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A BRIDGE FOR THE 
PRECISE MEASUREMENT OF INDUCTANCE 

TYPE 1632-A INDUCTANCE BRIDGE 

The instrument manufacturer who 
makes resistors, capacitors, and induc
tors of high accuracy and low residual 
impedance has both the IlcL"(1 and the 
opportunity to build the impedance 
bridges fC<luircd for high-accuracy meas
urements of these components. The 
General Hadio Company has fo r many 
years been building, and cont inually 
improving in accuracy aud stabi lity, the 
T YI'E 510 Dccadc-Bcsistance l"nits' 
which arc used in the TYI'E 1432 Decaue 
HesislOrs. The materials and winding 
'Inn 0. E",,\on. "Tbe )I;~". TyPE 1~32 o.,,·ade n .... 
~~I,.,...," G~ ... ,,' Rod;" EZP<", ... ~~I"", June. HI:.!. Vol. 
XXVI. N<>. L 

methods used in these units produce not 
only the cxccllcllI., stabilit,y and low 
temperature coefficient required for a 
significant twcumcy of ±O.05%. but 
also the small r('sidualreactanccs whieh 
permit usc of the resistors over a wide 
frequency range. Fixed standards of 
capac it ance have nlf;(l undergone a con
tinuous procC5.'>of impron'ment , and the 
current i'ih-ered-mica TYl'E 1400 St:\ lld
ani Capacitors' !u'e accurate to ± 0.0.i%, 
with II long-term stabi lit.y of bettcr than 
0.01 %. 
ll np G. l :a!t<>n and I'. K. ~Icl::lroy. '·zo.;e"· Sil,""r .. l.~!i .. 
Standard (;al>Aritors:' G"'"al naJio l!,'Z p<T"""""/<r. JuLy, 
19~7. Vol. 32, zo.;o. 2 
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Gl N ER AL RADIO l X PERIMENTER , 
,\l1othor rCCf>nt addition 1.0 the GCIl

f'ral l\:"Idio lill(> of prcl'i~ion components 
is H seri\"~ of highly accu rate and stable 
stalldnrd indlll'tors." TIll' TYPE 1482 
Standard f nduetors, heing toroicbllr 
wound 011 tl'nunic tore~ and ohi('lded 
rrom cxtcnlal thermal, nwchallil'al . !H

mospileril', find elL'l:triCfll disturban ce!', 
11:1\·f> l i1 (' high stubilit,\' anu rcliahility' 
thut m~tke po~iblc their cn libmlioll with 
the dosest lolertluce (±O.03%) thot thc 
>:atimml BurCIlU of :-5\itlldarcis will placc 
on its I"f'rtific-alioll of ab:-;olll1c induet
IInc('. For' Gerr t'l'nl Hadia 10 ct,rt ifr the 
indul"la.n('e of t hese indllttor~ with thc 
F..'l.mf' accuracy lilllit of ±o.oa(>~, til(' in
ductors must IX' intereomparl'ti wi! h a 
.~et, of XB~-ealibrn t (!t'l indul'tor~ \\·ilh a 
prccision of highcr order th:lIl th(> toler
tHIef>. This IIt'IX\ for till' met\.sUI'('m('nt of 
inciU(:\(Inc(l over Ihe IOO-J..Ih to 100h 
ranp;e of the 'fYI'L J.lS~ Standard In
tiu('tors with a resolution :lnd pr('('ision 
of 0.003% or bf>ttcr led to the con!';tl'll<:
lioll for our !lland:lrdizin~ iahorntol'Y of 
a Il t'\\' illduct:lIt{'~ hritigf', whi('h ma de 
usc of our wid(> rall!!(> of plw:i~ion rf'
sistors and !';l:wdard capaci tor!; to meas
me tht, iudtlctors, With improvcmclltfl 
that make it monl conven iertt to U!lC :111(1 

more ~cllcml1.\' usefuL this rll'w. wide
I'lIngc, high-prct'ision bridgc is ItOW hcing 
produced as the TYI'~: 1G32- A lucillet
tlllce Bridge, 

For incluctall('c st alldardiza tion as 
wcll all fo r gCllcrnl irtducl:tnco mcaf< urc
mcn\. Ihis hrid~c apPI'oncht'!; the ideal. 
not onl.v in induclalwe mng£' and ~w

curacy, but also ill speed and eom·CIt
ienee of ol)('mlioll. T wo important fca~ 
tures :lrc digit~11 in-line readoul and the 
irwinsiOIl of opcmtionnl data and circuit 
schematic 0 11 the pnncl. 
'lIorll,io 'It' I ... ,,,,,,,,,, "A Nc .. ""ri ... "I Sllndt>rd In· 
duct",.,.." G."tNJlll"d.~ Kr/'I'Ti .... ~I ... "'ov~mt,..r. 19:.2. 
Vol. XXVlI. No. 6 
'Ho ... ,io W 1.' ''''''0'', " S' a ntlo.rd Induct ..... A StlllJili tl' 
R,'<'UrtI:· G ... ~01 RlYlio Erp"imrol~. ~ ! IIY, W51, Vo 
31. No, 12. 

An Owen Bridge 

This bridge uses the Owon bridge dl'
ellit in widell 1 he induct:lllce b::J.iallce is 
made with precision decades of resist
[tncC'. th us achi\~ving a high degree of 
l't'tiOlutiolland a hip;h acC:urncy at moder
ate cost. The other br'idge cireuits com· 
mOI1I~· used for iuduclancc measurement, 
Ihc :\bxwell find till' II ny, H'quire v!lri~ 
uhll".' ('apaeitorfl for the inductance bal
IUIC!', and ('ap(l('itol's of the desired l'!lllg£' 
!llId nt'(-uracy !lre ver.\' e:\pellsive. In thl' 
OWl>ll bri(igJ' ~ho,nl in Fi~lIre 2. the fixed 
anns ('1)11sisl of the flt:lllda1'l1 capacitol' 
e I and the r'('sisto!' 'l /J . The uuknown Zx 
is balancC'd by thedecacie rcsistor RN and 
decat\{' capa('itM r"" :\nd at balallce the 
lInkno,,·n is rclah.'(i to the st:l1IUllrds by 
thc ('{[ualium;: 

( I ) 

(2 ) 

Till' dc('ades ":lTl he switched to either 
!\ serie::; or tl pnmllcl connl'dion , so thnt 
the hridge ('an be mnde direct rellding in 
eit her series m JllHl111el l'ompOllcnl s of 
the IInkno\nl inductor. When lhc 1'1.,'

sist:wce uHfi "tlp:lcitnrwe decades are 
connf'('\ed in series. tltc C<lui"fllcnt series 
inductancc, Dxs. !lIld series conduct!U1Ce, 
Gxs• of the unknown Zx ~11'{' proportionnl 
to R.\' :lltd 10 eN; when the st andards arc 
connened in parallel. I?\, Hlld C". deter
mim' the (>(lilkalr'nl pal':lllel indm·t:lll ce, 
"XI'. und ptll'1l11d conduc tall ce, OXI'. The 
cquinlicnl resistance in eithe r configtll'n~ 
lion iii the I'Ccipl'Ot'n l of thc conductllllCC, 
Rx = I / O ... Over a wide range of Q, the 
unkno\HI l'an bc measu red ilt terms of 
whi('he\" 'r components :\re most con~ 

venicn!. E ven when the Q is very high or 
vcry low. II. balance for onc of t he equi\'
Illents ean IIs(mlly be obt:lined. When 
the Q is vcry low, the series componcnts 
call usu~lly be measured; wben the Q is 

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



r 

, 
vcry high, the paraUcl componcnt-a can 
be measured. 

The variable standard resistance n.,. 
consists of six TYPE 5 10 Declldc He
sisttll1CC Units in IO-ki lohm to O. I-oh m 
steps, with !\ calibral iO Il llccurncy of 
±O.O:I% in all except the 1 WO lowel' 
dt.'CnclcH. Sine£' the mcasuroo illduct:mcc 
j'l pmportional to this resistance, these 
si.'\:. decades give Ihe bridge :t rC8Qlutiou 
CJf inductance up to six sigllilicunt figures. 
The range of inductanc(' cOn'rt'(1 by 
these s ix decades cun be eh:lnged rcndi ly 
by a chul1gc ill the C~,RH produd. whirh 
rdull's I~.!( lo n,\,. Throu~h :111 eight.
po~ition mngc switch a ('hoil'l! ('fl.ll be 
IIml1c Ilmong three CA e:l ll:lcitorsllnd six 
J( II resistors to cover a nlngc of fu Jl-scule 
illlJuctl\llCC from 1, 111 hCli rys to I II 
microhcnrys. The minimum inductance 
indicatiou is, lhUJ'i, sm'ell denldes helow 
III microhcnrys or 0.0001 microhcnry. 

Th(' aCf'ur:ICY of the indUCM ncc in· 
dicatiun is, uf COUI'SC, li mited iJy the !\c· 
curncy and stability of nil of t he com
poncnts entering into Equation (1). T he 
rcsistallcc flu is made up of t he sli me 
stable :Iud [H.'Cllmtc wirc-wouuJ resistors 
!U! are 1Ii;C(1 in the decadL'S of I?v, nud the 
rcsiduul indue! anccm capacitance iscom
pCIli'!\tCl.I. Equally stnble silvcrcc:l·micn 
standard c[\p:witor units a.rc uS('(i for C-t. 
Thl'!)(> ('omponcnts ma.kcpossiblc II din.let· 
r{':uliuK ilridge accumcy of 0. 1 % on·r wide 
ranges of inductance, Q, :lIld frequency, 

f ig .... 2. l l.m.nl".., 
sc h . mal lc a t th . 
Ow. n btldg. cI, ... lIs 
.... d lnlh. Ty~ 1632-
A. Ind ... tan • • Brldg •. 

SERIES OWEN 
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F ull usc enn be mnde of the potentia.l 
resolution and accuracy in induct!tllcc 
readi ng only if the resistive component 
of the unknown CfUt be balanced both 
with compamble precision and without, 
ft l>lll'cciablu intC'rnction bet wccn bal
a nces 1'18 a resu lt. of residual impedances. 
In the Owen bridge such rCl'-illtance 
balance rcquirc!l a variable c:\pacilor of 
widc rangc having low lo~ and bot.h 
10",.. nnd cupacil:Hll'C illdcpcndent of 
(requeu(')'. The '!'n'E 1lJ32-A Inductance 
Bridg(· is IlI)!'t,>iblc only UI'tl;tllSC Generlll 
Radiu now produces higlHluality Jlol..,·· 
styrcne caplll'ilors: I!fK:d ill the T'y"E 
I ·I I!J-A Dccndc Capacitor. which h:l\'c 
stauk ami COIlSl:lrl1 cap!lcil!lIl('l' :lnd low 
dist,iplltion facIoI', C\'CII at th(· fJ'C'qucn
cit,:; below 100 t' whiclt [art' often used in 
induct:tncc nJ('asUrcmelits. C.\· consists of 
four dcx:ndcs of tltcsc pol.vstyrcne cnpari
tors, in 0.1- to o.oool-~r tileps., folloWL'(1 
b.Y a continuollsly variahh.' 130-pf$ !til' 
ca pacitor. TitNIl' dc(:adcs arc ('alibrated 
to an accu racy of ± 1%; b(·tter accuracy 
ill the mPilsuremenL of G ill nlrdy IIC(.>dcd 
and is mmally prohibited by errors 
caused by bridge l'C'Siduflls. When a 
cap!\cihncc greater then 1 p.f is ro
quil'ed to btlbnec a vcry high conduct
ance. an c-xterll!ll c:q)ncitor cnn be 
COllllcctL'(1 at panel jacks to parallel the 
C.\· dCl'ades. 
s":\ew r~d~ C.""~tI ..... "h ]· .... ty.l) .... ae Dl~t...,lri .... 
G ........... I HM •• E,.",rh, ... ~I",July. wu. \'0>1. 31. No 2 
·lIf - "i«>f~""' - ",,,,f 

c, 

• , 

~
' 

" , Rxp 

PARALLEL OWEN 
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O£NERAL RADIO E X ,£RIMENlER , 
With Low Residuals 

The simplc, indupcndcnt b!tlance con
ditiOllS, which cOllsiitute olle of the ad
vantages of the O\\'CI1 bridge. can be ob
taitlN ill practice only if the briJge tirms 
lln~ free of l'('si tiual impedances. I n the 
' I'YN: Hi3:O!-A I nd\l('l~lnc(' Bridge m:tny 
of thl' II053illll' t'l'!iiul1als 0.1'(' minirniz(,.'(l 
hy the lis(> of cnp:l.ci tors willI Yer,V sJ))flll 
rcsidwtl rcsistu rl1 :(' lwd of resistors with 
vcry s[)l!tll I'caidual induct:tllc(\ :md ca
pacitullce. Other res.id uals nrc redllcl"<1 
or controlled by t he c:Ireful inlel'llnl 
~hiekljng flhoWIl in Figure 3, 

The most. troublesome r'csiduals arc 
('apacilOll\'CS :l.(·ros.'I the llJ1knowll arm 
ltnd across the slamlards, R.v Illld eN, 
when ihcy nrc in serics, The&' capaci
tances fl. r'C minimiz~l hy Iheshif'ld elld{)8-
ing the C,{ fl.nd I?H aml$ of the Iwidgc, 
ily cxtension of this ~hicld illto lll(' huso 
of the UNKNO\\'" terminals, the capaci
tance ftudcd across the llnkllOwll b .... the 
bridge is rooucOO to the I-pf c:lpat'itance 
bet.wccn the c.xlcfIl nl tcrmin:'ll>l , In the 
"st!tllcbrd" ann another siI i('ld ('rr<:loses 
the n lsisi:uu:e dccuuc I?s to f{'(lut'c th<' 
capacitancc acr'O>l8 the Rerics !'wnbiHa
Lion of fi,v and eN to the nl'p;ligiblt, \'nh ru 
of les.<; thun a pi('ofamd, Tire n1p!II'itaIlC(' 

of this shield to gl'Ound !IPpCfll1> :If' I'O!)S 
eN and is included in tire calibl':l tion of 
the ('0I1dm:taIlCf' ucelu.ie>;. T lris slu('lti 
!'apacitance limits in minimum Cl> t(1 

200 pr, :lnd result!;' in the "AIlI) 2" 

lhat appenl'S 011 the instrument panel 
below the wiuciow of the fo ur t.h G dial. 

Further special shielding witbin the 
transformcr used between bridp;e find 
detector Ilermif s the detec tor to be 
grounded wi thout add itiOl ml contribu
tioll to the hridge rcsidll!lls. The in tcr
shicld capacitances of the t nmsfo rmcr, 
hOll'cver, :ldd flO me 100 pf 1.0 the C.1 anll 

of the bridgc. which Cll1 l be iucludetl in 
t he calibration of C.1 , Since t ire total CA 

is only 1000 pf ill the lowest 0 1' a I'Ullge of 
Ilw h ridge, tho lower stability and hi:,:her 
loss of the Il'allsfonncr capacitllllCf' lim it 
somcwh!tt t he aCCHr:)cy of this r:)llge, 
A II llccUI'ncy of t he o rder of ± 1 % call be 
I'cnliz<.-d 011 the a runge, nllt! this n!{lut'od 
accuracy is indicatCfI by fl red (I fo r Ihis 
multiplier position, Since t he primary 
use uf thiH {J mnge is t lw lllea.SUI'ement 
of the vcry loll' inductnn cf' of lends and 
of shol'\ClI.I terminals, tho red uction III 
tlc('ur:u;y hf'l'f' i~ not detl'i mcul !11. 

With this control and reducliolL of 
rcsidmll impedtlllces, 1 he 0,1 % induc t
ance :lCClII'ilCy of the bridge can be 
m:1intnine<1 oyer wide ranges of induct
ll.ncc, Q, :1nd frequcucy, The r:l.llP;CS of 
mc::t,~tn'('mcllt arc 8£1 wide, ho\w!vcl' , t hat 
additional el'r'ol'S arise from ille n 'main
inp; vcr," small residuals at t,l1(' ext remes 
of the r'a llge:~, Whon the Q of the IIn
kno\\' n is very low, these r'("'Sidunls, in
cluding lhe sl11all dissipation fact.ors of 
the cap:lci tor'g used as CA and eN. 
can illercase the inductance error by 
±,05%IQx, At the fr'cqucrH' ic': of 10 k!' 
and hi!!:hcr, the errol' is ulso illl'l'e:1sc<1 by 
the small. U1]{'ornpcllS!lted renct:l.IlCCS of 
the Nn ann. parliclll$l.riy whCH nil hns 
its ('X(r'j' lll(' nJiHcs of I ohm nnd 100,000 
ohmfl [It jhc "cry low lUld hjgh ends of 
the m nge, 

Figure ) , &ridge t che mal,c . hewlng 'he ;n'erna l 
~hie lding 10 minlmln , .. ,dual_impedone e e .. Or f , 

-
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, 
Easy to Use 

The TyP~: 1632-1\ lBd uctl~IlCC Bridge 
is designed Ilot only to m:\kc rnC1lglU'(.'

meuts of high rcso!ulioll und lH;cumc)" 
uIL I \.0 mllkc stich measurements with 
maximum case and m pid iLY. For this 
purpo~c the dials of 1 he decades indicat
ing Land G arc arranged to show olll,\' 
tile pertinent. digit of each decade, mId 
these digits :'\.rc placetl fo r CQIl\'cn icnt. 
vertical, ill-line. digital read ollt of Ihe 
six siv,:rlificanl figllres. T he cig:hl -position 
nuw;c swill'il hoth indicates the units of 
I .. :Uld (r' and automatically pbccs the 
decimal poillt in t he ]jlle uf digits. 0PCrfL
tioll is fmt her simplified, part icularly f 01' 
1Ilf' occusiollai u:"cr, by the prCSC'ntatioll 
on 111(' p~l.Hd of thtl bridgf' ~' ir cui b; a nd 
balance equations, as WCJlIIS a table of 
the limits of maximum inpul \·oltagc. 
T Il(' bridge c:m be hala rH:cd easi ly find 
ral)idly to its fu ll resolutiun because irr 
lUI Owell bridge \\'it h stich smnl! rcsidtlrtls 
t he I~ lind G' b:t!anccs nre indcIJendcllL 
lUld t here is no troulJle wit.h il sliding 
lJ:ilarrce tllld false rruils. 

Xcithcl' gencrat.or' nor detector is bui lt 
inlO this uridge, because the vcrsati li iy 
required ill them to match that of the 
b]'id~e can uC'S\ be huilL into (>.xtcrnal 
(Ini1.I:I, Adcqrm.t.e gencralor' range lwd 
powe!' for most bridll:c uses ('fin hc pro
vided by the Tnl': 130·I-B Bcut- Fre
quency Audio Gcncr:1tor or by the 
tombin:1tion of the '!'YI'io: 1210-(' L' ni t 
fi-C' Osei llalol' :lnd t he TYI'E 1206-B 
I'nit Amplifier , SineI' these gcncmtors 
:'\.]'(> (!!-signed fOl' opcl'!l tion into loads of 
the ordcl' of DOO ohms !md the bridge 
input im pedance on t hc lowcr fOllr 
I':Hlj!;CS is of thn ord(>r of I to 100 oh rn~, a 
m:ttching tm llsfol'lner er n'E I U32- P I) 
\l'ith turn"- I':1tios of 1:20 llnd I ::; is 1$1IP
l)\i('d to mise the bridge inpu t irnp(>dan('c 
lo match the ~cncrnt.or output. III order 
1.0 hl'f) it !' nlflgnetic fie ld away from t hl' 
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bricig(' and the inductor being meusunxl, 
lhis tmll~forllle r il> de:;iglll.. .. 1 10 he 
plugged into the gCllcmlor instead of 
beillg bu ilt into the bridge. 

A detector of high scll:<itivity :lIld low 
noise is rC<luircd to make lise of the full 
six-figu re resolution of this bridge. fJ'he 
requirement s can be ll1f't by the TYI'~; 

1231 -13 Amplifier and tilt' Xull J)etedor 
with the Tnt: 1231-P5 Adjustahle F il
ler, followed by a null iudicatol' wi lh ad
dii 10nal gain, slleh us a pair' of hcad
phones, an nsci l1 t1Sl'~I I)(', a milli\'o!tllletcr', 
01' anothel' T""I'E 1231-B ~uJl Drlcct.or. 
For lll(>aSW'f'ln('ut s l'l"qlririllg (illly the 
dirttl-rcndillg ll('{'uracy of ± O. 1% , 11, 

sillg\(' TYI'E 12~I-B wi ll i lilt(,1' is usually 
adcqu:uc. T he maximum (1I':1iitlb!c scn
sit ivity, pllrticularly aL 10\1' frequencies, 
has been realized by makillg t he ddL'Ctor 
tl'fln~fQnner imped ance Il>l high as possi
b le !lud by IUl'aling lhe transformer to 
S:11 ifify best the condition that the b ridge 
is most scnf'itivc when the detcctor is 
eonnC\'ted at t hc junctions of ann!'. hnv
ing C<1\1fl.1 impedances .. \ s 1lllOlher aid to 
S('nsitivit.\', 11 M.AXIMI·:,r IU;""I'I'IVI 'l'Y 
switeh h!\1> hc<>n provided lo . 1ll'l'mit 
on some I'nngCS[J choiCe of the m11gnitude 
of the (',\ fllIl l Illl ftl'lllS to sfltisfy hc~t 
t his cond ition, On the middle (d, ('. {) 
mnp;es, this s\\ itch (' linnges both Ilu ami 
e,\ by fI fad or' of t (,11 witll!lut e1lf1nl.dn~ 
t l1{'ir produ(·t. ('A RI/, and thl!"- d(le~ not, 
1l]j('1' til{' multiply ill/.\' (!Idol' of til(' 1>rid.':c 
whi<"lt has been sct with the mnge 
switch. 

For Most Inductance M eClsuremenh 

T he T YP E IG3~-l\ Tnductance I3ridp:c 
is designNI for the pZ'eci:>e mef!.Sul'ement 
of ('ithel' t hp scI'il..'S 01' paml1el ('OInpo

ncnls or lwO-trnninal. grounded in
dl\clor8 at lllrdi<l frc(Ilrencie!l, Frlll-fwf!.l(> 

m llp:cl'. of illdllt'\flIlC(" extend from 1,111 
henrys to 111.1 mi<','ohenl',Ys. Rix·fi.':llJ'e 
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G fNE IIA 1 RA OI O E X PER I MENTER • 
resolution and high scnsiti\'ity make this 
uridge particu!:trlr suittlhle for stand
ardizMion measurements ,i high ac
curacy, siuce standard inductors, such 
as the '['YPE 1482, carl be. inle.rcompared 
to hettel' than 5 parts in Il million. Its 
direcfrre!\ding indllClance act'llr:lcy of 
±O. I %, the eilSC of b:tlllncc, unJ in-line 
readout make it ('ullvcnicnt to usc. AI
lhough dl.'siJ.!IHld prim!u'ily for usc at 
frcqucLlei~ of 1000 (: Ilnd lowel', it can 
he used, with some decret1..'>l' in accumcy, 
to at least 10 kc. 

The urid,e:e is well suitoo for t he meas
W'cment or inductor:> with fen'omagnetie 
cores, silltr' il:; sensiti\·il .... makes II. bal
ance po,,~iblf' with only fl small vol tage 
applic'd 10 thl" inductor, and mCllsw'C

mcntl:l call thus 1)(> made in the r'egion of 
initial permeability. i\'lcasurements of 
irldlmtors with nonlinear characterist.i cs 
an' further f8eilitatcd because ill this 
bridge the vol! agc aeross Lhe unkno\\'n 
inductor will not ch~mge appreciably 
when the r. al1d G controls ure varioo to 
hahnc{' the brid!!;e. The bridge is lIot 
sllil:lble for the mf':l"~I II'f'mellt of incre
mental inductance nt high ac or de ex
e'italion , hecaw:;1J the dis."ipation in the 
precision resistors ill lhe bridge must be 
limited to the order of onc watt. The 

maximum voltage which call be snfcly 
applied to the b"idge v!tril'S fro m ! to ! 00 
\'olts, tiepellding upon the mnge being 
used, and these limits !u'e illdicatcd in a 
table cngravcd on the bridge P~II1CI. The 
bridge can beuscdforincremenlal induct~ 
ance meaSUI'ements at lcvels within 
these limits, when t.he desired dire('l cw'
rent is suppljcd to either' the genertltol' 
terminals of t he bridge or directly to tJw 
Imknowll. Tha capacitor C A blocks lire 
dire(" current from the Il.v stil ildards, 
and a capacitor connected ill series with 
the internal detector tmnsformcr pre
vents any flow tht'Ough that path. Usc 
CtUl also be made of the !'a rlge and rf';;olu
tioll of the bridge. in makin~ ml':'l$1lt'('
ment s of mutual indm·tnncc and of 
magnetic core Bl!tteritlls, 

- JOliN F. I-I ~:RS" 

Aliknowledgments 

Wor'k on a similar O\\'on bridge wus 
1)(.'1;1111 ~omc years n.go by R. F , Field. 
~1uch of the development of the pl'esenL 
'!'yp" 1f132.-A Bridge is the result of the 
work of Horalio W. L:UllSOIi and of 
many other,;; of Ul(! Engineering Depart
ment. Afler Mr. Lamson 's reti rement ill 
1958. the bridgc was completed by 1\":\11 

G. EnSLon and John F. J-I ersh. 

SPECIFICATIONS 
R"nue: Ru.lIgl' !lell'(ltion is uy an <'i~ht-position 
!!-witeh, whidl indicnWs IInils :md r.;uge, lind 
IMatl'S thl' dc'Cimal point in the in-line blllnnc_ 
iug ;!11"lldl'S, 

Full-scale mngcs fmlll 111 tTlicTohcnrys w 
1111 henrys for induetnnoo; from tIl mi
~I'f)mhos to 1111 mhOR for condllctarll't·. 

Millimmu iuduut:l!lce indication is 0.0001 
mi(·rolwnry. whid! Ill!lkt'~ po,~ibJe btrhnt·tJS Ul 
" prl·,..j><jon of 0.1 % for inducl3ncI' :l.$ low :l.$ 

0 .1 microbc"ty. 
Ind .. ~'on •• Balon •• : Six predsion dC(':l(lc rf'o
",i~lilrll M(, u...c-d for ttl(' indurt:onC(' bnlo.llcl', 
Maximum rl'sistallt:" ill 100,000 olllnl:l, in 0.1 
uhm ~tell", 
Co"" .. ~tonc. 8"1" ,, .. , FOllr decadcs of 10w-loSll 
llflly><!yrt"H' "ap:tcitor pllL$ Olle vari3blt:' rur 
1'(ljlHcilOt. iIlliximllm 1:lIp:",itu.lIC6 is 1.111 ... r. 
IllmimlLnl ci,p:l.('it:l.n/'1· ia 2OO}J#L 

S.n,ltlvlty Switch, An auui liollfL! <'o"lm] i~ pr(l
vided which cho.ugC'\! tile' vnlue Qf RB hy n fHelor 
of 10 without :I!tf'ring lhe r:J."gc. 

frequ e"cy, Dcsignl'tl primllrily {or prcd:<l' and 
H.:r:llnlte ml·Ili$\lrcm/'nt..~ at 1 kc :UlU IQII'er. 
Ubable to at lellSt 10 kc with Sll IllU dccr/::-.sc iu 
~eurnry, see l)('!ow_ 
I"d .. cton~. Anur" .y: Bu,a ;c dircct- rllllding ill
ductanoo :\Ccumcy ;:'1 ±O. I %. 

Becalltl(l of the (,~trelncJy WId.., r:lUge of the 
hridgr! arms. tIll' full 3ccurilCY C!lllllot Ul' r('
r.lilCd ilt thc extreme of inductance, Q, tit 

fre(Jucl\\ly. 
Tht' dirtlet-rcllding accuracy ill Tl'(IIiCt-U to 

± l CO on t he lowt'st (a) r!ll\gc, which is Jlrt,
vidcd for the mc:\Surcmf"nt of thc ve ry low in
dllct(lllCe aud high /'I.HLduttalH·c· of lend.~ and 
l<'rminllk 
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• 
Whom thl' Qx of unkuown i ndU~I()r i.s low, 

tIL., !)."('UI"I"'Y jg rl'dnecd hy nn error of 
(+0.05:1::Q8)% Qx. 

TIl(' HI< tl'~ijjWrs, swit"h,'(\ in dl:<,u<ic ,;h :/JS from 
II! 1<) IOQkll, 1111' compcnSt,tf'd to h,wI' t H.' ~m;\n 
IJh(ll<i" !lllglt'll (cxprCAAt-u , .. ~ Qs at 1 kc) givt' ll in 
1.111' t:lhll', 

fllJ I I II I 1011 1 lOOn I 111) ! lOW IIOOkll 
~ ±.fil% ±in~% ±OIY~% ±-002% ,0,..0'.1% :BJ I% 

For r rt.'qllellci<'s ahove I kc :lnd rolf t ill' cx
trcUl(' liB \'11111(,11, the I).CI·urftcy i>j n'thH~1 by 
J'N<i{\unls to 0.1 x )0"8P C':'v when HlJ _ I (l uucl 
11." x 10-dp% when "Il _ lookll. 

1'h(' CllplldlHlI('C IWrtJ>!O' the utlkJlown t(-r. 
minnl ... i;r Ilpproxirn:ll.t>]y IpL 

Twn 'H'lIrly 1.'(]1i,,1 iruiurtanr,' vnlu C'.'! ('an IJt' 
illt('T("()ml)un'd (.Q a )1r"I'i~loll of nr1<' parI in 10! 
or he!tf'r. 

Co nduct" ., ._, A t cu. ".y: Tbf' CfI})"Ntnr ('.v i~ fiJ
jlhH'd to wIthin ±1'1 + 2 p . 

Errt)~ in ciJl1dud:IIl(:C liri~ill!l; f!'l)m rl'~idu,,1 
1,111 ...... :lnglt'R of IIII' bri'hw lIrm:! (i<'p.'nil upon 
f/'i.'<lu!'lwy lind Qx. Such !'fror.< :m' b('~t ddilwd 
in t('tnb of th~ dis~i{lutiun fnctor of th!' un
knu",n (r<,,>iprornl of Qx), Th(' .'rroT ill di~ip!l
lion fl.dtlr is Ius:! tlian :::1:: 0.001 HI 1 k .·, for HN 
valul.'~ k,;ll thull IO,lIon ohm" . At highl'f fn,:,
(I n('Il"ifo;~ Ihc I' .rur increl~"·.~ din'ctly with fr". 
qUf'l'I.'Y, wilh /IN, lind witb Rn. Thl' crrM {'nn bl' 
kl']lt nt till' :::I::O.()()I ll'wl hy n'(!lU'iJlg III!' prod
UI'I flHR.\' il1v ... ~ly with frf'qU('II(·Y. Th(' mllxi
lllUIl! valut' uf iIUjlwl:LIw('lhfll ClUj hf' 1l\f';I<iUTI'd 
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wilh agh'('u IICCUTl'Cy fo r t'Onduct:\IIce (II r Q) is 
Ihus IIIV('I,;dy pruportionll! HI frequellcy. 
Circuli: Th!,' CR p:l('itnncc dt'(~lId(' for rCl;i4i'Ulc,' 
bnl:U'~'l' ,'un 1)(' COtlnCl'lW ill ~ril'l! or in jJarallcl 
with R.v. Thll::; th ... cqulvull'nt ",.'ril!!! or cquiv· 
nll'1I1 [I"'I111f'1 indlwlnn..,1' (If thf' IIllknown in
d ll('lur call be 'tl(':l:>un'd. Fur the I«'ri ... ~ CUUlI('\.'

tiOI) tilt' muxilllum valli" of Q is [lroporlionnl to 
f~qu,'n{·y. \\·[th n maximum va]1I1' (If 00 fit 
100 cp~. For thl' pnrnllcl ('Q'l!I"i'tiQn thl' !/It\.'1i· 
mum VII!tU' (IF Q i.~ illvl'rsdy PI'llI)Urtioll:ll il) 
Fre<l'l<'IWY nnd fiN. Mmdlllllill vnlu<, Rt 100 I'pS 
and If.v 8; 100,000 ohm:! is 80. By ."'/~'I'tu:m of 
! hp R.v \'alu<" I'itlll'r iIl'rkos or para!!d ml'li..~u),(" 
lIl('nL; (',U] Iw m:ull' in ILlO~t prnl'l icu/ C:l~. 
App lied V .. It"ge: i\ lnxilllum !llIfl' applj,,(! VQlttij\'{, 
r.'I IlIl:('i! from 1 volt on lilt' [ow(.'r iuJ(wt;uw(' 
ra"J.:!'" t(l 100 volt..! on I he' hi!l;hi'r ranse><. Valul'S 
art' cn~!'nvC'd on til(' P;I1WI. 
A.u ..... ies Suppli. d : 1',\"o 1'YI'r. 2701-N I, Shif'/dl'<1 
Pnuh Cmd~ ;;upp!in! fnr ('f)lln('i'tion to g~Il,'r
I1I{Or lU]d d.·t,'('I(lr; T , I't: lti32-Pl TnULlifljrrlwr. 
111Iv;1I1I: ~H'p-duwn \'oh:llI:(' ratio:; or 1 :22 and 
1 :5, tIl mnlrh th., lu\\' hrjd~,' input im' .... d: ..... ,· 
on Ih(' II. b, c, If mng('" 10 ,itl'Ht'r'it.n,..,. r\" luirillg 
11 GOO !11":ld. 
Ace ..... rl .. Requlr. d: Gl'n"rnlnr Rnd .h'tN'lnr. 
Mou"tl "lI : Aluminum ('lIhilll't ,u"J dr ... "", pUlld, 
I'r.'l('kll.' fini~ h. elill nlsn he rn('k ml)unhxl. 
01r" . " ,1 .. " ., P:l1 l1'/, 19 x 1 5~· .. inche,';; oVl.r-al1 
tlt'pth, g 3 ~ incill-'OI. 
Net W.lgh t: 4() pounfk 

Price T/lpe 

16J2.A I Induct"" .. Brldg • ..•.. , .. , •.. "., ....... , . .. ,. ! $875.00 

HAVE PROTECTION - WILL TRAVEL 
GCllcml Radio instrumcnts nrc hanly 

world travelers. During 1958, fol' in
stancc, not olle inslnunenl pCI' 2000 
shipped wns reportcd as dnmllged in 
lransit to Ole customer, COllside.l' illg tlUll. 
mOl'll of the material s h ipped is Inborn
lory test equi pmcll l , ll lld thnt mtUlY ill
strlllncnt.a ~o Illllfwny around the wodd 
Uy (1'Ucks, ships, phllCS, a llel lrains, there 
must be Il story behind such a record. 

Fi rst otT, the illsl ru mCllts themselves 
are no softies. OHcn thcy arc bui ll to 
strrn military spccit'iclltions and most 
instruments - militilry or not - pass a 
shake lesL here fit G R to pmve their 
I'lIggeJlless. Panels and shaHs, cJms."is 
braeing, knohs, {'onncrtol's - all nrc cit .... 

signed not lo "gct b.v" but to tuke ycars 
of use, along \\'ith somc incvitable abusc. 

Bu t. I'ugged or' not, wc call cxpcct I h:ll , 
at the. vcry lellst, somc stevedore in 
Bnzl'a mny not fuJly appreciate tbe. 
IlfltUI'C of the c(l.I'go he is handling. And 
as thc box is jounced from hold to hold, 
n hnrd bAltIc gt)<'S on inside - a bnLtlc 
antic'ipntecl lind phulIlcd for weeks bt'
fore a l. en's Shipping Dcpartmcnt. 

Rcnlizinj!: thnt ocean shipmcnts arc 
liable to be the most - ah ~ advcnture
somc, wc pull Ollt nil stops whcn pre
paring all instl'UTncnt for s u ch u journcy. 
First, a protccti\·c shield - either a 
wooden cover or It heavy cardboard 
cover w:it h wooden spaccrs - is ph\ccd 
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GENfll"'l 11 ... 0 1 0 EXPEIIIMENTEIi " 

(ll Th. i""Ir"'m',,I, .. Typ' 19 31_8 "'_101 M .. "ilo,. 

(2) Po ... , .. "d wood ..... I"lo'c.d c .. rdboord proled 

PO"'" 

(3) W,op ... d o"d ploud in heovy ~o,dboo,d c.,,10". 
Ace ... o,I •• , in llr .... ,io" book ha"e .... n added. 

(4) Wole,praal ball il p ' .... d .. , .... "d corton and 'voc_ 
.. ated. Th,,, inlo '''"II.d wood.n shipping '01', 
wITh , ... b ..... i~ed fI ..... podl. 

An i,,"Ir ... m,nl il reodi.d 1o ... lonll •• a "oyolle. 

oW!r the front panel of the instrument 
to safeguard t.he knobs, meters, billding 
posts, etc. Theil the instrument., along 
with a cushion of heavy kraft paper, is 
placed in its cardboard stock carton. 

The stock carton is then sli pped into 
a close-fitting bag made of a plastic
laminated heavy waterproof paper 
known as Polykraft. The air is removed 
from inside the bag, so that it hugs the 
cart.on like all undersizcd bathing suit. 
This c\'aeuated bag, after heat-sealing, 
offers protection against moisture, fumes, 
fungus, etc. 

Next, the instrument in a box in a bag 
is nestled into its woodcn packing case, 
with two-inch-thiek rubberized fiber 
pads inserted as shock absorbers on all 
six surfaces. The wooden crate is finally 
s lccl-strnpped and marked with al>
propriate shipping instructions. These 
may include, at the request of the eus-
tomer, t~ bright green band, a red dia
mond, a bhw crescent, or other unique 
marks to help the consignee spot his 
shipment at the place of unloading. 

The multilayCl'oo protection described 
above is not usually necessary for air 
shipments. Also, sueh elaborate crating 
would add measurably to the customer's 
shipping expense by air, whereas with 
ocean shipment weight is a less critical 

) 

(5) Top pad. have 
.... n o dd. d, lid u_ 

cured , b ox s l,app.d, o"d 

'o ... "d. 

• 
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" 
cost factor. Thus, for air and most do
mestic shipments, instruments urc usu
ally Sf'nt in their stock cartons. Our 
('xtrcl1lciy low damage rate indicntes 

NOVEMBER , 19.59 

thllt, no matter what tho r1estin:ltion or 
the t ransportal ion , our packaging will 
soo it there sufely. 

- F. T . VAX \'Ef:X 

DELAY-LINE OSCILLATOR 
A Novel Circuil for a 1 to 20·Mc Singl e-RC:Jnge Oscillator 

A IlOVei usc for a variable delay line 
is iHustmtcd in the schematic diagram 
of Figure 1. The circuit utilizes the de
lay linc as the fced-back element of a 
triode osdllator. The delay line may be 
thought. of as a pha5C-shift network Imv
ing 180c phase shift at a fn,,'{lucllcy cor
l'cspondillg lo twice the dday time and 
il s odd harmonics. 

A tiimplcr physical picture of the cir
cuit operation is obtained from a time
dom!lin description. Lct us assumc Ihat 
the triode is suddell lr biased to cut olT 
by R neg:ltivc voltage step al its grid. A 
positive voltage st.ep \\'ill occur at t he 
plate. This positive step travels down 
the delay linc and if> couplet! h:1Ck to the 
grid by the coupling <'upacitor, tllming 
the triode Oil. A Ilcgutiv{' voltnge step 
then O{'curs at the phlle, which travels 
down til(' delay 1illC', cutting the triode 
otT, and till' PI'OCI.'SS rC'pCll(.s. 

With a largf' ":lllle of coupling Cal)!lci
tor, till' p;rid !Iud plate \'oltagf' \\"f\\"('-

fill",e I. S<hemallcollh.d.lo~ ·ljn. 01<111010 •. 

+ 100V 

200n DELAY LI NE, TYPE 31 <; -586 

.Olpf 
--- 1/2 6922 

100kn 
2701"1 .Olp' 

forms nrc essentially rcclangul:u, alld 
the amplitudes are fai rly consl:w L over 
the enlire range owillg 1.0 the on-olT 
IInlure of the oscilhtions. With a smull 
value of coupling c!lpacitor, the oscilla
tions fl.]"C morc nearly sinusoidal and 
smallcr in amplitude. 

The circuit. shown, ut iIi zing a Geneml 
Radio TYI'E 314-S86 \"ariable Delay 
Line' (0 10 O . .}-J.!SCc), osci llates readily 
lip to !l bout 30 ;\1c. The grid voltHge 
waveforms at frequenc ies of I, 5, IUld 

20 i\Ic ~I"C 8howII in Figure 3. The upper 
end of the frcrillenc'y range is qlli tc 
crowded heC1UiSC of lhe hyperbolic rcla
tionship bet.weell the frequency of oscil
lalion and the shaft. rolation of Ihe 
linC'ar delay line (f = 2f). l'p to about. 
20 ~I c, howe\'el" , Ol)f'mlion is quite 
smoolh alld uniform. The lowcr end of 
the frC<lucncy range is limited by the 
maximum delay of the line ( I i\ lc for 

Fig",. 2. Plo. of fr.q"."c~ v o. d.lo~ .. ttl n g. 

\ I 

· \ 
• • 
• , 
, 
• " 

I 

I---• ~, 

DELAY IN ,.. w: " 
I 

••• 
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tIl(' Tn.; 311-,';<;(j). Since' til(' fr('(lu('n('y 
of orl('illation d{'p(,lIds primnrily upon 
lil(' dd:ly linc l\nd is r{'laliv{'ly inde-

C .. ,l M •• VIOItI ... 1 .... 1., 2 .... 11./ ..... Horl~ .,,' .. 1 
.... 1 •• 0.2 J' ••• / .... . 

(to) 5 M •. VIOIt ••• 1 .... I •• 2 y.lto/ ..... Horloo"lol 
.... 1 •• 0 . 1 J' ••• / .... . 

(.) 20 Me. Vartle .. 1 .... 1 •• 2 yoll./ ..... Horl''''''ol 
"01 •• 0 . 1 J' ... / .... . 

(hltlr .. "I. T",.. 543 0 .. 111 0 .... ,..1 

pendent of the tub{' dlara(·h'riliti(-,.;, it is 

quite stable at nny partindar settinp; 
of the line. 

NEW REPRESENTATIVE FOR BELGIUM AND LUXEMBURG 
I n I h{' past th(' needs of our ('u~lonl('rs 

in BC'l/otium and Lm.:emburg hav(' Ix'cn 
8<'r\'ed by our reprf${'ntativc for the 
l\Ctil{'r13.I1cis, Teeimische \'erkoopk:ul
toor Groenpol, Amsterdnm, Iioliand. 

EIT{'dive September I, 19,)9, til{' Bel
p;iulll firm, S. A. :'I. )uititechnic, took o\'er 
these responsibilities and will now be 

sen'ing dirrttly our cUlitomeT'S and I}ros
I)('(:ti\'e customcrs in Iklp;ium and Lux
emburg. All inquitie~ {'onl'('rning Genl'ml 
Ihdio producta, wh('th('r tht'y be of II 
techn ical or a cOllll1lereialnature, !';hould 
be nddressed to: 

S. A. Multitechnic 
30, Ploce SoincteleHe, 8ruxelle, 8 

General Radio Company 

.. :" " ... 
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