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IMPEDANCE BRIDGES 
ASSEMBLED FROM 

LABORATORY PARTS 
• ON MANY OCCASIONS whell 

Tllf. VACl1UM-'J'Ullf. the need for accural,e impedance mcas-

VOI.T'IKTI!.It • .•• , 8 "rements arises, a commercial self-<:ontaincd 
bridge is 1I0 t availaltle. and its purchasc 
may not be economi ca ll y justified. It is gen

erally possible, however, lIsi ng standard componen ts that are rendil), 
avai lahle in the average laboratory, to set up bridge ci rcui ts 011 th e 
hench thnt, at audio frequencies, wi ll reali?..e acruracics approaching 
those of commercial brid ges over a wide ran ge of illll:ICda nces. It mus t he 
recogn i7.cd, however, that sollie sacrifice o£ convenience and sp, .. >cd of 
measurement will necessaril y be illvoh'cd. 

The unavoidable s tray capaci tances that are associllted \\it.h such 
ci rcui ts lead man y laboratory workers to vicw thelll vlilh considerable 
suspicion, particularly for the measure men t of high illlpcdanct:8 or of 
sl1Iull quadrature components. BUL, with shie lded components, and wi th 

(Colltimw<l all/luge 2) 

PRIORITIES 
• SIN C E A l A R G E PRO paR T ION of our prodUds is now 
being sh ipped 011 national defe nsc orders, deli veries arc more and 
more frequen tl y con t.rolled by the priori lyra ling: or the order. When 
the e(luipment that )'OLI lire purchasing frolIl us is to be Ilscd d i· 
rectly or indirectly ill the execlltion of any defcilsc .:Olltrac1 or slIb· 
eonlral;l, be sure 10 ;/J(lic(l/e this JOCI on YOllr purc/l(Ise order, gil-'ing 
lire IJrime COII /rel Ct Qr order IlIl/llber (lllff JlIe preJere.llce raliug. 

This wi ll grea tl y assist us in mak ing deli veries in aeeort lan cc 
wi lh the nced of the material for defe nse, und 'Iill assist you in 
getti ng beuer deliveries on urgently required material. This infor· 
mlltion is necessary to us in obtaining many of the raw materials 
from which the products arc manufactu red. 
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GENERAL RADIO 1 

a ;::00(1 hrirlt!c Irans(Ofll1cr . " lIdl a~ 'he 
'1', I'E .ir8 Shielded Transformer. the dis-
1101'; I ion of I he 81rH } ('a p ile; I 1I!!! 't'" l'ilIl he 
de/illitC'!) t' Olllrolictl. The magnitudes o f 
these l'a p lwilBIlI"C8 1'811 thell be clt'l.er
lIIill('1 1 v.illl eOllsiderllhlc at'cural:) and 
allcm8nce mUlle for their e lTel' liI SO that 
the Recur /u') of IlICa"Ufcmcnt \\ill de · 
1)I'mi main I) upo n Ihe accuracy or the 
81nndards 11 1111 o f the bridb"C arms. 

On the follo\\ing pages IIrc described 
bell(" l1 se tllp;; of II lIumber of (,OIl\'CII

liOllll1 bridge circll its !Isi ng s lmlfl ard 
N UlfKmenls, lllHI the disposition and 
measuremen t of the \ ario u;; stra,' and 
residual circuit impedances are dis· 
cusscd. 

CAPACITANCE BRIDGES 

Fij!urc 1 I' llIm 5 a St llc rali)\Cfl ellpac
ita nce bridge circuit UllIl the complele 
ccplOlions of balanee. This d rt uit call 
repre.scnl lUI ) 011(' of a numhc r of \\'e ll . 
knol"1 eapucita nce hr;(lge (';re' lIiI S. de· 
pe ndi ng upo n I he relat i Ie magni IIJlles of 
1111' \arious impcdmH'cs 5hollll. For e,\,:· 
11111 pie. if cn paciulUl 'CS Ct and Gil are 
zero. IH' h al c Ih e fa mil iar se ri es· 
rt'",iS lanl'C I) IN! of ,'aparituncc bridge, 

" herei" Ihe losses in the I-i llnlJ IIrC IJal· 
ance.1 by the resislll nce IV in the sland· 
ani IIrm. This (' ir(' ,,;t is u;;ed in the 
Genera l Uadio '1', I'~; 7 10 CapaeitlllU.:c 
'!'t'st Britlge. Il illl Ihe resistllllcc N.v I·al. 
ibrau·d di r('c lly in dissipu lioll faetor t: III 

60 c) clcs. It is alSQ ItStnl ill the 'l'n'E 
650· A I "'11I'111I11('e Bridge. Ilere aga in the 
IV arm resistance is calihra te.1 to reacl 
direct ly in dissipation fac tor, in tl,is ca;;e 
lit tOOO cycles. 

A s unOlher t·x a ll1ple, i f eN :U1d CI' arc 

Illllde infinite, the ne t work reduces to the 
pa rallcl . rcs is ta ll t'e 'Ylle capa citance 
Lridge in whi ch the s lllndnrd and un· 
knol'" arm s arc .. Iallli Il. In this circuit 
the e lTccti\'e parallel resis tance o f the 
unknown capacit ulI{:e is halanced by the 
rcs;stnncc. U.t , in pnrnllcl wit h the s tantl. 
ard capuritor. C", 

J( DN llllli Qn are small compared to 
Df' lind Q" the ne twork assumcs thc 
rorm or 1\ Schering bridh't!, which is char. 
ac terizCll b}' the rnc t that the dissipa tioll 
fn c tor of the P arlll is balanced by par· 
allel r npacitance in the opposi te arm. 
This is the cirl'u it uscli in Ihe or,-!,!,; i l6 

.".., <., ... 0(_;"" , .. ;.'"""" '0"";"" '''"'',on .... "'l".1 to. 
R .. C 1'0<. cvnd.n_ in _ieo "';,k. , .. i,Uno.. n.. " "'''01 
I). ".i,h .~propri.' •• " .. ..".ip"' .... iIll", "Nd .kro" , "ou t to< 
'hio .. ".n".,. 

Tt. ...... 01 ..,..;.,. ...... " ...... '0 -'eo ~ •• no.. ( .... .. """ti, .,.11ed ......... ("", ....... ill be , .... ien.ted .. Q. y", • 
•• ~ ....... in por.Jlti wi, h . _ .... no. • ..., hue (I _ !WC • 

..... ;l HI! I. G(,II1'tll li1.e,1 Cllp"e;tance hridl;e dn,:ujl, wi th I'<I"O lion8 or balance. Note thol lhe tJ( . 

t .n""ion~ :Ire" ritl l'U iu ler"'<i or IIII' t1i~il'alitlu an,1 ~ IQI'age rachlN! or the ar",~. iIO Ihn rrequency 
dOC'S not e nter e..:plk itl )'. 

GENERATOR 
DETECTOR 

IET LABS, Inc in the GenRad tradition

534 Main Street, Westbury, NY 11590 
www.ietlabs.com

TEL:  (516) 334-5959  • (800) 899-8438 • FAX: (516) 334-5988



Ca pllt' itall l'e Bridge. a highl y precise 
dire.-t .rt-atliug Lridge for the meUSIU1" . 
me nt of (' .. pat'ilmll~ mill di"'''i pll tioll 
fac tor. 

3 EXPERIMENTER 

acro~ unlil..e In-i llge l inUS ( UIlI' rcs i" li \t~. 
the o th~ r n' acli\ t' ) E' lualivil ( I) I,.,. 

Th~ fund umenta l equutioll& of b"I " lIl~ comes 
6ho\\l1 hold for all the rcdul'cd t'ir('uits 
mentioned. Bnd . if accura te results are to 

, / 

(2) 
E~ /J 

d lk: oblainell . the cOlllplel e c XIJrc .. ~ion~ 
must I.,c re tained and c \':a mined for the 
effect of suay l' llpacitanccs IUIlI Oilier 
residual iJllpeda u('t's in the Lridge arms. 

GENERAl CONSIDERATIONS 

In Ihe circuit shown ill Figure] thl! 
bocoora lor lmd de tector lermina ls are 
shown merely as h\O pairs of lerlll illllls 
brought o ul from opposi Ie COrllers o f the 
bridge. So far as Ihe bridge hillanc:-c 
c(lua tiolls are concerned, it is imm a teria l 
whe iller generator und llctcclor lll'e eon 
neeted as sbm.n Of' arc interchanged , 
Their location is IIsllull y gu" crned h ) 

COllSidera tions of S(! llsi li vi Iy, the OOUJlec.. 
lions be ing Illude in Ihe mllllllN I. hich 
y ields the maximum output ,'o llage for a 
given input ,'ollage and a given unbal. 
ance of the bridge. 

In asmuch as high.input .impellance 
amplifiers prel~tLillg the null detector ore 
a lmOSI uni versally uscd in a'I ' bridge 
measure ments, the sensi ti vit y problem is 
hest discussed on tile ba .. is of tile use of a 
de tector of iu fi uilc i.lllptlil a ll(,~, J I ca n t..c 
8ho\l 11 1 Iha l fo r a gi l c n unbalance or Ihe 
bridge, the r a lio of opcn·eirnlil outpUI 
voltage to input ,'ollage (\lith the gt' li. 
,' r a tor <l"rosp; u pair of resis li ll' arms) is 

A 

(1) 

whcre A a nd IJ arc the resis tancc of the 
arms aer088 1\ hich the generat or is COli. 
[lcded, aud II is the ft'ac lioulll cllange in 
the 1Iol..uolln from tile coudition of true 
balance. If the ge neralor is l'Onncctcd 

= "-', 
+ W' 

where ei ther A or U i!l :, rc llc tano,', 

Either tht' , lc te~ lor ma) lx- groun!l('d 
aJIII the b'!:ucrator connec led to 1111' 
bridge through a shiddclilran"(,, rnwr or 
,·icc "crsa . Wlwll thl! lle tec lorisgrouniled , 
i t;; eu paci ta nce to ground becomes par t 
of i IS 01\ 11 I,ermin a l impcd lml~, and dOo~s 
nOl affec I the bridge h ll lmu.:e, The 
termin al. lo·grou nd capl'H' ila nCCs of Ihe 
gellcra lor arc re placed b) those of the 
shielded Irall"form('r. 1\ It hough thc!;(' 
capllcitalh..'es appear Ilcr0@8 the britlgc 
arms,· they ure small , Ivcali :t.(' ll. IIn,1 
Bleaslira hle; a nd a llO\. Illlc.:e I'a n 1M' lII ade 
for their e fTcclJ3 Oil Ihe measure lllcnt. 
Whe n the h'Cncrator is h'TOlUlded. Ill(' 
trans former is used L.!tl\t·c n Ihc ,Ie . 
lec lor a mi Ihe IJridge, 

T wo (I f the IKl in ts a l \d.idl thc bridge 
lila) be grounded It'lwe bo lh silica o f Ihe 
ullkllOlll1 abOle grmlnd pot" llt ili l. \l'hile 
grounding t: ither of the ot her t\lO l)Oil1 l';; 
grotll1ds 0 11 (' si .le o f Ihe IIUkllU \1 Ilea . 

pacilll llCt'. Tile ('hoic.' of Ihe poin t or 
grounding will de l'c llli sOIlIcwha l UpC'lll 
the I) Jl'I' of nleUSUf{' lllcnl tha I it is tie
s.ircd to ma ke, For "tlpllt'it,ors [Iial :Ire 
physically li" ge, alld helll'c s ubjec t to 
d CClros tllt. ic pickup tl nd s truy cl.p"ci. 
lalll'cc ffel' ts, or (or 'ln kno\\ ns lll ll i ha\c 
one sille norma l!) grounded, it is prd. 
cra ble 10 ground Ihe hri llge a tOlIt' of Ihe 
uuknC)1I1l lenuinals. 0 11 Ille o tller han,l . 
if bol h 11111.110 1141 termi na ls are abo\!' 
ground il is IKls!! iLI!! 10 measure J il'el' l 
.B~ ..... ,,( " . • , ...... ''''''' ......... I~ . .. I .,....,,,,. I I", 

.lfecl ,,( l '-c ;",.-1""_ ""r .... "'_.~I (..,,,. ,he ........ _ 
", in, .i.c~j l . 'I'lt ... ~bj.." will I", ,..., .. cd in ""n". de' ail '"~ • " 'er 1M .... 
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GENERAL RADIO 4 

c'a p aCiHIIH't' I:ll!l\\ et:n all)' t ... o terminals 
of a liln..-e-lcrminal capacitBII(,,(, .. 

Extraneous coupl ing from the \Ollugc 
!\()un:e* to the bridge arlllS, to the UI) · 

known , or to the ungroUJltled detector 
Icrrniuuls can ca use serious errors in 
tlir. '<' l-readiu g mea s urements, and 
sceond -o rder errors in ij ubs tilulion 
meas ureme nts. OiniculticB frOIll this 
.-nuse CUll 00 largely O\' crCOll1c l.Jy using 
"'"ell shielded oscillators and amplifier!; 
and t.-onncclillg them to the bridge ... itl! 
shielded leads. 

1J1 order to ob tain max.imum se ns.i· 
tivity and case of balance it is desirable 
10 use a lUlled de tec tor to eli minate har-

",,'h ... R'"", ", ,be ... u •• ..,.,... ¥oh a,e in,<O<I~.,.cl 1M" , .... 
brid,e ~.i ... ,,;, by • c.o, .. c;,.noo .... -u •• ,,"" couplin, be· ,w...,., tho. ~i"d, .... of doe " . ... f .... -.. if, .,.." leul ••• , I",., • 
... i ....... 1 .. ,II bo- d...,....e;l in ........ "'.all in a !.o'eri .. ue. 

F,el,nll; 2. Connectionll ror a bf,ncb ' _}'out or 
a ~riell·raliS I .nce type or capacilaoce !.ridge. 
The a,'prmlimate equations or ba lance a~ 

A 
CP - e.v U 

Oil - ON + QA - Q8 

DE TECTOR 

TYPE 814-11 AMPLIFIER 

r---------
il-------~ 

" 
60' 

2 

/~ 
Cpa or 

:.:r , , 
I 
I 
I 
I , , 
I 
I 

1--_-;!1;-t;~ ---l. ' -~ -0 -o"o-c ~tl 
T rB~f TTY>< "'. 

- ---<~ 

~ 1 'GENERATOR 

TYPE 71"8 OSCILLATOR 

1D0n.ics, hunt, and residual noise. \\ hiclJ 
may other\\ii\e obs~ure the fundamenlal 
balance and make precise balalll:eS (Iif
ficuh or impossil,le. 

THE SERIES-RESISTANCE 
BRIDGE 

Perhaps lhe 6ill1l"" 81, an. 1 1II0st 
straightJorwar,1 of thc Lrillges men
tioned is the series ·resis Lance bridge, 
using variable ralio arms to balance the 
u"kno .... " capacitance agai nst a fixed 
s tandard and a , 'ariablc resistance ill 
series with the standard condenser to 
balance the losses in the un"I1O\"11 arm . 
The arrangemenl illus trated in figure 2, 
using TnE 602 Dccill le- Hesis t3lm: 
Boxes, a Tn'" 578·/\ Transformcr. and a 
T\'I'E 509 Slaudard COl1de l1 ser has beeu 
found \'err satisfactory for measure· 
lIIenU over a wide rauge of capacitance 
and ~wer factor. 

With this bridge, accurate results can 
be obtained if tile variuus ci rcuit and 
cireuit-elemcn t rcsill" als are measured 
and their effec ts on the CllpnciLivc and 
resistive baillnceR ,-omputcd . 

CAPACITIVE BALANCE 
Circuit Re sidua ls 

The ea pacitulI(:e Co .. con"isting of 
inter-shield capacita nces of the trans
former "ilHling ulld lhe ca put-i tance or 
point (I ) to ground, appears across the 
N arm and causes Ull error depemling di· 
recti) on the ralio of its magnitude to 
Ihat of the s talldanl. Across thc lin · 
known arm Pis plal'ed C,.", which is the 
capaci tancc of l){Jint (2) 10 ground. 

The magni['Hles of the [\\0 capaci
tant.:es thus placed lIcr0S8 tlie lower arlllS 
of the bridge cun be dCI.errniue,1 quite 
accurately by bal ancing the bridge .... cith 
Co. (.'Onnected alternatcl) lIcross the V ..-.. 
and P' arms. Wi Lh ti,e connections sho\\ II , 

CP8 is meas uretllliTel- tly {i f the stumlard 
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coudenscr is large compared to C~); 
with tbe leads from the transformer re
versed at the bridge, a value for C.~ is 
obtained that will be in error by the 
amount of capacitance t:outributed by 
the point (1) to ground. With careful 
wiring and arrangement of components, 
this capaci tance will be small. The error 
in the measurement of these quantities 
probably does uot exceed a micromicro
farad for Cpo and five micromicrofarads 
for C.~. Typical values arc 100 p.p.f for 
C.v and 10/10/10£ for Cp". In general. it is 
probably more desirable to usc the cir
cuit with C.~ across the N arlll. If the 
ca pacitance of the standard is 0.01 /Iof. 
the resulting correction for C.v win be or 
tile order of 1 %. subject to an error of 
only a few hundretlths per cenL 

INTERNAL RESIDUALS 
IN STANDARDS 

Next in order of importance are the 
terminal-to-shield capacitances of the 
,Iccnde-resistance boxes. The TYI'E 602 
Decade-nesis tance BO.l(es are completely 
shielded, with a separa te shield terminal 
providetl 011 the panel. Figure 3 repre
sents, to a first approximatioll, the 
shie ltled decade box and the associated 
capacitances. The termiual connected to 
the hi ghest resistance decude is desig
nated as 1-/, while tILe terminal con
nec ted to the lo"'est resistance decade, 
and lo(·alcd nearest to tILe shield ter
minal. is designated us L. 

Tbe terminal capacitances CL and ell 

can be measured directl,. with the 
bridge. of which t he decade box is a 
parI. COllsider the ratio arm B of Figure 
2. It is shown with the L tcrminal and 
the shield connec teli 1.0 the jUlletioli of 
the ratio arms. lIenee CL is short· 
circuitcli . and CIf parallels the resistance 
R B aud docs Ilot affeet tllc capacitanee 
balance. If the bridge is iJalallced with 

5 EXPERIMENTER 

La OH 

so 

F,eUR!> 3. Simple e'luivlllcnt ciro.;uit of u 'h I'" 
602 Dccade-Resi5tance Box with it$ as&oc.illtCtI 
capacilanCdl. The Ilanell.ermiulIl located near. 
HI to Ihe shield lerlJu tial i6 designated as L. 

the P arm open eirCl/ite,i a val ue for 
CPo will be. obtained, as previously. If 
the shield is eOLlnecle<1 to ground. ClI is 
thrown across the P arm, in parallel 
with Cpo, and the bridge at l..alancc "ill 
indicate the value of ClI + CPo. Thc dif· 
ference of the two readings is cleat·l), ClI • 

ny interchangin g the Land 1-/ terminals 
of the hox and (ollowing the sallie pro
cedure, the vullie of CL is obtained. 

A series or measurements on a ""['YI'E: 

602 -L Oecade-1{esistauce Box (a (our
dial box wit.h a maximulIl resis tance of 
111,100 ohms) show that, while C1• and 
Gil both vary with the resis lalll .. "'C seuing 
o ( the Jecadc, their SU III is consta nt. 
Comparison of these data with prc\'io lls 
stud i es~') of Ihe TWI-: 602 indicates Ihat 
the capacitancc Co is of the order or 5 J.l/lof. 

and at audio rrequencies i.s practically 
cons tant , so that the major pori ion of 
the capaci tance shunting RII is CLor CIf , 

depending ujJon which terminal of I{ is 
tied to the shield. 

Let us examine the s tandurd ann lV 
of Fi gure 2. With the ,·ounce-tions liS 

shown the shields of both the decade box 
and the standartl condenser are grou nded. 
the capacitance CL of the decade is 
thrown across the s tandanl , :md e" par_ 
allels the series combination of RN and 
(CN + Cd. Lt can I.te sho\\ n, however, 
that if CN is lurge compared to CII + 
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CL. and if the resis lauce of the arm is IIOt 
large co,ujJllred to the rea('tallee of CN. 
then the arlll can be eOllsidered as a 
ca paci tance eq ual to CN + CII + CL in 
series with R,.., No". knowing C,g frolll 
tbe measure ill en~ previollsly ol ltlinell, 
alld measuring CL + C/l as described 
abo\'e (or assuming a nominal val lit! of 15 
!J!J f l)Cr fleeade) ,,'e hal·e ole capacitance 
of the stal)(lard arlll to an accuracy Ihlll 
wiJl be limited solely by the accuracy to 
which we kllow the value of lbe s tand
ard condcuscr itself. 

The re remains the e ffec t ' of th e 
termin lll-to-shieid ca pHcitaoccs placed 
across the ratio arllls. With the shields of 
the ralio-arm decade bO_'l:es connected to 
the junction of A and H the capaci tan ce 
ell or each arm is thrown in parallel with 
that arm. and the ca pacitance of the 
shield to grollnd is placed across the de
tector terminals, where it is harmless. As 
lII ay be secn frOIll an inspection of the 
complete balancc equations of Figure J, 
ca pacituncc in parallel I,ith a ratio arm 
has only a second -order effect on the 
eapacilalU!c ballwce. prov ided thal the 
resul tall t Q's of the ratio arms are small. 
At 3 freq uency of 1000 cycles the Q of a 
decllde box set III 100,000 ohms is less 
than 0.01 ami ( :1111 slIfely be ignorell so 
far as the ca pal.:i tance Lalam.'c is con 
cerned, 

GENERAl RADIO 6 

Fie. II ";". Vic" uf lhe 
se r i C8· r .. e i ~ ta n cc 
capaci lance I.riJgc II~· 

.... ·"'1,1,:.1 On II laLnru· --.. 
Wry IJeneh. The ']'n'l,; 
578-A Trandornlcr i~ 

')11 the ell.·lf II"""C III\' 
kri,lg'" 

DISSIPATION - FACTOR 
BAlANCE 

The capncitu,u:es across the ratio arms 
ha\'c an important c lTect on tt.c dissi pa
tion-factor ba lancc. To a firs t upproxi
ma lion tile eq uation governing this com
ponC-1I t of the balllllcc ili a)' be "ri tlen 3S 

(3) D ,> ~ D,,-+ Q. - Q" 
I t is, of course, desired to compute Of' 
frolll the equalioll 0 1' = O.v = HswC!\" 
To be able to do this with reasonable ac
curacy it is necessary to keeIJ the dif
fere lH:e QA - QH small with respect 
to /)1'. 

At thi s Iwint illll ay Ire \\'el1 to discuss 
the elTecl of small residual indu ctanccs in 
the ratio arms. Figure 5 is a l-epresc nta
tion of a resis tllnce with inductance in 
series, shunted by a capucita,we. The Q 
of thi s circuit ca ll be expresS('d as 

wL 
(4) Q ~ H - RwC 

prol' ideJ that w 2LC« L li enee the 
series imluClance introduces 11 Q term 
opposite ill sign to thai inlrotluecd by the 
shunt. capacitance,· and the e{IUaliolls 
previollsly wriuclI fIla y !;Iill be used by 
substituting for Q,I lind QH thei r yalues 
modified by the presence of the series 

*G",v~r b.o 'U" .. ,W . ..... d'" u.ili,inc..".ieo ind .. eu.p,,", 
in 'h" •• ,;.. .ro ... ", bol,,,,,,, f<>r d' .. i"".~>n r.c.or. Si""" ."" 
'nd,,,,.i~ .. Q io , .... ... " in ' .. m' of 'h" .. ,"u ..... .. " h .. " ....... "n. _ .... n"" .... 'he P "", io b. I .... """ b, ... ieo i,,· 
Juc"'''''' in ,be. n .rm. 
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irHllu'lllll\'C. For high rcsislanCf' !;CIting/> 
of 8 11('(;011(" box!'" the ilHlucti \e Q is 
gf' n('rally complete ly negligihle ('0111 · 
porNI \\ill1 the Q contributed b} the 
~hunt eopa(·ihmtt. \tlo" seilingI'. how
C\f'r. the illlilic tancc Ili ll predominate, 
:111(1 tllC error in the Jissi p!l lioll ful'iOr 
due to lhnl partil 'ular arlll \\ill clwuge 
ils sign. 

From Equa tion (3) i t is dear thalthe 
IICCllrUI') that ca n he obtaincd by I·om· 
puting the rlissipation factor direrLI)' 
from the va lue illfliealcll h ) the selling: 
of Ih "ill bc lillliled b} the SUIII of the 
effectil e rt'Siflulil Q's and D'~ of the net
"ork , so liIa t QA - Qn + D.v. (where 
J),\'O is the ~'si( lll a l dissipation fac tor of 
till' s tandard arm), will be the error CII · 

f'oulllered. We IIlllst 11110" for tile pos· 
sibilit y thut all thrce lcrlUs are additive 
ill the "Or&1 caS('. What Ihell is the order 
of magnitllfle of the error thllt mo} be 
expected? 

7 EXPERIMENTER 

FIGl!liK 5. S imple rcpr~cnIHlio" or a resi!tor 
haviug residual i",luctau('CI IImi C~p"citalU;/'. 

resis tant.'C box in Ihe IV arlll to the 
proper value. ami oalancing the bridge 
hy mean8 of a "lIriablc conde nscr across 
the A or n arm. all may be required. A 
kno"n resistance in serics with a kno"n 
capaci taJlce, or on air I'ondenscr of ex
treme ly !;llIull di8~i p:tti oll fUdor, may be 
" sell in the P arm. 

This lall cr prOf'cdurc OIust he fo l· 
lo\\ed through for each sc tting of R/J 
that is to be used and is 0 re la tively long 
and ledious procedure that is generally 
not justified. Tf it is followed with care, 
ho" c,'cr, the only remaining error is 
thllt caused b) the varia tion of Ihe Q 
of the A arm (some thing of t he order 
of ±0.OO05 at 1000 e:relell). 

III all case~. if l)("sl aeCllraey is tie· 
8irell, t\lO halullC(!8 llllls t he made, Qne 

"i1.b the ullkllO\\1I di /!ConnCt'te(l. AJlo\l· 
ance for the initial l'llplu.;iuUll'C and dis· 
sipation factor of Ihe hridge ('an easily be 
made. as £olio"s: 

Cx = Ct - Cl 

A g()()(1 mit'a Siandarri ill the V arm 
"ill of il>:iClf have a pG\lf'r faelor less 
than 0.0005. but Ihis may Lw SOIlU' " hat 
int'reaSCII by the 1f*~6 in C." Fi llllnting il. 
\t nne kihwyclc the Q of II '1'''''1': 602 . .1 
Del~ade Uox (for instli lwe) "ill vlI!'y 
rough ly from - 0.0008 a t 10,f.X)O oh ms 
Lo + 0.0007 at 10 ohms. so Ihat the d if· 
ference QA - Qn may rangc from z('ro 10 
0.0015. The ma-.::iJIIllm error to he ex · 
peclNl, tlw n. in IIIC8SllrLng tile total dis· 
sipation faetor of thl' P arm, "ill be of 
tl~ nrder of 0.0025. J( thl' ratio arms arl' 11x = D!C, - IJ,C1 

nearly C(lual, howc\cr. the diffcrcuce C.T 
hc t"f'ell Ilwir Q'" \I ill be small , and the If accurate Il1CIli'urcmcnl8 of small 
maximu m vallie of QA - Qu + f).\'0 may power fac l or~ arc dl'8irc(l, however, it is 
be liS low al.l 0.001. If QA - Q/J be " Hull' better to IISC II suhs titution llIe thod wit h 
t'fltllli to D.\'o the error wi ll approach a good cali bra led air condenser in the N 
7.cro. Th; c~nditiol1 may he IIp proaehcII arm, either in the circuit dcscrihed 
by con necti ng a eapal'i lor of kno\> n dis· above or in Ihe Schering bridgc arrange
"ipa lion faelor in the P arm. Bettin g the ment to be diS<'us!ie11 in a later issue. 
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FIGUHII! ] (abOl:,,). View of the ' l' ypK 726·Pl 
~ I u1ti,)Iier with lhe ,·oltmetcr probe ,)Iugged in. 

!o' IGUHl!: 2 (below ). Plot of the error in mul ti. 
plier ratio a8 a function o((re(lueoey. The input 
admilta.u:e of the muitilllier is e(lui,'.lent (be_ 
t .. ~n 100 ke .nd 100 ~ l e) 10 that of a 4.5 ,.,.f 
OOllden~r of lel!ll than 0.5% power factor. The 
Ahaded area shows the .. a riation in low.fre· 

q uency error with different voltmeterw. 
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A MULTIPLIER FOR THE 
VACUU M· TUBE VOL TMETER 
• THE TYPE 726· PI MULTIPliER 
was developed after the publicll tiou of 
our current catalog and , conSC(llIenll}. 
many rel.'(: l1l purchaser;; of the ",,'Pi': 
726·/\ Vacllum-Tube Voltme ler mll y 1I0t 
be aware that 0 multiplier is avai lable, 

This accessory 10 the vllcmoll·t ulle 
voltme ter , which was described in the 
l\'l oy, 19·W, iss ue of the ExperilllclI/cr, 
ex tends the uprcr limit of voltage lIIeas
uremen t to 1500 volLS. 

The multiplier is a capaci t iH~ voltage 
divider with a ra lio of 10 : 1, and is in· 
tended primarily for use a t frC(luencies 
above one megacycle. The fre(lucncy 
error is shown in Figure 1; the mechanical 
fea tures in Figure 2. 

3'pe UJde lr'orJ !'rief' 
i26·PI Multiplier ALOU1) $15.00 

D elivery can be iliad .. from stock. 
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SERVICE AND MAINTENANCE NOTES 
• WE HAVE RECEIVED SO many 
rNp,cs t'! for service lind maintellance 
nOles that it is illl [lOSSiblc for us lo 

acknowledge thelll individually. The 
notes are now in preparation and will bc 
mailed earl y in lhe fall. 

GENERAL RADIO COMPANY 
30 STATE STREET CAMBRIDGE A. MASSACHUSETTS 

BRANCH ENGINEER ING OfFICES 

51 WEST STREET, NEW YORK CITY 

1000 NORTH SEWARD STREET, LOS ANGElES, CALI FORNIA 
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