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IOLIOCTRICAL COMMUNICATIONS H CHNIQUIO 
AND ITS APPLICATIONS IN ALLIm FIIOLDS 

THE MEASUREMENT OF A SMALL INDUCTANCE 

T IHIS heen knowli for sollle 
lime Illat ordinary brid ge 
lIleasurements 011 the types 
of small inductance coils 

uscil in tuning rll llio-frcqucllcy rcceivcrs 
have been IIllrcliable.At IheslIlllc tillle. 
lhe commercia l tolerances for these 
I;oils have been res tric ted . IIIIJ it has 
become necessa ry to measure coils of 
this sort" illl an accuracy of consider­
a bly bell er tllan olle rnicrollcnry. 

A careful considera tion of the bridge 
circuil8 uaed has rcvcaleJ three sources 
of error-Ille s li,ling ~cro balance oc­
c urring Idwn IWO fixed inductors ha\' _ 

illg Cllc rgy fa(" l ors. Q = ~, between 0.1 

a nd 10 arc cOllIpa rc(i: the va ria hle in _ 
ducta nce of an y decade resis tor adde(1 
in series \,ilb e itber inductor: and Ibe 
energy fa c lor o f lbe resistor in any 
brid ge a rlll (Iue 10 capacit a nce in 
parallel willi it. 

as unknowns_ their vai lles are 

t" = 7, L N 

p = ~ N. 
(I ) 

Tbe brid ge circuit ShOWll in Figure I 
is used 10 measure a n unknown in­

r- ductor ill terlllS of a standard inductor. 

If hoth of the inductors arc fix ed. one 
of the ratio arms_ preferably the n arm. 
IlIlIs t he variable. In alldition. resis­
tance lIluSllJeadded in ser ies with tha t 
i(\(luc tor having tile la rger energy fa c_ 
tor Q in order to prol' ide the resistance 
balance. Beca use tiw resistance A 
appears in both balance ell lHlIiollS, the 
two hal:lllces for resistance aud indu c­
tance are not indepe (\(lenL Successil'e 
balances of resistance II and Ihe IHIJed 
resis tance will Ili ffe r progressi"ely and 
approach tile correct balance point for 
each. T IICfin1l1 Im lllllce is nOI. however, 
unique. It can be recognized only as 
the best ha lanre in a ser ies o f approxi. 
mat e balallces on each side o f it. The 
alllou nt of uucertaint y introduced by 
til is IYI;l(: of s lilliug' ha!:lIlce point de· 
pends upon the euerg}' fac tor Q of the 
coil. For large values of Q, the ind uc­
tance balance is definite, aud a eonsid_ Considering the (lua ntities ill the Parm 
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rv ----, 

F'GLK~ l. Hu~i(; bridge c i.-.:uit for th" me~­

~"remenl o rinducta'u .... 

crable error " ,ill appear in Ihe resi~· 

lance balance. Con\crsely, for "Blues of 
Q less Ih llll unit ), the greater uncer­
lailll)' "ill appear in Ihe inducta nce 
balance. Small inductors, which III radio 
frC(luencics llI ay ha\'c energy factors 
approaching 100. hs\c a l a (rc<luencf 
ofl kc\a lucsofQLc l" ccnO. l ami I. 
Under these conditions 11 is quile pos­
!lihle for this uncertairH) in Ihe indue_ 
lance balance 10 produce errors o f a 
fClI' llcrce nt. 

The 1\\0 brid ge bulnnees ma y be 
made irltlcpendcnt by Ihe IIscor a small 
"ariable illlluclOf' placed in I'oCries "itll 
cililer inductance arm of lile bridge. If 
Ihe bridge is to be made dircc t-rea<l ing. 
it is preferable to plnce Ihi ii small in­
ductor in scries ... ith the ull kno ... 11 in-
duclor. The inductn nce of ;In unkno ... n 
induc tor is 

inducta nce of the small \'a riahlc in­
ductor he t ... ecn the final bn lance of the ~ 
Lri tlge and tl lc initial halnllce ... hen Ihe 
IIl1ktlo\\n te r111illuls lIre shorted . B} 
suitnhle ca librnlio tl , the iuitinl reml-
ings of bolll ti le \nri llble inducl or 11 1101 
the r ll tio a rlll Il ma y be made zcro so 
tha t the changes in their readings te­
cOme their actua l reallings "lIen dIe 
unl,.lIo"l1 inductor is con nectell in 
e ire·u i!. 

Tllis procct lurc " ill ) iclt! acc urale I'e­
suit s if no change in the inductance of 
Ihe lIrm conl aini ng the IIt lded re"is­
l/Ulee occurs as the resiSlance is 
changed . In milki ng precisc measure­
ments of il1ducta rll"CS of less tlran 
100 ~ II , ho\\ e\·cr. the cl runge in the ill , 
tillc tullce of it four·dillll'eClI l[e resis tor 
can Irave an apprecill ble effec t 111111 
muSI he taken int o ae':OUIlI . 

The change in irlllrWlllnce of such a 
box from zero setting to fi lII sctting- isof 
the order of I ~ II . The eXlie l VII lues for 
th e '1'\'1'1,: 602 Del"lI\l e- Hesis tllll ce 
Bo~e" ure gi\'cn in the General Illltiio 
CxIX!rimemer for Febrmlr). 1932. I f 
this nddell resiSla nl"e is phlced in serics 
... ith ti le &lIIall uul,.llo ... n imille tor. Ille 
error introdl1(,CU "i ll he ("olls idenlhle. 
Thi scrror ma y ueclil1lilla ted by the IISC 
of the TYI'E 6iO Compensll ted Decude 
Ucs.is tors . 111 these ho\:clI. thc lo ta l in­
(Iuc tance is held a t u fi xed \'a ille hy the 
uo;e o f t.'Ompcnsnting cunls wOl1ntl of 
copper 'lire ha\·ing Ihe same indllc­
tance as Ihe corrcs jlo rill ing resist ll ncc 
s teps. De tails of their cons t ruc ti on nrc 
lle,,(Tibed ill de tai l 0 11 page 6 of tlli ~ 

iss1Ie. When thi s decudc res.is tor i ... 
pla ced in the LV ar m, the s tllndard in 

(2) ~~~: ;::':I:~~Yi ,!~u::'~:::~~tI to compclI-

... here .l /1 a nd ..\t j • represcnt the The tlli rd source o f crror is due to the 
changes in ratio ann resi&tant.'C /1 a nd illllucta llce of li lt: rutio ~Inns and cu · 
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pacilancc inparallcl "il h the rcs;slanC(' 
ill an~ urlll of the bridge. Such c.t l ranc· 
ous reaClllllees a re ca lled re5iduII IsanJ 
a re~ho\\lldiagra ll1l11alica lly in Figure2. 
The terminal cIIl'acilMlces of the input 
trnlis fOTlIlcr arc placed acros!! \, hich­
e\er p~l i r of aTm!! has it.;; jllllc t ioll CO II ­
netted to ground. here the jll llc tio ll of 
the '\\0 il1fll R' l ance arms. hecau8e it 
"ill appea r Ihal i ll Ih is l)OSition the 
sma lie"" errors are intnxluccd. The (or. 
IImlae ap,, '} ing 10 such a bri{lge liTe: 

L /J I [I Q,-Q,+Q,c-Q"r ] 
" - J ~\ Q" 

p-~N[ f +(Q~ - Q,,+Q,\.c- Q,.dQII 
w[lere Q ... und QII aTC the energy fne­
tors of 1I1e A and IJ arms, rcsrH!cti\·cly. 

and arc of 111C for m Q=~ in " hic ll 

L - t - R'C as 8110" 11 in Figure 31>. Q, r 
a nd Q,.c are those paris of the energy 
fac tors of tile resis ta nces in the IV a nd 
ParI]]" due to the para llel capaci tan<..-.:s 
all(1 arc of t ile form Q = R we as ;;.hO"'n 
in Figllre 3e. Q" a nd Q" are 11m e n­
ergy fa .. tors of the known and IIn known 
in(IIiClors increased by any al lded rc' 

sista nce alltl areol the form Q - 7fa8 
slio"n in Figure 3a. The errors int ro· 
duced b) these residuals depend !l1)()n 
the @a llle <"'OllIbina tion ol QA' QIl, 

• L 

~ 
(0) 

,.) 

FIGl,.MH 2. l"d".,la".,,, h.i.I,,, eiKnil ~ho"'il1!1 

Ih" 1>re;!enC<l:ofrN;'I,,~t. 

QNe. and Qre for LOlh resistance a nd 
inducta nce except tha t, for inductance. 
Ihis le rm is d i\' idetl hy ti le energy fac­
tor QI' of the unknown ind uctor a nd 
for res istance it is muhiplied by this 
sa me Q". All energy factor is of appre­
cial, le magnitu(le o nly " hen a high re­
sistance is COIIIl,ined "ill! a large par­
a llel ca pacitance. For the cue of I kn 

'"~ 
If""', FIGt Nil. 3. ~:'I"i v. l "n l ei.-.:uiu (00" !hr~ 1""*il,l,, com!.in alioM of re1!i~Ia"~. i"d"CIYn~. a nd 

c. l,a.,ilan~.Th""relY l ion"af"f!f"f!(I";red (OO"an "",l c ... land;nl;of lh"eff<')Cl oflh"at",neoo" 
r"."lancet! ~ho .. -" in ~'i!l"r" 2 
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F IGU HE4. Inductance bridge "wking u;re o f 
the I' rincil,le8 UCllCriloco.l in Ihil! ar ticle. II is 
comple te exccl't (or the generator and null 

ucl e<;lor 

combined in parallcl with 100 lJ.!A f a l a 
freq uency of I kc. the resulting Q is 
.0006. This would prod uce 0.06% error 
i f Q/, \\ere unily. For higher va lues of 
QI' the error in induc ta nce wou ld be 
s till smaller Wllilc the error in resis tance 
wou ld increase ;n proportion. For vallles 
o f QI' les;; Iha n L il is the error in in· 
ductance which increases wh ile the 
error in resislance remains negl igible. 
Since it is (1'11[e possiLlc to have a 
100,,.,11 inuuelor wi lh a Q of only 0.1, 
errors of the order of 0.5% in induc­
tance arc possible for Il lis case. Using a 
s tandard inductance L,v of 1 mho rc­
siSlanceB is usua ll y kep t at 1 kfl. while 
resista nce A varies frOIll I kn down to 
zero for unknown inductances of less 
tha n Illl h. It is thus vcry desirable to 
keep the parallel ca pacit a nce across 
the rat io arlll S l iS small as possible. It is 
for this reason that the grou nd is 
placed lit the j unction of tire two indue· 
tance arms. T erms invol vi ng the nat­
ural freq uency of Ihe indUCla rl(:es in 
the 1V and P arlllS lletermined by the 

para llel capacitances are o mitted from ,......." 
the hrid ge e(luat ions because they arc 
negligible for very sma ll va lues of 
in(luct,lIlce 11\ low fre(lueneies. These 
tcrllls uecome of im portance only at 
high frc<plencies or in measurements 
of large inductances. 

The th ree sources o f error ,dlieh 
Irave Leen previolls ly consid ererl - slid· 
ing :l.cro ba la nce, \'ar iable irHluc ta nce of 
the added resis tor, and energy faelors 
o f the brid ge arms due to parallel ca ­
paci ta nce- ha\'e been found to incl ude 
a ll those respo nsible for inaccurate 
measurements of small inductances. 
\Vhen provision is made for eli minating 
tl rern it shoulll be possible to measure 
induc tances up to 0. 1 II to a n accuracy 
of 0.1 ph or 0.1 %, whielle\'er is the 
larger. The upper limi t of inducta nce, 
0.1 h. issetby the lise ofa I-mh stand· 
ard ind uctor LN. a lill1it of 1 k Q for the 
resis tances of the ralio 'Irms. and by 
the fac t that the accuracy of a I-ohm 
(Iecade is only 0.25%_ By using larger 
inducta nce s tandards up to a va lue of 
1 h, which in t urn Illa y be compared 
wi th the 1-mh s tandard , it should be 
possible 10 measure inductances up to 
100 Ii to wi thin O. L%. and up to JOOO h 
to wi th in 0.25%. If the resis tance o f 
either inductor exceeds 11 \'a lue of I kg 
the errors introduced by the parallel 
ca pacitances across lhe illduCla llce 
a rm;; 1II11s t ue considered . 

When inducta nce measurement s arc 
made wilh the T YPE 193 Decade 
Bridge or the '('1' 1' £ 293 ·:\ Universal 
Brid ge. the T YPE 106-C S iamlard In ­
ducla nce ,I nd the T1' I' E 6iO·FW Com­
pe nsated Decade Hesis tor are placetl in 
series in Ihe s tandard arm a nd the 
THE 107-J Varia ble Ind uctor is ~ 
placed in series wit h the lInknown in· 
d uctor in Ihe X ar m. The leads used in 
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r the sta ndard a rm should be twisted to· form er, ha\' ing small terminal ca pac­
gcthcr loosely in order to m inimize itances, is being developed for such use. 
thcir inductance, while at the sallie The greatest accuracy a nd ease of 
timc keeping their distr ibutcd capac- adjustlllent are usua lly attained with 
it ance small. The imiuct allce of the an y bri(l ge c ircuit when its component 
T,' I'E 6iO·FW Compensa ted D ecade part s are bu ilt inlo a single compact 
Il.esistor is known and may be added t,o ins trumen t. A bri(lge em bO(lying the 
tilat of Illc standard ind uctor. The two fea tures diseusse,1 above has been bui lt 
inductors in the X arm should be on s l)Cciat ortler and is shown in Figures 
spaced from eactl o ther a nd from the '~a nd 5. - n OIlERT F. FI EL!) 

s tandard inductor so that no IIppre · [A I,ri,rge Qf lite Iype de!1Cribed is being 
cia ble 1IIutual inductance exists. Pro · buill under \lr . Ficld·8 direo;liQn.- Editor} 

vision should be made for short·c ir-
cu iting the unknown induct or withollt 
cha nging Ihe positioll of its leads. The 
']'YN; 514·A Amplifier and head tele· 
phones shoutd be used as the null de· 
tector wilh its grounde(1 te rminal con· 
necle(1 to tha t terminal which places 
the added resis tance ill series with the 
X arm. Any battery.operated genera· 
tor such as a TYI'E2 13 Audio Oscillator 
or a Tn'E 613-A lleat-Fre'luellcy Os· 
cil la tor may be (,:ol1 l1ectc.1 .Iirectly to 
the input terminals of tile bridge. A n 
a-c opera tcd oscillat or such as thc 
T HE 50S·A Osci lla tor should be eon­
!lccte.] througll n Tn'E 293-P I Trans­
forrner uscd s tep-down. Thi s tra ns­
former should he lIscd in any case if 
the leads from the oscillator arc 
shielded and ha \'e large ca pacitance to 
grou nd . The T\'I'E 578 Shie\(led T rans-

FIClIu! 5. lJeltin" the I,ancl "ie,,' Qf the in. 
due l a"~"(' bridge shQ ... n in Figure 4. The 
urra uJ;crncnloflhe v ariQ Ils uui I8 i8 c1eurly 

~ho,,· " 
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CONSTANT . INDUCTANCE RESISTORS 

A"~;O,~~" TI~II~E r~~i~l u6e~::::I_cl~::li: 
la nce linits has been reduced 10 a 
\'er) 6ma ll \'alue IJ)' Ihe choice o f a 
suit able 'n>e of "jllliing. it is slill 
large cno !!gll 10 produce a pprecia ble 
errors in the m eHsurem ent of capaci­
ta n('c a l raclio frequencies a nd o f i l 

FIO.a. IIK I. Schen'Qlic diaj:ra", o r the ind uc­
t.nce CO"'I'.,nMl I ~ .. 1 deeade re&i~ tOnl ~ho .. n in 

Figuf"Ol3 ami I 

small indlic tarH'C ul uudio (rc(lllc rI­

cics. The former lise \\118 discllssed 
in the General Ihdio F;.'p cr;mcfl ler for 
December. 1933. in II llescriptioll of 
the T H E 516·C Hadio- Frequenc)' 
Bridge. The laller applica tion is de­
scribed on page I o f this issue in con ­
nec tion willI the design of a bridge 
for measuring I!.mall inductances. 

Since the ideal of li n inductllnce­
(ree resiSlor is unalla ina ble, Ille nex l 
besl clloice (or a va ria ble resislor is 
one in which Ille imlucllIllce is ke pi 
oonSllIlI1. This may be tlccomp1islrcd 

eilher by so designing tile separal c 
resistors th ai they a ll have lhe Slime 
inducta nce or by compe nsa ting for 
their \lIriable indnctllilce by intro­
ducing_ III cadr ste p. sufficien t induc­
IImce to keep the 10l lr1 ir](luCLa nce con­
SIllIlI. Tire latter me tllod hil S bcen 
ad opl e(1 because it is very desirnble, 
in s" itcllin~ from onc value o f resis­
tllnce to a nother. tllllt no new va illes 
be introduced during the transition. 

The 'I'YN; 668 Compe nsat ed Oecllde· 
Hesistunee Units lIluke use o f a double 
s \\ it("h as shOI\lr in Figure 1. whidr 
connec ts be t"een the decade resis­
tors and a compensa ting wind ing of 
copper \\ ire. This "ind ing has the 
sa me induClant.-e liS the resislors bUI 

arra nge(1 in the oPI)()8ite ;;elise. In 
tlris wa y. 115 resistllnce is increased 
hy u dockI\ise mo tion of lhe swit ch. 
tlrc induc tanc;c of the cOIIl I>Cllsating 
"inding is reduced 80 thllt the total 
induct ance remllins oonstant. This 
met hod of cOill IlClls8 1ion can be a p­
plied only to lhe smll iler resiSIIlIll_-e 
(Iecades heca use o f lhe effect of tire 
paru llcl capacit llll(:e int roduced by 
the swi tch Illechn nism and by tire 
"ind ings IlrCl1Iselves. 

An y resistor may be represent ed 
by Ille series-para llel combi nation 
sho ... n in Figll re 2. The e(luil' lI lcnL 

~~~:r:~;:;~:-~':,:~~' :;,;~;y ~r ~I:):~:~:~:r~~~;: '"' 
~"I"i"~ l c nl "ire,,;\ 
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FICL IIK 3. The Tn'K 670· F Comperl~a l ed 

J)~..,atle l( ""idtOr. An RMCmbly of Ihree '1" '1'11 
668 D~-':B de_B Clli~IBn o:e Uniu 

[)Cri/llcllter fo r February. 1932. 111111 for 
Ihe TYI'~: 510 Decntle- Hcsis llIl1('C Unit s 

the induclance L is prol>oriionai to 
re.s.is la nce R a lld Ihal Lire parallel 
capacit ance C is a ppro'lO irn a lely con­
stant. Tire va lue o f Ilris cll pncil 8nce 
is 6 j.lp. f for a single tlc(,lIdc. and it may 
lie increased in II Tn>E 602 Dccutlc · 
Hcsista n ce 00:1. by th e lIluhi p le 
s .. il(:licii and shielding 10 a l)()8SiLle 
maxi mulII of 60 J.lJ.lf. 

The form of c(pJa l ion ( I) judieln es 
tlllil Ihe c(lui valcnl ind uctance L wi ll 
cease 10 increase al a cerlain \a lue of 
resislance, "i ll become zero "hen 
I~ _ U!C. alltl. for larger ,a llies of 
rC s.is lullce, wi ll become ncga tj "c, IIia l 
is. cli paCil i\ c. The mu -.: illllllll \' lI llIe of 
indue lllllce occurs 81 8 resiSlaru;e o f 
abolll 100 ohms ami rc'-erses ils s ign 8 1 

ahOll1 Ihe milltJlc o f the 100-011111 
dcealle. Si nce it is l)Ouible 10 cOUlllen-
Sille for illdllc l lHiCC "nria lions by Ihe 

mct hod I>ho'" n in Figure l onl) for an induetn nce of this c ircuit is 
L - t - R!C ( I) c<lui\alc lll intllll·lant,."e increasing "ilh 

a l a ll frc<lucncics low compared \\ ilh re"is l llnee_ this met hod is appl iea ble 
thc natural frc11llcncy delerminell by 0111) 10 Ihe 10-011111 llccade and lo\\cr. 
Ille induClllllec ulHl capaCil!!llce. It Tile II ppeanll1CC o f Illese I'olllpe ll­
"as ShO\\ll in Ihe Ge neral Hn<lio E.x- sated Ilerades is ShOI\11 in Figure 3. 

FU:1 liB ~. ,\" ;nterior "iew of Ihe oo"'l.e.uated tlecade rt'l!i~lor sho..-" 
ill Fig"r,· 3. In Figur\' I id $ho .. n Ihe ,m!II",,1 hy .. hieh Ih., iud ue la .. ce 

i~ lUa;ntai ...... 1 CO"~IHut (nr a ll k lli .. g~ of <:ad, 8" i"'11 
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TABLE I 
D .. T A SlJ~)l AR1' l'OR 

T YPE 668 Coml'eOSIlU:U Oecade. Hesi$lance Unil ij 
and for TnE 669 Coml)Cn8alw. Slide_Wire HeII' slo"" 

'1\ ' )/' 668-A 668-1l 66/i·C 669-A 669 ·R. 

Decade 
Ma~ im"~; ·1{~i6 1 ;",,,e .. ::· 

0. 1 ohm l ohm lOohme 
1 ohm 100h018 1000h"'8 1011", 0.1 ohm 

TimeCOnil l 'l!lt . 0. 15 " set: O.03y scc 0.005 " se<: 0.1 5 I' ~ec 1.5 ", see 
T Olallnd" clance 0.1 5",h 0.3 " b 0.5 , h 0.1 5/.<1o 0.15"h 
Induct ance Cha nge 0.05"h 0.05"h 0.05 " h 0.005 " II 0.005,,10 
Zero Hesis lance. . 0 .005 ohm 0.020 01001 0.0 150bm O.WSohm 0.020 0h", 
Cu. renl for 40·C. ni~ 1.0 a 0.5 a 0. 16 a J.o a 5. 
Error 1% 0.25% 0. 1% 1% 5% 

The indi\·idual resistors of the lenth­

ohm decade are similar 10 those used 
iJi the 'I'YI'E 510·A Occlt(lc·ll esiSlance 
Unit. The ca rds usell in the unit s and 
tens decades arc smuller and thinner 
than Il lOse used in the TYN; 5 10 ·13 and 
TYI' ~; 510·C Dccacle·Hesistance Units 
a nd \\ere de\'eloped for use at high 
fre{luencies in the TYI'E 516·C Radio· 
Frequency Bridge. Their power rating 
is 0.25 wa ll for a Icmperli lure rise o f 
40°e. and their induc tance is consider· 
lILly less Ihan Ihal of the correspond. 
ing THE 5JO Decadc -Il esistance 
Unit s. The \'ailies o f their time con· 
sta n ts a nd tota l inductance a t max i· 
mllm ~e ttin g; are given in Table I. 
There is a lso gi\'e n in this ta ble the 
max imum change in induclance with 
se tting due to imperfect compensa tion, 
their :.r.e ro resiSlanee. the current neces· 
sa ry to produce a lemperll ture rise of 
'100e., II lHi the accuracy of adjust· 
men!. 1t will be not ell tllat the total 
cha nge in imluc tance is onl y 0.05 JJh. 
Their :.r.e ro resistances are larger than 
Ihe sy, ;t ch resistances o f the T"I'E 5 10 

D ecade·Hesistancc Unils, due to thc 
resistance of the compensating wind· 
ing. Si nce it is expectcd th a t the grcat· 
est use for these decades is in substitu· 
tion methods. this relatively large 
zero resista nce is not o bjectionable. 
The Hccuracy o f adjustment gi\·en ap· 
plies to the chllng;e in resistll nce from 
its zcro \'alue. 

There arc many uses for a \'ariahlc 
resistor in which it is necessary to a(l . 
just it s rcsista nce \'alue closer than 0.1 
ohm and at the sallie time to keep 
it s im\uc tance constant. Til is may be 
Hccomplished by a slide wire compe n­
sated for inducta nce as shown in Fig. 
urc 5. Tilis is a de\·eloped \·iew of a 
circular slide wire in which a short· 
circuiting arm con nect s from the top 
resistance wire to the bOllom copper 
wire so tha t the induc tllllce of the com· 
bination is indcpcmlent of the position 
o f the short·circuiting hrid ge. The cop· 
per wire return is place(\ symme tri­
call y with respect to the two Oilier 
wires. Thi s construction is adopt ed in 
the Tn" 669 Compensa ted Slille · 

TABLE II 

Zero Inductance 
Ze ro n ee.i~ ta n ce 

DATA SUliM AIn' fUR Tn'K 6 70 

Compensated Decade i{eeistors 

670.F 670. 1-' 1(' 670. 1111 
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FIGUlu:S. Imlnctance (.x""pcnsa l;on as " I'" 
"lied to slide-wire resista nce uni lS is ~I]{,"" 
IIC hcmatically in chis figure. The ~Iid cr doe8 

1101 "Hlkcc:ontact ... ith (heCClller indne.or 

Wire Hcsistors as shown ill Figure 6. 
There fire I WO sizes with lotal resis· 
ta nces of 1 ohm and 0. 1 ohlll. III the 
la ll er, a ll the wires arc of the sa me 
diameter. III the (orlll er . the coppe r 
wires arc made of larger diameter than 
the ma nga nill resiSlanee wire in order 
to pro\'i(le a greater wearing surface 
0 11 the copper. In this case, the cell trlll 

copper return wire ill unsymmetrically 
placed I;ilh respecllo the 1\\0 out side 
"ires so that ils inductance, "jib re­
SI:leCI to Ihe m, is the sam e. 

'fhe variolls charactcris lics o f '[lese 
slide wires are gi\'en in Table I. Their 
constancy of inductance is such that 
they may he used as sta ndards hy 
... llich the inductance of o ther varillble 
resis tors ma y be lIlCllsured. 

The ,llr(.'(! T\'I'E 668 COllll>cnsa tetl 
Hesis tllnee Unit s li nd the two T"I'E 
669 Compe nsa ted Slide-Wire Hesis-

tors lire combine,1 in tllree \\11\6 to 
form the ' I 'y l'~; 670 Com pell'sll\etl 
Decade li esis tors. The T\' I'~: 670· 1-' 
Compcmmted Decade Hesistor ('on­
tains all th ree of the compc llsat('d 
de('II(le resistors, The ot her \\\0 re· 
~ i stance hows, T\' t'" 670- F\'\' a ud 
Tn'~: 670- BW cadI cOlnhine one 
of the '1', I'E 669 Compensa ted Slide­
Wire Hcsis tors together witll the ne;>.: l 
t" o Iligher compensated decatlcs. The 
zero inductance IIn l l resis tan .... -c of these 
three bo;>.:cs are gi\'en in Table II. 

H OIlEIIT F. FI E U ) 

[Mr. Fiel,1 is the "e~ignerof these new re­
.i,tors.-E"litor] 

F'CUIIE 6. The Tn>E 669 Coml'cn~ll led Slide· 
Wir,) H ~ ... i$tor. l, ~ COIUlruction i$ i",lic~le" 

schematica lly in FigureS 

See Page 12 for Specifications 
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TAKING SLOW-MOTION MOVIES WITH AN ORDINARY '"" 
MOTION-PICTURE CAMERA 

AI. I~r: 1 7~:~~:I:e'::li:;:le~ lo~.I~~~~~;:~ 
mO\'ics in I,liiell a high-speed shutler­
Icss ca mcrH is used in conju llClioJl "illl 
stroboscopic light. Lui i\ is not so 
generally kl1o\\ II IIia l similar pic tures 
ca n be taken a l normal speeds "ilb 
the cO'H ellliona l 1l1ol' ;e ca mera. 

I t is an al most ax iomulic pri nciple 
in mOl ion_pic ture photograph y thaI 

)011 ca n photogra ph iIIl ) thing Ihal ~Oll 

can sec, provided. of course, thai cer­
lain res trictions as to brilliam.:y o f 
illumination arc IIlCt. So, in theory at 
least. one sJlOul{1 be lillie 10 pholog~a ph 
oscillat ory phe nomena in"slow 1I10 t;0 Il" 

j usl as hc \ ie"s Illelll" ilh a st roboscope. 
The hitch is. o f course. lhal lhe 

camera shutler is dose(1 for an a ppre­
cia ble part o f the time, so that 04;­
casionall ), no flu shes 04;cur "hile the 
shutl cr is open_ The resilit is 11 blank 
framc " Il ieh_ on projection. cau ses 
an llo)ing fli cker. 

Tllis diffit'ult) is 6uccessfull ) o\Cr-

comc by so choosing the fla shing specd 
o f the s trohoscopic li ght that there are 
at least two fl aslles for every frllme, but , 
s ince there a rc 16 frames per second . 
tllis l\oul(1 seem to linlit the applicnt ioll 
of this mcthod to rotlltional spceds of 
2: x 16 x 60 = 1900 re volutions l}Cr 
minute. Slower rotationa l speed s can_ 
ho\\cl'cr, be photographed by reducing 
Ihe speed of the ca mera sufficiently to 
retain Lllc II\ o-fla shes-per-frame rela­
tionship. This is cas)' to do, a nd if. in 
ad(lilioll , Ihe (/iJ!crcllli(l/ fla shing rate 
"hieh (Icterm ines the rapidit ), o f the 
,. s low mo t ion" is rcd lIeed in prOl.lOrt ion, 
the IIIOI' ies. II hen proj e(" ted. wi ll show the 
motion at the normal slow -motion rat e. 

i\!though thi s me th(){1 is necesS<lril)' 
limited to recurrcnt (as dis t inguishell 
from transient ) phenomena. it is lUI 

c'I;cc lle nt mea liS of preparing pictures 
for demonstration puq}Qscs or for 
recording experime ntal result s for fu­
ture stud ), and IlIcasnn::mCIlt. 

- J O II ::-;' D. CHA I'.·OIlIJ 
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NEW INDUCTORS FOR THE POWER OSCIlLATOR 

o 'I~:I:: :~ll: ~~::~ ~:l~~ ~~C:~~:~~I'e~~I~~ ::II~~: ~L;tc 1111:::c,:~~' l~o~::r~~rH ;~Lil~ 
labora l or ~ constructor has is Ihe .... illli . mort', i f at sollie la lcr lillie it is de­
ing o f h igh-frequent.:) coils for 1)OII er !;irCll to atl(1 IIlcm . 
amplifiers and oscilla tors. Copper tu b- It shou ld be 11 0 1t-(1 111 1.1 1 the out er 
ing is the best 1II:II <: ri lll for sud! scr· cllgcs of !Ill' pon-clllin I'UPI)()rts li r e 

\' icc. i8c~ trc ll1c1 } diffi cult 10 .... ind .... illl- also not ched. so Ihul e" tra coupling 
0111 flutt cning or hrcaking. e , en .... he ll \\indi ll gs call . if IICil ircd , be 3(ldcd . 
the method of doing it has been care· Connct:lions a re made by cOPI>er cl ips, 
filII ) c\pla ined.· \\ illl care. the incx- the ja Il s of .... hid. lunc heel! formed 
l>ericnced mecha nic CIUl (10 il. Inn it 's 
a long. li ard jolJ , a lHI a fl er he has tric(1 
it on('c. the a lnat cur cOlistruc tor. un· 
less he has the palic,H'c of J ob. "i ll 
certainl) try to bu~ his iluluct ors 
n!ad}-lIlade. 

Thc t" o nc" imilletor lIni ts silO" n 
a t the top of the page (a t tire rigl,!' 
T l' I'E 679_A : a t the left TYI'~: 679- U) 
a re recent additions to the Gellerlll 
Hnd io line. Thc tubing is space-"oll nd 
on a form by the rIl ctlloti sho"n at 
right and th~n fill etl int o the ribhCll 
I)()rcela in supports \\ hidl nrc Ilclll in 
plal'e a t hOlh ends L} baLdit e rings. 

r' Each unit has a jack hase fill ed \\ ith 

• ... eo {(Or < .. n"."', 1'~~ R"Ji~ ,.j",a"",·' If~n.n.-s,. 
" ",", .:,' '',''n.I'.38. 

TIoiil i~ Ioow Gene.-a l lI ad in "inde col'l'er 
luloing in 110", ,nUII"rllclun' o r II Tn· ... 6i9·A 

Illlluclor 
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12 THE GENERA L RADIO EXPERIMENTER 

10 fit the copper Itllling. T he t ll hin g 
is nickel p1:.tcd 10 eli llli ll ~lIe the oxid11-
lion II.al ahlays ruins the apl}Curancc 
of barco unpro tected copper. The 
added resistance of t llc nickel pillting 
is ent irely ncgligihlc. 8l1l)Crs t il ioll to 
the contrary notwithstanding (i n fac l, 

it is a toss-up as to whether the n ickcl.~ 

pla ted or the ox idized-copper slIdace 
shows the greater resistance). 

Theesscntial de w ils nrc given ill the 
accompanying speci fi cations. Ho lli in _ 
{Inctorswcrcdcsigncd by J.1\f. C lay t O il 

ill col laboration with J\lcl\' ille EaSlliu ln. 

SPECIFICA TIONS 

Tubing; Y.(-incl' copper, nickcll'lHle<llo l>re- Mou n ting: TI,e lerminall'lale of each induc_ 

Icn'l arllillh. Tnt: 679.:\ Tv!' .,; 6i9-B 

Turns 12 7 and <I ~r~~I~i: 1~~:~rl'r!:::'~r1'~~~~~: a~~i~~F~:I~11 i:~~~~ 
.\"mberQf$(.'Clh"'.~ I 2 
''''/UCi(IIIcr (Ul'l'f ..... imme) ;(l:?~~~~~d(i: i'tiu!~;:':~:,~~/alc of i, .. luc lor 

IOl'h 
C/iI'JSllfll'fict/ 3 

~/~·:;7d~~t~:,,~:;~~j'~t~~/,3in. 
:1:;:::;: ::~;;::: ~:~ ;::: 

Jack Uase: 'l1.is bSIIe (not il1d"d ~'(1 in II.e 
price or c ither inductor) is the ~'()"nleq.url ... f 
Ihe l'l"g baseontheinduclorunil . l lisfiltcd 
...ith three Tn'& v74.J Jacks, ;.",1 f ... Ilr morc 
may l,eaddcd,ifd«ire<l. 

1ft>1"J.. ,,,·cr ... ,/I (,17 in. 
,\,-, ""('j~j,, 3}81J'8. 

P r ices: T yp& 679·,\ Inductor. $7,50: Tn'.: 
679· B Inductor. S6.50: '1'\1'& &80.1\ Jack 
Buse, S1.25. 

SPECI FICA TIONS (Continued from p, se 9) 
TYPE 668 COMPENSATED DECADE·RESISTA NCE UNIT 

Ilcsis"mco' 

668.,\ I I ohm. 10LaI. i ll 81Cp6 of 0.1 ohm . 
668·B 10 ohms, Iota!' in stcp" of I oh", 
668·(: 100 ohms. 101a1 , in ~tep$ of 10 ohmg 

'/\- ,,, 
TYPE 669 COMPENSATED SLIDE·WIRE RESISTOR 

I g:~ ~.I ::::::: ~::::~::::::l ~: ::lj:::::l:l: :: 
TYPE 670 COMPENSATED DECADE RESISTOR 

/)j,,1s 

/',i('(' 

S15.OO 
15.00 
15.00 

I'rice 

S25.00 
25.00 

'/\pe llesisu"'«J f><~"d('s Slide Wire Ca</e I/" ord J',iC<' 

v70·F 0 101 11 oh mg, 101u/. in sleEos orO.1 
OViO.BW I 0 10 II oh ",s. 10LaI (slide ... i.e). I I .. ,,"'" 1 580.00 

'v70.FW 0 10~"1'~ '1 ' ~1;';' ~: ;~;sl (gl i,i~ :"' i~~j'::: I ~:~,s,< ~~:gg 
-U";h,aor,l~rQ"l y .,,,ln<>' c.,,;"d;,, .,,,,,k.N<>rm . I,lehc<y., .. 'o,,'«:k. 

TilE GENERAL RADIO COMPANY m ails the Exp erimenter, without charge, 
each month to engineers, Ifcien ti&tlf, and otllerlf interested in commun­

ication-frequency meUlfurement and control problemlf. Please send requests 
fo r Ifubscriptions and address-cha nge notices to the 

G ENERAL RADIO COMPAN Y 

30 State Street - Cambridge A, Massachusetts 
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