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CONNECTION ERRORS IN INDUCTANCE 

MEASUREMENT 

A. th pur uit of in ·rea. ed accuracy 

in el •trical mea ·urement moves down
ward into the fractions of 1nicroh nry 

and of picofarad , the con ribution to 

the m a ured quantity mad by the ·on

nection betw n mea ured comp n n t 
and measuring in trument become in-

rea ingly important. Wh n a ·apac:itor 
or :inductor i u d r m a ur d, it i. 

·onnect d to and b ·om a part of a 

·ompl t ircuit. The :impedance be

tw en its terminals therefore depends 

n t only upon it· elf-impedance but 
al o upon the mutual impedance be

tween the capacitor or inductor and the 

re.-t of the circuit. The e mutual induct

ance and capacitance are u ually 
uffici 11tly mall to impo e no appre i

able limit on th . accura y of m a ur -

ment a long a th lf-indu tan e or 
eapa ·itance i larg r than . ay 100 µh 
or 100 pf. For maller in.du tor r 
capa itors ome car mu. t be taken 

both in th con. truction of tandard 
and in the techniques of measurement to 

insure that the mutual impedances can 

either be neo-Iected or can be included in 

the calibrated value without limiting he 

desired accura . A calibration of 100 
microh nry to an ac uracy of 0.1 or 
t ±0.1 microh nry :i not of much ig

nifi ·anc if th conn tion produ un
certaint:ie of O.l mi roh nry. 

'I he problem introduc d into the 

m a. urement f . mall capacitance by 

mutual capacitance. be ween capa ·itor 
terminal and connection have been dis
cu eel in an earlier arti ·le.1 It was the 

purpo e of that article to point out that 
uncertainties of the order of tenths of a 

1.Tohn F. Hersh, "A Close Look at ConnC'ction Errors in 
Canacitance �Ieasure1nents,'' General Radio Exveri
menter, 3:3, 7, .July, 19.59. 

picofarad can be introduc cl b ca.·ual 

conn ction · hat n ·an r du · - th 

uncertain -i by an ord r of magi itu l 
or more by making th g om ry of th 
c nn tion uffi i ntly d finit a f r 

xample, by p ifyino· th t rmjnal. t 

h u d a the onnc ti n; and that till 

mailer un ·ertainbe an b achi " d by 

th us of the three-terminal capacitor. 
and mea uring technique hat excludc 

the mutual apa itance .. 
I is the purpo e of thi article to dis

cu s the analoo-ous problems introduecd 

into the mea urement of mall induc:t

anc by mutual indu tanc b tff en 
th inductor and h nn tion . In 

u ·h m a ur m nt , th unc 1·taintie 

with ordir ary onnection and i.e h

nique may b a. larg a t nth. of a 
mi rohenry. Mu h . maller un rtaintic 

an again b achim·ed by m thod. anal
ogous to those u eel for capacitor . -:\Iost 
attention "·ill here be o-iven to the re

duction of the mutual inductance thcm-
el e and to the r duction of their u i

certaintie by ·ar in th construction 

and use of the inductors and onnectiorn;. 

!though mutual ·an be . -clu l l b>T 

magn tic hi lding and f ir-i.erm:inal 
mea ur m nt , h add d co t and eom.

plexi y of the shielding and special 

bridg i not yet ju tified by th need 

for higher accurac. in measurements of 

mall inductance. Thi di u ion "·ill 

therefore be limited to method of re

ducing errors \\·hen the usual two

terminal inductors and bridge ar u d. 
An exa1nple of a tw·o-terminal inductor 

connect d to a brido· i hown in Fio-ur 

1. To t th origin of th om
pon nt and to implif th di cu ion, 

only a f w of the po ihl inductance' of 
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F igure 1. The c ir
cuit of an inductor 
connected lo a 
bridge show i ng 
self and mutua l 
inductances wh ich 

are meosured. 

"\Yll" � l and the mutuals, m, are , h wn 

h r , and the.care indicat ed ns lumpC'd 

paramet r , although they arC' aetuall)' 

li,·tributed O\·er the n t ire circuit. The 

inductance value obta in d b)· a dircc:t 
bridge measur rnent of the · 111ponc1 1 t . 
shown would b the um of thc ::;;elf

inductan · Le of the in l u ctor and all 

the connection in luctan ·e . .  l, nnd the 

mutual 

ject t un · rtainti "' "·hich en.11 be 

intro uc d by a cid ntal chnngcs i.n i he 

1 ngth or ori ntation of the eom1c<:tin� 

wire . I i po ible to reduce the lm(·er

tain tie"' to any le. ired leYel i.f \\·e specify 
with . ufficient precision th o·eome tr�· of 

the conn c ion and their e11-..·ironn1cnt. 

A direct measurement, i.::-;, h \\·0v0r, 
eldom used wh n hi0·h a '.C·uracy· i� r -

quired . 
It i u ually more ·on ,· ni. nt to elirn.i

nate many of h ·onn ti.on ('lTor::; b�· 
u iug a ub i u ion ra ther than a direct 

mea ur men t. If one n1ea'-' urern.cn t is 

mad with th i nductor connected a� in 

Figur 1 and then a second ni.eu"'ureme11t 

i made "·ith the • arne connect ions l)n t 
with the indu tor replaced b�· a h rt ing 

link the differ nee between th t \YO 

m a. nrecl ,. Inc i inc lcp nd n of th 

elf a11d mu tual indu('t.anccs 11, l'2, r�. l-1, 

1111, 'rrt-1., 'rri,.,,, which appear in both n1Pas

urem nts. 'l'he difference is till n m('as

urc 11ot only of the i11ch1 ·tancc Le but of 

th� mutual:, m'2, and m8, and of the in

du •tance of the .. :horti1w link , l., and ih; 

cone. ponding mutrn ls. Altho1wh the 

ub titution 1nca lll'CmPnt can n'mo,· 

major portion,· f thP c·om1edi n impN{

ance · and the 1m<·ertai11ti s prodtH'Pd by 

th('m, tllP mall rema i 11ing mut n:.tl:-; m1vt 

till be ·om-;icl red wh n . mall m<:re

meHt ·, a. le·� the. n 0.01 I :ii ·1·oh nr , 
ar ·ignifi .. nt. 

Th mutual:-; m2 an l m3 reprc.·ent the 

m· gnetic coupling hE'i \Yeell the indu<'t,or 

an l th conn ctiug \YirC's if it is assumP.d 

that th oi.hc: r pod ion .. · of the br idge cir

cuit ar , uffleient l)r rcmot(' to ha v(' 
negligible couplino· _ Th ir 1nagnit rnlP. 
C'l ano·c ,,·ith i he form. and ori<?ntat ion of 

i.n c lud or and lead · a)l(l henC'c, they arc 

a ource of lmcertai.n(\' nnl �·· th eon

figuration i.· preci · ly :p ·ifi.e l. Tl ncC'd 

for such prC'C'.isc-' . pN·iffr" ti on fin �i. ·ur<'

ment C'Onditi.011.· ('an be av< idC'd if the 

coupling i n'cluc<'cl o a neglio-ibl Ya.ht 
r if th . e up ling i:-, n'.lad . in n1riant 

with c-h ngc. in the eon ncdi ng wir('." 
Th eoupli.ng can he kcpt a t  a m.ini1ntmi. 

by the u -. of twi:-;tPd lcadf' for the' <'<>11-

n ding wire. and of toroidal r:. t her than 

olcnoidal coilf-i in the inductor. Thc 

oupling can lw madc inclepc11d 'nt Ji' 
·onnection.· if that 1 or t ion f th<' ('Ol -

necting wire. whi ·h is do::;e:::;t to th 

iudu et or t rminal and which tbus con

tribute mo. t io th(� <·oupling between 

the wire an l the inductor or horting 

link l · ·on tru ·ted ::tfi an inteoTal and 

unvarying part of the inductor. 

Th • malles t cornwction enor. ·houkl, 

th refore, be obtained from m1 incln ·tor 

on. tructed, as sho \\·11 in Figure 2 o 
hav both low and c 11 ·tant mutual . 
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Figure 2. Inductor with separate terminals for con

nection and for shorting. 

Thi. inductor hat:i hn> ::;eh; of t rminaL . 
The terminal$ at the top in Figure :2 are 

u. ed to eonneet the inductor into th 

cirC'uit in "·hich it i. m a. urecl r n. C' I. 
ThC' iC'rminn L on thC' top nre eonne ·t cl 

to the hot to rn 01 ef' by intprnt 1, t\Yi�t d 

lC'ad: and al o to thC' toroi lnl coil. The 

t\\·o mea�·ur m nt. of thC ' ._uh�titution 

mPtho<l nre mrr<le with thC' b ttom right 

terminal. first open nnd thC'n , l ortC'd . 

Tlw m C'a�ured diff0rC'1H'C' in inductn rwe

. ·hould lw to fl high dC'oTC' inckpE'nd0nt 

of thP eonneetions to thC' inductor fl!':. long 

a. the.'· r mni1 con. tant luring the h\·o 

nwasnrernents . Sin<'C' the ·onnections 

ar madC' nt "C'pnrntc' terminals in thi. 

induc·tor. the.\· fin' not C'n�il)· di._ turbed 

b.'' the applien ion 01· rcmo\·,_ 1 of the 

. hortino· llt1k. 

Th horting link can. ho wp \·er . intro

duee nor into the inductance rn a. ur -

ment in anotl r "·a.\r- 'Yhen th hort ino

link i, connected aero,. th inductor, the 

eircuit connected aero. s the bottom 

terminals of the inductor i that • hown 

in Fio-ur 3. A.· Jong a. the re i tanr of 

the link, Rs, i not zero, th re i an 

equivalent indu ·tanc , L', het,Yeen the. 

t 0rmina1 . , which i, 

R2 
!/ = Le 

( R,, + R,.)� + w:. T,,/ 
Thi: induetanee. like that f t he liuk, 

O C T O B E R ,  1 9 6 0  

appear. only in the measure1nent \\·ith 

the inductor . h l'ted and hene(' i, part 

of th0 measured di f°fC'rC'nee in indnetmwc. 

'T'hc r qui rem.en t for a '('lll'UC')' i::,;, t hcrC'

f r<' not that this induetnnce hC' ZC'ro, 

but that i t  b repro luc·ible. 

Figure 3. Circuit of she;>rted 

inductor. 

. in ·e the induct n · L' lepencl. u1 on 

R.<. Ul\\' change f the ( ' ntuet r sistnnC ' c 

of ti c horting hnk "·ith time or "·ith the 
met ho l of applien tion re. ult$ in fl ehang 

in the rnea. ured in h1etmwc. 'The rel: t ion 

lwt\\·een t}w c·hnng0 in thC' rC'l'i�:.t anC'e, 

6R«. an th c·han�C' in in Ind� nee L::,.f/ i 

I f R.< 
L::,.f_, = :2Lc6R.< 'I (R R )2 212 I. 1,. + l8 + W 'r 

- (R + R ) [ R., ]2 l 
,- .< (R !)):! 212 ( 1 ,. + \" + w .1,. -

As an C' xample of th mngnit udC' of ,6.[_;, 

c n idPr � ._ tand:ud induct or "·ith L,. = 
10 µh nnd R1• = .0:2 ohm and a . horting 

Ii nk "·ith R., = .001 ohm and a vari:l t ion 

6R., = 0. 0001 ohm n t a freq nNw.\· f 1 00 
·.q·k�. \\·here w 2 L/ c-m1 h0 nPglc'etC'd. 

T'hc tm certn.in t>· i. · 6 L' = . 00-l micro

henr:v in an induetanC' of 10 micro
henry . The var iation. a. urned for 6R,. 
are tho e of a . hortino· link in o-ood con

ditlon , o th uncertaintie could b ex

pected to Pxceed th i . figure in prac ice. 

J'he shorting link in parall 1 \Yith th 

·oj] ean. ther fore. l im it the accuracy of 

the rn a urernent of low inductanc at 

l w fr qu nci 

'Thi uncertainty can be eliminated 

,. l') asily by u. e of a "·itch, or the 

-·horting link a. a. witeh, which conned. 

to the t rmi1 al.· ('i/h<'r th indnctanc·0 

eoil or the Rhort alone in.:tC'acl of on

nec·ting the coil alone r the coi l  . hunted 
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the external coHnc ·ting "·ire� ha,-C' neg

lio·ihle effeet. provided onl.\· that ihC'.\' do 
n t change "·hil the liffcre1 ec i. hC'ing 

measured. Since the witchino· link and 

itH hYO po itions ar aL ., n in,·ininnt 

part of the inductor, thC' . elf and rnu tnnl 

induet::u1C'e"' of the link arc both :;m nil 

and definite part. of the Cc lihrn.tion. 

� 'inec the link is not �onneeted in parnlle>l 

'"it h the inductance eoil, the C'Ont net 
rc,i,·tanC'e. of the link ha,·e no ffcC't 

Figure 4. Inductor with shorting link arranged to 

disconnect coil when short is connected. upon the induC'tan •e .. \ncl. sinec the in-

h.'• the :-;horting link. An induet r \\·ith 
. llC'h. wikhing is sh0\n1 in Figur -±. \Vith 

the shorting link in the position Hho\\·n, 

thC' ('Oil i� eonnedC' l io the c·onnC'C'tion 

iern1inaL at the top: \Yith th link mo\·cd 

to i he dott d 1 o.-·ition to c· nneC't the 

right lo,,·er pair of tC'rminnls. the c· n-
11 C't ion tC'rminals arC' . horted and the 

coil i::-; clisc·ornw(·tc>cl. 
\YhC'n au inductor haYing the con

. truction shmn1 in 1ig11r(' -l- i. c·nhhrntC'cl 
in tC'nn:-; of thC' c·hnngC' in indnctnneC' 

"·hC'n thC' :;:hori ing link i,· ... "-ikhC'cl from 

on posit ion to the> ot hC'r. the ealihration 

aeeurney enn l C' Yer.\· high and th0 in

clud a nc· ,. r.\- lo"· before' e nnC'etion 

e1TOI':': impo:::;e n limit. SinC'C' thC' impor
tant .· C'C ' t ion of e nn C'ting \Yire. adjaren 

to the terminalR wlwrC' th change i._ 
n1ad0 ar an in tcgral and e on tan t I art 
of tlw induetor, th0 form and po ition of 

dnetanC'e coil i;-; toroidal and the tonn t·-

tions ''"ithin the inductor are oricntC'd to 

rn.inimize th op n loops. th re i. HO 

coupling to xternal fie] L or con duet ors 

\Yhieh can var.\· th induetan · . ThC' in
cluctaneC' so ealihratecl . honld bC' :-;uffi

cicnt ly dcfin it to make th tmecrtaintiC'.� 
le., than 0.001 miC'rohcnr.\· and to jn, tif�· 

a C'nlihration aec·ura<'.\' of 0. 1 c; f r in

duC'ta1 ee aoc lo\\· a. 1 mierohem '>· ·  

T'o eon ·Incle thi,· dis ·u, sion of C'Onnc -
t ion error ... \Yithout nckuo\dC'dgmC'nt of 

thC' ,oun·e of n111<'h of thi::-; information 

would h , b1·gC' t nninnl C'lTOr. l"rom 

c01l\·er1'ntio11s nncl C'orreRpondenee with 

m mh0r... of thC' R :--istanC'e and Ticnet
mwc Section of thf' :\ntional Bur au of 

, tand:wcl::::. in \Yashingto11 hnYC' c· me 
knowledge of somC' of the ... ourcP. of 

error in ii luctanre measurements as 
\YE'll a, . urro·e. tion.- for th ir r lnctl n. 

- .JOHX F. HERicH 

NEW STANDARD INDUCTORS 
MORE TERMINALS, LESS INDUCTANCE 

Th ( { neral Radio Company recently 

<'xt ndcd th range of its tandard c pa·

itm· dmvnward b:v everal decade. to 

0.01 pf b:v th introdu tion of the new 
TYPE 1403 , tandard Air C'apacitors.

1 

. parallel, hut more modest, t p i, no"· 
l··xew Three-Tenninnl npnC'itor,..·• (i,,.,1rrrrl H11rlio Es
/!l'rimrnll'T. 33. & 9 . .  .\ug:u,.t-Septemb r. 19.)9. 

heing taken to xtend th range of our 
. tandard inductor downward b.\· the 
addition of a 50-mi roh nr:v unit. In 

anticipation of future demand for 

higher a curacy and �maller inductancP. 
the de i?:TI of thi inductor and it. tw 

immC'diate precl ee. or . the 100-µh and 
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200-µh iz in ·orporat s the additional 

tenninnJR and new m�ethod of calibration 

di� cu�. d in th pr c l ing rti · le . 

The New Inductor 

_\ rl'YPE ]-1- .2 Induct r of -o miero
henrys ha� for ome t i 1ne been anl.ilable 
on .. pe ·ial order. The new TYPE 1-l- :2-

diffC'r .. from the arlier m del · both in 

luning the new ·ix-terminal connection 

( ... e b Im,-) and in he vino· lower re is t

an· . 'I'h- coil. ar n \\' \YOUHd "·ith 

100 132 Litz \Yire to ha,·e a le re ·i._tan 
f 0.0-1:3 hm ._ compar cl to the 0.:200-

ohn1 r si.:tance of pr ,-iou inductor . 
An in crea, e in wire . ize has al o been 

m._ .de "·here,·er po'- ible in other induc

tor. , and the lo,,--fr .qu n .',.. 0 i now 
n-iorc nPurl.'· con ... tan t throughout the 

line of incluc or�. 

A� in all th e inductor , the coil :i a 
uniforni.l.'· wound toroid on a pranu 

core> for high tahilit.'" and lo,,· external 

fiC'lcl. Th(' 50-mic·rohC'nl'.'" coil ._ nd th 

coils np through ;.)00 microhenr.'·s h:-.,·e 

duplex \\·indinO's. 1".e., th i.r toroid ... nre 

wound in t"·o equal hah·e , and he 

ha h·e. are conn cted in parallel ra her 

thnn i.n , rie , a� hown in Figur 1 .  T'he 

duplex \\·inding ha two ad,·anfrt.O' f r 

1nnll i11clt1cta11ce eoils. or a gi, .. e11 i11-
ductanc th number f turn i gr at r 

with the duplex "·inding and he ea. 

and accuracy of adju tment to non1inal 

Yalu are th r by in r a· d. Th parall 1 

\Y:indings still confo almo all th maO'

n tic fi ld to th toru and in ddition, 

they can further reduce the mall field 

produced b:v th equiv lent ingl turn 

of the conYentional toroidal \Yinding. 

'\Vith th l ad po i ioned a ho"'ll in 

Figure 1, th - curr n t doe no m.ake a 

complete circle around the circumference 

of th toru but tr ,, 1 aero diamet r 

on one lead wire and return in two 

parall I path throuo·h th tw halv of 

OCTOBER, 19 60 

Figure 1. Diagram of duplex winding used for low

inductance standards. 

th \YindinO". Ther arethti.· two D-shaped 
loop. :so pha. eel a .. to produce ver.'' ... mall 

external field which can contribute to 

the me'" .... urement unc rtaintieR. 

Termin a ls and Wiring 

Ann.no· ment f terminal and \\"lnng 

for th . -o-, 100-, a1 l :... 0-1nicr hC'nl'� 

in luc·tor,· i" ... hown in Figur :2. In 

Figure 3 i, , hmn1 for cornpnri!"on the 

con nc ·tions form rl.'· u c l for n ll of i he 

TYPE 1-18:2 Induetor� and still us.cd for 

in luctor ... of 500 rnieroh nr>'S � nd hi�lwr. 

Th ob,·iouk an l �ignific-nnt diffC"l'C'nec i 

the addition of three more hindi1ro· poE'ts 

at the botton-i of the new pan 1. 'l wo of 

th ne\\· ern1inal (nrn,rk d L0) ar e n

n ctecl by internal lead. to the two jn-

ulat d t rminal at the top of the pan 1 .  
Th inductan e coil i conn t d to th 

two out r bottom terminals. Wh n th 

atta h d h rting linl i 01 n t d b -
tween the left pair of bottom terminal 

(marked L), the coil i conne t d to th 
top terminal · when th link i m v d to 

th righ pair of bottom terminals, the 

oil i di ·onn ·ted and the link hort

ircuits th lead to h top t rminal . 
On both panel the upp r lef terminal i 
conn c ed o th indu tor a and he 

inductor i u ually used and calibra ed 

with the adj e n t termin al (LO Tr) n-
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Figure 2. New six-terminal panel and connections. 

IH'<'1C'd h."· th0 nttndwd link to thi� ter

mina l and to thC' en.HC'. 

Calibrat ion 

In th initial c-nlihrn.tion. tL u� 11.'· at 
tlw K ntionnl BnrPnn of Standards . i11-

dnctors arP enlibrntPd b_\· the Lubt"titn

tion 1n tho I in which t \\"O men.. urement 

are mn. l : on "·itl the inductor eon

nccted to th l)l'idg and th other \\·ith 

the , ame connecting "·ireE; hut "-ith th 

inductor replaced h.'' a short-eireni ting 

bar or link. For an ind uC' t or with the 

t hrf'e-t f'rminal pane] of Figure 3, th8 

first measuremen t iH rn�aclc "·ith the 

bridge connected to t hf' pair of in. ulate l 

tprminal , and a . hort i: then either ap

pliC'd to the e terminab or the eonnP<·ting 

wire'� arc IUO\'C'd to tlw lC'ft pair of tC'r

mi11ab \Vhi<'h arC' <'Ol n C'tC'd h.'· thP link. 

For an indnc:tor "·ith th nPw, six-tcr-

minal panel of Figure :2, the bridge i._� 
still connected to th upp r right p:i_ir of 

terminnls (c-onn C'tion tenninnls). ThC' 

mC'asurement of thC' incluetor is 1nad 
\\·ith the link on tlw 10\H'r term.inal;-; in 

Uw left or L posit ion to eonneet thC' coil. 

ThC' , hor is then applie l h_\· mO\·ing l he 

link to tllC' right )l' [J" p sition on I he 

lo\\·C'r tC'nT1innls (referenee terminfds). 

The ad nu1 tagC':-: of the ne\,. pruwl and 

conned ion . •  r that the inutnnl induct-

an ·es h hn'cn the int nrnl lend s , (·oil. ""' 

ancl h rting 1il k are in l pendent of 

connection.· ancl e1n·ironmcnt b ca us 
the�' are an i 1 n-arian t part of the incluc-t r 

and that the corn1eetino· "·ires arC' not 

, nhjC'ct to clisturhauec \\·heu the ;-;horl is 

ap1 li<:>cl nt terminal� SC'pnrated from_ the 

eonnec ·tion . 'I'll(• <: nnection errors and 

methods of r clucino· th m h·1ye hec>n 

lisc· us:-;ecl in detail in the preC' lin 

Figure 3. Three-terminal panel and connections. 
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n r t i t· IP .  � ' i n ec t .h  rror are · ldom larger 

t km t en t h s of :t mi ·roh n ry t h  ad van
t � 1 �f ,..; of t h  . · i x- t ermi n al pan e l  i n  red uc
i n �  t he�·e e 1To1-. ar a ppr i ble o n l  
w h P 1 1  t 1 H' inc l u l ' i an · e  i · mal l .  The upp r 

f o n i  t of i n c l  net a n  •e w i th ' h i  ·h the n ew 

t C' n n i n n l  a rnu 1 ge m  n i u d h a  be n 
d w"<'n so me,,· h a t  arbi traril y  to be 200 
m i c ·rohcn ry. · i n  part b ·au e t h i  is also 

t l w d i ,· ic l i n g l i 1 w  bet w  n t h  hand

w o u n d  c tl l d  1 h P  ma ·h i ne-wound ·oil in 
t l w  TY P I<.: 1 -+  :2 I ndu · t  r . 

Cal ibration by D i rect Com parison 

ThC' ma j o 1 · d i fference be we n a ·ab

br a t  ion w i t .h i he short cir · u i t  a ·  th 
e<Y 1 1 1 1cd i o n  t e n n i n al .  and on \Y i h t h  

hon a t U w  r<'ference term i n a l  1 t h  

indut' t cn H·C' ) f  t h e i n ternal l ead bet\\·een 

t l w  t ,,-o sC'i s of t r m i n a l  . Th i indu t 

a rn · e  ( t h e  d i fTPrence b e  ween th wo 
c · :t l i b rc1 t ion. ) i ;-;  a b u t  O . J l  mi roh enry. 
I t :-- nduc i s  i 1 n portan no onl in un

i n t t > n t i on < tl m i :-; u s  of t he shor , but in a 

c : 1 1 i h rn. t i 01 1  hy d i r  ct ·ompari on of one 

of t h e si x-tc>rm i n a l  inductor \Yi th a 
t h rc - l erm j 1 1 a l  o n  of th ame nom i nal 
Y a l uP .  I n  m a l l _\' calibr t ion out id of 
t he :\' cd i o 1 1al B n reau of tandard a 

d i rc.'( ' t -c·o m par ison m t h od i u ed . The 

u 1 1 k 1 1 mn 1  is s i m p ly compar d to an in-

lnc· t o r  of a hnost equal value w hi c h  ha 
nn _ - n� c:nJ i hrn. t ion and t h  mea u r  d 
d i ff<: r • 1 H ·  1 1 :-; d t .o obtain th val u of 

i hc un k n o w n . Th m a ur ment \Yi t h  
t 1 w  �ho rt e ir < 'u i t  i .  i mp l icit i n  t h i .  n '"' 

·�1. l i hra i ion , however becau ·e the Bu

rcn u uscc l n :ho rt i n  t h  i r  origi nal ·ali
b ra t 10 1 1 ,  a n d  i h c '  new cal i bration i valid 

o n l.'· \\· i t h  t hc :--hort applied at the posi
t ion l t scd i n  i hc orig i n a l ali b rat ion . If, 
i h •r fo rc' a l l f ' \\- 50-m icroh en ry T · PE 
1 -l-8:2- .\ I n d u d > r ,  i a l i brat by direct 
compa1 · i�01 1  w i t h an older on \Yi h an 

� H� o r  CH <'ali bration the cali brated 

Y n l uc so ob t n. i n e  l i hat w ith the hort 
a t  t he con n ect ion term i nals .  The induct-

O C TO B E R , 1 9 6 0 

a n  e o b t ain l bY a hor a t  t h  r f r-

n t erminal  w i l l  b ab u t  0. 1 1  
m icroh nry le · . \\ h en a • c  ira · t o  0.0 1 
microhenry i i mp r a n t  t h  lead in
du t an c  should b m movmg 
th h rt from c nnect i n o r f ren · 
term inal  . 

When a calibra t ed six- t ermi n a l  indu -
tor i aYailabl , he ·a h brat ion of o t h  r 

inductor can i l l  b inf lu n ·ed by th 
i ndu ·t ance of t he i n t e r n a l  l d . If th 
t wo inductor ar con'lparcd in t h  u u 1 

man ner by a d i ff rcn · m u remen · 
u in t he a1n ext ernal  kad h m 
u red d i ff  r n in l ud , ·  not on ly t h e  

cliff er n bet \\-een t he t n-o indu ·tan e 
chano-e at t h  refer n e e  erminal  bu 
al o t h e  d i ff eren c n t h  two i n 

t rnal 1 ad i nd u c t ance.-.  . al i bra i n by 

t h i  met hod j u l j ct t rror un less the 

c l i ff  r nc in in t ern a l lea l indu t a n c  

ar n gligib l - o r  a re mea. u re l .  I n  the 
n w 1 Y P E  1 -l:  2 I ndu · r exp nence 
w i t h  a mal l  i n i t i a l  a 1nple indi a t  h a  

i n  produ t ion h l a d  i n duc t an c e  of 
0. 1 1  m i  ·rohen r�· may be h Id on t an t  
to b t t  r t han 0.0 1 rn. i c rohen ry o t hat 

the error i n  d i rec t ·omp ri. ·on of i m ilar 
indu t r h u l  l b l ess t h a n  0 . 02 

Wh n l ea l induct ance i no t suffi
i n t l v  const a n t ,  i t s  effed an b l i m i

n ate l by ano t her met h od of compari on . 
The two i x-t rminal  ii l u · or can be 

onne · t  d in ·erie"· t o  t he bri  g . A fir. t 
mea ur m n t  i n1ac l ,,· i t h  t h e  short of 
one inductor in th L pos i t ion w h i l  tha t  
of t h  o t h  · i i n  t he L0 posit ion on t h  

r f renc t erm i n a l . . _ · n d  m a u re-
1n n t  i h n nlaclc w i t h  b h link 
moved t h  ppo. i t  p i t ion . Th 

measured d i ff erencc is t he c l iff er n c  be

t ween t he t \YO i nd u c t a nce chang at th 
r fer n c  t rmin·  I .  a n d  i ,  independ n 

f t h e  i n t erna l  lead i n d u c t an · b cau. 
th y app a r  i n  l th m a. u rements and 

cancel in t h e  d i fference.  
- .Jomx F. H ER n 
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� G E N E R A L  R A D I O  E X P E R I M E N T E R  1 0  

MO RE NEW INDU CTO RS: F IXED AND DECADE 
Type 1 48 1 I nductors 

In l u e  or in th 'I' Y P E  1 4  l � ne. are 

high .-Q u n i t  , toro i !al ly wou n d  o n  

molybc lcn u m-pcrmu l l o. du.  t core . Al

i hough not as (· ( · n rat ely e a l i b ratecl a 

1 h e  T'Y P J•J 1 4  2 H t a n c l arc l I n d u  · tor. they 

h av many 1 1 K0s i n  aud io-frequf'ncy 

mca:-;n rcmen 1 .  bo t h  a.  au x i l iary . tancl
n n ls a n d  in c i rc u i t  developme1 1 t .  

Fo 1 1 r 11 0\\· u n i t , ·  hav b e n  add l r -

c ·01 1 tly t o  i h 1 s  gron p a. l isted i n  t lw t a !  le 

A ccnracy J nms f l u rrent 
'Type nminal of .for 0. 1 r/ 

Inrluctance dj ustm ent * incref/,.se in L 

1 48 1 -A A  1 00 µ h  ± 2  % 1 20 m a  
1 48 1 - B B  200 µh ±2 7 ( )  m a, 
1 48 1 -CC 500 µh ± 1  54 m a  
1 48 1 - N 10 h ±0.25 0 .24 * *  m a  

*Cal ihrat ion i ><  at Zf' n >  f1·N 1 • H'lH'Y n.nd i n i t i , L l  1 ('l" l llNLh i l it y .  
Type 940-D D D ecade- I nductor Unit  

I n c l n c i o rs of t l l<' 1 -� 1 t .  pC' t h 0  1 00-, 

200-, and :)0 - µh . i z  R arc us('(l i n  t h e  

' J  Y PE D�I 0-1 ) J ) DcC"a l T n d u c-tor to pro

vide dC'c:ad e Rteps of 1 00 µh , and a tot al 

of 1 m h  for t h  lccadc.  1� o n r  j 1 i c hH'i o rs 

: r u. <' l i n  1 -2-2-:) . erie. · ·om b i  n a t ions 

nrc eon n e  · t  l by th . witc-h to yield 

:-; 1  L ('C'C'. ·s1  e u n i t  val u e  in t he d ca l 

. · <'q t t <"n ce. 

A cc uracy: 2 O ·  
N e t  Weig ht: 4 l b .  ( 1 .9  kg) . 

Ty fJP-
940- D D  I Decade- I n d u ctor U n it 

1 00 µh per step 

('orle W nr<l Price 1 1 . D l TC- 1 $ 1 1 0.00 
'rOCO P 

b lo\,. . haracteri t i c  are i mi lar to 

t h o. c of o th r TYPE 14 1 I nd u  tor , 

l isted i n  o u r  c u rren t cat log, xcep t t h a t  

'I' Y P I•JS 1 -±  1 - ' - B B ,  and are 

wonnd on l ower-permeabi l i ty core w i t h  

eorre:pond i ng · hange in  the frequency 

fo r 0 1,w.r , etc . 

D i m e n s i o n s :  Ca.. , (height) 3 %  X (width) 
3 '  8 x (d pth) 1 % i nche · (92 x 0 x 41 m m ) ; 
ov<'l"-t11 1  h igh in ·luding tenninal. , 4 %  i n c h  
( 1 1 7  m m ) .  
N et Wei g h t: 1 4  ounce (0 . 4  kg ) .  

Resonant A pp rox. Code 
Fr qnericy de Res. Word 

3000 kc 0.020 I N D  
2 1 00 0 . 044 I T D  
1 330 0. 1 1 2 1 D 

1 0  4 1 6  r N D  T .� ..... . 

**For 0.2i)</( i nc-r 'asc in L. 

Pric 

$37.50 
3 7 . 50 
3 7 . 50 
50.00 

Type 1490- F D ecad e  Inductor 

'I'h i s  fou r dial  d ·ad -indu · t ance box 

i n  ·orporates t h  'I'YPE 940-DD 
J <'('ade- I nd u c to r  ni tog th.er "·i th on e 

ach of t h  rJ' Y P E  940-E, -F,  and - u n i t s  

w h i c h  have decade t p of  1 mh , 1 0  mh 

and 0. I h rC' pe · t i vely . Total i nd u  ·t a n · 

i s  I . 1 1 1 heu r , adj u table i n  step of 

1 00 µh ahovC' he i n i t i al i n d uctan c e .  
Type ode W orcl Price 

������������������-1"'4. 90-F I Decade I n d uctor 1 . 1 1 1  h i I $ 45 0.00 

( Left) Type 1 48 1 -N I n d u ctor; (center) Type 940- D D  
Decade- I n d u ctor U n it; (right) Type 1 490-F Decade 

I n d uctor. 
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1 1  O C T O B E R ,  1 9 6 0  

MORE AND B ETTER CAPACITORS 

I m p rov ed Ad justm ent Accuracy for the 

Typ e 1 409 Sta nda rd 

�-\..s w const an t ly i m.prov he stabi l i t  

of our 1 tr ical t a n dards i t  beeomes 

equall  de irable to i mp rO \' th · l  · -
ne � of th ir  adj u t m  n to nom i nal  

value . 1 vvo factors i n fluence the s le ·

tion of thi adj u m n a · cur c : fi r  t ,  

t h  x p  ted t b i l i  y and , ·econ d 1  t h e  

complex i ty o f  t h e  adj u t m  nt  in term 
of t i me and o t.  

R ecently pub l ished eigh t-year r 

for our TY PE 1 409 andard apac i tor 1 

w l  i h w re i n t r  duced for ·a le only 

t h ree � en.rs ago , indi  t hn.t t ab i l i ty 

can be d i  reo-ard d a a l i m i ting faet o r .  

T h  kil ls af 'qu ired from t wo year 

experience in a. m b l i n g  h ·ap· · i t o r  

i m  l lcd t h  m e n  w h o  bui  l< l t h e m  t o  sug

gc t that, w i t hout apprec iab le i n c r  a e 

i n  co · t  t h  adj u tment cou l d  b e  mac l c  to 

a bet ter no1n ina l accu racy t h an the t h  n 
curren t 0 . 1 , and , aecor l i n  · ly1  a n w 
to leran f 0 .  5 wa. . t al J l i  hed . Dur

ing a tran i tion period t he namep la 
con t i n u  d to r ad 0 . 1 , an l add i t ion a l 

l abels were affixed to th ba. e bearing 

t h  legend , "Adj u · m ' n t  A ·cu ra y 

� e\ r nam plate n o w  i n  use 

I "  'tal ility H. ccorcls of , tandards of I nductanc and 
C'::i.pacitancc , "  General Radio E:i:puim n ler, 3·1. � • •  \. p r i l ,  
19GO. 
2 J . G .  East on , " t anclard. and A ccu racy , "  General Radfo 
E:i:perimenler, 34 , 6, .J unC", 1. GO. 

( left) Type 1 409-T Sta ndard Capac itor; (right) Type 
980-J Decade-Capac itor U n it. 

bear the 0 . 0.5 figure. � ert ifi · a t  , a. 

b-fore a compan i � t h e capac i tor ,  o·n-
ing the m ca. u r d val u e2 und r t a t  cl 
en vi ron m n t a l  · n d i  i n . 

Typ e 980-J Add ed, 1 00 pf p er st ep 

For m t of t h  l i f  of t h e  T Y P E  980 

ecad - apacitor Tn i ts and t hei 1 ·  prcd -

c . 01 '  t h  'TYPE 3 0 n l �  i. h reC' 

cap · · i tance range were ava i lab le r -

gard l s of t h e  d i  lect ri · u d ,  an l \d1 i · h 

had , 1· p c i v  ly 0 . 1 0 . 0 1 , n d  0 .00 1 µf 

p r · t  p. n o u r  CUJTen Cat alog P \Y 

n o w  l i. t a d ·ad -c apac i t or u n i t  haYi n g  

1 00 pf p r  . i.  p t h e  '1 Y P  980- D .  Tl 
favorable respon s" a ·c  rded thi  d e  ad 
u n i t ,  \Yh i  ·h ha. pol� . iy1· n d ielec t r i c ,  

h a  re u 1 t  <l i n  t h  i n t rodu ct ion o f  t h  

T'YPE 980-.J Deead Cap i tor h a Y i ng 

i h· r d-rn i ca <l i el ctr i  and n o m i n al ca

pac i tan ce i n  ·remen t of 1 00 pf per . · t e p .  

'I h •apa · it an · incre1n nt  from zero 

po i t ion ar w i t h i n ± c;.,2 0 + 2 pf) of 

t he i nd i cated valu for an et. ti n o· for 

wo-termi n a l  ·onnect iou a n d  w i t h i n 

+o - (2 + pf) for t h ree-term i n  1 ·011-
n · t ion . Th d i ff r n b t w  n t hes 

adj u t ment-a · c u racy figures and t hose 

for the com pan i on T v r g  9 0-F ,  -C . and 
-H are cau d by the . · w i t ch ca pac i t anc·C' 

(wh ich vari c  from po. i t ion t o  po. i t i  n )  

an d by t h  w ider p r · n t  g a clj ustrnen t 

to leran c of t h e  low-va l ued capaei t o rn .  

� i m i larl) t h  l i  sipa t i  n fac t o r  figu r 

of < 0 .  0 6 i . i m p l, det e r m i ned h>· t h C '  

d i · ' i pat ion fac t o r  of t he 1 00-pf capae i i. o l ' .  

N ew Thr e e-D ecad e Ca pacitor, Typ e 

1 4 1 9-M, R eplac es Typ e 2 1 9-M 

T'h TYPE 2 1 9-M ('ad pac i t or 

our "economy " de ·ad e  capaci tance box , 

ha , been rep l a eel h, a n ·w and i n1-
pr vcd model , t h e  TY PE 1 4 1 9- 1\ 1. I e
c h an i cal chan ge. bring t h �  on truct lm 
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� G E N E R A L  R A D I O  E X P E R I M E N T E R  

(Left) Type 1 4 1 9  Decade Ca
pacitor; (righf) Type 980-L 

Dec ade-Capacitor U n it. 

and a ppc'n.n 1 1  • i n t m '  w i t h  t he o t hpr 

TYPI-: 1 -1- l H  u n i t . . wh iC'h h a \· I reY i<H 1 .· I>· 

H'phu·rd cq u i \·al n t  TYPE :2 1  � l odc' ls .  

Tlw i n d i v i d ual m i ('n-d i l C'  · t  r ie cap<  c i

t >l'S u :secl i n  t he .0 1 - µf-p r-sL< ·p and 
O.Ot 1 - µf-per-�I p d ·ad c. rPma in u n 
cl1auged . The T Y  P l·:  9 0-L p ·  p r-d i 1 · 
l r i  · t <'C'ac l , 0. l µ[ per :.:-;t c p, u . ·e. f i r  -

c:ral 'k • r-, h� p d ,  . u lcc l ,  oi l-and-pap · r  
cn.pu('itor� hR \ i n O'  a \' isc rn · i rn.pr g 1  an t . 

Th<•.· ' c: J • · i  or:-; ha \'e t he fol l o w i n g  im

p 1·0,-pd ·h ara · t  rist  i < "s : 

1 .  . \dj u  t m  i 1  t n< ·cu ra ·�· oI 

tmH' i n('r r n  n l s  frmn z r 

· apan

I . · i t i  n i .' 
± :.. f ) f ·h:.. n g:  ] t o  ± 1 . . - / (fr in 

Typ 

1 2  

t h  · ind ieat d v n l u e  for an.\· ::;et t in � .  
:2 .  D i�.· i pat ion fad or i .· r l u c.· d to 1 ss 

tl .. n 0.  ,- (fr m lP. s t h an 0. 1 J .  
3 .  I nsu l ·  t io n  resi. tanc i . ·  i rn ' l'< 'RS( d 

t > 1 w o h m :  (from 1 0  ) • t l 00 v 

2:1°C , .- oc1 1 H ,  an d  after :) m i n u t  , 
el '( ' l r ifi ·;;, t i c m  t ime. 

·L Temp ra t u re eopffi • ipnt i .  -t 1 
ppt /°C n o m i n a l .  

;] . :.\ Iaxi m u m  opert t i r w  vol I a ge' (d 

or pc>n k ) i� re isf'd to .'JOO (from :3 0 ) .  

G .  Frequ n '.\' l i m i t  fo r  maxi  mn ,. l t 

ll""C i . · up to :.., kc (from 1 k ' ) . 
7 .  I a x i m  t n1 opPrn t i n g  t 1npcra Lure 

i s  up to c 0° ' (from (j .) °C) .  
h e . t a h i l i l y of al l ·ha1·a c t ( ri  · he. · 

i s  em :id .rahly i m pro\· l .  

,he w .;c ,f  t h e> . a l  d fir0e raek<'l' \ Ill i :;; 

p rC' \'C'H l 8  i n c rPa.s of bo t h  l':lpt e l t an c 

ancl  d issipat i on fa · t  r ,  wh i c h  wo u ld n'
;u l t  fron1 mo ist u re <' <  n t a m i n at ion . • w·
t h  r, t he use of t he \' isc ·on� i 1np n•o·1 ia 1 1 t  

(1 ·a t h cr t h a 1 1  t l i q u i d  o n  ) . i nunobi l<· a t  

p ra t i n o- t rnp ra t m·c s ,  i m 1 r Y : c·t1J c.u· i
t ane · :--tt b i l i t y .s i n e · t h< '  rela t i n · 1 >< si

t i  m s  of ·0 1 1d ud ors n n d  i n :u l u t i m "· i l l  

not ·hange u.pprC'c · iahly a s  a resu l l of 

, h  c k .  \ · i br:t l ion . ehangc• of pos i t io n ,  or 

t en1i  ra t u l' l '  \'t11·ia t io n  . .  

- P. K .  I c F, u t<  ,. 
rn<fr 1V rmf Price 

1 4 1 9-M 
980-J 

Decade Ca pa c itor . . .  : . . . . . . . . . . . . . . . . . . . . . . . .  · 1 
D e c ade-Ca pa c itor U n i t, 1 00 pf pe.- ste p . . . . . . . . .  . 

FOR \ Y  
\ DI E  -

$ 145.00 
48 .00 

D i me n s i o n  dra w i n g s  of al l  ype 980 D e c o de-Cap aci t or U n its are available o n  req uest. 

N ER EM - 960 
B o st o n ,  M a s sa c h u s etts ....... N ov em b e r  1 5- 1 8 , 1 960 

omc to _ - E H  E �  I ,  an l wh<'u :vou d o ,  

d rop i n  at Boo t h .- 9 and 1 a t  h P  x

h i b i t �  in l h(' 'on1 n: nwea l t h  A r n  ory .  

u r  n g i n  Pl'� w i l l  wel ·om ' >"< u r  c:a l l t 1 d 

"·i l l  he ()'lad o �h w you the ne' · i a:;iL 1·u

men t :-- h a t  we ,·haU h a v  on d i . ·play , 

a 1n( ng l l •n : 
_\ l l  c•lp(' r n 1 i  · fr qu nc·:'-· m t er ,  d i 1Td 

r a c l i np; to u n  ae ' l L I"H'Y of . 1  � und 

G e n e a l  

ct pa b l of met sur i ng inc id · u t a l  frn t 
1 pa rt i n  l Oe . 

_\. c ·a l i brat r for t eC'dC'romet r: an 1 
o t  lwr ,- ] brat ion p i (' k n p  . . 

Th T Y P E  1 .)2 1 -A � t robo t t  e ' .  l -

;:;<'ri b<' l i 1  t h  f'<'p t 0n1 l l r E.l']U'ri°mr11 /er 
p l u s 

m n n.\· t her i n : t r u m P 1 1  I s  d i �  I n>· l m 
in t.ere. i l  O' and :ign i ffran t u. 2 .  
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