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J . l TI1e t e:.:: t:~ c;.t: reporteJ upon here in we t·c cw t hor·i.zc u by Eurec.u 
of Srtfj" inef:r :ng l e tLt,r S6?/L6/L5 (1~' - .22- i'.'8 ) of 26 Dece r:.bm· 19 ?_3. 

~1 . 1 :'his problem. require:"' th&t, c,Xh&u2 tive t.e~ts and ext,mlnutl on of the 
tiodel ?JJ:.. l,nd Model liLB rcceivir.g ec;uip;rrentf> be m,Ade to provide tbe required 
d&t i: necc s sc.ry for the prepGrntion of revlred s poc.!.f i ~ntlor;.s ,:;overlng such 
eq1...;iprncnts . 

III DESCRIPTION 0.F' .EC;U.IP.MSi:iT 

3 . 1 'The rcc.,~ivers tested were n1c.nufrctured by the RCA Vic tor Compcny 
of Camden, New Jersey, on Contruct 22837. The 1'.odel RAf:.. consi.f:ts of the 
followlng : 

l - CRV /.,YiO Hadio i"rcqucnc;;r Tuner SeriLl #115 
1 - CRV 4551 Ir:termediE.te a nci Audlo Ampllfier Serial #115 
1 - CRV 455L Power Unit terirrl #157 

The Model RAB com, L;:; ts of the following: 

1 - CRV L,552 Pil!.dlo .frequency Tuner Serid -/171.. 
1 - CRV 1+553 Intermedic,te and j.udio frequency Amplifier [:er~e.l #74 
1 - CRV 4554 Power Unit ~eria.l h:203 

3.2 The audio system as reported upon and covered by the data, shown 
on Pllttes 200 to 217 inclusive, wss not the one induded in either of the 
receiver models, but was made up of the following perts purchased from the 
srune compeny end under the came specificutions as apply in the receiver 
contrEict, on t:aval Rese&.rch Luborctory Contract r;-173 S-189,3. 

1 Type cnv 30019 lnput tranfformer, 35 , 7-1 ratio 
l Type CRV '.:i,3001 low pass filter 

Bund . (T;ype CRV 53002 for the PJ.../1 or l puss filter either ( Type CRV 53010 for the RAB. 
1 Type CRV /T555 audio chas.si s 

3. 3 The volte.ge et.'Jlply to the csser.iLled audio sys tem r;a2 c.s indicE.ted 
in the instruction bookf supp.lieu with the RM. £.nd RAB equipments. The 
stecr..dc.rd power unit WDf: used for voltc:.ge supply in all cs.ses where wave 
fo!'!!! acd harmoni~ analysiE datu wac t&k!:m . 1, L&borG.tor-y power pack was 
employed in other te:st::.; due to there being bt:.t one comp:;.ete stl'ndc.1·d model 
of' el:i:!h type o.f eqcipricnt, c:.VEJilable, thBse belng reqt;.::_rcd almcf>t continu­
ou2ly for other tests wb.:.cb were made rimultrmeouEly wlLh t be &udio tests. 
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3u.:.r.~.Prob .R5-10 

; 4 / . ~ () ~ .. L l ~~::C0 i \T~r ~ t'tJ·t: o f t 11c [' upe:rhe ~e!:~odyne :,,:rre. Tl. e ?J.aA cover~ 
tLe 1·w1:;e of' 10 c-o 1000 and t he ii.At, 1000 :,o 30000 k'.. . T'nese eq~prr.cnts 

•!_,',· Ol)(:ni. t<..:d i'r:::::: <- GO ,::vcl c :U 0 vo .1-' t oo 1 h t a1·c : " , '«Cr <'UJ I y ... r,d 1, v .. un outpu 
i~1p.,::~:r,n -~e Ei1 . .:. t,:;.t :c:: f'o r u~,o w.:_ tli f'r om o ne t c f our pl. i. rc:- of GOO ohm telephone 
re,._•~, l \~Cr f co nno ~ t,~ . ..l i n pc.rf:.ll el . 

] . :i The f,;oJel R.iJ eu1iloy t, c.tn an tenn[, coup: i ng ~.:;,pi:-~c l tor to the r ir, t 
of t ·no 100£-e l y coupled tuned c Lreui t.:.: which are fol l owed b] c:. ;-in,;le type 
JS0J5 R.f. a:r.plifier tube. The ~ . f'. eimpl Hie r t ube has u tuneu plc..tc c.:.rcult 
;;;bE nh J r; lnctu,)tivel .Y --:oupleu to the tuned grid of the first Cetector . The 
flr·:::t c.c t e c tor f~f well a s the s e ~onu function ,:,_s pl<:-te tlc .:ector:; :for weE-k 
fi&;n&h wh i.le for s t ronger d&ncls they function \,lth both grici c1nd plc.te 
r ectifl{!c1tion due t o the preten ce of grid leak e.nd stopp:.ng conden:::ers cs 
well as euthode bias reris tor-io. Bo th the f irst and the i::e cond os-::illators 
e.re type 38027 tubc2 . Their oscill li,tc)I· clrcui ts ure lnduc t i vely coupled 
t o lhe detector c:a tho<le blcs lead. The co upling trunsformers f rom the 
firs t detector to fi r f't I. F ., from firs t to second LL , and from second 
I.f. to s econd det ect or huve ti.:necl pr lrr:ary &nd tuned s c conduries which nre 
::llzhtly les.:: t ln:n c-riticDlly coupled, i nductively. The ~, e cond detector 
feeds i nto & low pass filter cuttln5 off n t around 1.,000 cycl e s and a band 
paM; filter may be cut in nt will glvir,g appreciable attenuation below 750 
and B.bove 1250 cycles . The audi o ampl i fier consists of a rcsist&nce coupled 
s t c;;.ge employing E. type 3802/. tube fol] owed by 38027 output stage feeding 
in t o a 600 ohrn o~tput trhnsformer . An uutomutic vol ume control is pro-
vided wh i ch may be cut in at will. This consiE>tE of a high ratio step up 
transformer the primary of whi ch, for AVC action, is cut in p&!'allel wi t h 
the output transfor'mer. The secondc..ry is cen ter tapped and feed:: to two 
38027 vacuu."il tubes conr.ected E..S bi ased r ectl fie1·s . As the receiver audio 
out put voltage is applied to t he rec t ifier enodcs (pl&te- Grid), thi~ &node 
res istc.ncc decreases . This resi stence i s reflected through the high ratio 
trb.nsf'or rner resulti ng in &. lowerin e of the ef.fecti ve i mpedance loud in the 
receiver output stage pl~te circuit, t hus limiting t he output voltage . The 
degree of limitation i s con trolled by a vari&ble cathode bias on the recti­
f i er tubes, th~s provi cine an a ud i o output l evel tha t can be controlled by 
the bius voltage. 

3. 6 Toe r,1odel TIJiE receiver input couples to the antenna through a 
V[.:-i &ble coupling ccpcci tor which i s used to compens~te for various antenna 
constcin ts, thus providi ng the abll l t y to ob t a i n resonance in the .fi:?:•3 t tuned 
i nput circuit. There &re two cap&ci ti vely coupled t1.;.11ed cir :ui t s prccedl n g 
the f l rst R. f. tube , ~hich i s a type 38058 pent.ode . Thi s t~be's gr i d i s 
conn cc tcd thr01:_6h a 1 . 0 megoh.':! leak to u fixed 1 . 5 volt neg& t L ve bi c 8 a nd 
Ls coupl ed to lts grid circui t throi;.gh a 250 uufd cE.pacltor . The plat8 of 
the first ~.f'. tube ~onnect.s to a ml d tap of tbe indu~ t an:-:c formln(S & p&r t 
of the tuned ~ri<.l circuit of the second IL.fi . stcLge . The ti;ned grld c ircui t 
of this f;t&ge, as well us thi:..t of the first t.nd tli&t of t h e flrst detector 
al[,o, employi=: a. fixed .'..'erl ec ~apacitor in addition t o the custooa!~y v1::_ri able. 
The capucitanr,e or thl:: fixed capacitor vari es from abo1_;_t double to tripl e 
th[, t for the maximu.'ll of the vari&ble depending upon the frequen cy band. . The 
grid coupllng cup&citor for both of the R. f. 1:.mplirie r- 6r.ids ii: connected 
be tvrce!1 the fixed and the v&ri i:_ble capi:;.citors . Th e &rid of the second R. F. 



~.,::-,· .-_1b u:. ~n ,- '.. t .:; t iJ. ;::: vo1.tr...&'" !,Lrou::;h & l.O f!t ~i; ohr,, l ed: w.hi:.h is conn::;::Lcd 
v.; "· pc,Lc:n~. ~omct01' vo: u,,1e ~ontr o.l. Th 2 c,i..'."!,, volt,L1~,:.: vL:-1.t tioa oLt&lnLJble 
: ·~·:)::, t Li ~: vol. nme ~on tr-ol i ~ fro:~! - i . i; to -7:> vol ti;; . 7hu plc t,c o i' Lhc ."econd 
a . i . t11b:c :..:on rlc: L.: l 0 r:.r,e dete·:: t or ~,un cd brlc Lt " ;,,id polr: t on Lhe induc­
~,::: ·•.-_; ::c!rr iJ;_1• Lo ~he p,·e -:cdic g ;,: tq:,:. . The grid of the r.!ete~to r , however, 
i 5 ,.onrw ~teci J i.rc" t.,l~i t o t Le pl~. t,c: ol' Uw t;e eond !i: • .f' . t ube t hroueh a couplir,g 
"COc.t~i tor 1..nd to gror.:nr! or - B t.b ::ough Cc l . 0 met:ohr1 l eak . i'he de tector fllilC­
~i~D:'.: ::: ;; c pl r t ~ r ecti f ier for we[_k ;' l gna l s ctue to a Ccithode bi cs r esistor 
b,it f or s t:ff'i (' l cntl y ::;t.,ron;_,; sierw.l ::. t o cil't;W grid ci;rrer:t, bo t.'c1 6 r-ic1 &nd pl!i te 
rec t. i fi ct; t.lon occur. Bo;:,b c.he fir s t r,;1d t h e seeond o::.cilJ. c t orf. t:.re t ;,.-pc 
)88':'-L, t ube/.'.. The :::e o;:cc.lllL._,or::i couple t o t bcl r r espe0 t i ve dete:::tor s induc­
t i vely trn·o11eh coupli.ne;:, provided i n tr.e lr ~fatbode cir c dts . 'Ync or:cillo.tor 
fih.:nentf. nre heated by di.rcct c w·.rnnt s upplie d f r on the r ectified E supply 
pot..cn t iDl dLvic:cr. The pl.s.te circ·ui t of t h e f i r s t detector i s tuned t o the 
I. 1-'. ~nd coupled throt:gh u low impedm:ce l i ne to the t uned grid d r cui t of 
t .r:e l'i!'f t I. f . t ube ( t ype 38035). The couplini; Lrl:i.n::;for mcrs between the 
f.i. r·:. L 1. f . . Eccond L f. , (type 38035) ;;nd the detector (type 3802!,) ure siml-
1£.e r.nd consi~ t of sep&rf_ t.ely tuned gr lll anJ t uned pl c. t e circul t s. cupc.ci-
t i vely coupled . Bot.b of the I.F. grid::; obtain their L:.&s volta ges from the 
fll"'•'.:: volume ~ontrol volto.ge regulating potentionetcr &S doc;:; tbe second R.r. 
tube ment.ioncd previously. The second detector differs from t bc f i r::t i n 
thc..t it i:=; r:.. stn,icht cathode b i ased ple.te recti fier . '!'he plate clr(!uit of 
t,hi[. detector i s provic:.ed 1.vLth an R.F. f ilter in r:.dditlon to the transformer 
pril.!l&ry which feeds the low pa::;s filter es mentio!led i r.. connection wi t..b the 
f,iodcl Rf..J, G:.Udio sy:., tom previously described. The audio flys tern is Si!:!ilc::r to 
~tat dcfcri1:,cd for the ifodel RU. except for the charaeterfrti,:,:s of the bnnd 
pl,f:'., filter syst.em which p&ssef:' from 700 to 1300 cycle::. wi t h slight ~ttemJe.­
tion unci wit,h c:.pprcf!iublc atten11ation below 600 11nd ~bove 1600 cycles . 

? . 7 ?ne typo CRV-l.55!. power .::.upply 1m:!. t which if z.dl,pteble to either 
;:.he ;.IoJel RH or the RH, hu; been dosibnCl? to oper~te i'ror.i a 60 :::yde 110 
-volt li!:e ar[~t1lng &pproxi.rnc..tely 235 watts. 'i'hc power Gupply ci.r-:::uit ,::om,i · ts 
cs:::entic:lly of &n rl...f • .filter in tl:e 110 volt supply line to the elcctro­
;,t..E,~lc&lly shielded power tram;forncr, two type 3318-0 rectifler tube::o, a two 
[ tr,ge filter, a voltage r·ot,;t:lE.. tor tube 2.nd the vol ttige divider sys tern. Tho 
u;o type 38180 rectifler tubes are oper.::..ted in parallel and the type 38;2?L, 
regulr' •· tube i2 employed to s tt~blli ze the 90 volt B supply v:hich feeds 
U,e 0[:CllJ 1:, Lor p2.a tes and improves frcc;i;en-:::y regull:. t i on. 

J.8 In viciT of the det,c:..::.led description given in the i.ns t.ri;.c t ion books 
~uppli.cd with eE.'.!h t.:,'pe of cqui ymcnt, only i:. Liricf descript i on hu<, been 
(';i vcn herein . If fi..r ther de U.1.il is desired, the reacle!.' l s r c f'e:i.-red to RCA­
V..:..ctor Compuny's instruction bookf. &.s issued with ContrE.ct U0s 22837 dated 
30 June 1931, #IB-23206 npply ing to the ~lodel Riv! and #IB- 23207 to the ~iodcl 
RAB. 
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/ . . a OUTLINE '.JF TESTS . To~ follo,, l nK ·t,~ ;; t,-; ,.-,c:·c ~cr~plctetl L"'l the 
~ Li::; allotted: 

1 . • &.1 ~cm: l tivlt.,r . ·rhc ~pl.i.!..u.da of the c;;v lnput .3i,;n;..l r equired 
t i) proJu,'!e :.n ~,udio o.;,tput, o.f' :i r:,illi·,1r,tts ( f. l c.;m-1- plu:=,-!"eceiver no~se), 
the rc ,'!o:}iV'3!.' vol ume ~ontrol belug set f or· an output 01 0.42 milliwatta 
of receiver nois e wlth no lnput slgnal r~ud with the re,::elver tuned so as 
to pro.-.iuce (, 1.000 cycle outµut s ignul. Test.,; ms.de for five frequency 
settings (each of whi ::h i s t h~ geo:nctr-l ~ me.:...n of the u.djacent two) ln 
e~ ... ·::h or tho .flvc freq 11en,~y t·c::..nd~ .. 

!, .& . 2 ::' e1.e :: tiv:.ty. Rc. tlo of the i::.."lplitudc of o. GW i nput signal 
( t he f r,3-:1u,mcy o f z;hlcb difl'ers from r e;:;ona n t freq:.~ency by a given per­
cc:.1t) to t!le umpl i tude o f D r e :::onant !'re,1ucn:zy lnput signc1l, ;1hi~h pro­
J u ::es the sa:ne $ i gnal vol t c.gc on the gr id of the second ::l.e tee tor as 
wu~ proauce.i by the forme.:- slt,-n,,.l, resonant free:,uency being defined 
r.s that frequency wbl~h prodU1:!es a 1 ,000 cycle output note . Tests 
r.i.a<le for th.z.·ee frequency rnttingo i n etJch of the five frequency bands. 

1 • • ll.3 Gnin of individual circuits. ili:.tio of' t he signal voltage 
on the grid of any tube to the si.in&l voltage on thP- grid of the pre­
ceding tube which produced the former. Tests made for three frequency 
settlnc:s in each of the five f'requency bands a.'ld for various percentuges 
ec..ch side of ca.ch resonant. frequency. 

/4 • a .1. Image freguen cy sensitivity. k!pl itude of the image fre-
q u~mcy CW i:iput s:.6nal required to produce an audio output of 5 milli­
w~ tt£ under conditions identical with those of par . 4.a.l. Image 
frequency behg defined as a .frequency equal to the resonant frequency 
plus t\vice the intermediate frequency . 

l+. o. 5 Overload curves. Resonunt CTI input mi-arovolts plotted 
agulnst milliwatts output and uguin:=;t second detector plate current. 
Test m~de at re:=;onant frequency of 1,000 kcs. Receiver tuned for 
1,000 cycle audio output note. 

1,.e...6 Beat rreauoncy st&.blllty_. Percent deviation from 500 cydes 
of the &.udlo output frequency plotted a 60.i:1st JC suppl.;r line voltage. 
(Sec par./+-b.6 for re&non for use of 500 cycles.) 

4 . a.7 Duplex selectivity data by the two signal generator method . 
.::'he rnrnbc:::· of CW input Mi arovol ts required at 2%, 5%, and 10% off r eso­
tt~n~e to vury, by 3 dedbels, the standard output ob t ained from a reso­
:1ant frequer:~y lnput s ::.~:ml. The receiver being adjusted us ln par. 
/,.&.l. (Test not co;::ipl~ t t:d for reu!"on given in par ,4.b,7.) 

I •• a. 8 Signal voltage per tube. .Ampll tude of the CW .si~«l ap­
pearing on c.ny grid &t r esonan~e and at vLriou2 percentages off reso­
nanoe, pe r aicrovolt a pplied to the rece iver input t erminnls. 
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! . • b i'.c!.:.,fHO.O OF CONDUCTING TES_TS 

4,b.l ~cnBltlvity. A ~t~nJ~r d stgnul benera to~ was ~onnect ed 
to the :-e~civer i nput t ,:;r·i01b ah thr ou~ b. JOO ohr.i non-lnductlve re­
:::1~:tor ln ~-eri g;;:- ,11th t he G.ntenna input t.a rmi!'lal. ,'ilth the signal 
generuto.:- delivering a CW signal of p redet ermined frequency, the re­
ceiver- wu :-eaona ted so th:,. t the bea t note (audio output frequency) 
between the ;:;econd o.sclllutor c:.nd the int,~rr:iedi~te frequency was 
1,000 cycle3 (on the side of zero be~t glvln5 the loudest s ignal) 
end the l.nt.cnna compensator m.:.s edjcis t cd for muxlmum audlo output 
u.-ider thefe ,"!ondi tlons, wi th the antenna coupl ing switch in the 
"tight coupltng~ po~l tion. All tcstE were made with the automatic 
volune con:rol and the bend pass filter t urned off. 

Tii ti1 the sli?lel generutor utt.enuator set. e.t £ero output, the 
receiver volu:'le control wus aujusted t o produce O. L2 milliwatts of 
receiver nol<'>c output. (At sor.ic fre~uendes, full gain setting did 
not produce thls noise output.} There was then applied en i nput sig­
nal of sufflci~nt amplitude to produce an audio outp~t (nolse-plus­
signal) of 5 millbrattG. The amplitude of the required i nput signal 
is the sensitivity of the receiver at the test frequency. 

It should be noted that tests of sensitivity for modulated 
slgnals usl~g l,000 cycle modulation would be lmpractlool beoouse 
the resulting zide ocnds would differ front the interaedlate frequen­
cies by the followlng percent~gess Band 5, 0.412%; Band 4, l.05%; 
B&nd 3, 2.65~; Dend 2, 5.0%; and Band 1, 2.65%. Reference to e urTe 
sheets nos.6-20 shows that these side ba.~ds urc apllfied, by the 
i:J.termedifite frequency stages, to a f ar l ess degree than the carrier 
frequency whl~h they accomJ)Cley. For tbts reason, such measurements 
wocld menn little or nothing. 'lbe side bulds of 100 cycle modulation 
would di£fer from the intermediate frequency by 0. 5% ln Band 1 and 
although the di~crimlnetion against these aide bands in the other 
bands of the reeelver would be negl161ble, the use of 100 cycle (or 
lower frequency) modulation would be impractical because of the d.1s­
crlmination of the audio system for such low frequencies. As a con­
scquen~e , ~11 senf.itivlty measurements were mnde uslng u CW i nput, 
the audio output being obteined by co~binlng the lntermedlate fre- · 
qu.en:zy- wl th the ot:tpv t o: U.e second oecille tor ln the gr1d of the 
::;econd detector. 

l .b.2 Selectivity. Inn~~uch as selectlvlty is a r~tlo as de­
flncd in i.t...2, it ~ould ~eern thct the use of 100 cycl e ~odul.cted 
tcEt dt11t:.ls mi&ht be sc.tif;factory except perhaps in &.nd 1, beet.use 
the diEcrlmin&tion of the tntemcdlcte frequency circuitr, i s not ereltt 
for dde bt..n<lf' dif.ferlng by such small pcrcentngef and ~lso because 
the low cfflclency 0£ the audio S'Jstem et 100 cycle~ would be can­
celled out by the frnctlon reprc~enting the re.tic of input ~ignals. 
There ls, howeve1·, EJl importent cUscrcpancy \mlch erif:es in the mea­
surement o! selectivity by the use of modulated signals which are 
adjusted to ~&lntein a "conEtent" n~dlo output whtle the test sig-
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nr l j :: det uned t:,· -r.rr . .rlol.£.; pu I ' 1"~nL:. i_"'.-.. t . 'TLt;.. t~ i~·e.rcpt.t1~y t.~ls e ~ in the 
.:'011owl ns ~.1,mw,·: J..s ovtlLncd Ln p::..:-J.&.;_, ti:2 :·t,:~~lvcr ten:-ltivlty 
L::: rd j1 ::=,· t ~6 ~-o th~t t bc :1n ~i;c ol::pct fr 0.1.;.: . .u~l::.wt.cts. Thi~ nofrc 
.: f: pro(:.~::c(.; &~ rollo;·,·r : In tht~ tuned lr:tu t ·:!lr~~i t pre~edi~g t he fir ft 
~J - t 1.!L·~ ~ thf: ~·c t re ~-3:1.e:·r ted, t~, t!!,3l'Tl£'.l t.t:l LLt :.o~_, ~~ Lnut.c vo l t[t!c~. of 
r E f:·c:p !cw~Le- fL'<W t l.c :I o·,;..::: t Li·c; i 0 frr.?1 ; 1;m:,--:~, Lo th e bi ghe .c t riidio 
f t·n :_, J.C·''·'~,::. ~-c r•~•Llc 0 t r'1 't'' .L

0 ""l'"t ' '.L· .,,. .l , ; t 1·" +- l-'"'""'t' H·•o'-"' ~h -~ .. m~1 • 1.· t' ~ , , 1 _ J-.7 _, ...., ~·- .. ) ~. · '"-~ ....,. 1. •_. .1.. ... ..,,. ~ ...,; . ... --. ~ ... ) '-' '""" "\.:~ V t __ . ,c.., t...g c..-

tlon ,,_ .. c-1 t.:: ccr. h::: "'1.r ln& frc(; :._L•:n ~.i.(;r ncc.r the n& t1;r£: l .frf?(i usr:-:!:,,· o!' the tuneJ 
.i.n:p: t. -::ir•:.:~il t t.pp;)u' , cr0,r t lte pt rc..lJ. c l t-1.l!1Gd inpt:t ~lrcui t ( Utt t it, 
0;1 U1c [;r::f of the fl rs t f.f tube·) & ~ J'c:,-:: l[:;'€:Cr vol t 1:;[e:: ; their ampli­
:,vcle.: bcini_: l n the ::·:.n._:c of 0.2 t o 1 r.-.iC!' OY.)lt. TI:e thernc.l c.gitiition 
vol tl,f~C~ hllvint; frc(1ucn ~ic~ d iffer lng f ror~, the nc t ur&l .f r equency of 
the tuned input, eir:::1.:.lt tppel !' c:, f lc~:-;er volU,g<'::rc, so thc.t the voltllges 
c,n the, €::rld of the fln: t tube m.:.y be rcpre :::.cnted by c. resonc.ncc curve 
o: ti::a t u.:·,eJ inp11 ~ ::ircul t , ;:,he r.:·ct. of rihl•"!h lfc' ~or!plet cly f illed with 
voltra;e 01·dina te.:: of every i'rec:;,icr:cy repn~cen tE:d by the \'tidtb of the 
!;[..t e of the ~l~.rvc . 

&::.:::h of the~ c therr.1::l ~i t[..tlon fre:~t:en~.:.e:o i::: w".1plified ~J the 
fin: t J..l·. tl:be, dcte:::ted by the ±:'i::.-~t octec to'!:', &mplified by the inter­
mccif te frequen-::y r: L~ f;e::: &nd delivered to the gr id of the second de tec­
tor. Of courre, ln pasi.ing through ec..~h tuned umplifler- ste.ge, er.ch 
lndiv.:.ciuul &gitatlon frequency is amplified in propor·tion to its posi­
tion on the re:com,n::!e curve of that particulf.:-- cti,ge t;o tha t the egi-
tc tion volu.6c.;c. i::ppeLrin5 O!l the 6rid of the s econd detector· t1Ly be 
reprc:.::ented by c..n overcll receiver resorn,.nce curve, the 6..!'CL of which 
fr corr.pletely filled with voltt,gc ordim.:. tes of every frequency reprc­
rented by the:: ,1::.dth of the be ::e o!: the cun,e. 

f_~::-ur:!inG the second detector to be i,n es sen tiull.y sqm...re law 
J.cvic.s, thes e many vol tq:;es on the grid wlll p!'oduce the follow.!.ng cur­
rents in the plc. te cir cult: 

G:"oap f.. Fre~uencics iden tied with those impressed. The &mpli-
tude of the pl&te cur:-ent of euch frec:ucncy in this group is propor­
tionr,l to the urrpl.t tude of the vol trsge of the Et.me frequency E:.ppell.!"ing 
on the grid. '~hece ~-re rE-dio frequencie~ and cc:.n not be attpllfled by 
the £J udio CTys tern. 

Group B. Frec~uencics whi(!h src tv,ice the frequency cf ee.ch voltage 
t,ppee~rlne o!1 the t-rid. The amplitude of the plc..te current o:!: e r.ch fre­
Ci1..:ency lr.. r.h is &;r ot,p if- proportion[l.l to the fqm:re of t he umpli tude of 
the; lnp!1 t vol ti t_:e ;,:hi.::h produced it. TheGe l:.re r &c.io f r e~ucncies and 
•~t.n not be c mpl ii'ied by the [..1;dio system . 

~roup C. .Fre\:t:enc::.es whii::h e re equcl t o the sur.i of ecch frequency, 
o!'l the p·id , t.ddetl to &t.ch of the other frequencies, on the grid, reGpec­
Lively. The ir:plitu<le of the plEt.e current of e;~,-~h f::sequency ln this 
r;roup i f proportional to the product of the l .wplitudes of euch f requency 
,,h.!. c..11 prorlu -Jeu. it. These E-re n.dio fre quen:!lef r.nd con not be runplified 
by tLe c..udlc fJStem. 
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Group £:"; . 'lbiE group lf repre ~ocn t sd by pl&le cu.r.·r,:,n tt- of zero fre­
q_uoncy; Lliht i:o , by ln-~rcc.:en t.~,. of DC: pl&t~ :::vrrcr.t. El-ch i nput volt&ge 
p.:-od1;.::c::: &c lr,.::rer,,ent or plt,t e .::u!'ren t pY-opcrtiom:l to the ::;quure of its 
c~plit1..ide. Tho t o t1l lncr cr.:6nt of plt te ~ur:::-ent is proportlonc:..l to the 
: ;1.r.1 of tho a::rrur.:::·cr, of the r.mp1 i t uJer, of the lndi viduul gr i d vol u1ecs e:nd 
is independent of their r·espE::cti ve fre~:ucncies. 

Now consider w1 tmmo<luls.ted ct..!.Tier f r equency :ot the center of 
the ovcrt.11 re~clver re:-:·or'.~cc curve &.nd ha.vlng E-n amplitude oeveral 
tirnef li.rger thun the it;i u:.tion vol tege of the rn.mc frequency. The 
u .. dio noise output of the second detccto.::- (Group D) i s now greater than 
be~ore bcC[.USe et.ch of the other L 6 lt&tion vol tugei r.hile be«tini; wlth 
ct.ch other ere producing the semc nudio output cs before, yet el1ch of 
the□, v:hilo bet;.tlng v:ith the lE.rge carrier, is producing u larger E..udio 
output Umn tefore. The DC plLte current of the detector h&s also been 
increu:ed by L.!1 E.mour.:. propor t.lond. to the f<1uc .. re of tbe co.r1'ler anpll­
t,ut.i.c. 

[.uppobe thi~ c!..rrier to be 30.'i modulE.ted at 100 cycles . The 
c&rricr mplitude if unchc.nged, but there t.re added two fide bands spaced 
ln frequency 100 cycler r.bove end below tho ci:..rrier. T'nese side b&.nds 
wlll corre~pond ln fre(:uen:!y to two of the E.gitation frequencies already 
p:-eLcnt vrho~c differ·ence frequcnc-.r ,u-.r; clretcdy producing the 100 cycle 
co:'!ponent. of tlw nolse output. The n<ldition of these side bands not only 
lncrei.sec the e.."'.!plitude of tho 100 cycle component (<leslred t.udio output 
ln thlB ct..::;c) but &ho increE-.:::es the urnplitudc of ell the other c.udlo 
noise frequencies in the swnc mcnner ~s did the introduction of the un­
moduleted cGrrier. The &dditlon of these s~dQ bands also incre~ses the 
.CC ph:.te current b-J an m:iou.nt equr;l to K _tr_B"_ = 0.045 KE2 (where 

2 
~ = 0.3 for 30% modulation,~ is the ru:iplltude of the ccrrier, ond K is 
& proporti.oru:.llty i'cctor. The increment c&UEcd by the ccrrier £.lone was 
r.E2 ; therefore, the increreent caused by the JO% modulat ed carrier is 
r,1,,--2(1 + 0,045) and thus the increment caused by the side bands is only 
~.5% of thfit caused by the carrier. 

It can non be seen that, although the receive1~ m~y be originally 
cct to produce O.l2 milliwr,tt~ of noise, when there is applied a moclulo.ted 
lnput signal of sufficient amplitude to produce n signal-plus-noise output 
of 5 milllw<:.tts, the nolse component of thl;; output is f e.r gret,ter then 
0,42 milliwutti:. This ls eDsily proved by removing the modulstlon from 
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tli t- "«rr-i~r En.:i nc t.ir.6 th,,I, t l: ~ ouLpuL u.:u.:.1.1.:-, r: i·opr l!'C::: ':i r.i Ulir.l,tL.c= 
tv ~-Lov~ /. mllliw~,tt::-, w1d r'o L t o 0 . 1 2 nill Lwt. tU: . The second. dct c~to!' 
ril:: t.~ :;;_' !''r'€nt ehcn•f"~ hr, ly t.t. ,all l\t,en this h · oont3. C0!"!:3-e~uently . 
tlic , :::pll t :;Je cf the ir.p~1 t ~; i 5:1Ll . r e•-:u.:.~s~i to prodt.: ~ed t: f, l !;rl&l-p.: u~-
1·,ofre ot..tput o f r. r.iillhH,tt,,- , i f fr :- Jc::~ t.bt::1 r:0~1ld be !"er:ul r ec: h id 
tl1c no i ::;c lcvd GO t, increu. tid . 

Concldcr 1.m., a CJoJdct.~i c&:-.:-ie .::· O!l the g!' ic of the :::e~or.d de­
t e ctor of the :::a.:?e ll:!pli t ut!e L$ l:cl'ore , but l oi::c:i ted ~evcr t:l per,,.ent 
E:.wtiy f rom Lt::, for:?? cr po:: l tlon in the cent.e r of t h e ovc:::-E,11 receiver 
r c:·on:-~ncc ctl!"vc . (To p:roC:uce u~it cE.::r"rl er, the rece ive r l r:put t.□plituoc 
mi.;::t , or cource, be ft..:- t.:rel•tcr.) vuppose the fre:iuer.~y of thl~ ne\; 
::la;m.1. to be z;,;.± thi:t the c i i'i'cr'cnce bet·ueen its frequen~y and th[ t 
of the igitt,ticn voltuge, li t the cent0r o i' the ovort,11 r e s onr,n:~e cur-vc , 
t o be LJ hliher frequency th1.m the ~udlo sys tem wlll ampl i fy . Then, 
tho:::e q~l u , tion frec:uencie., which t ire neu·er the Cl:.r?:·ier f r equcn~y 1::uy 
or mLy not proJuce t.n t:dlble ol.:tput, cicpcncling on the l ocE>.tion of the 
c1.rrier, but ir. ~ny ~vent, this incr~w.ce d noise output, i f produced, 
,·1111 be le:;r "th&n \\lth the .::.:.rrlcr t-. t tbe cen:.er o~ the re~om:nce 
ci.rvc, tecc.n~e the t:nplituucs of the agit~tl on volttf;ef: which cio pro­
dti'.!c en c.udible ot tput, &re fE.r ld:.G tht..n the agi-wtlon voltc.6es near 
the center of the overall rcconance curve . Cons equentl y, lf the umpll­
tm1e of tbt::- off 're.:ont:n~c -::adult: tcd cLr:dP.!' i z now adjusted to produce 
E. f.i~~l-plw::-noif::c outpnt of 5 millh•wtts, the uudio ou:,pi;.t will con­
t1iln less r.oiBe thon i:: the case et rm:om.n-.::e &nd muy wel l contt.in only 
the orlgim.l 0./.2 milllwutt.s of nohe provltlod Uiat the ctr1·ier i s f a-r 
cnoust removed ft'Or.t re:;onancc. 

:'ro::1 the forecoir.g, lt ,;ill be ob~e!-ve<l thLt for Cl cor.:::tvnt 
rigm;,1- plw--noise audio output of 5 milli'i',c.tts, les:::: modul&ted cr.rrler 
ir re~uLre<.l on the g;r id of' the t'e,::ond de t.e(~tor c:. t resom: .. nce thc:.n ~t a 
fcv pe1·i::en t off re~onunce . This ccndi tion is 1mtenable be cc.use the 
net.hod of test predicate~ thut con::t&nt nociulcted carrier voltages on 
the e;.rid of the 1:,econd detector shall produce constant audio output 
over: u l E.ree :·re,1uen:!y rungc. 

To ullevi~te thls condition , the Ludie systen W£.S not used as 
i r:iei.::::ure or the rc,"4 io ( Ir) frequency on the eriu of the second detec­
tor, but ir.ste£:.d tl'!c increment of t;ver age plE.tc current of the second 
detector we.!:. used for tbi$ purpo:::e. Fron the foregoing discussion, lt 
i:; evi de:1::. tli::.t the V"<luc of the incr012e:nt of the aver .. ge (DC) plc.te 
cu::-rent oi' this tube i f proportion&.! to the i::um of the sqm:c!'e::; of the 
.:.npll tudl)~ of &ll the indl vi<.lual vol tt.ge~ impir.f;lng on its gr id, r egl.l.rcl­
l t:M of frequenc:,· , so tht. t the t.gi tl tlon vol tagec &re r epresented by r,. 
:'!ou; ti:-.nt ln~re;,ient. o:' I,:lc.tc c~!:'ent tn:i the b.ciciition of en unmodulLted 
::t ;·:·1-er ~.::..ures l.n u!cii tlonl.l incre1..ent of ph.te current regl.rdless of 
t he frcqucn.~y of t.he cc.r.::·icr (within the llI!litt, ln wh.!.ch we uro i nter­
cr Le:d). 
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r::~~c.:.""-:r~ , ~J:l;: u:-:;th;Ji :ri:...k~:. ~v;:riCl.:; the {~ccu.r~t:t~ ctt::[.~U!'et:.cnt 
of the moC: ul1: te.i or unrnod ulc. b.;J ( r E.fr t.:.l t::, &re: t he fHf:i~ l n e i thcr i::nse) 
tignr,l irwut requ ~:-e.::. , .::!:, r,ny pcr~ent or~· fr.::quen•\Y, :,o pr oduce t he 
.:t:r~c ,~:.!rt·ier- voltvt:a on the 6:-l <l of t,hc H:'.!or.d d~ t :;?cto:· cf. 5.r proJuced 
b:,· i ~ 6 i ven tnp1i t f-ign.:~l tJt recon.:.n-:?e , 

.:-or r e fcr er.ce to the for E::goi ng t t co:-y ::ee "Co::-.munl cs t i on J:.:n.;i­
neel'int:n by \':' . L. Evedtt, lEt c dLtion, Chr.pter XVi i n general E..nd equf.l­
tio:1 (9) in p,tr tlculrr. 

f,.b . J Gi.ln of lndivldt;L..l c:lr cuit:: .• The ir.cu~ur emcnt of E;E..in of 
eu•..:h :::trgc ¥:a~ !!?ace co11"1 rrently wltb the mc&::tl!'cmcnt o f over-t.11 selec­
tlvity ~r, follows : 

Cfing e C\/ i npt:.t : i 6r.w. of prede t ermined frequency, t he receiver 
w~r tuueJ f.o t~~t the ~uc.io output frequency (diCference in f r equency 
bct'.'1een I. .f . ca r r l er &nd rnconu oscillt.. t or) \VLS 1 , 000 cydcs a nd the 
t.:1';.c:1nl. (!O>::pe::wd,m· l.djuftc<l f or □mcimum output v,ith the 11z.ntennc. 
couplinC SViitch in the tight posi t ion. The sc::ond oscill~t.ur v:ui then 
turr.ed off und uith no lnp~t signcl the receiver volume control wor, set 
for an oudlo output of O.L2 ~illi\J~tti of noise . .fol lorilng these ad­
juc t.:?cnt:, no further i.;se was oc.de of the audio rystem. 

The nor~&l plate current of the second detector is &pproximate­
ly 35 microampel'e~. '.Ihe i.ncrcnents of thi:, pl[,,tc current were met.s~cd 
by mean, of a 0-6 Ecale mlcrownmeter shunted by & 1 . 5 volt bl.ttery l n 
~er les v.~th L.3,000 ±. 1,000 obn::: to act as £1. "bucking" circuit . The in­
strument re:: iftancc wes only .3, 500 ohn::., thus insuring good sen::.1 ti vi ty . 

\'Uth the re-~civer uljur ted &s described obove, there was applied 
2 1.lffidcnt Cr/ input {,ignel to ce.use 6 0 , /~ microt::rapere increment in cccond 
detector plate current (a purely u.rbitrELry value) . Next the same fre­
quency lnput f'ignal we.s appl ied dir ect to the grid of the P..F tute (the 
lc~d from the grid cap of the tube t o the normti input circuit being di s­
connected) and the ground return ci rcuit from the signal generctor con­
nected to the m[.in bias lead as shown nt, "B" on Plr.te 24 , 'lbe input 
slenal w£cs then lncrebsed unt i l thore w~s obtdned & 0.4 m!.croti.mpere 
ln~=err.en t i!l $Ci::ond detector ple:.te current. Tho ratio of the s i gne.l on 
the grit.: of the F.F tube to the input :;igm:l (300 ohns in series wi th nn­
tcnnc tormin~l ln all tests) then tcing the gein of the input s t cge at 
rc:::on~n~e. 

Similt.?'ly, the sienal on the grld o f the f.i.rst detect.or r equired 
to incroace the second detector plste current 0,L microumpcr es r.~s me&­
~1:rcd; the {;round rctc.rn fro□ the signcl gener a tor boi ne connected t o 
~:'!'.·oun<l . The n .tio of thi~ dgnul to th&t on the grld o~ the RF t ube 
bein6 tl.t. gi:. ln of the ?.f clrcui t . 

t;ext, tl::.e slgm,l wt..s t gdn appl i ed t o the r e ~ei ver i nput to make 
b._::(:.!'i~it.:l u::e or t h e t.zullly detrimcr..tt..l flr"' t d r cult nolse. \'lith rnf­
f!.r.ient ::iE.-r..Ll. c...pplie::l. to produ'?e lclpproz:iJrl~tely 0.,4 n1i croumpares incrm:ient 
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of :=ccor.d dcte,: ;:,o:- pl ,. te curT cn t , the :::l,;rn:l from a seconci r-i£?1o.l gt>n..?­
;:•d,or y;ar-. vcr:,' loo~-cl y ~o upl ed i n p&ri:..llcl with .,he normal input circuit 
of t rw fLr ~t I.f. tube throuch " ;: 5,000 oh., r~si::tor. The .. c'onJ fignr.l 
~/:r.e:-t tor wu, set ,,5>JH'oxi mc. tely t o the .kno~vn in t r"ledlE tc.: f reqt..c::r.cy ond 
U,..::r. t une.:! t o the ex ac t intermedi~t e f r equency (prouu"cd b:;r t,.he currier 
f r 0rJ t t c rlrs t 2 lim.l ean e r1;;. :-01· p~,z s i r.g throui;h Lr.e fir~ t, c..c tc ... tor ln 
r~cmb i.m~ t ion wl th the f Lr.s t. os clllu to1· s i gna l) by l L t enint:; for the eudio 
ou~put note pr oduced by bel:.ti ng the second f i bnr.l generc.:tor with tho I.f. 
c:.:.r:-icr . lue ntic ttl f requcr:c l es may be obt a i ned by fir~t tuning for "zero 
bea t " wh ich :!1ay be s lx ty or mor e cycles on e i t her i=:ide of true synchro­
nism, end then by mor e car eful tunir..g the noife level or iginating in the 
;_~ir2t t uned ~lrci.,; lt mr..y be caw,ed t o d o7i'l y r i s e e.nd fr.ll as the t .. o sie­
nt,l ~ fr.11 i nto exact s~,.n~hronisr.i . 

P..uvir.g thus ::.:.e t the s econd s i gnal gencn.tor t o a frequency identi ­
cc.l .:i th the lnter mcdi &t e frequency , 1 t was now d i r ectly connected to tho 
grid of t he fl r st I. .F. tube, i t s gr ound return being connected to tl:e nor­
r.1.c.:l b i r-.s l er .. d at "B" as i n the ct.se of the R.f. t ube . The wnplltu<le of 
thi c .:nter i:1edir.te freqt:ency m.s then deterniced t:.s before and the eai n of 
the fi r s t dete~tor W/iS tl..ken as the rntio of the Lf. signal on the gri d 
of the first I.F. tube to the R . .f'. signtl on the grid of the first detec­
t or . 

In a similar manner, the gt:.in of the f irst I.F. st~ge m!S deter­
mined and f inclly tl:er e was f ound the signv.l on the grid of the second 
detec tor r equired t o produce the 0.4 microanpere increment of plate cur­
r en t . The value of thic signal determined the gnin of the second I. f . 
s t uee and the over ull gsin of the system. 

fro□ sioila.r meu~urernents made c.t radio frequencies differing 
f ror.J resonant f1'cquency by given pcrcentuge:-:, the guin curves of individ­
~ drr:-uits were plotted aguinst "percent off frequency" . 

Datu for t he g~i n of the second detector were taken us fol lows: 
At ecch l n termetlil.,tc frequency the gc.in of the second L F . st&ge was 
c~reful l y determined, af outlined in p&r.L .b.J, and m&lntc.lned ct this 
level. The proper i ntermediate frequency wLs applied to tho grid of the 
recond I.F. tube so that in comb.:.nation with the second oscillator s i g­
nal, a 1,000 cycle beat note was produced in the plc..t e circuit of the 
second detuctor. Tne intermediate frequency ~ 6 a ppl ied to the second 
I.f. tube r~ther than direct to the second detector 60 that the gr i d 
,::irci..:..:. t of the latter would be normal in every wcy. Suf ficient i nput 
dend \~u- applied to produce & given number of audi o output milliwc..tts. 
By ~ubstitutlng a me£.:;ured 1,000 cycle signal a cros s the prlmnry of the 
flr ~ t eudlo trc.nsfo1~ er, the audio voltage requi r ed to pr oduce the gi ven 
oi..:.tput ,vt.s determi ned. The i nput signal a t the grid of the second detec­
tor v,as de t.ermined from the input to the second I. f. tube Eilld the known 
bLln of thLt stc.ge. ':'he r~tio of the sudio out p ut vol"tc:.ge to the i nt er­
r.:cJlt te radio freqt:en~y input volu:ge is the €ain of the s econd de tect or . 
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!, . b .!, Image .Crc:iuon:~v fE~~1sitivlty. The f1·equency of the input 
;:i!].1l.l ..,,::r s.ppro:d;:;r ~~ly set to Lhe imt ::: f'reqt:ency c.nd then uc.:urate­
Jy i:.c1j ustcd t o produr~e n 1,000 -::yclc audio beat note (intermediate fre­
c;ui..mcy bm:ting r,econd ozcilllitor frc,·:iuency) . The aoplitude o;· :nput 
.. · ,,.,,.._l n°~ ~-~·,.ry '"o "ror1u~<> ,. no' • c pl1 ·~ -l ·1 t · · .:.J.b • 1~0 ._;.•.,.,,.;: •. ,. v F " ~- ~, • .L.: - c.w-.:: ... {;nCA OU put of 5 mi.,111.~:..tts 
-.:t.·· tr.en tho requir ed ''sensi i,lvity": the rect:!iVer gair. huving been c.et 
Col' 0. 1.~ mi.lliv.,.tts of nol~e output with no lnpnt signal. ~ 

In ~omc ins t[;.nces, the imc.ge frequency sensi ti vi ty wus o. 5 vol ts 
o.r: l e,,~ in ,,h ich case very b.ccura te mcusuremcn t s could be made using in­
put s ::.gm.J.:-; direct f ro!!l the f'ignal generc.tor . ln other '!Cser, it was 
ncccsw 1ry to t,mpJ.ify the s i gmil generutor output, mer.suring the receiver 
input signul by means of a vacuum tube voltmeter. In such c&ses, the 
ir.c recised noi:,c level ari ::ir.g from the tubes and cir cuits of the signnl 
~plifler made mcl:suremen t dlfficul t but despite this, fairly rel i.nble 
rc::;ults were obt1.:.ir.ed b-.f mean::- of me&s~ri.ng the receiver total noise 
output (including noise i'rom signal amplifier) without input sigmil and 
t hen b-J introducing &n image signal sufficient to increase to audio out­
put by I • • 58 milliwatts . ThiE lutter- f'lgure was taken becaue-e the sig­
!::!r.l content cf the 5 milliwatts output,when no c.dditional noise wac be­
ins introduced by the ::;ignul amplifier, was 4 . 58 millhu:.Us; the remain­
ing 0 . 42 milliw~tts being receiver noise. 

At some .frequencies, the preselcction wus so excellent that 4.58 
~illiw~tts of signal output could not be obt~ined even with the mrucimllill 
input signal of 15./45 volts which wus convenient to measure with the 
vacuum tube voltmeter . ln~smuch c.s the mec.surement of greater input sig­
nc.l~ would hRve been of little practical value, there i s reported, in 
f' .. h'!h cl.see, the audio signal olltput obtained with this mL.Xlmum signal 
voltage . 

/. . b ,5 Overload cu.!'ves . De.t&. :for theEe curves was taken only at 
1 ,000 kcs . 'l'he receiver wus adjusted so thut the intermediate frequency, 
so produced, beat with the second oscillator to produce a 1,000 cycle 
output note . 

For Plate 21, the receiver gain was set to produce 0.42 milli­
wctts of noiEe ou~put &nd data plotted showing receiver signcl input 
versus output milliwatts (signal-pl1is-noise) and versus second detec­
tor plo.tc current. Under ti:ese conditions, un input signal of 3. 5 
microvolts Wv 0 required to produce 5 milliwatts output. 

For Pl&te 22, the receiver gain was set :;o that 200 microvolts 
was regulred to produce 5 milliwatts output. 

f'or Plc.te 23, the receiver gain was set so that 3 ,400 micr ovolts 
req~ireJ to prodcce 5 milliw~tt~ output. 

l -b.6 Beat f requency stability. The date. for Plcte 25 was ob­
tained at 1,000 kcs (highest frequency of thiE receiver) by tuning the 
receiver to the se~ond harmonic of a ~00 kc cry8tal oscillator, so thut 
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~1t(1 r-:-,.r.!t,:1r· , w.ill pr0Ju,~.~ s uch lar",:!;€: key clicks in the recelvar that any 
;:;.:i~l l v1.:.ria tion in de~; i~Bd 1:>igrietl lev~l rc:.-u].l .. ing :ro" the ste1 dy in­
':,eri"e:· i.n~ ~ar!'ie.·, wlll be i.:-12 i ~ i fica.n t in co;1r,o.r:~on to the lnterfer­
en(:O p:·oJu.::cd by tiw ,.;l l d:r, . 

: . . _t . 8 ... le;n:.,l VQ..~~gc per tub~ . '!'h0 u;.t,[ , rcpr0· ~n t ing the renults 
0 t· th is test , wcrs t,~ken d Lre~tl y from the d:ltu t::::eJ in obtc.inlng the 
" ~it: l!~ or ind iv Ldui:tl ~ i.r· -::ul t 3 1' (par ./.. b. J) . 

Obvio u::ily the :--. ignel vol t ,c~e on i:.he gdd of the fir:s t ..t. F . tube 
pc :· JTiicrovolt r ece i v e r i npu t is numerically identL~al with the gain of 
th'3 inpnt stage . The s i gnal voltage on the gri d of the firs;:, dcte~tor 
pe r mic rovolt re;!eiver i nput l s n u'!!erioa.lly identlccl with the product 
nt' the go.i ns o f the input und f irst R.F. stages . 

This ::ie tho<l of portri:tying the s ane data set forth in the zurves 
of " Individud s t age gi,.i n " ls V&l ut.ble i n perJ:Jitt ir.g the direct prcdk­
t i_o!l of the signal vol t &ge appearing on l£!JY grid for ony i nput s ignal 
~p to the point of ov~rload for lilly tube . 

5 .1 Sensitivity. The ove~all rece iver sen3i~lvity for five fre­
quen,::t13s ln each of the flve bands ls plotted on Pl ate 26. 

5 . 2 Sele:tlvity . The overr..11 receiver sele ctivity for three fre­
quencies in euch of the five oo.nd:::;, is plotted on Plates 1, 2, J, 4, and 
0 . On Plate 5A ls plotted the overull selectivity at 10 kcs over n great­
e1· frequency rWlge than depicted on Plate 5 . 

) , 3 Gain of lndividue.l circuits. The gain of each circuit of the 
rczelver is plotted for three frequencles in ench of the flve bands on 
Plates 6 t o 20 inclusive. 'I'be gain of the second detector (CW condi­
tions) for euch intcMtcdiate frequen?Y is as follows: 

~ ~ 
1 10.48 
2 7 .85 
3 10.48 

'· 12.59 
5 8.80 

The g;Jin of the sczond detector ls constant for 0.'1Y ou t put up 
t o overlo ... d point for cn.e audio system beyond \IDich the g~i n could not 
bo l!IC,J~urcd. 

5.1. Im.a,~ f re1Jucncy sensitivity. The omplit ude of the i.'!lage f re­
quency input sltnal, requir ed to produ~e s tandft~•J output, appe~::-~ in the 
follow~ne tt·ble. lf standard output w&s not obtt:iimtble, the output ob­
u. tned L, 6ivcn . 
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6. 3 Jdn of .lnC~vid~~L:.;.£.~l.d.it~. Vi .. utcd 6 ~o 20 inJl~t.te that the 
~.llgnmcnt of ind ivi(li.na::.. c i r1:11i t,.s i:- tolcr~sble but. nc, t ~o::ip&tlble ;.ith 
5oo<l manufE:.~tur ing p1•1.: ~ t i ~e . 

l t is noted tlrn.t in &.nd 2, Plates l'.i , 16, and 17, t he ga in or the 
fir;; t !.n t.cr;netllate frcquc)n:!j' s t....ge is very l ow al tnou~ the s t.u~e is proper­
ly eillgncd. 'nlc coupllng i s cvl<lantly too ;:;mt..11 either through ~cc.i..Jent or 
by ln tentlon to prevent osc illutlon. 

The gain oi' the se:~ond dete ctor is satisfactory ti1though the cx­
'! it:1tion of the seconJ osl!ill&.tor might be better .:..dj u~teu so c ~ to e1u&l­
i::.e tlli~ gain in et.ch b!..nd. (See par.5,3 for second detedor gain.) 

6.4 I:ncgc f r cquencr sensitlvity. 'lbe discrimination ego.inst irnaee 
fr~quencles l::i good except at the following frequencies: 400(4), 158(3), 
c.nd o.11 of Bands 2 end 1. (See par. 5.4) 

6.5 Overload c~~- Plntes 21, 22, E-nd 23, indica t e thnt ut rcso­
ncn~e, t he audio sy~tem overloads before any pre~edlng R.F. or I.F. tube 
ove1· loa<ls. 

6. 6 Beat frequency st&b~. Plate 25 indicates t.hat the audio out­
put beut frequency s tubllity, for vnrlntions 1n supply line voltage, ls 
excellent. 

6.7 Duplex selectivity data by the two signal generator method. 
No clctc. 

6.8 Signal voltaee per tube. Plates ·27 to 41, inclusive, clearly 
shon the need for greuter pre-selection ln order to increase the duplexu­
biltty of the Model RAJ,. recelver. 

6.9 In conclu~ion it may be suid that, in genero.l, the Model RlA 
receiver ls not only excellent but far superior to any sbipbocrd re­
cclver previously used in the Naval Servlce . 

Lt so~c points in some of the frequency bands of the receiver 
te,;ted, the su.ge alignment wt.s poor , but nevertheless the overdl sensi­
tivity and~ s ignal selectlvlty was sutisfnctory. 

The celectlvlty ls lnsufficlent to per~lt duplexing withln about 
2~ at any frequency or within 10% at the lowest 1requencles without over­
loading so1ue one or moro tubes c.nd thus producing cross modulation and 
key clicks origina:.lng wlthin ~e receiver; the absolute value of mlnl­
r.mm frequency sepcr1:t.tion necc3sacy for duplex operation depending on the 
amplitude of the undesired signal reuchlng the receiver inpu t. 

~.lthough the low frequency selectlvlty of the r~dio frequency 
sy s tem does not mc~t the spec~fl~~tion requl~ement3, the action of the 
band p~ss filter ln the audlo system provides the necessary off rceo­
n~n,:e uttenuutlon so thc.t the ov~rull selectivity of the receive!' is 
s~tisfactory. vuplexubility ls not required at these frequencies. 
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VII RECOMul~WATIONS 

There. are no recommendations for easily accompll she:.i mino:- modi­
f lc&tions of the existing equi p~ent . 

In order to improve duplexabll i ty , i t is recommended that ex­
perl~cnts be conducted leading to the desi gn of a suitubla presclector 
· . .i'1i,~h may be connected external to receiver. lt should be noted thut 
wh i le the receiver average sensltivlty is one ml crovolt, the no l~c 
level ,1board ship (elect rical dlsturbunce:-i) may be 20 or 30 microvolts 
(exnct vc.lue unknown). Under such cond.iti ons n presel ector cir cuit whi:ili 

z., t resonance attenua tes a de3lred s ignal f rom 30 microvolts to 2 m:!.~ro­
volts , not only delivers suffi~icnt desired s ignal to the r eceiver for 
dear reception, but also attemiates the shlp noise level by a much 
larger r{ltio thn.n 30 to 2 by reason of its selectlvity and thus makes 
readable a 30 microvolt zlgnal which would otherwise be burled ln the 
shi.P noiae level, In addl tion to this advantage, a properly de:,;igncd 
preseleetot reduces the frequency separation necessary for duplexing . 
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