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THE COMMUNICATIONS RECEIVER 
AS A WAVE ANALYZER 

IN THIS I SS UE 

P<lt!' 
COI'i'n'LOUS I ... TI'.III'O_ 

I~\TIO" M IITJlOI)S, • <I 

• A G a a 0 MAN Y laboratory me as ­
urements "ould be cons.iderably si mplified 
if there \Iere a\'nilablc a dCI icc to do at 
radio frC(l"cncics the job that the famil iar 

heterodYlle type o( wuve analyzer docs at audio fn·([ucneics . 
Nearl y every 1:ILoralory, however, has 11 communica tions t) pc of 

radio receiver wllidl can be qu ite e ll"il y adapt cli 10 the problem. \\ lIilc 
the input impcdallcc Illay not he so high, lIIHL tile out put meter UlI(I till; 

frc(lucncy dial cal ibratiollllla y not be so accura te a l;; may 1.iC tlcsi red in 
man y cases. such inadequacies can often he rclllctii/·d by propt' .' use and 
calihration. Sta nd ard-signal ge nera tors ami frcll'Jcncy mc ters arc 
readily used for t h is calibration, 

'rhc sim plic ity 'I ith which a n e lemcntary t ype of analysis can Le 
lII ade lIith a communications rel:I'i"c.' is ill1l81nkted by it s ' J.~C for de l,er· 
mini ng the length of short., period ieall y-
repealed pll ises of vol lage. ]I :trnlollic 
genera tors l a nd Cla88 C amplifiers ofte n 
opcrate "i lh s uch pulses of platc Cllr· 
rent, The adjus tment for prol)Cr opera­
tion in t.hese cases is usua ll y I\ e ll inlli­
ea lcd by se ll ing for the desired lcng th 
of cu rrcnt now. a nd a simple tcchnilluc 
fnr t he measure llu' n t o f this leng th "ro­
,iJcs an I.JtlitiOllni 1001 in this adjus t-
II1cnl. 

''', n. S,.".<I. "Some "". It .... "f ..,,' ue ~" 'I"'" 11..,.,1 in 
1I • • mon;" /"",1,,<"<:<,:' Ilrll .~,·u"", T • .,lmi.,.,J J ... n~J, y, 
zo, ll, 3, July, 1941.1"" 3JI-339, 

FI<; I liE J, EIt \"o:!t:'I'" "r 1100: rre<I"Pltcy $l'oo:lrum 
or" rechlt' i:u l,,( pul;\(), 
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GEHEJIAL AlDIO EXPERIMENTER 2 

The Ilau'fonll Ih,lI i!O generall ) ob· 
laine,l in II !-)~ klll "f Ihil> 1)1'" nil ' he 
111'11 rl'lm'~'nlc d h~ 1\ ",horl pul".. 111111 i8 
It !'CI'l inn (If !I " ilw l,aH·. TIlt> all!!I,' ,)( 

,'.,rre .,1 flol' . 8, iii 11,(· IUi.",1 lII('a"u l'l: of 
Ihe 1"lIl!th of ,"ul'h a 1'1I1"'t, an.1 ii' r.· llllc,1 
10 il " le llg Lh ill ..e,·("ul,., T. 11) Ihe cx · 
pfi'~iol\ 

8 - 27/fT 
" hcre J i" Ill/' fr.·tI'ICIH· ) of 1111' fu ud ll' 
me nial tlriling: lulill ge. 

In man ) "a~'" 1111 ' pili"", is 80 flat on 
Ihe lOp Ihal i l i ~ better I'C pn:»elllroi h.1 It 

Irapc?.oi.1 \Iilh ;,.itles fl f fiuil e ,.Iope, .\ " a 
limiling: Ci45t' il CII II If(' l")nsi,lcrc,l rel'· 

langular, amI. 11I'l'IUJ""-' Ihe IInalysis and 
meR8u rcmenl for Ihl' rec l lllI~plla r ,.hlll'l' 
il; si mpl,' , i l II ill lx' ' ·I III.~idered firM. 

Thl' 1I' II1;Ih of a rC\' laligular plll ::oe ' .... , 
IK' detl'rmine.j frum the I,wlllion,. of the 
minima of intl'H,,;il~ of 111 .. "tllnpOlll'lIl lI 

ill i l .. frelJlH!III') "' IIt't·lruIII. For a lflll} 
I'rCll1ll6'1 llar I'"I"'t·, Ihe millimll (., .... r08 of 

d ,c "ulclope) oct'ur III in legral multiplt·s 
of tht, frC(luc .II:> \,ho::oe perio,l i ~ {' qual 

10 II,e le ng lh uf Ihe pulse. Thus a 10-
microsecond I,uli'(' 1m,. a sllCt:lrum lIith 
minim a of illll' nsi l, a l 100 h. 200 1...(', 
300 I...t·. Nt'.; alill II l . mi,·f!I St!"oml pul;;c 
has minim a at I \ Ie. ~ \I e. 3 o\ l t·. e l l'. 

The Fourier anal),,,i,. of a rcctnngular 
11I11se: y ie ld" II freqlll' nc) s pec i runt of I he 
form 51 lOW" in Fi gure I. I "'re onl ~ t h(' 
,' Ill'elo pe of Ille Ulllplitudc of till' ('mn· 
ponenlS i" plottl·'!. \ pul...c Ih il t. is ller i. 

odica ll ~ repea led hll ii a linc iipn·trnm 
"ith .Iiserc le "o llll'0 nc lll s al in legral 
i11l1lti plc lJ of IIU' fn'lllIc lle) of rqIClilion. 
a nd Ihe a" lulil illiniUM lIi ll in gt· ne ral 
nol ()f,{,lIr at 1"lIcll y Ihe al}! I\(' ",ullll"". 
'1'1.11", if Ihe l'e pl' l ilion ralc ;s 1100 t· ps 
for ti l!' 10·I1l;crOSl',·onfl pul..c . "onlj}O' 

nc n ts ca n 1M' f,)1I 1Il1 al 11 00. 2200, :\300. 
e tc .. Cj)S. The ampli (lHlc of these com· 
l./One n18 II ill tiCI'r,' al'oC gratlua lly "i lll in­
"reasing frell'WIIC) unLil Ihe firs l min· 
imulII a t 100.100 t·ps. beyond IIhidl lhe 
HlilplilWIt' i.wrcaso·s 10 a S(:{'ulHlar} ma 'l· 
;muill. ,l""n'l,sing again to Ihe liiCeond 
minimum a l 200.200 f·llS. Sur"('cfling 
1II1II1111a ,M'c ur lit 300.300; 100, lOO : 
;)00,500: 51)t).500 ; 699.600: 1'1(' .. "p,l. 

• '\ H""O; ,?7" 

I f a rCI;! ang ular JlIII ,;e of 1' 0 11 "!!<- ill i Ill · 

presscd o n I!. "o llulillnicaliulis n'f'\' ;H' r _ 

1111' gcnefal IHltlln' of thl' SI:lCcl r UIl1 ,' Ilil 

remlrl) be obsen'e.1 on Ilw oulpul me lcr 
as lhe rec.'t' iler is lUlled (H-er ils ranAe. 
Tl,c n li lt' frl'flll('IIt'ies lit .. Iii, '" minima 
,well r , ' 8 11 Iw' ~ llll il~ If wa le ' I. '1'111' Il impl!' 
relationilhi" IM'II"" ; II Ih t' Im'lI linli of the 
1IJinim .. of the rr" ljul'Il{') spectrum anti 

Ihe len g tll of till ' Jlul8C Ihell mllkel; po~· 

Fi ble Ihe t';lifou ln l it)rl of Ihe \(,II t! 111 Olf 

Ihe !,u lse. 
Beca use of tl ... rdati\ely hroll,l hand 

o f rt!l'\' pliu ll ((· ~t'4!Jll \li tl l 11ll' U;;(' of 
quarl 'l.-crysllIl fil lcrs) a llllll liu·frctl"l'nq 
n ' pe lilion rule @. . Ihe reil llOu IW IIIII} li p ' 

pear lo folio .. Ihe l' n vc lo pe of Ihe ""cc­
IrUIII ins leu. I ,)( gi l' ing II.,. pattern of 
discre le fC spon;,..s Ihal 0 11'" mi~ltI at firSI 
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t'X I"lt:i:\. Th is e n \"c lopc rcspon...c is gen­
c ra ll ~ [Hh UIIl lIgCOII!; fo r locHlin g the 

mi n ima. in Iha l II smoot h dro p to II min ­
imu m II", the rt- t:eiH'r luning: is luril'd 
1111.11..1''; I~;;i' i bl t· ra pi,l Il wa liOIl Ilf " .. d. 

orw. III ndd ition . 61111',- thc !'e 11!'i ti \'i t ) of 
Ih.- rCL'(: iH'r is no t pe rfectly un iform 
HH' r il l' rll llg", t he frctpll"llcy 81,,'('lrlllll 

nl;l~ aplJI'ur 10 110:' " ,/lllt- lllllI! .I i fTt' rt' liI 
[PU ll IIii' '·'I. !",,-h:,L hul u;,uull ) tlw ,Ii,;· 
lI.rlion i ~ IIiH , roulJlcso llw . 
Oll~ prt'f'll ll lion IH )rt h oh~ f\ ing is 

IIIH I till' rI' I'/'in'r 511,)ul,1 not he fI\ crlnud ­
,., 1. If ",'{' r luwlin/! O)( '4' lIr;:. t llc rrC fl'lf' I H'~ 

" 1,,-o'lruIII 11111 ) be a lle rt' 11 s llfli c ic ntl ~ 

to) IlUIl..i- lilt" " ... a~II~ ln(,lI l s u;;,· I,-;;.,;;, 
1I 0I\l·, .. r, j' \T(' P' for \l' r ) 10\\ r(' rlol" 

li l i<lll ra lc f! !'ulil imp"I !!"s of ex tre mely 
short d urn liou . , )U~ , '1111 II ;;UIl Il ) obi llill 
ad" 'luah' "lI"a .~ .. n·IIl ,·nl ;; of Ihe fn'­
'1 ul',wil'$ of III\' min illl a "i lh rdu li \cly 
10'1 il1plll S. E 'I; tra ru'ou.'I ;; ignals IIllly 

"111 1"'" ;;puriou8 r~S I'HJ lhW" 10 be o lil ai n.·u . 
uml the apparal u;; ihl'n- fore !;hnul,1 he 
arra n!!"d 10 aloid pil'kup o f IlIIh a nl ell 
~ i g" als. 

,\!though Ihe fo regoing has hee n basell 
on II pu l,;t· of trul) rel; l a n~ lIla r lO lmp'" 
• he pn)(;o'd llr,' can a l~) hI' lI ;;.cd for pulscs 
1I IlII l.rt' uli ly appro.\i t1lul r ly rl"· 'lII'gul ar. 
In !lclual I'r nl" l iel! Ilw ", i,les o f U pilise 
ha\t' a fi nile "lope, Im,1 a Ira pl' .... " i,l a l 
pu l!<e ( ilr luall~ nf 1111 i!'ol)S(·{,les· ln'l'e :wi ,1 
.'I IUIIl!' ) ii< II hl' lI l"r 1I I'pro .\i Ill1lIil>1I 10 .Ih~ 

l1 ;;uall;asc . 

T he " ' 1\cl0 l~ of Ihe frl' lllIl" W} s l~I" 
tn •• 11 of a pul,..· h h.-' 1m,:.' i;; R6("( l, m1!{' r 

FlCo I lit; 3. E", ,.1"1"" of th" r ... ·((Uency ~ ' H"C lr"' n 
"r a puillt' thai is a .. err ~,,, .. II ~I;o" or a ~i nc 

"" .V ... '" ' ... n II ... I".ll!<" i ~ a hDlr ~i,1I' ",'av/, reo 
l,ra t,·,1 li t .hO! ~in"_""D'" r"",ln"",,, 'ol r ...... ",,",,!.!)". 
Ih .. relol;,·" amplit""'",, o{ the coml)()n"lI t ~ or Ihr 
rrNlue,,!.!)" ~ 1 ... "<!ln,m are IO~ ~ho .... n I.)" 110 .. , "1'1;1''' ' 
li,,~ in lhe 1.lot. Th" UIII I.li lo"les rOf" ;nlerml'" . 
di alr Il"I~ .. 1 .. ngdI8 .... illl1r Iw" ... ·,·" .h,. ';", i l ; n ~ 

" . 1"".. 8ho ... " I", ... . 

JA NUAR Y, 19" 

thal1 i ls 10 1' il> sho" II in Figure 2 . '1' 110 
se lS of minim a o("Cur. 'l'ho~e in tlu.: (i rs t 
se l lire integr al mul tiple .. of tlte fu nda· 
nI{' ll tl.1 frc(lue llcy Il hose period is the 
111 era gt' ICIl f.: t II of Ihe pull't:. T h is relu· 
tio llship is Ir ut' in gene ra l for tra l)Czoi d a l 
pulse .. , and il i,; norma II) Ihe on l ~ olle 
,.f intc rc;;1. 

The min ima ill the 1\('("01,, 1 set oc,'ur 
at int egral lIIultipl"s of Ihe freq ll c l"' ~ 

'I II OSC p('r iOtI i .. om: -11l.l f I he differe nec in 
I" " gl l! of t he base a nd Ihe to p. Th is 
IUli er d iffl'r(' lwc iii of'ell I' lII ull, " 'ilh the 
re .~ 1I11 Ih a l onl ) a fe " Slid. min ima (wn.r 
fo r llI a n~ m in im a of I h~ k: 1 ,·orrt' lS. polHl . 
ing I .. Ihe 1I\t'ragc Ic n~l h of . he pil ise. 
For Il w c'I; ln" UI: I' lli'(' of II ... Ir ill ngu lar 
\, u \ C Fi hul'e I he 1\,0 ;;CIs arc idcn l i("u l, and 
11.(' a \'c rllgc le ll;: l h I;; the " Ill) ,)lie oil· 
tai ne.\. 

TI'e plll~' Ih a l is a .... ·{'tion of a lO in,, · 
so itl ltas a ~' I" ie s (I f 7.crOi! Ih a l li re nol ..;., 
si mpl } relal"d 1,, 1111' ICIi g-11I of t he pllisc. 
If Ilw seetio ll iii a "o lll[l iell' half lIa\ C, 
till' :t"~' r()s OfTur nl fre<[ue .wie@. t hai ure 
3/ 2.5/ 2_ i 2. ~ t (". , m ult iplc>i of Ihe fre · 
qIJl'II' JY " h~ pe riod i;; {'"qual 10 Il l\' 
le nglh of t he 1'"15e. T h i;; I'II~ i .. III\' fa­
milill r o ne of Ihc h nlf·"av(' rt:i' li fi('r 
Idwi;.C ou t pul hll8 no COlll pO I1 Cn lA o f Ihe 
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GENERal RADIO EXPERIMENTER 4 

3rd. 5 th. 7 tho de .. harmolli~' of the funila· 
mental frequt·IU·.\, 

As tlu- pulst hecollles it smaller see l ion 
of a i' int.' \\II\C. tllee(' m ini ma shifl dOlI 11 -
\lanl in fre(luene~. reach; lIg ill Ihe lim it 
I.·BO. 2, Ij9, :U71. ·U77. 5. Ui2. (dS,1. 
dc .. tillle" lhe frequc ni') IdlOse IJCriod is 
equal In tilt' It'ugth of 11.1' pul"l" The 
"hill from Ilw "illlpicr I al uc/! gi \t!ll ld)\.I\e 
;~ "nHiIl. lJl'l.'Oliling s tUa ll!'r \\ itl! eaf'lt tllIl" 

('~'eding minimulll. Th(' i'llIelope for a 
\t'rJ short !,ul<;e iii ,,110" n in Figlln' :l, 

It is inh'rj,,. I ;IJ,i! t" nut;I'I' Ih a l 1111' al-

crage le ngth , l'Olls;(kred Ui' t he area 
di"ided It) Ihe l1I a'l:; llIIlI11 hl'ighl_ for a 
half s inusoid, is 27 'If a nd thlll for a sec­
t iun of a s inl ' wa \ f' wl.icll rc pn'sc nlS on I , 
II ... 111 311 angle of fl oll is 2r 3, Tim .... du­
firs t mill illllllll is upprox illHlh' I, a t the 
frequcne} whoS!' p,' rio)(l is I'c llwl 10 I he 
Incragc le ng th of Ihe l}uISt·. I lo"'('\'(~ r . 

cal'll s lIc(.'ecding lIIinimuln i" s jJltetal frOIH 
Ihe o ne preceding il IJ) appro~irnal,el~ 

Ihe (requene) II IIOSt' I'crinil ii' C(llial Iv 
the 10lui l e ll~ ll1. T. 

- AU,"O I.IJ 1' £'1'£1150'" 

CONTINUOUS INTERP OLATION METHODS 

.THE FREQUENCY CALIBRA­
TION METHODS "hit,1t ha,e bel;'l1 
oll llim't i I'rt·\jout;;ly J an' ('qui \alell l 10 
l)()int·LJ -I.IOin l in lerl'olol ion. \\ Ilcn' the 
fre11llcnc) of all .~illalOr cou ld lx, se l 
to, or measured agains t, tlte ncaresl 
mulliplc of a lOll amlio-rreq ucnc} Sl am]­
ard. \\ c nOli consider methods for IOC I­

ling an "scili nior 10. or measuring: tlte 
fret lllCIH') of all QB;d llalOr nl , all) I'oilll 
in Ilw fret ltl('IJ(') rallge, 

The La~i" of ,'wilillUOIlS illlerpulativlI 
is 'l"it e gellcrllll ) u ('olilillIlOUi'I} n IT;· 

ubl(' oS('iI!utor, tI" lIall~ in Ihe lItuliv· 
frequen,'} .. r 10\\ radio-frt-quell!:} rllngc. 
Sud I j ill osci Ua lor i ... ile ;oigncil 10 be u" 
" Iahie as IlOSsihlc and 10 III ' rrllil ,'ali bra­
li (1II VII a grellll~ e'l:IJlIIHlcd "eale. In 
gl'rll'rlll , lite o,,;r-IIII an'ura,·, of lIleRS­
II r(' lIlt'lI l dCf)j'IlII,; "1101l tlte alJ~ollltl' 

a"I'urllC~ (in i')I'1,''-' p.:r .... ·eolld ) "r IIII' 
iult'rpolatioll Ol'l"illa lor. 11ll,1 for b'l'eU h>SI 
a lt"ulllll' :I C('lIr:H'~ Ilti ,.. TO'tlllire!; II.at the 
OSl'j llnl"r lit, in I he 1.)11 .fn·( IIU'lIt'~ ral1~C". 

Tit," pfoble ll l is; indi"alnl ill 1111' '('T~ 

,,; nlplc diagram nr Figure t. Tlh' fre-
'J. t: , Cl. ",., "C.lib .. , ... " "r .:" ~i,,,,,.", '" ,10" IA>'" a,,~ 

\''''''un. n.d .... h .. I""."'l. Ibn .... III S" .. U 5.<,,, of . ' ..... 
'Iue .. er." Ge.~ .. 1 Rad.., &_,_. \01. XV iII , ...... S. 
O'." ..... I~. 

'Illenc) 10 he 1l1l'3SlIrcd, or lite (Icsin'cl 
filial , :tItle of (reque uc)', is i'ho\\11 III 
fL. lying till ) wlle rt' bcl",'c n III U 1.1101'" 
lIIultiples (Ir a 813nllMti rre 'plcnt') , •• 
IIf .. ami ('1 + I) f ., Si lu:t: all il1lcrpola ­
lioll sys le miii are baSCll on Ihe illterprc­
IIllioli of lhis ele mentary dill!;I'II1U, il i~ 

\\ortll cOlIs i.lcring it! greaLer dNa'!. 

FirHl y. tlssllmill8 "f. (1(1(/ (II + /) f. 
III t>.tist us /11r.rS;t"II' f rcqucllcil's. that is. 
that \'ollagcs of Ihe,;.c frequC!ll' ies exiSI 
in u"aLle magnitude , f z can be c,alu· 
Il lcd in ~,crtl l \\a)' I';, as fo ll(,lI s: 

(J)'\II IlliXilio l) rudio-frequt.' Iu-.\ liS' 
('i llalor is liSCo.! . gC llcrall) ca lled a 
" ll r lCrOlI)ne I-'requt' l1c) \ II,ter ," ' l'ltt, 
oIin l SC llillg>:i nf this vi'l'i llatur lin ' ,le IN­
llIi!U'o.! for IIf •• f r. :lnd (II + I) f . in IUTtl ; 

I, 

F II:ITKt' L lIa~ic Interpoillti"" Dill!!ra rn . 
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f~ is the n fOlilld hy linear in tcq-.olation . 
as will Lc shown later. 

(2) The frequencies J ~ ami IIf,. or I. 
lIIlIl (/I + I) f r. arc ill1pressed on a dc · 
tec tor (or rCI,;e i"t:r) a nd the 100t'e" beat 
frcque nc~ difference I'roduCt!d in Ihe 
dc lcTtor ill oh l a i ne ~1. Tlli !> t ... a! fre ­
que ll") ranges frolll 0 [01./2 cycles. 
The magnitude of t he (req ueuey dilTcr­
l' IIt."e is IIlCUSurell. a lld its s ign dCIH­
mincll, by methods cons idered belo\\. 

(3) The frcqtlt' lleies J. anll IIJ •. or / . 
and (1/ + I) Jr. arc impreSSed 011 a de­
tecto r, a nd the higher ilt;tll. rrcq llc,w~' 

tlifTc remx' produ .... t:d in th{- de tector is 
outai ned. This IlCllI frcquc II';Y ranges 
(roIll 1 ,/2 LO / , cycles. The magnitude of 
lhis IlifTcreuee is measured , a lld its 8igll 
.lc tc rminClL b) me thods dcscrihcJ laler. 

(4) If the Slandar,1 fre ('pw,w,. i'an be 
miSt'll, h)' 11 Mnoothl.\ aC ling firU' fre ­
qucuc)' cOll l rol , the IwrUionie Ilf~ ('11J1 

be slid a long the freq uenc), scult: unLil 
it is brought cxac tly to the va lue f~. Thc 
amouut Ihal IIf , is raiS(al to accomplish 
Ihis can 1.Ie de terminctl from the fre­
quency cOlltrol su ttings : thc sigu of IIle 
chauh<e is ulnays positive. 

Secondl )' , assum illg tlwt 11/. (w(1 
(1/ + 1) f . I/O lIo t exist pllysic(l/~r· f~ 
ca n s till be e valuated in te rms of I lick' 
multiples of the st amlard freqllcll(:Y /., 
a,<; foIlO\t's; 

(5) The IlijJercf/I.;e l..c 11'ccll j z a ud Ihe 
known frequ.:uey of an in lcrp.olatioll 
oscillator, f .. is Ill ude equal 10 a mult iple 

ur Ihe s tulldanl fretluc nc) J .. IIs ing 
cathode-ra y oscillogrupll patterns . T ile 
importan t point to noti.;e is Ih al '-his 
me Lhod permil !> IIHHlsurclllellli! 1.0 he 
Illude at high multiples of a s ia ll tl..rd 
frcqucnc), "'here Ille s iamlani soun'e 
IlUs 110 /wrmo"ic!>. 'I'ht' lIlultiples ex is t 
onl), as pallerns .on the 05eillos<:01-'(' 
sn('CII . 

JA NUAR Y. 1944 

\I e thods ( I ) an,1 (2) a t'(' eonsidned 
ill the followi ll£ paragra phs. "here fae­
lors affeCl iu!; Ihe o pe ra lioll arc detai led . 
Melhods (3) llIlil ( I) "i ll 1)1'> discu,c::;SCt l 
ill a forlh, :ollli ng. issuc of Ihe /3:xper;­
menter. 

The lue l hexls a t'(' SUlIlIl lUri".cd ill LlH! 
accompan ying diagrams. " 'herc the .!8· 
;;c lltial frequcncy rt· l:ttionships are ill" .... 
Ir ll l('d "t Ihe 101' nf Ihe figure . fo llolH' 11 
loy u block diagram IIdo\>. TIll' e(juII­

I.iolls pertain ing 10 l'ac h IlIclholl arc 
[ol lo" cd by a hrif·f lis ti llg of the prirH:i­
pall ilJ)il a l io" .~ a nil 1I.l vun l llg'·s. 

Me thod 1 : Di r ect Inler~olatlon 

This me thoJ "ould not he llsed where 
prcl.:isc res ult s arc required , principall y 
l~cauS(' of the basi.> fall il Ih a L ill le rl lOla . 
lion is ucco m plishc,1 I. )' ,,"ing olil y a 
",'ry 5 1111111 portion of Ihe I\ orki ng scale . 
T o ob tain (in(' inteq){llatioll , theIl, il is 
lIe(.'Cssary 10 " magnify" Ihis sm all po r­
tion of the scale wh ic h. in this case, i ' lIl1 

only be aCl'ompti shcd by mechan ical 
II )CaulS. These arc s ubjcc L 10 sc .... ;re 
limiwtions, as Ihe li ~ 1. indicates. 

'1'111' IIwlhod is s till o f value for rOllg h 
work . or where me asure me n ts of mode r ­
ate al:curac \' lII' l' ll to hc rn atie ollh 
occasi.ona lly. 

Method 2 : Dire ct Beatin g 

This methuil is I\iddy used a lHI is 
"al'aLle of h igh precisiun . It has cer tai n 
lillli la l10115. parl iclilurly as lO lilt' lII (' a ~· 

lIl'Clllc n l o f \'Cry high frcljuc ll<'ie;;. I ~·, 

cau;;e of ils g'c Hera lut il it ). hO\\ c I'l'r. Ihe 
ilel ilil ;; below !IIay be helpful. 

I f Ihe fn.~ {ptcnl;~ f .. ii' thaI of a rI'lIlol C 
I r1ll1SIIIi tl.er. 01' onc of sc ,'eral local Ira 115· 
millerS or o"ci llalors.. radio fr{' qlte llc~ 

sc lc(: ti\' ; I ~, li S provided h) tire I'ccei'-l' r 
in li n' (Iiu gra m. i .~ ;J prlH·tii ·a l IWi·!·;;''' ;I ) . 
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GENERAl RAOIO EUE RIMENTER 6 

Whl're inli,r(,' rCIII·t' or " (l ise cvlHl ili(w ~ 

1M;'rlll il, thc n uisalll'e u r llll \i lig In l unc 
1110' rctxiHr 10 cac" \ Ill uc of j ~ ca n he 
iI\oi{IN I iJ) usi ug a u IInlunell de lector 
rvr thc r, ·,·I· i \cr . Ct' no'rally Ih i .. result s 
; 11 sollie decr,~ase in Iht! UPI)t: r lim it of 
range r~)r j", kca u .... ' fo r tI,e d,'crease,1 

R' ns il i, it). 
\ " l)Injlf(H1use arrll ngt! nlcll t. ,", ie" iii 

u-.t·ful if I he uuk noll II rre(l'wlU') is iuter . 
mi l h:nl ( a~. for inBt IlUC4', that of a keyed 
Ira llsm ill,>r) , is 1.0 lise an untuned clc· 
t('!'t m' "'i I II a loca l sub .. tit utJOII oscilla tor. 
' I'hi!' Ilo#'i lla tor is se l 10 zero hr at , or 

lIla l('he,L Ili th ti M,' n"k"o"" frj·(ILIeIlC). 
T ht' fU lida llll' lll al rrt'll"eIH' } nf Ihe oscil· 
la lor i ... IhclI 1IL(·usu",·d agai n" l Ihe 
,oIan,l ar,!. 

H) t1 .~i ll {,: h (l rIlLt)n i, ':!i IIf II,,· "ul.s tilll· 
l ioll o~I'i ll lLlor 10 m utch Ihe 1111 1.. 110\11\ 

rn 'qucm') , li lt' cm'e li't' uPI..e r lim it of 
measnrt· lt1cnt ('un l oe gn '"II,\ illtTea,;c,1, 
I ~} f· hoo..illg part i(" Ilur hurmonics . .. h ich 
('a IL 1)0' ,lone cusil) .. llf· Ileler a n u pproxi. 

mUle vallie fo r j", is kilO .. II , si m ple or 
,Ie t·illla l multipliere t'11IL be mu intui ncd 
fl)r all IIICaI;ure llle nl l.O. 

for j·,ample. II hen HI I,.c il l ll ndard 

frt" lw' I"'} harlllo nic;; arc lISoC(1 i t i" dilli· 
~' 1I1t I" IIIlIktJ nu: a'; ll r~' l lI en l s alMH c 8 10 

10 \ It'. \\"hcn a ""h"li tulioll (k01· illalor 
i" IISt·d. if I I ... 10lh harmonij· i ~ u;:;e tl fo r 
. lIa t ,·h iu g 10 j •. Ille ll I IIf' fin al rcsul t is 
al\\I' ~' iI 10 time;;; Iht' lIIeasured (l"l:ill a lor 
fu nd ame nl a l rn:quell('~' requ iring no 
(,(H ll ilut a I ion . 

lu t'O ulln,m lI il h t) lher IIII· thoJs of 

1I1I:<lil llri l lg frel il lelll' it!!, sonw tlifli t:ull y 

i;o, c llI'ou ut ert'tl in ml'1I.5 urin~ frCll'lencies 
\\ hidL art' o nl} a fc\\ ,''\ d rsrt' IIItHt'(1 frOIl! 
a it t a nd11n l harmOll ic frN IUe nC) . or lI'hicl! 
art· \cr} lIearl ) hllif\\a) lx:tIH'l' lI t wo 
;; la n,lurd harmo ni, ' (rNlut' lI t' ic!;. T ile fin;1 

-:'-:-.. . f'.1..p,>. ~ Idetlh",~,_, .. f II .......... "" I~. 11.,"_ .. 
~ .. ' ;enera l R.,I", 1 •• ·,....,_..-. \01. ' \ ' 111 , No. 4, 
""'p'oml .... L9Q. 

('an be tl\'oifled by 8uh"l ilul illg \I nc \\ 
\ a lul' of SIa n ,I ani frequc nc) Illn .mgh t he 
Us..' o f II. 9 am i II kc lHulti,· ibrnl or, in · 
;;; tt' lId o f 10 I.e. II hid . {· fTc t' li\ .. I} trlLnl! rC r ~ 

Ihe 5111 111 1 fn'q ll" Ii!'} ,l ifTer/·IH.'t' III upl'e ar 
1Ii1 Iha l !lu me difTen ' lICt! fro m II. 'llult ipil' 
(lr I 1..1;. II 11t'n: it is ca~il ) metl.Surc,1, Thi" 

Irol(ls fo r nil frelp.c m·i,·r; '·Xt. .. ·pl III lI lI i" le,," 
"f ()90 1,. •• (9 X 10 X II ) . .f\ ", i milllr sul'''' 1 i· 
' "l ioll t'a n 1M' m adt· Ii} lI ~i ng UII o fT·St· t 
" Iantlanl: . \ Ihi rd p(>@Si h ilil } i" 10 II~' 

a n oscillati ng rt'eci" e r. t llll('d "0 Ih a l a 
I"' nl 10m ' of about 1 kt' if> o h lni lle ,1 
aga ins t ti lt' ~ l a", l art l hurmoni,' fn " 
' 1 IIt' iII·~ . Tlrc he al 10110' f, hlnin"'f l :l gai n~1 

t hc II ll l. nO\" I frt:(I'J("If'} \, ill 1M' "Ill ) (I 

ft' ll t:yl'l0:8 d iffere nt. The ~·o lllbill :t lio ll 

ac ts a" II WI ... n f a bo ul Il.c. lI a, ilLg ;u,,1 
\\ an ing at a ra l,· '>tl" a ll o Ihe tl ifT .. r, ·,II '1-· 
or t he 1III I..I1 QIII1 :111,1 il lantl lL rt l (n " 

{(lIellcies. TIlt' " nu tter" t' lIIl be IlIu \dlt,. 1 
"i ll. a ll in ll' r pn la liun ,);:Iei ll lLlo l' " ,,; ng a 
t·a lhode.ra~ o~i lloiW{jpC ~ . 

Whe n Ihe frc(luclw) It) be IIIcasun'fl 
lies ne arly Iral f" a)' bct.wee ll I" 0 .st:ll ulart! 

fre lluellcy hurlllon io;e, the rcee il'I' r !!C lce· 
ti l it ) e RU \.)t ' used 10 fa \,or Ihe I)(:IL I 

oh lninell "i lh one of IIII' 1\\ 0 s land ar,1 
freCJuell t.l ies. :l t Ih(" cx pe llSt' o f tlte o l lll'r. 
I n eases when · I he 8(·1,·,:1 i vi I) is 110 t adl;' · 
Ijl la lc. o r .. llt·n: an unl tlnell (1'·\I.'(' I(,r is 
tI"e(1. Ihe sta ndanl rrt" lue,w~ ca n b(· 
dOllhlt:11. III e fTeCI. this (' lim in a lNo a ll 
o.ld· ll uml./CI'f' tl harli lO ll il~ frO Ill lire orig. 

in al harlllonic series. llllt! 0 11 1,\ a ~i llgle 

beal frc <Jul.' ll t·) d ifTert '"",e rt' lII ai n" to) he 
II leas.lred . 

In alll' llIpti ug 10 ('X ll'ntl the nlO'aSllr· 
iug ra nge 10 1' ar, 1 higher fre fJlle nl'iea. 
-.f' l cral prohle ms arise. 'Firs t. ,. il h :I 

gin:n s tan(\11f(1 fretlul:ne)'. sa) JO I...e. 
III I' IISlIfC lnt' ILI S at. h igl];'r frt:q llc llcic~ rt: · 
quire oorr~s pondi llg l } lti~ ILcr IIIIIIIiple8 

~ CIo"I~ " U.in. ,be l;.,t.o.J,o..lU, u..",,,,,,.pIo roo 
1"<e<I~ Coml .. n-. .... Genua' }lad.", f:",-j_ ... 
\ {4. XVI. No. 7. O"""h~. r\lu. 
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1 

uf tilt: ,;; Iallllani frcqu~nc). It is \cr) 
,linin.l. In :,.re l harmonics of 116 M hit- am-

r pliludl.' IIIl1l'h l)e)ond II", 1000.h har­
monie. :;emit im prO\Cme nl n ln he 111111 

b) lIIollnlaling" highe r rrellucn.·~ lUulti . 
vil,ra lor \\il1. the output of a I()\It'r 

fr.-qut'II' ·) "Ilt' . For (,XU 111 pte, Bulls tu lI ­
liall) ;H rougl'r 10 k,' harmon i. '!! can 1:11' 
obl.ai ncd IJ} ui! ing It 50 kc rIIuitil' ibralor 
modulatl'{l by II 10 I..t' Ilmlti vibrator. "­
(;onlrul for I,he a mount of modulation 
must Ix' pro l ide,1 since Ihe ItlllplitUfI{'s 

(If di1f"rt!lII multiple;; of 10 ke I' ary sull . 
81111111all) "ith different a moull LS o f 
1111)(1111 .. lion. 

\11 accomp1myiug JifTinlll) in this 
cai\C "Clllcrll on i.lclltif}ing: the 1I1l1l1d(lrd 

freqm-III'i,';;' Tlli ;; l.lCl'OIllC!\ more 111111 
1II0rt' ,Iillio'ult ItS the lIurlll~r of u,...!! 

harmonics ill illl'rc~tl. \\Ilt'rt' Ihc IIIOtI. 
ulalcd lIIultilibrlltor sys leltl is used. Ihe 

JANUARY , "44 

IIu ... I"laliOll ClIli I,,· rctluf'c ~1 10 zero and 
Ihe lIeares l hllrlllonic of Ihe high fre­
(1IIen'.:)' multil ibnH or ,'an h;' i(lc nt ifietl, 
On re in lro(\u'.:ing the modulation, thc 
llulIIl,,'r of IQ\ ... frf'fl~le n~ '~ IUlrnlOn ic;; 
passed QI'c r 10 reudl lilt' UM'd Il annonic 
,'an hc counted. 

I f a higher 1'1 Ilntiurd frt'q 111'nC) is usc(i. 
10 al'oid Ihe usc of high lIIultiples. olhcr 
proble ms arise. Fi n; II). lhe pass ·bami Qf 
the receil'er IIIl1 ~ 1 be III !HII' ni,ll' r. tlw 
higher I he s talHlunl frt·quc uc),. Secondl ) , 
the inlcq)()lating c fluipmcnl mllst hal' l' 
a ('orrespontlin g increa,;c in range. us u· 
ally aCI'ompunit::11 b) a correspondin g 
11.1"" in absolute !U'('urlley. Since the 
in terpolating equ ipmcn t rHus l I,,~ t.;apa· 
hlc of Il1clls llri ug frolll t) 10 1,1 2 C) des, 
Ilny liubs tal1lial ill~ 'rl':I~I' in / . means II 
grt'lI t exlensio l1 ill Ille runge 'Jf the inter­
ItO llI ling Ctlu i \llrwlIl . 

SUMMARY 
r M.lbod I : Olrullnlupolal1on 

r 

U~illg II" osci ll ll ior (lleleroolyne Freo-pu'ncf 
Mcter). and IlI!O!"ming 'he clIlihratiOoII tOo he 
Btraighl .line.fUolplcllCY o\' cr lhe u!!e(1 ,lOrliOon , 
se t fOor 'tero l.eat sUCC/!:Iillivdy wilh Ihe three 
fre<lnenciCli 11/., /~. Hud {,. + 1)/ •. eHll inlf Ihe 
r ''!! I'l'I' lh 'e ,Ii lll rCllding8 9 •• fI, . 9. ,. Then, 
from Ihe fi g"r,· 

~ _~- II/, 
(II + 1)/ . 11/ , 

Fro", '" I,ich, 

f ' +"-" [ 
• - II} . fl. , 9.' 

... h~" Ih~ ""'a""tr mf'n l i~ rcferrl'.1 '0 Ih .. IO"'cr 
s la",I"r" (r...:' .... "'::y harmonic. ,,/ •• AI~ ... 

{II + 1)/'- / $ 9 .... 1- 0, 
( ,~J )/. - "I. -~ - 9~ 

From which 

j . - (II 

(,, + 1)/ . - j. ----,.--
+ I)j . _ (J, •• ~-=-,-:', , 

9.:~ - 9,' 

",hf'n II ... nlf·. ' "rement ill rcfcrr"d In the higl'H 
~ tandlinJ fretlUi"ncy hllrmunic. ( II + 1)/ .. 

Prjllcip<1I U",illllil"'$ Oof Ihi~ mer hOod arc: 
(fl) LincarilY of calibra tion f'ur,'e Oor II dcro· 

dy ne FrCO"lucllcy 'I elcr. 

Fila lit; ~. lJiagra",~ ill" !lrll li"l! " ... 1.10 .... 1 ami 
C<{ttil'mCnl for dirl'(;l inIHI ..... llIIiOou. 

• 0" 

----

"f~ (r\tr)fs 

I 
__ L 

I 

1---+--1,. - -1'1 
nf~ to< ~1)f5 
fREQU~NCY-

STAND"'~D 
DETECTOR 

HfM OR 
REeE I VER 
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of. 

, 
'''f. 

f, 
(ni1)fs ("'~lf& , , 

: HI> • I 

f. ~ , 
fb M+~ • 1+ & -- -fb 1'1",. . - • 

r ~5~T A;;~D~A~RD~-.!ll:'f:---
I I f ", 

RE C E IVER ,. 
DETECTOR 

I 
I L ______ _ 

; f' 
I NTERPOLATI ON ] 

OSCILLATOR I 

FIC,,".; 3. Diagra ms iII(l~ lra l;r1 g lIu, lhod 1i",1 
'-"'Iui l,men! (or dir~t IW<lIing. 

(b) Fi"c'H .. ~ of gral lnation of the lICal.:. 
(cl i\ l edlllUical errors of dri " c. $uch 11 8 ('<;cen­

trici ty, back1:l sh. worm cOfreel;On!, cl<:. 
(dl Accuracy of IICU ing for 7.c ro hCIiI. 
(e) Accuracy of calcu ' <ltion~. or (If r,-atliu/; !""""'\ 

c llHrB. ro r J!()h' ;ng ' :(III3Iion . 
U) U~ .. of Qnly Ii n~rJ small " ... r!;.:." of the ..... ,,1 .. 

fnr ",,,king i" l eq>ol aliol1~. 

Priflci(}(I1 Adnmwb":s arl': 
(II) Si mplicity lOf 1.'(lui l''''Ctll . 
(b) Simplici t y of 0l'<,ralio,,_ 
(r) Valli e;! ot "I. ,,,,t! ( .. + I)f . arc known ,,\ 

o nce from heterodyne fn:<:l"cncy mc ter 
calibra l ion. 

Mel bod 2: Dirac! Beallnl 

T he ~lanJa .. 1 fretlileney "f. a ,,,l d 'e "" known 
fret[neney f . are impr~IIeJ on Ihe rreei"er. 
which i ~ luu(',1 10 "ceel.1 bolh. The low(·r hCa l 
fretl'u!ney di ITer ... ,e,· +fb - f. - IIf. (or -fb ... 
"f. - f .) i~ ol, llI incd in Ihe rt"(:ei"cr oU'I", l aud 
i8 rueasure..! I.y malehing with Ihe in t er~)()la l ion 
oscill a tor. cO"ering u range from 0 tof.f. cycles. 

Then f • ... /II. ± lb . 
PrincipolUmilUlio/lS of thi~ method arc; 
(II) Stand"r,1 frequeu cy harmonics ""'~ t he of 

usable magnitude in region around f •. 
(b) T he fretluener of the used Blam[anl (re. 

fluency harmonic. "I .. ",,,SI he de tt. ... mi" ed. 
{en T he sign nf the beat (retlneney, I", mU!lt I,e 

de termined . 
(d) '1')". over.all accuracy dCllend~ Oil the 

uccuraey of the jll lerpola tion OIICilIator orul 
how \ ·nr .. f" lI r il i~ " w lehed to j". """' 

"'r;"';;I"'{ A.JlWIl,.gcs ;or .. , 

(n) Udalivcly higl. absolu te "ecurae) i ~ IlO~!!i· 
bl,·. s ince the entire r"nge of Ihe in t erllO ' 
lating ....... uil'menl is de vo!.t.-.:l 10 me8$Urln!; 
I. which is only ;, ~ ",arr purt of the final 
resulL 

(I.) T he absolu te lI ccur:oey '8 til e acenrllCy ill 
cyr:/f!$ with which f. Ca n bc measured Bnd is 
,,"n~ u,," "v .. ~ " very wide freo; luency range. 

- 1 . .... C L" U 'P 

( TI) be continued) 

ERR ATA [ ( X" + ~)'] '" 1( , "'" 1< 0 1 _ .t 0 R,n " r ( IU) 

l{clIdcrs " ltu I.c rc 1Ll)8tificd L) Ihe n: · 
Illlion beillce ll EqUitliolls (II) a nd ( 10) 
011 page l of the Dt:L;cm l)('r E.\pcrimclller 
II ill l:w' relie ve.! to leu m Iha l the ex· 
pOlle n t (!1) "'as o mi t.lcd from Equa tion 
( 10), "hidl s hould read 

J II <Hl diliu n . it facto r of .J.1! "liS o m il tcL I 
in Ihe nUllIe rical /' x p re;;"io ll ror Ro ,m 
pllge 2 w h ich sho \l ld n 'lIll 

GENE RAL 
30 STATE STREET 

u = 71.2[1 + ~(~ "±.....IIU) '] 
o 2 71.2 

RADIO COMPA NY 
CAMBRIDGE 39, MASSAC HUSETTS 

BRAN CH EN GINEERI NG OfFICES 
9D WEST STREET. NEW YOR K CITY 6 
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