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ACCURACY CO'iSlDERATlO'iS IN T I-I E L1SE OF 

T u_ ED-CIRCU IT WAVE~ I ETERS 

1311 C HA RU:S E. W ORTHEN* 

PnOB.\BLY the most ('(Ullmon 

type of frequency standard i~ the 
tlllle<l-ein'uit Wll\t'lOeler. The IIC

curacy of measurements mnde with 
such an inst rument depends 1I0t only 
upon the accurucy rating of the WtI"e

meter itself. but upon a !lumber of 
('olher rn('tor, as well, all of which should 
be cOlisidcred in determining the ulli · 
mate accuracy. 

The precision of selling of 11 WI1V('

meter i~ as a rule somewhat J(realc.r 
IIlml iG mtcd Ill'('u r:lCY. A s It ~pccilic 
('xamplc, t:.."OlIsidcr a low-rreqtlelLc~' 
\\'lI"('mcler of the G(,llcral Ilwlio pre
d sion type II itl1 a '!500-(li" isioll scale, 
-,eUings of which can be dup1iclltcd to 
wit llin olle lenth of 11 division. The COIl
denser IIscd ill til is inslrulIlt'ut liaS II 
mini mum cnpacilllncc of IIbou1 50 /J.p r 
and Il IIHI..'I(i IllUm of \.ojOO /J./J.f. 

I r wen rbilrllriiy fix the lowes1 uscll blc 
scale reading us 100 di visions, it. would 
appear Ihnt this waveme1er could Ix: 
set to one part in 1000 at the low capltc
itanC(' end li nd one Pllrt in 1]:5,000 lit 
the high cllpacita llce end. Since the 
capacitance or the condenser varies 
IInifonnly with scale setting, and rre-

• Engi~rinK DepArtmeut, General ll!odk> 
Cvn'I'IIny. 

quene~' "aries as the squurc root of 
capacit.·l1lce, we cou ld set 10 one part 
in iOOO or 0.05 l>cr (:cnl. in rr('(llIelle.\' at 
olle end and to olle part in 50,000 or 
0.002 per cent . lit the other end . 

Actually. the sharpness of the tuned 
circuit and the chnrlleteri .~tics or the 
lliermogai\'llllomete r resmmllC(' indi
cator determine the ultimate precision 
of setting. :\ltl,c hi gh Cll l)ncitfillce end 
of the scale. the lOp or tile rCSOIHI11CC 
('un'e ('m'crs ahout .1 di visions nml at 
tlu' lower elld ahoul (I .• oj oI i,·isioli . ('Oll ~ 
ycrting tllest! "aliles 1(1 rretIIlCIl(''''', the 
width or the peak is from 0. 1 to O.ot per 
C(' nt. Dy setting to the l"euler of the 
"ellk II precis ion or about 0 .0.5 per 
cent. ClIn be realized . Uy tI <:i ng the in
cremcntal capacitance mcthod t to ob
ttl.in the resonance jmliC"lllio li. the pre-

t Jllme!' K. Clapp. ,. 1!IL]lroving the PrecisiQn 
of Setting in II 'I'lined-Circuit "",,vellleter: ' 
G,lIfflJl Iladio EJ"pt'rilflCllta. IV, September. 
1m. This is!ue is now out of print. The method 
referred to involveS" the U-'C 01 a . UUi.IJ condenser 
which may be shunted acr"Q!IJ the main tuning 
condenser by mean~ 01 a pu~h !Jullon. The \\1I\'e
meter is .JjU!!ted unti l O,e ruonance indicator 
gives the Yme deflect ion when the incremental 
capaci tance ill in or out of cirruit . In other words, 
tbe ope!"1ltion of the push button .pans the res
onance peak. Thi! method of ~lliDg II used on 
the General Hlldio TYPE Oil-. l'r=isiI,,' Wave· 
!Deter. - } ;I) I "I'OII. 
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ci~il"1ll of ~ttillg cun he i ll('rel\.~,ed ! 0 oni,> 
pltrt ill t?Il,UOI) or (UfO.; rlCr cent.· 

The rll!etl uc('uraC'r of 1 he wave
I1tdt'r iii nHI :h Ili).(h a~ lhe~c: fi~ure" 
IIHuld illdielltc" Thi~ is dlle to po-.sibk 
t'rrur" ill ealibra lion anti to aging nr the 
!ulletl circuit. .\It hough l'drt:'llle ('are i" 
u-.('(I ill ,':,Iil.ratioll. "-OlIle crl'Qr'$ lire 

bOIiIl.! to 'I('('ur ill M:tti lll( the dri\'ill~ 
II"-Cil la!ur to Ihe frl·(!IICIl,'." :;tu lldurt[ 
alit! still (lth('rs ill lid I iug the '\live
lIll'Il'r 10 Ih« t!rin~r , A third ~\lrc{' of 
(' fror j-; the I'I()ttillg (If the ('a lihratioll 
c'lIt"e~, If all tl,e'>(' error .. are <:"III11UI:I
ti'·e (\\ hieh j" Ijuih' pll,,~ihle ) the a('
l'l lt:U-Y til ,,; lli in Ilhi<.'llthe 1I11\'ellleler 
,'au 1)(' guartll1t('{'cl j,: lIlateri:"ll1y fl' 

,111('('( 1. 
.\(I cr till' W:1'"l' ml'l l'j" is ('u libnt1l'cI. 

Ihe t'Olhl:ULI~ of the ItIl1l'd circuit IIrt.' 
,,"hject tv ~lIIl' <lnrt due 10 ugill~ 
t,IT,'t 'b irl llif' IIwlerial .. of \\hit'h it i .~ 
('tln",tfu,:tl'fl. Over /I lK'rio.l (If one yeM 
I hi "! IWI." alllount 1.0 11'1 mud, liS 0.1 pl't 

('1'111. The cfTcd of l('JlJpcrature on the. 
t IIIit'd {'ir"lIit i~ ur ('f}1i'>id(·mhlc magni
IlId(', ;lIld in a Iligh-pf(.'('il' ioll II a,'('
mt'l{'t (gn:lralileetl tu 0,1 IX'r <'ellt. ) 
",)('Cial CQlhltuction or 11 I{'mperuture 
('( .rN."t.'li,)u ulU~1 he 11,,<,11 

" a mt'i;IJli( ' \wMly i .~ plll('(."'ti ill Ill{' 
li.,11I ur :. \\a\('lIIl' lcr iUt!lIdof. it .~ 
\, tT(",th"t' illd lidalll"l' muy bc materililly 
.,11lI1I/,Wd , ulid Iht' ('ulihrMioll is rll' 
lon~(>f eorrcd ror thl' (:ol1llilioll .~ IIIlIl('f 
wh i, ' ll it is lI~t'tl. :;imiiflrl:., the capaei-
1:II1('t' of Ilt'<lr.b~· ohject ... will alrec.t the 
rl\"l'wl1('Y ur au oS('illalor, \Vhen 11 
\\a\"{,llIcl~ r i,i plll("cd nellr ltll uscillutor, 
hoth (:ITl'd~ (",(' Ut : the wavemeter 
dl:III~C.': the v.:.('illulor frequency lwd 
Ill(' prtsenee or the oscillator affec.u 
tit{' WIl.\'ellleter. Whether Of not I.hese 
,'II1IIII(('s aN' 111r~e enough to apprc
l'iff l,ly lllTect the U('CuTlicy of the !He:l"· 
ur('IIICIII. depends 011 the condition s 
under which the measuremenl. i.~ Illude 

• 'l1u~ p~i~i<lI,1 is in"eI"lj(!J~ llroportional t() I.he 
/lgul't' ,Iei"c"' , II.al ill, th" lower the 1""1't'el1ta~ 
ligurt', the high"r the pn..'Cio.i(,n , 

lind mlly best be detl'fIIlilwd h~" (",,
periment. 

EI"C'Il whcu tht, enpacity efreds ju.4 
mentioned are n~~ligible, IInotllc!" errOl' 
may C)('eur, Jue Ie, "Ir~\n;;fornll'r :.('
tiuII." The roils or the o~il1l1t()r ami 
Will"eme!.f'T :1('1. a .~ Ihe prilllar~" ulIIl 
',,(,()llI lar~" winlliul(s of H ttan~rorm('t , 
;tllli the imp('dalll'C of I.hl' lIa,·t'm!'ler i1-
I'('f!cctcd illtu tilt:' o~illating (·ireuil, 
T he magnitude of till' rl'actioll d l'pclI,b 
('oil tllc L ( ' rltlio~ of tht' tW Cl circuits 
:111" I.he "\'alue of l'Oupling hel\I'I .. '(,'1l 
till'Trl, When Ihl' 1I'1I\'I'Il11'ter i~ ,,('l to 
1't<iOnanel'. til(> illlp«larH.'C relic'de(1 
illto the oscillntilll{ ('ircuit is purely rl'
sislin'. [lnd the <.'IIlIIIS\:' ill oscillntor fr('· 
qucllcy IIHI.'; pro,·III('('d iii nl'g'li.ltihle, If 
the WII'"cme!l'f is riot in rt:'I'OIl;IIlI'C, the 
rcflected impftinnee has a reudi\'c com 
IXllIl'nt. ;lIld till' rN'qllcncy of the o>-<.'il 
latnr i~ materiull," ('11I1I1~t'l1. 

As the cil»l.Icitan('t' of tilt" lI'al"cmcicr 
COlldl'nser is va ried through reSo.lll:lIl( 'C, 
the rreqll('n<!~" t'h:r llgcs a~ shO"' n in till' 
lWCOlllp;IIl,l'inj! dia !-(rIlIH. whl' rt> tilt, ~,('ro 
lIxis represcnts thc {I'('(plellcy flf I he 
oscillulor heron- tile Wan'metef I" 
<'Oupled to it. t Tht' point lit which Ihi" 
('ur,"c ('ffiS--.cS till' axis i!> the scttinj.":' al 
'I hich tile 1I':I'"CII ll'h'r i .~ ill t'('~on:III('1' 
:11111 Ill i .~ sci ling shull 1, 1 I\{, " M,d ill "1I1,'r
i' l~ tlw calil'raliOlI I'Illlrl , 

Tllc frcqUCII('Y l"Ii:'lI~j' Elh"lI'li ill till ' 
(iiag-mlll can IX' deh.'t'lt"'1 1 h," li~t{,lIilJg' ill 
It hcterod,"IIt.' tlc l<'l'lor as the wan'
Hleler condenser is YlIfk,,1. If the itet ef
odrTle is sct lo zero beat with thc 1I"11l'C
",cler (ilr rrom N'WII:UI{'t', IIICII as Ihe 
II'!\VClllcter is tllllcrl , Ihe be:lt note will 
fi,~e and thcll full to zero twice, The 
dircdioll of the bC:lt-fr('qllelicy Chauh'<-' 
cannol, of courgc, be dctcded, 

With a jo":'ivel1 wu,"emctl'r and OM.,jJ-
lutor and a gi,-e ll degree or (''Olipling 
between them, t.he mab"Ilitudc of ll'e 
chunge is entirely independent of the ~ 

t Th is discUSliiou Utl./lUUleJ that the .o.cill ... lor 
i~ unronlroll00. 110", is, t.hllt its frequcllt")' i~ 

<leterminttl by the I'efIctlluee of its tullttl c:in'uil. 
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.... o~illalor power. T he higher the power 
of the o.~cillalnr. howc\·cr. 1 he .~/Ilalk·l" 
the dcg:1"{'(' of ("(II/piing lle("(,SSHry to 
produ<..'(' :l giV('lI ~ 1('flf'('l ioli nil th ~· lht",
Illogalvunonl{'lcr" 

When Ihe Wa\'ellleler is (.'oupll:;'(l10:l 
controlled oseillator or to the out put 
of a power ampl iEer, tilese effects are 
usually negl igible, The capacitance 
effect of the p resence of t.he oscilla.lor 
or power amplifier II pon the Wlwcmeter 
is, howc\"er, ~lill presellt. 

Whell uilillg rCliction methods of res· 
omlnce imiil'atioll. the point of mllxi · 
ilium reaclioll is where t he greatest 
fre(III(>lIe.\' shift OC(! UfS, so care shou ld 
he tnkcn to make the reaetioH as smai1 
a .~ p()s.~ibl(' or e1.~e the setting .~h()u ld he 
wadc h .... listening to l he bent note as 
outlined above. 

111 making frecluc ncy ll1eaSllrem('nt.~ 
wilh a wav('Bleter, if no cnre is tukell 
10 eliminate or minimize the various 

! 
i , ,F="":..-----r 

"II:~' OI'osc ....... TOIIj 
... ...as.tK:t 01' -.vo«r t~ I 

I 
I 
I 

_~tOC:Tt~ 'OI<DtH:I,[~ $(:~Lt_ 

FlOtli.: I . Hellctim, of a ",Ilvt'!lll'l~r "I)<JU til ... 
fI'f:(IUe!le~' of lin o$Ci1Jator to wllid, it i.- Cf'lllplt'(1 

effects which h ~we bccn discusSCi I. 11 1(' 
best accuracy which can he rcalizt.'"(1 is 
about 0,5 per cent. but if d ue a tlenliOIl 
is given to them, the rntcd aceul":te:o' of 
the \\'a ,'cmelcl" ('an be reaeil(.'{l. En~n 
t.hen the" rated aeclII'aey" llIa.\" he of ;1 
ma terially lower onk'r Iha ll t he per
cen tage prcci.~ ion wil h wllif·1. o lle i" 
able to read the ."<.'alc. 

FIGll"; 'l. A Gene",l Hlidio \\11\'e,uet<:r of the Ilreei,ion 
tYlle rererred to in this "rlide. T he oomleu.>er is 'Iri,'en 
hy the micrometer control 1"lUdle Althe right, one COI1l
plete turn or whieh I"e,·okel the coudell.>er t.hrough 1 /~:j 

of" .'lC.mieirele. T he mit"l"Ometer ~IUlrt ""rriesllll lI<!<:urllte 
HlO-di\"is ioll "Cllle, .0;() thllt any desired seWng of the condenser can he duplicate<i 
10 withiu nl le.1St olle ,!.1rt in 'iSOO. Resides, teuths of divisions 1'111' be ~stimtlte<t 
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SIMPLIFIED SENSITIVITY MEASUREMENTS FOR 
TilE R ADIO SERVICE ~jAK 

13..1' CHAJ<L£S T. BURKF,* 

Y
AUJ)ST I (, K~ for the ('vn luulion 
of radio r{.-<'civcrs lHlse come illlo 
general usc. III the research lal!· 

oralor~' where new designs nrc dc
veiOIK'f1 \'cry ciahora\e s~'stcrns of 
measurement have heen St'l up. covcr· 
ing ('n~r: .. (culme of receiver perform. 
ance. t ~implifiC'd tc<:lS arc also in uS(' 
au the production lines, where the I}('r· 
romllillce of every set mny be checked 
ugnillst the lipceifieations determined 
by the developillent laoomtory. There 
!La.s heen. however. no generul means 
available for II performance check in 
the field. To 11 lilllite<1 extent the 
methods t1SCtI ;11 the d('\'('lol)lIl('lIl 
lnhomtory ha"c been applied to field 
checks by some or the larger orgunl,.I.1 -
lioll;;. hut these methods are nol gell
erully .!IIIIte,d to service testill~. 

• EnlCiu«,r. Genmal Hlldio (;omfHu,)" 
t I , U. E, Yff,rbook.1Dt!l.pp . IOG- I!I!I. :;a·al.iIl 

Charles T . Burke. " The Staudard·Signal )Iethod 
.... r ,\I('IIsurillg HI)t."(';lIer ChnracterislK.'II." Gro~rul 
f(1II1i() ,.:r(H'rimCNler. IY. Much. 1!130. 

It IS recognized thai a !lC1lj; ili\'i!~' 
measuremenl .~ef\·CS as an cxeellent 
indicntion of the rCCt'i,'cr I>cMormllllcc. 
.\n)" serious fault in lhe receivcr will 
1)(" accompanied by It loss of sensi
tillit~· as collIpare<1 with standard per
forlllltflec. The usuul method of mea.'!
uring sellsitivity is illuslrflted in Figure 
1 .. \ modulated source of radio fre
quency is collnected to the receiver 
through a dummy IIlIlenllll. The ])Ower 
ou tput of the receiver iii 1llt'IISUrcd in a 
standard output circuit. The magni
tude of signnl voltage recluifl'{l to give 
equul output power ullder sluTl~lardizt'(1 
1I1ellsllring ('Onditions is of coursc a 
measure of the ~c"siti\' il~' of the 
receiver. 

A number of smlplificuliol1S may be 
marie in the procedure outlillcd 3i.)(We 
to make it more "uitllhle for ~r"i<.-e 
te,,! ins:. A test-siglllli generator fo r sen'· 
ice testing slloulrl he easily Imrtablc 
allli all unesscnl.illllldjllstmcnh should 
he eliminated. It is (Ilso dCll irnhlC" lhat 

r--------------------------, 

I 
II == .'::..~=- ~ .:=- I -.. -__ '''''00l.0CT • ..-..... DO _ .... _... t 

,- "----' I 
~--------...!~....:..~~-.'.. -----" 

FlGnUl I . ('OIUPO~lIt pD.rU rt'quirM rot" the ~llIndard-~igIIIIl method or meMUriDg KDliith'ity .! 
l'('<'OmlDtllf\a1 by the In,litut .. m n.di .... Elljt"illetl'll .. \bove : 811 outline c hllrt . I~lt")'" (left to rigbt): 
Tvr'.' S77· 11 l .ow-F'l'efJueocy (}.emllIM ru, ~upplyinl!" uter1\ll1 mod"I/lI;Qn; '1''''1;; .... 1::\.(' Siandlln.l· 
l-'ij.(nal roellt'mt .... ' ; Tn.: li S Dummy ,\1I1('I}O" ; I't't'ei,·e r under 1(,,1; ~"d TVr'!: .sO OutpUl :'Ilet .. r 

[ . ) 
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the instrumen t be alternatin~~urrent 
operated in o rder t o avoid the necessi ty 
of carr)' ing ha ltt' l"ies for it. 

Thoroul-(h ~ hi eldillg is a furtll('r re
quirement for a ll)' instrument with 
wh ic h compar:lti ve sensi tiv it y mells
uremell ts are to be Illude: otherwise 
differences i ll shielding of the receivers 
lI"ill iUlroduce wide \·I\ riutions. ' rile 

~hielding must. of course, nlso include 
complete isolat ion from t he 1IIternatillg"
c urrent line if the rccei\'er under t est is 
IIlso altcrnatillg-cu rrenl operated. An 
adequate test -signal generator should 
prO\'ide :l modulated radio-frC<tllenc,Y 
voltage continuously adjustnble in fre 
qlleuc.v and eOllsta llt ill amplitude oyer 
the broadcast range. It should also pro
\' ide mcans for changing its output hy 
definitely known amounts. T h is last 
r('{luiremen t illvolves the desil-,'ll of an 
attenllator o r voltnge divider which will 
be accurntc at high frequencies a nd 
also requires careful sh ieldi ng of the 
instrulnent. 

T he lIses of such a test-si~nal gen
erator arc IllitnerollS. It CIl I1 hc lIse<1 on 
the demonst ration floor to compare the 
!>ensitivil.y of ,Iifferellt rCX!eivcrs, :tlways 
extremely d iffic ult 10 do under store 
conditions hy olhcr means . "It is in t he 

field of rect'iv(' r servici ng, IlolI'ev('r, that 
t.he t cst-si/:,...IIIII gellcrator has i L~ g reatest 
us<'fulness. Ilt' ing C1L;;i ly portable, it ca ll 
he takeu to the joil :llId wit h its assist
IIl1ce, the sen·i<."C Ulall can immediatel ,.., 
d etermine whethe r or not :L real diffi
cu lty exists ill the rC<:('i vcr. lie can also 
isola te re<:eivcr I rouhles from trou bles 
due to locul couditions or to a ntenna 
and ground inst:lllatiOIi. If the trouble 
is in Ihe rt'Cciwr. the lest-signal 
gell eru tot prm' ides 1111 immcdiate check 
011 tJle efficacy of the mea ns takell to 
remedy t he deJect. since the restorntion 
of the rccci" cr to 1I0rlllai sensitivity 
clln be interpret cd as a successful c ure. 
This usc of the gene rator perm ils t he 
making of all kinds of lIIinOI" adjus t.
ments of the receiver Oil the owner's 
premises and eliminates Ull necessary 
trunsportatioll of tile receiver to the 
shop. The test-signal generator is also 
used in the custolllary ncutnllizing and 
align ing adjustments where a source of 
modu laled radio-frequency voltage is 
required. 

The General Uadio Com pany hM 
been work ing for a considerable period 
ou the de\'eloplllt'nt of a t.est-signal 
generalor which will fulfill the require-

• ments outlined abo,,!!. The result o f 

1>'1(;l ' n): >to ('0111111'"",,111 paris rl'(luired for the sim ll1ifl~1 .!oell~iti vity me/l5l1rement desc.ibe<t in lhi ~ 
"rtiell'. ,\h.wt": II" oull;" .. t" hllrl. lIelow (teft to right) : Tn): 40 ' Test-Sigllal (; l'nefli l or: reeei\"er u"d,·. 
Ie-t; !l1I,1 'I' 1 ' 1 ' 1 ~ Ll((i Outp"t 'leter. \ ot .. the ~jl1\jJari'~' h .. twet'li thj~ "",Itli,· Il rl1lllgemeu ' shu ... ·" "" 

the " I'IIO,ite p"~ 
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I hi.., de\'l'lopmclIl is the T1'p~: 404 Tcst
~iWIll! (; CIlNator, It con .. i~t .~ (If II ('011-
~lltlll -olitplil \ '11("1111111-11110(' o~" illnlor 

I'H"!llllltc.1 II.\' tll~' r('(>tifil'r riPI,I". allli 
all attcllImlvl". to),(clher with :1 po wer
supply trnllsformt'r alLtl red Wer. 

Tile ntlelluator is earefull,\' dcsignl.'d , 
and well shielded. The \'lIlue of \.he 
iustrulllcllt in lnakillg oolll l)''l.rison de
pend" entirely 011 the accuracy of the 
lIllenulltor. nnd lhis portion of the 
"ircuit has. therefore, recei ved Ila rlicll
hlr tlltcnLion. The ai.tenualQr hos 
H ,ltag<' raLios of I, 'l, 5, 10. '.!O, 50 lind 
WI.J ; a tallge L1ml will includc all 
mo.:iern trl}('s of re(:eiYNs. An addi
I ionil! :;cl of termilltlls provides 1111 OU\.

put ("If ahoul 0.1 yolt, fo r "lilking 
IICIiI ralizillj{ 11 lIfl ali).(nillg :\lljll~t men Is. 
The ('fror in atll'lIlmtor ratios is less 
tlmll ,1 1)(' 1" ('clil . for adj:\(.'ent mlios, 
and the c Ulllulath'c crror in Ihe enli~ 
a!teuuillor does not exce«l ~o per cent. 
ThL'! me1111~ Ihat Ihe ins\.rument will 
l'fIIllP(ff't the :oC1I-"itivit,v of two similnr 
f(:'cei\"er~ wilh 1111 llC{' lItaCy of ,j to 'lO 
per renl . 

'1'11(' :,I,.-;()llIle \"lIllie of Ihe oulpul. 
\'(Iit:lge 11111 )" vary, due to nb';lIg of tu bes 
or to CllUlIgCS in line \'ol!nge. The 
I'htlll ).(e in oUlput due 10 line \"oltage 
\"urill liolls is approximately propor· 
lionnlto I.h(' chnnge in line \"Qltngc and 
mil)" be oorl'(.'(.1.('(1 for, if Ihe line "011 age 
is mellSUtf!(1. 

' I'he input to tile attenuator is nd
jU.!, tnbl(' nnd is correctly set at the 
flldory, Where rllcilities are a\"ailahle 
for selting tlt(' inpul \'olt~lge to tht' al 
tClluator rrom time to lime, corl'{'ction 
('lll1 bc IIlUdl' for changes in lullC ('on
dil;(In ~, The lolal voltage ntlenllnlioll 
from the poinl of adjustmenl to Ihe 
lowest oulput p()illl is 1 :100,000. The 
oscilllli or is so desigllt.'lI t1u;ltlhe OUl lHll 
\'oltllj:te is ncurly constant ()\'cr the CII 
I ire frt'qu(,lIcy ran ge. 'I'hc \"oll[lge ,'orin· 
li(lll I,,; Ic~ than plu~or minus 5 per cent . 

' I'he test-.'I ign:ll generator is entirely 
uiterlllll ing-curn!nt operated, This fell,.. 

ture f"C(luires <''Qnsid~l"ahle ('lire 111 111(' ~ 
dC~ICl\ Ilf lhe ill,.,lrUIII('II!, in ol"(ler In 
(.;(.'('11 rHdill-(I'l'fIIlCIU'.\· (·tlrrcnt.~ 0111 or 
lilt, li l il '. :-'illl"t' I hI.' r;lIliu rt'('('iH 'I' h 
u~lIall.'" ('l l<'ratCl I ,'11 t I.e .... 11II~ lill~ :,,111(
~igllal j.!eIINalor. allY le;lka).(c iulo Ihl.: 
Jille would he piekcllujl in Lil t' re<:civer. 
.\ I'Merul study of Illi .s problem has re
sult('(1 ill lillcring in the lill(: input to 
the gCllcrlltor, sitch thul the receiver 
ulld the sigual b'Clicral.or CIUi be oper
aled rrom the ,,;lI nle SQ(,kel. \\ilhoul 
illteMcrence. 

It s.hould be cmpllllsi"l'(''(1 Ihal the 
test-sigllnl gelleralor doe,!; 1I0t gi\'e an 
llhsolute reading of ~lI siti\"il.'" ill mi
crQvolt s. So rnall,\" ra(tor::! :dfl'd .~l l('h 
r~lld iIlK.~ Ihllt c\'c n 11 l:lh')1';,III I"." ill 
~I rumeul lila ,\" be 10 1)(11" 1"ClIl. ill {' IT, ll" 

ill :lh.>;ollite vu lue. '1'11(' 'l'n'E ,W~ "]'cst 
Signlll GenNlIlor has a .~'rie; of rdat iyc 
output fiKures, lind is prinmril.\· dc
signed for COm l);lr:lli\"e work. eit her 
;lgains! 11 st:ul{lan:l. or liS 11 slrai F!ht 
<.'Ompari.sou lx-I \\'1.'Cll two sc15. The com
pari:.oll does 110t Iw ve to he 111:)41(' lit 

the S1lllle inpul len)1 to I he rl.'C(';,·er, 
howen'I·. ~incc tllC ratio l.w.:hl"l_'CII lhe 
output at \"1lrions st('ps is ill{liC:ll~d. 
'I'h(' n l n~e of t.lle illsl r'IlTllcut is of thc 
order of 10- lOnO IIlicrQ\'oit s, wilh an 
liliditional 100,OOO-microyoll lermillal . 
The leakage is e(luivl'l lelll 1.0 ahout '! 
nlicTO\·olts. 

In u.., ing the l est-sig1l111 ,.(ener:ltor for 
making sens!li"ily lIlen.sUfCmc llts, it 
" hould be ooruc in mind LIlli!. 11 IlIl1l1ber 
or ~i mpli6c8liolls have been lUade ill 

t 'u.)uu : :I. Wirillg dillll"l">lIl1 ror rlt~ '1' \"1" : III~ 
"!'e;.I-,"ignRl (; ro(>rn lor 
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this instrument to uwke it I){'~t ;,ulapled 
to the rftlllir~ lI1 e ll 15 of rt'C'Cin.:r S('n·· 
it· illg. 'fht.·-,e ~iltlplifk:ltion s in the 
le~t llll'thooJ l in.' such that til(· 1It(·a~· 
urell1enls uhtaiuCiI "i t ll th~ te;t· 
,i,l(lIal generator ('lInnot be ('ulIlpal'C( l 
wi th tho~ ohtui lled h .... oli lcr mcth(l(ls 
of llIt'lISIIrt.'IIIt'lIt;;, ~uch OIl' the ~llllll lani 

..cn<;iti\'it.y h'sl outlincd It.v the In"ti· 
lute of Radin En!-(ineer<; and gcnerall .... 
1Io,ct! in development laboratories. The 
rH(lClulatil)1i ill lire l('.'SI-~igl1l1l gt.· IINHtor 
i .. ol.lai)l(',1 frl!lll lhe rcctificr ri l)plc Hnd 
j" 110\ adjll ... lahlc ('ith('r in freqllt.'11I'Y 
or in I)cl'et'ntll}o:l', HCliding~ tllkcli with 
Iht, tl,~t-~ignal gCII('mtor art', h(l\\'c\'er. 
('ol npnrl1hlc lllUl)I1g thclll"-Cin's. If fe

('t'in'rs or 'he ~arnc l ,Vlle arc I)(!inl! 
enlilparcri. tht: Jl:elwrlI1Qr can he ('(In· 
1I{'t-,tt"ll dir<'<'tl .... to the llnt('nnu-grounrl 
I)()~"" of the rN.'t-'i\·cr. If the n.«i'·cfil of 
1\ itlt'l." diffNiut.; t .... pc~ of input t'ircuiL 

nrc bci ng compllrL,d, it is desirllhle ttl 
U!;e a blocki ng condenser of about 
100 JlJl f CH pliti tanL"e belweell t he gct!
era tor and the recei"er under lcst. 
T he sensi l ;,·il.,' of fl rceci\'er;" mcasu red 
in terms of I. l lc mdio-fre11llc lwy vo\t.agc 
in put 1'equircd tn ~ i \'e a cert ai n o ut put 
IltJ\\er. Of two rcc'eivcrs deliveri ng tl lC 
'amI.' POW('f 10 tile -"pc:,ker ci rcuit t llc 

ulOre sells; t in' is. of ('()ut'SC. tl lnt whidl 
f'('t I Hirc~ t he .~ lnnller input \·oltllge. '['he 
j.(cIlI-'rai practice i~ to substitut e for n lc 

~1 H.';rk t'r a sllitHhle j'ci'lista n{'(' load a nd a 
11r(',l11J1 for lIleaslIrill J,': cit her Il lc ('urrcn t 
throl1j!h or the volta}o:e aero~~ it. .\ 
('()nvcniClit value of output power is 
q,> lttl ed (50 mill iwatts is often u~1 
IIct':l u.ote it is lhe 11I",li llll (' of U:lIlio 
t::n j.( incers· stalldan l) ami Ihe illpu t 
from t ire i'l ignlll gt' licralor adj u ~ l eol to 
gi\'C~ th i ~ "l,IIIC of output for :dl the 
ret-ei"crs lIle:\sured. 

MISCELLANY 
By THE ED I TOR 

WE arc publidlillg :\ l r, \Y1.rthCIl's 
preeaut;olls for the \1 .~C of a 
IUlll,t!-<'irt'uit W I1 \'C lr rc!t'r in t he 

hope thai il \\ ill di .... pd one or tile 
"IIl1llUOn lIli~all l )N..'hell"i'I1I" liral OIr(
Ileid h.'" nlilll~' 11 .~('rs \1' prt'<';',;ol1 \\1(\'(,

IlIctcr.~. 'I'll;.. qll('~tivil 1I11~ I.l'l·(lIil(> 

M'riOIiS ~illce tilt, HIIIIUII III't' IlIt'lit Qr lhe 
11t'1\' TYPE ~ ~:I \'a(,lIl1l11-'J'lIhc O.o;(·illalor 
1\lli('h enuble'l tht., user 10 COtl\'Nt his 
(;('lIeral H;ulio T "N: -t'H, -t·H .... \ . or 
'!-t l -i. I' rL'('i1'ioli Wll\'cmc.-Icr il1 to 11 
IldcfOfIYlle 1\'1\\·cl lleler. T he ~rclltl.\· 
illel't'a~'fl pN:"Ci'liOIl or S!!lling which 
011e ('lln obtuill I..v li"lcni u!; to t l,(' bea l 

11111(' Ira" le<I rnan~· ]>copie to assume 
tlml t hey were ma kin !; mlleh more 
1I('('ll rule HlCfI.~ II f{· Ill Cll t ~. 

T hc point i" t h :1\ Ihe fr('(I1I<' II(,." 
"I:thili tr (I f :, IIl'tN04lyne \ \ <I\'(' III<,II'r 

IS lilt h('ltt'r l hal! 111(> .~I;, " i lity ,If 
lire Ill ll illj.( l'i n 'lIit \\i \l r wh i(' IJ it i~ 
a .~su~·ia!(~ I. ,\ Iwlt' rod,,·t1c II a \'l'urcter 
II H1V clIahl c one to lII ill il1li ~.e t he ('Hor 
i l l ~tt ill !Z a }o:in'lI Ullkllown oM:i tl ulor 
to R ,Ic"ired frc(lllCllt'Y, hut tl,e re· 
l i a "ilil~' of L1ml helefor lYII(, 1I'11\·C· 
meter as a standa rd of frccp lellcy i~ 
110 greillcr 1h:\ 11 tire rel iahi lit y of its 
tUIH:d circuit. 

The General Radio Experimen ter is published 
monthly to fumish use.rul inrormation about the 
radio and electrical laboratory apparatus manu· 
factured by the Genual Radio Company, It is 
sent without charge to the business address of 
interested persons. Requests should be made on 
your business letterhead and addressed to the 

GENERAL RADIO COMPANY 
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A Service-Testing Oscillator 
of Radically New Design 

SEn \ ICE .. nldn ..... . from 1 ... '¥I'ff;~i. t ratlio mall" facl"r~ I"",t r.'/ >t:ale.lly 
a~I.,,< 1 for II ~iml'lili',<1 ", .. ,hool J.~ n .. ·Jl n~ of .. hich th .. imlividull l!erv; ... ·, 

II,,,,, .... .,..1.1 IIIal. .. .... ·lIlIiti,;', In".~lIr .. m"I1I~. The '1"1'" 10-1 T " t .SignBI 
Centra lo r i~ the a n~" er. ' 

Th~ 11(' '' ill~lr"",e ,,, ill tlw i<l .. al OIoCiIl" IOI'" for the IIf!rv;remlln. It delivers 
11 111 .... 1"1,,, .·<1 ,nl,,,!!,, ofknu"" nlll l!n il", I "'II I II11~' \)()inl in Ihe hroo,icUI hllml. 
nn,1 .. il " ; I ~ 111'11' ,1"fl'C .... (' "II 1)1" 1, ,,·II IiY.NI " hi." .. -;,hou t i t ,",,,11M r~-': I uirc 
lil"".""~ l i",I: f'''I-lI nd ' l r~ IIwlh .... I ~. I. r"III II I"'~ Il l!' unr..tilll, lc l iM .. ui"g 1,-.,; ' 
"i llo an n.,!",,1. r,,".lil) rlllf,li,·~ t"" ""·""lIrl·II'(,I1 I . 

I " wtl tli,i,,". i, I,, ·rr"rm~ ~,II tor ,I", "~ lIn l ('UI'"' ions or Iht: ~i " 'I,I,' ''"'''ilIlIl'''' 
in ,uaL.iu@: " culral izin!; . n.1 nlill" ing 1I.lju~ h'".nl s_ 

'1'1, .. ""j!i,,~~fi!. "ho da-igu .. d Ih .. 1 ~'jjI-~ig"lIl gCllcralor ~ Iudil-' I Ih .. "..n ic .. · 
"'11" '& n '(luinmen li; rrom c'''Q ~ nl!l .. h. m. L. e ~ure Ihal " 0 neglech -.:I d,' lai l 
"I)ul<l mOr i,I' perfcct r:errorma"Cf'. E ... h ill.li\' it/"a l ;1I~ lrtlmcnl i4 f:i\e n a 
Ihoro,,!h dw,,-k ill Ill .. IlIbof'a lOl') 10 mak" &urt'l Iha l il i~ 88 gonoJ ad ,10" 
orij!:ina 'I ~·,igll. 

s.-.. Ih i" i .... ,,, .. o( 1111 .. 1~IH:ri",r"" 'r (or II ti illCui!I! ion o( 1<'II1 ... iglla l geu~'l'II l or4 
in !"ncral alld the Tn'~ WI iu I,arlicular. II "i/l he ca lafog.:.1 in a !lCW 
IIUI eli " ror ,he OICniccman "hid. "ill I, .. ",,,i l.·d 10 all $ot!\"vi~-emll" re ". I.-r~ 
of 110" E"'I'"rimen'cr on Scpl.-",her 15. 

Price, $95.00 

GEi\'ERAL RADIO COMP AN Y 
Q"VIC"! L,l.aOIUTOKIKI 

CAMBRIDGE A, MASSACHUSETTS 
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