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CONNECTION ERRORS IN INDUCTANCE 
MEASUREMENT 

A" the pu!',.;uit of in{'!'{'u;;:oo [l('('IU':wy 
in ('\('cll'l('[li nlt'asu!'l'mcnts movl'S ([0\\·11-

ward into llw fmctioll:; of microhcHI',Ys 
nnd of pi('ofan,d!'. the eontribUlions to 
111(' mCa:'ut'( .... 1 qUll1Jtil .... made by the con­
nections 11f'!\\('cn nlf'USll l'Nl compoJ\('III. 

:lnd ml'n~lIl'il1g iw;u'umt'lit bf'cullle iH­
t'l'l':I"ingl.," impOrl:,nL Whell i1 l'npfl(';lor 

or indudor I:,! u:'ll'd or nwa~UI'ed , it is 
('OIIllPtl(,(\ to ami bet'onw" [l p:wt of fl, 

{'{Im pit'tl' (·in'uit. The imp"dHtlt'(' he­
IW('('11 ;1" tCl'lnimli:-; Ihcrdnrl' depends 
nO\ ()uly UpOIi its i'clf-imped:w('(', ImL 

abo IIPf)1l the rnultml imp('{l:\nee." \x'­
tween Ih(' ('npn('itor or includor [lnd thn 
1"(""\ of the eil'cuit. These mutllnl indU('I­
:l1WC':; :md c :lp:willllll'('S :l!"(, usually 
suflieiputly ,.mall to impu~f' 110 :lppt"cti­
ablr limit 011 the ;wt'UI'n{".\' of ml'lI~u.r't'­

m(,nt a,"i lung til'i t hf' ~clf-i!ldlll'talH:e or 
\':lpneit:1U('e i:$ largt'r than, !:Oay, 1(10 ",h 
01' IIX) pr. For ~m:lller iJl(luetol'1; or 
t :l1':\(: ilor,<;, ~omc <'art' n1\l1>t h(' taken 
hotll in t Ill' eon~tnl~,tion of IitullJnrds 
Ilnd ill fllf' II'l'hlliqlll'S uf mC!lf;IIi'f'rllf'lIt to 
inf<.\II'(' Ihal til{' mutU:ll impedalltes ean 
('illtel' hI.' rlt'~ ll'I't(oJ (II' I'un 1)(, included in 
I hI.' {';\Iibrnt ('(I ".llul' wit hOll t limit illg the 
dt'~ir{'(1 [H'('mal'Y, A tfllibration uf 1(}0 
mi('rohcllt'Y5 to all :u'('tlr[\ey of 0,1 co(, or 
to ± O,I mil'rohl'llt'y is Ilot of much l>i,!!;­

nifil':lI1l'i' if tIll' ('Olll1l'etiolll'> pl'ol lll<'(' UII­

('I' I'lnilllip~ of 0,1 mi('rohelll'Y, 
The prublems illtwducctJ ililn the 

nl{':l~ur('ml'nt of o:;m:tll ('npal'itance by 
Inlltu.'l.l en paeilanl'c8 l)ctwc('1\ ('apatitor 
tl'rllliHah; :lHd l'nnn(,(,tions ha ve bC('1I di~ 
l'lI:-;'<:(>U in an ('nl'lil'!' :It'tiele.' 11 was the 
pUl'poS<' \)f that artidf' 10 point uul lllat 
utH'el'iaintiC'5 of the ordcl' of ICllths of a 

'John l' H.,.,.~ ," \ ("r,,,,,, , ~"," M ('''nn~",i"" Em, •• in 
('''''''~i'''','''' :-'1",,'."r~"'N""" 0,"",,/ R~(/iQ I<r,~i­
'M~''', ;U. 7, Jul)', 111:1.) 

picof:H:td (':UI Iw itltrndul'<-'tl hy ca,.;u,d 
l'OtlllCI'linnil: thaI. 011(' l'an I'('(h(l'(' the 
unct'I'tailllip,.; by an order of map;llitlillc 
or' more by making the g('Onl('tr"y (If Ill(' 
(';01111('('tl011" ~u/fi('it'rrtly lip/illite, a ,~, fM 
cxample, by R]l('("ifyill.l!; Ill{' tl'I'mil1uls to 
bc lI~('d a::: 111(' 1.'onl1(,I'liOlI; :llld Ilmt ~lil1 
smaller ul1('er1:'1i1l1 i('s call he llt'hie,"cd by 
the uS(, of the thl'('l~IC1'rnin!t1 ('np:\('ilu1"" 
and trH'ltslIring le('!miqu(',; that l'xdwJ(' 
(he mulual l'ap:u .. il:lI\l't'~. 

I t is Iltl' purpose of this :ll'\i('\(, to Ji,.;­
('USB the ana.log"olls pr'oblems introdn('cd 
into the llle:ll)UI'I!m(:nt of ,;mall iudrWI­
:lrwe hy mutual indtll'lall1'('S 1ll'1 Wt'l'lI 
th(' ill(I(lcIOr and the' ('\HlllI'l'ti4)rlli, III 

1;1]('h mc:t."ul'cmt'llj s, Ih(' lInr('I'lairlllei' 
\\"ilh onliluu'y (:ol1nel'liOrl~ :lnd le('h­
niqucl:! Illay hI' ll"; large as l('lIths of :I 

mirl'oheJIt'y , ;\Iw'h :,mall{'r lItl('el'Ininti('s 
l':l1I again I){' :I('hicved h,'· nl{'lirodf< ~nlld­
op:ous to lirOl3(" u~{'(1 fol' cltp:tciIOI'", .. \10:::1 
:"tHelltion I\·ill 11I'1'c bL' gi\'l'1l to tilc n~ 
dnctiOlI of tile mul1tal irlduel:IIl('('.., tlwll1-
selves :lnd to lilt' r'l'duet iOIl of ilw;r IIh­
l'e!'t:\illlie~ by ('arc in tll(' ('olllilr'UI'tiorr 
and l1;<e of the indudors nnd COllllt'diot\f<., 
Althnup;h mutwds ('Hn 1)(' ex{'llIrll~1 h,v 
m:lglH'tic ~hicJdil1g and foor-tCl'luillul 
mealilll"cnW!lts, lhe :idded rOM and ,'om­
plexil." of the .<;irif'ldinv: :wd ,; pl'~'i:tl 

bridge~ i", not ,\"{~I jlL:;liiiC'l1 h,v the Il(>('tl 
fo!' !tight,!, !ll'{,UI':U'.\' in lT1('asu r{'Ill('Il\1i of 
~1ll{111 ill{ltll'tnllc('. ThiR di.<;cu,.;."ioll will 
IIWI'('f(>r(' he limilNI to llH'thod:-; of 1'('­

dm"ing errOl'S when 11tt' (I,.;ual i\\-a­
termillal indllclol'i; and hl'idg('S :lI'e ufl;ed, 

:\ 11 {'xample of It t wo ... tt'l'Inilwl iluluetol' 
COIIlICe/C'tI1.o a bridg(' iR shown in Figw"(> 
I, To SUp;gf'="t the origin uf Ihl'S<' com­
ponent s nlld 10 si mplify Ihe dis('u",,,ioll, 
Old,'" a fel\' (If 111(' possihll' induclftlH'Ci' uf 
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Fig ... o 1. Th o dr_ 
e .. il .1 . n ind .. cl • • 
c .n no ... d I •• 
b. ldgo , h ..... l n g 
.. II .nd ... ..... al 
ind .. e •• nus .... h leh 

a lO ... oa ... ,.d, 

\\in''', I, !Llld Ilw 111\1111:11:<. III, a t',' :<1.0\\ 11 

h.,I'I"'. find l l lt'~(· :ll'e in(li('III('(1 ~I" l'llllpt'(l 

P:II':lnll'l('I'J';, ltltlwllgh I he," :In' :\1'111:\11,\' 
di,.,trihuted O\'l'1' the ('lIlil't, {'IITlli!. TJu­
illdm'tJlIl('(' nduc' 01)l11ill('1l b,\' :l din'('l 

hridgl' mt'n.~urenl('nt (II 111(, l'Oll\llIlIlI-lll,., 

,,1.11\\11 \"(mld be the' :<1I1ll flf Ihe' :<df· 

imhll't:ull'c, t r • of Ill{- inIlIIl'I(,1' ~llnl all 

Ihr' ('wml'l'li(J11 indm·!:lIIl'(',... f. :wd Ihl' 

mutual...;, III. Thi);. Illf':I:<ItI'.'d , ·:lIl1., i" ~llh­
j .>I'I to the 11Il '·"I":!!nl!,,'" 'Ihidl (':111 I", 
illtrodm'eu Ily lH'l'irII'1I1all'h:mg('" ill lli(' 

It'llglh 01' orienlation of IIII' 1"IIIIII','lill,l-:: 
wire". I, is 1)O,.,. .. il1l(' 10 l"('(IUI'{' tht, IIIl('t'l'· 

I:lintie,., to ~1II." d(,8il'l'J l('n'l if I\{' "p""if,\' 
II'Ilh ,."fli('iell! )lr('('i~ion till' g('fIIl\I'Ir,\' of 
1111' ('ol1l1edi(III,~ lind their ('1I\il'l.l1l11l(ol\1. 

_\ ,Iin,,('t nW:li'lu'('melll. II", IU1III'\"" , 

,-.(,Idom II!<I'(I whell high :W('H!':tt'.'· i .. 1'1'. 

qllil'('( I" 
I I i~ ll~uull.\' mor(' (·011\"('ni('111 10 ('Iimi­

natl' m:\n~' of t i ll' (:OIlII('l'lioll ,'I'1',m .. II." 
u.~illA' a Rui,stitHtion I"IIllw1" 111:111 a din'l'l 
mea,~urC'llll.'llt. If 01](' 1llI'!1"'Ul'l'llIt'lll i:, 
m:ld(' with lilt, iuduct!)r {'OIlIl(,,'!("11 :1,., ill 
Fi/oturt> 1 !lIld Ihen n i';('l'ollli Illl'a,.,m'l'nH'llt 
i" mucic with the s,,'l.me ('OIlIlI'I'IiulI __ hut 

lI"ilh Ih(' in<lIl(:IOI' rcpi:w('I1 hy a "llOrliu!!: 

link, tilt' dilT('rt'lI('l.' b(,t\lt,('1l till' 1110 

IlIm,.;urt'1'l I':tltll''' 1"; i1l(Iept'lldl 'l1 l of Ill(' 
f«'II' :1I1d rnl1lUal illdut'I:tW'(',-./ I, I~, I~, I" 
/Ill! 111\, 111.-" Ilhidl :tpllf':tl' ill ht'lh 1111':1"'" 

urelll('nti'. Thl' dilfl·t'I'IIC<' i" "ti ll a ml':l:o--­

un' HoI oil ly of Ihl' ill(lIlI'l:lIl1'I' I'r hul of 

the mutua l:" II/~, :llld III:!. 1111,] uf tl!l' ill­
dllct:III1'(' of Ihl' " III JI'lill).:' link, I~, :11111 il~ 

,·ol .... ''' I)(l1l(lil\,I-:: mll l ll :lI ~. ,\ltlll)lI!-:11 l il t' 

suh:-<t illil iOIl 1nI':tSIU'('IIl!'1I t 1':111 1'('1110\'\' 

m:lj(Jr ",,!'liUEI:' of 1111' ('j'IIII(",tillll imp(~I­

:\11('" ,< :lnd 11u- 1ll11'i'I'Iallli it':' 1II"I(hll"I'li hy 
Il\t'lIl. th(' "m:lll 1'1'11Ia111111).:' IIlUI II:lI,- IlIlt:'t 
,..1 ill 1)(' ('011"1(11'1'1'11 11 111 '11 I'm:! 11 i1l('r('­
Illt'llt:" ~a.l· It· ... .,. Ihall U,tll mil"l'lIht'llI'Y , 

:ll'(' ~ig:llilil':lIlI. 

TllP mUll1l1l~ ",~ :tlld 11/3 l't'pn',,('nt Ihl' 

1ll:t~tl('Iil' i'(lItptill~ 1".111('('" tl,{' ;' ,,1 111'11,1' 

:Ind tile (:11I1H(', ·li ll ).:' \\"it'I's, if il 1:-- a""~ll11l1't! 

that til<' 01 h(·1' pur, illill'. of t Itt' III'id~p ('il'­
{,\tit :11'1' I'lI l1 i"il'1I1I," !'I'moll' 111 h:I\' (' 

lI('gligibl(' I'(lupll")!: , Thf'ir lll:l,L!:ni IlIlh';; 

"'mtl~e wilh 111(' f"rm and orit'nl:lli"lL of 

intiu{'tor :\1111 II':ld.~, :"111. 11t'1I1''', 1111'." :ll'l' 

tI ~rllll·.·(' of 1II1\"'l'lailll." md(,,,,, thl' 1'011· "'"" 

fi).:'lII':ttioll i" pl'('('i",' I.\' " 11I'1·ili,-d. Till' lI!-I'd 
for :--Iwh pl'(,t'i", ' "IX'I'ili,':! t iOIl of lII(':!I'W'/'-

!lIPtl! ('ondilioll" , ':111 l it , :\\'lI id l~1 if thl' 

('!lupl ill)!: i1> n'dlll'('" 11':1 H" ,l-::li,L!:ihh' 1,:dUt, 
01' if thf' ('ouplill,L!; i:o lIl~ldl' 111\':ll'i:l1l1 

Ililh {·hanw'" ill tIll' "OIlIl" " t illj! \\in'". 
Tit!' t'lJII)lliIiK 1':111 hI' k " pI :It :l millim\llll 
hy Ihl' 1[:'(' of Illi"t.~1 It':lI l i' for I IIl' /·,,11· 

nl'l'lillg win'", :llItilif lomid:til":ltlwr llilill 
.;j)I('lIoidal I'oll~ ill I h(' imlm'lor. '1'1 ... 
l·ollplillp; (':ut 1)(' 111:1111, illdl'I)!'lI.!{'lIl (If 
('(ll)llt'I'lillll:< if lh:!1 pOl'l i"" of Ihl' ("Oll-

IU'..t ill,!!; lI'in'l' II hil'h i" "'''"e, .. t til tIll' 
ill(ll1,'lol' 11'1'11110nl,., :\11/1 \\"hil'll I ht!" ~·IIIl· 

Iribule:' lIH).~ 1 10 1111' '·I!tIpliIlK 111'111'('(' 11 

tllf' \l'il'l'l' :llld l lH' iudll{'lol' Ill" :-<ilorlillJ,\' 

link. i,"i ('ou"II'llI'lhl :1:< ll1l illl('gr-al fllld 

\ttl\ar.,"illj.!; parI of Iltt' illdw'\tw" 
TIt(' ,-1l1:II It'!'<I (",tlll('('1 ill1l ('1 ... 0I'i'i :olwlllI I, 

th.--rdol'l'. Ix- (l ht:lilll~1 fmlll all illdUI·lOr 

I-UlI.~lrw'II"1. :1;; "hown ill F i/!UI'l' '2, to ~ 

h:II'(' blllh lull' :Ull! l'UII:-<ta"I mU lu:ds. 
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CO NNECTION 
TERMINALS 

fill"'. 2 . Indue'o. w;rh u pa.o, . 'e,min .. t, 10. C"n_ 
n .. ,lon o n cllor . horl ln g. 

Thi~ IUcille!I)!' ha.~ two :<,'1,. ~Jf 1f'l"llI iual:<, 

TIll' tf'l'l1)ill:lll<:\I Ill<' lOp ill Fig:III'(':2 :U'(' 

11,0('(1 \0 ('OIIl1el'1 , II(' iudw'lOl' ilHO 1 h<' 
('in'llil in II"hi('1I it j" HlI'; i.~IlI'l'(l or lI"I ~1. 

Till' 1('1"111111:']'; otl tIl(' lOP :ll'r ('Olllwl'I(o(1 

10 1111' IH1\tOIll Ollt''': h,\' iUI('I"II!tl. lIri~ l! ·d 

It':ld,, !Iud al"o 10 t Iw 'Moid:d (·nil. Th(> 
1\\"(, nW:t,.tu'('IlH'nl": of th,' '''llh.~ lilulit)1I 

tlwlhod :Hf' lI1:1de with 1111~ lootttllll rilt ln 
1('l"Inil1:lI" lir;:! np{'11 :md 1111'11 !':horlf'il . 
'1'111' nW:I;:un'll tlitl'('r('IWf' in illChlt't:lll t '(' 

"hould 1)(' \0 ;1 IIiI'll dr·g:rf'l· ilu[l'p"lItlf'1I1 

of tIl(' ,'OIHII'I', i01l1< In t Ill' indllt'tOF' :1,. lon~ 
:lS tllt'Y !'I'mail! "Hll i"I: llIl . IIII'jlll' lIlt' 1\I'U 

rll f'a:<ur('m('IIIO:, :--ill('( ' 111(' ('il1IIIC'('linn~ 

:It'(' tlnld(' ~II '~('lJ:lI';II(' 10I'lIlill:1ll' in 1hi,'" 
tll(hll'tnr, j Iwy :11"(' 1101 (':I,.:il," di':ll1l'iI£'d 

b,l' lit" !l]lpIiC':llioli 01' 1'(,1110\':11 nf IllI" 
"horl ;n).:' link, 

T ht' ,: llorting link (':\11, IInwf'l'f'1'. ;nll'o­

dll('(' (' ITOI' illi ll thl' ;witl!'llIlI('f' nt( 'af'un.,'­

IlWllt ill :llllItlll.'l' 11'11,'" " ' Iwn tilt' ;;:1101'1 i ll )!; 

link i,.: ('onnel'it't\ nl'I'O,,,~ t h r' infinl'lul', l lw 

('in'llit (,OI\IIC'('I(~-1 :)('1'0;;:': Ill(' bOlllllll 

lerminal" III' I ll(' iurhll'lo1" i); t!tnt :::h mnl 

in Figll1'(':l, ,\ s 101l1-(:l:.1 th£' 1'(',.:i;:ttl1u't' of 

Ih(' lillk, 1( .. is not zr.ru, then' i); :111 
I'Cllli"fll(,1I1 illdIU'l:lll('(', I:, betwC('n Ih(';;(' 

tl'l'mill:ll,.:. wh;('h i,.: 

, H/ 
L ~ I" (/1. + IIY + w'L/ 

OC TOBER , 1960 

app .. ~ll'~ 0111." ill lit(' nwa~II1'('Il1('1I1 with 

tilt" indlU'lul' "h01"led fllll] bell('(' I,. p:lI'l 

of l it e n\{': I ": l t l '(~1 difff'l'f'III'(' ill imlll('I;III( '(', 

'1'111' 1'eqlliremenl for :HTW'M',\' iI<, 1111'1'('­
fm(', 1101 Ihftt t lt i,. indll('I:l.JW(, he :-:1'1'0 , 

hilI 111:11 il h(,1"eprot!ll('ihl(', 

F'I\"'. 3 , Ci«",' o f , hon . d 
inducto. , 

:-;;1\1'1.' lilt' indud:ul{'C L' depPlld.s "PVII 

1(,. all,," (' h:lllj!;(' of Iht' ('OIlI~j('1 I'Pl'i,.:t:llwl.' 

o f 1 hi' ~hlll'l ill).: link \I' ll It t i1l1(, 1)1' \\,11 h 1 ht' 

nlf'1 hOtI"f :lpplil'lIl i011 1"(':'1111:' III :1 j'h:ll1~t' 

ill jill' rn l'~l.~1U'{'( 1 i Ilt!uela ll('j ', Thc' 1'('1:11 11111 

hf'III'f'('1l tltl' 1'11:111j!:f' 111 th(' 1'I',.:i:'I:1I11'I', 

~n " ;till I I hl' ell!! II!!:I' ill ;11t 111(" : (1 1('(' ,6, /.' is 

' - " , '!.. 
6 /, - _1,,611' 1 ( II, + 1(,), + w'I.; 

- (II. + 11.) [ ( - I)' .: ., .• J' } 
/(c+ Jt. ~ + w-I.; 

.\ :- :111 f'x:lI11plr' of Ihl' m:I)!;IIIlIltil' nf ,6, /'" 
1'()II,.:idl'I':, .~t:lnd:l]'d Indul'l,)f" wil h I.e = 

III ~]I :t1l(1 Ne = ,O:.? ohm :lllcl a ~hol"l Illg 
link lI"ilh N. = ,("M il ohm :lud:t ' ":lr;:)\ioll 

,6,U~ = IUKIOI ohm at :1 f n -iV1I'fI('Y (I f tOO 

1'.\'I'If>:-. \\' h ('I"(' w~/./ (':ltl bl' 1ll')!;[N·lI'(l. 

Thl' UIIl'('I'I;llnty I': ,6, 1.' = ,00,1 mi(·m· 

11('111'.1' in nil illdlWl:1111'1' of to m ll'ro­

Ilt'ur."~, Thl' ,':\r;3Ii01I); ;l,~su ll1('(1 fflr ~R. 

:l1'(' I hO!'l(' of n ,.:hort iug link in good {·on· 
dition, ~o tIl(' nll('f'rt:rinlif'!< I'ou ld hI" foX· 
])('('I('(] io "X(,{'t'(ilhl;; I1~Ul"C ill pI':I l'I;('I'. 

Thl' ~h l)f"lill)!; Ji rik ill pnr:ll1el wil h the 
('1)11 1':lI1, lhel'f'for(', lim it Ihe 1I1,{·tmW,'" of 
th(' IH('HSII1"('rn(,1I1 of lo\\' indur l :l!l("e :11 

Inw fl"eqIH'lwie:<, 
Thi.~ Illlf'('I'lailll," ('llll 1)(' ('liminnlNI 

\'('l"y (,!l",ily hy us(' of II ;;lI'i I ('11 , or I IH' 
" hurling link 1l);:L ;;witdl. whi('h c'onn('('I;;: 

10 Ih(' IC'l'illill:l l,. (,j{IIN Ihe infltll't:tIH'!' 

I'nil ur Ihl' ;;hOrl :doll (' in;;t(':1d 1)1" ('Oll~ 

Thil' illdlll'1:UII'I', likf' Ih:ll of 11)(' link, n('('ling the('nil:tlollf'OI"l h(' ('oil;;hllr1t('d 
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G EN ER A L RADIO E X PERIM E NT E R • 

CONNECTION 
TERMINALS 

Fill"'. -4. Ind,,~to' with . hoflinll link orron,ed to 
dluonnut coli when . h ort i. <on necte", 

h,l' tht' shOr1il1Jr lil1k , .\11 iwitwtM with 

flU!'!1 i<1\·il(·hillll i" ~h(lwlI ill Fig:un' I With 
IIII' ... lu11'tinJ,!: liHk ill Ih,' po,.:iliull ,,11111111. 
lh/· ('oil il' ('ol111('l,t('(1 tl) IIJ(> ('Ol1m'I'Iioll 

I ('I'mill:II":l1 I h(' lOp: \\'il h t hf' [iul.: mO\'I~ I 
10 Ih(' t!ottl'tl pn ... ititm tn ('IIJHlt'I't titl' 
I'i~hl 11)\\/'1" ]I!lil' of II'I'mill:lb. Ihl' ('011-

IWI'Iioll It'l'mln:ll,, nrt' ..:hor\('ll !Iud Ihl' 

I'oill" <li-.(·ul1l1('I'11'I1. 

Wht'li :UI ll1dut'lor h:llillJ!: IIII' t'/HI­

,.lnlt'linli ,,111)\\1\ III Fi~ll'(' I i"(·:1lil.I·;l1l'1l 

in lNm,.. or tite ('h:II1~(, in illllllt'I:LlU'I' 

II h('11 lIlt' ~h(l1'1 ill~ link i,.. "\I"i,,'I1('d frill\) 

11111' pOl'l! iUIl to till' 01 h('I'. t IU' ('lllihw' illli 

:U"'lll':(('," 1':11\ lit' ,'(>t'." hiJ!h :llltl II\(, ill­

Ihll'I:I11I'(' "('I'Y [,.\\' Iwflll'l' ('OIlIl('I'li'lIl 

I'nor:- irnpu .. t' a limi\. ~ilH'{, tli(> jlll]lOI'­

t :1111 ""('1 illll or 1'011 n('I'1 i 11g: II in'':; [I( Ij:w\ 'Il t 

til IhC' Irrmin!ll .. wh('I'(, til(' "'mll.!!:(' j,:; 

mnd(' nl1' an inlt'.!!:r:ll :lI1d f'Oihl:lnl pnrl 
of I Ill' illtilH'IOI" Ihf' form and I>O,,,ill011 of 

IIt(' £'xi{,tll:ll ('OIllI('('lilll( "11'('" h!l"(' I\('lt­
lip:ihl£' ('tff'\·1. pI'(lvifi('ti 0111.1' Ihal I IU'y tin 
lIul I'h:ul,!t(' II"hil{> Ilw difT('r('twI' i:- Il('illjt 

tlll'lt..:utN"1. ~in('{' till' "Ilildliu~ liuk :lIId 
it .. 111'0 P0':;llillu;::; 1\1'(' ul,.o till illl'lll'i:1II1 

)):U'I of Ih(' ilttlllt'llII', 1111' t'1' lf :wd mllllllil 
i ll tllH' I :U1l'('i' IIr I llf' link a1'(' holh ~ 11\ :l1l 

and df'tillitl' p:lI'li'< of tIl{' ('ldihratiol1, 

;-;ill~'(' till' liul, i~ 111)1 ('0)11111'1'11"'1 1 ill ]>:II":lllpl 

with Ill{' inlllH'I:IIH'{' ('oil, tll(' 1'0111:1('1 

1"I',:;i"I:1111'l'" of titl' lilll.; han' 1\11 ,,!TN'I 
upon thl' in(itH't:1t1l'I' .\ nd, .. in('I' t ilE' III­
du('lllm't' I'oil i,~ lot'oidal :11111 ,II{' ('01111("('­

liollS Wil h i]1 IIII' illdlWII}1" ar(' Vril'III~'j1111 

millimi:r.p Ih(> 0 1 1t~1I 1e"">P,., Ih('r(' i:- un 
("011 p iing 10 exterllal fi{'ltl~ or 1'(luclll('lor:­

II"hi('li (':Hl I':B'," Ihl' iliti IWI: II II·('. TIH' i1l­

dlll't:l11\'(' "CI (': lI ihr;lI('1I :-; holiid hi' suni­
('il'lltl,\' I II ,filli! P III milk,· Ilw Illh'(' r l :I i lll i('" 

1t',..,..IIt:1I1 0.c.l01 mi"1'011l'1I1".\' lIlid 10 jl1;::; ti(,' 
:1 (':llil,,':l1ioll :\ITllr:It'." IIf n, t ( ( fill' ill­

dtwt:llwe !l.~ 10\1' :\ ... 1 mi('wllt'l1r.\', 
Tu {'oudlld£' lili" t!1"('II ... ,.jfltl of ('onu{'(.·­

tillll ('I'I'IU"< Ilitlllllli :Wklllhlll'fiWtl('ul of 
1I1C' """f1'P of nUll'll (1f Ihi,.. itll'nnn:llillll 

,,'(luld II(' :1 1:t1'~I' Il'l'mill:t1 ('1'1'111', Fr'om 
,·OII\'('t.'l:l1 iOtls :wd ('Ol'l'e"])Ollti (,ll('(' wi t h 
nwmbpl'.'I (If IIt(, I h'~i,,..t:lIl1'(' :l lld B p:h'I­

alII'" ~f'{'lilftl (If tit" ::'\:lIjo11:11 BUt't'flll!lf 
~1:lIld:lI·d..: ill \\':I:-ltiUJ,:Wll It:lIt' I'nnll' 

kn(II\ I NI,~(' of ~JIlI(' of 111l' .... 'Ul·('(·,.: of 

('1'1'01' ill itllhwl:ltH'f' tn(,:l:-url'nl{'Hls :1;::; 
wpl! :l$ $lIltg('''1 iOIt;: fIJI' I hl'il' t"('fluet inn, 

- Jon..- F. II Em"n 

NEW STANDARD INDUCTORS 
MORE TERMINALS, LESS INDUCTANCE 

Tltl' (:('1II.'1·1l1 H:ldio ('omp:H1~' r('('Plllly 

1''l:tC'lId('(1 I he flIll,lt(' of its;;I1 andurd l'Op:\/'­
itor .. downward h,\' f;('\,C'!1l1 dN'!l£l1'l- II) 

0,01 pr hy Ih(' inlrodlletioll of til£' IIPII 

Tn>F. 110.1 ~t:lI1fI:lrd ,\ir ('nl}:u'jtol'!',1 

. \ 1}:lmll('l. hilt tnQr(' mod("'t, fll('p i .. 1\\11\ 

1 'f .. Tb..-T .... to>, .... 1 {"'" u.~d.(lf.·· (1 ..... ·,1 H"I" k ,.. 
"", ,,,,"/rp, :11 1I.t (I . ' ''ltW'' ,......,I'teno1ler. II" '" 

hl'llIg Ink{'tl to ('!l:lpud Ilw I'nll!'(' of our 

,.landal'fl inti ll('Ior~ d own ward 1.1." t he 

additiOll /If !l. ,j()...mil'l'fI!t('nt·." IInit. I II 

:1II1idp:lIion of futurt' <it'm:l1Id" for 
hil!;her :I('('\II'!l.l·.I' tutd J'lmn l!('r im\ut't:\tW(' . 
1111' d~i!!11 ()f thi .. intiut' t ol" :lull il;::; 111"0 

Imm('(li:lll' p l'('(I('(.'I'S."IIt'", lilt' lOtJ.~1t all(l 

I 

1 
\ 
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, 
200 .. plr ,,;?(·s, illl'Ot'pOl'alt'~ lh(' :llhlilirJllal 
t(,l'In;I1:II" fillt! 111'11" nwthnd of l'alilil':1I1ntl 
dif':t·lIS~t·d ill the pl'('('('(lillJ,: ar!idl'. 

The New Inductor 

.\ TnE I 18::! J nd11dor' of .'i0 mil'm­
Iwlll'.,· ... ha~ for Sllllll' lime hN't1 :w:lil:lbll' 
()II ;:p('!'ial mdt'l'. The' 11('\\' Tn'~; I IS::!-. \ 
tlifTt't';l fl'Om Ill(' earli(>l' mod(']'.: hot Ii in 
h:\\' ;IlK lhe- IlI'l\" ... i,,-t('l'Inillai('ulllll'ctioll" 
(;:('" 1,(>1011" ) :Iud in h:wing 1oll"{'I' "N.:j"t­
:JIH'I'. TIlt' l'oiL~ a1'(' HO\\" II'mUitl with 
[00 :32 Lilz wir(' 10 h:l\"C' n d(' t't'"jf'lantf' 

flf n.o",:} ohm ... a;; cmnp:lrL'l1 to the O.:?OO­
ohm n·"i"I:lll('(' of pre\-iI JI\s ind tu·jcII'S. 
.\11 lm'I'(-a",' ill Ili!'f' "iu· ha::: aL"O IIN'1i 
mrld(' lI"il('t'{'\'(,t' pI):;.".ihll' ill olh('1' indu('-
101':-. :11111 lht' !c)\\' -ft'('(IUf'l U'.\' 0 i.~ IlU\\" 

Illfll't' !I(·:trl," l'ulll,l:lIl! thl't)\l~h()\ll till' 
lilll' uf i"dlll·lut'l-. 

. \....: ill :\11 thl':;(, intillt·101'S. th(' ('oil i" :I 

unifnmll.,· "outld toroid Uti a ('cr:uni(' 
('0 1'(' fOl' high sl:lhili t.,· :lnd Ii",· ('xl('I'II:\! 

fit'ld. 'l'1If' .iO-I1lit-l'Olil'lu·.,· ('oil :lItd 1I1f' 

('\lil ~ \lJI thrrll1~h .it)() mi(·rtJhf'nr~·s haw' 

,Iupl.'\ IlilHiiu,L!." . ..:. j. t .. Ih"it" tornid ... i!t"t' 

wound in t \\"1 1 (·qu:l1 h:1 I\'(':,. :wel til(' 
11:'I1II'!: arl' (·orll\(·. ·I('t.! ill P:lt":I]]1'1 ralht'\' 

th;l l l ill ~t,,·i{'~. :1 ;:' "h. 1\\'11 ill F'i~lIn' I. Th(' 
(1IIJlI.'\ 'Iimlill)!." h;I" 1\\,11 :ldl·lllI1:1A"1· . ..: fllt" 
!,; I11:111 ill(l\l('I:III('(' (·()il~. F'JI' :I l1:i\"l'l1 in­

dlld:IIIt:f' , tllf' IIIlmbf't" of l\lI', IS is grf':ltt'r 

with till' duplex windin,L!.". :lml thc C:'lS<" 
and al·t·w·W,:.\, ()f ad jUlll nll'nl 10 nOmillnl 
v lIlu(' lIt"t' ttu'l'f:by ill('t"('as<'i..l. Tht, para llel 
I\'indings !;tilll'()Jlfinl' almost all Ill(' mag-
1H'lit' lipid 10 tIl(' tot"us Hnd. iH addition. 
Ihf' .... ('1111 f\lrlllf'r r~hl('(' Ihe snlftll field 
pl"Odw'ed hy IIIl' cqui":lh'1I1 single turn 
I)f til(' ('on,'clllion:d it)l"oidnl winding. 
With Ill(' 1I':'I(Is po!';ilioncd n;:: .. hOII'll in 
Fi~ul"e I , tlw 1'\lITel)l dof'S nnl m:lkC' a 
t'olllph·tl' ('in·le aJ1)llnd I hr· ('in'll rnfct"cn('c 
of till' torus bul It'IlI' f'Ii; :Wl'O .. S n dinmelc l" 
Oil (1I1f' !(,Iul \I' II"f' !llId t"('lllrTlS ill 111"(1 
p:lt"11l1el p:Hhs throup:h lht' 1\\'0 hnlv('s of 

OCTOQER, 196 0 

Fill '' '. 1. Oioll,om of dupl •• wi"di"1I u .. d for ( OW_ 

,"due(anu ~I<."dord ~. 

111(' Willdillp:. Tluol'!'nn' I 11 11.": I 11'0 J)-"llapl'd 
loops :-;0 phllSN! lIS II) prodl(("1' "('I'." ::;m:llJ 
{'X ( ('I'lIa! 'if'lcl \\,hl(·h (':H! ('/l1I11'iII111(' 10 
t lu' rnl'a~II!"('lll(,111 U(lc('ri ililll Ie", 

Termina ls a nd Wiring 

, \lTalll~:c'n)(,1l1 of ((' I'milm!" !mll 1111"1H,L!." 
fill' 1])(' .:ill-. 100-, IUIII :"'{)O-mi("·(lh('III"." 

imilll"lol':< I" "hO\\11 ill Vip:llrr' :!. [n 
Fip:III'!' 3 i" "hOlI"II fol' t'nrnp:u'i":(lH I hf' 
('nnlwt'lions fOl·HlPrl.,· II"I'!I for all of Ihe 
T YI' I': I-IS:! Intill(·tor:' :lnd -"till II:-I'd fur 
illl 1111'1 Ol~ of ,-l)O mlt'l"ullf'IIl'Ys :llId hij:du' l" , 
'I'l l(' Ohl'icHl~ Illld ~iC:llifh'!llll difT('I'{'I]('(' I;; 
Illf' additiOn of Ihn'l' mol'(, hilldillJ! pl1...:l" 
:II till' h(lttom of till' IW\\" P:llWI. Tw(, of 
Ihf' 111'\\' 1('I'min:I!f\ (m:ll'k£'d /''') :U'(' t'01I­
u('('I{'{1 h.\' inlf'l"llttl ll'nd;; 10 til(' 111'(1 in-
1<111:'11('([ Icnnin:ll:< nl tht' lOp of tht' pnlw1. 
Th e indu('I:IIH'C wi! i:; cOlllw<:\t'(1 10 the 
two Olllt'l" bo ltom \(>I"min:ils. \\'111'11 the 
1I1i:wh('d .~hrn'li llg lillk i .. {'QIlI1(,(,lCtI be­
hW'{'1J lite lefl pllir of hottom \Pl'min:lls 
(mnrkNI I;) . lil{' ('oil i::< (,01l11l'('1('(! 10 Ihf' 
Inp tel"minals: wilen lhl' link is mon,,!lo 

1I1f' ri~ht pail' of bottom lel·milln l;.. tht' 
{'oil i .. di,,('ollll('tl('fi and lh(' link .. hOl'I­
{'irt1Ji\ ~ Ihe lead!; to (1)(' top \t'rmin:tlf:. 
On hoth pllllf'ls lh(> IIPlwr I('fl 1('l"mili al is 
{'Olllll't"!N! \u till' IlIdlll'lol' {':'IF-(>, find lIlt' 
imilwl Ol' is II!';IIIIII." Itst'd and 1':llihl":I\1'1 1 
wilh lh(' ad jnf't'llt 1('l"lllinal (1,011") ('un-
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GENERAl RADIO EXPERIMENTER • 

1\(,(,t{'(1 h~' II\{' :ltI:ldu'd link \(I Ihi~ 1('\'­

min:!! :lIul In 111f' {,;h;P, 

Calibration 

In 1111' initial ('alilll':lliul1, u ,~u:lll,\' :It 

tlU' "aliullal l\url':111 of !'1:llIdard~, ;11-
dUl'Iors an- I'lIiiilrnt{'(i h .... Ih(' >,uh".lilu­
!i()11 n1<'IlIo(\ ill whidl two nW:l ... tlI'f'ln('nt~ 
ar(' mad,,: 4111(' with ,Il(' iuilnetur "011-

11('('1('(1 Ifl tILl' hridg:C' nud thl' nlh(,f willi 
Ihe IO~\Il1t' l'OII1l(,('lil1p; wir(' .. hut IIjih Ill<' 
indUt,tul' l'I'pI1l('('(1 hy :\ , .. htJl'\-('in'uililll!: 

har Of link , For al1 illlhll'Iol' 1I11h Ill<' 
Ihrf'{'·I(,l'rninal pal1('1 of F ij!:III'I' :l, Ih ... 
firlO! mt'lI,"IIf('11lf'1I1 j" m:l/I(' lI"ilh 111(' 
11I'id!!;f' ('0tl1U,(,t('(1 10 th(' pail' of ilhlt!:II{'(1 

I('rmin:ll,., and II slwl,t il'i thf'll ('il hN ap­

plit'tl 10 I hl'l'if' It'I'lllinllls or 'hf' ('tltll1('{', illl! 
win'" a.'(' mUH't1 10 tl1(' IC'ft ,,:lil' (If !I'l'­

miu:lb II hit,1t :In' t'(lHI1PI'h'tl h,\' 111(' lill~, 

FOI' :\11 illt!1wlul' \\i!h Ihf' nl'\\', six-1I'1'-

minal pall!'1 nf F ij,(IU'l' '2, thl' hl'idg:(' is 

"I ill t'OIlIlI'I'l('(llu tht, IIP])I'I' I'i(!ht p:lir of 

\l'rmill:\I" (l'OIlI1('('lioll Il'nniuabJ, ThC' 

lllC'lt';'lIl'('m('1I1 of thC' imllll'Ior is 11\:111(' 

wilh liI(' link 011 1111' IImC'!' l('l'l\\illal,. ill 

I hI' ll'fl ()l' I. PO~IIllln 10 ('(JIl1\{'('1 I Ill' ('oil. 
Tht, "hOt'l i" 1 ht' ll applied hy mOl'IH!! I II(' 
lillk III tile' l'ij,(!tl or I, .. po"iliorl ClH IIii' 

iOlI"{'I' I('t'mill:li,; ( rt'fC'rt'II\'(' 1t'l'mill:\I"I, 
'1'11(' :ltk:II1I:Ij.!:('~ (If lIlt' 11('\\' ]>:I1U'1 :1 1\(1 

('OIlIl{'('linn:- :It'l' Ih:11 Ih(' lIUIIII!11 illdlU'l-

:\11('(,'" 1)('III"('('tt Ihl' illtNlt:.1 1t':l1l", ('llil, 

and "hol'lill~ !illl.; al'(' illl\l'p('ndl'nt Ilf 

{'()llttf'<'ti()ll..; alld ('11\'irulllTIC'ltl ht,(':lllSf' 

• 

thl' .... :1f(':\11 ill\':11'i:11I1 pal'! of tltt' in([III'lor .. 

find Ih:ll II\(' ('I)IIH ('\'I ill~ \\il'(',. :II'C' IItil 
!<lIhj(,('I 10 di"Illt'h:ult,(, \\1\1'11 Ih(' "llnr! is 

ftJlplil'd :11 Il'rmlll:d" "('p:lnllPd from Ihl' 
('(UIIIN'timli<, 'nit' ('OIIIlt'('Ii01t {'ITI)rs :111(1 
mC'Ihot\" (If {'('(Iut'inl.!; IIII'm h:I\'(' 1}('f'11 

di"('\I,., ... ('(1 ill d('\:lil in lit(' pn'('{'(lillg 

Fig",e 3. Th, •• ·I.,mlnat panel and ~ann.diano, 

• 
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• 
:n l id", l'il1l '" jill' ('rn:lf~ 111'1' sddom lurger 
111:111 11'lIlh~ or:1 microhen ry , the au n lll­
t;I).!:\'~ of t l l/' ~i\-t (,l' rni ll: ll p1l 1H·1 ill ,'('(Iu('­
iu,ll. 1111'';,' C'ITCII'''; aI'!' appl'P('iahl(' filii ,\' 

\1111'1} till' iW itll '\: IIWf' i~ "' lIlalL Th(.' upper 
lilllit ot illl hwl:II H.'{' wit h which IIw nl'W 

It'rmillal ;U'I':ul )!.", ' rnclll ;,.; 11:;('(1 has iwt'll 
dl!'~"11 "OIlW\\ h:11 tLl"h itr:tJ'iiy to he ::?tkJ 
1Il;I'l"tlllt'1l1'.\':< . il l part hf'nltl s (' this ;11 ubo 
tilt· ,Ii"idi!!)!." liw' Iwtwccli the hlllld­
woulld :llld ,Ill' m!lehine-wound eo;i!' in 
tlil' "I', 1'1: I·IS:! I llduduns. 

Calibration by Direct Compcui50n 

TI", UllIjOl' difTl'rf'IIl'(' b(,twcen II c:1l i­
IInllloll wil l, lilt, ~hor l (·in·nit. III 11i(' 
\'t lt)llt,\,th,11 1 1 ' 1 · t1litl il 1.~ Htld 011(' wit h the 
",1111 1' 1 ;II Ih l' l'\'fl' rl'tH.'C t(>l'mi ll ll is is th(' 

ilJ, llll'latll'(' (If 111(' illi ('l'1l:ll le!ids bClwC('tI 
IIii' 1\\ 41 ,;\'1" uf tcrmiu:!i", Th is ind uI'I4 

:1111'" (tbt' iliITt'n'Il\'(' III't\\'(-{'1I the two 
1':llilll":ll i, 111:< I i,~ :11)(lllt O. II mil'tolu'nr.", 
II ,. \":1111(' I'; impOl'tauI , II\)I Oil I.\' in lIII4 

iHIl' ltliultnJ Uli :<H:<t~ ~Jf thl' "hn!"!. but ill n 
f:d ihr:ltiull by d il"!'t,t ('ornp!ll"isoll of 0 11 (' 

of \114' "j\41\'nll ill:11 illd ll l'to",; wit h a 
thn'l~lt'I"lIIillal 011(' of lhc ~:unc tlflTn in:l l 
\·:lIut,. I II mall.\' ('alihmtiolls lIu tsidf' of 
11,.. "\":\liuII:l1 BUI1.'!I\l of St:lnd :lrtb. a 
dil'l' I'I-nJllll mri'>llll IIWl h()( 1 is Ilsed , The 
11111. In III II i" "i mpl." ('nrnpnl"t'd to Ull ill ­
,IIII 'tOl" of aimosl ('qlUd \'flltH' wh it'll has 
:111 , I ~;'; 1':llill1":llioll fl lld the m CII,;1I1'('1! 

ditTI'I"/'Il('I' 1I:o:t,,1 to nbtain the vtllu(' of 
till' ImkllOl(II , '1'1 1\"' m(,ll"lIr('m('n! wit h 
tIlt ' ,~hol"I I' il'I'11il I" impli('i l in thi,. 11('\\' 

, ':l1ihl":lIiI)1I, 1111\\("'''1', b(>(':IIIl<C til{' BU4 

l'I'fl ll 1I:<I'd :1 ;:ho l" l in t lwit' OI'i~inal eltli­
hra lloH. :l1\d 1hl' nC'\\" l'a lihm liol1 j" ,,:did 
f"']~ \Ii lh tilt' "bol"l applil'u a t thl' ]>nsi­
lillli ",,\,,1 ill Ill(> originnll'llli lwatioll. If , 
I 11(,1"1'1 1~1' I ', :1 III'W ,-)O-lIl it' roheury, TYI'~: 

11:-::!-. \ Illdll!"Ol', is t';l lihmtcd by dir('('t 
"\lIl1p:lri,.oll wit h flll o ldf'r one \\' i\h an 
:\H:-: III' <: n ,'~dihrall0I1, the 1':-llilmd('C\ 
I:dw' ~l ublai1l('(\ is tlta l wilh the short 
:It. t I", l'UI1l1('C1 ion lenn in:l \S" The illduct-

OC T O BER , 1960 

IUl('t' ohl:\i1l('(1 b." :-. :-h,\rt fit 11)(' r('fer­

e/lee t('rmina]" wi ll I ~ aho ul 0,11 
mierohelH'Y Il' .~:'" Whl'lI :\(;('U rflCy 100,01 
mi{, l'Oh('I1I'~' b impOJ"fllll. I Itt' lead 111-
tlu('tu lleC shuu ld hI ' 1lI(':\ ~tIl't'(l h,Y n\m-iHp; 

the shol"\ f rum l'IlIIlII't,tinn to I'd('l'('IIl'c 

tcrminfll:<, 
Wlwil II ('a librah'( l ~ix-tcrmill:l1 induc­

tor is ;1\':1l b hl(', .111' e:l lll1r:l1ioll of o llwr 
indlll' I OI-:; ('nn ~ I ill h(' In tlll('1l1 't11 h.\' t llp 

itlductnul'f' of .llf' ill1(,I'II:\] 11'!ld s, If thl' 
two illd u('lu"" i\I'(' ('IlTllp:II'CtI in Ih(' 11;111111 

IIUlUller by :I clHTI'I"('nf'" 1Ilt':IJ..u re lll l'nl 
u:-ing the 1o:1I1lf' 1'\1\'I'II :d 1I,:td;;, 111(' ll1l'fl:<'" 
IIrt"'<1 rl iff('rl'!l('1' ilu'ludf'ii 11111 (Jul ,\' lht, 
dilTt'rellt'(' 1)(""" ('1\ t ilt' Iwo iHdlwl:uwC' 
('hHuges a t til{' I'dt'I'('Ill"(' INrnitl:l1" hili 
also Ihc ditl'N('IIl'l' IWI\\"f'C'!l Ihl' \\\'U ill­
t('rnal I('ad i lldll cl~nlt'e,;. C'a lihmtion hy 
Ihis mel hod il:- "11I)j('I" Itl ('rml' 'Ul I<.'~ thl' 
ditTcrel\l'('s ill jlllN'lm l \(':ld in(\Il{'I:1Ile{' 

~lre lll'giilZ'ihk' or nrc 11lf':"!8I11"etl. I II t lles(' 
I It'W T YPE 118~ indut'l or", t'XIX' l" if'IWI' 
wi l h a ~m:lll ill i t i~ , I "~lm l,J(' iHd i"fl \C'" Ilia t 
in pl'od l1!'! iOIL Ill!' I(':l.! iududaHC{' (,r 
0, 11 1I111"I'ulI('I1I',\ ' 11l!1~' be held ('olls l:ttl\ 
10 1 ~1t('1' Ih:-'II 0,01 mi('l'uhC'ILl"Y Sf) Ihlll 

Ihe Nnw in dirf'I 't "fomp:u'i"on of "imilnr 
i11l1uNOI'!I shollld 1)(' l(' .... ~ than O,O:?" ;, 

,," Wll I(':)d itldlll'ta lL l'l' is 1101 !"1I11i­
l'il'1I11.1' eO\1;;I:I1It. il':' cl'f('(" (':\11 IJI' f'limi­
tlat~ [ h,\" (l.I1OI1IrN l1lC'thod of "(jll1parliVlIl , 
The IWO "ix-It-nniunl lIldlldOl~ t':lH hI' 
cOIIII(,(,tl'd ill :-t'riC's to Ill(> hl'id~t, .. \ first 
mcaStlrl'mt'1I1 i:-; llIade with t it(' l'ihorl flf 
HilI' inductor ill tIm 1 __ 1>0;:lt101i \\,hil(' t hat 

of Ill(' othl' " i" in till' I." po~iliutl UI I t i ll' 

l"('f(>I"('IIt.'(' 1('rmill:lI:;;, .\ ;:~'eond nH':l~l lr('-

111('111 is tilt'll IlIndt- \\11 1, l)l)th lil1k~ 

mOl't,,1 to lilt' I)Pt}l.,;ilt' PO"illUII. Thl' 
m('!lsurt'(l dilT(,l'erJ('(' I" I he dilTt'I'l'lU'C ht"­
tween [ill' til\! indllt'laW'l' dlangel> at Ihe­
rl'ferl'lI t'(' lennilla \. ... and I" indf'pl'nd( ' tlt 
uf Ihe intf'I11:l1 [('ael itld ut'I~lne{'f' 1)('I'lw f;(' 

IhC',\" II ppt':lI' ill hOlh 1l1(,:ISU1't'tn('nt .. :l1ld 
crllll'ci ill tllt'd ifTt't"f'IlC{,. 

- .lO Il X F. I I ~: It:-lll 
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~ GENERAL 11 ... 010 EXPERIMENTER " 
MORE NEW INDUCTORS: FIXED AND DECADE 
Type 1481 Inductors 

JWIIlI'!O!':-; in tli{' TYPE 1181 "Nil''; 111'(' 

hiv;h-Q lIuit:-l, tor'oidally wound 011 
l1uIl.vhliC'nl ' lll-rX'rm:l l toy 1111'" j'ure>s, . \1-
thollJ!;h 11(11 f1~ IUTllmll'\y c,:tlihnltt'd :l~ 

'llI'T\I'~; 11~1;';t:1I11 I nrrl l tldliCI0l'l'. they 
han- m:Llly 11'.(,:- in Il.tl(lio .. rl'(~IU(·tlcy 

1r1('!L'<IIl't'!1wnl i'i, ]Illth us all~iliary ~'al1(l­

:lnl~ 1I11d ill /'il'l'1I11 d(·\'f'lopnwut. 
Foul' I1('W IIl1il.; hll\"!' h{'1'1I uddNI !'('­

l,t'tlll,V 10 thi,; ~rollP a,; H"t('(1 ill !l1I' l:lhlC' 

. t cl"","cy /(mtt ('''I"Nfll 

1"IIH' """"1111(11 "f /",0./' • 
fwllll"/nnrl" .1'VIl,llIwn/· j,;crO'1,II,· ill L 

14'1 _"" HlO I'll ",2 \2Q m:, 
1481 · 1111 2UO I'h ±2 ifi IlIIL 

1411 .CC !)(M) ,,10 ",I 5" 11m 
14'I _N Wh ±O.25 0.2"" Ill" 

Type 940-00 Decade-Inductor Unit 

11Idllt"LC!t"~ of Ihl' II~I 'ypi'. III(> 100 ... 
"JOO .. , and .-,00 ... ,1.111 ~il':f'~ iU'" wwd ill Ih(, 
'I'\I·t·; UIO- DD Dt'('iHk lttillt..tol" I,) [)I"O'" 
vid(, dl'{':ld{' "[{'P" "f IOU ,1.111, :lnd tI l"Inl 
hI I mit for III(' df,t'adt'. Ji'O(ll" il\dl\('IOI~ 

:11"(' 11..,1'(1 ill f\ 1-:?·2 ... ;J ;,('ril''', (""nhillat iou,., 
al'l' "Ull1Ir\'INI by t ill' !'l\\'iteh In yi(' lei 
"W'('('''''';;\"{' lwit vnlur!'i ill til(' dl'f"ndl' 

" ' 'f\'H'I I(·l'. 

"«u.o.y, 2' i .. 
"'et Weigh': I Ih. (UJ k~). 

'1"1/"" 
940-0D Duad .... lndudo. Unit 

100 ,.h .... Ill p 
,>;un" $110.00 
TOI'"'' I 

1)('1011, Chllrud(,l'i:;ties arc :;imi lllr to 
t h""r of other Tn'E 1481 irlltIIl'WI':<, 
[ish'll ill OUI" \'lll'n'nll':lInlog , (');('('pl that 
T \'I'~;,; ] -181-.\..\ , -BB, lUld -('C ar(> 

wOlllld 011 [owt·!·-Ix ·nncilhi lit .... l'Ort'i'i wilh 
eurrt'';I)()Ilding changes ill Ihe ft'e<lll('IWY 
fill' t),..,..., e\('. 

Olment;onl: C",'I(', (lwil;ht) 3~i x (lIi.!! h) 
3'~ x (,Ippth ) ! '\1 in i"lu'.lj (\)2 x SO x "I mlll l ; 
'!v"r-"l1lu'i~ht, illf'llJding tc'rmil!;l[s, 4 ~j illdw~ 
( Iii IUm), 

Net Weight: 11 0 111'('0" (O. I kJ( ). 

Uf'I!OTll."'/ A,l/lrt);r.. C~k " ncr 
Pn'1'" "C!I ./1" Ut~. Word 

:WOO h· 0.020 'Nl)l'rTO~1A " $37.50 
211)1) 0.0"" tXUl'('1'O)!l:\, 37,50 
1::130 0.1 L 2 , ,"ort'TO"~: " 31.50 

10 U ti l:-uu;rQ"~(; 50.00 

.OF". n.t:.', 'U'·.-,- ill I. 

Ty pe 1490-F Dectlde Inducttlr 

'I'hi,; fOUl" dinl (1('4'adl'-indll("t ;lH{'I' hox 
ill('nrporatt'~ Ill(' HI'W T YPE \110- 111) 

1)('1':1(1('- [lI(luf·tlJl" t ' lIit tOJ!;ctht'I' II-i t h l!IIl' 
(':\('11 of tit{' T\ I'~: !J IO-K .o F , find -( ; Ultit ~, 

\\ llil'h h:l\'" d"I·:u.ll' " tt'PS or I mh , H) rnh, 
lW<l 0. 1 II t·c"l:N'divl'ly. '1"'01:\1 i nUUl'I:III{'C 

i,., 1. 111 hCllrYti. ndju/itnblc i ll I;j(.p)o, Ii 
100 ~h :\"0\"1' IllI" initial indu('tull('('. 

'I'lipl" CilIlr Wonl i'rice 

1490-F Decade Lnducto. 1.11 I h fOC:'(;>! $450.00 

(hft) Type 1411_N tnd"dor: (c.~rer' Type 94o.DO 
Oe.ode_tnductor Unll: (, .. "" Type 149().F De.od, 

tnd .... 'or. 
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" OC TO B ER , 1960 ~ 

MORE AND BETTER CAPACITORS 
Improved Adjustment Accuracy for the 
Type 1409 Standard 

.\~ lIt' l'OU8t:1II1Iy impr!)\"(' t he· i"t:l hili!." 
of ullr ('](,(,Il'it':ll s1iuld:lrd~, it ht.'l'olllC's 

{'(llwlly d('~il'(lhlt, to impt'o\'P tIll' l'IO~I>­

!I('"" of tll('ir IUJjuiltnH'nt tu nUlllilla] 
ndllf'~. '1\\'1) fattori\ ill/lU('III'(-' t he .s('!t'\'. 

tiOl1 of thill tllljuMmellt aITunu'Y: li11'l1, 
tll1' rX\.K'('!,'(1 .t.tability tlll(l. bl'(·ond. ill(' 
l"omplexily f)f the adju:<tllwllt ill tPrIll:! 
of tinw nnd j'U;;t. 

UC('('lItly puhlished (>i~hl-Y{':\I' n't'onls 
fIJI' OUl' Tn'.: 1100 Standard C'aplIl'itors,' 

" hidl l\l're iutnxiUl't'(i fOl' !oalC' only 
thn'l' y<':U'S flft;O, itidil'nlC' lIull stahility 
l':111 h{' rlii"/'C'J(:tl'tlf'd as n Jimilill~ fal'tor. 

Tht, sk ill,., :wquil'~1 from 11111 'v"I\I'S' 

('xl)('ril'lIn' ill as.~f'rnblillg tilt'S!.' ('ap:ll'itOl'i'I 
illl lWllt'(l tlw own who lillild (lwlIl 11l .~H"­

~t's l thai, \\'illlOlll appr('t'inll\t' illl'r(':1"'(' 
ill ('osl, tlw lldjll~tmcllt !'ouhllw 111:1\1(' 1(, 

:l1.t'lll'r IIIHllilmllU"·\U·!w.\' Ilmil tlu' tht'n 
I'ILrn' lll {I.lfC-. !lILli, tlt· t'onlingiy. n m'w 

tolt'nllj('(' of O.O.V ;. 11m:; I'stllhl;~II{'(1. Dw'­
ill" II Irllll.:;;l;I)11 per·iud. til{' Ilnmt'pl:ltc 

{'I)IlLitlllt'd to read 0.11' (-', :ulIl addiliufllll 
lalwl" 11'('1'(' allixed 10 1 ht, b:l.w. h{'arillJ!; 

(Ill" Iql;t'lId, .. . \dju:;( 1lU'1i ( ! \('{'tll'al',\' 

{l .U.)t { ." XC'II' IllUnC'plall'" Will ill uS(' 

"''''I_hilil) II ... • .. " " .. , ~uo'''''''nl_. ,,' h~I""18""" .",,1 
('."" .. " ........... (;.~~dl /i".jiG IfI_ ... ~d .... ,II, I, 1,,,.1, 
1!1\;(l 
'I t: f:"I"a, · ·,..I , .. ~I~td~ •• 0<1 , I ,.,,,,,,,~):· ri. ~ .... ,I /1,0./ •• 
/;"_",,,"1.,,. M, Ii, Jun ... 1~If'.o, 

(l.") T~pe 1409_T Sio ndard Capo<ilor; (rivht) Type 
91O-J Ouad._Copod,or Unit. 

o 

h(,tll' th{' 0.0.-J1 { hgllrl', .\ (·ertifitatl'. :I" 

hefm't', :It'f'!)mp:lI\il'~ til{' 1':lIJIIl'itOl', gil'­

illg til{' nH':I';IIn'f1 nlim" Uml('l' SI:llf'l.1 

('II \' il'Oll mer I til l ('1)1 II lit ion s, 

Type 980·J Added, 100 pf per s tep 

Fur 1110:<1 of llu' lift' of the '1'\ I'~; !)S() 

J)t'('Udl'-(':lplititur ( ' n;t ~ :Hlt! tlwb' PI't'1 k, .. 
t'f':-:-O~, the Tn'~; :381)' ... IIIdy thrt'(, 
tup:wil:lIll't' r:lUP;('S 1\'('1'(' u\'ltiblll(', 1'1'­

j!;:mllc;-.Sor tlwtli('lt'('lrit' u~('d. rind \dti(·b 

11:1t1, l'('~I)('t'tj\'ei:\', 0.1. (1.111. [jntl OJXlI pt 
pf'f s tt'p, III our ('lIIT!'nl ('awing P \I'C 

!lUll list IT d('('lltlp-I'ap:u'itOl' lI!lit h:l\'i1l1!: 

[00 pf 1)('1' ~I{'p, till' T\'l'~; 980-]) , TIll' 
fal'Orah", 1't'~p0I1I'of' :U'I'ort!I,d lhi,,; d('\'II<11' 

lIllit. wh;eh hllH pol.wt,Vl'l' llt' dil'Ir-I'I!'il·. 
lut:; 1'(':,lllll~1 ill tlw inll'O(llIctioH of thc 

,]" I'~; 080-.J IkttHI<' ('np:u·itur. h:l\illll; 
~il\'(?re<I-lni('ll Jil'l('(·tl'i,' :tnd IlIlmillail':I­

PtU'il1.lI1(·(· illl'I'I'II\('1I1,:; of IOU pf 1)('1' " It'p, 

The (':lp:H'ittlm'r' ill('L'('IIIt'llt,:; frum ZPI'O 

pu:-itiull al't' II;thin ±( I:l;' +;! pf ) 01 
til(' indi('llt('tI ,,:\!tL!' for fUlY ':;C'llinp; fill' 

I\\U-t{'l'I11iIUiI \'()lllll'l'lioll alld \\' ilh;11 

+0. - ('2' 'r +8 pO fOl' I hr('('--I(,I'I11;II:I( tOIl­

IIN·tim!. Tilt' diITt'I'{'Il('{'i'l Iwt\\'(O!(,1l IlIt,,..(' 

adjll~tm(,lIt-a('l'UratT fiJ!lII't'~ and 1 hl""t, 

fnl' the \'ump:l1lioll '1\ I'~: nSt)"F, -C. :tlld 
- II tire ttlu!<('d h.v tllf' switl'h l'ap:H'il:IIlt't' 

(which \';uir<; fmlll position Iu pos;tion 
anti hy iiI(' \\' idN p('r('t'lItl.l~(' l\(lju<;tnwllt 
tf}Jr.r;)Tlf'l' of tilt' 1t1l\·ndut'11 \'npa('ilol"', 
:-'imilady, Ihl.' di)o.~ipati"u f:\I'll)l' fj~tln' 
of < OJ)04jfi is simply tI"lt'nnint·t! h." tIlt' 
d;s)o.ipa I il)l1 fa('tul' of t ht' 1 OO-rf !'ap:H'i lor, 

New Three-Decade Capadtor, Type 
1419-M, Reploces Type 219-M 

The TlI'~; 21!}-) 1 I){',':ul<' Cap:witor. 
(lur "e(·OIlQIlI.V" d('(':I(.I(' {'aptl('it:u)('(' " ... ". 

has ()(,(,II l't'pla('!~1 by :1 1It'\1 :tllli illl­

pro\'f'(i mndd, lilt' '1"1'.: 1.tID-).I . .:\1, .... 

('h:llli(':li dl:lIlV;('io: brin.l!, t he ~'ml~tt'llI't iotl 
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( 

~ 

~ GENEkA.l ItAOIO~ EX I'EIt I MENT E R 

Ihlf) Type 14 19 Oe .. ,do Co. 
.... ~il-. (,ipIoIJ Ty.... 91(1..l 

O..:o" .. CO .... ';I •• Unit. 

ami 11l>1){'!\nlll('(' ;nto lill(' with thl' oth(>r 
THE 11 10 ullit-.. \\hid. han' p!'('\"iou"I," 
1"<'1'111('('(1 {'{luinlh'lIl TH~; 210 llIodc·l,;, 

'I'll(' individual mlt'lHlil'I('{'tril' ('apal'i­
to .. " u"ro in til(' O.OI-~r-I)("I·-"\(,P and 
OJ)(II-llf-J:K'r-... I<'J} <1('(':1<1('" r('main lLII­
dl:WJ((I(1. Till' TYI'E !JSO-L Il:qX'r-di(>!(','­
[I' j(, liN'lull', 0.1 ~f 11('r ;;1('1'. II!<f>S fir('­

(·r;lI'kN'l'hap{'{l. st':lI('(I, foii-anti-ll:tI)('1' 
l 'apat'itot,,,, ha \"inj:( l\ 1' 11'('011" illllll"f',I!;l1l1nt. 

TIL ...... , {'!\p:H'itOl~ 1m VI' th(> followil1F: im­
pro\"('I1 ('hanu:t('ri", it,,..: 

I \<iju.-<tllwnt IU'('lImey of {'ap:wi­
HII"'.' in('r(-,Ilwnll' from zero 1}{»<.\t1ll11 j" 

,-han,C;Ni to ± I.:" ( (from ±2( ( ) of 

T !lw' 

" 
Ihl' indi('ul('(1 \,:\111(' for (In ... • -..('lIil1g. 

'2. Di,.,,,ipatioTl (lIdul" js r{'tlut'('(1 II) h,,.,,, 
thlm 0.00,') (fwm \p,..." Ihan 0.01 ). 

:1. ill"Ul:ltiotl I"I'l<istallt"1' is ill("l"pa,..c'([ 

to > 1010 ohm,.. (from 108
) al 1I1() \', 

2:,°(', .)()( /. HII, ami !Ifll'r :, miTlILIC'S' 
t,l('('trifi('at i()ll limp. 

I. Tpmpt'nllurp {'()('ffi('i('1l1 i" + 1S() 
ppmjo(, nom inn I. 

,j. ~lllximllm 0lwrating \ 'oll:1~(' (dt" 
or pl'lIk ) i" mi",PI[ 10 .)()() (fmm a(XI) . 

n, Frl'tju(,lIt'Y limit for maximum \ '011-

n~1' i" up to '.! h (fmm 1 kd, 
7. ';\laxinmm OPN!Hing t(,IlIP(,nlturp 

is up 10 oooe (hom (j.)oe " 
8, Thl' :;Iahilit,\' of al1 dll\r:I('I{'ri"'lic'~ 

i" ("oll:<idt'mh[y impro\"{'11. 
Thl' II,.;{-' of til{' :<f'III('(1 fil"l'(,1':u'kl'l' units 

pr'I'\"(,lIts ;11('I'('a>'(' of I)oth (':\p:l('il:\I1('(' 
!l.lld di,..,.,ipfltinn fllc'lm' , which would r('­

suit from mO;"IIII'(' f"iIllI:lllIillllt ion , Fllr­
tll{'r, till' u:«' of Ilw \' i""OIl" imp!,(-'gl1:ltIl 
(mther Ihan Ii litjllll i utl(' I, imrnohilt, lit 
opl'!'a' illg 11'1111)-('1':1 I 111"('~, ill1pro\ ' f'~t'npa('i­

tam'(' slahility ~in('(' lIlt' rplatiu' po,.:i­
tion,.. of {"ondu('tol'J' alld ill"Ulalioll \\'il1 
nO! dw,ngt' appn't'iahl,\' :is Ii n',u!! of 
:<Iux'k, \' ihralitlu , I"h:llll1:(' of PO,.,itIOll, (II" 

I('mpl'mtllrt' \-ariatioll,., 
p, I\: :'.ItEl.ltoY 

" , i/:r 

)"".M 
91O-J 

Ouod. C"p"cit" ......................... . .. . . 11 111 \ \ 

\ 1111.1' 

$145.00 
.'.00 O.cod.· Copaci1o. Uni . , 100 pI p. , ".p .... . .... . 

NEREM-1960 
Boston , Monochu u Hs -Nove mb er 15· 18, 1960 

('onl{' 10 XEHE;-' 1. and \\' lwl1 yOll do, t·:tpahl(' of llli't\sllI'injl; itH'idl'Hta[ fill to 
dmp in III Boolh,.. !l tlnd 10 at IIH' {'x· 1 pari in 1I( 
lI;hit~ in tll(' ('omlll()I1\\'('i!1th .\ rrllOl·y . 
()lIr t'lIp:inC't'!1-; \\ill wt"lf'(lllIl' your I"all :lIld 
\\ ill 1)(' glad It) ... how YOII thl' nl'\\' iu",tnl­
nwnl,., Ihal WI' ",hall h:\\'1' 011 display. 
anltJllg them: 

\n ('1(,(· t r(Jni(' fn'(IIIf'lIt·y Illl'tN. tiil'(,(·t 

rt':\dilll\' 10 an IU'i'unw .... of O.le; ami 

.\ ('alihrntor fO!' :Wt'dt'romrtpN lU1d 
oti]('r \'ibralioll pi f'kup~ 

TIlt' Tn'E 1,;:11·.\ ~lrolJ()t:H··. d('­
:-<t'riool ill lht' Sf'plf'mllt'r erpt-r, .,lfllla 

p[tt,; 

m:\II.\· 011]('1' in,;Iruml'lIl" di.~pl:L.\"{'{1 in 
inll'rl',;tiHtz; a1l(1 ",ignifi('nnt U"-I'S, 

General Radio Company ", 

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
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