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l, AUTHORIZATION FOR TEST. 

1- 1 . This problen TTas authorized by the Bureau of Ships letter 
of refe~ence (a) . Additional references pertinent to t his problem are 
listed ~s refe r ences (b) through (d) . 

2. 

Reference (a.) 

(b) 

{c) 

(d) 

BuShips l etter C-S67- 5(920-Df), e-920-5g10 to 
NRL dated 15 FebruarJ 1944. 
NRL letter C-S67- 5 to BuShips dated 17 Feoruary 
1944 Assigning Problem S623T- C. 
NRL Report R- 2232 , dated 18 February 194!+ on 
11Radar Cross Section of Shi p Targets, II". 
NRL letter C-S67- 5/RCr.!(375:LiTB) to :SUShips 
dated 27 Apr il 1941+ on 11 Badar Countermeasures -
.Ambi gui ty in the Measurement of Carrier Frequency 
on the AN/AP"P-1 Receiver" . 

OBJECT OF TESTS. 

2- 1. The object of the el ectri cal tests rras to determine rrhat 
changes rrould be required to make the equi pment perform satisfactorily, and 
it nas requested in the letter of reference (a) that this be done "rrithout 
nnki'n6 nny substantial changes that rrould r equire ot her components or a 
□ajor increase in the rrork of p:oduct i on11 , since tho equipments uero in an 
advo.ncecl sto.6 0 of production at tho time tho problem nas assigned, and 
ship□ont of coraploted oquiJ)l:lents to oporn.tiona.l areas \7as desired by 28 
Fobru...'1.ry. 

2- 2. The object of the operational tests \7as to detcmine , n.s 
quontitatively as possible, the effectiveness of the equipnent against 
representative types of radar equipr.icnt, D..ftcr necessary chanGeS had been 
incorporated in the CXFR • 

3. .ABSTRACT. 

The first CXFR uni t received at this laboratory \7as opcration­
nlly tested on 11 February 1941+- abo~rd the U.S.S. ~uincy (CA), using radnr 
cquipnont nt the Naval Research Laboratory Chesapeake Bay Annex. Poor 
pcrfomancc on these tests resulted in the further tests requested by the 
letter of reference (a), and thi s CXFR unit uas sot up for these tests in 
the laboratory, Subsequently, three □ore CXFR equipments ucrc received at 
tho laboro.tory, tho lt'l.st tuo containing l':lodifications uhich had boon in­
corporated .1s a result of the tests at this laboratory. Ono of those nodi­
fiod models \7<'-S operationally tested under several different conditions and 
o.cainst various rn.dnr equip1;1ents at tho Ches.:,,pe.i.ke Bay Annex, ui th conpa.r­
nti vely sntisfnctory results. A unit of the nodol CXFR- 1 (airborne) equip­
Dent rras nlso tested in the laboratory. During the operational tests of 
CXFR, the Radio Research Laboratory• s cxperi□entcl nodcl nagnotron jnn□cr 
( sir.1ilnr to CXFR) nnd. the type Ai'f / J;ET-2 ( 11 Ca.rpo t 11 ) janning t ra.nsnit tor 
ucro tested for the pur:posc of conpnring their pcrfomnnce rrith that of 
the CXFR. 
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3-1. Conclus i ons. 

3-1-1. The CXFR equipment ns repr esented by the first 
t·.,o units received nt this lnbor;.tory nas unsatisfactory. The radar jrun­
ning pcrfomo..ncc uns ineffective bccnusc of the presence of non-rnndom 
modulo.tion components (pulses , etc . ) . 

3-1- 2. The desired rondom noi se □odul:-.tion of the CXFR 
output nr.s not obto..ined because of ir:iproper uiring nrrn.ncc□ent in the mod­
ulo.tor unit , insufficient shielding of the lou level video stages in the 
P.lea_ulo.tor, c.nd insufficient r-f a.nd video fil tcring of the pouer lends 
entering tho nodulator uni t o.nd interconnecting the video runplifier sto..ges . 

3-1- 3. 17ith the o.dditional shieldinc, re-uiring, n.nd 
le.:i.d- fil tcring i ncorporn.ted in the r.1odulutor to elini na.tc the undesirD.bl o 
nodulo.tion cor.1pononts, tho porforocncc of the CXFR is conp,r:,.rr.tivoly snti s­
fa.ctory. It equals tho porfonJn.ncc of the R:l.dio Research Laboro.tory □ngne­
tron jec.-:u-::icr (experimcnt:i.l model) , nnd provi des o.pproxi□ately B db greo..tor 
effecti vc jru:u:iing poYter per channel thnn the AW/ .APT- 2 . (Tho □odulo.tion 
bc.nclniclth of the c:~R is greo..tcr thD.n tho.t of the .AJJ/ .AET- 2) . 

3-1- 4. The CXFR equi pncnt is not co.p~ble of protecting 
lnr[;o ships in to vcr.J close r anges (sn.y, loss tht>..n 5,000 yards) ago..inst 
r~do.r cquiprJent of hiGh pcrformnncc cho..ructcristics (cquivo.lcnt to , so..y , 
U. S. Ni:'.vy Hnrk 4) . Tho CXF:it a.ocs represent , honever, .:i. considernbl e i nprove­
ocnt in both s i r.1plicity of adjustaent D.nd in por,e r output level over nny 
other cquipncnt currently c.vt'.ilo.ble for operation in tho s.'.'De frequency 
rnugc. I t nlso covers n ouch grcc.tor frequency rcngc thnn other avo.ilablc 
j['JJI.1crs. 

3- 1- 5. It is possible to tune tho CXFR to the frequency 
of a ro.dn.r si[;nnl received on the APR-1 receiver, o..t rnnccs rcprcsonto.tivc 
cf opcro.tion,r:,.l coi:.cli tions. Tho typo 1..:PA- 6 pulse nno..lyzcr is nn effccti vo 
c'..ccessory to the .APR- 1 for both setting the CXFR on frequency Md for doter­
oini:1c; thnt tho nodulntion. i s of the proper ch["l.ractor. The type RDK Pnnor­
anic Ac,.c.ptor is of sonc help in sett in:; the .APR-1 11 on frcquency11 • Sor.ic 
experience i~ required, honcvcr, in order to no.kc certain th.D.t the CXFR 
is ;,.ctuo..lly tuned to the proper frequency o.nd not to one of sovcrnl II spurious 
rcspo:.1se11 frequencies rrhich r.iny be obto.ined ,;-:itl1 tho APR-1. 

3- 1- 6. Tho poncr output of the CXFR varies over the fre­
quency ~""l[;e , nnd is only 50 to 70 percent of tho vnlucs of cu po\1cr output 
of the type ZP- 579 tube rcportecl_ by other lnborntories durin~ tho dcvclop­
ocnto.l ,.:ork on the oscillr-.tor. 

3- 1- 7. Tho life of the ZP- 579 onGnctrons durinG tho tests 
i:as co□pc.r('..tivcly short , usuo.lly being less thnn 5 or 6 hours. This 02.y be 
in p.'.'.rt due to o.,bnom...,l stresses incurred during expcriocnt::i.l adjustncnts. 
The dntn on tube life obtained durinG the tests is insufficient to uarrnnt 
e definite conclusion. Hoi7cvcr, it is believed thnt tho nnjority of fa.il­
urcs, r,:1icl1 tc.kc tho forn of erncke in tho !!ln.es ll.t the ba.sc (bot11oen the 

- 2- DECLASSIFIED 



DECLASSIFIED 

clectrodo pins), arc cnuscd by excessive heating due tor-flosses in tho 
~lo.ss, This is, in pr.rt, duo to insufficient cooling by th,1;1 -,~blo..st fron 
the bloucr, either bcco.usc of ir:1propcr pl0,concnt of the slot through TThich 
tho o..ir blo..st enters the tube chcnbcr, or bccnu.so the blouer is too s□nll . 

3-1-8. Vo.rious □echnnicnl features of the equipment arc 
unsc.tisfo..cto!"'J , though not of such n,,.turc :,,s to cnuse complete fed lure of 
the equipment. These feo..tures arc described in the body of this report in 
po..r1:1,6 rc,ph 6-1-14-. 

3-2. Rccomncndations. 

3-2-1. A further study of this type tr.:-nsni ttor shoulcl 
be r.1"-de to deteminc: 

(n) Possible o.cl.t'.iti on;,,l ioprovcncnt in the modulc',tor, 
since the modulc.tion of the oscillator is still 
soncuhat critical ns to londing , frequency, con~ition 
of □o,gnctron, etc. 

(b) The opti r.mm bl:'.nd•.:i dth of raoclulntion to be used. 
Since t h is is esscntio..lly n spot jnnmer, poner in 
side bD.nds beyond a.bout 1 He mc,y very likely be 
,,astcd. The ninir:run bc>.nc1"nidth, uhich nill pcroi t 
the opcrc.tor to set frequency c,,ccurntely nnd effcct­
i vely, should. be usccl. 

(c) The reo.son for tho loTT r-f pm10r output. The output 
fron tho OXFP.. obt:'.l,inec'. nt t h is laborntory i7ns nbout 
onc- ho..lf tho..t reported by other lnborntories c1urinr; 
developrJentnl uork on t hi s trnns□itter. 

(d) The re['.son for tho short life of the typo ZP- 579 
□D.Gnetron tube. 

3-2-2. Tho O~G'R coulcl. be □oni to reel n.nd set on f roq_uency 
'.li t h the .AJJ/JJ'R-1 receiver, but this proce,"!.ure is Grently fucilitv,tod by 
us inc the AW/ .APA- 6 pulse analyzer o..t1c1. the IillK p[\..t"'lOronic ado.ptor ni th the 
i>PR-1. It is recormcnclcd thnt, rr11crc possible, the .A:PA- 6 encl !WK be pro­
viclccl. 

3-2-3, During the proc.;ress of the nork on this problen, 
reconi-:10nc',.ntions for chnnc;es he,ve been E['.c'Le . In nost instnnces notion uns 
k 1kcn by the Bureau of Ships to h._'1.vc the nD.nufacturcr onk:c corrections in 
the proa.uction noclels. The follo,7il1£; i tens ,-,ere h~clled in this rno.nner: 

(n) A 1000 ol;m . resistor \7<.\.s pl.:i.cec"t .i.cross the peokinG 
coil in the plnte of the thirc:1. anplifier stnge to 
fl.i,tten the response curve. 

(b) Po,_.-,or for the screens of the 813 tubes uns obto.inecl 
fron the Dnplifier supply rl'.ther thru.1 tho 813 plate 
supply. (This uas incorpornten in the revised models). 

-3-
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(c) The nocntivo d-c volt~~e to the nagnetron u~s re­
routed to avoid pass[l,[;O through the nocl.ul~tor. 

(d) A shiclcl m1.s plncod over the entire bottor.1 of the 
nodulntor chussis, nnd the shields of individual 
st~ges TTere extruded so they could be fastened to 
the botton plate. (The first half TTO.s incorporntod). 

(e) All possible rriring in the nodulntor '17['.S routed throuc;h 
a. chan:iol outsicle, end by-po.ssed upon entry to chnssis. 

(Done to sonc extent on production □odels) . 

(f) The r.100.ulator unit, excludinr; tho 313 tubes ruic1 their 
output circuit, uas shielded fron the oscillator. 
(Dono in revised nodcl). 

(g) The nntenn~ rr>.din.tion r:1.cter uo.s chn.nced to c. 0-3 
millianeter. 

(h) All lugs ncrc solderec'c. 

(i) The chokes in tho co.thode of the ZP-579 1.-rorc chnnc;od. 

(j) Tho o.ir slot nncne~ron coolinc uo.s repositioned to 
cfford norc effective coolinc. (This rm.s included in 
the revised nodcls) . 

DESCRIPTIOH OF CXFR TRANSMITTER. 

The nominal chr.ractcristics of the equipment nre as follorrs: 

* (a.) Frequency r.-mgo: - 350-800 Mc. 
(b) Poi:;cr Output: - 150 rmtts . 
(c) Maaulo.tion: - RD.ntlon noise. 
(d) !fodulo..tion bo.n.d,-,idth: 5 Mc. 

(*750 Uc is probnbly n better fiQ.1re for the upper frequency lini t of tho 
CXFR; this varies fron tubo to tube, but hns never been founcl hiGher thon 
750 Mc.) 

4-1. The CXFR tro.nsni ttor unit is sho,m in the photograph of 
Plo..te 1. The oscill:i.tor nna. mocl.ul.-,,tor uni ts, nhich no.y be pulled forno.rd 
out of the nain unit , .:ire shoun in Plntcs 2 o.nd 3. The shielcl cover has 
been ror.1ovecl fron the oscillator. By renovinG the r-f output lino connec­
tion fron the top p,:mel, the hoses co.rryinG the r.1a..~etron coolinG liquidt 
o.nc. tl10 fi vc lnrGc thumb scrm7s in the front, the entire oscillo.tor­
r.100.ulntor shelf r.w .. y be pulled out for inspection. 

4-2. The power supplies o.Jl(l. control circuits (net sho,m in 
photocro..phs) occupy tho space belo~-r tl:.o oscillntor D.nd nodulntor. The hi.:;h 
volk.[;c rectifier supplies tho po,:cr for t ho oscillntor l'Ulcl oocl.ulc>.tor , rrhilc 
n loucr voltn{;e supply provides voltC41c for the noise Gener ator D.nC. vicloo 
ru::plifiers. 

-4-
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4-3. The noise ccncr~tor consists of~ 931-A photo-□ultiplicr 
tube exci tcc'L by n 101.1 voltDGc lMp. The vic1-co noplificr consists of three 
brond bn.ncl stcl{;cs us inc 6A<J7 tubes, follo~1ccl by an 807 a.ri vcr stngc. The 
807 stage dri vcs the r.io<luldors, t,,o 813 tubes in pnrallcl. 

4-4. The oscillntor, a type ZF- 579 nn.gnctron, is operated TTith 
the anode a.~d r-f circuit at d-c e round potcntinl. A single control, oper­
ating o. slidinG shortin6 bar on a balo.nccd Lecher line, tunes the oscillator, 
o.ncl o. scconcl control, uhich co.n be optiono.lly couplecl to the tunin{; control 
or opcro.ted independently, vnries the position of the output line coupling 
tap on the tuning frru:1e. The nncnctron filnncnt is hcntcd by a special 
lon-capacity tro.nsfomcr; the nodulo.tion lead fron tho 813 plete circuit 
is con..--1.cctod, through n d- c blockinr; condenser, to one side of the □o.cnotron 
filar::ont. 

4-5. Panel controls nro provided for tuninG and couplinG, cx­
citor lru:ip intensity, nncnctron filru:ient voltn~c , oodulntor fila,cnt voltage, 
o.ncl plv.tc vcltD.t;c (□S{;nctron nncl nodul.-:,.tor) . Meters arc provided for f.lo..[;nc­
tron filenent voltn6o ~nd current, nodul~tor filoncnt volto,ec, □odulntor 
6 ric1 o.nd. cathode current, □odulntor plntc vol tnr;c, c.ntcnnn radiation, o.ncl. 
for the rate of flou of the □n{;nctron a.node coolinG liquid (Prcstonc). The 
antcrm .. '1. ra(.iation meter is enorc:;ized by a diode pick- up unit aountecl near 
tho c.n tonne.. 

4-6. The tj.rpcs of nntcmw.s uvn.ill:'.blc for use iii th the C:x'.FR 
a rc shoun in Plates 4 nnc.l 5. The broo,d bancl typo shoun in Pln tc 4 is the 
one ori Ginally planned for use iii th the CXFR, and cv.n be used over the en­
tire rnnGc of the oscillntor. Over this rnnr,c the trnnsnissicn line stnnd­
ing nave r atio docs not c:irncca. 2:1, and the radiation pattern shifts only 
sliG~tly. The direction of nrucimun rcdio.tion is approximately perpendicu­
lar to tho D.Xis of the c ones, vnrJing somcnho.t over the frequency range. 

4-7. The antennas sho,m in Plato 5 together cover the CXFR 
frequency rM~c; tho CAKZ-66.AHM unit (riGht) covers the loTTcr part of tho 
rnnce, c,nc.l. the CAKZ--66.ABN (loft) covers the upper J}t'.rt, \7i th some overlap. 
These o.ntcnnns h~vc sonc directivity, nnd. c ponor g.1-in of approxi□a.toly 3 
db over t he brocd bond antcnrm of Plate 4. Tho di~c~tion of □o.xiMu□ radia­
tion is pcrpondiculr.r to t ho rndi~tors, 2nd aTTay fron the reflectors . The 
Mtcnnns n r c all no.de for use u i th RG-17 /U solid cl.ielcctric conxin.l c;,,blo . 

METHOIJ OF TEST. 

5-1. Tho prelininnry tests of the CXFR TTCrc □<".cle in the lnb­
oro.tory, usinr; a 11,'"'..tor-coolod resistor type of clurn:iy land for □eD.surcncnt 
of trr'nS1:1ittcr poTTcr nnd. l;,,borntory oscilloscopes for obsc rvnt ion of the 
chnro.ctcr of the noclul,.tioi1. 

5-2. The opcrr.tionD.l t ests of t he CXFR rrcrc n.:i.dc at the Cho sr,,­
pcD.kc Bey Annex of the lc.borf".tory, i7hcrc t he CXFR rr;::,,s instnllecl. nbon.rc. both 
tl10 l nborntory po.trol bon.t Nnvl'..jo (YP-564) n.nd such \7D.rships as hnppcnoc1 
t o be o.vo.ilc.blc f or this purpose durinG the porio(1. over ,.,hich tests TTCrc 
conducted. The CX.FR ;-ms then opcro.tcd o.;;ainst those rc'..clnr cquipt1cnts at 
t he Annex which opernte uithin its frequency rn.nge. 
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5-2-1. The tests of jamming porforrao.ncc rrcrc no.de using 
a. soncuho.t unique ncthod, nhich Gi vcs results of a quMti tntivo nature. 
This r.10thocl involves the use of n. pulsed u.ltro. high frequency si6no.l c:;cn­
cro.tor in conjunction uith the radnr cquipocnt. The output of this genera.­
tor is fed into the receiver input line , throu6h a decoupling resistor , 
~lonG rrith radar echo si0n..'l.ls fron the antenna. The genera.tor hns panel 
controls for acljusting the pulse len6th, synchroni zint; ,,ith the ro.cln.r pulse 
rcpeti tion rnte, ancl adjusbing the pulse II dclay11 (or til'.le phc'.se rcl:,,tion to 
the rmb.r trnnsni ttcr pulse). The t;enerator pulse may thus be mo.de to 
o.ppea.r at ~.ny c'tcsirccl 11 rnnf;c 11 on the ro.dnr inclic.'.'.tor and uill thus n.ppec.r 
as M 11 artificin.l echo". 

5- 2- 2. The D.1!1pli tucl.e of the c>.rtificinl echo pulse froo 
the Gcncrt:'.tor is controlled by c co.librated precision attcnu..".tor in the r-f 
output line. The nttcnu..':.tor ca.li bro.tion is in decibels. Mensurenents of 
echo strencth nre no.de by plncins tho ~rtificio.l echo o.lonr,sidc the echo 
to be neasured, c>..ntl adjusting the height of the fomer, using the nttenu._':.tor, 
to r.12.tch th<'..t of tho lnttcr. The difference in attonu.c'l.tor reo.clinc;s thus 
obto.i:1ol'c O!l cliffcrcnt tc'.rgot echoes gi. ves qu~.nti t0,ti vcly the relnti vc strength 
pf the sir;n['.ls, expressed in tleci bels. 

5- 2- 3. To e.llo\7 □on.surements by this ctethod on o..n 
11 a.bsolutc11 basis , scvcrr,,l "st~c'.11,rcl radQ,r to.rcctsn hnvc been set up nt 
convenient locr,.tions on the bny; these tnrccts hn.ve kno'l7n roflcctinG a.rens 
encl [I.re r,,t knorm hei1,hts o.bovo the ,inter. Absolute rnco.surements of the 
reflectiDG nren of nny tn.r.:-;ct r:w;y be na.de by mensurinc its strenr,th, using 
the siGna.l 6onerr,,tor .i.s described ['.bovc , rcla.ti vo to tho strcnr;th of c. 
stnnd.:-.rtl. tnrGot. Mco.sure□onts of this kincl. ho..vc been □a.de on vn.rious 
types of U. S. Nl'.V'J vessels , as closcribcd in Nnvn.l Resonrch Lnborntory re­
port of reference (c) . 

5-2- 4. 'i'he ncn.suremcnts of jnnninc; trMs□i tter pcrfornonce 
nerc nc..de by pointinr; the rnclnr 2.ntennn at the bco.t or ship cnrryinc the 
jnoncr, a.ncl sir.1Ul t:meously fee'-1.inG un nrtificinl echo into the rn.d0.r re­
ceiver ns tlescribed in pnrngr0,ph 5-2- 1. The nnplitude of the nrtificio.l 
echo nns then r,,cljustcd to tho level just bolou thnt nt TThich the echo uns 
br,,rely c1.ctectnblc throuch the jnnr,1inr, sir;no.l. The attenu..."l.tor rev.dine o.ncl 
the rru>-ee of the bont c.:i.rryinG the jnmncr TTere recorded for this condition. 
The o,ttenu..~.tor settinG thus obk.inocl TTns conpn.rccl ni th thnt TThich r;nvc n 
sic,1~1 equnl to thnt fron the st<"...ticlnrd k .rr;et . These □e<'-surc□cnts ncre 
r.mde for vc.rious rC'.nr;es of the j~r.1er, so th.,,,t n. curve of II jnnncct ecbo 11 

strenc;th (db ['.bovo or bclorr stnnclarcl tarc;et) ns :c. function of rn.nGe coulcl 
be plotted. Plot tint: such n cunrc for onch of severo.l jf\Iminc; tro.ns□i tters 
cllo·.:s conp0,rison of their rel._\ti vc cffocti vcncss . Fu.rthernore, .rhcn 
si□ila.r curves of echo st rencth of Vl',riqus types of ships [l, S o. function of 
ran[;e nre plotted to the sru.10 scnle, it is fouml tho.t they intersect the 
jnr:u:,in[; curves . The rnncc ,"',t rrhich the curves intersect is the rnnc;e 
beyond rrl,ich the j,:,nner rroulcl self- screen the r,i ven type cf ship agninst the 
r,i vcn t~rpo of rncL"l.r equip□ont, for the p,':.rt iculn.r rncbr Mel. jDJJI.1or a.ntenno. 
hcichts used. It is, further, possible to DDkc corrections to tho curves 
to obto.in infomntion for other p.--.rticulnr concU tions of rn.clnr or jVI.'ll'Jer 
porfpmnncc (porrer, ~..ntenna. heieht, etc.). It is therefore considered thn.t 
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this nothod of opcr~tional testinc represents a noto.b l c ndvnnce in rn.dnr 
countomcnsurcs cn6 inccrinG uhich uill allon accurate evaluation of jD.rn':l.ing 
tro.nsni ttcr pcrfora::,.ncc . Such evaluation nill both allou sotti nG up d.csi6"U 

requircncnts for jm:mii!l[; transmitters to ncet given pcrfomance requirc­
r.10nts, o.ml provide data of value in to.ctico..l cr.1ployr.ient of existing tr.'.lns­
f:li tters. 

6. :RESULTS OF TESTS . 

The results of the CXFR tests arc sepnrable into (a) the results 
of the electrical tests in the la,borntory, and (b) the oporntiont-1.l t csts at 
the Chesnpcnkc Bny Annex. 

6-1. Lnborntory Tests. : The prinnry purpose of the CXFR tcstsy 
us sot forth in tho BurcD.u of Ships letter of reference (a), TTns the deter­
□inv.tion of nhut ch.."\Il{; cs narc ncccssnry in tho orit;inal CXFR design in order 
to no.kc it opero..tc sntisfactorily 11 ui thout r:w..kinG n.ny substan.tio.l clu-nges 
tho..t uould require other conponents or a najor increase in the work of 
production". The need for this TTor k nrosc from the 11 o.cfccti vc operation o.s 
founcl in M oporntion..'1.l test. conctucted on 11 February 194411 at the Na,v[',l 
Resenrch Lnborntory Chcsapcn.ko Bay Annex. 

6-1- 1. The fact that the defective operation described 
['.bovo nns prinnrily due to inpropor noclulntion of the sicnn.l \70.S determined 
o.lnost innccli.:>:.tcly, n.nc'.. tho \,ork centered on the problem of rc□cdyinc this 
concli tion. The o.ppcarn.nco of the detected sir;rw .. l on :>:. cnthodc ro.y oscillos­
cope or rndt'.r inclico.tor ,ms not thnt of II rnndo□- noi se". Al tho~h there 
'.ms a c onsidcro.blc noise co□poncnt to the modulo.tion, there ucre nlso pulses 
nnd sine uavc components uhich uerc duo to oscill[',tion of tho nodulntor video 
nDplificr o.nd □otor-boo.ting or pulsinc of the oscillo.tor. Tho extent .o .. nd 
type of these unclosi mblc nodul.:i.tion components rrcrc clcpendcnt on the o.djust­
□ont of tho oscillc1.tor output couplinG nncl on tho frequency of opcro.tion; 
bettor opcrD,tion rr.i.s obtain['.blo in sane parts of tho frequency band tru::.n 
in others. 

6-1-2. Inspection of tho raoctulo.tor indicated thnt the 
u1r1nc , s~ielclinc, rmd intcrsto.gc docouplinr, did not meet the requirements 
for stnblc hir,h- Gn.in video n.rJplifior oper.:,..tion. As c. first step, there­
fore , tho noclulntor TTns rc- uircd. Po1ier lends cannon to tuo or more stngos 
,-:ore routed through a shielded cho.nnel nlonc~ tho side of tho chassis l'.ncl. 
filter conc'tcnscrs of tho 11 feod- throuGh11 typo \7cro usocl ti.herovcr such lends 
entorccl tho chnssis. A copper baffle shield rm.s plnccct on the side of the 
chassis toncrcl. tho oscillator. This cxtondocl nlonG the entire lenGth of 
the moc:ul.'.tor, .:1.ncl uo.s o.s hi,r;h o.s the top of the 313 tube envelopes. These 
ch['..n{;es resulted in some ir.1provc□cnt, but did not completely stop tho 
oscillntion. 

6-1- 3. Extension poncr cr:.bles uerc mndo to D.llou operci.­
tion of the □oclulo.tor on n bench ncc'.'..r tho trnnsnittcr. Expc rir.ients ,11th 
ndcli tiono.l shieldinc inc:ico..tcd th£'.t tho rcnaininc cc1.uso of oscillD,tion UD,S 
r-f pick-up by the loTT level viclco sta.r,cs . The osci l lntion ,ms ~t n fnirly 
hic;h frequency, in the noi&l-iborhoocl of 5 □ego.cycles. This frequency uo.s 
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probably due to resonance of the video response compcnsntine circuits. 
Houcvcr , dar.1pinG of those circuits uith resistors failed to provide a cure. 

tr-1-4-. A second nnjor revision of the modulator uas next 
□nde, usinc the □odulator of nnother CXFR unit; n second unit had been 
shipped to the lnboratory by the mnnufncturer, at the request of the Bur eau 
of Ships, in order to expedite the laboratory1 s investigation. This mod­
ulator uns even nore completely ro- nircd than tho one first revised, in­
cluding decouplin0 resistors in the first three stages, nnd a completely 
enclosinG shield cover uas placed over the □odulator stngcs preceding the 
807 c1ri ver sto,gc. In addition. shield plates nere placed under the chassis 
~.nd betuccn the front panel and the phototube. Interstage shield partitions 
under the chassis ucro fitted uith tapped bent-over edges for screu con­
nection uith the bottom cover and uere re-positioned in the first tuo 
stages to fall across the tube sockets , providing tight interstage shield­
in~ betueen the lou level 6Ac7 noplifiers. 

t>-1- 5. ITith this second revised □odulntor , stable oper­
ation TTas obtnined, insofar as absence of oscillation in the oodul0,tor '17ns 
concerned. PulsinG or motor-boatin~ of the oscillator still occurred under 
so□e conditions of adjustment , but it uas possible to secure fairly proper 
modulation over most of the frequency ranee uith careful adjustment. 

t>-1- 6. Under so□e conditions, it TTas found that severe 
nodul~tion of the output at a 60 or lZO cycle rate occurred. This TTas not 
directly appnrent on a radar indicator, but rras observed uhen tho output 
of the trnnsmittor uas detected by a diode and the resultant sisnal applied 
to the vcrticnl dcflectinG plates of an ordinary oscilloscope , nith tho 
horizontnl sTTeep generator synchronized to operate at a sub-multiple of 60 
cycles. The sicnal ,ms thus observed to be severely modulated at 60 or 120 
cycles, nnd under so□e conditions to be co□pletely interniptcd at the S('llle 
rate, resulting in a sor t of sqUD.re-m:i.ve envelope, uith noise modul~tion 
during tho oscillnting periods. It rras deduced thRt this effect uas caused 
by the action of the □acnetic field set up in the magnetron by the honvy fil­
wnont current (40 nnpores r . m. s. , 60 cycle a . c . ) . The flux density result­
inG fro□ this current is apparently sufficiently ~reat, compared TTith tho 
flux density of the pemanent □acnct , to adversely affect the m.:v.;netron 
operntion a.uring the peo.k anpli tu.c1o portions of the filnment current cycle . 
It uas recalled that this pheno□enon nas kno~n by cnrly uorkers in the 
developnent of OD.Gnetrons. The vieu that this explanation of the observed 
behavior is correct uus strcncthened by tho observation that the effect 
no.s di□inished by reducing the IDL'..{;netron filar,10nt current to 60 or 70 
percent of the nomnl value. Fnirly 6ood pouer output could be obtained 
uith this reduced filnnent current by incrensinc the m~gnetron a.node vol­
to..r;e to brine the anode current up to a.bout nomal opern.tinr; ~J.ue; this 
resulted in added "be.ck hen t ine" of the cn.thoclc by electron bonbardnent, 
r n.isinG its teopero.turo to conpensate fo r the reduced filnnent curr ent. 
This procedure crumot be carried too fnr, houever, ni thout renchin6 ru1 
unstnble condition such thnt the tube refuses to oscillnte. 

6-1-7. The effect described above uns nore severe uith 
sone tubes thon uith others, and usually occurred at either tho hi~h or 
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lou end of the frequency range. It is likely that the effect occurs, there­
fore, unaer conditions such that the rnasnctron is not a stronG oscillator. 
The occurrence of this □oclulation or interruption of oscillntion sometimes 
at a 60 cycle rate nnd sometimes n.t 120 cycles is thou1~ht to be dependent 
on uhcthcr or not the axis of the mn.[;Iletron is perfectly parallel to the 
□1191ct field, thus maki ng the effect of the fi l anent .curr ent flux on both 
halves of the cycle synmetrical Tiith respect to the □f'..Gnet flux , or sliGhtly 
tilted, so that the effects on alternate halves of the cycle arc unsyn~ 
octrical. The fomcr condition uould result in 120 cycle modulation, uhilc 
the latter uould result inn combination of 60 and 120 cycle modulation. 

6-1- 8. In addition to the above effect, some moto:r:"­
boating or 11 qucnchinP,11 of the oscillation at n frequency higher thrui 120 
cycles (but not at super-audible frequency) uas obsdrved under some condi­
tions. This condition could alrmys be nade to occur by reducirJG tho noi se 
excitation of the 813 modulntors . Thi s is possibly explained by tho fact 
tb..~t the modulators arc grid- lenk biased. ~ith reduced excitation .:md 
consequently reduced bias, their pln.tc voltn.i~c □ay decrease to a value be­
lou the screen voltc.ce vnluo, nnd their hil~ plnte resistance pentocle 
characteristic then disawcnrs. Their drunpiilG effect on the ncgntive rosis­
tnnce characteristic of the nagnctron is thus lessened, providinr, favor­
able conditions for quenching or □etor-bontin~ of the oscillator. ITith 
p roper ndjustnent of the nodulntion noplitudc no difficulty uith this motor­
boatinc uas experienced. 

6-1- 9. A check of the strenGth of the pomanent nnc;nets 
of the twc CXFR uni ts m:i.s nn,c1e nt one point :'!.urine the tests int he lab­
oratory, ru1Q it TT['.S found thn.t they uere belou the rated □inimuo value of 
1500 cc.uss. Therefore sone ro-o~--:netizinr; coils were uou.nd o.nc't the r.:1nc­
nets rc-enerGizod. The nn~net strcnr;ths ucrc thus broucht up to about 1530 
i:;auss. 

6-1- 10. The modifications of the nodulntor uhich resulted 
in improved operation uorc comnunicatcd to the manufacturer via :3ureau of 
Ships representatives, and rrere i□oodiatcly incorporntcd in the production 
uni ts . A unit incorporating the recomnended chan{~es ,ms rccei ved en 29 
February 1941+, and rras found to operate satisfactorily in the lnborntory. 

6-1- 11. Althou~h extensive tests of poucr output rsnd 
frequency spectrun hnd net been □ado in the lnborn.tory, it uas ctocidocl_ 
thnt oper:J.tional tests of the CXFR shoulcl not be hold up to allou nnkinc 
these nco.sure□ents , bccnuse of the urgent need for immediate dcternin,_".tion 
of the perfomc.nce chnracteristics under field conditions. No satisfactory 
□etl:ocl of rnaldnr, an extensive analysis of tho frequency spectrum i.-m.s o.vail­
n.blc at the l ;-,.bor,...,tory. 1.!ith such awaratus as m'..s available, it uns 
deteminecl. thnt the bn..nduiclth of the transnitted signal vari es consicl..ernbly 
over tho frequency rnnc;o , nncl vnrios also TTi th adjustI!l.ent of panel controls . 
A conpletc study of the spoctrun uould have required more time than it uas 
c1csirocl to spond. Sinil!"..rly, a careful series of rneasurer:1onts of pouer 
output ns a function of freguency uas not made. From tho sketchy informar­
tion obto.ined on the frequency spectrun , it cnn be snid only that the siGnal 
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bnncluicl.th vt-.rics. over the tuning rc'.nGC , fron vnlues pcrhc,,,ps ns lou as one 
Jcle{;.'.\cycle to va.lues possibly hir,hcr thM 10 □e6a.cyclcs . Porror output of 
froo 6o to 90 untts uns □ensured , the louor fiQlros boinh obtninod nt the 
upper end of the frequency rnnco. In no cr'..se ucrc values nor.sured n.s hic,h 
ns tho 150 tc 200 untts uhich tho ZP- 579 is reputed to be cr'..pnblc of dc­
livorinG• All ocasurononts ucre made uith modulntion npplied. 

6-1- 12. Of the tuenty or □ore typo ZP- 579 □acnotron tubes 
uhich hnvo fn.iled , tr,o <1.evcloped open filanents , one had a short circuit 
botueon the filnmcnt support rod ruid the circular mctDl disc , used to 
shield the r;ln.ss envelope from electron boobardncnt , thro~h nhich tho sup­
port rod pr..sses, n.ncl the rer:mindcr failed as a result of cracks in the Glass. 
T'ne cracks uorc in nll cases throU[;h the b~se, passin~ bctueen the electrode 
pins , 0nd apper..red to bo due to hcatinG developed by r . f . l osses in tho 
clr..ss . T!.!e life of tho tubes that failed did not exceed five or six hours , 
before n nc~ification of the n~gnotron air cooliDG systco uas no.de . Tho 
slot throur;h which the n.ir froo the blor1cr enters the oscillt-.tor shield 
cover uns ori~inally p.os.iUoned it'll)ropcrly, nnd , rotor its position ua.s 
ch..wr,cd in the l~borntory (and in the 1 ... tcr nodcls by Auto Ordnr1.ncc), 
tube fnilurc ...-,ns less frequent (tube life rms approxinntcly c.oublcd) . If 
the C".pc.ci ty of the bloucr nere Grc~.ter , the slot probably could roan.in in 
tho oriGina.l posi tion. 

6-1- 13. Pln.te 8 shous the results of tests on.de on the 
Auto Ordrumco CX.."ti'R broa.d band nntcnna.. Tests '1orc rir.do to dotcmino the 
percent reflection over a. frequency rnngc of 300-800 Mc ui th tho nntenna. 
connected to 17 feet of RC-17/U cnblc, and n comparison uas nn~o uith the 
results obta.inod fron n cevclopncntcl nocel constructod at this la.bor~tory. 
Rcconnenc~~tions i70rc nntc to tccro~sc tho spncinG of the cones nnd to pro­
viclc r.1orc posi ti vo mcnns for lockinr; the upper cone to the supportint; spike. 
It U''-S t:1out;ht tho.t the r;rentor spncinr; of the cones n:-..s the rco.son for the 
hii;l1 perccnta.r;c reflection nt frequencies above 500 llc, so 1/811 sepnrc.tion 
uas requested. 

Those inprovencnts ,,ore incorporated in n second procl.uction 
□oc'.cl; tho results , •.1hile not ns r,eod ns those obtnincd fro□ the Nn.vn.l 
Rosc~.rch Lc.borntory cxpcriocntcl nor.cl nt the loner cnc1. of the bend, in­
c7.ica.tot1- tho climinl'.tion of tho hihh pen.ks .'.\bovc 500 He, nnd shon that , on 
the \Thole, tho ruitcnnn functions very ncll. 

6-1- 14. Vnrious nochruiicr..l fca.turcs a.re unsntisfn.ctory, 
.:,.lthour;h not of such nnturo ns to necessarily cause complete failure of the 
cquipncnt. These a.re listed bclou: 

(n) It uns noticed th~t r,rca.t care must be exorcised nhcn a.d­
justinr; the couplinr~ to a nininum vnluc to nvoicl. dl'.l'lln.{;ing tho spring 
11 finr;crs 11 on the shorting bnr. If the DJ1tcnnn. coupling tnp is pulled 
beyonc a. critical vo.luc , the solid netel of its support slides under tho 
contncts of the tunin~ slider; c.ftcr this h.~s been done several tines, 
tho "finr;crs" fnil to no.kc coocl conta,ct ui th the side. This ims found 
to be a. source of n.rcinb in the oscill~tor. 

(b) It uns further noticed that tho clamps on tho 813 aodulntor 
tubes f:-..ilcn to hold the tubes securely in tho sockots. Exnminntion 
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shoved thnt the socket holes in the ohnssis uere smnller than the tube 
bnscs; thus, since the socket TTD.S under the chassis, the t ube pins ucnt 
into the socket only enoU[;h to make contn.ct; furthc r, the sprinr, clips 
of the socket tendocl to push the tube out rri.ther than grip the pins. It 
is probnble that the tube clrunps uoul~ function properly if the tubes 
TTcrc properly seated in the sockets. 

( c) The 11 Prcs tone11 cool in(; fluid l eruceti. bndly f r em the pur.ip; 
if the GL,md ncrc tit;htcncd sufficiently to stop lcoko.Gc, the rcsultroit 
friction on the shaft TTfl..S too e;rent for the starting torque of the noter. 
It is thoucht t hat this Prestone fluid leakage and soaking into the hiGh 
voltri.ge tr&1sforner uas a contributing factor to its failure. 

(d) Sonc of the l°ll{';S, uhi~h n.re squeezed onto the uirc ends, 
uerc very loose; uhile they nere bcinG soldered on, severnl bee~ de­
to.chec1. fron the nire. 

(e) Exnninntion of the tine delay relay, after the .plate p~ID3r 
relo,y failed to mo.kc, shoTTed thn.t the cams on the noter sho.ft had slipped 
around so thnt they uere inopcrntivc. Several tines durin6 the tests 
the c~s had to be repositioned and the set scrcus tie;htened. 

(f) The vclta{;c reGUJ.ntor for the m.'.3.tc;netron filancnt in the 
CXFR TTas extremely inefficient; this unit '70.S cl.isconnected from a.11 of 
the CXFR noclels tested. 

6-2. Opern.tional Tests. Operational tests of the CXFR ,,ere 
r.iado on scvcrnl occn.sions. The first uas that made on 11 February, i7ith 
the CXFR aboard the U.S.S. Quincy, as described in pnragraph (3). 

6-2-1. After the first modificnti on of the CXFR modulntor 
m.\S onde, tho transmitter uas installed aboarcl the l[l.bOr0tory pntrol boa.t 
No.vo.jo (YP-56!+) at the Chesapeake Bey Annex on 22 February. It ,,as found 
th.':l.t very GOOd pcrfonnance uas obtained at tho FD frequency (700 Mc), 
but that performnnce TTas poor at the Hark 5 rndar frequency (4Do Mc). At 
the lntter frequency, the moclulo.tion contained pulses nnd II railinr,s11 super­
ir.iposed on the rnndom noise volto.sc, n.nc. the echo si~nels could be seen 
even TThen their amplitude uas considerably less tht."ID that of the jnnunin0• 

6-2-2. It m'l.s founc'c that t .L1e s~c transmi ttcr, ui th a 
neu ZP-579 installed, perfomed Fell at the louer encl of the frequency 
rnncc (including the Mark 5 frequency), but i7oulc1 not operate properly at 
nbove 600 Ee. It thus appears th~t there is some vnrintion in tube cho.I'­
ncteristics, and that not all tubes uill allou proper operation over the 
entire frequency range. This same phenomenon uas observed subsequently TTith 
other tubes. 

6-~ 3- On 24 FebrUt.'1.ry the sane CXFR unit mentioned in 
para,gro.ph 6-2-1 rrc.s tnkcn to Annapolis nnd installed e>.boa.rd the U.S. S. 
Franklin (CV), for further operational tests n.gainst the ro.dn.r equipment 
nt the Chcsc.penke Bri.y Annex, pnrticulnrly the Mark 5 and 11 Hot Dog11 (sim­
ulatccl Germe.n 11Uurzburr;", 560 He). Hor,ever, on the scheduled date of the 
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tests, 25 Fcbru.nry, tho equipment fnilod to operntc properly, Md success­
ful tests coulQ not be obtained. 

E-2-4-. On l March tests \7ere □ncle ui th severnl janninG 
trnns□i tters installed a.boa.rd the Navajo. The first of these ur.s the CXFR 
uhich had been modified as described in parn[;raph f">..1-4. The second uas 
tho nmnufo.cturors 1 11 ReV'i sed11 model {po.raGraph 6-1-10). The third ,ms the 
R.'llli MaGnotron jonner (laboratory model), uhich is basically sir.1ilnr to the 
CXFR, but cUffers soTJerrhat in physical lo.yout and nodulr.tor circuit de­
tails. The fourth unit m:i.s the II Carpet", or AN/ APT-2. This uas included 
for purposes of co□parison. since it represents a basically different type 
of jnr.mer. It has loucr pouer output th..~n the t'k~[;Jletron jn1'1l:lers, but has 
also less bnndm.dth, and a directive nntennn.. The oscillator tube typo is 
an ul trr\ hit;h freq_uency triocle, pl._>,te r.iodulnted r,i th ramlom noise. 

6-2-5. On 7 March further operationnl tests of the CXFR 
uero r.in.de to corroborate previous results and to obtain additional dnta. 
In the nfternoon of this date the perfomnnces of the CXFR n.nd 11 Cn.rpet11 

on the FD, 11 Hot DoG11 , and Mark 5 rac1nr froq_ucncios ucro de□onstrated to a 
r,roup includin~ representatives of tho Bureau of Ships, the Ra.die Research 
Laboratory, nnd the General Electric Conpo.ny. The effect of usinG vo.rious 
types of antonnns uns domonst rntcd, in addition to the cenoral dononstrntion 
of conpnrntivo pcrfomnncc of the cq_uipncnts. The typo CAf{Z-66.AEM and CAKZ-
66.ti.EN :mtcnnas (Plato 5) uoro found to have npproxi□atcly 3 db Gain relntivc 
to tho 11broml bo.nd11 CXFR n.ntenna (Plato 4). 

6-2-6. The letter of reference (o.) rcqucstecl 11 fielcl tests 
••.• us inc; tho J'll"l/ APR•l rccci ver for scttin1; on frcqucncy11

• Considom.ble 
difficulty uas ox:pcricncod in settinc the jru:mer on frequency TTith the 
AN/.ti:PR-1 received because of tho ~any stronG responses received over the 
rcnGe of tho rccci vor. If tho ro.cl.D.r frequency is lr..noun, the jnr.uncr no.y 
be set approxinntely 11 on frequency11 by mccns of the calibration chnrt fur­
nished uith tho cquipl!lont. It is~ i□portant to note that the freq_ucncy 
chru1ccs drastically uith different tubes, so the chart may be relied upon 
only ni thin 5 or 10 Mc . Horrnvor, if the radar frequency is unkno,m, posi­
tive idcntificntion of carrier frequencies uill be very difficult. In the 
letter of reference (d), it is stntcd that, nt a r1mce of five nilcs, 
cloven responses to the siQ1nl from the Mark 4 rnclnr (690 Mc) ucre observed 
on tno APR-1 receiver; four on the 11 A11 tunin{; head, and seven on the 11 B11 

hcc..c1. In a.deli tion, tuo 11 ft"-lsc 11 co.rricr-imn.r,c scpam.tions of 60 Mc ,1cro 
founcl on tho 11A11 head (90-150 Mc, n.ncl. 150-210) as TTcll n.s the 6o Mc cap 
frcn 690-750 Mc duo to the true and innr,o response on the 11B11 head. Dis­
crinination betuecn the responses is based upon their relative aoplitudcs , 
but, since tho relative D.IJplitudcs varied considernbly depending upon the 
oricnt~tion of the receivinc; antenna, the detemination of the correct 
rad~r frequency nicht have been seriously in doubt had not the frequency 
cf the Mo.rk 4- been knom1. It na.s rccoomendcd in the letter of reference 
(cl) that the APA-6 pulse ano.lyzcr be used in conjwiction ui th the APP..-1, 
rmd tl:i--~t t\10 or more APR-1 receivers be used si□ultaneously for ro.pidly 
chcckin5 n frequency. In the sru:io letter r1ero three tables contnining the 
responses , their relative ariplitudos, and tho reason for the i-f responses 
for freq_ucncics of 270 Mc, 690 Mc (Mk 4), o.nd 560 Mc (Hot Dog). Tho out-

-12-
DECLASSIFIED 



DECLASSIFIED 

put noter on the APR-1 cnn be used to g r eat advnntt¼_~e uhilc setti ng the 
j~r::ir.1er on freq~ency , nnd the BDK panoranic adaptor is helpful. This lo.ttcr 
i to□ TT ould be of nuch r;rcater usefulness if the st-,eep uero 10 Mc rather 
tho.n 3 Ifo. Since the bnnclniclth of the noise sic;na.1 is (a.t sonc portions 
of tho rnnco) grc[l.ter thn.n 3 Mc, the RDK is ofttimes ino.dcquato. tlith 
oxpcricnco, tho APR- 1, .Al'A-6, and RDK may be efficiently used to set the 
jn.r..ner on frequency, but, as it hns been pointed out, great difficulties 
r.1Ust be over ronc before cffocti vo resul ts l!lny be o.ssurecl. 

6-2-7. All the nn{snctron jrunners described above poX'­
fonlod satisfactoril y nnd about equally uell. Actually the RBL jammer 
perfomo.nce, as monsurec. usinr, tho nethods clescribcd. in paragraph 5-2-4, 
\7as 2 or 3 c1-b bettor than th[l.t of tho CXFR transmitters; houcvcr, this clif­
foronce nny be of tho snnc order of nagnitude as the probable experimental 
error. TThn.t ·.ms nost intercsti~ uc>.s th['..t tho II Carpctn perforrnrmco uas 
equal to thn.t of the mnr;nctron j[ll:lmors uhen it uas operated. uith its directive 
antenna., D..D.cl the r.J.(;½~otron j nnncrs ,,ore operated ui th the non-di roe ti vc 
broo.cl bo.nd o.ntcnn;,,, shoun in Plntc 4. Tihon tho r:iar;notron jar.inors \7ere 
operc,ted nith tho 11 Carpot 11 clirective antenna, their performance TTD.S ::>.bout 
8 ,lb c.bovc thnt obtained ui th n Cnrpet11 • This 8 clb a1-;rces ui th the lmorm 
pouer ::;nin of tho "Carpet11 antenna. relative to tho CXFR broad band antenna. 
If t ho 11 0[u-pet11 is assuned to hnve 3 TTatts output at the frequency o. t rrhich 
the test uns na.clc (700 Mc) , then the S db better perfornn.ncc of the r.mGne­
tron jru:iners uoulc1. inclic11,te thnt their offecti vo pouer output is approximate­
ly 20 TTatts. Since the mn{7letron j<'.T.IBlcrs arc lrnorm to deliver more nctual 
poncr than this, the discrepancy must be explained. It is due to one or 
both of tho follouing: 

(a) Tho poner output of tho na,Gnotron jnnmers is spread over 
a rric1.er frequency spectrun tbc-m thnt of tho 11 Carpet11 • If tho latter is 
nssut1od to hnvo 2 Mc banduidth, then a CXFR band rridth (at 700 Mc) of 
froo 6 to 10 Mc uould completely explain the results obtained relative to 
11 Curpet11 , assuning a CXFR total po,:-,er of 60 to 100 uatts at 700 Mc. 

(b) Tho modulation used .;ith 11 Carpet 11 □ay, for some ns yet un­
explained reason, be more effective tho.n that uhich i s obtained uith the 
□nc;netrons. This possibility is purely conjectural; facilities for detcr­
mininc nhother or not such an effect exists arc net nt present available. 

6-2-8. Plates 6 und 7 arc plots of tho results obtained 
in opcrationn.l tests of tho CXFR at tho Chesapeake Bay Annex, uith curves 
of echo strcnc th received from vnrious types of uarships, as aoscribcd in 
the report of reference (c) , plotted to the snme scale. Tho signal level 
rccoi vod fro□ the stancl,'orcl tnrGet ("Bnkor Dolphin"), to uhich all r.icasurc­
□onts TTere referred, is to.ken as zero decibels. The me!.'.IlinG of the 11 jru:i­
minr;1' curves is t;ivcn in paragraph 5-2-4-. The actual r.10asuromonts \7er9 
mnclc uith the jamminr; antennas at 12 foot height above ,:rater lovcl, since 
this ucs the g reatest hciGht conveniently attainable abo~rd the Navajo. Tho 
curves shomi (Plates 6 and 7) for grc£1..tor antenna hcichts ucro based on the 
acn.surononts nt 12 foot hciGht, and uerc drmm by using values calculated 
assuminG the jDl!lminG sicnnl strenr;th c.t the ro.dnr antenna to vary in pro­
portion to the second pouor of the j&.ininG antenna heiGht. This assumption 

-13-
DECLASSIFIED 



DECLASSIFIED 

is vo..lid for ro.ni:;cs at nhich the ja1:11!1.ing an tonne. is bclou the hci{;ht of the 
first 11nnximum" lobe of tho radar vertical interference pattern. For I'aJlGCS 

at uhich the jo.mmint; antenna is in the first maximum of tho ra&-i.r pcttcrn, 
or o..bovc it, tho jamr1inr; pcrforrila.nce curves uill dcvi<'.tc fron a straicht 
line, as shmm, dropping to 11r.iinus infini ty11 as the jamt1inr; e.ntcnna comes 
into the 11 null11 of the rntln.r antenna interference pattern. Thus, for jlUl1-
nin0 in to close rnnges it may not o..luays be that tho hi[;hest possible loca­
tion of n janming nntenna (on o. ship) is the best. In fact, for a civcn 
rado..r installo.tion, it nill be seen that to 11 jo.o11 to any specified rn.nr;e, 
there is an optimum hciP,ht for the jamr.:iinc antenna. This optinum is the 
heicht of the radar antenna first 11 maxirnum11 lobe n.t th.:,.t given rnngc. Tho 
hci6ht of this lobe mny be computed if the radar frequency o.nd antenna 
height arc kno,m. 

6-2-9. On 20 Morch 1941+ the CM~ uns operntcd a.boa.rd on 
escort carrier (CVE) at the Chesapeake Bay Annex, ui th tho jamnint:; Mtonna 
at approximately 85 foot hoiGht above uater level. The results obtained 
ngrced uithin a fcu db uith tho curve of Plate 6 for 80 foot hci(;ht, al­
thour;h nensuremcnts at close ran0c could not be made. 

7,. COlliCLUS !OMS. 

7-1. Tho· CXFR equipment as represented by the first tuo units 
rccei~cd at this lnborntory uns unsatisfactory. The rndar jnrn:iinG pcr­
fomancc uns ineffective b9cnuse of the presence of non- random modulation 
conponcnts, (pulses, etc. ). 

7-2. The desired rando□ noise □odulntion of tho CXFR output 
nas not obtained because of inpropcr TTirin~ arranGcncnt in tho modulator 
unit, insufficient shicldi!lG of the lor; level video sto.e,os in tho nodulntor, 
nncl insufficient r-f ancl video fil terinr:; of tho po,7cr leads ontorinc tho 
□odulntor w1it and intcrconncctinG tho video amplifier stages. 

7-3• Uith tho additional shieldinG, rc-uirin6 , and lcad­
filtcrinc incorporated in tho nodulator to eliminate tho undesirable modu­
lntion components, tho pcrfomancc of the CXFR is ccnparativcly sntisfnctory. 
It cqunls tho pcrfonnc'Ulcc of the Badia Rose~rch Laboratory □0-t-;nctron ja□□ er 
(cxpcrir:icntal moclel), nnd provides approxi□r-i.tely 8 db c;rcatcr effective 
jv.mninc po,,cr per channel thn.n the AM/ APT-2. (The □adulation bandnicl.th of 
t l):) CXFR is ;;reatcr th.:m tmt of tho A1V .APT-2). 

7-4. The CX...'li'R equipment is not capable of protcctinc l a rge 
ships in to very close rn.ngos (say, less t~-u1 5,000 yards) a.{~ainst racb .r 
oquipncnt of hi~h pcrform~ncc characteristics {equivalent to, say, ~.S. 
Nn:vy l.brk 4). Tho CXFR docs represent, hm10vcr, a cons idcrablc improvement 
in both sinplici ty of adjustnont and in po,;or output level over o.ny other 
equipment currently available for operation in the same frequency ranee. It 
also covers a much Greater frequency run.go than other available jammers. 

7-5• It is possible to tune the CXFR to tho frequency of a 
rnc1.--..r sir;.ucl rccci vcd on tho APR-1 rccci ver, at rnn{~cs rcprescntati vc of 
operation..~l con~itions. The typo APA-6 pulse ann.lyzcr is nn effective ac­
ccssor~ to tho .APR-1 for both sottinG the CXFR on frequency and for dcteI'-
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□inin[; that the □oduk.tion is of the proper char[!.ctcr. The type RDK Pan­
omnic .A®ptor is of sor.ie help in settinr, the APR-1 "on frequency11 • Some 
experience is require(l , houevor , in order to r:inke certain t hnt the CXFR 
is ~ctunlly tuned to the proper frequency ?.nd not to one of severcl 
11 spurious response11 frequencies Hhi ch may be obtained ni th the APR- 1. 

7- 6. The poner output of the CXFR vnries over the frequency 
mnr;c, .>.nd is only 50 to 70 percent of the values of C\7 pouer output of 
the type ZP- 579 tube reported by other lnboro.tories durinr, the developmental 
\1ork on the oscillator. 

7-7. The life of the ZP- 579 m%"'!lctrons durinr, the tests uns 
conpo.rn.tivcly short, usually bcinG less than 5 or 6 hours. This ony be 
in po.rt due to nbnorrnnl stresses incurred dur inr, exper inento.l o.djustnonts. 
'.i:hc cl..~tn on tube life obtained durinG the tests is insufficient to un.rrt'lllt 
a. definite conclusion. HoTTever , it is believed thn.t the oajority of fnil­
ures , uhich tr,ke the fonn of cr.'.'1.cks in the r,lnss nt the base (bctucen the 
clcctro(le pins),. nrc ~n.uscd by cxccssi vc hcntinf; due to r- f losses i n 
the Glass. This is, in pnrt, due to insufficient coolinG by the nir blnst 
fron the blo'7er, either been.use of i111proper plr'.cc□cnt of the slot throuch 
uhich the n.ir blo.st enters tho tube chr.nbcr, or bcc-nusc the bl0\7Cr is too 
s□a.1.1. 

7- S. Various ncch...nicnl features of the cqu1pnent a.re un­
sntisf("l.ctory, thour,h not of such nnture ns to c.,.usc coaplete f<".ilure of tho 
cquipncnt. These fc.\tures arc clcs.cri bed in the body of this report in 
parD..{;ro.ph 6-1- 14. 
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