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. .... 10 Compo"y, Mon., . 

A WIDE-fREQUENCY-RANGE 
CAPACIT ANCE BRIDGE 

IN THIS ISSUE 

, 
, 

• THE CONSTANTLY expanding spee~ 
trum of frc<luencics used by the radio 
engineer has stimulated the study of the 
dielectric properties of insulating materials 
and of t be characteristics of capacitors 
over an ever-widening runge of frequency. 
During the wa r mc.nsuring techniques were 
developed to keep pace with rndar, pushing 
the upper frequency limit fi rst to 3000 Me 

with coaxial line tlppumtus and then to 10,000 .Me with wave-guide 
nppurnlus. The lower frequency limit of such equipment is about 
200 M e, which in tum is t he upper limi t of the susceptance-variation 
circuit. The Schcring bridge und the susceptance variation circuit 
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GE NERAL R A DIO E X I'I R IME NHR 

ovrrlap, the inUer extending down to 
100 kc, and t he former reilchintr ill 1l':I ~t. 
to 10 :\ Ic. 

The TYPE 71lO-U C'up:lCiwnre Bridge 
u.sro til(' Schcring bridge circuit, but. hns 
Uccll limited to audio-frequencies within 
a fa("IOI' of :3 below Or Ilbove 1 kc. 
Durinv; Ihe Illst four ye:l1'S some 25 
of til('::r· bridges hfl ve been COllvcrted to 
'1", 1't; 71li-OS2 Capacitance Bridges to 
operate from 30 c to 300 kc for C!lptlci-
11111(.'(' metl.'llIrcments liP tu HXX] w;f, 
while Illllintaining a c:l p:willil1cc nlllgc 
up to I ~ nt I kc. Tilt, new Tnt: 7\H-C 
Cup:lcilance Bridge, whkh ~ul)Cl"":!('(le$ 
Ilw ' I'n'~: 71G-B, incorporates tilcS(> 
c1uHlge~. .\ pnnel v jC\\· of til(' li t'\\' 

lwidgr is shown ill Fi6CLII't! I . 

CIRCU I T 
The cil"Cliit i..; lhnt of til(' well-known 

Schering ill"idge, Ihe nrmllgclIlcnt of 
wh ich is "ho\\'11 in Figure 2. The simpli­
tied condilion:- of L:lhul<'C arc gil'en by: 

R, r .\ "'" C,·­
R" 

Ox ,.. RxwC x = RAwC.1 - QA 
.\t tH1r givcn frequeney !lnt! va ilic of 

UA• the cu paeitor C" CH n be l,!l\ libratcd 

,---() GEN. 0----, 

DE T. 

, 
to be direct n.'uding in d iseil):lIion factor. 
The Sh\nd.ard ClllXlcitor call be ellli­
bratcd directly in micromicrofsmds, and 
the capacit:uH.:c 11111gC eXWlldcd by 
s\\itching thc rcsii)tance R8 in dccaJe 
steps. 1n t lie T n }: 7 16-C CIlP!lcitaIlCC 
Bridge, t he ca paci tance CA consists of 
lill lIiI· capacitor tl nd {L mica decade 
capacitor, connected in par.lllel by 
suitnble switclling. 

T he air capacitor h:IS 3. maximum 
capaciUln<:e of Ilpproximately 500 .Il.llL 
Connected across 20,000 ohms, this 
gives a In.."\ximum di il>ation factor 
range of ubout 0.00 at. 1000 cycles. The 
mica ciceacle provid('S lCIl addition:il 
steps of 0.05 each, thus m:l king It total 
range of 0.513. 

The stalldard ca pucitor ex is cali­
brated directly ill .Il.uf from about 100 
.u.uf to 11 00 .u.uf, IlIld the tot:11 cHp3ei­
lance runge of the bridge is extended to 
.0 11 , .11 , and l . t .uf by changing the 
resistor NIJ to 2000, 2tX>, and 20 ohms, 
respectively. In OlYlrr to mnintuin the 
feature of din.'Ct.-I't!ading dis:; ipMion fac­
tor, a suitable cllpacito]' is connected ill 
pllrullel with cllch value of RB , to muke 
the product RnC8 of t he I\ l"In equal 10 

t he product R<tC<to or the al·m ... t 
For subslitution mcnSlII-ements of 

ca pllcitaJ1ce of 1000 .u.uf or less, the 
bridge is first bnlnnl:cd with a c.'lpacitor 
Cp connectccl in the P arm, whose 
capl.lciw.ncc is at ICllSt. 100 .u.uf greater 
t lllUl thut of the unknown cnpncilol". A 
second bal:llIcc is olmdncd with the 
ll llknO\\"11 ca pacitol' connected in purallcl 
with the sta ndard cnpnci tor CN. 
ex = C'- c - J.C 

C' 
Dx = C' C (R.twCA - RAwC'A) 

C' 
~--J.QA 
~C 
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, 
In order tlwi the dissip:ltion factor dilll 
::-hall relld up sc:lle when the unknown 
capacitor i;; connected 3cro..."S the Nann, 
fI method ~\,-itch is prol'ided. which in 
i~ 8ubstitution position , as showl! ill 

Vigllf(' a, t 11I118fc1'8 the di&<i pn t ion fHetor 

capacitol'li Gil to the B arm and pitw('s 
acros." the 11 a rm II cnpacilllllcC equlIl to 
twice the zero c!l pacit:mcc C,tO of the 
.1 arm. 

EXT ENSION 
OF FREQU ENCY RANGE 

~lIperfici:llly, the problem of obtnin­
illg dircclr-rcndiJlg scales at scI'ernl 
difTcl'ent frequencies is merely thnt, of 
switch ing the mtio-flrm re;siStOI'8. Al­
though the cqufltiou of bnhUlOO fo r 
cfll)Ucilnncc is independent of fl'(.'Qucncy, 
thnt. for dissipation f:letar is dependent 
on fnxluCIlCY in such 3. mf\llIlcr that, 
for a given HAC", combination, the 
r.lnge of di.s.;;;ipfilion factor ill directly 
proportional to r requclley. In olodcr t.o 
retain the s,'l.me range as t.he fl"C<llIency 
ill Ch!lll~cd, it iJi Il~s:.ry to chunge 
pithrr H ... or C .... in in v(,I'St' j)l·opnrtinn. 
F OI' SCV('11l.l reasons, noL the ll'lI~l of 
which is the ob"ious economic OIlC, the 
chunge is accomplished by tiwilchillg to 
II ncw vlilue of H .... and i 3.S5O('itited 
("omJl('n~'l.tin!t Cflptlcilor. SimultullC-
ousl)", of COUr8C, No must be s\\"itehoo, 
in order to retain the capacitance !':.luge. 

The problem of Slltisfadory lI'ide­
frcquency-nmge Ol)cl':l t ion iuvolves mol'(' 
than mlio-urm switching, bOIl'C\'l'l". 
Amuul/; the difficulties encountcred lln' 

thu:.e due to 
(a) Inductance of circuit clements und 

wiring. 
(b) LcfIkage between primary of COII­

piing tl'8n:;£ormcr and bridge cir­
cuit. 

FlIIU!'. 3. M.ltood of Iwilct.;.,\! from dl.-.cl 10 lulnh~ 
IM>n meolU!'_flIll. 

A'IIIL , 1 94 7 

(c) Insufficicnt tmll~former n.~PO"SC 
at cxtreme8 uf freljuency r:lng('. 

It is largely the limitations of (a) that 
h:1\"e detf'nnincd 100 kc a" the highest 
nominal frequellcy for thc bridge. The 
errors intl'Odllced by ilLduchuwe vary, 
in genera.l, 8S the Sq lHlI'C- of the rre­
quencYi and, while negligible lit 100 kc 
and with 200-ohm mUo tlrms, become 
intolernblc at I megacycle and with 
2O-ohm rntio :mns. These ('rrors could 
be reduced to a tolcmble mlue ollly by 
a dmstic mechanical redesign of the 
bridge and its components, lin objective 
flot contemplated lit the present time. 

TH' 
COUPLIN G TRA N SFORM ER 

The prillcip:ll design problem has 
been associated with the transformcr 
used to coupl~ the b'Cllcralor volt.'l.gc to 
the bridge cirtuiL Ideally this trans­
former should introduce across the 
bridge circuit only thnt "oltage Ilwgnet.­
icn11y induced in its secondary. 

Aclually, Imy tI'UnsfOl'lncr \\-ill hnve, 
in addition to this desi red iududivc 
f'oupling. l'upal'ilivl' and f'ondu('ti\'(' 

DIRECT SUBST, 

Cp 
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couplings between UJe primary winding 
and the secondary ,\inding a nd shields. 
AllY high-impedance bridge circuit is 
ex tremely scnsitive to the effects of 
these extraneous couplings. In the de­
sign of the transfonuer for this bridge, 
unusunl precautions h3.ve been t.nken to 
shicld the primary winding. The input 
is by way of !\ coaxial leAd brought 
directly into the winding with its shield 
soldered to the winding shield. The 
latter completely encloses the primary 
winding except for the necessary slot, 
which is overlapped. Similar precautions 
are taken with t.he other shields ; but 
nevertheless, a total residual coupUng 
capacitance of the order of a few 
hundredths }J}Jf remllins, due probably 
to leakage through tbe braid of the 
conoonl,l'ic cable fmel flinging through 
the slots of the shields. 

'fhe dissipation fa.cto r of this coupling 
capacitmu.lc , which would supply a con­
ductive cO~lpling, has been reduced to 
a negligible vnlue by lhe use of poly­
styrene t:\pe for the insulatioll between 
shields. In fill or the t'~lIlsformen! uSC(i 
in the pl'Cviom:' mtxlels, paper find ha rd 
rubber insulaliun \\'l\S used :\nd the 
resulting conductive (:oupling was suffi-

'"'''' 

• 
cient to cause an errol' approaching 
0.0005 in dissipation factor for small 
capacitancc scttings. 

The cffect of this coupling capacitance 
depends on tbe phase of t he primary 
voltage across t he bridge and at high 
frequencies is such as to produce signif­
icant errors in dissipat,jon factor read­
ings. To countt~I'acL t his effect, a second 
voltage opposite in phase to the.pl'ima lY 
voltage is coupled to the bridge through 
a small capacitance. By proper adjust­
ment of this coupling capacitance, the 
effect of the undesirable coupling is 
"ncutrnlizcd. " The problem is vcry 
similnr to thnt encountered in the 
triode amplificr where grid-plnte capa ci­
tance causes undesimblc cou pling be­
tween grid and plate ci rcu its . The solu­
tion also is similar, as the metbod em­
ployed here bea.rs a strong resemblnnce 
to the " neutralization" methods com­
monly employed in radio-fre<lucncy 
power amplifiers. T he out-of-phll,ge com­
ponent of voltage is conveniently tltken 
rrom the half·turn po!entiul of thc 
primtlry shield, the mid·point. of which 
is grounded . 

l\'h\ximum useful frequency rlinge of 
lhc trnnsfomler is achieved by the usc 
of high-permeability core material, with 
11 one-to-one turns rat.io. For lhe norm:tl 
connection of t.he bridge, the one-to-one 
mtio means II sacrifice in sensitivity of 
about three to Olle as compared to the 
716-B with its four-to-one winding rotio. 
On the other hand, a three-to-onc go-in 
ill scnsitivity over the 716-13 is rcalil,cd 
when the generator and detector con­
nections arc interchanged. This latter 
connection is frequently used at 60 
cycles as it permits voltages up to 700 
volts to be impressed on the unknowJJ 

Filil/.e 4 . Sctoem" ro.: cimli! di"II'a", af the Type 7 16-C 
Capotilonc:e B"dlle, .how'"11 a.,.O"lIement of IrO"'· 

fomoer .hield •• 
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• 
capacitance, compared lQ 50 volts for 

r-- t he normal connections. When the 
bridge is so cOllnected, the transfonncr 
is opcrnted, at balance, at zero signal 
level and must be protected against 
magnetic pickup. Such protection is 
provided by a case of high-permeability 
materiAl which reduces pickup by more 
than 40 db. 

.. 1\ 
, ..... 
, 

\; ,"-a , • .,,;;; 
0 
u r" :::--
0 

---• 
G w 
~ w • 

~I - ,,~ 
, 

, 

APRil , 1 ... 7 

The complete schematic diagram of 
this bridge is given in Figure 4. The 
transformer capacit.'lllce is pbced ncl"OS!! 
the B arm instead of the .4 arm in 
order to keep the zero capacitanc of 
the mtio arms as small as possible. 

~ 

'" 

ACCURAC Y 

Tbe same accuracy for both capaci-

-

,., 
'" 

r--

c- -

. " , 

Fig",,. 5. Typical 
"'. __ wim !he 

Type 71tK: CClpocl!anc:. 
Bridge. 
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blOt'€' nnrl ciissip..'llion factor that ob­
tained in previous models of the bridge 
lit 1 kc, and which is st.'l.tcd in the 
81X'Cifications below, holds in the i l6-C 
from 3U c to 300 kc. provided the bridge 
is nlll'u)':>' opcnlted within a farlo r of 3 
of its direct-rending rango frequency. 
Rubs litution measurements Cil ll 1)(> made 
to the same aecuntcy up to J Me pro­
"ided the unknown capacitance is less 
than 500 ~~f, 

USE S 

A!lidc from the normal uses of the 
bridge in measuring allY cfl p..'\citm· with­
in it" mngc for both clipacitance and 
dil'sipation f!lctor, thero arc mallY othol' 
uses fo r which its accuracy and wide 
(:8pflcitlll1CC and frequency I1l11ges par­
ticularly adapt it. Pcrhaps its most im­
portAnt U~ ii:l in the intcl'compfirisou 
of ~ts of standurds, such us l'yp~; 500 
Condensers. This intcl'com'pa l'ison can 
be l1Iauc to lUI accuracy of 0.02% for 
t'apacitancc and O.000CI5 for dissipation 
f:lCtol' .. \bsollllC v!IIIl('S of ('tlpaciblll('C 
ltn\'c an a<:cm-:H'Y of onl-" 0.2% eXCf'pL 
where one Qr mOI'C of tht· stalldnrds 
have 1x-cn CCI·tificd b." ihe National 
OUI'Cfl.\1 of , t311dtlrds. The ('npacitnnce 
rangc of such intcrcomp.'l.risons cun be 
cxtclHkd with some loss in uccur:.\ cy 

• 
dO\\'Il to L ~}lr USillg specia l TYN; i2'2 
P rccision C'ondcn..-ers a11(1 up to 1 mf 
( lOCMJ ~f) u:;ing suit.'l.ble groups of oil­
filled paper CfI ]XlcitOI'S. 

Anot her impol·tunt usc of the bridge 
is in measln'ing the dielectric consta nt 
tlnd dhss ipntion fnctor of diclectric 
s:lmples over the frequency range from 
30 C t.o 1 :\.I c. Contained wilhill this 
range al'C the CfT(lcts of interfacial pohw­
ization at low audio-frequencies and of 
dipole 1>olal'iz.'l.tion in polymers. The 
cffect of surface water fil ms can also 
be studied . 

T his bridge ofTel'S one of the best 
met hods of mensuring the Bodla cff(,'ct 
in high v:lllled resistors. T his effect 
resuits from thc distdbuted cllpacilancc 
occu1'l'ing ill such 1'C:kt.ors. The vnille of 
t his d istribu ted capacitance and !Illy 
pnmllel lumpt'<i (!npacitallce is also de­
terminc<1. Whcllc"cl' in n lowcr-w\lucd 
resistor thr! clTcel' of its scdcs iJldllct~Hlce ~ 

out,weighs thaL of its pnr:.dlel capaci­
tance, the \'alne of this series inductance 
cn n be dewl·mincd. In thc f;:J mc m~IIl Il ('l't 

lhe frcqut.:lH'Y t ha mcU'!1stics of 1\ la rge 
indurtol' or choke coil can be dCICl'minc<1 
as iL passes through ii s natuml h'C­
quClWy and becomes ca pacitive. 

R. F. F IELD 

1. C. E AS'l'OS 

SPECIFICA TION S 

Rang .. , Djr!'~t H('a.ling-ellllf'l,:ltIUll'C, 100 ~f 
fQ I /'f III I kC'i I(X) "",f to J 100 ~f at 100 c, 
10 kr, :Illil 100 kc; di~iJl:llir)n fa ctor, 0.00002 
to 0 00. 

Sub.;-1 jllllion }.1('lhod-c!lpueillU\(:(" 0.1 Ji",r 
to 1000 "J<f Idth in1('1'n,,1 staudard; to J I'f 
I,jlll cxtc·ruul ~tu/lll:lrd>i; di&i 1'1I1ion flIetQr, 

0.1'>1\ X f.: "h<'rl' (" i~ lhl' r~JllwiT'lnC(' of Iii ... 

<, tnndal'd 1·')II<II:u"l.'r lIud C .. tlun or the uu­
)..'"ltO'HI. 

Accura~y : Direrl 1"I('n(1illlo: - fO llari 1al1el', 
:1::0.2% or :l::2/,1« X ml.lllipJi.::r rClIdinj.! (0.2% 
of full l1Cll.lc for <"aclt r.lllb"-,, j wh.m th,.. dissipa­
tion fnctor of tilE' IInknOWll i~ It>&. thun 0.01; 

dissipution fllc\Or :l::0.(JOI\5 or ±2% of diu! 
rcndmg, for v>tluc8 of D bc1nll' 0.1. 

Subelitu\ioll ~ l elhod-~·alX\dt.an~'(' ±0.2% 
or ± 2 JiJif; di.'!8il~\tion fllewr, ± O,OOOOJ or 
±2% for change in dissip:nion (newr olr 

$C.rvtod, when the dmn~ is ICISS thun O.OG. 
.\ corn'ction chart for the I)rt'ci~ion r.omkn~r 

is Sl)i'IJ1iN1, givinJ,: scale corr<'ct ion~ lo 0, 1 ~J<f 
ij~ mil lipl.'t; of 100 /,/,f. By Il.<illlo: these ~hlt'L, 
i:! ulxlt.iwtion nlMsurcnJ/'nl ... C:l1I lie' IIlnda 10 
:l::0!) 1'1'1. 

Wh('11 th!' ~puti (1Il fatior of the unlmown ~ 
t'xQ!.'tO(l s tlt(, limIU:! givcu nbovc, :ulditionn] 
errors occur in both C9.llne:itnncc nnd dissipa­
tiol1-fnctor reudings. Cor~cl ioll.s nrc fJllpplied, 
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, 
by n lCll.lIS of whiuh UIO t}ccuracy givCll nbo\"c 
C(lD be ulilintaiued over the en tire mnge of 
the bridge. 
Roll .. A.",., The :a rm nero&! which the dillliipu­
llQu [(lewr t'Qndcll:>er is J\orm:llly connectc<i ftt 
1 ku has II ",,~isU\.nCf' of 2O,0IX.I ohms. T he other 
U tili hns fuur values, 2O,0IXl obm!!, 2000 ohnl!!, 
200 OIUlI.'i, 20 OIIlUS" providiup; the fOllr multi­
pJ.yiug [llclOrs I, lV, tOO, 1000. Suit.'lble Nil­
Ilen..crs arc placod aero&! Ih~li\l It,rlllS !lO that 
lim product lie is oonst.allt. At 100 0, 10 kc, 
and 100 kc lhe. ratio Arms nrc ('q ll.:l i and have 
resist:lnC<..'II of 200,000 ohms, 2000 Ohms, :lUd 200 
uhrns, r~pCl."ti\'cly. 

A slI'itl,h is provid ... ·d fOf shifting the dig"ill~ 
Lion-helOt coudCll$lJnl to the oUL(~r rutill arm 
wht-n til" substi tution method of mell.SUtCIl1('nt 
is tISC{~ so thnt the dbsipMioll.fac\.()r (Iia] will 
read IIfH1clllc. 
Standards: Cuparil nncc. Tn.; i'!2 I' rN:ibiol1 
Condl'nO!l'r direct rNlrling frorn 100 1'1'[ to 
1100 ill'f; di:>:>ipntiou factor, 'h l'.t: ,;;m .. T Cm .. 
d~ 'IIOICr with IiClll i-!ogarit hOli!' s~l le lind d<:C-'ld, ,... 
s t.ep CQndellilt' r Clllibmwd dil'('l}lly ill di:;."ipllUQII 
factor. 
Sh le ld ln ,,: Bil lio nrm~, dL-<!ipn1.ion .. [,\('IOr cun .. 
denSf!rs, ami s!.i.:l(k'" lrnn,,,[ormer (11\' "1Jc!~"\J 
in lUI in~lIJnt",d lihicld. T he ull kuow!J t('rmiI1l1Ji\ 
lire ~hiducU so that the zero c!\l)ncil"uce !Icro.-.e 
them ill not grelll"r th"n 11'1'f. A JIll! lal dUtiL 
,'(lv",r and the aluminulIL pnnel form 1I (:Olll/l!('tc 
l'sU!rnnil;hieJd , 
F.e quency IIlIn"e: . \11 Cfl Li/Jrntio.\ adj ll~Lmcllt;;; 
a~ IUlld " [It I ktJ Illid t he I\cnll1\Cr ,st.'l Um\en t.~ 
«bove hold fur operating frequcnr l<'s from 30 (. 
to 300 kc, "rovld~1 l hlloopcl'il1inK frequency 
dOf'$ !lQt dilJer from the rnngc ~1c('I.o r ff'(.~ 

Ty 
7 16 .. CR 
7 16_CM 

f llr R, lay .. Rllc k Mll unli nll .. 
Cll b in e t Mllunted 

APllll . 19. ,. 

({ueney hy mOl"<! OW,II a fa('l.or of thlW. D iSl>ip.'l." 
tlOu"[:l1'1.01' I'\:lIfl inlCS mllst be currcc~d by 
luultipl"illg Ihe (ii:11 r~"uliJ]g by the r(ltio of 
opcrating fll.'quI.J!l cy w the r:U'!!;1l Sl' lcctor fn'_ 
qU('II(;Y· 

Vllha lle: Vol tngc :lJ!lllk.J lit the (,;I'~~H;n .\TO H. 
tcrmiuula i~ fl'li W l hl' hri(I~,' through It 1.10-1 
shi('l(k>(1 trun~fornj('r. A lIIa.'I.imUlU Qf I wun 
<'no. lou ,~pplil'd, allowill~ II ma ... imum or 300 
\·oh.!l n~ I k(', but olll,)' 50 vo lt !<:"1~ 00 1'. 

Power clln 111';<) 1>('''ppliJ..'u :!lOW DETEG'TUll 
tel'ln i(llll~ , lind lIll' d\'t ... Cl,jr ('\lllllertcd to til<' 
CE;-\E IUTOn t('rmin1tI~. 
Mllunli nll: Thc hridge is 5uPPlr.l'(\ for IllOUUliug 
vn a 19-inch I'('I[lY rlu-k or fur cabinet.. mounting. 

Ac .. uart .. Requ i. ed , rn..:ilLltQr and mnjJH!icr, 
For audio frllfllll'n"ie~ Tnt, 1301 .. .:\ OsciUnt(or 
ami '!'VI>E !J13-B ~'Iv- I" I '('{IUtn,'y O.,;rij llllorllJ"<-' 
t'J.lli~fll('tO ['y I/OWl'r »O' Irt't'l'l. T n 'l: 123 1.A A!!Ipli .. 
fi \'r :lIlU Xull lX:ll>('I ()r b; n'('OmmcndC'd for U&: 
a", th(' df'lloclor. For ,lllr".! null indiu:ltiou.s, 
Wl'~tan EII'dri,' IOO2 .. C Tclcphones 1':111 be 
lL<Ni with the :ull)11ifil'r. T he Tl'P ~; iOi .. A 
CnIIH)(k~rl:ll' Null J)1'[.!'(:tM e:m Il!.w t.c l~d 
:l.a II dN('ctor for fn.'Q,lIUtlcil'S 1111 to 2 k~, 

11'01' ~u\.l;; tilulj()n mCll.:;un'nll'nt.~. ,I buifllu-inl!; 
{'OllUrm.l'!' i~ n('('t l(',1. T bi" m:.y be ,·itIWr (Ill air­
dirlct'l l'ic modd , TnY- fi39-B, or Il fixed miell 
oond~ lI"cr of t he 'l'1·P.: 005 ""ri('8. 

A .. as lll,las SUpplied : 1',\'0 1'l'l'l: 2i4 ... i'ir: Shield­
''ll COlllW('LOn<. 

Dime n l illn l: (Lcngth) I9x (ilcigiltJ 14K (u~" lh l 
\) inclU',s, uver<-:1I1. 

Ne tWet llht: 1 1 ~i! IXHmds, roiuv-r!l('k moddj 
53~t jlounds, cuhinc-t model. . 

. . . . . . . . I 

........ 

('ode Wort! 

II.-. :.-U" 
DVi:IOM 

Price 

$.1(1..00 
.50 .00 

MISCELLANY 
Among the recent. visitors to our 

pJ:lnt nnd laboratories were fout' from 
StO('kllQ!m, Sweden: ~ [r. Cur! A. Trupp, 
l11ief EngineeJ' of A. B. BitT:\; 1\11'. Toni 
Wiklund of the Research I nstitute fol' 
Nationtd Defense; 1\[1'. GUllmll' l:iv!l.la, 
Chief Be!:=cn l'ch Ellb"ncc.r, A. 13 . ovel1~ka 
Electron'ror, and ~ I r. Cad H , Rivel':! of 
L. ;\ 1. El'ict'son, Tu . 

The TYPE 71G .. C Cll j)nci tftllCC Bridge 
was devclopcci by Robert I~, F ield and 
Ivan G. Eastun, the authors of the 
tll,titif! appcuring irl this issue, 1\11'. _~~ i cld 

is a widely known fluthOJ'ily on im-

PCdftJ1CC mcflSllrcmcnts !)nd the prUI)­
CIties of dieicctl'i(' Illatcl'ia ls, lind has 
eontribui(.'l:1 :) IItunhcl' of pnpcl's UII 
thCi;C subjcct.:; to the jotl1'llals uf pro­
fessional societies :lIld t o the B:t/X'r/. 

mClllel'. 1\ [ 1'. Enston, who has OC'CII 
inti mately nS.'lociated with bridge dcvel .. 
opmel1t, will also be. 11..'{)ognizt..>d u!=. a. fl'e­
quent ('ont r ibutol' to the B:rp(')imcnler. 
He i5 nL present. in charge of Ottl' ~cw 

\' ork Engineering Oflltc. 

T he 'l'yp~ -ll:j Heal-Frequency o.-;('il .. 
lato!', which, \1'0 believe, WIIS the fil'St. 

inst rument of it:; kiud t.o be made 
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GENEI. ... l 1. ... 010 EX'EI.IMENTEI. • 
available commercially, was announced 
twenty years ago this month in the 
t::rperimcllter. Since that time, new 
models have appeared every few years, 
each a n improvement in many ways 
over ita predecessors. A compal·ison of 
the characteristics of the Tyl't~ 413 

Ogle 
1927 
1l).17 

Type 

." 
91:J. e 25 I 25 

with those of the current model, TYPE 

913-0C, affords intcresting proof of the .­
progress th.at has been made ill twenty 
.years in thc d~igll of vacuum tubes and 
circuit components and in the develop­
ment of circuits. 

0.601"· 
0.3 walt 

OuJpul 
hnpedwu::e Di8lorlwm 

10,000 n I 4% 
600 {I 0.3% 

Batteries 
A-C Lint" 

VACUUM-TUBE 
TEST SET 

Shown in U.lC accompanying photo­
grnph is a laboratory test sc~ for vllcuum 
tubes recently developed by Sylvani:\ 
Electric P l'(x]ucts, Incorporated . FOI' 
dy namic measul'elllcnta of plate resist,.. 
alice, amplification constant, alld tnullr 
conductance, this test set uses the 
General Radio Tn!> 561-D Vacuum­
Tube Bridge, shown in the center of 
the photograph. 

TilE General Radio EXPERIMENTER i.s mailed ttlilhout cllOrge each 
111011 tit to engineers, &cientists, technicians, and olher& interested ill. 

cOlllmunicotwn-jrequency m eosurellumt and COlltrol problelll&. When 

sell ding reqlte&u jor subscription.s «ltd addresll-clwllge notices, please 

supply thejollowillg ili/orlllotion: IWIlle, company address, type 0/ bltSi­

/less co mpany i& engaged ill, find title or position 0/ illdividufli. 

GENERAL RADIO COMPANY 
215 MASSACHUSETTS AVENUE 

CAMBRIDGE 39 MASSACHUSETTS 

MEW lOll f . MEW lOIK 
II WEST STun 

TU.-WOITN J · SIIl 

TELEPHONE: TROWBRIDGE HOD 

BRANCH ENGINEERING OFFICES 
lOS UUHlU JI . ClllFOUIl 
UI 1I0ITN NIIIIUIIO Hun 

TH.-HOLllWOOO IJII 

CHICilO 5. IllllIOU 
III sonH IIIICHIUII HUH 

TEl.- WUUN Jill 

, ... ~.' ... 
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