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A NEW INSTRUMENT AND 
A NEW CIRCUIT FOR COil 
OR CONDENSER CHECKING 
.THE REACTANCE AND RESIS · 
TAN C E of coils a nd ('ontic nserll usclf l in 

ST'," I> \ IIII F KRQI. .... ·CII':S modern radio rccei\crs are (reli tle llll ), he l.1 
.'(111 Til l! \ 11 ;;/('1-\1'0 10 10 ex treme l) close l o l t!r am:el!. \ c('c pl u n ce 

lests a nd C(luipm Cnl fo r checking , 1H'sc fa c­
tors are impo rt a nt to bo th parts 1II01I1I(a (' · 

lurers [1 11(1 rC('(' i,er 1l11l1111(U t: lure r s. Laborllt ory in strume n ts o f Iligh a.:;. 
(,Uflll") arc available for mulin g Illese measure ment s, but thei r rela.i . e!) 
h igh cost usua lly prohihit s their use 0 11 the production line. The sume 
resuita u l accurac}_ hO'H~,cr . can be obl ai nCl1 h) measurin g a nd adjust-

Frc,1 1C1;: 1. T" Q Tn'., 72 1.,\ Cnil C"'''1'8 '1.1011l arr ll" getl for 1e6I;ug l!o;l~ II I I .. " (re'luene; 
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GENERAl RADIO 2 

• 

in g II sLumlord coil in the labora tor y and 
comparing otbers with the s tandard by 
means of sim ple. inexpensive iustru­
ments. Primarily for lhis lalter purpose 
the General Radio 'rYI)~: 721 -A Coil 
Comparator hu s been designed. 

Whallllcthod of measurement should 
be chosen if it is desired to compare, at II 
radio frequency. II number of pnx iuction 
coils wi lh II standard sample? T here are 
ava ilable the Camiliar bridge methods. 
resona nce methods, deluDing methods. 
I'te. Direct subs titution ca n be used 
equally well with a ll of lhese, aod UIlY 
1101 too elaborate circuit which permit s 
lhe comparison to Le made reudily wilh 
lhe desired degree of precision should be 
satisfactory. Bridge measurements rely 
Oil II null indicat ion and ~;an he IUade, 
consequently, wilh a lmost any re(luired 
precision. Tiley a re di!licult to set up, 
however. and require considerable e(luip­
menlo Hesonance methods, although 
capa ble of giving satisfaclOry resul l-S 
when the losses in the coil are low, fre­
quently do nOI permit settings to be 
made sufficient ly close ly in other cases. 
Detuning mcthods, such as the zero­
beat subst itution method, li kcwise re­
(Iuire, for s table and slI tisfaclory oper­
ution, a considerahle amount of equip­
mcnt, ami urc difficult to adapt 10 the 
d leeki ng of ,<oi l losses. 

G, G, 

TO 
GENERATOR , L 

G -"-S-r , 
~ R , , , 

A NEW CIRCUIT­
ITS ADVANTAGES 

A ncw measur ing circuit has heen 
adopted for the TYPE 721-A Coil Colll ­
parator in order to keep the simplicit y 
of a resonance method , but with con­
siderably increasell precision of setting. 
This circuit. wh ich is a bridged-T IICI.­

I,ork, is shown in Figure 2. Like a brid ge. 
it is capable of being balanced for a per­
fect null indi l;B. lion, hut unlike a bridge, 
oue side of the gcnerator. of the detector. 
and of the coil under test are connected 
to a common grounded poillt. This si m­
plifies eonsiderahly the whole arran ge­
men t, and the s tray ca pacitance from 
the generator to ground , or frolll the de­
tector to b'l"Ound , does not ha ve to be 
balanced out or ot her ..... ise compensa ted 
for. Headin gs are completely illJepcn­
dent of both generator and detector im­
pedances. The effective 10 ..... imlx:da nee 
of the circuit . moreo,'er. makes other ef­
fecLs, such as ea pacitallce bctwec ll input 
and output and capacitance to the oper­
a tor's body. a lmost unnoticeable. 

T he eomlitiolls for balance, if the t ..... o 
conJenser sections are appro ... imately 
equal and if the coil has a reasonahl y 
high Q, are all follows: 

1 
Lw ~ ~-'-c­

(C + C2)W 
(I) 

TO 
DETECTOR 

.. 

(2) 

F'CUIIK 2. Circuit 
of the '1'\'1'1: 72 l -A 
Coil Compurlltor. 
C, a nd C. a r e 
gUIIl;etl allu 0 l,er-
ateU by a s ingle 
cont rol. L nutl R 
ore the;nuuctunce 
and res;st anee <>f 
theooil I1IHler tCllt. ~ 
a nd C, is th e 
s tray Ca l,ucila''':': 
of the measuring 

circui l 
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10 other words, the sum of the eapac­
ilance of the IwO sections of the tuning 
condenser JlIllst be su(ficient 10 Illlle the 
coil to resonance, and the bridging reo 
sistnnce JlIust be eqll31 10 (our limes the 
coil resis tance . .If the coil were perfect 
and had no losses. the bridgi ng resistance 
would ha\'e to be zero and the circuit 
wou ld become that of Fignre 3, which 
8bo ... ·s a simple series-resonant circuit 
sbunting the line, the coil being luned 
by the two condeuser sections in paral­
le l. The circuit of Figure 2 is secn 1.0 he 
a series-resonant wtwe -tra p in whi ch 
losses in Ihe coil are cOIllI:tCllsal.ed for by 
splilling the condenser ;l nd inscrtillg 3 
brid b-ing resislallce. In this way perfect 
suppression of the applied voltage enn 
be obtained regardless of coi l losses. 

T he two condensers C1 and C: are 
equal and nrc operate(1 by a sin gle con­
trol which det ermines the reactnnce set­
lin g. A slllall condenser, a lso in two sec­
tions, is in parallel wi th the main COIl­

denser and is uscd to show sma ll dif­
feren<-'es in reactance in comparison 
measurements. The new circuit makes it 
possible to prov ide an almost ideal a r ­
rangement : a ~iog le cont rol, \ol ith an in ­
cremental adjustlllent, for reac ta nce. 
and an independent contro l for resis ­
tance. 

CORRECTIONS 
The simple relations which have been 

given (or the balancc condi tion 1101(1 , 

3 EXPERIMENTER 

ho .... e\' er, only when the coi l has reason­
ab ly high Q . .Moreover, belwecll the 
jUllction o r the two eondenscr sections 
and ground, there is usua llJ an a ppre­
cia ble amou nt or s tray capaci tance 
which is di rectl y in parallel .... ilh the coil 
and ca nno t be separated out in the mea­
sure mell t. The coi I is meas ured, t here fore_ 
when parlly tUll ed by Ihis atld itiona l 
capacitance. The condit ion for thc re­
sistance balance is cha nged because the 
partly -tulled coil has a higher apparent 
resistance. The reacta nce condit ion is 
not affected_ except that the stray capac­
it ance decreast·s by j lis t so much' he IUI.I­
ing capacitance [t'quired in the two COll­

denser section s and raises the va lue of 
the minimulll tuning capaci tance that 
ca n be obtained. The complct e balance 
equations, taking aCCOLin t of both the 
coil Q and the s tra J capacita nce. lire as 
fo llows: 

(3) 

R ~ ( _ '_ ) Rs( C, + C, )'(,, ) 
l+~ '1 (C, + C, + C,) 

The correct ion for Q is seen to be gell­
era lly very small. if Q is 100. the correc­
tion is on ly one part in 10.000. Q may be 

F'IGUHP. 3. If the 
eoil under teft 
had no lusees. the 
eoil eO rnl13ralO r 
c ireuit would I.e 
as s how n here. 
Thi~ is a Ber;eiI 

O~--------Ir--------O 

e,L let 

t"netl cireuit .Ii. 
reetly acr~ the L 

line 
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GENERAL RADIO 4 

as 10\\ 11 11 lO ... ilhuu l the l.:orr('I" ioli ex­
ret'dinl; F ,. Th ... t'orrect ion for Q ... ;11 be 
rccognUo.cll as the familiar I!:.press.ioll flor 
th .... r;ll io bel\\cCI1 Ihe Nlui ,ulcnt ;,cries 
reuelU IlCl' and the ('(Iu i,'alcill parn lle l re­
aCla nl'j' of a 4..'O il. The complel ... reaC laliCC 
N)1I{lilion (3) IlItrl'i} 8 1 a lo'~, there fore. 
thal till' tota l l'ap:w; Iancc (el + C~ + 
Cs) mllsl tune Ih(' "oil 10 IIl'Talle! re80-
0811('e. 

It I':; intcrc;:.t ill l; thai llll~ hrillging re­
;;i~hIllCC has nu effec t ... hat cH'r on Ihe 
lotal IlIlIing t'tl pu ci tnru.:c r("quirt" 1. Th .. 
lotall"apacitllllcl' is the sa int' IIi; " ould IK' 
u.cfl 'Indrr olX'ruling CQllllitiu lIS ... hen 
the c(.iI i ... tuned h) a !><lrallc! ~"Q IHlcn.sc r . 

Sinet' thf' 1\\0 ('OI1II (, II;;er seelio!!!:! C, unci 
C, arc opt'rate{) logcllwr ail II lIlIil, and 
,.irWt' IIII' s ira y t'apal'itance Cs .lel.IC.Hlri 
onl y l)iI IIIe CQmlc-n.scr set tin g:. it fo 1l0" 6 
Ihat tlw inSlr un1l'IlI call l:.c eal ihratcd 
.lirt,·j' ll } in lerms of IIII' IOIllI I ' U parilllllcc 
(C I + C: + C.~) a", if it Ilerc a lO.illlplf" 
oondt'lIH'r, Hcfcrrin g 10 Illc ,Iiagra lll . it 
Ili ll he !\CCII Ihlll Illis ca n he aceulII · 
plisl' l't l h} El hOr liug: the oSt' illal(lr lIud dc· 
tfOClor lermina \;:, 1111.1 IIH'3suring: 11.(' IOlal 
(:ap.u 'il a 'H'C acrO:>!> Ihe l.IOil1l>; III "IIieh 
Ihe {'oil iii 10 1,1' t'tl l11J('t' lcd , 

Thc 1..'orrec lion in c' prcs:oioll ( \) for Ihe 
erTc('t o f the stra y t'lipaciia llec Oil Ihe re· 
sislllnn ' measure men t (le l.ICll/ls 011 the 
('ondcnller I!C ltiug "Iont' IIIHI is imle pcll ' 
den I f)f frt'(I"('nc~ . TIll' bridging rt 'l' istallee 
fo r hlilanel' is in a ll ('II;;(!S proportional 10 
Iht' coil rf",.i;;tam.'C. Imt tht' factor of prll. 
po rlionalit ) is 1'lllIng,:d if Ihe slra.> 
('apal'ituncc is IIpprccia l.I., compart'll 
" itt. the lotallilning j'apad tll ll(,c, 

PRODUCTION CHECKING 
OF REACTANCE 

Tht' in" lrlllU('1I1 is parli cularl} 00/1\(:11· 
i(' l1l for Ihis applica lion. ;;.incc the dirt' l,t 
lOf'Ui' l1rCIll('nl of t alHl U is leI'S imflor. 

lall l thu ll Ihe aLili l ~ to COllll}llre aecu' 
rill e ir a production coi l wil h 1I ij Hllularl1 
1>amplf" "'"""I 

In llIall ~ ease;; a rea('!a nce (.'hc(.' l alolle 
it> a ll tl, a l i~ rClJll ircl1. In sueh l':l~d Ihe 
prot'cdllre IS c.\ lrc I/wl ) silllpl., and 
st raigil lfor\\arl l, The &lIIull 1.'OIl !lc-nser. 
marled LI \1 ITS. i ~ set at Lhe ccnter· 
~i'a lc I'-c ro. and bala nf'e nbtainc!1 for Ihe 
I\ lanuanll'oil IIr Il.Jr} in:; the resis lance 
{'on trol a lll l till' eOlllro l of Ihe IIIlIil1 ('"n · 

de"",'_ """ , .1 ST \ '1DAIW SET­
'I' INC. The reactance ".e ltinl! iii 1000l eJ 
II) a damp providc!1. the st allli:ml I':oil 
ill re place,1 by the pro,lllclioll ('oil. a nd 
!,ulallct' re;> lored h) \ar~ing the all"· 
" illr} LI \11'1'5 oolltlcn".er a nd the r .. ~ is t· 

II11CC I'onl rol. If Ihe prntiucl ion ,'oil is 
similar in con~ tnll' lion In t he ", t lJlldftro l, 
tlw lest I'an a llllo,. l in\ ariabl} I:it" mad e 
... ilh ~ lIffiei c nt pfj'cil1- ion L} adju"ling 
only Ihe 1...1 \ 11'1'5 cOIlfI\' nSt'r. leavi ng- Ihe 
re"iSIIHlC(' !Oc ll iug "!l a llt 'red, III Lhi ;;; \\ II y, 
an e" lrcmei } rapill ,",If' d . ('a n be oL· 
luined, I f a IIIct er. in pla('(' of a ll ulll liblc 
tone. is cmplo}NI III indicate huill.lll .. "e. 

its sca le elUl be ma rked 10 curr( '!lI)(l"11 10 

the req uired limiL;>. This arruligement 
ilia) he preferaLle (or I.'c rl ai ll a pplica. 
tions, 

COlltle u8ers ('an he {.'hecked as rl'm lii} 
as coi ls. 1,"1 il is !lcC('s,;ary 10 Ui'{' an e,· 
lerna I coil Itl oblllin ba lan!.'(' , The LI \t . 
ITS .Iia l read" (Ii rec lly III micro· 
lII icrnfanll l", llJ.lJ. f pe r (Ii "i$ion , IIIlil tlu~ 

sca le e ,~ t e nds from - I:' IJ.lJ. f to + 131J.1J.f. 
OirTcn ' lu'I';; ('1111 Lc estilllated to 0.1 1J.1J. f. 

.\"Ilough il is a nl icipah!{1 ,hal the 
singl!' frc(lucnc~ II'S I .Icst'r il,cd abo\e 
... ·ill lie ge ncrllily udl1l'l e!1 for prOft.lI'lion 
checki ng, IIIf' (' in,,,i l of Ihe comparator 
1(' lIu s il l;(' lf parlicularl y "CillO more de· 
t:l ilc(1 1('1011', For c,"lllnpll.!. 1I cOlllenicnl 
arrange men t for j'ht'ck ing coill' al I ... · .. 
freq lleneies tn o hwin II measure of the 
dis lriLnlt'd l'apacil a nee ca n he IIHHle hy 
f' mploy in g ".0 TnI': i2 1.A Coi l Com· 
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IJUrator", So ili t· b) ~ iflc . cacll "ith il:. 
se paratd).luIiCll lictec Lor. If th,· oscil· 
lator fuudulI1c lllalulld secoml harmoni!: 
urc used for the les t frellue ncics. Ihe 
1\\ 0 inputs l'IUI be conne(;led LOgc ll,cr. 
It is then only nCI't!s,;ary to shift the 
higll-I'OH'nlia l coil leull 10 tcs L al thc 
1\\ 0 frelltlc ncies aud 10 insure Ihal the 
n:actall<'C \a llll: in cach case fall s \\ilhin 
the speeHied limits. 

PROOUCTION CHECKING 
OF RESISTANCE 

Production coiJ" can also Lc cheeled 
for ret'isl8nce or for Q ; •• "olllpurison wilh 
a sta mlanl coil. I t has Ocen sho\\ n ai}(H'c 
that for coi ls of the sallie rt'actanec the 
~c ll ing of t he resistullee L'Olitrol i~ nll>ll ys 
direclly proportionul 10 Ihe "oil resis­
tance. The pcrecnlagc de l iatio!! in U or 
Q i,. equa l ill lIlaguitude 10 the I./I' recnt· 
llge ,leviatiQn of the resistance control 
se lling. The f'orreci ioll fue ior for t he 
" Ira) ,·a plH·i lll.ll l:e nt-oed 00 cOilsi,lered 
on I) for a ll II.bsolutc lleterminalion of U 
or Q. '1'\\0 ranges of the resisI8nee ('on· 
trol are pro\illf' ll , rcadi ng direct I) 0· 10 
Dlul 0-100 ollills " nominaL" i.c .. UII('OT · 

rcc led. coi l rcsi:HaIW(·. 

F"a.Ki,: I. Punel 
,. j .... "r tho: cuil 

COl"'plIra lor. For 
production tellt­
ing. Ihe main 
dilll iri lock .... 1 a \ 
th .. &tand:lrti ki­

ting and tlevi.­
I;Onri are read On 
th .. LII\IITS dinl 

5 EXPERIMENTER 

OIRECT MEASUREMENTS 
OFRANOl 

\lthough the TWE 72 1·" Coil Com­
para tor hu s heen de .,.eloped I'rincipall) 
for productioll checking. it is hclic\ cli 
Ihnt it frequcntl) \\illllc fonnd \altluhle 
in the laboralOr) for direct measurc­
ments of reactance alill resistance " here 
precise results nrc nOI relluircd. 

The circuit lIIakes it IKli!I' ible. eSt-Cll ­
tiully. to compare a coil" ith a condcnser 
uml resistor \\ithout an) "ofllpikatioilli 
due cit her 10 the impc,luncc of tim \ull­
age sourcc or of the indica lor cfllplo)ed. 
all.1 it pCrlnil!! tile l'OlIIpllrison to he 
lIuulc as d osel) as desirell. \ sslllilin g 1111 

UlTurale cOlldcn~r cnliLrnlion, lilc ut'· 
curac) of IIlCIlSllre ment umler such ci r · 
clilnstances dcpcntls principally 0 11 110\\ 

IIllich the eOll8tanls of tire eircllit ,,1,·· 
IIlcnt s \'ary \\ilh frelllll'IIC). At hig' II frc ­
<IIIcllcit's till' cnpacit8nce of a comlcn~r 
11111 ) diffcr \\ i.ld ) frOlu ils 10'" .fn!(I"CIIC) 
va luc,anrl it s Q lIla y bt:COIilC compllrllble 
10 Ihat of Ihe ('oi l. Tile dinicultics in 
mil ling a \'llriuble resi!;l lll.lIce opcrule 
sat i"faCIOril) a l high frcqucncil"s arc ,.cil 
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GENERAl RADIO 6 

known. Al though the '!'¥I'E 72 1·A Coil 
Com para lOr is not prim!!ri l}' intended for 
direct measurement s, both the condenser 
and resistor ha\'c heen (Iesigned so that 
high.frequency effects are reduced as 
much as is pract icaL le, and the sca les 
provided I>crmit readings 10 be llIade 
with suflic icllt precision. 

It has been shown that the s tray ca· 
pacitance correct ion for resis t,ance dc-
1>Clltla only on lhe condenser sett ing. 
The condenser ca u be calibrated di. 
rect ly, therefore. ollce for a ll, nOlonly in 
terms of total e ffective tuniu g capaci. 
IUlU.'C, but also in It: rms of resistance cor . 
rection factor, obt a inable fro lll the ralio 
of casily measured dirl;lc t cllpacitu llcCS in 
accordllnce with C(luut ion (4). This cor­
rel;l ion curve J oe;; IIOt vary apprecia bly 
from one instrulJlen t to anotuer. and t he 
a\'erage curve given in the operatiu g in · 
struetions is sufficiell t ly close to permit 
very satisfactory direct measure ments of 
n!sistan ce. I t is lIIere ly necessary to uwl · 
t ipl y tbe reading of the resis tllllcc oon· 
trol by the correction factor correspond. 
illg to the oondenser sett illg to obtllill Ihe 
tr lle iieries resislUl1ee of the coil. 

h Olllst be e lll phasized. 110\\ el'er. (hilt 
the TYPE 72 1_/\ Coil Compllrator is o f· 
f('reJ principally for comparison mea_ 
surement s and no guara ll teecau bCll lilde, 
either with regard to frequency range or 
aeellraey whell it is used as a direct-read· 
ing ins trument. It is hoped that. further 
t'xpcriellee with the new ci rcu it " ill make 
it possible to eval ullte the errors whjch 
occur a t high frequencies so tbllt the ad­
\antages resnhing frOIll its ill berenl 
simplicity lIIay be fullr realized iU llireet 
lIIeaSlirelllell t s. 

CONSTRUCTION 

The condenser has the rowr a nd hoth 
stators insu lated from the frame. COU4 

nection to the rotor is IIHlde a t the cell ter 
between the two sections to reduce the 
size of the induct ive loop and iHlprove 
the high-frequency performance. 

The variable reslsta llce has low resid ­
ual inductance, a nd is capalole of slIIooth 
aod COlltinuous variation . The uni t em ­
ployed is similar to the type used as a ll 
output potentiometer ill General Radio 
st andard.signa l genera tors. It is wire_ 
wouod 0 0 a for m of small cross-sectioll . 
a ud the willdiJl g is of the Ayr ton-Perry 
cons tru et ioo. 

Two separate variab le resistors arc 
e mployed, con tro lled by the same dial, a 
toggle sw itcb selecting the ra nge desired. 
The dia l has 100 divisiol1s giving direct­
ly, wi thout ca libratiou, t be " nominal" 
coil resistance re ferred 10 above. 

AUXILIARY EQUIPMENT 

The T\'PE 721 .A Coil Comparal.or is 
supplied wi thout oscillator or de leetor, 
in order to permit Lile greates t possible 
(Iex ibilit r aod economy io the construc_ 
tion of tes t benches. A sing le master os­
cillator ca o be used to fu rnish power for 
several coi l comparators. If a luod u[ated 
oscillator is c lllployed, a sll1all broadcast 
recei \'er ca n be IIsed for the delector and 
is very much less expe nsive than " spe­
cialized piect! of test eq uipment. ' \11 UII ­

lIlo(lula ted oscillator can be used, ir pre­
ferred. with a IlClerofl yue del ector. or 
with a s tra ight radio-frequency de tcctor 
such as a radio receiver with an electron· 
fay tubc tu nin g indicator. Tbe oscillator 
should he sufficicntly shielded magnet i­
cally to avoi(1 coupling to the (:oil IInd cr 
tes t a nd should furni sh, prl'fcrably, 
ullout 10 volt s output , ahhough even a 
iSland ard-signal genera tor can fre{]uC: lltly 
be used satisfaNorily. A lIew General 
Hadio mod ula ted oscilla tor, suitable as a 
source of power, 
Ihe IIcar ru tllre . 

wi[1 Le anJlounccl1 in 
- \\1. N. T UTn .1!: 
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SPECIFICATIONS 

Tuning Capacitance: The effective 
t uniug cR ,)ucita nce is adjull table be· 
tween 751oCJl ( a mi 1200 pJ.l f when the a ux­
ilia ry condenser is set a t zero (mid-scale) . 
T his includes a stra y capacitance of 25 
1032 Jlllf, llepcnding on the settin g of the 
main condellser. 
Res 1st a nee : The resis tance conlrol 
reads directly within 5% the " nominal" 
coil resistance froOl 0.5 n to 95 n, ill two 
ranges. The correction for stray ca paci­
tauce. IIm,e\ er, lowers the lIIuxillJtUn 

measu rubh: coil resistance to 46 n when 
the tuning capacitance is 100 j.lJ.i f , and to 
85 n l,t 1000 /-IJ.l f. 

Inductance Range: Ally coil call be 
tes ted which can be luned to resonance 
a t the lest frequency by a capacitance 
between the lilllits given a bove. and 
wbich has a series res is tance I} ing "ith­
in the range specified above. 
Calib ration : An approximatecapac. 

T, 
721 _,\M 
72 1_An I 

With cabine t . . . . . .. .. .. 
With metal d U6t cover .... 

In the labora tories of public utilit y 
oompullies ... ·here 6O.eycle t,esting allli 
sta ndardiza tion are ca rried Oil , ti le 
VA R/,lIe is ... idely used 9S an easily -

1 EXPERIMENTER 

it alH.-e calibra tion is supplied for the 
main dial ; this is actu ally the 8 \'Crage of 
a number of ins truments and is within 
±s%. The a ux iliary condenser dial is 
direct reading ill mieromierofarads and 
the resis tance d ial in ohms. A correction 
curve for the effects of stray capacita/l(:e 
is supplied . 

M 0 u n Ii n g : The ins trument can be sUI)­
plied in 8 "" alnu1 cabinet for table u.se. 
or with a metal dust 1..'O\·cr for building 
into test equipment. 

Accessories Required : n adio-fre­
quency osci lla tor. prcCerabl r mod ulatcd 
for use as Ii po " er source, and Ii radio rc­
ceiver for use as a detector. 

Dimensions : Panel, 12 x 9 inches : 
depth behind pand, 'I'yp~: 721-AM, 
9!.-i inches; T Yr E 72 1-AIL 83"4' inches. 

Net Weight : '1"""1': 72 1-A M. 121 ii 
pounds: T YPE 72 1·AI{. 8 3" pounds. 

IIIUI.K 

111(;01' 

185.00 
00.00 

adj usted source of tcst \'oh age_ The 
photograph bdo ... @llo .... s the VA RIAC 
being used for this purpose in the labora­
tory of the Edison Company of Bos ton. 
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GENERAL RADIO 8 

STANDARDIZING 
THE STANOARD · SIGNAl GENERATOR 

• I N ARE C E N TIS SUE of the E.x· 
lH!rimerrter It high.frCfltJCIl(') sia mlani of 
,oltagc \\a8 ,h·llI'ribcd.· One of the chid 
II SC~ of this dc, ice has lx'ell the sl and ­
ardiza t ion of s ignal generat or outpu t 
Ie , cis at high frC(IUCllcic;;, The fo lio,. iu g 
arlicle is \<orillell 10 gi , e the large nUIU­
bt-r o f signa l generator useril a brief idea 
of ho\\ thci>C IIH'1l8 t1rCIII CIlI S are 1118(11.'. 
The equipmc nt dc.;erilJcd il> purel) c\:o 
l'(:riIllI.'II181 : il h us not hccll put in COlli ­
rncrciul fOril i 101111 1 is 11M 11\ ai la l,lc fo r sale. 

A s lllmlurt l_s ign:.1 gCll t'rutor usua lly 
o.::ollsists of Ull oscil l/11 0r ('0111'1("11 through 
an II I 1t' l1lm tor 10 outpu t termill a ls. The 
con st itute o f It rcsiiu in' nllCl1l1Ulor ure 

dctcflni nctl lil llc or li t /ludio frcqucll cicf:l, 
those IIf imlul'liH or c8pacili,'c ullit s h~ 

comput atioll from the ph}i'icu l dimclI· 
siollil or from aUl lio.fn.' '1uc ni ') mens ure· 
OlenlS. It i~ l>OS!ible to int(' rcompare dif· 
ferelll I} pes of a llCllllllt ors. lutll a \er~ 
(,ureful!} oollil lru~ le il ullit rna) be IIscd 
'L 1.1 . "<~u'mba". "A 1I ,.h ' .''"''I'''''''''' \ ,,10..0 S'and ... lI." 
(~ .. I N.lI ... t...,.,...,_. \ .... \I t. ...... , 1 (J"."" 19311. 

o 
~' f VOlUG[ 

SUNDARD 

(D.h) 
@ 

as a Sland ard in d1(,'(:J..III I; (' ruder altCII · 
ualors. It is lIluch Le it er. ho,\ c\cr. to 
lise a n e ntirely ilulf' I:lCrulcll l IIlt'lhOcI. 

'h is well kilo" II . a delector tube "ilh 
a n inpul COlIsiSi in g of "\ 0 frequencies 
superposed ~i11 give an output signa l of 
the hea t or diffcrence fretillent:), I f ont' 
of the sigll a ls is fairl), large (e,g,. I volt ) . 
.. hill.' the Olhcr is milch smaller (e .g .. I 
millivolt ). the ampl itude o f the !Jeat frc­
{"Icue}, wi ll be ,'cry elnsely pro l)()rtio nul 
to Lhe n rnpli tude o f the sll1ull in pu t sig­
nal. This proportionali ty ho lds o,er II 

vcry wide fange of umplihHlcs sue1. M 
60·80 (lb, so that the ullIplitufle of tile 
dilferenee freque ncy will sen ·., li S II mea · 
Sllre of IIIe il llw ll iUpllt signll l e vclI .. llell 
this signal is \'aried fro ll! 0.1 IJ.V lu 1000 
IJ.' or evcn 50.000 IJ. ' " This is II ,Ocr) usc­
ful rela tionship bet'8 USC it IJCrm ils .'om· 
parison 10 be Inade of the a mplitudcs o f 
high.frctIUCII\·y siglin Is h)' IIIc8!'ufing 
amplitu(l t's o f lo"' . frellllCIIC) hea t sig­
nak 

J ose'~~nDII O <:t"UDIO"II(QUU el 

'$ Me 

@' 
(~'H(1(AODYN IHG 

G ose'llUD~ 
1-0$ Me 

FIt:U KK I. \ funCI;"uat ,Ii"gram ~hm.in! Ihe e(luill,uCIII ami mdhod Qf m ... umr,. ... cnl II iM',II.) 
~ 1 1I ,,<l a rdi ... c 8it!nal !; .. ncral~ 
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Of cou rk' prel'autiolls tIIu .. t bc talell 
to make ttrlain that the conditions out -

_ lined abO\c a re really oLtained . For c,,­
ample. it is imrl()rt an t that the slIl a ll s ig­
lIal 10 hc llieasure!1 shoulll 110t relict 011 
the loca l lu:: tcrod }'lling oscilla tor . Fur_ 
thermorc. lIie det("ction should all Ot'I' ur 
in the dell'('tor ra ther thun in the :lIlIlio 
measu ring ei r('u it s. It is a lso import a nt 
t hat the rncui'urillg circui ts shoutll lliea­

sure the heat frcqllt'licy ralllt:r tl lIHI 60 
l')c lcs or ,aellum -t ube noise of one sort 
or a not her. a requirement \\hiell ma l..cs 
hight) @.(' Iee ti, e audio .measuring cir­
elli ts neN'ssarr. Whrll these prccautiolli. 
ha\c Ix'e ll talcn, ho\\e,er, one ha~ 1\ 

I"e thod of t:<lmparing any "olt age leH:l 
" ilb Ihe oulput of II"" h igh-frcquc ncy 
SWntlanl Ilrc , iOl lsl}, deseribetl. 

The S}s tCIII is slio\\ n ill the fm ... t ional 
d iagra m of Figure ]. Either the fi"etl 
\ oltage s tanda rd or lhe signal generator 
under tes t is t'onneeted through a ll aI-

r \(' lIuat or \ 0 a high-fretlucney amplifier. 
'I'll(' allcllualor is a capaciti\ e one of 
\ cr) 10" iuput ('a llaci tanee a nll o f COlli -

9 EXPERIMENTER 

para ti\cI} hi~h rcsona nt fre llue ney. 
(The COllstruetion i~ similar to thal 
"hich "as u"Cd in the T\I't-: 60 1-B Sig­
nlll Genera tor.)· This Illt elluator is ill­
dluletl chie ll } to pro,illt· II high input 
illq.lCdancc for the t l.'~ 1. eireuit . a llhou gh 
it is :a lso used for adjus ting the circuit 
o l.ICratin g le \ cI. It il'! rcmo\'ed "hen com ­
parison .. are matlt~ Lcl\.ee n different 10 \\ 

11.'\ cis of the SlIl lle gcnera tor. \ 8 indicated 
in the figure . tht' ampl ified high {re­
(Iuene) is he terOlI ~ Iwd "it h :ano ther high 
fre<jl l ene~_ a lld the lo\\_frequc ne} uut­
put is passell through II In\\ -pa .. " filt er to 
:allt lio . fre(llI l.' nc~ Illellsllrill g equipment. 
The uudio e(l uipml.' lIt t'oll l' iSIS of it tuned 
eireuit anal)zcd Imilt in a plirticullirly 
I1 I.':l: i/)l(' marmer "i th gu in ('ont rols in 
\ariou~ posilioll5: the ci rcuit be ing ar-

••.. " ... pl .... "Reooi,~," ... "a •• "'~ I h,. II ,.h . • -<eq'"",,~ 
n.n ...... G...e<.1 n.d ... b,...., __ • \ 01. \ II . "' ... II 
u.I>r~., ). 1'133,. 

t A (; . y .. d«n ... \n.lf'" ("O' (;0""1''''' n."" ... '4 ••. e.. .. 

' 1.11 '"'''''' l".doniaJ J_fWJJ. \ .... 'I. ,'," :30--217 {A I"'''' 
1921). 

Fit:! tUI 2. I'hl'llogrul,h of th .. "I)p"r l'hl ~ II st'.1 at G e llerll] 1{lItlio. 'l'lw .. "drek-J 1"Ho'rs CorrC6I'0ll'] 
10 I lIoe.· ill Ihe d i,,!!rarn of F,GLlIII I 

• 
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GENERAL RADIO 10 

fanged to gilt"! a n llUllnUm of " 8ellum · 
tube noise. The comparison 411(lio·(rc­
<lucile) sigual was providefl ",ith an at · 
lenulIlor of L20·db range in 0.2 db s te p!!. 
interpolation made it po~6 ihl e. to egti . 
wate III nbOllt 0.01 db under {n voruble 
('omli ' ;oIl8. 

The pnwcdure in making the mea­
surement is evident from Ihe (ulldional 

diab'l"am of Figure 1. The standard \olt­
age is applied and a reading ohlninl'd 0 11 

Ihl' audio.frc(lucney voltmeter. Tin- 1111 ' 

kilO" II \ohage (rom the generator under 
I c~t is then suhstitul t'd for the s tnllilani 
and the a udio-frequency alle-nunlor is 
!ldjIlSlc~l lo pro<luce the SlI lIIe delle/· tion. 
T he Jilf('n-JH.:e ill the attelluAtor Sl' tt io gs 
for the 1"0 (:(lnd il ions then gil es \ 111- Ili f. 
fcrc llf'c ill Ic \-e\ be,v.cen the ~ t lHld ard 

8mluukllO\\1I \>o lt ag~> 

At standard broadcast frequencie". 
t he accuracy of measurement is in the 
\Ticinity of 0. 1% . AI high frequcncics 
(30 to 100 Mc), ahhougb the error in the 
voltage s ta lJdard itsel f is B. lllalL djfTer. 
cnces bet\\'eeu the internal impedance of 
the standard nnd th a t of the genera tor 
under measurement mn y lea d to unpre· 
dic table errors at some frc(IUencies be· 
ca use of resonant c fTects. I II general, 
ho\\·c\"er. the error lit high (requencies is 
not grea ter th an 2% or 3% . 

Two models of tllis equipment ha\e 
been built and deve lopmcnt has becn 
s ta rted on a third . The first unit was 
buill in 1930 for use ill the standard 
broadClist blllul; Ille second, built two 
years later, could bt.- used at frequencies 
up 10 30 megllcyclcs IIml it i.~ hoped that 
tlU! new unit will 01)Cra te up 10 100 mega· 
cycles. 

- L. O. AHC IJI \ IUAU 

STANDARD FREQUE NCIES FOR THE MUSICIAN 
eON JUNE 1 , 1937 , the Nat ional 
l1ur('u u of S tandards begu n a new an d 
unique s tanda rd- frequency ~n' ice. (n· 
tended Cor lUusicians, the )lew lranslllis · 
6.ion cou"isttl of a S-ll1egac)cle ca rrier 
modu lated at 4-10 cycles per sccond, til l' 
\meriean stant/a ni of OIus.il' ol pitch for 
A abme middle C. 

E'(I)Crimental trallsmlSSlons were 
gi \ cn in Augus t autl Se pl ember. 1936. 
ami the int ere!!l displayell by lllu!!iciuIlS, 
IIlusical orga nizutions. lind manu fac_ 
turers of musical instruments wa~ ~u f· 

fident 10 jus.t ify their OOliti nll anCt; as a 
regulnr s tandard-frequency broadcas t. 

BOlh the" W-c)c1e mO(lulaling (re· 
lluency anll the lOOO·c)c1e {requene}' 
usell 011 o ther s tanclard-fre(lliellcy trans· 
mi!llliOTl @' a re deriveci from a Sll1lHlard · 

frC(luency oscillal.or by lIu'a ns of multi ­
l' ibrator8 supplied by the Genera l Ra· 
dio Company. 

Figure L 6.how8 ho\\ these frequencies 
arc obtained from the s tandard fre· 
quenc)' of 200 kc. A frequency of one 
kilocycle is protlucetl by dividing 200 kc 
in three stcps of 4, 5, aud 10, rCSI)Cc­
ti vely. The output of thc I·kilocycle 
Ulil it ivibrator is fiILered to obtain a pure 
1000·cycle vohago which i8 thell used to 
O1O(lu lale a s tandllrd fre(llIcllCY trans. 
mitter. To produce a 440-c}'cJe fre· 
quency, the II til harmonic of the] ·kilo· 
cycle muiti vibra lor is selected by means 
of a filler alHl used to control an 11-
kilocycle Illuiti vibrator. Tw o successive 
reductions by fnclors of 5, using Illulti . 
vibrators of 2.2 kc und 0.44 kc. are then 
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•• STAHOARD fREQUENCY-200 KC 

10 

., 
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440 "" 
OUTPUT 

riel/HI! I. Block diagram ilho"';ng bow frequenci.,. ur 1000 "ydes anti ·140 e~-elCIl are deri"ed 
(rooll II 200-ki loc::ycle &tanJartl fre<:lucnq 

necessary to prOO uce the desired "'10 
cycles per set:ond. A fi lter is uACd to 
eliminate harmonics frofU the 440.cycle 

/""" ,'oltage. 

The National Bureau of Standards 
is interested in receiving reports of 
methods of use or special upplications 
of the sta ndard frequencies. 

MISCELLANY 
-AT THE SUMMER CONVEN · 
T ION of the Americu n Ins titute of Elec­
trical £ngineers held at M ilw8Ukce ill 
June, Lhe Best PUller Prize (or 1936 in 
the field of tlu~ory and research \18S 

awarded to Dr. Harold E. £dger lon of 
\l.I .T. for his paper OLl " lIigh-Speed 
~lolion Pictures" presented allbe Win­
ter Convention of the Institute in New 
York in January, 1936. Or. Edgerton is 
the originator of the Edgerton Strobo. 
st.'Qpe and of the high,s l)Ced ca mera 
manufact ured by Gencrul Hudio. 

eRE C E N T V I SIT a R S at General 
Hadio : ,Messrs. I·Lun Uu lind Chao·Chi 
Cheng. radio officers of the Chinese 

,,-- Nayy; !\Ir. H. L. Palmer, Laboratory 
SUI)Crvisor, Jntcrnutional Business Ma­
"hines. Inc.: ~1r . C. G. Motwaneof East-

ern Electric and Engineering Company, 
110m bay, lndia. 

eMR. H . B. RICHMOND ,Treas. 
urer of the Gencral Radio Compauy, 
sai led with "Mrs. Ilichmond and their 
1\\0 ehildrell on the S. S. Salllmia, on 
July 25, for Venice. He plans 10 spC:lId 
severa l weeks in Europe and will ,ris it a 
number of Gcneral Hudio's foreign rep· 
resentati,es. 

e A N A PO La GY is due our readers for 
the photograph of Figure 5 in our )Ia), 
issue. Ahhough diode characterist ics arc 
lIot liuear for low values of voltage, this 
photo showl! exactly linear meter scales. 
Upon investigation, \\c fiud that tbe 
metcr shown was one of u lot rejec tcrllJc. 
cause the scales were incorrl'c t. 
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GENERAl RADIO 12 

• T HAT THE CUR R E N T buil(ling 
boolll "as alrcad~ reached GClwrai I{adio 
is indiclll(,(1 in 111(' aCCOllipUIl) ill g pho to. 
graph " hi"11 sllm. s a fourll. fl oor ht' ing 
1I11(lc(1 to the onl) three·fl oor un il or our 
fac10f). This addi tion. 110\\ (·() lII p le ted. 

brill!.'!! o ur flIXlr "pace 10 OH'r 75,000 

S<luarc fee l. in three four· fl oor ulliis . 
• TYPE 121-A COIL COMPARATOR 
I,as (lcll igllt'd b) Dr. W. N. TUllle, 
author of the art ide dt'sf'r ihin g it "I.ieh 
a pp'cars in this i&;II('. These ins truments 
arc alrel .. l ) in ,.tod. and illlll .. : lliale 
,Icli,-cr}, ca n be lIIade. 

TIlE Cen erClI Ilndio EX"EIl IMEIYT,.;U is mfliled ,cil.llOut c/wrge ell cil 
1110/1'" to cflc ill Cer$. Iwic II tists, · t,.(' lllIi{'ir"I .~, lltll! oOwrs it! t(>rf's t e d ill 

cOlllm utl j, -utio".jrefi llc",·y "'caslln' m e /lt u"" COII',rol proble,,, s . IFIl en 
sClIlliu lJ rcqllcs rs jor s u/,s.:ripr.iolls olld (Jddres,"!-t"iHllIgc lI otices, p/cose 
sllpply ,./l e joflolVi"G jlljonrulfioll: II .Hue, com/XlllY mllrle, compuuy ud­
dre.'1.ll. ty pe oj bll si"es.~ compa"y is en gaged ill , ami title or posir.ion oj 
jllClividllal. 

GENERAL RADIO COMPANY 
30 STATE STRE ET CAMBRIDGE A, MASSACHUSETTS 

BRANCH ENGINEERING OFfICE-90 WEST STREET, NEW YORK CI TY 
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