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A NEW SYSTEM FOR MEASURING 

THE INDUCTANCE OF IRON-CORE COILS 

The TyPE 1630-A Inductance Meas
uring Assembly wos designed primo
rily for meosuremenls of the induct
ance and loss of transformers, chokes, 
and similar components 01 high de 
and (Ie excitation levels. Easy 10 

opera te cnd f1e~ible in application, 
it con o lso measure other nonlinear 
elements such as Zener diodes, rect i
fiers, thermistors, and lamps. 

This orticle describ es the design of 
the bridge cnd il5 o ssocioled power 
supplie!o and shows Q number o f e~

amples of measurements. 

A SYi:'t<>m for me3~urillg t he induct.
al1('(! and lo~ of ('oil:; with fcrromng
netic cOr<'@ is nece$.-'I.rily mol'(' {'ompli
cnled th!\11 the simple hridge that 
SlIniCCS for measuremellts 011 a ir-I'oro 
coils. TIlt' iI-on-con:!_ ('oil i8 noulinear, 
and, for u sinu'SOirlat a pplied \'011:11;1', t he 
ClIfN'llt \1 ill contain hnrmon iC8, Sin<:e 
indu("lnllec is usually defined with re
SIX'(' I to the fundamental compollcllt of 
current Rowing with [I l'inllsoidl11 uppliNf 
voltage, for meaningful mCtl5urcmcuts 
th(' u(' souree driving t hc mCl\Suring 
imdrtlmcut must han~ II vpry low im]lcd
~ 1Il {'{' lo hlll"lnon ics, and fitly imp<'dlltl f'es 
\\'hi"h th(' measuring S)':" \f'1ll phw(','1 in 
St'ri('S wit h utlknown illll}('d:lncc must bc 
VNy smnl l wi t II rc:-.pr.·ct to Ihe llnknowlI, 
To mitlimi1.e lhe eiTC('ts of harmoHi('~, 

the detN:tor must be shnrply hltl('(i to 
til(' flll1llllt11('nt:11 fn'quellcy, In addition, 
bel'IIlI"'" th(' illdU('l:lII(,(, is n funclion of 
thl' nppli(,(\ fir \'oltnge, dc hins Ctlrrellt, 
nnd prcviow; hi.story of the core, UtC 

inst.nuncnt mll~l, be ('flpnhle of making 
t.he mca!:'l!r('melit II il h the (1(' I'ollage 
le\'el uud d f' bim: (,UlTcnt at which t he 
inductance j" de"il'l'd, 

III iroll-('orc ('Oil,. the term iltCrelncntni 
indll('l:lI1<-'(' rigMOIl:<ly n'fl'l" to the ne 
ind u('tlillec f1l<'IiSlln'(l with a ~11lt\ 1I 

8igllnl !5tlj)erimpo$('d 011 a rt,jllti\'l'ly large 
dc bi!l.s ('urrcllt,t hut thl' t{'rlll is also 
[requcntly used to dC"'s('rilx- induchlnec 
I\S mCW"IlI'('(1 0\'('1' !l. widr rangc- of 
LtC and de ('xpilalion, In other imporl:1.nt 
me:lsurclllcnls 110 d t biu!; is applied, 
Thcrt'fol'P, til(' sYlitel1l 111l1:>t be able to 
handle high I'oliagc-s lind currents, Ilnd 
these must lx' adju:>tablc, 

A new measuring .!iy~tem, th(' 1YI-'E 
I63O-A L iuduet:tu('c ,\ ie:l.'mring As
sembly, has 1)('('11 d{,I'cloped, \\bich is 
Cllpable of meetiug th(\~ f('quircll1cntfl, 
Th is "ystem. :oholl'll in i'lguro t , Opel-,ltes 
at the power-lin" frequent )' and eon
sis t-8 of :I bridgl', :l 200-walt ~I c ;:ourro, 
[Iud a 200-I'Oh:11tlI>l'rc a(' Iilll'-frc(ltlCIlCY 
SIIPI>I)" Thc bridj!;e unit includes a. 
!lull detl'Ptor, 

A l"e('ond as.."Cmbly, the T YPE IB30-A V, 
now uucil'r dc\'clopmcllt, ineiudes a 
200-va audio O!'i('i lkttor in place of the 
linc-fI'Pqllcllc.I' supply 11nd ifl rapable of 
mc..'lSurf'm('nt R from 20 cps to) 20 kc_ 

An !l.CCUrfl('), of 1 % hn!; lwcn found 
to be ndcquntc fo r pml't icnlly Ilil rnCfI .. '<-

UI'P11l('llt fl on fcrrolllugn(>tic components, 
which mllkcs po~"ihle the tl<;;(' of U 1'011-
vellient .,ini!Ip-<lial N'lldout for indud-
ullooand another for ~riCli rcsi:;l:.LIlCC orQ, 

3 

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



4 

GENERAl RADIO EXPERIMENTER 

Many other nonlincar clcmcnts pre
sent the same measurement problems as 
iron-corc coils, and thc 'I'YI'~; 1G30 
assemblies m'e well suited to mea5UI'{'
mCllts on such eOmpO!Lents us Zencr 
diod('s, I'('(,tificrs, !LeQn lamps, incundes
cent lam ps, alld t hermistors, 

THE BRIDGE CIRCUIT 

'I'll{' TYr'E I r>3:3-A l ucrcmenlal- I ndlle!
ante Bridge, the main clement ill the 
m{,ll,,",uring 5),,, tl' m, lISC!:' II. IWW drcII]t , 

which iucludes adive elcmcnts/ ill Ol'der 
to uehic\'e importunt operational fea-

' 11,1', Hall, II, G, Fulk., '''I1,e u ... or tun!"" n..,-;"""" 
I''''''';'';on ll~:' Eudl"Oc"/ EnqiMeN"II, ~lay 1%2. 

FIg .... 1. VI. w 01 Ih. Type 1630.Al Induclance 
M • .,.u,lng A ... ",bly, Sp., •• i. p,oyl d e d "llhe""p 
01 the r".k 10. Ihe add,llon 01 on " •• iII.,.cap" 
which p er",'ts Ih • • u"en' waY.'orm ,,' Ih e 
"y, ' oru l, loop 10 b" yl.wo d durin g Ih . ml a ' u'O-

",.n'" 

t,ures. The active clement~ arc t hree 
llmllistagc, transistor, feedback ampli
fier", designl'd to havc p:\mmclcrs at 
least [Ill order of magnit.udc morc :-tablc 
t han is l'Cquired for the desired bridge 
necu m cy. 1'11'0 :unplifiers a re uscd fo r 
isolation and a th ird for a phaF(l in \'('z'
sion, Figure 2 is t he elementary bridge 
schemat ic. 

Each isolation a.mplificr is uscd with a 
pOlctztiomctel' to form a va.ria ble-voltage 
"OHrcc wi1h Zl loll' output impedull('e. 
This pel'lnil s t he lISC of fixed eupacituu('c 
:'Iud conducl:lnce standards, Cs Zlnd Q S1 
hecause the current thl'Ough Ihese 
impedilnces is adjust f..'(l by \'a ria ! ion of 
Iho yoltuge applied to Ihem. m lher t ha n 
by variatiOIl of their magni tudes. Thus, 
both adjw;tments arc simple, casily 
b:'llanecd POI en I iomel crs mtller t ha n 
multiple dcc:\dc n~mblies. The negil
tive-gain a mplifier 011 1 he right-hand side 
or the bridgc OOI1\'eI'I S the vOlt:l gO f!'Om 
the I'e$i~ lj\'c di\'idcr into 1\ currCl1t of 
oppositc pha sc, which is l'Cquirt.'(1 for a 
bridge balance. 

Null Cond itions 

The L'(Ill:Hion for null cun be easily 
obl:tim,,'(\ by selling the SUIll of Ihc cur
rents into the d el0clOl' equal to 7.ero 
(Fig\lt'o 2 ), If wo let R~ oqUld t he tOlal 
rcsist:l1l(;e to g l'Olllld from poin L B, 
including HI', then 

11 + /2 + /3 + /4 

E1x 

I B - +ajwCs+ afJGs II' (I ) 
Rs + Ilx + jwl.. x II 

110 
-- ~ O 

Rd R(' + U D) 

where a a nd fJ :HC t he 1':ll ios of potenti
omeler output , 'ollage to input voltage, 
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Flg .. , . 2 . 
Simplified schem .. tlc o f th l b,idg" 

I? ~ + R X + jwL X X ::-=:.:R,"D'---oC""7 
R~ R/!.·(Rc + flo ) 

If 

then 
aC!!R~ RB(Rc + RD) 

Lx = 
RD 

Rx 

Qx 

crfJGsH~Hf:(R " + Ro ) 
RD 

wLx wCs 
= Hx = PCs 

The unknown indllctance IS propor
t.ion:ll to the willie of a, !uld the dial of 
the a potclltiorneter is Clllihmtcd to ,'o:.d 
L. For the conncction showll in the 
sciwffiatie, Q x is irH'crsely proportional 
to {J, so that the dial on the second po 
tentiomctcr reads Q:r;. !lowever, if this 
potentiometer is connected to point R 
in!itcnd of point A, a disnppcn rs from 
the equation for it. x , lll:1king resistance 
proportional to {J, and the dial there
fore reads Rx. 

Advantages of the New Circuit 

This circuit hns several advalltages 
over COIl\'clllional ). Iaxwcll or Owen 

MAY , 1962 ~ 

bridges as ord inarily llscd for this meas
urement, 

I. Both balnllce cont rols arc single
dial potent iometers permit.ling rapid 
bfLlallCCS. 

2. 'fhe bridge reads either n.\· or Qx 
directly. A measur('Inellt in terms of Ilx 
is desintble for low-Q vnJues where the 
Q arr::tngement has a bad "sliding null" 
(sloll" bnlrlllce convergence ). 

3. The bridge can re(ld Q directly, with 
no multiplying factor , at sC\'cral fre
quencies if the Yalue of Os is s"'ildwd 
as the operating fn.'(wellcy is changed. 

4. The voltage and ClIlTcnt npplied to 
the bridge and the unknowll inductor nre 
con"tant as thc bulall('C ndjw.tmt'llts urc 
made. This is a valllable feat ure in t.he 
measurement of nonlineur devices. 

5. T he gcncratOl' lind de tector are 
both groullded, avoiding the nccd for 
bridge tr:::tnsformers lh:lt may be sus
ceptible to m:1gllet ie pickup. 

The use of acti ve clements, which 
make possible lhc;:;c fea lures, mlly 
bring to the minds of some ]·ctu\crs a 
hO:'iL of difticulties IOllg ai;.~ori:-l1('d wit h 
vncuum·tube amplific r:;. particu!:1rly 
those employing li t tle feedback. lI ow· 
evel'". sllch problems as gaill stabili ty . 
life , hum , noise, exeefOS hrut, and warmup 
time ca ll be completely eli minated or 
gl'"eatly reduced by the usc of multi· 
stngc, tl"Hll.'Sist.or, fet.'(lb:.lCk llmplificf8. 
Whell one thinks of the high precision 
Hud reliabil ity of the opcl"ational ampli· 
riet'S used in modern analog computers, 
olle wOllder,; why they have not been 
used more extcnsively in bridge circuits. 

Ronge$ ond Accurocy 

The nrr:mgement of the panel controls 
is shO\\"ll ill Figut'(' 3. The six \"l\nges of 
inductance a re more than adequate fo r 
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praclicnl measurements at any given 
frequency. r\,loreovcr, Ule Slnndard cu.
p:tcitor, C s, is switched by the fre
quency-selector switch so that the in
ductance range is changed to give 
reasonable values at. the various operat
ing frequclleies. For example, the induct
ance l"allge exten("; up to \ ,000 henrys on 
the four lower frcqueney po:<itioIlS, but 
an inductnncc of this size would su rely be 
above resonance at 1 kc, so that the 
ma:.;imunl mnge is 100 henrys at 1 kc 
and is reduced to 10 hemys at 10 ke. 
This shift in ffl.rlge pennits measurements 
down to 0.1 ~h aL the higher frequencies. 

The bridge rends R 01" Q as selected 
by the panel control. T he Q scnle is direct 
reading at nine frequencies, which in
clude common power frequencies and 
their second hannonics, ns well as other 
SlllDd:ud test frequencies. The Q range 
is <Xl to 1, below which 11. bothersome 
sliding null occurs; the R senle should 

be used for these low-Q measuremen t.s . 
[nductors or inductive resistors of any Q 
value can be measured \\·hen the bridge 
is set to read Land R. The resistance 
range extends from 0.01 ohm (fi rst diul 
division) to one megohm and is inde
pendent of fnx\uency. 

Power Ratings 

The maximum current and voltage 
that may be applied depend upon the 
valu(' and power I"ating of, respeclively, 
the bridge resistor (R 8) in series with the 
unknown and the other resistor (R c) 
adjacent to the unknowll. The I'Csist
anee R/J should be us low as possible for 
low dissipation, and low compared to the 
reactance of the unknown ind uctor for 
minimum waveform distortion, but is 
also limited t.o reasonable values by 
sensitivity and lead-resistance considel"a.
tions. III ihis bridge, U/j has a mting of 
100 wa.tts, but the power dissipation is 

Fi\lu.e J . P"MI view of ' he 
In . .. m. nr"L_!nducl"n u 8rLd\l'. 
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limited 10 50 wnlts for cont inuous opera
tion to In-oid overheating of the bridge 
e\cmcllts. On the \owef;t three n1llgc~, it 
has a vn\uc of one ohm, so tllnt the rating 
for COllli rlllous use is 7 amperes. The 
values tLllCi rat ings fo r the other ranges 
are tabulated in the specificfltions (sec 
pilge 13), 

' rhe highest volttlge thnt can be np
plied is determined by R •. 011 t he four 
highest inductance runge. .. it has a vnlue 
of one megohm alld permits 125U voll s to 
be applied ;'0 the bl"itige. On the 10ll"el' 
ranges, \\'here the impedance of the un
kl10wll induclol' is lower, Cllrrent mling 
is t he more impOI"\:llll, ami t.he volt:\gc 
decreasct>, bl.'Corning 12.5 volt s un the 
10\\'est rfinge. 

For those applications requiring more 
than 7 nmperes, the TYI't> lLi33-Pl 
Hfillge-£xlellsioll Unit,· lI·hich contains 
n O.I-ohm r~jstor, cnn be ext.emall.y COII
necled 10 .'!hunL RIJ 011 Ihe three lowest 
hJ"idgc rangeS: I ho indllcl:l!ICC and re
sistHlII.le '·tdues lire t hen reduced by a 
f:lctor of 10. With tbis resist or', meaSlil"l..'
menl s up to 50 amperes, ae or dc. are 
pOil.<; ib!e. 

The Interna l Detector 

l\le!\8u remel1ts 011 nonlin elll· impoo
unces rcc!uire the usc of a highly l)e\ec
tivedcll'ct or because the large harmonic 
signals developed arc oot nulled al the 
hUlCiamcnlll1 b:l!:lncc. When m:lgnc tic 
circu its nrc high! ..... i>:liul"!\ted, il, is possible 
to ha ve harmonics ilt> large as the funda
mentnl itsclfand tilcrcforenpproxim:llely 
4O-db rejection would be necessary for a 
balance of 10/0. Even more rejection is 
dcRirllblc. 

The dctct"tor in this bridge was do
s.igned to meet lhese requirements. It. is 

°A ' ·s,! .. ble on ,p"ClaJ omer. 

MAY , 1962. ~ 

selective at the lline fixed frequencies at 
wh ich the bridge Q scale is direct rending. 
Two mscadcd, active, HC, sdeclive am
plifiers are Hsed 1.0 obtain a sccond
harmonic reject iOIl of (j() db. When 
measurements at olher t.est frequl'l\cies 
tire rcquired, an extel"llal null det.ej· tor 
should be llf;Cd. Thf' T\'I'~: I 232-A Tuned 
Amplifier ami Null Detector is rf\com
mcndl'd. This detector h:l>l a 35-db 
S(J.,!ond-barmOllic rejection , whi(,!! is 
ndequatf' for most, measnremcnts. 1I0\\,
e\"et", if n gi\'ell lest frequency is to be 
used oft('Il, it. is not difficult to change 
the dcteetor nnd the hridge circuit to 
oht.:l. in S<'lel'tivir.y and !I. direct Q I"<'ading 
at the dct'ircd frequency. 

Due to high detector sensitivity and 
lOll" noi .--e, melI.8Ul"Cme.nts can be mud" :It 
exC'it:ltion levels below one volt, 011 I he 
high inductall{:e mnges find below 10 
millivolts 011 the lowf'8t. rangf'. J Icm:<:, 
Oll nny r:l.ngc, the ac c.""cita tion Cl\.ll be 
vfII"i('d over a sptln uf mom than 1200 
t.o I. 

An :Iddi!iotl~d dctef"lor f('nturr- i~ tho 
high dt'gl"('(' of nmplituul' ('ornpr·r-ssion, 
which makP8 f{'PC1Ht'd gain-control ad
justments unnecessury. 

THE COMP LETE SYSTEM 

Lll the COmph·lC measuring system 
the :1(' supply, u dc supply, fllld Ihe 
bridgt, it n' (·mltll't! cd in scl"ieg at> s.hown ill 
Figure 4. I)cs("riPlioll!; of the two sup
pli!'~ now :H'ttibblo UfC given cISl'lI"hCl"c 
in thi" i$uc. 

In Figure" the output cir('ui~ of each 
power supply is f; hown in grc:.It.ly sim pli
fied forlll, to indicate the path of the 
high dc aHd tlC excitation ("urrcnls. Each 
supply i.s cap:lblo of pas.~ing the maxi
mum CUlT('lIL availnb!o from the Olher. 
The n ns sum of the maximum de and :lC 
currents (5 amperes e:wb) is equal to the 
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rated bridge cnrrcnt of 7 amperes, It 
should be HOled that Ule maximum 
powe r rating of the bridge is 1250 volts 
at 7 amperes 01' 8750 voil:ullpf're,"i, far 
grclltcr tban t he outputof 1I1e8C 2OO-wat.t 
power supplies, Users who require power 
of this magnitude will presumably COII
struet their own power suppliel'l, 

FlglI •• -t, SiMplified 
dlag.am af .h. s.,s
. .... h lg h ,clI".nl dr_ 

clI;I, 

The nc \'o1t~'\gc 11ppli(.'{1 to lht' inductor 
should be as silluwiduJ as pos...;iblt', If 1 hc 
un known inductOI" is non1ilwfll', lh(' cur
rent will be di;;tortcd, and the 8Cl'ic." im
pedtuH'e ill the loop must. be 10\\' to avoid 
sUbtl':lCtiug a large distort ed voltage 
from the generator ~ignaL Thcl"Cfol'f' , t he 
output impedance of t he T HE 12G{i-.\ 
Adjtl~lable AC' Po\\'er Somec ulld t he ae 
impcdall{,c of tbe T YPE 12G5-A AdjllSt
able DC Powel' Supply have b('('tl mllde 
vcry low, He:oJstQI' RII is also in tili:.: il..f(lP, 
bul. in most f':lses it is mueh sm:\ I1('1' than 
the uuknown illlppcblH'e and is ll81wl1y 
srntlllf'f th:\n the wi nding rc;;jsl:llll'p of 
t he coil heing 1l1f'1\.lolu red. 0 11 t Iw other 
hand , tJlP de applicti should be from n 
con"tallt {'II ITl' ll t i't)Uf (!C. CI ll" l"{!n L, r:\ th('r 
than vohug{', is the vtlriable that should 
be COlit rolled , Uct"ausc it ciC't c rmill('S the 
de ampt're IlIrtI .,> (mngl1cti c field in· 
tensity, f/) applied, When the inductor 
di.';~i patl's a lal'gc amount of de power, it 
will he:lt up, awl its winding rc;;ij; t~lJItc 

will iU(!I'l':lS(', The de supply if.; t h('I'('fOl'e 
Cll rl1:'nt r<' ).;ulatcd to keep t be a pplied 
curnmt COllstant. 

Protective Devices 

B C<'Il.U8C ti l(> bridge is d(>~ iglwd to 
metlsuro inductors in which the stored 

energy Cfln be very brge, a number of 
fcaLmes have hcell illcorporated to pro
tect t he equipnw lLt find 10 ide:r1 the 
opcrnto l' to possible danger. The most 
promincllt amOllg these is:1 hillged ('o\·er 
over the UX KS'OW l\" tcrmill(ils. A lock on 
t his cover is Il1cchanie:dly conncctNI to 
Il. swit.ch that shorts t he gelw ra,tor 
terrninuls to grolllld (through It l --ohm, 
50-watt resistor) , Thus, any eUl'll'll t in 
the Ullk llOWIl indu ctor is lli:<chul"gcd 
h~\f])1lessly l)('fOl'c the operator di);('oll· 
neets t he unknown, A p:lllell igb t umler 
t he U/';r.::~owx tcrm inn l.s indicates when 
th ... gCIlf'nttor is nol f.: hQI,tl..'<l. 

The ti\'S1'DI I'Qln;H ~wit ch eontrols 
the power to 1,\1"0 rcceplaeies on I he r('(lr 
paue! o f the in~ trumcl1t , so Ih:lt the 
bridgc :lnd it s at and de gel1f'mlon: ran 
be conn.'llicnl1y ('on trolled by the ."lIme 
swil(·h, In t his way the gcncl':.tors are 
also prcvc1l1c·d from supplying powe r 
wilcn the bridge pow(>r und w~\rning 

light are tmm'd otT. 
If t he gellcml ol' is d ii,wOI lIlcct('d \\"ith 

curren t flowillg ill t he Cil'lluit , the in· 
du('Cd voJl1lge tran flienL is a pplie<] eli· 
rectly flt'ro:-1S the b l'idA"e, T hyrite vU ris
tors have I)('on illl'ludN.I to limit this 
\'olta~{' alld to help prel'ent d:unage to 
the bridge, 

APPliCATIONS 

The wide impcc!:\Il(.'(', sigllnl. flnd 
frcquelley muges over \\'hich the T HE 
I G33-A llWI'(' lllcn b\I·1 nducta nee Bridge 
is useful suggest many appliclltio!li;. The 
major use is t111dOllhU,dly t.he measur'C
ment of il'on-core · (.'()mpollent.", but 
t here arc many othel' importa nt a pplie:1· 
tions ill the mcm;uremeut of nonlinear 
resis tances. 

'Th~ l~ron '·'ro,,-core." ... ,,,,,,,I here. '»dud ... . llly~ of 
f ...... "".".;n"lia "",..,.. 
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Iron-Core Components 

The ability of this bridge to operate 
with almost. :tny generat.or waveform flnd 
at, high power levels makes possible the 
measurement of an ind uctor, t r:1.ns
fo rmer, molor, or other e lectromagnetic 
dcvi<:c with t he genemtor voltage eit her 
supplied by the circuit. of the inductor or 
simulated by the bridge gCIICr:.ltors. 

A de pO\\'cr-sllpply filt.er choke pro
vides a good illust ration of this type of 
measurement. Sinc.'C the resistors ill the 
bridge ('ircuit arc arranged to cause vcry 
little extra loading of the generat.or', the 
bridge can simply be inscrted in the 
lcnds of the choke in the powcr-8llppJy 
circuit. and be measured ullder t he ao
tua l SOU I'CO and load conditions. Connec
t ions fOI" 1~ typical measurement :lrc 
shown in F igure 5. Here the gellel":\tor 
signal is a fllil·wtlve redifieu ~ i1LC \\"l iVC. 
Since the sharply limed detector dis· 
criminates against hUl"lllonics, t he bridge 
can eMily be bahnccd ill. the fundamen~ 
tal frequency of Ihis waveform, which is 
twice the li llc frequency, 0 1" 120 cps. A 
plot of the measured inductance of n 
ehoke ml a funct ion of load cnrrcnt is 

fig .... $. CI .. uUlo. meo l u,l"g 
Alt • • chok. unde, lood condi 

tions . 

-, 

fig .. , e 6. Plo! 01 meolu.ed I"du"onu of 
chok. os 0 lundion 0' tood <"He nt. 

• 
• 
• 
• 
" e ,. 

I " ' . I . 
I . -. ' • • 

o 
o 
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shown ill Figure 6. The nctu:}1 measurcd 
point s arc indicated by crosses. 

I n order to provide a compnrisoll , 
t he gencr:1tors of the T YPE 163O-A I ... 
I nductance )' leu.<m ring Assc.mbly were 
set up to measurc thc sallie choke with 
the SAme de cUI"l"ent. and the same 
nc flux density (set 011 the no supply) 
as in t he [\bove measut"Cments. The 
rlnS fundament.al compollcll t (1 20 cps) 
of the full-wave !"Celified sine IV/we is 

2V2 
- - E ""nk. To get the same flux 
3. 

dcn sity at fiO cps requires half this volt
age. The points rneasun:d with t he 
simulated gellcra10r afC Rhown as circles 
in F igurc u. The differcnce between thc 
two cun'cs is vcry small except at low 
C\ll"l"Cllts whcre t he induct3.ncc is IC$-'! 
than "critical , m [tlld t he w:\v('form in the 
full-wuve case I)('comes dilOt.ortcd due to 
the diseolltinuow,; cu rren1 in 1he choke. 
This mensuJ"('lllent shows that thc op
crating cond itions can he duplicuted 
wit.hout duplicating exaet.ly t he netu:11 
wavcform!<. 

'Op. cil. 

.~ 
~.~ 
-..cl.~C< 

0<Cl""," • --", .. ""no. 

..... 0lCf ...... ' ... L _ . ............ 

.......... '[D ......... ..-

lo<""'""~~ "'" 
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GENERAL RAOIO EXPERIMENTER 
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Figu •• 7. 'nduct .. nu 01 cho k. os 0 lundlon of 
d . onlp • • u_Iu.ns .... llh ya.iou. a l. g .. p • . 
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A power-supply choke usually has an 
nir gap iu the. magndic circuit to prevent 
the (''OI"C from s.'\turntillg. Wi th a given 
core, I'c);l, /lnd de cUl"I"eut, t here is an 
optimum ail" gap for maximum induct.
ance. A systcmlltie procedure fOI' the 
design of such inductors has heel! de
scribed by C. H . I'hwnal and is widely 
uS('d. The measurements requi red for 
such a design ean easily be made with 
the TYPE II13O-At ILS&'mbly. An I'x:unplc 
showing the inciuClan(:e of u COitU8 di rect 
('u rrellt with sc\'er:tl ni r-g:lp s izes is 
shown in Figure 7. The locus of lhe 
optimum-gnp induet:lnce values is "howu 
by t he dotted line. Figure 8 .... h OIl"8 a 
1ll('llSI1t('mc-nl, at high eurrent. OatIl for 
th is curve of the lcukage induc l;U1cc of a 
Tn't; WOO "ArUA Ct!l .\utotrun!<fonnc r 
were taken at 50 ampcres, with the TYl' t; 
I 6.13-P 1 llangc-Extcllsioll Pllit .... hunLing 
thc internal bridge resistor (R 8). 

Thcre arc many measuremellls at. low 
signal levcls where the ubilit), to S(!1. the 
/'ligna I to n known value independent of 
the balanci ng pnl(:(1.lure is lICCCSSllry. 
Figut"('!) shows thc il ldutlancc of n smnl l 
Pll150 tram;formcr IIlcMUrcd 31 15.75 kc 
:\:1 :.I funrtion of il(' !'ligna I I.'wl. T his 
fN'quf'lIcy po:.:itioll wt\.<c included in the 
bridge- fl"{"{luCnf'Y tnlihr:ltioll for mctls
IIl"{'mf'nl>! on the m:lgllPtic compouents 
u~d ill t hi' horizou tn l eircuit$ of tc1c
vil"iOIl I"f'('f'iw·rs. 

Figurt' 10 illul'trntes another example 
showi llg t he mctlsurro illdu('t:lll('C nnd 
I"csi ~lnu('e of the ('ol1trol willding of a 
small :.Ie f;t.:rvomotor. From ~lIdl mca!'
urell)cnu; it is a re-iati\"Cly simple matter 
\.0 determiHc the v:tluc of scl·ies ("1\p:1('i
tors Ucccs ... ':ary to give ;\1ly desired phasc 

'f". R. II.", .. , .'~ of n~e ... o_ and T ....... f"rm ..... 
Wllia. (" ..... y l);ftlCt Cu,.,...Pt,"· J ... , ... , 0/ .,US", ....... 
"'~1"1' 1\127, I'I'.>-S. 

MAY , 1961 ~ 

rcbliollships at n. pnrticu lflr operating 
point. It nlro iudic."l.tcs the load on t he 
scn ·oamplific r. 

Another useful application of the 
bridge is in the mca"ut"{'IIlCnL of IO:ldcd 
tmnl'fonneNi of high powcr rating. 
Pigure 11 shows the input.-impeclallcc 
componcnts of fl. 11 l\.lldio-frcquc]wy tmns
fonller terminated in its \lomml load. 

AC Resistance Mea w remenls 

An import:m t. group of applications 
comprises fie rc:;ist:Ulee me:1SlI l'CllIc ni.s 011 
lc\'cl-.scnsit ivc l..'Ompollc nts . A typical 
examplc is the menslIrcmcnt of t he 
dynamic iml>cd:lIl ce of ZcIlN diode;;, in 
wh ich a smail fiC signal is s uperimposed 
on a de hiM elln-Cllt. For thi:; m(>:tsurc
mcnt \he hins eurrent ill supplied by the 
Tn • .: 12G5-A DC POW('I" tiupply and the 
ne signal by t ho THE 12GG-A .\ C Power 
Sourcc. A de vo!tmet4'r !H:ro;;s t he r",'lIcr 
diode melU"ures the breakdown voltage 
at. the test. curren!. .\.n exam ple of t his 
mCl\.SIlI"CIllCIlL is shown ill Fig\ll'c 12. 

.\ similar measut('lIlelit is that of the 
dynam.ic forward impedallcc of rct·tifirrs. 
This information iil tl~fuliu the voltage 
and I"cguJtttioH calculat ions in ihe dcsib'11 
of powcr l"upplics. Figllrt' 1:3 !<ho\\s a 
dyu:unic rc!<i.s lal1(lC of :l I"('clificr tube at 
various vutlle.s uf dc load currcht. 

I 
! 
i 

r--. . I --- ------.j 
. i-- -. 
" '" ........ 

Figu •• I l. 
0 '1'" '''" ' • ••• 1",,"< • • 1 .. " " cuum . h.b ... clIft ••• 

• 
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GENEIAL IADIO ~X'EIIMENTEI 

Figur. 14. Dynamic ,ulslanc. af a 
lOO,waH lamp. 

L .... unp bulbs and lhcrmiRto~ art' oil('n 
u8('cl in I'Ontrolled applicationg \\ herc 
Ihrir re~islllnC(> i8 a funct ion of til(' pow('r 
npp1i('d. Til{' lX'tlk curren t i'iur~(' wh('11 
in('nnd('~rent Inmpfi nrc tUfIl ('d 011 1' :111 

1)(' c:li(,tLiat('d fro m the knowledge of th" 
('old 1'f':::iMtul!'(' of th(' blllp. A plo t of Ih(' 
f('~i:::lllIH'(' of n J()()...wutt. IIO-volt tamp 
bulh i!\ shown in Figurc II. 

Figure 15 !<how!' t he dYllami(' induct 
fin('(' find l'f'<.;j!'t:lll1'C of fi 1\('0 11 hmp. The 
Ilegati\'c I'l',<islall('e was menlml'l'd by 
:ldding J'ufliei('1l1 ~ri (,:l 1'('.~i,;turH'{' to 
m:\kc Ihf' Hum posith·c. The (' fTN'l i\'(' 
induetnnl'C is duc to thc iOlliz!lt ion tilll(' 
of th(' j:CM. 

From t hc.'IC ('xnmplc8 it iii ('vidclli I hrd 
tht! Tn'E If,J:o..AL Jndu('tnIlL,(, i\I('a)';
urinv; ,h"<'mhly will ~'\t isfy mo~1 of Ih(' 
J'l'{luil'('lIl(,llIS for mC!ll'urements on 1I0n
liu(,:lr ('ompon{'lIt!. hoxing I'('!<i .. li\'{' fir 

inclUl'ti\'(' imprdan{'C!<. The uuu;::ul\1 fea.
tun's of lhi.~ system, wide oper'.ltiug 

1\ \ 
\ , I 

I 
i 

~ 

, 
• ~ • 

., 

\ 
\ i\ 

,\ 
\\ 1(" 

1\ 

l .. -"_S 

• 

.' 

• 

l., -

I 
i 
; 

Flgu,' I S. Dynamic induclan • • a n d •• _ 
,iOlan • • a f a n l an lamp. 

ranges. easily 1«'1 ~ignnl levels, and 
simplicit.y of operation , nrc intended 
to tnke the m{'a~ur'('nl('nt of nonlinenr 
oomponcnts out of IhiR :;pecial-merumre
men Is dn.<;g and pliL t IWIll ill the category 

of general-purpose mcaSUl1'lllellts. 
H. G. FUl.Ks 

- 11. P. HALl. 
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SPECIFICATIONS 

TyPE 1630·Allnductonce Measuring Assembly 

T he "YI'~ I63()..AL Indllctlllll'C :'.I('f\"uring 
As.'lemhJy. mOUlltl'<i in fl bench. type rein)' rnck, 
MlUlistll of: 

TYl'E 163..1-A InCl1!lncntlll. lmilwtnnt'C Bridge 
1'n'E 12().5..A Adjulilable DC Power Supply 
TYI't) 1266-A AdjUlllnble AC Power Source 

A C()nm.'cling c:nble il! Rupplied. 

TIIP' I 
--16

C
,' ,".:, -,-- Inductanc. M.alu, lng Au . ... bl y .•.. 

Code Word Price 

CANON $2300.00 
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SPECIFICATIO NS (Continued) 

TYPE 1633·A Incremental-Inductance Bridge 

Frequency 
Full·Scale Ranges Sm:lllcst , b I , d , I ( Division 

5Oc,60.;:. I 100c. 120c 10 mh 100 mh Ih IOh Illll h lOOOh 20 )lh 

400c. 8{)()~. 
Ik, I mh 10mh 100mb I h IOh I Illll h 2 )lh 

10 ke, 

I IS.7Skc 100 ph 1 mh IOmh lOOmh I h IOh 0.2 )lh 

R 1 ,II 10 !! I 100 f! I ku I 10 k!l I 100 kl! 1 ~m 10m!! 

00 I 
,II Dire~ I Reading a l Above Frequencies Q ::::. 1000 

~~ rms \'olls 12.S 

I~ 
[250 

ax rms amp· 7 7 " 
· Maxlnlum rmseurrcnl I . , 

ACCURACY 

'nd"<I,,nce, ± 1 % of n.~ading or 0.1 "} of full 

(
2. f,, ) ~ 

S1::1tII!, ± 100 X Q: 10' 

Ruil l"nc., ±2'1, of rO:lding or 0.1 % of full 

J Q. f~. '" !IC:l e, ± 2;- 10· 

, 
Q: ± 2% or 0.001. 

INTERNAL DETECTOR 
Fr. quency: &ICI'live at. nny one of nino spcdfic 
frl.·qucncie!, a~\'lm\t(> to ±I %, SO, 00, 100, 120, 
400, lind SOO 1:1"', :lnd I, 10, :lnd 15.75 ke. 
Rn p"n,e 10 S.c"nd H".monic: AJl]Jro.~ i!llatoly 
60 dll holow ftuu.l:lIncnlal. 

GENERAL 
Pow .. Inpul : 105 to 125 (or 210 to 250) volt.s, 

~'~ 1250 

2 j 0.7 0.2 

50 to 60 cps; power consumption, approxi
mlltely G waUs. 
Acuuoriu Suppl ie d, Onp Tl'I'~: C,\ P-22 3-wire 
Power Cord !lud ~p:lre fu~('S. 
Acc.n or' u Relulre d : (iOIl1:r:llor 10 rovcr de
sired rnn!,l:~ 0 freqncney lind power, lind It. 

SOUn't' uf de hill!! {'urrenl (if olCl!i red). 
Acuuo,;n AyaUobl.: Trl'p. 126,s-A Adjustnble 
DC Puwer SUllt)ly (200 I\:lttil) ; TYI'~: 12fJG..A 
Adjuslablo At' I u"-t'r&'UfI'(' (200 lIultltmlX'N'!!). 
Mo unt ing: Holily- rllck [Junol ill aluminum 
)'nhinct. End frillnC/l !Ire sUPlllil'<.1 with hench 
mOOcls. 
Dlm. n.'o", : I3cm:h model, I\'idlh I!) , h('il!; h l 
12~., dCJlth lOr. inrh{~ (·IS .... hy325hy 200mm), 
ovor-Jlll; rlH~k mudel. p:wel HI hy 121• inches 
(485 In' 31.'i 1Il1ll); dcptl) behind panel, 8 %" 
ilwh<.'S ~225 mm). 
Ne t Weight: 31 pounds (11.5 kg). 

Co<ie Word Prict! 

--c"c,:',".CAC,- - In",emenIOI . lnductonce Btids', Ra~k Mounl . 
TW' I 

A IJ 'i'S8 
AUGER 

$925.00 
92$.00 1633·AM l" .. e m' ntal . lnductanu B.ldS" Bench Moun. 

THE TYPE 1265-A ADJUSTABLE DC POWER SUPPLY 

The charnctcrislies required fol' dc 
powcr supply for lISC with the i.l<'l'c
mcnt!ti· inductul1cC b l' idge I\ l'e somewha t; 
specialized aucl a1'(' not met by a.vll itable 
units of cOIl\'Clllion:l1 d (J.~ igJl. Amoug 
t hem are wide ranges of current alld 

voltagc, an output eil'cuit thaL will pass 
high !litcmaliHg Cl1lT('lI ts, and 11 choice 
of voltage 0 1' currenL I'cgl1lalion. 

The ' I')"'E 1265-'\ Adjustn ble DC 
Vower Supply, a completely sol id-stnte 
desigu, includes these fcatUl'es. The in-

13 
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Flg u •• 1. P"nel vi ..... of ,h. Adj us toble DC Pow • • Supply . 

strnmcnt has four \'ohngc ranges und 
four l:urrclll I"lmgcs ( fj('(' Hp(>(>ifie:ltioIlS 
below), and it will deliver its maximum 
rated power of 200 Wl\l ts to not just one 
optimum rcsi"tancc but to 8 ohnu., 80 
ohms. or 800 ohms. 

A cOllvcntionnl rcgultltcd supply hM 
0. low ac output im{X'dunce obtained 
by large feedback. As a rc8ult, this im
pedance is low Q\'cr only a limited 
dyuumic range and only a relatively 
small nc current can be passed Olrough 
the output. In applic.'llions where nc and 
de mllst be combined La form a com
posite ~igllal, a passin:', low nc imped
ance i;<i much more attnH"ti\'c. 

The (, Icmcnlary diagrnll1 of the 'I"rI'.; 
1265-.\ is shown ix'iow. It, shows the 
control loop used for I'('gulation. Either 
the output voltage or current is sampled, 
amplifif'd, and then uS«! to oontrol the 
condu('lion angle of two pOII'cr-tnlHsistor 
trigger cir<'uill> u~d as ('Qnirolkd recti
fier.<. These l'('rtifi(·rs <,ontrol the currell t 
into the outpu t imm;former whose 

!'('w'l'lll lups prodde u ehoiC'<' of output 
voltages. The I<C'll'ct('(i voltage iii ~ti
ficd alld thCl1 fill('red b)' l'ompOllf'u ts 
that arc switched with both the vult age 
und ('u )"N'nt range aciju"tments in artier 
to kI.'Cp the olltput.-eireuit time eOllst:Ults 
independent of runge. I t should be nol<!d 
that the Olltput is sampled lx-fof"(' the 
filter. E:'i:ccpt for 10000'1CS in the filter, 
which are ('ompel1 ~l led for, thc de volt
age lind currl'llt nrc thc same on dtlwr 
"ide' of th" filler. Putt ing the' s,'l.m pling 
clements tx-fol"(' til{' filter avoids the 
impos.<;:ihlt' "t3bility prohlem thnt would 
nriS(' from hn\'ing the fi lle'r and the lond 
(whi ch could have any impe<i3Ilcc) in 
the control loop. 

Othcr important features arc voltage 
nnd (' lIrl'('nt metering, a mechanical con
tU'ction belw('('n ~\\'itches that prc\'('nts 
switching to rang!' oomhinaliotl o\'('r 200 
watts, and a triggN circuit that prevcnts 
damage to the instrument from over
loo.ds. 

- H . P . IlAI.L 

Fleur. 2. Si",pliA.d 
.. h.", .. lIc 01 Ih. d ~ 

p Dw.r s upp ' '' . 
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SPECIFICATIONS 

full -Scale Output Ranlle" 12.5, 40, 12.5, 400 
volt.!. III'; O.W, 0.5, 1.6,5 IlmpcTC\!, dc; ill :lily 
oombin"tion up to 200 WllltS. 

Me ' er" Vohl1ge lind c:urrcn~; ranges nrc 
IIlvil<:hl.'d with outpu~ mnges. 
O .. erlood Protedion ' Ol'erlond circuit trips nt 
nppro~imat ... ly ]' :1 tillles full-lIl:nle currcnL 
Relluloll "n, (Yllltlltl;c or l,urrcnC) O.2'"} for 20"~ 
of lilll'-I'OltllgC clnmgc; 1'"10 for 100% lOAd 
chllugc. 
Speed ,,' Re spense, Appro.~ imatcly 0.1 seI,ond. 

Hurn L ... el [rms), t\pprQxinmtcly 70 db helow 
full ~\'ull) !I(l output ((10 db on 12.5-1'011, 5-
fIIllPCrtl r!lnge). 
Accessories Supplied : TYI'E CA P-22 3-Wire 
Powcr Cord tutd Sp:lNl fuses. 
Dirnenslons, Belich model, width H), hci.l(ht 7 12, 
dl']Jth 171:( inches (·18.'i bv WO by 4·10 mm), 
OI'l'f-l1l1; ruck model, pllllC! HJ by i illchus (485 
bv ISO mm), depth hehind puncl, Hi inehes 
(385 mm). 
Ne t Weight: 70 pounds (32 kg). 

Type 

126S_AR 
126S_AM I Adjust,,!>I . DC Powe. Supply, Rock MOlint . 

Adju ' tabl e DC Powe. Supply, Bench Maunt . 

Code Word Price 

$87S.00 
17S.00 

THE TYPE 1266-A ADJUSTABLE AC POWER SOURCE 

The TYPE 1G33-A I ncremental-In
ductan(.'(l Bridge requires I"chtin'!Y large 
amOUltt:; of altcrnating and direct-cur
relit power and the bridge and power 
R()Un:es must tolcrate altcrnMing and 
dircct currcnts, simu ltancollsly. 

T he T \"l't: 1266-A Adjustn ble A O 
Powcr Source has been de;;igncd to 
ll1f'Ct these specifi c requ iremcllts. Six 
,'oltage ranges and five current nlllges 
arc scleetcd by rotmy pallc] switche;;, 
nwchalli<'ally interlocked to inter-d iet 
any combination thal might exceed the 
200-voltam pere capacilY of thc supply. 
Voltage, in each mug-e, is continuously 

r: 
,~ : 

-..,: . ..."".,"""""""" 

Flllu.e 2 . SlrnpUned <c h e motic of the 
oc power souf"l: •. 

ndjustahle from zel"{) to thc maximum 
valm· .-«' I('('I('d. by mcan!' of a VAlt l :\C® 

adjustable fl.utotrausfornwT. ~ I c t ('r:; nrc 

FIIIII.e 1. Panel "lew of th . AdJlIstoble AC Pawe. Sau.ce. 
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GENERAt IA D IO EXPEIIMENTER 

provided for both voltngc and cu r
rent. An automatic trip ('ircuit, with 
manual reset, prot('l'1~ t Il(' fiOu rcc ap;:liust 
unintentional On'rload . The transform
ers arc d0<ignro to tolerate a direct 
current at ICflSt as great as the max-

imum altcrnllt ing Clirrent fo r the range 
selC<'too. 

These ch:lrfl.ctcrislics will be found 
u$\Cful wherever an adjustable 200-
voltampcre, OO-cycle power source is 
required. - G ILBERT S:loIlLEY 

SPECIFICATIONS 

Freq"e ncy, Power-line f".'quency (50 to 60 CI)8). 
full -Sui. Output Ron, • • , .. , 12.5, 40, 125, 400, 
1250 vo118, rnllli 0.05, 0. 16, 0.5, 1.6,5IlmpNCIS; 
in Illly combination up to 200 voltllmpelUl. 
De curren18 up to the rated Be current nilly be 
luperimpO!Mld on output from eXU!mal lIOurce. 
M., ... : Volt8«El Bnd cUTrt'ntj rtlllgCII are 
1",·iU'hed with output rangCIJ. 
O~ • • lood P.o I .. llon , Ovcrload circuit tril)!! at 

nppro;dIJUl,tdy l lAj timCII full sCllle of rurrent 
mctcl"!!; ClUJ be reset hy ]lund S",·ikh. 
" «."0';" SuppUed , 1 YI'E CAP-'22 3-Wirll 
Power Coni Ilnd ~1)8re hl.'!el'l. 
DI .... nolon.: Belll.·h modl']I",·idth 19, heitl;ht 7':. 
depth t;l~ illl'hell ( ~85 'y 190 bl ItO min), 
ovcr-all; ra('k mod('], I)RII ... I, HI by I indlC8 (48.> 
by 180 mill ), d~Jlth behind p!lncl, 15 indlCl 
(385 mm). 
N. I W. lllht , 46 pound! (21 kg). 

"lIP' I (,'(){it Wort! Pri« 
1266 _". -'.-,C,,-,-,.C,C,.-.CC:C:'-.-w-,,--:-S.-,-,,-.-,C,-.C,'-MC-.-,"-,-.-.-1--<-,-,-"-,- - ----,.C,C"C.,,~-
1266 _"M "diu. lobt . "C Pow • • Sou.c., hnch Mo unt . M.A .... ' 360.00 

SEMINAR ON HIGH-SPEED 

PHOTOGRAPHY TECHNIQUES AT M.IT 

The scientific and engineering uses of 
high-f'l)('('d photographic mewun:'meut 
t('chlliqu(',.; will 1)(' th(' subj('{'t of u. OUl'
w{'('k seminar at thc Htrol)Q."<'opic Light 
Laboratory, i\ 1u..'';:'I('hul'\('tt>l Institute of 
Tc('hllology, starling :\!onday, J uly W. 

Both theory :mc! laboratory practice 
will be co\"('red. 

~ubjc('L<; includc puiS('(! ::trobot'copie 
lighting, opti('ul higiH'I)('('(i C!UllCl11-S, 

I\:err cells, Faratia)' shutters, image 
CQnvert<'I"S, etc. 

The progrnm i~ under th(' diM"<'tion 
of Profrssor Ii nroid E. Edgerton of ',hc 
Department of El('{'trical Engill('('rillg 
at :\1. 1. '1'. 

For further information inquire from 
the Qffi{'(' of thl' HumnlC'r P-c" .. ,ion, !loom 
7-10.1, :\1. 1.'1'., Cambridge 39, ;\ Ia.:;.. ... '\~ 
chusctts. 

General Radio Company "':"'a 
" . 
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