,·atcd :-::fy the CXFF equipme nt v,as lat'9r 
em1Jloyed i n the so called POKY :.~rogram, excepting that i n this letter 
system it is proposed to mount the fo'..rr antennas in strategic divorced 
lor::c-tions on th=: superstr..1.cture 01 the vessel instaad of as an ass.3mbly 
St;._-rounding a mast . Th8 t a sts cov~.r.ec l:::y this .r ::.port 7,ara inter, ·'ed 
to de.,.ennin-3 t ;1e opera.ting: charc:ci:.ic·n.stics of the CXFF system. 

2 . T'.•.e Naval Rs search 1a·~o.r. s•. ory ·::=1s raq'.lested by Fu0hips , 
r . ferc ,,c-:: l, to t..;st tha ~ ods:il G:"::FF dir:::cti.on finder for its s 1.lit­
"'':i1·,t,; fer osc in ths 'i:;aval ) .;:r,-j.c_ . :Sxt~nsiv.:: t .::sts ha'I£ teen 
ce..rr:i.~c" ot...t ::iy thJ.s Laborator,:, at. its ~:11 ,.c Fl.2ins Sit•.:: anc1_ at the 
F..,. ,·2l •~\;lecoir., un.tcetior,s La·.u <'ttor i s field location, l}r:;at 
1tiv r , Lo.r,.; :i:sland, N"n' iork. T: .: -:::;ui f-:c·"--nt , particulary inits early 
st 2~·23 vv;:::s -: iffi_cult to t :::!st - ·--aus-s o~ r_,pE.at,..-,d m~ctanical and e l ectri­
cal faj :.ur:.s, causing much c1<.J1.ay a~,d sk0ptici sm on ths::: part of ·".! oth 
F ,c;._,.,,.al and NRL c-ngin.;;crs as ·tc t~1...; v::.lidi ty of data . · Hcw!;;\"Zr, + he data 
subrrii. + _d hc:r zv1ith, •.-,hil:: nc:t Cv' : 2. t.::: iP :111 d~tails, is consi dered ac­
curet .... within normal -Xp-.;rin1-ntal lh,_its . 

PRI;,CIFL?.B OF OPER.1..TI Otl 

J . Tha CXFF d1r0ct i on findar i dasiµied to indicate the direc-
tion of a sourcE: of r - f energy in the 140 to 600 m~gac:YQ]:e range . 
Th~ s~stem uses four directional antem1as ar ranged at right :ngles 
s::i as to cov-.,r the complcta az:iJ!-r 1..h . ;3ca-r-ing indicati ons are ob­
'tain3·:: by com:-'.)aring the arrplitud~s of voltage s induced in adjacent 
arir,annas . St.nse is automatically .:iven by the determination ,._f the 
pair oi ~ntennas rec8iving energy. 

h. T·,0 360 dcg:n..:,;,s of azi."T",uth a:r· _, dividE:d into four sectors . 
.l!.c2ch sec, or is subtE:nr.:ed by th0 o•.crlapping r cspons0 patterns· of a 
pair of ad jacant antennas . 1h..., f:::.;n,:::ral fur1cti,)n of th~ sysJ,.;::m i s 
to 2.llo·.-. ona antenna at a tir.1"" to -,2.ss ,_nergy to the r e c-:. iv, r . The 

nr:r• 1\t: c 1r.1cn - (1) 
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l'C..';,_,:;_·;,;;;r t.:::'·- __ ~.:,..:: ~,-ic:!r~:· .i".rr_; 0 .. _::;·, antenna /JS J.t receiv-.,s it in 
r•· 1\, (,£(_; -r , anc: r,::.ac ,;;: .i- ': i.n .:. ~ . r,:.1r Cl posi tic,n elon_ i. .·:· i ) .. , 

:,,;_, .!nri· ::.s ·,·is1.·,1.; a.s ;:• .t ::.":J_,-ontal tr;:ce on t:~• r;,h,_:,c:e r;~: 
+,1 :-. 1...- i•·atsr .:;crden . 'I',,;s • • l i+,. ,s 01 th{'" "-·c1r1.ous c>nt- ,' ::'1 ~·~-

... _ O 3()5 ~t"; t:1en ,___c C .'- t~~r ,r_' . n,\_ \ ... er~; fror an"fr ·'!ti 8,: 8 al a- S 
;'!• -- 0 !'-rs or. th Stff!f:: part of t~,.: ~·er en 1:+.1r~1 se +->c horizont~l s~ _ .... 
i1· ""\1 1rrc:-- and th~ n ..... :t{;j!1 "'3. s.: tc:-d.r:- act tons ;-,_r:: a·-1tcri:3t~_c::-ll~y s,11c~ ran-
. ., 
J_7_:t;q . 

r:' E~' ad_i~sti:ig the Jj ns of t!1-.; t .. o ~.stector channds at ths 
ot1.tnut c,f th.J r.::ceivcr, th:: vol · 0 ~ amplitudes of an~, t';;o a:1tenna. 
r,.s-ions:..s can be arljust0c' t,J c..:1:,ality . The gain controls arc gan;,t..d 
:~nd l.'itti.:id with a dial, fro;;-t -•. :1.,.ch ~:1:.3.I'iniJ, ar"' nad • 

. ~. Pl':lh.: 1 sho' .. f r:. si1,Jl:;.::-. (. functional outline dr~win£Y of th~ 
3' sh:I't . S1 inchcatcs the cl0ctrom.c a.nt,mnn s0.:itch, ·.;hich successive­
ly s·, j_tch0s 0ach antt;nn-::: to i-hc ~n_ ut cf the r_c.o:::ivi::r . S2 indJ.c.<:tc.s 
t:-ic d<Jt(.;ctor S'.:itching, ,!r:.J.ch c·::ir.!ll.ut2t-..:s th·.; d1c,. tl.,ctors ia synchronism 
':i.th S1 . Since, onl y tno antc..r: .-.s :c-:.cciv,., enc.:rgy at a:iy one t:L":lG from 
0-rl~r onE:; sign:11~ al t0rnatc s-::cL.ons of s2 P.i3.Y be conn~ct~c; to tha S-'?ffi<:J 

Jct,)ctor . 

7. T'.1<:: s·.ntching actions of S1 and s2 ar& accor.iplished f::lectron-
ically, 2s ck.:scril,,..:ci lator . T"18 s·iii tc hing voltages are c.ev•3loped by 
a m0clnn1c;:il squar0 \Jave gc:n6!'c1.i:cr, also d0scribcld lRh::r in t.hi~ report . 

~.nc: •·. t-lfhts: ----
., 
.., . Th~ complete CY.FF aq1.1i)i _,.,nt consists of three ba :-;ic units : 

Coll<-ctor S;rst ::ni ( 1 ·_1c1, ·_c·j_,,, fnur SO ft . c;:,• L,s) ,;;:::i,;lit 92 Lbs . 
R:.c"1.v r/Ind1.r;:itor "tl.1it (21 11 z 21" x 2111 ) "-~it;;} rr 1 128 Lbs . 
Po-;,;:;r Unit and C -::·.Jl A3 (~l II Y 1911 x 1211 ) ··\;) ·rd 109 v·,s. 

';I . 'l'h- c9ll-c:.0r sys·t-'....r:· u, ("r,.;pc,s.,( of ! our anhm;--,es c~ch of ,,hich 
cc L,.i.3+s of ci v :.r-t.ical C:i:>ol s.A: . r' fro,a a r1&tallic r1;,fl, ctor -"';J~-•roxi­
'":.<"Laly thrtt (3) f•.;~t sq1l8r'-. 'lh.: :.. ld bnts \.hich form the:: antennct it­
s,,li' r,r-c; conn..:ctcd 1nr~1~i:.;h L .c• cc.?Xial cal 18s, ~.it'.-. a Z0 of 25 ohms 
~,ch, tu a 'balance box atte.c],1.:;c' tc th- r0,qr of th.; shield . Th0 1,c.l,mce 
'.:.•w, c-.;nn:rts thc:: b;'.11:mccd H,l t,., JG fror:i th0 :int,.,!1na to an un1.,~lqncod 
vdV suitaol~ for f'-ddin~ tn~ input of the: -.::h,ctronic r - f s· .. itch. 

ll~ . 'ihe radiation ~:ic.tt<-rn cf ;::iach ;2nt-.,rn1~ is intt-nd0d to 1 _ 2 
cosir:0 r..,s?onst- fvr lo,J d0gre:,..:s of c.zimuth, the shi...,ld b0ing i,1t nd(.;d 
to pr .. v...:nt pickur fror1 th_ r_r-r. The sbi<-'ld d0sign is cor..p?.ct ~nd 

') 
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t.hu: .:~·IT·-' 1 c-,:-;k r;::d i.::i.tion ,·ill :-,ro~_-:tly be pr.:~➔nt up t.o fr '1:~!1cLs 
;:-f JOO ffi.3:_-""C':Cl.:3 . Ho;·:-'V·:.r, th1_s rhould net inter!-;;;"- ",itl0 '-~.~,rir,g 
:-.t.c;rr:nnation, as the ::r.c1: :r-·c.'i·:.tion, ii s~ll ,vould c:t!:i.ly lo.: ,1is­
tin:_:uisha ½le from th0 vclt'l :0s in thtJ antennas ,:;hich rer.,~ivr_ ;:_ n:,rgy 
,lj_r.,ct.ly. 

11. The:: four ant1;;nr12.3 2r•:.. <~s:..s i ;_mcld to be mounted syr-:r.1etric1lly 
o.:round the mast of a shi p to .form a square, each antenna shield 1:)eing 
at. right angles to its l!~ie:h::iors . 

The Rec: e iv~r/Indicator Unit 

12 . The r .... cci v0r is of th..: ccnv0ntional supor-h~terodyne d,.,sign 
excepting for th8 r - f sectior. ~nd the input cir cuits . The input 
ciri::1.:its comprise four GL- hL;6A grounded gri d v=>cuum tubes , the 
plates of ;;hich ar'3 connect.eu in par2llel across the first tuned 
r - f circuit. The cathockis aro r0sistive coupl ed to the four 
antennas r asp.octively -whil e the gri ds are cycliccl.ly blocked b y volt­
ages from 2 square wav,.; ger..er:,tor . These four tubes in combin;1tion 
form the Eh,ctronic .Ant0rma S-viitch. The plates of the sHitching tubes 
feed into the input of an r - f a~plifiar, which uses a GL-h46B tuje, 
·;!hi.ch in turn faeds a typ,, GL- 4L16.A mixer tube . Double tuned circuits 
cTe us;.;n for both the input m:C: cutput circuits of th,., r -f -unplifier , 
r.,.?ki ng four tuned circuits ai1-:;2.c: of the mixer . A type GL-uL.·':-A tul1e 
i s us-c:d as a tuned grid/t.1..rre( plutG first oscill ator . .All t;.;ning is 
by rrk.2ns of g,mged tr.:!r,smissi.on lim,s, the s i x l i n~s hoin,:; circul"~ in 
shapG so that the shcrtinJ '::,-rs may 1 c.. -c:tt:ach0c to ;:,_ turii.n,?: c :mtrol 
shcft . 

13 . .After ampli fication anr' r'2tcction, the sign."l i s fer-l to t~1e 
first i - f amplifit:r stase: ' h1.cl-i empl oys a type 9003 tu~c in a con­
Vt...ntion.'.11 i-f amplifi er . This is follo,, ed by two more iclentical 
i - f amplifie;r stai:;os . The 12.st j_- f stage unploys a type 6AG5 tube . 
Th0 int0rmc;c!iati:: frs;c;_u'--nc; is 15 mogacych,s, and the i - f b.=md width 
is one mcg:icyclo at the J db point . 

14. The s i gnal from the i - f m11:plifier is fed to two s econd d i ode 
j1:;tcctor channe l s ,·,hos<) outr:nts feed si;;par&te cathode fo llcn:cr stagss . 
1~11-) :::athoc!c l ead r~sistors in the cathode- follower stage s ar c potontio­
ra0tcrs, ganged in such a m?nner as to decreast:l the voltage output cf 
on, cathcxk, follow~r stc.:;e T.h.i.h: incrdc:.sing the:: voltagE: out:--ut. cf the 
ot.h0r . This ,:,nribles the s:;..enals which are f ed to th0 follo'.'ting a.111pli­
fier to b~ adjust~~ to th8 s~~a vollag~ l evel, thus indic~ting oearing 
on th.:: a~tenuqtor d i al. Fro:n this final amplifier stn.ge ths si~nal 
goes to th<:: vidc:o rnr-plifier , and then to the verticd deflecting plates 
of the cathcde-ray oscilloscope, 

1s. Squaru wave S'liitchin:; 
.fi~r pGrmit s .,;ach ckt•.::cTnr 
ar...: connsctecl to th€! inrut 

- - -· "' f'-- -~ ...- ~- ~ 
LIL'-,~JJj 1 ILU 

1 

of the two detectors t o the i - f &1pli-
t0 conduct alternatel y as ;ii:jacent antennas 
,..,r- th~ recciv~r through thE! r-f olectronic 
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s· .. :::. tc.lri.n; pr•..::VlOt:Sl) d,..;SC!'l·.·.__ ,· . l ie this l),ar.n_r , thE: .._,n0rg~0 fro:-:- on ... 
c: ... c,.;clor circui., :i.s ~1 "YS i::~:-!, :.c+_i:- +..~.r0u;;h on,, att1;.;nu;:it~r iLction, 

:h.ilu tht- '"'n-rgy fro!", th0 ot.1;:;r ·· .:;t_._.ctor circuit is ::ili,,ays condl,ctt.:d 
thr.)u.,_h thv oth-,.:r ntt ..:nu.e.tc.-r s-..:·ti0n . Tho detector s ar,_ s ·,1i.tci1e::d by 
c~-:.:-1:1.cation of nuJatiV.c! sq1.i.2:i.~-- ,-;,n_'lc;S to th1:;,ir plate circuits . 'iihcn 
th.3 n1...-c:-nv& square: '.'iave is c1..;:,~l1cc to th0 pl-:its of the: d0tuctor °b:J ­
ir:s ·· 1ock.,d, 1:. pcsi ti v-.; SQ'.~;:'.r~ ~-;2v,; is simul t<'tnt:0·1s l y ~pplit,d t c th0 

c..::rr~spcnding c-:.thodE. . This l,:;,~:")S thu d- c lov-.jl in the c?thod, cir­
cuit, d11(.;. t0 tr,c ini t i -<>l .;l-ct1'on curr0nt , from chc,nging and c:i stng 
c:.udio squ.cir.._, ·wf'.Y8S to be, GLn.:.rr-.t<:.:d bocr.:usc of the switching 2ct1..on . 
If th.;.; d- c 1__-,v0l i n th~. c:ithcc·--- circui t i.s r.rn.i ntained, by f.l.pplic,:"!t:i:.on 
of the posi t i Ve squar1;: Ti2vc, no ~- ol tr: c chengc ·:,"ill occur on the c~thcde 
fol lO',:e:r grid ·,-:h:.ch follo·.;s i:.h-: c\,t..,ctcr c-ethode, and hence tho 0!1ly 
thing Mf . .;cti ng this grid is th(.. signd from th"' detectcr circ~i t . 

16. I n ctdditio;1 to t hG vj_c~eo circuit 2rrangc:□cnt, the rn.itpu-s fron the 
t~. o det,.,ctors ~r0 cor,.n.:ct-..:d·ir; ~:F!:r?.lL.l to ,c,,n Pudi o 2!".~lif :..cr, -.:m.~•loy­
:'Lnr, ,. typ.o 6AG7 vacuum tu: _ _,, .,..:1._ Ol:t·."~1t c j_rcui t cf ;-. hi.ch is int,:..nc\,c1. f or 
o;Gr::-.tion i nto 600 oh....-n h.::;,.d t.;;l .::; ~1;;.nc. r (,;c . .,iv-.rs to p..;rifit aur <>.l :c'oni ­
tcr-Lr~ of th.:; r_;c.._iv1vc; si0n::-_l~. As t}11...,r t.; "".:ill e.1-:. [ljtS 1Je 2 sign;-,l in 
['t l.:p.~st -::n'--' of the t·.~c .:.nt.__,:r::._.-.._ c::t:::-:::r.! ... ls r,nd t 1'cir r.:sp cti,--c c: ctc.c .1. or s , 
,'.:.ff..,_l l°"c-::pti on i s su'·st2nti::ll y orr:r.i clir .... c tionr-tl. All the square ,, "VC 

s•·i t c h i ng vol+;:.~<.;S .srv :~½tain1...-c' f1~01:1 a r:-,otor - d r iv~n COTT''>:ut~tor ?ss~rribl y 
co1:t?.inud in t h"-' r ,;c _; i ':"'r c~· i :"ct . .h ,-2.r i a'" l c - sp;:;cd n otor i s ocpl oyed 
to dri v<- thi s commutat)r ,nc: !;'. fi.::lc". r hecs tr> t on the. ;:-ianGl per!:its t h0 
s-::itching r atl: to b"" v.-~ri6d f :rom ;:,;p·ox~ -:-."'t~ly 52 t o 61 compl E:te 2.nt cn­
na cycl •-S p<.:-r sec ond. 

17 . Ther u ar,.: s0vc;ral fo· .. u~ su;_:,;;15 cs i nc or pore.tcd within the PcT,er 
Unit . One po--1er suppl y is d,:,si ~:r~;:;d t o ddivur 2000 volts d -c e.t 2 .ma. 
f or opt..r ati on c f t h EJ c2.t'.,.,x .. ..:- T,:::• tu'.:0 . 'IYO c t h-.:r s 11ppli..:s ar ,.; r ep1l-:tt cd 
to up:;,l y 300 vol ts d- c at 1 50 ,r:a . One of t hcs E;. supplies is usC-d to 
supply tho vid..,o ampl :Lfi -.,r ch:-ssi s ·.,ith p01wr f or t he vi deo secti on, 
and 110 vol ts a - c to the 2h \,·ol t d - c motor po· :0r suppl y i n t h" scl',2-r c 
w2.w~ g:mcre.t or c:1assi s . Th:;..s 2h volt po;:er s uppl y consi sts of a 28 vol t 
t r ansform<or suppl ying 2. ':,ridge t.:---:?-- s1..-leniu~ r c.:ctificr . 

18. 
of th~ 
'.'i.dcd. 

The po;;(,r suppl y is cc,!trol led ::,y a Si','i. tch on t he front pe."nol 
r~cc,ivcr . Inc1i catio:- cf c;:c-ration and e.d quato f using .qrc p r o-

19. The equipr.1cnt is -:-:,..;s:'..:_;n..,c to c~ :orate fro .. a 115 volt , 60 c~·cl o 
sinslc 1 :rsc, SUi"Jply l:1.n-., ·,nd r .. c_·LrGc "P-:-rcxir:~h,ly UO ,:2tts F,t 94 percent 
;)C ,,~r f,·Ct.c.,r for 0,::~r2ti·)n. 

20 . The, ori;.;ir..".l t - s ::s -.: · .: · ·c .. , c' · ', l}rv~t Riv ,r, Leng l s12.nd , in-
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~ic,:iter1 that the operation of th0 ec·1iprrent ( an e':lrly version of the 
S.:rial ,;.1 unit ) :!as unsatisf:.ctury in the follcr,ing respects: 

(a) The rr:ot0r dr1 vine:" l, e !:,echc,nicc>.l square ·;;ave penera­
tor , ;as cverlcac:.cd and v10uld not turn with suffi­
ci,mt sp~eC: t lc~ep t'1•.;; equipr..ent in synchroni­
zation. 

(b) The anten!°!a switc~1in,.• square Y,ave used for syncrcni­
zing the sweep circuit allo·.ved lcckini.;-in on either ite 
leading or trailin~ edge . T:iis 1·Ias later corr-:ict.cc by 
difi'erentietin~ the mritching pulse. 

(c) The coupling beti;een the gear r;.echanis~. used in tunine, 
anrl the brushes •aa.s not properl y !)inned to the shai't 
resulting in a ;:radual slippaec and ultimately in com­
plete misalignment of the r ccei~r. This Wi:lS partial­
ly repaired at Great River . 

(d) 'Ihe trnnsr:ri.ssior: lin~ tuning circuit ::.rushes intro­
duced noise due to contact irregul,ffi ti.JS an,: the 
brush r:clcers c.:,;.is, · . .' '.::ack- lash in tunin;; . lre,·; :rushes 
·::ere sdr: to be in rr"'paraticn. 

(c) The tr:msmil.tcr uss),· :-1t Grcsat Rivar oparatecl on c.iri/. or -,.,ith 
sir:8 ·,,a,,.:": r.ior>uL:d·.ion ocl0

, r .._sultin:; in a9par.:ntly s .tis­
fac+ ory c~tho:.\J rc"Y tu:-s:: h ;-rin;.-; display. The only rt"·4 er 
sigr,als heard .. ere of the lc-n~; duty cycl& tvr•~ anc i::1 i,1 
not show up thE: i ndic~tor 1 s at-ilit.y to display short pulses 
ThEJ systc!"' o, .:rL .. :::'-..: ··~fc.rc the ·:rn:1imun, U{>ll.ble r aci1.!s" of 
t:13 ir:Jica-c.or tu• C :w~ C.J~r: r;;.;;;r,-, 0 -1, 

21. T~:e Labcr~tory. t.h.,re,:,-~1 -r • s1 .... br.;ittec sug6csted improvenents 
~nd corr.:ictive acticns to the co•·• ,r~ctor , that vi<Jre considered d,;i;i.rable 
hJ.f, r.:: the equipment v;as subr,ittc<.~ to the L·:bor~tory for further tests . 

FI:LD TZST3 AT NRL 

22 . The Model CX?F (Serial ,;:1) re:c<::i v1..;d at NRL on Jcmu:iry 2, 19h5. 
w::-s essentially the s:::::-it: as h-:1,.: rcviC°!.1S lJ been ::>bs,.,rvcri at }r,c, .,t Ri. v8r. 
F01i of t!'l• prcposrxl ir:,i'rcvcr,_e;nts 1;.Jd te'-'n n,adz ir: th0 g.sar . i..:..,"<t ns:i. ,ae 
fi.elC: checks -..en concuc t,._.d 2t 1!':U ... b;;twecn January and ,July 19l.J5 nnder 
the CXFF problem . Ths::3 .... tvst::: in,1 Lc<1t8c that ~er val mat..ior m<;!chanical 
.:ind electrical faults existc.::: in th:: cquipr.i.-.:nt . Th~ L .. lle,;iing co.~r".:mts 
cover th .... -se faults v,hic·. sh.ul; L'-' CE-rc:;fully considored "?y the Bnr Jc!U 
of Ship~ in ·:r1.ting sp,::;cifications for future quadrant S'.,itchint: c?ir­
cct.ion fini8rs . 
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t'.1~, ..,·:nlp:0 • .,nt . f . '.1' . L . nfcrr:.d t:RL th::>t this condi-
ti0n \;0 1:::1 

~-- .:•;_,•:·ti:_.;, • ;_ f:,ctory rcprcsent.::itiv0 y:e.s 
i.,;_ inJ-t ·.11 n,::.: · :..~1:"'.'~.s c:.t IiRL during th-, pro£'.r<:ss 0f 
th.__ tvsts . H-..:•,v·<r, t:r-. Suriel #1 gc:1r •,as roturncc: c-ft~r 
ks;;.tng (J·.ily 15, 19k?) '· it!-t th-- _,.rigin£:l s~t of tu!'ling 
br.ish_s still i::st::.11 .... c. This f,iult , -..h_ch c -,tsed e::rr,:n.ic 
SL-nsit.i.vit~· anc :1l!''!. tu?1-i n~ nois•.;, cat!Sld(;ro.bly h._q:r;,_;, .... rcd 
test ,,c,rk and :~'.Y 1,·1~ ..:;q1.1ipn0nt n poor s:n,.-1.'::; at d•:i;,:on­
str~:icns . 

(b) Ths Cu8!'.'Ut~rLor i:.$, .. k L.-r- 6 ..:ri::re.ting th~ s,1uf":t; ;.,~vt- c'.ic1 
n;:;t ?rove s~1 ,;.sf ::.c 1Jt'Y. i~s th'"' ccrwr:ut-,tor : _c .c ·.:-:,r~1 
(afh:r 8 '.'!•::>urs ru 1n- n£ tine) sy,.rM.ng dc,·:~lo~·1:;J. 2t t:1"" 
g::.ps c~using tnms1.0!',t v,:,l ~ .:tg8s the.t 1,YC::r\,; at t ir:t~.s 1 ~ .. rgtir 
than th1:: lnt.1.;'1(:.c' ,:;-,;_2r-.... '.:eve . ,ih.:m this s;:i;:,ri-:j n;:; cccurri:.d 
on th.; b:r.1s h fro::-1 ., hie~. th~ synchr,mi z2ticn vol tr·g\:., ·;;ns 
obtni n,d, thi., .,q_;;=.11,•:·unt l,1Ckl;d- in on th1:; ,:r ong qu;:irir·mt or 
jur:ipcd from quadr-.ltl t;.,, qu?.dr.?~'1t in c r:mdor.i r,,~ruJcr . The 
contr"•:tcr s...,nt ~ r..:~r.:.;s<::,nt~tiv __ tc- mu .. to ccrrl:Ct thr:.. 
trc·1ble but nJ siir:~1 .. ::,c-lui. i.c·n coulc: :>t.J .found . Th0 cun­
tr::-.ct0r (thro·,:;;h : r . Clerk) i,K:i.c,".tcd t11.::1t s .:-· .,ral • Lctr-:ri­
ic ~n-::! ;·11vtv- ,_,1_c-t.•c;1:':.c 5i'lot_:,,s C:1 S,,itchi:1g r-d :)(;C..r. t.rit::rl 
~ut t~!c!t th\.! !.:..:.C_k~~& ..... c~l !·~t~1.{? S(.;~-:-~t::C to l."B tl1.; s:i.:--. ..-:1 st ;...rtc4 
r;,0st r.,1:i. e:,l..:: . Th- ??.l e11:-;in.c:(:;rS ~.r-:. no~ in :.~r0_,0cnt with 
th2.s st-?L,:",mt. 

(c) 'Ihe int.J:·s1..t:• , or · :c;,.y;-:..:r th8 contr.::st b...,t·, . .;.:m ~~se line 
a...'11d pip ini u~·,si. t: , A r· r~or~~l red.qr .. uls~s as s~~n or~ 
t,:e _:,u:;.c;,t....,r sc1.~c1..1; is c~D,:letvl::; uns~tisf:_,_ctor;-;. Ir. 
dt:cv.Jlc,in;,; th..,:; '.~--: . ..:•..:.l c::GA ~.nd lk:dcl DBU dir 1;ction fini­
::::r s , Rft.L foun( t~·1,c,t if 2-ritcnsi ts control i s not us(.;d to 
1::-r i3:ht0n th..; SCO!=..; tr;-_cc c!m .. ing "· r~cvi voe pip, n"'rro·:, 
band d<,;tecti .. d 0:1·:_.-!~ -,,ill rrovidc bt:t"'...c;r scop0 displ~:y.s 
than the brond ·:o.nd viG.<.:v type of circuits usecl 'in. the 
11.x.:el CXFF . As an 0.2:-iplc of th\, und -sirabk c 't,r~c · t-r 
of tL3 int!::.cc.' er ii. is ~'--·1.nt,:;d out thc.t on onu vcc-.s~icn 
rad~ tr".!1sn::i.ssic..; crigin"lting ,,ithin ..,_ c.ill.! of th,.._; C}:FF 
could not :.,(., fo:..tn-~ :.~- visutl se'l.rch ,-•ith the itv''i•:et-.Jr . 
It was n&cvss:-r:. tu l":.rst tum: in t!1.., si1:n;:.ls ,!sin the 
E:ar.h._,n,..;S :-in·l onl;<,- th•;·. could thv fc . .l.nttr2.c~s cf tll-. ~,is,s 
be s ,.;n on t.hw cc:i.th,1_-L- r'J.,\' tube . 

( d) All r-f cablv --;.0rk .. "'.S cf l oor q•.!2.li t: . ':'h: Typ,:; i: ccn­
n0ct c.rs \;ere not ~.; 3\...rr.:::11:d 1.ccording tc N~v~l sp--cJ. fic:i - · 
tivns rvs~11 tin; i~ ;)O:·r cirou11din,; ·,/h:.Ch c ... uc-'"··-' unb~l:rinc-:1 , 
lt::c>.krtge ,n.; 1.n~::::r:r:~ twnt 0prr2.ti "n. T:-2is type of trouble 
is very dan·!\...ro•.rn 1r ,r~ ~n opvr,:rliora1 1:,101.nt uf T;ic.:\: sinr,e 
too o.fti.;n sir,.::-'l.:! o:,i:ic ch, cks ·; ill net lr~.cc. or .:Vt:1 in­
cicc.t-... '.,h-.r8 t!L t::-O't:· lL is . .nlt:~ 1....;;h n, C n roll~d 
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polarization err ... r r'-lecks Here made, it see .. ,.s that 
do·~·'"lle sn:.elded <>- te:-:a.a ca':.;les, such as RG/9-
would be ju:; L.L.ec' to rs di.ice stray pich."Up . A second 
set cf cables i·er~ received in Fe½ruary 19h5. This 
ne-,· 5et p!'0\'30 satisfactory for all tes ... s run. 

(e) It should ·..,o :)ointed out that one of the advanta:;os 
of quadrant s. 'i telling direction finding has been 
largel:,- lost in ":.hJ C;:PF . This su:;::>posed advant'3.::e 
,;as that sincr:: n.) phase cor.iparison v1as attempted 

and 

in this met.ho-: o: direction finding, th3 l ength of 
cable .-,as not i:;iportant . This is true to som~ e:~­
tent but it should be remembered that the mismatch 
l ~ss due to ca0lG t~r mnati on varies b~tween 

1\nax = 10 lo~l G (Sl S2 + 1)2 
u S1 S2--

Mirri.r1 = 10 los10 (,S1/32 + 1)2 
-r 311s2 -

where 
¼nax = t!.~-'.:. i.) "'J.::, lcs::- due to the: cal1le mismatc' ,os 

l\rd_n = Ninilt1um lo~'s dub to the cable mismatch<:;s 

S1 = Stauding ·, ·av .c: pro1..111ced at the recei Vt!r <3nd 
of tll,;; c;;.'.:le 

s2 = S~.<:i::-,•i1.n;_ ;·,av£:: produced at the antenna end of 
tr~c ca:•le . 

As the length of cabl e vari es the loss flurtuates be:­
t\,<....:n ~a,;: and }4-,in . 'i\:sts indicated that S1 ~1~nt 
as high as 10 at 6oo megacycles and s2 at th< same 
frequency ;·,as 3 . Therefore, f4n :x 0 .;ould be 9 focibcls 
a.-.d M.nin --..c:tlC: ':.0 1.l d-3cibels . a;Tbis is a rliff.::r~nce 
of 7.'6 decJbcls , or a vol tage ratio of 2 . l.i to 1 rihich 
could conr::eivahl;; cause large b..::aring errors . Even if 
the cabl~s :;:;r~ cut to the c, ose tolerance necessary to 
elifllinate this ciifficul ty, th-.;; var .:.atio!l in s1 ;:ind l½ 
for diff.::r .. 7t a'1Lnr:a anr1 receiver inputs v.ocld give 
diffic·1l ti~s . .;.~, an example, the valu.:- of s1 fer tr.':! 
fot..r r.::cJiv~r i. ;,ut (see Pl2te 21) varies 1:::noug'-, to 
canse a shift ::rom 9 d0cibJls for the ~~max aowr~ t') 8 .6 
decib<::ls. 'l'o t- e,; sure this is only a volt2 ·t ~ha,--.., of 
5 p""rc.:mt ··ut i hJ ~ is a detectable dl!'fer~n,~,: in t1::rms 
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of resultant be~rings . 

(f) The filamant tr::::1sforr•0r ;.as under- d·;signcd cai sing 
a col:lplet.:; br<.:!e.kc~,\"'i~l e,f 1;;q1J,_P!";-=-d and r.J.ch rlclay. 

(g) Th0 pac\:iin;~ ac:.i ·s-tc,,+:,ii"E i n t~1e rcc<c:iv6r 1 s oscillat.c,.;r 
t211'c she,-,.-..,d a t..: ~ :~::c:~ to sh,_::rt cut. . This circui l :is 
Yt.!rj C'lff :_c1.1l t to fic Y'\-iCe . 

(h) Th8 criY-:-. shaft £:..~ t1,c:: h :;1ic'-lj ncs ,vas too m;,a.11 r,: ­
s0 l tir,g in <ln 2l,9st:!.c t,Tsion t;yyc oi backlash. 

(i) Th..;; r .:..ceive:r tracl:~::::,: adjustn:ents _wera far t oo diffi­
cult to Bak-:; for ~-:z;·•-:· '.lSG . 

(j) Sot screws throughni::- th,., equipment are t oo sraall. 
Pins should ha ';t:; ~-ee:1 usc:d in r.'lany casds . 

(k) The r - f S\)i ~ch : a.lan:: ...: controls were inaccass.qblc from 
the outsi'.'.:10 of th:. ca':·im,t. 

(1) Componvnt m-3.rkin_,s ·,,;ort- absent in alr<1ost all ~ases­
Schematic d:i.agrams were: not ccmplete, maki ng th8 all- too­
fr0quent s 1~r·vicin6 ve;ry difficult . 

(r:i) ':''.'ls vd tagc ci vidir.:.;; nct::,0rks associated with thG c2.thodc 
ray tube ~.er e no-t w0ll c:osign-.?d . /idjustmont of intensi t:r 
and f oc;;,s wer e ,::.ifficul t to 1;,ak..: for n-sc hani.c al a.nd ele.ctri­
cal reasons. '1 i1E.. potcnti oneter r.:;sisti ve el-:r.ients were 
under-sized cc>.usin::; 01.08rheating which proc!ucerl. chances 
in t hob vc1. tc1f;•~S 0n t }1c cathcc\; ray tube rssul ting in c!rifts 
in t he i irtag;a £L1.,:· r:::t:. '-' cf c0nt:rol . The co111plete SU}?::'lY 
2n, control circuit har to t,e rebuilt during t :1e t0::.ts. 

(Ii) 'I:1e ,10thcd of ir,'Jce_t.i q: .-. 11:.ch quarlr·rnts 8.!'•J 1.1:1,Lr C')!:'­
_- ~r is on tJas qu:;,_ to c c.-,:plica t -,c' fror:1 the operator ' 6 vi<..,, 
:;.:,oin.t . 'li,e J.•!CC·'-!::;r li~:l1ts I,~rc r:ot ;:ell-j_nstellE>D 
, h:1..ch c2us.::": f:..~::,c, ~-r:t •.1J.rn- outs 2.nd sh::rting of con­
n;;:-ting 1.:-ir.:s . 1•i1.,;; rtGthod of es~cm1- l y ,,,as i=;uch t:1:i.t 
~ coi:1i:-lete ra.n·Jl '.:,:;_·':..ah'o':·n was ne c c ss,.,ry t o ~erfcrm 
any r erail'."s c.':-: t ,18 ir:.c' j_c,,t i nf lig~t c irc1lits . 

(o) C_,ns1-d0ra:,.lc, f1.f:i l.'..:'nlty ,;c".s had with tho pov,~r su;:-r,ly. 
Thorw ,,,,;;re t 1l'L;..:. vvl h::.g-.;.;:; r..;gulat-=-C. cir cu:. ts in thl-
unit . ThJ r at'.-11:-r .-10·,·-.1 n<,gat-ive voltage: c1rcurc r ..:::quired 
r c:10 at~d r _::;2,irs . 

(p) Th~ cablin~ :)..;t, ::e! r0c<,l V<-r and p O"\ter supply ~;as r.ior1::; 
corr-,pll.cat,.,<.: tt::;:, :>val c\ .. sign shculd allov.- . If hif'.'h 
vvl t1.goe: L ,ads ca,' Sc ,.xtc;nsi vu car::ling c ,iriplication, 
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techniques such as those used on the Model DFF I s 
indicator v,oule: :..,e rtore desirable . 

( q) The final a,.,te·-;.ri.s. a~SGmLly -,,;hie h was not received 
until June, '.md s ,•,;e definite faults . First, the 
pass band was fror a:.:-out 200 to 700 megacycles in­
stead of fron ll.O to 600 megacycles . A slight 
scaling up of the entire anten.'1a system should al ­
lovr this diff1.c--.ilty to be reraedi ed·1Yithout seriously 
affecting the pattern shapes . The second fault is 
in the mechanical assembl y. I t was necessary to re­
pair several 11 coldii sol der joi nts in the dip.ol es 
and baluns . To make these repairs it was necessary 
to dri l l hol es in the pol yst.yrine end plates so that 
they coul d be removed. This pr ocedure dcstr • yed the 
water - tight in~cF,:::-ity of the uni t s arid mde the re­
pair operation di.ff:i.c:.iJ.t . It i s doubtful i f the pre­
sent water- tight. d-~si6n of the an.tennas is dBsira')le . 

23 . Because the many unsatisf2ctory f eatures of this Serial #1 
~quipment precluded the conduct of an~· :mean:mg.ful tests , this "c;uip­
r.1-.mt '"as returned to the contr?ctor on 15 Jul y 1945. 

2h. The second '.::quipm,.mt, ;-~<.:!ri al it2, ·,~as rece ived by NP..L on 13 
June, 1945 • Several improv,:,:,,e::ts had b.::0n -made over the Scd al #1 ,.:quip­
r.1,mt , but many faul ts rrer.:: still pr_s.,nt . Each of th~ points dtscus-
sed under paragraph 22 ;rill ~s ta\.cn up under the same :sub--:paragrar:-h 
d0signations to sho,, t o ·cinat .:.x-~ent t he;; Seri al #2 1;,qui pment nas im­
prov~d over the Ser ial ffl . 

(a) Th--; tuning :-iru[.;h,:_;s usC;;a i n t ho Serial #2 equipment 
were far superior to the origi nal ones . Some tuning 
noise •:!as sti ll prcs0nt but ,;1as not annoying. No 
backl ash caused ':Jy poor brush design -vras evident . 

(b) Thd square w·aVL go.:n0rator v1as greatly alter ed i n the; 
second equipment . Considerabl e simplification of the 
communtator has . 1...-d. to much more r6liable nochanical 
constructi on. Hm:cver, t he switching circuits failed 
after ten hours operation. 

( c) No u ii.c- -~db L'1tpro·,cm..;nt :1as made in the intGnsi ty con­
trol circuits to allo-,·. 1:.-e::ttor display of Radar si 0;nals ~ 
Unti l such chan:~s arc made th0 equipment is of no v~lue 
to thE: Navy as an ◊-~-c-rational instr.1.mcnt . 

(d) Th8 set of r - f ca· Ls r""ceiver' 1:ith th::: second c·qu··_µmt_;nt 
v,erc ass...,m1:;l-.; 2cc0r~ing to !foval s~.:cificationf" ;md .. ere 
satisfactory fvT all t...,s-!:s run . 

■ ..I. .!L .:_..., 



( ~) 'Ih- pro'.)l_rr, of L,_s,.:~:~c:j lo.;;: V-rsus c-?ble, h,ngth 
':'!EC: t.:.rmin-:-tio.!:1 die' :·!ot. i..t,';T'JVc ,-:ith F•c S.:..C •:'!'1'.:l 

\...Ql.np:~, ... r.t. T~:- '-Lc.(.ric;-1 L...n;ths cf thG short 
c~bles run__rnn::; ':-.. t-.:,~2::! :f.'ror--L ~~c>n~l 2nd r - f s·.•'itc!: 
.,Gre d1.I.fc:r...:nt <--,-0'.'. h tc cr:~J.S,~ troutle c.t the high 
end of th.:. t,1nd . ':: :·'"_;~_(:1 :.r ~-~;l~· i rrproH,-..;2nt co-1 le' ' .. i- .::.c 
b;;l 9ropc:rly t-:rrri:,:--.t:_n.~ thd Ci:l::ls d ti:.- ~-.,:itch in-
put . Thcr-:: is nc r.-~:crrt".fS cf using r=-sistiv"l~r 
tGrffin;:,_ted lin.,2 ,x-, -:' r-c-: i v.__r in9ut if th: t.::rr::in2tion 
is not made es good as possi'.:le . NRL experi::;nc:" h:1s 
shov-m that , uith v·sc l.!.ttlc- carG , th-:'3 t..:rl"'.in-::ti.on 
of t he cabl<.:s could ,:2.VJ standing we.v"-·· r-c:.tios -3.s low 
as 2 :1. The r.J..gi. ·•-L_..;. o.f 10:1 found in ths sTiitch 
input at 6o0 Ee is unacccptabl(i; . 

(f) No trouble was 6:z-1)·::ri r:'..::Gd ;,ith th:: filam-.::nt trans­
forrr.-c-r of the s.-::conc, :~od.:Jl . 

(g) The padding adjust.u::..nt in tho r6cc,iv-r I s oscillc:tor 
circuit g2 Vb no trou:.)10 in ths socond equipment . Hon­
over , no e.ttempt :ms as ;;,-...:t bGen m!td8 to align or 
e.djust any of the controls in the trcmsmission l:L,e 
circuits of thG- ec;_uip:-10nt . 

(h) The backlash Cf'.USE:c'. h.· ov~rload of the drive sh.:d't 
was compl:,tely co-tr(:;c-:--d in the Ssrial #2. aquiprront . 
The tuning is very s: .. ooth c:.nd much m.or,:.. acc:;ptable 
than in th0 origi~2l ~quipc6nt . 

(i) No ch?ng,~s of ?...1.':~· co?1s ... e:1,;.;;nc.::. ·.:ar& :-:2de in the re-i:,ch;:,ni­
c?.l L,cilit i cs for r~c.:-h·~r t: :-eking. 

(j) s.,, t scr·a ·,,.-s h~ 0 
• .: · :_ ·,·.:r, no t rcu'· L in t ht: Sc:rj_ci_l #2 ,:;q1_1ii::-

m~nt . 

(k) F:-icilitiGs h2.v. >~:2n :J:'c ic'&d for !:"lruicing th_ r-f 
s-,:itch -,,ithout 1·.:r::.o·:1.":=: th:. , . .,uirr.E.nt from its i:;~hin t . 

(l) Th<::re ii:lS no ~:1p1·0,.--_,,_ ..ont in cor::--pon..:..nt marking or 
schE.:matic dr:>·,vw:s :.c~ •.::-,_ Ec.:cond oquiµnent. 

(m) ThE: v ol tag0 divb.ir::; ,1 .. t.:orks for the c.::thods:: rc.y 
tut::: f ail.:-,c. afL.r on.~ b:_ndrcd nours of S:lrvice, ! 

(n) The m th.od of i::icic:-:t.inr; ,-,h1.ch quadrants are und::r 
conipt~ison was :;r0~tl ~' sir.-..plifiBd in the second sq_ui_!:.'­
ment . Th0 t,-;o 11::-lo:::ksn of output. under rri0;,isure-
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m0nt ar.:, autu1-::2 ti.call;-.; displ2.ycd at th~ c.snter of th~ 
cathoc'.e re.y sco},:::. This :is accomplish-sci by a swithing 
ar'i :>ngGm.:?nt SLin.ilar to th2.t used origin.:?.lly to con­
trol the quadr~t :;_nc.ic:::ting lights. 
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(o) The po··,t:r sup ly 33.Vt,; no trou:ile during th'- t usts 
on th~ Serial #2 cqui~ment . 

(?) i:o i nprov0r. ,nt ha:l b0Gn :r.:ad0 ir.. thr: po. f:r cat ling 
bet1·,ocn th0 po;·:-.:::r suppl;,· and recui ver . 

( i.i) Ths ant3nna ass:::,-::.1.:il:: sup:::;liorl ,:i th t he 3eri2l 7/2 
equipn..:nt , .. ;:::., i.:-'s:nt.:.cc":. to the fir..al ass-.:nbli .... s 
suppli-sd for t'h,2; .Seri u Jl 0quipmeY1t . nrold" 
soldE.!r joints n:-0 tr.;: t air, Gl0ctrical fat:.lt in 
the 2ntcn,.as . 'I:!c. ,,s.:: cf soft sol c-(:;r for hcldin; 
m~c~-2.nicel r:i 1.1 .;~·s tr;zt zr.3 U!,' ~!' str,sss and vi:-1·2-
tion eh~·'..lld t~J-. .:-~r ': ... ~~ c:llor.,~(~ . 

2~- . 'Jhilc, this SJco·1.:! (S-1·~-::l ;/2) (..'J:.1ipr.1cnt ·,,r1s s:.ill fa· .fre-r: 
..... ~c2.~.;. -· .. -:le.. 2s j~v:-1 .: 1 .. .!..}r• 1.~t, i·: ~ic: or\:.rc:.t..:. s~tfiic1~ntl:: 1~:_;]l tc 
p ... r7:..i t t0sts t.o ; e cor:r1uc-t .... c· . 

26 . '.:.'h:::. r,r.t-~nne.s 1.cr, t::st..:0 fc!' ?::.·_,q,1<.;;ncy Cov1..r:!;·.:, P1.tt::;rn 
Sh;_,,pc "'nc. in conn_,cti o~, ·,!'i:t:, :,b ( - ,.,rall instrura,:,ntal error of t he 
s.:~u:i.pr."nt . ?,o t<1st.s oi''F -.:.~ - up F~ctor or Effici~ncy -,,_,;r•- 1:,ade flt. 
t:x.. br,e: of th0sG ts.;sts , :_._-_,_ '- ;: s .ill b.:, dc~e: iL coru~cticn -.-"i.th 
t~- sv<Jluation .. ork !.:;cinJ c:oYi"' on a le.rgc fl\l!_'\-.___r of diff0rcnt dir,:ction 
fi!:c:..;rs und.:lr Protl"r', S105lrt-C "'nC: ,1ill ~(:: rsportod und-..;r this l ?.t ter 

27 . Prior to tho cone u.ct o:: C:.otai l....d t1.;sts of t· ,c antvma, S)ot 
checks ,iE:rG n:::d..:i to assur'-' thz.t all antonnns vuJrc eloctn.ce.lly 
siJr.i:!..ar . Thor-aftvr "t<-sts ~-,0ro m-.d3 on tut on"' 1ntE:n.>1a, th .... 1.,t:11:.-r 
thr.:::.:: ~nt0nnas being left, ;,b.ys:!.c".lly in pcsit"!cn and elc.:ctr:,_cally 
tE:r:-...inc.tcd to m >.intai!! th-:ri. i;-. t'.,Qir ,1orking sto.tu s . 

28 . In r..akinz spot chtcks on th,, :>ntcnn::: syst,:nn it 1·:"·'s noted th?.t 
~s a r . sult o!' th_, four fr~.rc.-,s ·.).,ing '.::olt.;c! tc60th0r in e:lectr_ce,l 
contcct, c:.rculatir:g curr::.nts r ... rnltcd th:--t gr,.,.,t.ly c:istort::d the 
,,nt . ..r11,a pc.ttcrn 2nd proc1uc::,;c; s..;;-aous t,wk lobes . This cff1;ct is 
:fr.c·;n · :r Plate 1 ::..n -.. h-.c i1 t::,'" _· ;.,tt._r;,, of 011-.:, c:1tu?1r1~ d 200 ?le ')oth 
:.it~ th- r-fl .... ctors in .::1-ct:r: 1";::l Cc':.f- · ct :-·nd in~•~l2t;:;d arG ,~£>:,ict.,d. 
As ~ r:.:s-:.ilt of th~s c'i.;;co .:-r:,r t: . ..., ;cllr fr c:- .s ·er'" clcc::.1··.!.crll~, in-
su] ;~t~t'. fro~.1 c,;~.ch oth.::r ~,c:' dl r;,, ... ,. i:- tr1is rc.-.,ort t.:r,; o· t2i1,.r. under 
t ln.s conr i tior.. 

2S, . · fl":-:..s· 2 "t.c 7 i:1,_l s:..-.,.,, ... L'.:>·: t:,, :1,:t.::;r:~,a .~nt !rns 1or 1i:o, 
300 , l.:OO, 450, 500 ,::m-: 600 F ' r-.:s·, ctivd;v . 'lh..:sL r--iU-::rns 2r~ ccn­
sidcr c" __xccll,_::.t, ?.11 o-- i:..1-_! .•• .:-:_:i:,ro," in-· t!-1~ .:.<J,~::,l cir"1;l"r :ah,i_pc, 
enc:':;:oss-ssing n"';l:..:;~.' ·l- tril.::or lo' ,s . :I::n,£:-v~r • .?3 ~--s i-."'...:n pointed 
out, .-ill t'hts~ <1at3 i-... r c.:,:, - :.-:?..n-i:". ace'. ,ff,_; shp1·,n or.';. r , 1-i+iv_ :..r· .... is 
:>.r.C:: zivt. .10 i:1e.iic~tion of th.: diic:?..•-ncy or Pick-up Factor of th0 
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JJ . ':iM.lc tr.•Jr1., is , v 1r:y r .. t1scn to 1--: .. licv,_ 'Lh...,t the Pick-up ::--.ctor 

o.: . h ... .:-r.t-n!las :.s qui.,(;. ;u:. 'c"°:... cc r, +o a. f r-q,1-nc~- cf 250 Uc .-.s 

indicated ".J:,, th"' s+.~rc-:::i.,,~ .,o: . ~dios ob~ •ined and sho,:n ~- Pl~tcs 

lJ ·md 11.i, thc.sc plat0s ill1Js·tr2.tc th0 fact that the o.nt.:nnes arc 

not of optiFru.w d-.}sign :or th frcqu.0n.cy rnngu 140-600 Uc 1,ut rather 

ccv1:;r th'-' r?..ng0 250- 700 !.::: . :fo .. ;;;..-~r, as this· is i'r~ctic.:111:0 too 
s:>Jnc pc:rc•.;nte.ge covcra..;e c::s +i1e l40- 6oO r-?..n6e, a ri;;dcsign of the 

,::ntc..nnas in tlk .. se pc".rticul<'.'.rs s:1culc not b_ too difficult . 

R .C:2IVER Cf{IJ?_t...CTERISTICS 

31. The e l0ctricc1.l ch.._'IT~Ct...:ris-'-.ics of th0 r 0ccivcr di:)sig:1cd 

am.: furni~h0c r.s i-,art of the CXFF Gquip:.ll_,:its arc.. sho,,n by Pl :::t.:;s 

8 to 12 inclusivE.l. Thvse d.-<'.t.0. w~re c1ctually tak.an on Serial 1?1 

oquip~~nt 3lthough tests in~icat0d that no su~stantial differvnce 

..:.xist0d in the ch~rc>.ct risti<'s sho·,-m betr:ecn Seri "l #l and 1;2 

oquipm(..nts . On -~ch of th,:..sE:. pl<Ct._,s, comp-:rative: .-l.cita for the 

r .s; ... ,·tiv\., .)Grforn2ncc ch.-:..rr..CY•::ristics of the Navy ;~odel RDO rc­

cci v'-'r ar0 slso sho:m (as Coi:tc.:". curv.:s) . Trris comp~rison is 

sh,-:,·,m as n mat t._,r oi r:..:rtin.,nt ~_n+er-st , in as rr:uch as th:..s J -c1tti:,r 

rvc, .. i V..;r ,.~s the cnl,; ..:qu:._:..: ,,nt -, . .:- .tl:=•bl, ... ir! n roc1uctiori at th~ tir-,t; 

tl,-.t ccv:.;r-d -".l cor,;~ :-..r 1.l .... fl· ... ;,:.re~ r2nf, . All cl-:+~ ;:;r~ 1~.r :·'.Xe 

c·1 in!)l!i::; ·,. ith an out_ut of si-;i,21 plus ncis.:: to noise: r:itio of 

t1\mty (20) decib<.:ls at t:•i.::: video circuit output . No audio fr.:­

,m:.nc;v ch~r~ct--ris-1:.ice ..,_,,r0 1 ''SD.r.,c' . 

Scr:si ti \'i ty 

J~ . Th- r~cei"".:cr s'-'"1s1.ti-.-:.t:- ~oth ... s r;c·,sar~c~ '.h:f the F.T . L. 

-..;ngim.,..;rs at truir L:l'--orn.tor;r 2nc. by t!'!e NRL . . arc sn'"',,n on Plate 

8. It \,ill be not<}d thct th0 rt:.S?L;CU.ve m.,;osurer::(.nts shov, good 

,2.p-recr.:e?1t ;:;.s to V<ll'intion ::i th fn.qu~ncy but th~t the F . T . L. r:!(:...:>sure­

r.,c:nts are about teP. (10) doc.!.'..:,cls more favorable than those of !JRL. 

It is possible that at lv<2st six: ( 6) dGcibds of this dcscrepmicy 

ruld be the r esult of dif::::c.:r1.::nc2s in the m•.:,surcncnt tcchniqu.r.:s 

cnJlcy~d by tho r~spcc~ivc l~tcr~tori~s . Tho rena ning fo1r (4) 
decH.els is considered '.,ithin the limits of accuracy that mit7ht be 

cxr,ectcd for rn0n~uromcmts sue!, .:::,s those in question. 

33 . ':'Ti th rosut-ct to r:i0esurc,nor:t techniqu-s, it is the stc.:r!r ~rd 

.:md most noaningful pr,:ctice to consic."-'r rec-,iver se:nsitivity in 

tarns o the vol tagc C•-liv~r,;d by c.1n antenna that ,.-ri_ll produce a 

standar..i output under st2.n<l~·(. ;wis.., con<l ... t::...ons . in prac~icc this 

volt,. g;e is c:10li V..?red throu~)~ titC e...ri t(...nne. imp..:dance, ·,\•hie i1, at the 

h1.t;!1er fLqu<Jnci•~s is t~ken as i'i£'ty ohms . Accordingly, rocci v-:.r 

Sensitivity is d::.fir:Jr: .:.s : tr.e;·::• .. :.r:-1 .. ~r cf ricrovolts, in S1.,;ri-s ',ith 

th~ s~.;cj fi~c entcnnn in;_:...:uc:ncc, rvquircc o procuc'-' <:. ~o decibel 
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::;i:;:nt·l plus _,ois..: t.1..., nuise r~tio 1.n the (video) output of th.:: re­
c..,ivcr . At th-., 1o' _..,r ~.:- ~r:1.l -Jl_,_._. J..<-- S 1-.·.~ctically all siin;:,l ;ient:;rc'!t:crs 
,•r<- c~.li'-·r a ~e:d ir: t~rr,'s of .:,_:~-n circ;.1it { volt:->?e or th,~ volteF'e 
?. ,· ::.:-xing ."tt the ir.::mt of th..::i_· ir>t.:.rn?.l irr:pcc1.a ncs . Hi:~L:;r fr,..,qus,1cy 

.. si-- n ..... l ;.-ener.~tors, such -:s thc~r:~ · . .1~·~6 ir: th-...~ na~surcf'!.ents ~c~,0rte d 
i16rGin t1~02surcmc.::nts Corr;. t:-· s 50 anc'. 84 l:~; the F.T. L. ;m/ a N"'VY 
Fc~el LAF a.y lll"RL) have an in\-srnal iLpec.e.nce of fifty ohms (simul:iting 
t•10 .?..!'.':.ten.'1a impecance) and D.r:J cdi'2rc:.ted in terms of the vol kgc e,p­
r,carh-1g at the E::nd of th~ir ou.tput cable ,;hen terminated in fifty ohns . 
Thus , their attenuator r-:.adin::.,s ar.:; six (6) decibels belov; the true 
driving voltage existing at the irr}li.::t to th0ir internal impedances 
anc1. if employed directly '.'."ill :,iGld v2.lues of recoi ved sensi ti vi ty 
siX (6) decibc:ls too lo· .. or re.akG tha r ecoivcr D.ppvar more sensitive 
than it really is . Ir~ th~ df_to. s:1c-.-a1 on Plate 8, the: NRL sonsitivtty 
v:::luc::s h<!.ve b.::en corrected f01~·this factor, but it i.s not kno,mi':hsther 
the F . T.L. took sir.1ila.r action, ,rhich r.,ig.ht account for at loast six 
(6) dzcibds difference in the sensitivity figures cbtain0d by the tl.',c 
organizations . 

J4. It will be noted fro,:;i Fle.te 8 that th,:; sensitivity is quite 
11flat11 throughout the frequency rnngc of the r eceiver but is soml:,filat 
lo7. (high in numerical value), probably r.::sul ting from the fact that 
the input · tubes ::re resistively cc-uplGd to the transr.iission lin.:-,s . 
Similarly_ these rr.E.:asured vai-.1-.:s t;b,-c: r:o indication of the: mechanie,,'!l 
suite.•.;ility of the d.,,sign, s.:'.ch es to wh8th<:;r the multiplicity of tuned 
lined r-f circuits will remain C!l_uiet j_n cpE:.r<1tion and "in tr~ck11 ov0r 
1r;:r ['t,preci2.ble perioe', of t"d~,e . This 1':as cornr.,entecl on in par2gra~h 
2h. 

35 . It ,,ill also be no:.ed the.t Fl2.t6 8 :o:ives no inc'ication 
of th0 v2lue of Stc!ndard Output employed in ~he m;;,asurer1ent of sc:nsitivity. 
This 1 ·::_s omi. t+c~ as ~~Ging rath::..r ra-..:cninglz,ss for a cathode ray tutc pre­
s,:mtation and of no cou~eq.,_cnco v-rhare the crit0rion of pGrformance is 
signal plus noise to noise rc".tio anc1 th;:; overall gain is sufficient . 
The g~in of the Model CXFF recejver ,.as sufficient to re2ult in 2pproxi­
rr.atc1y· ono quartnr inch of 11 gr.;,;ss:i from the noise and as 2 matter of 
rc::cord, a a-c output of fi.V•J vc-lts from the detector was employed e.S 
a reference Standard Output level. 

S\Jlectivity 

36. The selectivity of the receiver is shovin, on Plate 9. While 
this is the i - f selectivity· o;.--ily, at the frequencies in question the 
r-f selecti•li.ty adds little, if any, to the over-all selectivity, so 
that these data may be considered as representing the latter. This 
selectivity is considered to b~ quite good, the Shape Factor (6/60 db) 
being but 2 . 2 and the Acceptance Se:lectivity sho,m by the 11 nose11 of 
tho curve being -quite r0gular Yrith the 11 _cilL; ft!1 being of minor ampli­
tude . 
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37 . I'he :;:;:1a5e Response i s sh:::,'\,': .:n Plate 10. ·;hile its aver­
a c •s.Ls ,:,f forty (40) dt)ci~Je1s is c.ot exc _.ptionzl, it is con-
si- :!'.'e-_· 1nite gcod for rec.nv(;!rs in the frequency range in question, 
a _:1ci adcc:v.at e . 

38 . Flate 11 is a po'l',er plot o: the ri ·.02e 11 selectivity of t'.1e 
receiver used in the measure:-r,ent a:":fl ccr,putation of the Noise Factor 
"",h,.ch is shown on Plate 12. It ·;:ill ':e noter: that this factor aver­
a.;es ahJro:>:inatcly 25 decibc:ls, -2s cm:pare:i to the 11perfect 11 value 
for 1.,atc~-:ed v ide band receivers cf t' . .rez (>) decibels . This is not 
c01,s:-.d2r ... d good an~ r2sults (at J.east in part) from the use of a­
perioc ic input circuits to the r-f t;;.~.:;,:,s . The discrepancy between 
t~·.e :;:;' . T. L. and the r;RL i::oise F a -:;t0r dat-a is a direct result of the 
d:::.scr2: ancy in sensitivity mBa.2ur·e::1ents shewn on Plate 8 and com­
mented or: above . 

l;fodel RDO Recei -wr Corr..parifions 

39. The Sensitivity, Selectivity, Image Selectivity and Noise 
Factor of the !Iodel RD0 receiver are shown on Plat.- s 8 , 9, 10 and 
12 r .:.:spectively in order to ·permit direct comparison with the M..x:el 
CXFF receiver , _ The frequency range 140 to 6oo Mc that is covered 
by the CZFF in one band requires two ':ands of the !i·'odel RD0 so that 
its p~riormance curves all show a discontinuity at 300 N,c. While the 
perforrr,ance comparisons are generally self explanatory, the following 
g,.;neral ccrror:-,ent.s are offered , The poor sensitivity of the ~'odel RDO 
in th'-- high i - and is tha result of t:12: use cf a crystal inst~'ad of a 
vacuum tuts miXer in this ~and. T~e ~oorar Selectivity of the RD0 
is t 1,n r .=s.1lt of the ar-,iJloym-:::nt of a 30 }.'c i - f fr~quency instead of 
the l ;. Le fraqu2ncy -used i n tha CZFF. The Snape Factor of tho RDO 
(2.3) is practically the sarrre as the CXFF, indicating otherwise good 
d sign. Th.3 poor.3cr Ima~e Select1Vity of the RDO is the nsult of the 
use cf '::ut two "b · tterfly11 typ"l tun::::c, c ircuits proc-.:; ' ing _ the rr.ixer 
as compqrt.,d with five tun8d lines used in the CXFF. 

40 , However , these -::l ectric£:l p.:r: ormoLC~ comparisons should 
not Le accepted as b::ing indicai. i ve of the relati w quality or suit­
a'oility of the two receivers, in c>.s mu.ch as such data do not cover 
the many intangible factors involv-.::d in quality or the suitability of 
a,, e~;ui 1 .:nt for Naval use . In thL connection, it is believed that 
the Cf.FF rec&i~r would requir;;:; a compl<}te r (';d<::sign before it could 
be considered as being suitable for Viaval use and t"'.ere is no way 
of e,~n approximating what such a rcdssign would do to the ov~r- all 
p8r formance. 

'I 
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"EQUIPr::·JT PERFOR:'.J..NCE 

41. In chi.,cking th:: _;:,ariur-:r A.'.1.Cl cf the uquip1;,-1nt th:.: a.Yail-:-~,il:i ty 
r,f ;_:: :;r:3cnnGl an:: equir:r~t.nt :. i -· 11ni I -I'll".i t th6 fl<jasurement of ,:-,,·,~r -e.11 
s:msiti'-it:r of th1:; systen~ alth0uzh, assuming !1onnal efficL:ncy f ,Jr 
th,: ;,.ntonnB.s and 11baluns 11 , it is c.:,li•.:v"'d that directional in:-'icntions 
cc,,11•~ be obtained on fielC: int :.:ms:i_ tics . down to approximately 100 micro­
vol ts -.::er r::c::tbr . This infor;::atio::-1 ,;ill be obtained and inclurk:d in 
8 f orthc oning report on Prc,'.-::l0n S1051R-C . 

l.1.2 . Hu\.cv0r, tosts ·,,ore l,,.ac'le of the Instruncntal Error in-
hcrr:rnt in the equipment anc. data on "these errors are shO'\'m by Platlels 
15 to 20 inclusive for 150, 200, 3O~ 400, 500 and 6oo Mc respectivGlJ'• 
It will be noted that these errors run as high as fifteem (15) c.e -
grees and, as might be o:.pBctoc from the principlo of op8ration of the 
s;1rstem, aro highest at the ninety degree points wh.::re the tv10 adjacent 
antennas whosr:, outputs are und0r comparison arc receiving the great,;;st 
signal differe:1tial. Unfortunately, as indicated by the plates, the 
instrumental .::::rrors vary markedly ·;rith frequ£ncy, so that the d:Lffj_culty 
cannot be corrected by any :f:i.X0(1 adjustment in the systeo. or of the 
azi..:lUth scale . 

43. An a::iditional factor, not indc~tcd '!:;y the ;,laLs invclv0s a 
variation of the o'bserved :)er.ring 1,i.th rc:ceiv6d signal int,msi ty ct11d/ 
or va·iation of th~ gain control of the rocGi v.:::r . This conc'ib.on in­
volves so n,any variables that it is iripossible tc, submi. t !:;rs• niniful 
qu,'.:l.ntitat.i vc: data in th8 ;:m}mis2s , but bc,ari ng shifts as high as 0ight 
0egrees have '~en o8serv8d. 

Lili.. In con:1cction v1ith t'.l':;; ~,Bner 2l subj8ct of the Instruocntal 
Errors indigenous to th(;; system of cirection finc1ing exemplifi•.x1 by 
the CI:FF equipment, there arr. certain inherent features of the ~33ign 
and op:.:ration that either pr_-,~1u,'e or r.".ako difficult the obtainncnt · 
of nogligible instrun1cntal 2rr~,:cs . Before describing thase features , 
it is believ\',;(: ,i;sirabl0 to o:.1 tlinl- thE. basic principle of o~ c~·a.tion 
of the system, 

.. 

45. The four antennas are connected to the receiver input through 
four i;rouncled grid Vc:!.Cuum tu~,l-S , "r,h:.ch are 0lec tronically sHitchecl (by 
grid blockin~ methods) in a circularl y manner . The sienal fron c2ch 
antenna is thus passed through thr:: receiver progressively. The i - f 
output of the rec-aiv8r feeds two cathode follc-wers through adc.itional 
cle:ctronic switches synchronized with the antenna switch0s . To follow 
the srritching progression, consic.cr the ant<mnas as nwnhered 1 to 4 in­
clusiv"t; and thE:: cathode followers as A and B. The switching progression 
would then be : 1A, 2B, 2A, 3B, 3A, 4B, 4A, lB, lA etc . The cathode 
follo-,rer outputs connect to tho vertical deflection plates cf the cathode 
ray inc'.icator through a cli.fferentitlly connected variable voltage civider 
c:tlibratad in terms of be::irj_nLS from zero to ninety degrees . l,.fi th a 
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::::,-stem su.ch as this, :he ::..'..;llc, l,!~ ccr..d~_ticns of design ar.d op"3ration 
·1.:s+. ~f: Vigi,, in cr,'er f' or ':'.,.:: :'... ,:.Qi·!'"•.r.11;.:rtal error tc be ,;E:ro: 

( a) The tapc;r O~ -~ ~; ··, _ l ~ .:._ f.. r:i •;:_;__di n:::: 1·0 ;)rin.2 i r . .-:i.r ~ . . -:r 
p·,u;::-t, e : ... 2:1·::2.i::::l - .,:;.~1~- the si+a;:'crn 01' the.. res~;•.:~+i'.e 
antenna -c _;_,a:;., .• s ,:it.1:, r-sspect to azir:iuth of re;_•eived 
st::;113.l . 

(ct) '.t-:e ,;ain of t "' :·d:-si·-er m,d cathoc.e follo:··ers '""•~:St n.ct 
vary v1i th sj_:;c,_~j_ le ·,,l::l• 

( e) The standin_z; ,,2.· ~ T£•tios of the i'our ant0nna s:Jste11s 
down to and i,1 cl-.\:'.ir:._·, the receivsr ihput circuits 
r:iust be ident.Lc,,l .s.t all frsqu'3nci0s.i 

(f) The ~l<:Jctrical lc!!-_:,;th of the four linos con.c'"!octing 
the arttennas to the r,;;c3i ver must be identical at all 
fr..3q1.:-:mcies (assuT:d.n2; thst unity standing \':nve r 2.t,.o 
carJ1ot b8 achiGV6c for the syste~), 

(g) The four r - f iri.put -?nd the h:o cathode follo',kr cut­
put tubE:s rm1st te ,._ainte.ined with idE::ntical ~air. 2.t 
all -r,irr,0s. 

46~ A survey of the above }.ist of factors affecting t!'lc ini,erent 
instr-m,H . .:ntccl error of thG c;:~F .-;OUi?!:,mt as l•;el l cl.S ths stabjJ_i t~r of 
th...:se errors ,;i.11 inciicat.; tl:a ·, ... ::2kn.,::ssr:;s of a s~0stem of this t;,l)C . 
\~hil6 n,.) ?.tter:-:pt -..'..?.S· r.i-'1.c:e to ~.,,,:,.,-k doT.n the possibl8 inagnitude of 
rr•l:'Xir:-um 1:3rrors chargable: to , -':Ch cf t!K 'lhove factors, duE-: to t:1[.ir 
r1G.:r11.:J,:,rs 2nd c JDpl.sxi ty, t:10 c:;-:is+enc-..:. of the ,i!1s+rumo::;ni.al error:? sho'.-m 
1:•z.r Pl :>t::.-;s lS tG 20 incl,isiY,;, i:ir,J..c~t&s tract:.:si;P., ,::::inten'.111(:~ 2.nrl O:·Cra­

tir.~ diffir,ulti1,;s imc.if;~::101_;s to th,;; CXFF system .. 

C OriCLT.:ST o~rs 

Ut.LIJ.\::,::,11-1 tu 

(a) That the CXFF c:qui~:-,,,cmt (<!.s exemplified b;r both Serials 
#1 e.nd #2) is nc-t in its present form m-:::c hnnic ally suj_ t­
a)Jle for N2vnl use . 

(b) That E:Xt,msiv0 l'i' chanical re:dE:sign of the cr_FF oquip­
r.i.ent would :)e: n<:,c.__,ssr,ry bof ore it could br.:: C0!1Sl.C~ered 
suiteblc for l'l2Y2l usE: . 
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( c) That the CY.FF equipment in its ;,.,resent embodiment is 
suitable as a r·1Jans of cbIEcnstrating that the aq_Jli­
tude comparison method of direction finding, er..plo;:­
ing fixed antennas, can be nade to operate ·:rith 
limitations as t,,_. accuracy a.n.d stability. 

(d) That .. :cdific2ti.-ff, or r ..:.design of certain of the 
electrical forrt1-1r"':c cf the CXFF equipment v:ould be 
necess~ry 0ofore the G~uip~ent couk. b8 consideron 
as being electrically sui tr•1:ilE, for Nav.?.l use. 

(e) Th9.t th,3rc is co:-isi.dGratle dout-t as to v:hether the 
CXFF eq_uipr.:1.0r.t or c1ny 0q_1 .. ipment. .:-;r;;1;loy:i.ng s:i. n1ilar 
o~:,er2.ting princii~los, could ever se nade to -cperat6 
with E::Xtremo accuracy over an appreciabL, r-:ln6e of· 
frequencies .dthout excessi vc design, installation, 
maint8nance and Oi)~,r::ting difficulties. 

(f) That, in spitE: cf the c.xc&ssive instrumental errors of 
the CXFF equipr.i..:-nt, it· is possible that the flexibility 
inherent in the d.0::;ign, that permits the antennas to 
be mounted in electrically strategic locations in a 
Naval vessel, r,,; ght so reduce the errors i.'1.digenous 
to location as to IT'.ake the instrumental errors accept­
able. 

(g) That amplit:.i.de ·Hatching typ,..:s UHF and VHF direction 
finders, while, elir:linating certain of the diffic·,.!.l ties 
experienced ,ii.th phasE.; matching t:>,rpes, are subjC:!ct to 
difficul tics resulting fror'.i variations in standinr; ;; ave 
ratios on the lines, which can be equally toublesor:0 . 

REFERENCES 

1. BuShips ltr. 1034(9'25Db) of 3 Nov. 4~ to JCP.L. 

2. NRL Ltr. C-S67/69(301B), CJh2-168/45, 18 Oct . 
1945, Radio-Direction Finders, Model CXFF - NRL 
Problem S926T-C, Interim Report on Test. 

Original data recorded in NRL Log Book 5909. 

OECLASSlFIED 
-11 

1 
◄ --= 



.,,~ 
,..:=;~-~ ~~"" 

=•ir-:.::.~=-:;.;'.J'-"\_""~ 

IIJ1Jj'1·~1l1s ~1 if/1111 ~ 
~ l Ill 

DECLASSIFIED 

~~~ 
~~~ 
~~, •• 

~I t\l\\\Ufti "~ii iii' 
w '. ;. •• \tct..~ ~ 

~ 

d ~-~I ~ ~ 
I 

~ ~ 

~· 
I 

u. . , I ~·~ ~, ---~~ 
I 



DECLASSIFIED 





DECLASSIFIED 



~ 

-~ 

~ ;im•~ ~l~~· ~t~KI ~. 
~.:ttl&?~• . " ~•l:i11•~~ I iii. .,"1-,,« ~ 
~~ 

DECLASSIFIED 



-~ .. 
s ~-ta ~~ 1fa ~~~ ~ 

~ ~ ~~ 

~4 ~ ~ 
~ ~;s ~ 
~ N . 

lt II f1, 

ttl11 
s..\)1,,,¾ 
=~ ,~ ~Iii ,,,~~ 

I 

~ 

s~ 
~ 

~~~ 
~~ ~,~ 

~ 

DECLASSIFIED 





• • ' ' # ~ l 
_E_ ' 

.:::.t . :.!!-!::·? 
' .. . .. 







z 
::0 • 
r 
:tJ 
n, 
"'C 
0 ., -
:tJ 

I 
I\) 
<D 
0 
0 

""O 
r 
)> 
~ 
f1'l 

·'I._/• 

? 
;; 

0 

D 

0 
0 

D 

·-· .. . --~. ., .•.. ·1-•··t .. , .. , .. ·•"·•1•- -·· •·••1 ., .... ! '. ·- ., ..... 

-· .i-.;..:. _:~: ~- - ~: :: .~: : - ~~::;_' .. : '. :; --~ ~Ll.~.ii _::::·~:: OE°llS i-CXF : . :-~i~:_i ~-----t ~_ .. _i-. •:.:._I . : . :.l:. i:: .. ::; . ··_;: ; _·:.i: . :: : ··. :·-· < J·: :. : :'--; __ .·:· 

;:;:I ;~: .. · ! - . • :~. ·:·_ti::: : I:':::._, :: •\!: • ·Jj ·o··:: w· .,,: IN. A' +oN· 
_,;.......,,..+ -- ·•---t- ----- -••· •-- -r-• ---1-- __ .....,.. ........ • _...._ I. 

._, I:• 
: : · I :. ♦ • : -; : • • • ! : . : .. . : ; j ' • • • . : : . • • f . • .. ' . . : :1 .. __ ~ . : ..;,....i...!. .: :... ' • .. • -l ..• '. • . . •. 

.. , ... ,. ··-··. .... .. , ... l . ,.t.;: ...• , •. 1--· ..... . . . ,.,.,I ~j· 
O __ ••~ , , .•• :•· - , , . I •t·. • ,,. • , , 1-: ♦ 4,+ ..,_ , , •••• • •f• .. ,I , ..... , -. 

<!!: ;_· := :1·:::~:: ·.!•=!- :: .. · •. -.::!:-,•: ·,':;:: ::i.11 :·:::-1;~:~ ~-:?;.:: ::: )~- : J :: •,:).'. '. .:,;:;, 
.,_ - -· -··- -· ---r·-· --·+---· --1·-- ----,-i--- -·- ..... - -- 1..c __ -·r - . --~ ·- ---t---
~ ::::+ ;::: ·? ::_: :·_ .. ;=: .: :: ., :•T-:: := :_:.:;: :;: J :! :~:?!: >: •: ,se cu:~ ... In~··: 

1-- ~• •-· .·:: ··,:- . . •.· .. -: ¼.: - 1 • :·• ,.: · ::: .:· •·. ·t · fee!tiv · d ·:' 

:::, - :~:• • .•-~: • 1 ◄ •,- I:, :. • •, •; -; ~ .. ~ ::_: •=•~ . - -;----
' •~- ' • 1 . . . •. ' ' .. 1 t • • • • • • . • • 1 •• . • I . ri . • 

0 •;: :.~; . __ ·_ . ·· ... ·· .. • 1_ : • .... : .:·~ ·t-::. ;, -""'-·: 

: :..::- • • : • • - • • : • : •• 1 • :: • : : - • : ' o ·,; . .. . :..: e · · • • • · , • : · : : .• ·::: :· d.' · • • 

a: -- ~ .. : . - ::.:L...: . .: :· .: _:_ - .~: ~--:.E.:.:~ ::.:_,, .:: -· ;;.:_,~ ;~•;:c:, :..:· 

••• :: :L" . . ,. :.t: : ;.:: .. ::·,1 .. : : , ·:!:;: .. / I~::.;. 1;. , ., . . ,;:. 
..., •. , 

• ' ' • • \ 1•1. · • ••• ' • 1 ' .. ... 

~ •-~-• -+----,.- ·•· .. ' .•. : /'. it''.! ;;:?:. ·,. 
U: +---l'-- -1---.-- -1--;:4#'. ~:~ ::~: ' :: •_:~ _: +--+- '. :'.: 

~ t---r+lt-'\-.... - • .. • :J+}Y-:}: )tJ \~ )t:\r:::,:-:t:i: __ / :rl) 
<( .. ~.i·... . ... ,., .. ··• l . • ... ··-1· • . . . .... , [····.' ·1 ,, ·1 ·1 ... t., ... ·'f-•· rt ... 
..J : ;:·: ;·\ ~::: ;·::. :· · _;:j:·: ~ ~ +~ ~::\·: -:~ ~::~ ·:~:.~;: :;·! '{.:; -{: ;:;:; ~.;:+:+i ·71:;.~ ~..:J:\ -:~· ;.:~ :i;.:'.: .. _ 
I.JJ ' . . -• . . ' . . . • . .. I . . . . ' t . • / . . ... I. . •. - ' . . . I • . . .. • . 0 . ,... . . • . . ·• I . . . . . I • • • .• . • . • S1. . . . I • • . 

a: ~:;1\_: ~::: :·•~•:i~ ·-~·; :-: <:•~:~ / 1. ·:: :::: :, -1:: · ;;~.:·:. ;!~~:::: i:< . ~:·:, '' <~; i:~.;j;i;, :~; ;~:; ~~:;;> ~:•;:;;: :;-;~:-. :.: 
~ , •. .L.: ... , ........... ,. 1 ........ J ,.1,., .•. !.-... ··8· ........ ! 1, 0 ,,.T ..• , , .... ,., , ...... ,. · 11,., ..• r,.J-··' 
..t •• --.-- - - . . •• --- +--· -·- ·•-·- -....... r--· -r-- - - ----·-·-1· r . ··- - ---♦- _....., ~-t--+•-·---·--
~ , ··j· . •••• •• 1-·-•· .. ., ..... 1 11 ... , . •-I' ..... ·•··• .. , ...... ·•- .. ..\ .,.- .. ,, ..... ·-•1 .,. , ... I•·· ~j-·-1 .... ~. . • 

? ;-:;-r ?=:~ ;~~:)~-:-. --i :·:; ·. <,• :-:· :.·: ·<·!1:· :-:-~::· :~--·~::·; -~:~1:::~ :~:~;:: :-: :~~: :·1~ :·:~ .:.::, :.:: .:~?--<ir~ .·.-~:!': :~:;J-:~;= 

~ = >! • ~:;: ~~r·: ·. :: ;· /' .. :: s :::.1-.; J~: :\-Ji : :::_(~: :!::·~::_ 1: ::i~ ! . /:, ~:> ~:r:tj> '.~~1·:: :::~n·: :; 
:i . ; ~ = . . : :!-~- ; ; . -1~ ~- -~- .-.o i:~ 7:-::,. ~ ~ ~ ::-~1- ; : :1:-:~- :.;"-::r7. ·-: ~u-:·:-:-~ ·1.!!: .'... , - . ~~; = r- .?: r::; :r~i'i. !.7 :·! ~ .:r- -~-- ; :-::~ 
"' .... • . . - - -- ··-. . -· . d I . . ' . '. •. . : - . • - ·-' .• I.. • • .. j •• ' • • • • • • • ...... ... •••• - • •• • •·• . ! . . • -1 -! • . !.: . . . ' . • .-1--- . • . . • .. • ••• 
- • ·- • - -· · ·-........ - O' ••. ·-· .,-·. ·- ,,, ... ,; .... ·•·· ...... ·- --• ........ ...-......... , ----. ••. ·• .. . .. i ... ........... --r- •• , .... -4 •• 

·~ ---- -

··-J·•• -· 'f ·· . . cc-·;-1:; .. ••;i.11 .• ·1·• .;.1·,;: -"·,•··• ., .... ·• ., .......... •· •-·• ·• +••· ....-+• ..,. .. r,·· •~·~· . . . -• •··•· ,---···•••Ir+, ., ··,H .,. .. :~ :~:: = ~:~~~: ;~ -~~ 6~ t-~: -1~: :: ~:~ .::~: :::: ~; ~~~~ :::~ ~:-~- :;-= .~: ·:::~: ::.=-;_~:~ :.::: r::: r~:: ;~ :-:r~rt:. :=-.'1 ~ --~· ~~!~ 7i.h :~~ ~~. ::~· 'T ., .. {••• .. L-- ·_, . ·1 1• ••·· •·'.!t ... • •• ·• •• - •• "T' •••· ••••j•••- ., •· • -••1·•' ,_. ••- •·•H•...-• ♦ .. •1:1•• ...... ,. ·•· .., ... • • !-• L-1 ...... •• m·-- •• , .. ,'. 

. ~ .;i ··• lt·· J!i'" ... . • ~ ··•·j•·" .. ·••·· ·'-•' ··•· •··•·j •·· .. .u hr:., .. ~"r ... ·:l• 'l'' t1T1 1_ ... l ··t ,~1. ··- tto-r!.!. •··• 1r >-t'::' "'I·►•· •1•1 
i :.:.,...·--:.:rt. .-•- +.~: __ ::t ~-_;; ~:;q·: ;·:41-!:t :!·:t :::·: ;·:i: :~..:;· .r::: :.: .... ~:-. : ::;__:--~-: .. ::1:..! :.~·r+1:~ Tit::~·;...:: +:.t::;~1 ~~J··.µ,.: · ..: t : tt:·~ ... .t.;.; _·_~~:;_-.._.1_ 

,. 
•J. 

~ MEGACYCLES OFF NOMINAL CENTER FREQUENCY 
t 
J 

• 















0 
w 
I.L 

V'l 
V'l 

5 
u 
w 
C 

; .. ' ! • . 
. :. I • 

. ·- +- . . ·-•- -.. . . 
' I 





DECLASSIFIED 



DECLASSIFIED 



NRL Report R-29 00 

DECLASSIFIED 

~ 
a. 
a. 
:::> 
Cl) 

a:: 
w 
~ 
0 
a. 
0 
z 
<( 

t­
z 
:::> 

a:: 
0 

~ 
0 -0 
z 

I 

a::: 
w 
~ 
w 
(.) 
w 
a:: 
LL 
LL 
X 
(.) 

_J 
w 
0 
0 
~ 

PLATE 22 



z 
::0 
r 
::0 
CD 
"O 
0 
~ -
::0 
I 

I\') 
U> 
0 
0 

~ 
r 
l> 
~ 
rT'I 

I\) 

OJ 

LIGHTS 

t\NTENNA 
INPUT 

RECEI VER 

TUNING 
MOTOR SPEED 

CONTROL 

RELEASE FOR BEZEL DOOR 

POWE7PPLY 

rc~-~.~,:2k. .. ~~• ...... "l ,--n ~•-··" . ---~ 

i
,,". v ; -:... .- . 

~, f'·: <, 
.. ~ it• ,-~ "'-

- r;.! ,i-. (~'" 
.l.; ~~ '"'-·••:...'. 't l~~•.z·t .. ~ --•· •· ~~-, ~ 

' I ; · "' .. , 
f ~. -- ,.. , 

-·s ... . ,.. 
,a.,:_ _ .. ._,, 

SQUARE WAVE 

,GEN. CHASSIS 

(SWITCHING 
IMPULSES l 

REGEi VER 

' /CHASSIS 

.,; ~ J, 
~~ 

I 
f I 

( BEAR I NG INDICATOR) 

PHONES 

MODEL CXFF 

RECEIVER-INDICATOR UNIT REMOVED FROM CAB INET 

c:, 
m 
n 

► V, 

~ .,, 
m 
0 



DECLASSIFIED 

X 
0 

<.!> CD 
2 
- a:: 
z <l ~ ::> w 
I- <D z 

::) 

a:: 
0 
~ 
<t 

• 
0 

l ir- 0 
. z 

I 

a:: 
.. ' w 

. 
.. > 

. ~, ' w 

e " 
0 
LLJ 

. a:: 

71~ : . u.. . 
0 

!t 
3: 

u w 
* > 

• 
:?> 

Q.. 

, 
0 
~ 

0 

LL 

C 0--
LL 
X 

H 
0 

.J 

• 
w 
0 

J 
0 
~ 

. I-
z 

u:- 0.I 
...: Z 0::: (.) 

::> I- I-u-
w~ 
_J (/) 
w 

NRL Report R-2900 PLATE 24 



• 

t 

• 

• • 
• 
• • 
• 
• • 

• 

MODEL CXFF 

DECLASSIFIED 

(ADJUST I NG s • {. r 

R. F. CATHODE 
.,.~,__ _ _ LI NE 

A:JJ US Tl N G SL Or) 

R.F. PLATE 
---- - LI NE 

(ADJUSTI NG S L0 0 
M IXER GR ID 

- --uNE 

C -(1,0Ju S n '< G SLOT) 

Q.S C. PLATE 
4-- - -LIN E 

O.S.C. GRI) 
LIN E 

(ADJUS f lNC SLO T ? 

REAR VI EW OF RECEIVER - INDICATOR UN IT 

NRL Report R-2900 PLATE 25 



L-201 V T-201 . ______ .,,, .. 
~ = , / 
0 

v-21r: 

ct v-2,. 0 
V-214 _ "' , 

0 
R-205 

,~ f ·••' 
0 ~-213 

v-2O7 v-2O0 

T-203 

L-202 T-202 

MODEL CXFF POWER SUPPLY CHASSIS 

DECLASSIFIED 

NRL Report R-2900 PLATE 26 



0 
m n 
~ 
1,/'1 
:;; 
m 
0 

z 
::u 
r' 

::0 
CD 
"0 
0 
"" -
::u 
I 

I\) 
(D 
0 
0 

-0 
r 
)> 
-i 
rr, 

I\) 

:--1 

ANT,#! 

s, _.... 

..... H{-tt~· 
ANT.•5 '-...._ 

R£C£1YE1t 
R.f 

SECTION 

-....... 

[
RECEIVER I 

1,1'. 
AM,.LIFElt 

....... 

' ' ........ 

' )----
/ 
I 
I 

MOTOR 
S1 & S2 ARE: 8ANGED ANO ARE DRIVEN BY THE 
SAME: MOTOlt 1 WHICH ALSO SUPPLIES THE SYNO. PULSE 

TO THE SWEEP 8ENERATOR 

SYNC, PULSE 

/ RECEIVEfl SECOND DETECTOR CHANNELS 

i"" SECOND OET. .. OATH. FOLLOWER 

Sz 
AMPLll'IER 

•z SECOND OET. 2 OATH. FOLLOWER 

/ I 
I I 

1
1 

I _______ .J...J 

AZIMUTH INDICATOR 
8AU8!0 CONTltOLS 

MODEL CXFF 
BLOCK DIAGRAM OF SYSTEM 

VIDEO 

AMl'UFIEfl 

SWEEI' 

8ENE1tATOR 

CATHODE RAY 0801LLOSCOf'E 

6 



C 
r, 
r 
~ 
~ 
V .,. 
rT 
C 

z 
::0 
r 
::0 
(I) 
-0 
0 
~ 

-+ 

::0 
I 

I\) 
(D 

0 
0 

,, 
r 
~ 
!Tl 

"' CX) 

I 
C/) 
I-
:::> 
0.. z 

<i 
z 
z 
w 
I-z 
<i 
I 

TUNED 

ELECTRONIC 

ANTENNA SWITCH 

( 140 to 600 Mc.} 

Point "B" 

DETECTOR 

CIRCUIT 

To Square Won 
SwltchinQ Circuit ,, 

( 125 to 585 Mc.} 

I. F. STRIP 

,, 
~To Point "B" 

8 + Bua To Point •c• 
~ To Power Supply.,. 

( 8+ 8 115 Volt, A.C.) :lllf2 ~o~h 

VIDEO AMPLITUDE 

t..... Video tut ,19no1COMPARISON CIRCUIT 11..L ..- switch 
-=- · " · · • • Video Output 

AUDIO AMPLIFIER 

Note: 
Thia Circuit 0ia9rom it not complete 

in all details and should not be uud 
for maintenance work . 

~ 
To l ll~Phonu 

-=- -

I 
Audi 
Goh 

Conti 

MODEL CXFF 
RECEIVER SCHEMATIC 

Point "r:;' a a• au• 1 ,_ 

.I.D<11 ~- rt,IOJ,,C CH ,ro IWAMI~~~ ... , 1········~···1 I 
; _...._ "I 31 10,l,Tt: ~ .,,.lt.V-Q ~ foo•'-"N ,,'"''"'••I """-"'•Pl IOUb.ltCOUI • 



DIS'i'fl.FPT:1:0l: LIST 

'C-ctShips , (Code 936) ................................. 10 

OitI, Uavy Departrr;;:;:nt . . • . • • • . . • . • . • . • . . • • • • . • . . . . • • • • 1 

,_iS:JZL. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 

ORI , P cs ton • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 

.A.LO, NRL ••......•.....•.••••••••.•. . ...... ... .•...... 1 

SNLO, .F crt MoP.mouth •••..••.•••••.. . ...•..••.•...•.••• l 

d 

I 


