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, JULY , 19" ~ 

A CLOSE LOOK AT CONNECTION ERRORS IN 
CAPACITANCE MEASUREMENTS 

'I'hf' p;rowinp: int£"r('!lt in enp:witallcC 
m(,flsurrm('llts both of hilth('r f1('l'urflcy 
lllld of smn.l1£'r l'npncilnnce has INI to !\ 

r£.'-e:..:uminntioll of 80mI' of the problems 
in\'oln'(l in the Wrrise li nd a('('urate 
m(':l .... urrlllC'1I1 of "mnl! (·flp~\('it:l.Il(,(,. I t 
hRS hM-n ('\·idrnt for l.;()m(> 1;111(' that 
('rMrs find ILIl('('fttlint ie" of thl' ordN of a 
f(,11 t(,111 h" of R pit-ofnrnd \\'{'t'l' present 
in m~t IlH'I1J.!lln'IllC'IlIS of two-t('rmiufii 
eapacitoT"l" Huch l'rroNlare lIot "NY slg­
!lifit-lInt in the l'nlihr:ltion of standard 
enpncitors AS iOJl!o't ns t hr ('n p tl('itlUlI'C' 

f'xce«i" 100 pf :lTld tlw (I"",ir('(1 at'l'lIr:\('Y 

is no II:r(>:lll'r than O . I ~ .. \ny :lttf'mpt 
hOW(,\"('I', to ('nlihml<' !lmalll'r enpaeilors 
to thiilIU'('Urtwy, or to inen"'lIs(' t hl' UI'C'U­
I'IW~" of olh(>1' rlilibnllions, drlUtlnd8 :\ 

r- ("oll",idrmtion of Ill(' nt{·lIme.y limitations 
iml)()i«'(1 by th(' ('Onll('('lion C'rrors in 
tlw UHUI] l\\'o-t(,l'mina] meaSUI'(,IIl('nts. 

''l''ho, oo",,,,,,n ........ i'o, i. h~ .... ~ ..... ct~nz..d .r-iIi .... U)· 
.. to ..... , ...... "' .. ll ......... '"". Ihr_~rm".I .... ~II'" ",lLbe 
iatrod .. rrd .ad .... Ii.....,d I.' .... 

pi 

fi' ..... I. Seh . ..... ' ­
ie dl .. " .. m ,how­
In, rh. ' .. m l .... 1 
. .. pod ' ....... .. I .. 

. .. pod' ... . 

, , 

'I'll(' problC'lIls nr;sc from the {,OIlIl('C­
tions thal lIlust b(' mad£' 10 fl CUIJUC'itor 

in order (';ThN to Us<' or to Ill<'tl.l'ur(' ils 

cftp:tcitllm·('. The mpacitanc(' i!l, of 
course, drt('rminNI by Ill(' gconH'll'irlll 
t'onfigumtion of the conductors (IUld hy 
the di('ll'(-'tric materinl, which will hcre 

_\j; o\lr ('nl>:l('il:111('(' mea.!>ur(,lIlrntR and ~t:\I1daffls mo\'(' lownrd the millionlh 
Imr! of !h(' millionth pnrt of Ill(' millionth pnrt of til(' fn.rad (1 0 18 f), \\'C hn\'c 
fOllnd iTwrrnsiup: ncinmtng(' in followinll: the lend of t he Xntiolllli BurC'nu of 
Rtrlml:lf{ls {lIlei oth(,r5 in c:llling 10,12 rartle! 11 picoj(lr(l(/ in~t('nd of n micromicro­
ramel, A privilege most priz('(1 by proPOIlCllts of Ill(' picofnrad if.! the right to 
\\Tile the abbrl:'\'int('(1 Ilbbrc\-illt;ons 1 pf instl:'ad of I ~~f for 10-12 farad and 
1 ,upf inst('nd of 1 ~~~f for 10-,8 farad, 
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be .!l.S.'lUmcd to han' simple and cou­
stnnt characterist ics). Only when one 
t'Qud uctor l'om pletely !lurrounds the 
ot her is Ihe eapncitancc s imply dcfill(..'(1 
by the runn and U:lturc of m!ltcrials 
im.idf> the cnplI.ci tor. As SOOIl as lil(' 
tt'rlHiuul!l 1'C<luinxi for usC' or mc(l.SUI'('-­
ment are pruvidt'<..l, t hese tenniuul::! add 
i,u;r('lIlcnIS In the capat'i tancc, which 
dCI><'ud 1I1)Q1l the nature and position or 
uuj"('I~ exh~I'lIill to t he c!lp:witQr (tlld 
which lire seldom easy to define or 
CIlntn)l. 

.\J; an exnmpl£' of thi;; , ('onsid£'I' a 
I), pil'ul l'llp:witOI' COll!itrllctcd :l." ~hown 
ill Fi,e,:ure 1.2 Thl' c!qlllcilnIICf' h.:l!l 1)('(!11 

hrokru, 1\.>1 11 8Qrncwh:1t !ll'bill'l\l'Y fiNJl 

approximatioll, int i) fOUl' ,'ompOllclltS: 
(;0. I he cap:u:italltc of IIIf' nmll ipi.'-pl:lt(' 
cllpacitor :lIld ic:uls within th(' <:[1..;(': eh 
tile clIp:acitaru.'c Ix-tWP('H Ill£' extern:ll 
biudin; pOSls; C,!, fhr j'ap:witallcc 1)('­
tween the hi~h termina l !lnd the C!l.>M'. 

which is I'Onn<-'ct&1 to lilt, other !('nni­
mil ; r 3. the c:tp!lcitam'e het WI'CIl t ht' 
high t('rmillal and nil ohjedi'\ exteru:ll 
to t il{' ,·:tp:lcitor and it,,; lcnnirmls. 'I\,pi­
c:li of till' 1Il:l,l!;llitulie;: of tliel'.{' corn­
punents arc the V!liLH'S ('II = 100 pf, 
C\ - 0.2 pf. C2 "'" 1.3 pf. {'J - 0.03 pf. 

TIl{' "fr('(''' caplt l'it!lll~'f' of this capad­

tor, i.I'. , till' (,lIP!Wit:lIlCr of tbe i~l:lt('(i 
CftllftCllOr with 110 connC('liono; to t hc 
tcrlllilLnl~, i;; the sum: Co + ('I + (' ~ + ('3' 

The ctlllaC'itfHH"e Co' I)('ill~ sLJ ITotmdeJ 

h~' til!' nL"(', i>l independent of th(' po~i­
tiOl\ of C':<IC'rI\a\ objcet;:. Th(' eaplltitance 
(.'1 hl'!lll't'1\ \(·nninals. i,; ilrfhlelwcxl on ly 
hy intnl!'oion!l \·cr:.' ('loS(: to or lit" WC<'II 

\ Iu ' \,t·nnill1lls. But C3 ! and 10 a I<-,,.;;f'r 

"Th .. ,. llw .'nl~tu", .. "",I umil , ...... ,"1,. ill u,~ Ot ..... l 
R ... I",'·nl: I tOI M.",Ioo ... l ,I,e e .. , .... i' ...... 
1\\' 1",n II>" "'I .. ~h ....... ;.obl..!. C3" ,\.~ ","I'" ·it •. " .... tn .nfin;., T ......... ,I.e ... ""~;'.n..., (,"". lb~I{J"'I<,"", ... 111> 
inlin.ty II;p _.Ie<" ;,b Cs iu ,bf ·'r ...... · .... roM"'~"". bu' 
it .... " I ... n ... Io ... \..,I h ...... bor",u"" It. .. "'1"'~".nNL 'n ,I» 
6"") i. "".~t. h.r~...,. than r, .t.~n tbr In .. 't.n,lnol .. 
... ,".-, ... 1 ,,, Ih~ ... ,..,.., ............ ~n,l '~'nlln, ,~ "'I .. ".,h. 
In .. \ .... ''''nKl i~ ~ .. 'u ... ~l. •• it u.".n,.;, in , ..... ''''''.'lUIt 
tn"'<Il.~".~n' •. 

• 
extent C:, can re~djly be ~ffccted by 
more dislflllt environment of the CilP::ll'i­
tors, ::lIId variations of 0.01 pf or morc 
C!l ll result froOl t\ sJight cba ngc of 
position. 

\\rore radical ch:lngcs in these Co..:· 
ternal ('fl.p:lcit!'lIlCeS :u'(> produced bY:lIlY 

{'OJlIlf'ctions m:ld<' to the te rminals. A 
wire connected to the high tcmlill:ll, fOi' 
cxtl mplc, obviollsly immduecs lIew com­
ponents of c:tpad ltuu;c Iwtwccn the wire 
ami the capacitor part.s. I t also, not 80 

olwiow;ly, reducf'S the "frcc" capaci­
t:l])l"e by 11;1 mudl II i; 0. 1 pf by changing 
t he distribu tion uf fi f'ld around th(> 
terminal:;. T here i~ a !:' imil:.tr reaction of 
lh(' cap:lc ito r on l hc (·onllections. which 
makes tlll' enptlci t!lIlCC of lire lends when 
t:onneeted to the cn]l:lc:itor d iffel' from 
lil:l t of til(' I(,:ld" :110n('. Indeed , the com­
plexity of this mulU:ll iHtcraction is sueh 
that it is illlpr:lclicni to define lil(' uivid­
in~ line l.clWl'C1I capacitor and leads 
with ~l pr('ci<:ioll much helier than ± I p r. 

.\ con:;icicration of these difJiculties 
suggests ~\'cml po~~iblc method!; of 
me3surcment, in wh ich thc crrors twd 
UIlCCl'lltill!if'S (·:tn bf' I'cdllced OJ' elimi­
nated in o rde r to obtain accuracy ill the 
measu rement of very smnll cllpacittlJICCi>. 
TI1I'('(' of Ihes<:' method:! of Cllli hmtiOIl 
whi{'h h::lXe been lIsed at thc Celleml 
Hadio Comp:lll.r will he 1"('I'iewed here 
with regard to thcir limitations 11\ 

:lccumcy. 

1. Capacitance Added (Inse rtion Ca­
pacitance). 

Rince the ('aplleilllllCe of the t,wo-tcr­
minal capaei tor dClwnd s UPOIl the ell­
v ironment of the C:l I>acilor llIId upon 
the method of conncction, ~n aceur:ne 
calibration can be mnde on ly by definin~ 
wit h suffi cienl pn:'Cisioll the geometry 
of both the c,wirOlllllent and till'l'OllllC(" 
tions. 011(' PI':ttticlli nl('thod of lH'hie\'ing 

..... 
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, 
high accu racy is to ca librate in terms of 
Ihe (;UI)!lcitrtllCe chnllge a t a pa ir of lcr­
mi nuls when some change is made in the 
cnp:lC itor or its position. '1'\\'0 measure­
ments nrc required to determine the 
capacil ancc change. and, helice, tcrmill111 
conditions for both measurements must. 
he either illvft r ian j, or precisely specified . 
Whcli the capacitor has v:triable CllPllci­
t:lnCC, t he shielded intCl"llnl capacitll l1cC 
ClUJ be varied i ll nn CIl" irOll nJCIII de­
trrmined solely by the cnpacitor CO Il­

sl ruction; while the ex ternal capacitances 
at The terminals. alt hough dependent 
upon external connections flnd envi ron­
ment, CRn ens;!y be held so constant. 
tiul'ing tho capllcilftllCC ch ange tha t they 
m:lkc 110 apprccitl hlc contribution to the 
difference. Such variable capacitors cun 
he (,ulibrated' in termil of the (lupacilance 
udded or rcmon!<l by rotntiou of the 
capacitor platcs wilh es..~ut iu lly no lilll i ~ 

ll:ltion of accuracy by connection CJ'J'OI'S. 
When the cnpacit.or ha il. n fixed cnp:\ci­

lance, ;1 calibration of high accuracy of 
the ('npacit:mce ndch.'<1 n ... '(l' lil"cs thut the 
cnpncitor be connected with specified 
lruds to ll. SI>ccificd set of terminals. For 
e,,:1Inplc, the Ceneral Hlldio T yp}: 1400 
Rll\lldnrd Capacitors are cnlibrated in 
terms uf the CIlPllcit:tnCC they add when 
the banana pluWJ 011 the capacitor nre 
plll~cd into Gencml R:ulio TnE 938 
Binding POStS with :t{ ... in<'h spacing. 
,,'hl'n the connections :\rc mtl(le \\;th 
I'(·:\.'iollabl(' rare. the reproducihi li ty of 
mensurcmcn t is better thl\ll O. L pf. 

F OI· grcater uCI·umcy the envi roll lllcnt 
of the tel"mill1ll.'i must also 00 defined, 
fI,r lUI)' change in !crmin!ll position or 
panel size (which results, for example, 
from the usc of difff'rent bridges or of 
lerminals on an (!''l:tenJ{l.1 C!lpucitOI" ill'" 

- s tc!ld of the bridge tcrminals) caH pro-

'Th~ ( ;"" ...... 1 Ra<li(l l·T1'~ 7:!~, ~If) a nu Ty.o: 722-\I}; !·, .... iak>" {·H .. ~il(l" .. r~ CII I\4r&l tU \p H·"", (>{ <'npo.d, 
10".., renoond . 

JULY . I'" ~ 
duce a chaDge in the measured {'llpaci­
W HCC. The value assigncd to Ule c:lpa.ci­
i.or is the dilTcrcncc between two b ridge 
measurements: tho fi rst with the bridge 
terminals open, and the second wi lh the 
capacitor eOIl Il l-'Ctcd to the terminals. In 
the se(;ond measurement the enpacitor 
case and bridge panel are usually effec­
live in shielding rhe bridge terminals, so 
Omt this measurement is not very sensi­
tive to (']l:1nges ou tside the radius of f\ 

few inches. The cnpacit:llll"e of the open 
bridge terminals in the first measure­
ment (and of uny opcu terminals 011 the 
enpucitor. snch as those Oll top of the 
1409 Cap:lc.'ilOl'S) is nfTected to II grelltc.r 
extent by p:lIIcl sb:c fi nd tenni ll (ll 
posit ion. 

Tho Genoml lhdio T 1"pE 140J Stn.nd­
nrd Air Capacitor is nnnl her eX1Hnpie of 
a fixed capacitor cn librated in terms of 
the added or "insertion" capucihmce. 
These cllpac itors nrc now being made, 
ns shown in Figure 3, with banana-plug 

FiIV'. 2 . T .... o .... thod. fo, th ..... Olu' ..... n' of copo~' 

hon,. addad. Th. ,opo<l' on, ... ho .... n '.p, • •• n' .nlv 
..... 1 .... co ... pon.n'. In ,h. , ..... pl. '. U;p' ... IDn of tho 

.. If ond ... utval , .. pociton, .. of ,h. ,., ... Inoll . 

INmAL ME ASUREMENT 

METHOD A 

l!.C<IICc .. c:.:"~ -C8 

METHOP e 
/lC"'Cc*C::-Cp 

FINAL MEASUREMENT 

90TH METHOOS 
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terminals on the cnsc, similar to those on 
I be TYI'~: 1409 Capacitors. In previous 
production tbe 'l'YI'B 1'101 Capacitor's 
have had the jack-top TYI'~; 938 Binding 
Posts Oil their cases, and two douhl(>­
('Ild(,(] bmmna plugs have been pro\·jdcd 
wilh l'tl.ch capacitor to oonnect it to 
anClth('r pair of s irnilnr binding posta. 
With these connectors two cliffe-relit 
methods of addcd-Cllpacitancc calibra­
tioll call be made. In the first method, 
shown in Figure 2-A, till.' initial measure­
ml'lIt is made with the bridge tcrmillals 
open and the final mCtlsuremcnt with 
Ih(' (,Ilpacitor connected by means of the 
double-ended pJuJtl). In the second 
mot hod, shown lU Figure 2-B, the initial 
m('usurl'lllcnt is m:1dc with the plugs in 
the bridJ!;{' tNmiuni8 and the filial with 
the capacitor addc'd to the plugs. 

Thii'l t'hoice of mt·thods hu.'! in the pust 
n:,~ultl'd in some confusion. The ~alional 
Bureau of Stand:u-ds hus used tbe seeond 
Il\t'thod (plugs :ulded to the bridge) ill 
its mlibratiolls of these capacitol"S, 
but the Ceneral Ha(lio CompmlY hIlS 
Kiven on its enlibrnliOll certificates a. 
('orrcdioll of the certificnte vnlue 10 oh­
taiu tilt' rapacittUlCl' wheu the capacitor 
if! t'OImcctl'd by the first method (plugs 
tldded to the capacitor). The t'ilpuci­
lance value 011 the certificate was oh­
tained by thc fill('-wir{'-(!olln('Ction 
ml'thod described in this art ide, and the 
capncitance mellSur('(\ by t he fin;1 met hod 
is 0.35 pf lar~er than the certifi(·nte 

A 
r-

T 

, , 
I I , I 
I I 

...L. I 
n--el l 

:;=: 
I fiCA ;; r:::. 

I , C, 
I I 
I I , I 

• 
Fig .... 3 . Tyft'l 1<101 
Fi ... d ..,1. Copod,ot Of 

now I .. ppll .... 

value. When t il t"' &'Conci method is used, 
the lUetlSurcd c:lpacitancc is 0.7 pf lower 
than that of tlw first method bcc:lUSC 
the cnpacitnnce udded to the bridge ter­
minals by the IllLlgs in t he initial mens­
urcmcnt (C" + C~ - C~ io Figure 2) 
is 0.7 pL In ncithcr method is the added 
capacitance the snmc as t he "frro" 
capacitallce." III the first method the 
added capac it ance is grcawr th:U1 t he 
"free" cl.lpl.lcittlncc because of the capac­
itance, Cp , added by the plugs. In til{' 
second method the added capacitnncc is 
le!lS th::1.Il the "free" capacitance because 
the connect ion of the capacitor removes 
from the final measurement the capllci­
tancc. C~, between the ends of the 
plugs that W:l8 included in the initial 
mCtlSUremcnl. 

To avoid hath this choice between 
conncction method:,; nnd also the limita­
tions of the finc-wir('-('(lnnccliou method , 

"Tt .• v.l .. e Oa ,Iw< ... .,\.6 ..... 1', "bt.,-, by \h~ fl_w;t-e< 
~l"'lN"ti<>n 01<",""'1 •• 1"" ,till~ .. by .bout i) 2 1,1 Ir("" the 
··r ...... ·· ""P6<"l.J,n.,., l(or ,_nl upl., .... '" '" th ... tl lde. 

B 

, I TO 8 
I , 
I , 

''',., 
I , 
I , 
~ ~ 

--r-- --r- • , AG. ' G, 
I I 
I I 
I I 
I I 
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the HOI Capacitors afC DOW provided 
with only banana-plug tcmlilluis, and 
they arc calibrated by bOlh the Xatiol1 ll1 
Durcau of Standard" Ilnd COlluml Radio 
CompiUlY, liS the 1409 C!lPtl('itOl"S nl'C, 

in term>! of the capaCit.'l.llce added when 
the cllpacilor is plugged direetly into 
General Hndio type binding ]>osts. 

2. " Free" Capacitance . 

In tht' aUC'mpt to define II capacitance 
with high aCCUI"!Il:y, nn ait<:rnnlivc to the 
method of ~pccifying with Sliflicicnl pre­
cisioll the gt'Oructry of the l-'OnncclioIl8 
is u method which eliminates all con­
nections fwd defines the "fn'C" cnpaci­
tn.IlCC of the capacit or with all disturbing 
conn('('tiol1s IUtd su rroundings I'cmoycd. 
1n this method the difficulties of meas­
uring the cnpacit:IIlCC of a capacitor, 
isolated frOm ita surroulldiugi'! (lnd \\·itb­
out (:on ncctions, arc substituted fo r the 
difficulties of controlling the geometry 
of the ('OIJTlcctiollS :uJd thcenvirOlllllcnt. 

It is possible to dctcnninc this "ffCC" 
capac itance by evaluntion of the dilY 
turbing ('fTeets of the COllllCCliollS and 
application of 1\ COfrection fOI' these 
cfTecls to the measu red capaci tan ce. A 
met ho<I for doing this has been described 
by Ro:.a :lnd Dorsey.' The effects of the 
cOllnections cun be climill:ltcd from the 
measurement by the UI;(' of 1.11'0 sets of 
connecting IC:lds which 111'0 Hot Ile<·cssnr­
ily identical but which hn ve no mutlml 
interaction. As :I simplified iliuSll'lIlion 
of thi8 mcthod, cOIli, idel' the nn'ilJ lgement 
shown in Figure -t . The cnplicitor 10 be 
lIlensurcd has u "fr<>e" CalXlcitance eJ;' 
wbieh inl'iud('s external comlXlIlcnts 
corresponding to C l , Cz, C3 in ,Figure I. 
l" or simplicity onl.V the high terminal, 
7', is shown in Figure 'I , but thc ground 
connection to the cnse :Iud to onc side of 
~no .. M",l :-::. :F:. [><Ol"."l, "A .x~w 1)""''''';'',lIio" 
of !.h .. nall .. of lh~ Rle<:'troml "wli< 1<> lh ":I"",!'OOu.tic 
Unit of EJ.,.olridly," null. nutH U ofStAnU., \'01 . 3, No.. 
3 _"" . ,100 • . 

JUl Y, 19S 9 

the capncitor s.hown in the figure C:lll be 
made to II second, similar termin!11 011 

the ca pacitor. A first measuremcnt is 
made with j'onnectillg wi l'c A con ncct.ed 
to the te rminal and to the bridge and 
with wire JJ remon .. '<i. Tbe mCIl.8urOO 
capacitance is C, - r:+~+.6.C,,+ 
ex -.6C:~. A similar mcasuremcUlt with 
wire LJ con nccted :lilt! A reIUoved gi\'cs 
Cz = C: + cZ + l:l.CB + Cx - .6.C.~, 
where C: + C; is !he me:lst trlxl capflcii:mce 
or leads, bridge, elc., when both wi rt'S 
A :lIld B are remoYoo, 

.6.C" t1nd l:::.CH arc the increments 
adde<1 b.y wires A alld B, 

l:l.C:~ and l:l.c.~ arc the chang('s in ex 
resulting from !hepre$Cnce of A and of 11. 

With both wirCR II and B con nected 
10 the tCl'minAI the I'!\pacitance mens­
urc<1 isCIZ ,., C: +C~+6CA +.6CII + 
Cx -l:l.C~ - l:l.(,.~. Tlu.'SC ["clations can 
be combincd to show that. ex - C, + 
C2 - eu - (C~ + C~). The "frcc" ca­
ptlCitance CX C:l.1l thus he detcrmined 
from fOIl[' mC:llSurcd capacitances, C

" C2, C'2, and ('~ + cZ. 
In this derivntion the wires A and B 

arc a.ssumed to havc 110 mutual inter­
action, e.g., lhe Cupucil:UICCS .6.C" und 
.6.('; arc not Illter('(1 by the :l.ddition of 
Wil"(.1 Jj \V11CZl ('12 is being lIle:l.!mred. I II 

thl:' "implc cOllllection "hown in Fib'llrc-t 
lherc is «on1(" mutual cITcd (which ClUJ 
with care 1)(, kept below 0.01 pf), but. in 
a ,;pherica l ('llpacilor ~llch lIS thaL used 
by Rosa lllld DOl~ey ! hI' 1,\\·0 I('II(\:'; can 
be thoroughly shielded from cal.'h other 
by tbeir local ions on opposite sides of 
the "phere. The assumption that. the 
c:l lcll!atec.l Cx is the "free" c1lpacitance 
furl bel' rl'(luires that I he illi t ial mt'aSll"('­
ment of C; + C; be made with nil !Heas­
uring :lpparalu$I so far l'('moved from Ihe 
terminal T that it hus 110 ~ignific :l1lt 

effect On tht' c:\p:H'itullcc. In practice it 
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is ciiffieuli 10 npproxim.ullI Ihis ('olltlitioll 
10 l)ttlcr thllll 0.01 pf unless, as in t he 
Hosu. lind Dorsey capacitor of cOllcell 1 ric 
SphCl'CS, olle of t hc conductors SUI'rounds 
and ,sh ields the other. 

Anot\wr method which rcmo\'cs most, 
lmt not nil, of the CfT(X: l g of the connce· 
tions is the fine.wire-eollnC(:tion method 
described hy H. F. F ield.' 1.11 I his method, 
ll..S !lhown ill Figure 5, thc cOllncelioll Uc­
IW('('I\ the bridg{' lmd UIC high term inal 
of the unknown capacitol' is macie uy 3. 

wi re of small diametcr pi\"owd Ilear t he 
bridge t.erm inal so that its scpamlioll 
fro m tho cl,padto!" t.erminal can be 
varied . . An initilll mCfiSurcmclll is made. 
with tire wire SepRr:l.too from the ter· 
minru bv n distance h. 'Yith thl' :lSSump .. 
lioll IlI;tl the cnpacitallce Cit bctwccn 
the wire and tNmimJ.i is small comp!lrod 
to the unknowlI (,'1' so I!mt ('4C~/(CIt+ 
('I) - ('~ . the IllCllSured c:lpllrilancc is 
C I - c: + Cit, \\·hcl"e c: is the cnpaci­
tance I)(.'twff'n wirc lllld ground when 
the Sepfll"!tt ion is h. When the wire is 
moved ill to touch t he tel"lniuul, 1 he 
I'apudlilll('{' C~ hecomes infinitt' and the 
capacilam'() bt't.wC('1l wire anti ground 
iIlCr('IIS('S 1(.0 C:. Tit" mCIl:mrcd tap:lci­
tam'e now iX'come5 ('2 = r'; + C..,. The 
unknowlI l'apa('itallte CIl II thus be re­
lated to the mca,,;ure<1 \"a!ucl!. C1 ami C~ 

• 
by t;C ~ c, -C, - C.+ (C; -if,­
Cit). At some particular dis tancc h, the 
capacitance C~ is equal to the chunge ill 
C, as the wire is 1110\'00, i.e., C~ = (,~-c:, 
and the term in parentheses V11l1i811(.'8, 
lellving simply C.., ... O2 - C I . 

When t.he wi re is c1ll"vcd ali(I pivot.ed 
at the bridge em! to apPl"oHch t he capac· 
itor terminal from allO\'c in t he m:l.Il11er 
d~ribcd by Field , the chnnge of 6.C 
with h is fa irly lillC'ltf, as shown in figure 
6 fro m Ficld's article. A plot of 6.C 
ngttinst h ('all then be extrapolated to 
It = 0, where 6.C - Cn and the value 
of II which cOI'I'CSI>oncls to this 6..C W!iS 

fOlilld by Field to I)Q Yt inch. The di fTer­
encc bct\\"t~lI thc two capacit.ances 
meflSlII"oo with t he wjr·c touching thc 
terminal and thell Y.( inch nbovc it 
should , therefore, be. the value Cz of the 
unknown capacitor. 

This method is riimplc and uscful for 
cali b rat iom; wherc uncertain! i08 less t han 
0 .1 or 0.2 pf arc not sigllificant. It hus in 
the pust boon Uf;('(! ill the e:l librlltion of 
our TYI'f: 72'2-D PI'ccisioll Capacitors, 
where the direct·reading nccumcy limit 
is ± O. l % or ± O.2 pf," a nd in the cali­
bration of T\'i't: 1401 Stnndard Air 
Cnpacilors. with a limit of ± (0.1 % + 
0.1 pf). The re are, howevcr, sc\'cml 
reasons why this method hus connectioll 
errors which c:tn be of the order of 0 . 1 
pL In the first placc, even in the ab­
senre of other CITors, thc capacitnnec 
mt'tl,mred. C1 , is not the "free" capaci­
t:trlCe (C~\ but the capacitflll CC (c:) in 

. .. 
the pl'cscncc of t.hc con necl lllg Wll"e. 
E ven though the addcd capac itance to 
ground of the \\'ire hus bel'li eliminated 
from t he meMUrf'mel1t, the wire sti ll 
reduces t he capacitunce of the termi!l(ll 

~h.II"" ... 1.10 •• ~"",""C)" Ii,,,,. 0' ::100.05 p'!. .... lh ... '1'..,.. 7:!2·~n: l'Teri.;"" ('11 ... il.". rcl"~,. ." ""r-<'!\.&n .... 
.. ,,"", .... 1. ,b •• i • .• " ... 1i1.>",'I~n .. ull ,b~ .. pa~,u. .. ~ 
n."..! bll' .I,e c",,,,,,",,,tio ... "n~ba"lI"'i. 

'Thl. " ... ~ 1>";",,,,1 .,,,, to ". h)' Or. F. fl. K"tter 0' lh ~ 
N"ti,,"ai HIl'eo.u " I Stn",.lu"b. 

-
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, 
from its "frcc" value by disturbing the 
field around the tcn ninul und , heJlce, 
the charge distribution on it. The fine­
wire connector used by F ield makes the 
mCllsumd cnpllcitancc of the Tnt, 038 
Bincliug Posts 011 TYI't:S \·-101 and i2'2 
Capacitors about 0.1 pf less than the 
"free" capacitance, Le., C: = c: + 
0.1 pf. 

~ , 
V/--

• 
-./-

V 
~ , 

I 

: , ~ , 
1\ IN INCHES 

Flgu" 6 . 0 .".",1"0110" of unknown capac ilan •• C. 
,,"om AC ...... I .. r.d witt. 11 ...... "'1 ... 0n".<1 ..... AI 

~ - YI' inch C .. _ .dC. (F ...... Flold POpel" ) 

A recent !Ulltiysis of Uw coml}OlIcnt 
cap!lcitanccs ill the fine-wire method 
with IllhrC(. ... tcrminul capacitance bridge 
hns rcve:dcd that c\'cn the capucit:lrlCc 
c: in the presence of the wire is hnrd t.o 
determine without errors of the order of 
0.1 pf. The mC:lSurcmcn Is were made on 
n cllpacitor which w.:tS externally identi­
cal to n TYI'~: 7:?2-0 Precision CapacilOr 
but which had intcrmll, g1llmlcd COIl-

Fig .... 7. Vorl .. llo .. of "'_ ..... d 
<opa';,,,".,, with 1I .... w l •• c .. n_ 
... ..... 0 . .. f .. n c'i .. n of th e u pO-

rollon b. 

JUlY , 1959 ~ 

ncctions to the terminals to permit 
mC1ISurCIllcnt of the "free" capacitance 
and t hcetTc('ts of the connector upon it." 
To silllul:lte the stray cupacit:mces to 
external grounds in t\\'o-terlllillal meas­
urements, the three-terminal measure­
ments were mad!' with n wire cnge 
(3~'' x 30" x 30") surrounding lite capac­
itor Ilnd its connections ami connected 
to the "ground" terminal of the capac­
itor. 

The nlC/\.';urcd capacitances, C", C:, c: + CA, and 6.C - C" + c: - (C:+CA), 

are plotted ill Figure 7 il8 a function of 
the sepal'alion h betwccn wire and 
terminal. For convenience, lhe capaci­
tance level has been ndjutitcd to make 
C~ = 100 pf. The upper (,lIf\'C shows 
t he varia1 ion ill C" as the wire moves 
away from the terminal, wilh an increase 
of about 0.1 pf as ihe influence of the 
wire vanishes with incl'l.'nsing h. The 
ncxt clII've shows lhe rcsultli of the fine­
wire method, with t:::.C piollCll as a 
fUll eliou of h. The lower CUl'ves, with 
the level of the cap:lCitanco fLxis shifled, 
sho\\' the variations of the wire Cal}tl.ci­
tall(:cs, c: and c: + CA, with h. 

The fine-wire method, when conccted 
for the elTeds of the wire on Cz , pre-

'"1'1....., "" .... ".N"~nt. ,,·,·..,d, .. ·ked ... "hiD *001 "f by 
& ",ra.".~,,'~'" of "I.",," npoori •• " "" by Ib~ 1100;00 .nd 
Oor.e)' "oelbQd. 

SEPARATION" IN INCJ£S 
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diets that, at the distance which m:,kcs c: + Ch = C;, the capacitance differ­
ence!::::,.C will be equal to G':'. III Figure 7 
this condition is shown to be SRi isfied at 
11. distance h = 2 inches. Any at.tempt., 
however, to deter'mine C;' hore by extra­
polation of the 6C cUI've to h = 0 ell­
counters difficu lty because the curve is 
not very linear. Examination of the C:, 
~ + C •• and C~ curves shows tlutt C~ 
docs, as expected, (lause de\'intioll from 
linelll'ity at small h, fhat c: is itself not. 
linC1Lr fnr h less thaJl about 2.5 inches, 
tlnd that C", is 1I0t (;onl'tnnt with h, as 
flSsumcd in the dcriviltion of the method. 
rn the region beyond 2.5 inches C3; is 
almost con"tant and C, I'ciati\'cly linear, 
IlS dClSir<xt, aud it S('('IllS possible that a. 
line!).!' region beyond the rnngc of the 
graph might extrapolat.e to C:: nt h = O. 

The importnnt poillt, however, is the 
obviolls difticu!ty in determining c:: by 
this method without \·[lriatiolls of 0.1 pf. 
Attention should also be directed to the 
dilTerente belwCl'tl the ~C value at. the 
):4-il1ch separation and the values of c: 
and c:. With the YL-inch sp:u:illg, the 
fint. ..... wire methOd would give under these 
conditions a enpacit:lTlce 0.] ·] pf less 
than the cllpacitt:lIlce c: in the p,·escnce 
of the lI'ire and 0.25 pf less than the 
"free" (,Ilpacitnnce C:. These results of 
thrcc-termin;ll measUI"ements in all Cll­

virOlllllellt which approximates l,,·o­
terminal conditions can be altered 
s.lightly hy the diITering CllYironlllellt in 
a tru(' Iwo-tc:rminul tlwasliretn(,lIl, hut 
our rcs\,lts show no flignificant t'h:'UlgC in 
\'h~ order of maglli tude of these dif­
fcrences. 

The conclusions to be drawll a1"(~, 
lhercfor(', Ihn.t the fine-wir('-(:onTH'{"tion 
method is not sntisf:tctory for the de­
tcrmination of either the "free" capaci­
tance or the ('u pacitante in the p!"CS('IIC(' 

of the wire Idth errors less than 0.1 ()I" 

'0 

0.2 pf unless considerable cnre is taken 
in both making !Lnd correcting the 
measurem ents. As in t he other mcthods 
of making connection to t\\'o-terminal 
capacitors, the results a rc reproducible 
with a. precision of 0 .01 or 0.02 pf jf 

adequate care is taken to kwp the 
gcometl·y of the connections invariant. 
The fine-wire method cnn, therelOre, be 
used to clLlibnltc in terms of added 
capacitance ,dth nn accuracy of bet ter 
t han O. l pf CVOIl though it. is not this 
accul·aLc in the determination of nn ab­
solute value. 

3. Direct Capacitance of Three-Terminal 
Capacitors. 

The lllll.!crtainties and eITQI·S in capaci­
tance mcasm emcnts considf'rt:d here 
have bCCH the result of the "ariations 
in t.erminal capacitances produced by 
changes in the COllncd ions alld ill thc 
environ mcnt .. These problems associat.ed 
with the c:lpacitor terminals can be 
eliminated if the tCl"minul capacitances 
clln be separa tt.,{\ from the capncit:lIlcc to 
be ddiu('d and me,ls ure,:L One way of 
doing th is is to introduce a. third CO I\ ­

duetor us fl shield or I!ullni which com­
pletely surroullds a ll of llt Icast one of 
Ule pai r of eonductors fOl"ming the 
capacitor to be measured except t he 
:'1I"('a which ]JmduccEi the desired direct 
capacitance. Tbe pair of conductors of 
the original capn.cito!"i; and the added 
shi('ld form n three-terminal capacitor, 
such lloS the Olle shown in Figure 8, along 
with its l'quivu!eIlL circuit. 

The addition of the shield ch:lnges 
the cupacitn.lwc thaL cxisted bct,\\'CCIl ] 
and 2 beforc l he introduction of the 
shield by n!terillg the field, und it Illso 
l·c::; tdL<; in new eapncilultces, Cll and C~3, 
Ix-tw{.~11 the originnl conductors and tbe 
shield. If the 8hicldinl! is complete, how­
eycr, the cap:u:itfUice ('12 is IIOW inde-

• 

• 
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pendent of the surroundings outside the 
shield and rollncctions to the terminals 
I and 2 cnn afTcet only Cl3 and C23• The 
di rect ('upacitnllcc Cl2 - uf'uully rcfcrrf .. od 
to s.imply as the cuplu~itallce of the 
three-terminal capacitor - is., therefore, 
quite definite and 1101 subject to the 
connection ('ITors which trouble two­
tcrmiulil cllpacitors. 

);"010, however, that if in this three­
tc1'lninat capacitor one of the capac itor 
tcrm;Il11ISl, s,'l.y 2. is connected to the 
shield , 3, the capacitor reverts to the 
usual Iwo-lcrmill(ll capacitor, with tCI'­

minaLc; I !Iud 2. Th(> cnpacit:lIlcc C23 has 
thus 1)('('11 shol' ted; the capacitance CIS is 
now I)amill' l with C12 , and the cliplicitor 
has the cnpu(·itallcc C = Cl3 + C12 . The 

Flgllre 9 . VIew ef lhe Type 722_CD Thr ... T ... rnl",,1 
Pr.cls l"n C"pocit .... OllIe. c""dllcl .... "f Type 174 
C"".I"I Co"nedor, fK" ... ld. the , hl.ld. In"e. <on_ 

dll<l"" "r. the c"pod,,,, te rrnln"ls. 

JULY , 19.59 

cllpncitor is, thUll, ('qui\'n lent to thai 
showll in Fill:llre J. Allhough ('12 is st ill 
f;hielded from external influences, Cl3 is 
a fU llction of (.'OllIlI..'<'lions and cll vimll­
mont, nnd the total capacitnllce me:iS­
urtxl is subjCf't to the ynrillt iolls de­
scribed previously for slIch t.wo-termin:lI 
capacitors. 

The well-defilU.xI direct cnpaciw.nce 
of the t hrce-terminul capacilOr is of 
pract ical uS<' ill a c!lpll.cilfl.nCC standard 
ollly if it. can be llll'llSurL-d with high 
accuracy und with rC:u!Onable case. A 
bridge with tnl.ll!;former ratio Ilrms is 
wcll-suitNI for jUlillluch meusllrelllenlJ:!." 
I II t he transformer bridge shown in Fig­
ure 10. the unknowll :tilt! standard cnpac­
itoNl arc Or·iven by emf's of opposit(> 
phase und known m! io from a tapl>cd 
tl":lllsformC I" sceondarr wi nding, !lnd Ih(> 
difference in the capacitor currents is 
mea~urcd by n detector. When the 
brid~e is baiall('cd for zero current 
throu!!;h the detcctOl·, the CWTents 
t hrough t hl' direct cnpacit!uH.' l'S C'2 alld 
C. must he cqual. :uul the hnhlnL.'C rela­
tioll is C1'l/ C. = II. .\n)' cllp:tcitaIlC(·. 
sueh as CZ3, flcroS8 the dckclor has IlO 
dTC'cL fit balnncc because therc is no 
l>otcntial a('ros:; it. .\u)" e:l»aeilallcc. 
fluc h as Cr3, Hemas the tr:ltI."fOl'lUcl" lI'ind­
iug will h:L\·(' ncglij!iblc ciT('('t on the emf 
as long as the output impcd:mec of t he 
trallsformer- is sma ll comp!H"ed to the 

"Th~ Ib ...... ,.m'iMl ""r"'MIQI ""d it. rn~ •• "r""'~M are 
,,·~n ,h..-ribl-tl by A. ~r. Th.,.n,_:m. ·'Th. I', .... i.., ~I_ 
.. ~"'rM <>f ~"'.11 C.peril." ..... :· I II. l :. T .. n .. ..,"' ..... 
,," In"nto" .. ",o,;nn. \".,10. ).7, SOlI. 3 and 4. [)(,eo. 19~. 
1'1'. ~1'4 : .. ~:;.a. 
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10:ld rc:\ctnnce of the capacitors. Bridges 
with such trnllsformer ratio arms have 
1x,.'C1l built for the accurate measurement 
(,vcr II wide rnngc of "nlllCS of the direct 
cnpacit:wce of Ihree-tcrminal capnci. 
tors." ])irf>tL l'npnc itftllcc cun he mew;­
url'{l by scveral other null method!4, such 
a8 those using bridged-T and twin-T 
networks. ;\Iost bridge networks can 00 
adapted 10 the thrre-terminlll measure-­
ment by the usp of nuxilinry bridge arms 
to balancc the unwanted components," 
butlhe double balance required is never 
COllvcnil'llt :lUd it is difficult to obtain 
Il("CItl"aCY wlum the di rect capacitance is 
vcry small compared to the other capnc· 
itnnccs. In some bridges thrc(. ... lcrmin:tl 
Illcnsutt'rnCllls cun also be made over a 
limitt>d range by connecting the Ult­
\\"llIIlcd capac.-it:tlll·cs across low-impt.,<i­
Imc£' :\rms of I he bridge und across the 
~(,lIcrator or detector where the shunting 
e!Teet is negligible." 

In all lh('!o;C {hrre-termin:ll me:\Sure­
ment mel hods the connedion errors in 
capal"itllllce CUll be elimiuatt.'{i by huving 

"The Typ .. IIlI:l-A ("", .. ,ilan"" Ilri,]"" i • • INlrlJlfor,,'u 
1.,.I,I.~ N!>v.·.i"" rhr ""'lte IT(H"n r, I" 11.000 pl. 
lIT"~ T Yn n4l-l'~ 0"",,( ('i .... ";~ ,.",,"irI<!o Ihe .... m­
,M"",nl> ""'1",.«1 10 ,,~~k~ .h""'.t~,.,,,ln,,1 "''''''Ul'("tllrnl 
.. ilh 1I~ Ty .. 71fJ-(' ("apo,·it."..., I1ridl!:f' 
"Thh.'f"-l .... mhllli ,n_tN,,,,nu ... " be " ..... ~ .. 'th ,!wt 
Trpc 111."04).\ In.J)O'(I.a""" Ilo,\t .. ·.n Ibi, ... y. 
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I 'F.''..tl 
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I ~t.. 
o 

-" I 
Fig .... 10. S<h . ... "ti< of tr"n,f ......... ,,,llo-o, ... bridg. 
wilh 3-t ... mlnol ."podl'" <onne.lOdf ...... . .......... . nl. 

u complele external shield around at 
least one of the capacitor tNminuls. In 
Figure 10 the case of t he capacitor lWei 

:l shield lead from terminal 2 to the 
shielded det.ector complete thc shielding 
around t.hat terminal of t he capacitor. 
A shielded lend to the other terminal is 
1101 usually t"C(luired to eliminate con­
nection capac.-italH:es hut may be needed 
to prevent pickul> from other sourccs. 
With such thrce-tel·minnJ measurements 
the measured direct cu pacitance should 
depend solely upon the construction of 
the cnpacitor flud the accunlcy of mcas­
urement shou ld be limited only by the 
bridge or the rdcrellcl' standards used . 

- J Oli N F. Ih:RSIi 

X('xt. month IWW 3-t{'rmimli capllcitors, both fi;\:cd and vlI ri1\bl(', wi ll be de-
1M'I·ib('(1. In II forthcoming iSSUt' Dr. lI ersh will continue t he discus:;iou of ac­
curacy ('ollsidf'ralioIlS and c:.librution methods for capacitance. 

VACATION CL OSING 
During Ihe lI'Cl'ks of July 27 and 

August 3, ou r ~lnnufacluring Dcpart­
ments will be- closed for vactltion. 

Thcrl' will be business 1\.8 usut11 in the 
~al~ l~ngin('('ril1g a.nd Commercial Dc­
parlnwnts. Inqui]·ie.'l, includill,l!: requcsts 
for 1e-t'\lIliC':11 flnd commercial informu-

lion , will rccci\·e our usua l pl"Ompt 
attention. 

Our Serv ice Dcpartmcnt requests 
thut, becausc of nbscnces in the manu­
facturing a.nd repair gl"OUpS, shipments 
of C<luipmcnl to bc rcpnin'(l be scheduled 
to reach liS after the nH;:ltioll period. 
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INCREASED ACCURACY FOR THE TYPE 1454-A 
AND -AH DECADE VOLTAGE DIVIDERS 

A. .. , .. ", .. de. of th. P .... d. Vol',,!!o !livid .. , with an In pul ... 1010" • • of 100,000 .. h ... . , hOi !.to ........ d • 
...... aob1 • • In oddUI .. " , th. occu,a.y I~ClA'DI;D" fo, ,h, .. diyld ... hOi ~n lonl"""'" by D foclot of 

2.S. Th, , .. ,Ion aff • • ting,ho DecU'".''' .... dl ....... d In Ih10 .. ,,1.1 • . 

TilE TYPE 1454-A Decade \'oh.ngc 
Divider was introduced in 195':;' with 
accuracy spccificlltions of 0.1 % in 
voltage ratio ± O.OOOOO I . T he intent 
WfiS LO t:lkc advulltage of the iuherently 
good ch:u'uctcl'istics of the T YI' f: 5 10 
Decade Resistors and to kccp the volt­
age divider in the same price cI:l-~ hy 
avoiding expensive adjnstm(,llt to closer 
limits. Since t he tolCrilHCC 011 the resist­
ance dccndes is ±O.(};j%. it is evident. 
that. the worst. combinat ions cfln pro­
duce nn error in the voltage mtio of 
twicc this value, or ± O. I%. The specifi­
cation limits on the mll:lge divider were 
set nCI..'ordingly. 

It was recognized thnt.. the catalog 
limit of error W:l.S vcry seldom air 
pronched in nctual service and most in­
struments would \'eudily meet tigh ter 
tolcraucc SIX'cificalions. A recenl study 
has ~ho\\'11 thal only a fcll' of the com­
poncnt, r($iSU)I'S !l1'(.' critical and that 
prop<'r selection of these liming !lS8cmbly 
would enable us to guara ntee a ('on~id­
erably higher accuracy. O.().t%. fo r ratios 
'I,.,.n O. l:~.wn. "An A,·~"not,· \'nltaKe Dkid,.,. lor DC 
"nd A",U" F,..,q"'·n." ..... G,,...,,I Rod,,, !:.r","_~I>T. 
\'Oll. 30. IIp· I~. AUIII,"'. lOSS. 

above about.. 0.1 without aJ)prCt:i:lbly in­
creasing the price of the instl'llinent. 

The additi\'e consta nt term of one 
part in a million in t he expression fo r 
t he crror, howe\·cr. was still the limiting 
factor at low setti ngs. This cou ld amount 
to 1% :IL:\ ratio of 0.0001. T his error is 
caused by the contnct rcsist:lIIce of the 
switches and is intlwuced in the manner 
shown in F igUl'e L In the Kel vin-Vad ey 
ci rcuit uS('(! in this dh·ider. the resistors 
of the s('('Ond decade parallel two adja­
cent resistors of the first de('ndc, find so 
on. It will be seen that, in t he prcscnt 
arrangement of four decades, the volt.­
age drop of three switches in :>.cries air 
pcars in the output circuit. T his causes 
a residual output. yoitnge at. the zero 
setting find an increflSCd error at. the 
lower outpU1S. 

The cure for lhis second accuracy 
limitatiOIl wns sugg<'StC'd by the fact that. 
t hc 8\\'itl:ll (:ontact 1'{'Sistanee was found 
to be remarkably constii.llt. T he resist..­
ance mllY increase by a factor of two 
or llm.>e when Ihe instruru('ut is nOL in 
usc but retUl'Il fl qu i('kl." dose to ils 
initial mille' after!l few olX'rations. The 
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fig .... 1. Sch • ..,,,lIc dlag ...... . f Typo • • ,. D.cod. 
Voho,o Dh,ld •• , 

accutll('y of the di,'ider III low Sdling5 

call bl' Krcflt ly improved if a butkinp: 
voltage (-qual to the avcrugc switch drop 
L~ introduced into the output loul>. 

Tbe ('Olltac:t ... drop huJllllcing arrange-­
men\, if; shown in j<ip;nl'c 2. A !:'Illilil r('­
sistoI', R. is placed in t<cries \\'ilh thl' first 
decade:\1 its 10\\' end and the low output 
terminal ig connc('\('(1 to the high sid!' of 
lhe rt't<istor. The low output \PI"IlI inni 
Oms differs in potcnlial from til(' low 
input tcrmillu] by the \'ollag<, tlcross the 
resistor. which is made l'qU/\1 to the 
switch ('olllud drop. The \'ol':LgE' at the 
output tcrmin:'lls ('nn h(> b:d:1I1 C{'{1 to u 
negligible nliue by this ilrr:IIlj!Nnent. 
Tlll' balanciog rl'Sistor is \·cr .... ;';'01all, 
about 5 milliohms, so that. it$ nr(>$('ncc 
is ncvcr noticed in ordiuar .... IISC of the 
divider. When highest Ilt'come), i8 nced(!(1 
allow mtios. the \I:;('r mu,,1 r('mcmber to 
kC(>p tilt' input and output. cireui1s St'lr 

nrale. Tho USCI' mll~t nlS() remembel' to 
turn cach switch b:\Ck aud forth Sf'\'(~r:d 
limes whent·,'cr thc instrument. i,.: first 
tlSt>Q. The 1{,lIdcllCY is to forget.. the first 

R 

" 
or second cli .. 'CtHle when I hcse arc l('fI n t 
tbe ze.ro set.ting, but lhese contribute 
the most. toO the conl!let drop, s ince they 
ellrry more current, and mus t. be rcstored 
to norma l rcsiShlllcc if the com l)Cn~l tion 

scheme is to be (>tTt.'Ctjvc. 
J\ lthuu~h the S('lcclion und matching 

of tbe componcnt. re8is\.Ors should in8t1rC 
mect.ing the nell' tolera nces, a cheek to 
one part. ill 106 is mtHle of e!lch ralio of 
{'ncb dC('ado in lhe final inspt,(:tion of 
the instrument. 

\Vhen maximum acclIl'Hcy is required, 
temperatmc elTeets must be allowed for 
and the input voitaf,':e must be reduced 
I:ollsidembly below (hat corn:sl}()lIding 
to tht> dissipation limit of the I'esis lors. 
Silll'c nil resiSI{)rs llre of si milar eon811'11C­
lioll IUld ha ve more ur less equal tem­
pero ture c{}('fficienL'S. the efTecls of ombi­
cn t tcml)ern.tlu'c vlIl'ia tions arc very 
~nHtll. T he efTects f!'Om sclf-henlil\~ are 
nOI bal:uu:t.'(1 out, howe"er. Ill'fC'l'ring 
to Figure I, it will be IiCCn that ill the 
fi"st decode belwccn I}()ints 7 !lutl 0, 
which l\1'e bridged by lite second de('I\(II', 
only half of t he inpu t current is curried. 
The resistors between INCSC po in ts will 
hllvc on ly onc-quurter of the tf'lt1pCl'll­
lure rise of Ihe others of thc de{'adf', 
(,lIlisinf!: an {'rror il1 tlt{' output voit:lgl', 
The temperature rii'C of the SC('ond and 
follo,,~ng d('<!!\(lcs is mllch smaller and 
cnn he neglect'''!. The t(,lIlpera tlU'ccfTecl 
is InrJ!:cst at the zero I}()sition of t he first 
dec:nk. It has been fOlllld that , to kC'Cp 
the sclf-hcnli ug crror at ihis fi rst I}()si­
lion wit hin t he spl.'<! ifi('!ilion limi t.s, the 
input to the T n'E: 14.5<1-A Decade \"olt­
ag<' Di,·idcr should he limit('tl to 120 
\'olts. The normul dissi pation limit is 

Flgu.e 2. "' .. ang .. 
menl lar bat .. n. lng 
the s ...,lt.h ... nl .... 

.... U .. g. dr .. p. 
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" 
230 volts. Neither limit Rpplics to t he 
high-resistallce model, T \"I'E l ·lEi-I-AH, 

JUL Y, 1959 ~ 

which ba~ one-tenth the dissip:ltioll 01 
:l. given voltage. 

- W. N. TU1.'TLE 

SPECIFICATIONS 
Vohage Rallo: .0001 tc 1.0000 in ate(", of .OOOJ. 
Aculfocy: ±O.Ot q of indi(':'ll{'d Mltlo, for ill­
pIli \'oltfl8"~ bdow 120. TIll' VOh'lgt· drop ill 
~wit" h .... "lIru·t ... m,d wiring iIJ h,,1:In(."('(1 out SO 
that full neeurnc:y i ~ ffiulntalll{'d down to tho 
lowl'''' ... ·1IiuR;, 0.0001. 
lIneanly: ±O.O".!'i- 01 full-SCilla set! ing. 
F .. que"cy Cito'ac!eritllu , If thl' {'xU'nl"] clipaci­
tn.,,,",, IlI:H"ft1 ael\JM Ih,.. <lutput t('rmin81~ of 
T, n 14S-1-A j" I,~ thlln 50 1'1'1. tlu.' fl"(-qu~·tIt·y 
fOrrOf l~ 1,·,;8 tlULlI (1.1 (; Ul 20 ke fM any $4'tt ing. 
FM lIll·Tn); 1-15·1-,\11 , Ihe rnoqucury limit i8 
2 kl' fur thl' If.,'1ffil' ("lpl"" lll.l H.~. 
Inpul Rnitlo" ce: 'I' , ,'r. I-1St-A, 10,000 ohms; 
T11't; 14M-All, 100,000 ohm~. 
Output h.islOnee: Varil"!! "'Ith outl)ut 8!'ttlng. ut'­
pc'lIdlll$\" priumrily on Ihe lII't tillg of the lilghl.'sL 
dl'("1I<I,.. ill ,,"'-'. 
Maximum Input Vahoge: 230 v(llt.« rms (or .ic) for 
40" C. rise of the 1"l"'><1,,\.(lr« of thl' input dl't:aJc. 

Input vollllg{' ~hould I"t> limitl't]10 120 for nl/lxi­
mum flf'{"umty. At nUL'tiffiUIII raW volt.n.gc the 
t01:l.1 ('nor CllI' flllllro:\th ±0.1 l'f,. 

bll.tone. U"II ., TYI'£ 510 Dcclldo-Hesbtnnto 
t;l1i,./I, 

hmp .... lu ... eulfldo"', or the indivililllli n'­
~j"\(),.,,, l('>".~ llum ±O.OO'l% 1)I'r dl'gl'('i', Si"l'l~ 
th{" \'lIltllll;t' flIlio~ ",..' lktl.'rnlirlf'J by "."L~tol'l! 
of ~imilar Con",trU\'1l0n, Mnhi .. nL klllfX'nlturo 
efi'l'('1.lI art' wry .. Jll:u1. 

Termln.I.: JdCk \.Qp bindiol' IIOIIUi with IItflndnrd 
',-l1l<'h 1I1J.f<eing at il111111 flJlt outJlut. A Q('1)llrRh' 
ground Jl'O~1 iii 1J!"(f1',drd, so Ihllt lhe dil-idrr 
dr.'lIit o;:l.n lw 11.;(11 j.l:f('lmul'll or ungroUIl\.kd, 
with the ilhielcl gmUlld('(1. 
MOllntlng, AIUlllillum pruwJ 'UlU cabjllct. 
Dlmenllons: n"-"Igth) Hi~4 lC (width) 5U x 
(hl'ight) 5 indll"!,, owr-wl. 
Net Weillitl, 7}{ pounds. 

Type CrNk IVord Priu 
~--~~--~~~~----~~~'---

145..... ! D..,od. Vollalle Dlwld ... ( 10,000 ohm.) ••.••••.•• I .. ~.JHCIi: $'45.00 
1454-AH Oe .. "I. VoUage Dl"id., (100.000 ahm~) .. ...... AllMOn 14.5.00 

WESCON 1959 
Cow Palace, San Francisco -:- August 18-21 

WI1('11 )'011 attend the Western Elec­
lrollk Show and COllvention, drop in at 

Booths 2015 and 20IG to see th('8(' new 
C(mC'ral Radio inSlrUtn('n\s: 

TYI'~: 1650-.\ Imped:mcc Bridge 

TYPE 1521-A Gmphic Lewl Recorder 

T n't: 1305-A Low-Fn:.-qucllcy ~'ill!\tor 
TYl't: 1032-1\ Indut1:IIlCc Bridge 

'1' \'" .: 155'I-A Sound (LlId Vibration Analyzer 

Elich of these instl'tlmcnlS hns f(':\lures 
o( el('(:lt"i("ul lind nwdmnicnl design that 
will illlcrI'tOt "011. performance SI>Ceific9._ 

tiam; that will pkal'.{' yOIl, und the sa me 
high qllulily of manllfat.'tlll"c that you 
c: ... peel in C:cneml Hadio products. 

Type 16SO-A Impedance Bridge 

A wid~rang(', accul'!Itc. gCIlr-ml-purpo5C bridge, J1'WH~U1 ,ng 
H, L l\IId C. Complctr-ly 11('\1" design with cxclusive, l)fl tt'lIt('(i 
OrlJumuli fCllturc Il.nd sclf-t'(Int:linccl, trnliAistori7.cd j!:('lIcmtOI" 
lind detector. Sec E:rperimclller fOI' :\lllrcil, I OJ!), for funhc.r 
IlctuiLs. 
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~ GENERAl RADIO E X ~E.I MENTER 16 

Type 1521-A Grophic Level Recorder 

Fully dC>'CribOO illll\:-;t month's (.June) 
Experimcnter. Iligh-!'it.'Il,..iti\"ity, !<inglc-­
chnllnci recorder, whieh plots rillS 1('\'('1 
of an ae siC;IIf11 3S ft £1II1('tioll of either 
time or frequcncy. ~illlple to opcr:\te. 
<. 'ompletf'\Y I mn"j"toriZf'fI. 

Type 130S-A low- Frequency 05cillotor 

Sin('-wn,-e gellcrntor coycring £1"("­
quency range from 0.01 to 1000 cycles 
pcr RC('ond. Sing\{' phase, thr('('-phasc, 
and four-phase Olilput, wilh !".inc;ie­
pha..'>C output conlinllou!;.ly variable in 
pha..'-,(' from a to 360°, E",('('] I£'III sUlbility, 
low 1Ii,,\ortioll. To he df'!'eril>Cd ill a forthcolIlllIg i&-uc of the Expcrimt'lller. 

Ty pe 1632-A Inductance Bridge 

'\'jdc-rall~c inductance bridge for the precise 
m('3i<urcment and standtl rdiz:ltion of two-tcrminl\l 
~rollnded inductors at audio fl·('(lllf'Jl<:ie;;. HnnJl;e is 
0.001 ~h to J J 11 h. Xormal aeturacy is O.If1.. ('Oll­

\,f'nirnt to o»(,rute. ha~ in-line r('all-out. Six-figure 
rp.,uiutioll p;in'i' high pr('('i: ... ion, To bc described in a 
fortiJeoming i","ue of the t;.rpcrimnJlrr, 

Type lSS4-A Sound and Vibration Analyz er 

:\I(,fl:->url.';; flmpiitudc and flwluelley of the illrli\'idu:ll 
('()mpoII('ut,.:; of WlwC'forms l)('t\\'(,(,11 2,5 and 25,000 crc1(>S 
per ,.,('('011(1. Ihls uoth 8'0 and Oll{'-third octa\'(' pass h:tnd~. 
Port!lblf', h:lttcry 1>0wer('(l, U,.;N; Ii tuht.'S and II tml1",i~tof:', 
Can 1x- WINI \\'ilh sO\llld-!(' \'c! mder, vihnl.tioJl meter, or 
mit'rophul1(, input for acoustic work. or dir('('liy as a Jl;(,I1-
erul-puq)(),;{' rI('('trie-w:l\'(' flnnlyzer, To IX' dC'SCribed in :t 
fortl\l'lIming ;,..-;u(' of th(' E,qx rimmler. 

Otn er In"rumenh 

:\Inny other Grllrml Rndio pn:xlm·t,.; will he Oil di"'play, including Cnit Instru­
ment.-;, \ ':l.l'inc aUlotrtl.Jl~forlll(,rs, and sltilldan.l:; of capacitance and inducl:lIloo. 

General Radio Company 

"-::'. 
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