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G - R INSTRUMENTS 

AR E 

BUILT TO LAST 

New Two- Year Warra nty 

Bocks Up We ll -Establishe d Fad 

.\ full lwo-ycnr wurrant,r the first 
ill the ('II-'('Ironi(' i!l~lrurn(,ul industry 
HOII" applies to all Gencral Hadio prod­
lIthi ;;h ipJ}cd Il flr' 1" .\1:. .. d1 I , l!l.')i. This 
warranty is lUndt' l)Qs:·.;i\)k' by the in­
gredicllts uf high qll:)!it:" that hu n' al-

,... wa,\'1i dml'at'lrrizcd Gn I'quipmcllt 
ei ,,('uil d('.~igll that dO('!< I1" {'ut ('Ol"l1('r1i 
and whi('h prm'ides till' \'xt ra refine­
mcnts that :l",,-;ul'e s tahle- and rcliable 
performl\1l(:e: til{' U>'(, of high-qua lity 
('ompom'uls. whi('h ('ost rnor(' hut r('­
tUI'1l ~'\"I:ornl time,; their (·o~t in (':'Ilibra­
lion tH'('UI'aty und stabili ty: ruggedne."'-S 
of Illt'('haniral ("on.~tnlction. whieh ru;­

!'illr"" long life: (':Ln' ill IlHlIlUfut\Ul"e. 

through ,Il(' u:;(, of ~ki1l('d workmell tlud 
moof'rll mu('hilll'~: and thorough IC.;I­
iug, to IWl ler-thall-ratalog .~I)('(·ifi( ·n­

tion1'l, 

MARCH , 19 .51 

To thc cllgiuL'!'f u~illg thili equipmcllt, 
C-H q unlity Jllcun~ added aSSUl'fllll'e 
thllt his ml'llSUf('llwntl'l arc I!orn'l't, be­
rn u:;c he know:; thc G- H rcpu tntion for 
('ulibl'lltionli Ihilt hold their a('(' ufaf'Y 
over the yf'ur:<. To till' firm huyiug G-H. 
cquiplilent. high qUlllity in ba:<i(' ll1ea.<I­
uring tools IIlt'IIIl S 10w('I' ('osts in t he 
IOllg !'1m: Ic:<:> !illl(' lo.;t, for rep3irs and 
IUllyrr flJe II:;!" fllll perforllwllce before 
rcpkH'('ll1cllt is rrquircd. 

When you buy It G-H producl you 
make an investmen t in 13sting vul llc. 
UUI' IICW \\'UITanty tag ollallllcwly pur­
rha>'Cd in;:tnlnwn ls:<h i pped aftcr ;\ Iarrh 
I , 19.j7. will scn'c as a rcmindcr of Ihi:; 
qualit y. 

THE G-R 2-YEAR WARRANTY 

We won a nt that each new instrument sold by us is free from defects in material 
and workmanship and that properly used it will perform in full accord ance with appli­
cable specifications for a period of two years after original shipment. Any instrument 
ar component that is found within the two-yea r period nol to meet these standards 
after examination by our factory , d is liicl office, or authorized repa ir agency per-

f"'" sonnel will be repaired or, ot our option, replaced without cha rge, except for tubes 
or batteries tha i have given normal service. 
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~ OUUIII ... l 111 ... 010 EX,EJlIMENTlJl • 
NEW VARIAC ® HANDLES OVER 1'4 KVA 

Type WSl Gives More Watts Pe r Pound, More Watts Per Dollar 

For WlC in the "line-voltage 1'01lIll'('­
lion," where the u:;ual overvoltag{' f£,l\­

lure iii nOI needed, the new T.yP<' \\'.;!. 
\' ariae ® ofTeffl outstanding performtl. IlC{, 

and oUlStanding economy. 
• ~ Bz_~"'''' for Pec:ember, 19~~. 

OutPUt "oltagc of the Type W5L is 
('qual to input line voltage, lhllt is, with 
1\.1 \'olts input, the output can be IId­
jllstf'd from 0 to 11;') volts. Load~ draw­
illg up 10 11 nmperes III lill£' \'oltage cun 
Iw handled at any output scLting, giving 
all outpUl ratlllg of 1.2(j,; k\'ll.. 

Thi:; incretlsro rating is mad£' pO&'ibl(' 
hy the elimination of both tile overvolt­
nf(e feature :lIId .)()-cycle OPCr.ltiOIl, 
which pcrmitJ:! t he u:-«' of 3. la rger wire 
"ize fOl' the trunsfOl'lller windillg. S ize, 
weight, and mOlilltiug dimensions arc 
identical \Iith lho:;c of the T .y pe \\'5.· 

For the Il1UI1Y u~ where output 
\'oltllges higher than input. line voltage 
nrc Jlot required. the Type \V.j L is an 
outstanding bu.\'. It offers more waUs 
per pound of weight and more watls per 
dollar than all.\' olhN variable auto­
Irall"former on th<.> mark('1 loony . 

SPECIFICATIONS 
Inpllt ..... n.9" 115 IIOItIl, 60 cycll.!!I; CliO bt> u"",j 
on hut'f! frolll 10.5 to 125 votte. 60 ~ytl('II_ 
O ... tplll V.h ••• , 0 to illl)ut. tine voltalt('; diltl 
I.'lI.hbrlltiOll,O lO 115 volta, corret'l at 115 volti! 
input. 
l •• d loth •• : 1.2li5 kvll.. 
JI.,. d c ...... "" 8.5 amper1'fl; m:ly ~ drs"'!! at 
Any outJlut ~uiolt. 
M •• I",II", CII"'"I: II.Ollmpel'ell. m:l.Y ht·dnt.'o\1J 

(1\ or Ilcnr illl)ut lil\(' \·U!tUgl'. 
N • • l •• d l .... , 60 <yet .. , t2 ""u", 
A"91 • • , JI.,.,I.,, : 32.:1 dl.'ltl1'f'll 
N • • • f TII'"I .n Wlndl"" 21.5 
D· C 1IIo00IID"" .1 WI"dl", . O.92ti ohmll III 2U" C 
D.lvln, r . ... II.: 10 lo 2U ounc('-inche!o. 
M.llnl;"9 : \\ ilhout C;I"<', for 1131),,1 mounting. 
N.I W.lghl: 6' 2 pound.~. 

('odt Word 
wn 
vn 
W5UI 

V.,I.e >&l ... III.,'.' .. ' ....... ................. . roTUO $17.50 
0.75 

24.50 
JI.pl.<.",."'Ir .... h ......................... . 
...... I.c w ilh a.1I 10 •• '''91 .................. . n)lI-r;II~I.l.Y 

THE DESIGN OF IRON-CORED CHOKES 

CARRYING DIRECT CURRENT 

The optimum dctiign of indu('tor~ 
with ferro-magnetic coreN, h!l.\'inp; dt' 
superposed 011 the a-e signal, hilS n<.>\'cr 
been very l>8tisJactorily s.\'st<.>mnli;(('(1. 
Ruch ehokes nrc used, for example, M 

filt<'r chokes in recti fier-type power ~up­
pli~ or a.s pl:He chok<.>8 ill const:l.nt­
('urrent modulnto~. In the pust, the 
lI,;unl pl'oc(·dllr<.> Wfl~ for each user to 
mnk<.> rmpirical Il\('n>itlrc rnen~ on sam-
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pic coils, displaying the resul ts as a fa m-
,..-ily of curves of induetauce versus d-e 

bins for a succc&;ion of different ai r 
gaps. These mCIlSlIfcmcuts were usually 
repcllted for each different lamina tion 
used. There WIlS 110 faci le method by 
which normalized data could be pre­
sented for a given gmde of ferro-mag­
netic material so th:l{, it could be simply 
used for 118 Illtllly different siz~ lind 
shupe:; of lamina tions :.$1 desired. 

Thili 1'iituntion wa$ recognized in I II{' 
early twenties by 1\lr. C. H. Hanna of 
the East Pittsburgh works of Westing­
hOlL'iC Electric and l\lanufacturing Com­
pany, nnd he presented n I)a per entitled 
"Design of Hcnctn rH'C8 und Tmnsform­
ers Which Carry Direct Current. " IU 

t he Winter Convention of Lhe A [ EE in 
i\ew York Cily ill February of 192i ,I 
This paper provided the methods for 
derivillg and I)rescnting But'cinctly nor-

r-malizcd data of the IYI>e being con­
..sidcl'e<1 here, Some lI allllu-Lype cUl'ves 
are published in Fcder:tl Telephone and 
Badio':; Ilrf ertmcr Data for H'lgilletra, 
but. this is the exception mther than the 
rule. li anna's contribution has never 
received the widc uange to which itlS 
IIdvlllltllges enti tle it. 

For complete undel1itanding of the 
matter, reference 8hould be made to 
II UIII1I1 '8 paper. 1I 0wever, it CUll be 

' Mtw J_ .... • /11w A/Elf, ~'ebro....,.. !lro!7 

MAtCH , 195 7 

slated that. li anna 's informution e ll­
abies one to c:dculate quickly the uirg!l l} 
which will yield the maximum indu('­
tan c(' for II gi\'cn Illunl>er of turns 011 
!l givcn magnetic structure with!l s tIlted 
ullloun t of su!X'q)()...ed de at a parti<'ullir 
flux density. It IIllly thus be seell that 
the curves arc useful only to gin' the 
optimum dcsij{lI for II Sl>edfit· stelldy­
stule pu rpose. They do 1101, cOlltain the 
information ncedcd , for instant c. to de­
sign a " swinging" choke in which the 
inductance at. 10 per ('Cnt of full-mled 
direct. currcnt is typically about fi\'e 
times what it i& at full-rated direct cur­
rent. For this pUl'plh(' one would usc a 
fumily of cu rves as descri l>eJ ill th e 
fir.it pliragro.ph . 

Il anlla' lI infonnation (cf Figure:l and 
Figure 6 of his paper, rt'produccd here 
as Figure l) is pre:.ellled liS U single 
t'urve (for earh flux densilY) of s lored 
direct-current enerp;y per unit volumc 

( /'I~J) \'erSlI.s d-t' Illagnetizing fol'('c 

N I 
<f)' il anna indi('au'd that airgap lX'r 

unit length for optilllum 1>CI'formlUice 
by labeled "t r.!lIlIH·crsc mark,. " on the 
cu r\'e. While this t'on\'cys the illfol'lllll ­
tion faithfully , we find that we ('all r('ad 
ilnd in terpolate wit h appreci:\bly morf' 
e:li>C if a S<'pnrate ('urve is provided for 

FI' .... 1. c .. ,,, ••• ,ll' " • • NI ',om Honno·. pop., . ' fI .1I} 491. .Hicon 11 .. 1; ('~"'l H'I'p •• nik . 

V I 

...... i+J:++;::+::j:::p::.Q+.:I 
.. .. 

, 

". 
, 

~, , , ' 

'I 
'. • • • .. .. • ,\,UI'U' "..,.. rP c~ 

• • I " II ¥ 4" l'Ut~~l>ISru Ctl 
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1litl;lq ) 1.M'r unit lenglh 

IlJaj.!; IWlizlllg fon'e 
SI 

1-, J. 

HI'hal'jor o f tillY 8hll PP nlLll :<i1.I' of 

l·W·P. wil h :<illlW lim it :lI ioll". ('n ll he dl'­
ri\'('d frotH )IIII' ll d :ltll1)y 111(' 11:<(' of nOlh­
ill).!; llIun' th ll i l t h(' pro per ('OJl,~tIlJlls IX't­

InilliuJ.t to t he ('or't', TIlf'-.(' ('011 ><111111;; n rl ' 

tl1(' 1'1.1111111' (If iroll :l lld th(' 1(,llgth of t Il(' 
IllftJ.tIU·tH' puth, T hl' IU lt ('r is III·t .... "-"UrY 
I" d"ll'rlllilU' the 1':1111<' of ,'w IIb"I'h>-: t 

Sl T1 f' I ' -,-, It' orllll'r I .. JlN'(',..;;ary W I t' ll IIlt"I'-

/,/, 
pn ·till).!; I he vnl ul' o f the ol'd ilUiIt' - ,-• . 

We lmv(' foull d it adllltllllgl'OIiS to 

lltH plify thl' il1fol'lmllil)1l J.ti\'('u ill t h(' 

"1IIj.!;11' ('\ll'\t· Oil Fi~ul't, a of 11 :11l 11tl'1'I 

pllpI'r , \\hill' hI.' "1)('('il1l'(l ill 1!1:!7 th:lI 

his Fi~urt':i Ilpp1ied to I pt'r ('('111 "illl'OIl 

"It'\'I, Ihi'" j" nOI 1I0W "Ny sp('('ifil' "illl't' 
:I ILIIIIl lwr of t lit' I~,ttcr ~nll l f's of {'I('t,t 1'1-

i':l1 :-ilil'lllL _~It't+, l'oul l1 in :lI'lIlIIHI I pl'r 
1'1'111 o f ",ili('oll, :llId :-(J W(' al,(' 11111 :-(11'" 

II IH'I h"I' il n p plil's 10 the grali(' of :<ili('olL 
,.;H·I'I oft l'll (·tIIplo .... NI £O!' (' itokl's, Fur­
thN. I\(' do IHlt kllO\\ I lw lIux t\{,II:<lt,\·. 

H. III Ilhi"h 11 1It1l1a'.~ ('\In'f'_" 11\'r(' 1:lki'll . 

EWII if IH' did, II would 1)1,' !It·I'(' ...... nry 

1'1 hul'{' :.ullilar ('lIr\'('''' at M'\'eml flu~ 

cI('r1.~ltl\, ... lIIl:lkc (·:trt' of all d(' ... i~n [}roll· 
1{'lIls t'li/'f)llnll'rNI . 

'1'111:< ('01111''; :lImlit from !l IP fa('t Ihol 

till' Pt'l'ntt·:t h ility is hiJ.th ly i\{'[X' lldCllt 

111'011 tht' :Iite rt illting n ll~ delll'lil,\', Wit h 
110 tit· 1I1'1''-<'I1\. t i lt' pt-'rnl{'lI hilily follow:< 

thl' fUlllilillr I·Ollr:«'. [ t ... 1:11"1,.. 011 :1 plll­

Willi tl.t n'ry 1011 flu'\ d{'tl:<il iI'S It l :I l'lIhll' 
'o(JIll{'\\ h('r{' IX'I WN'II 100 and ,j()() I, ri ,'o('': 

1\llh flllx <ll'II"II,I' \fI 1><'l'hups tiOOO, and 
t h('11 full,. lifT In n'r:--' low \'uhll's n ... 

:<:Hut:lIion (w('lIr,.. With tI" pn:'o;('nt, lhe 
I)(·h:tl'i()r is :<i milur, {'X('t' llI Ihat th(' 
pla lt'aLi is dilT,'r(,lIt and tilt' Pt' l'tII (·: liJilil.l' 

• 
heKi lis tu d rop ofT :<OOlll'r . 1)('(':111:-«' of til{' 
t\-{. po1llri1.ing fl ux. The }!;1'{'IIIN , hI-' rl t·. 
t ill' ,,;oQII (, r I Iii' f:llliug ti lT ()('I' u r;;:, 

THE ATTACHED CHARTS 

TlIf' brge (' UI'\' ('S hl'r('I\' ith rt'pn.';;enl , 

l't' ''' I)(,Cli l'l'ly, Ih (' {' rn pirkH ll~' ol)ta il1 l'd 

1,/2 (J 
p1o l~ of V li nd f 

S{ 
lIj.!;a inst -,-. '1'111' 

tll{':t~ut'(-'ml'lIts w<'t'{' nUtdl' u:<ing t'oils 
h:H'inp; ('ot'('~ of ' -. S, S. H:ulio Tf/ltl:,.· 
fu r tlH' I' " j':! " p;mll(' :<lli"1II1 s tl'f'l. :\1). :!I; 

L K, ga llp;e (lI pprnximnlel:--' O,OI!)"), 

"'h ii'l l i~ 11 11 AI:-:I :\ I -J!) !(rad,' m tllprial. 
O\'{'I' 1 he pm.! t{,11 r(':\ 1"S I 11('~ ('UrI','" 

h:I \'l' bel'li lIM'ti lI'il h j.!;ixxl l'{'sults for 

l'lli l" hll l'i l L~ :.?Ii·gnug l' lam in!l tlons of 

,\ISI \I - H) ntn te rill l of ot he r tna ll uf:tf' ­
t UIWS 911>0, fi nd ~.I-~l\u~(, (0,011") .\1 :41 

.\1· 1.; (.'jS gmd t' ) mfllerial. 
In Ihl' ('X IH"t,,...,.ioll" UN'{llh rtJup;hOll t : 
.1 = eITcl't i\"(' ('ro;"-~-,,,,(,tiOll:\l area of 

('or(' ill 1:'qu:tl'(' i lldlt'~. 

11 = max. rH' flllx dt'll",i lr ill li nt's 
· , lit.. 

, ,: = a ppli('d tH' \'ol tllgt, ill 1'0 11 • .." rill;;, 

/ = d il'('e t (' lItT\' ll t ill lltlll ll.' t'I '.", 
/. _ indU l'!:lIH'1' ill I lI'llr." ,~, 

,\' = 1l1lnt l )(' 1" of lu n l:- . 
, .... gculIIl'lri(' \'()hwl« of 11'011 III 

(·uhit· ilt t:llt'.~ Inl) l'I '(h ll'tioll for :<t:ltkillV; 
rlll'lor).~ 

f = fn'tlliCtH'y itt ('ps, 

g = IplIgth of lIir)!;:l I), III' airWlp:<, til 

ull'h{'~. ( 1I :llI lHl ('a ll .., this 0 ) 

1= leup;lh I)f t1I ul:(nC' l il' pa th ill in('h{':<, 
For preptl l' iug hoth of the:<t' ('un'(' 

Sh{,I'ts, Il a tl na - Iypt' dat il lI a :< l :lk{'11 al 

liO t,vel{'s II'll h flllX t/f,tlsiILI'S, 8 , of 

• r",. """"",,I "b ... h , . ... """,1) ~"'-'. n "" 1I ... t." T .... " •. 
1,>< .. "" 12 " v-ad~ or A 1,,1 \I-I\! ; " .... " •• ' ~n'bf. ... I ~, .... h· 
.hI<> ..... 01 ...... '1 ... , lh .. " """ 'I ... "",01 ~ .,-..,.1 

• Till' rnoean- . 1uI ••• I .. ~k, ... 1""0' "I ..... '1Id 00 ."" .... '" 
10. """ .. ,,'<,.In'·"<ila""n.h ..... ,. ,ml~ ... 1 no II><' ~un·~. f ... ,noj"" •• __ :< ... d""11 1..-1(1' .I"".~J h ••• nO) .11_1 on .... 
PI' ........ ". If L.""na l lO<>ll "' .... h tI,i ......... r lD""h .h.d[ • 
. . .. , ..,..! .... thaI ., ... • '.e~,,, .. f..-Ior ",11 ~ ~ Iha .... , 

~I~ .r=I:~~ t:.:d~J~r .. .'-:::I( ... ~t:,=."·;,~~':.':;:~' ~,,;;;; 
'''''I",tI,,,,, 10 11 ... &h.ck"'K fa<l"t. 
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100. :,00,1000. :J()()(), IO.oon, :!O,OOO. :lnd 
r- :10.000 lin(' ~ in .' . 

1. /1 
TI1(' 7 c'ur\'{' ''l'hO\\ III<' widt, "pI'l'ltd 

of int!m'tlUH'l' nl.iuC's 11,. 3 fUlll'lion of U, 
The "prt'3d Ilouid lx' "till \\id('r if data 
hne! 1)('('11 l:Ik('1l for initial fH' I){'rrnea­
hili!.". [t will h(' 1I0h'(l. in gellNal, t im! 
lhl.' tu rns for highN JJ lie !lbo\'t' 'ho."iC.' 
for lower II . For:\ I:Irgl' pllrt of t il{' di,.· 
1:)1I('l', til(' 10- and 1i)·kilolill(' ('urn:,:> 

c'oir wid(' . 'I' ll(> :lO-kilolill(' ("\If\'{' lies 

nllon' th(' ~e IwO 'l('ur Ih(' origiu, but 
. ~hor' Iy gO(':; 1)('1011' thelll and ('ontinu('s 
to ('ro,.." other ('un'l' t:; of :<, ill lower II's. 

T hl" up\\'nrd.i HI,l iued lint's \·,'o.s.i itlJ.!; 

tht- othl'r~ ('()IlI1('tl poilll."! having l hl' 

g . .,., ,. . " l;l\1ll(' - mlm", ){'st' 111(, ';:lt'(',lr:Lelll':1 I ' , . 

s lmigh t IllIiil I'Jl lmntioll "'-'IS ill. T hey 

show that, in gl'rlC'rlll. :1 gin'll 7 ratio Hi 

opt imum C'\T'II whell the d -(' 1>o1uri zing 
flllx i ... ilwl'e:t,.;('d , prol' ided Ih:l\ Ihe n-c 
:<ulK'rpos('d flux il! nl:<o ilH'n'll -;{'d . 

'I'll(' M:'1,'ond l'iC't of ('un'('lS (p:lgr 9 , 
t-howl! Ih(, oplimum Ili r!>;!lp lin term" 

of Y, whle'h ill 1!1)('('i lif') :II! 1\ fUIIl'lioll 
/ 

of Ihl' mJl~II(· ti z inp: fon'(' (in \('I'I11S of 

.N I 
- 1-) ' '1'11(>.0;(' ('urn':< tart' dl' I'in'd fr(Jlu 

I hOI;(' Oil th(' prior t- hN'1 through the 
origillnl datn . T lw,v a rc lS upp1icd ill Ihis 
diITcr('nt form, ralh('l' Ih11l1l h(' WHY Ihi:-; 
informal ion llPI}('lu-,; 011 I [!llmn 'lS (·u r\"{':;I, 
fOl' 1\\'0 n'n,"O Il ~, l'in;l , II gl'ClIi dcnl of 
('ollfusioll Ii! (·Iiminuted . :-;('f'ond. the~ 
ClI rI·C':. al'(' Illlll'h C'llsiN 10 iUlcrpolalc 

,.... ror~ thlln nl'(' 11 n.1111Il'",. TII(' 8:1111(' ('ITc('! 1! 

d('s('ribNi ('olll'('rllilll1: I'('l1itin' 1)('1'111(':\-
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· · · • c · • · !12 · , 

". . • • , · • ,. , , , , , '. , .. , , • , '. '; ., IJ,-~ 

* . , • I · "~~ ~ '. '. Ir""ii~l 1 ., 
" " 

I~ : j i JT 
~ " " " 

., " ., 
ri g ..... 2 . DI", . n ll . nl .1 Uo n do,d G . n •• a l 
Rad;a lam;na. ion l .... . d a • • " o m pl .. In 
.hll o " leI • . 

bilitie:; :Uld the cfT('C'ts 011 0pl im um IIi 1'­

gIll> of higher If "" :wel of Nil lII':ui()1I ('UIl 
be ~n also 011 th(',.;(' ('un'c o; . 

Dimell ~iolls of the :.eWI! ",tUl1dMd C; B 
l:\llIillatiol1 ,;trllt'tU I1:~:l1'(' ",Iwwn ill I'ip;­
urc 2. They arc ("OIl\'('n1t'llt ('xnmple:l for 
usc h(ll"(' 1)('(,uuj;C t hcy ('Oll:ltil lll(, a I'>4'ri('", 
whi('h is rou{!;hly {!;('oIllNl"i('. till' vohm\(' 
eh:1Jlltillp; in 1"1 ICpS whi('h ar(l rouJ,!;hly '1 
lo I. as 11111,\' IX' Ii('('I1 ill TlIhl\' I. ('01-

UIUIJ 2. 
It ,~ hn ll id IX' ol1\' ioll,o; thaI :\11 Ihot 

!H'I'<i :l to Ix' dOllc to lippl.\' thi"" datn to 
ally other lu mirmtion is to ('slnhli"h 
dimC'u",ioll;; fot, ,h(l stnlt'tlll'{' :111:(1 0,L!;OIl" 

to IlwM' of Figul1' 2, dC'lilH'C' from tlwlll 
parametcr'S a.nalogoll" to tl\(l~ C)f Tabl(' 
I , alld pro('ced . Thi,. prO<'{'(lurC' Will' fol -
10wM in Ihc ('ftll'ul:l1ioll of II m.x1ul:ltion 
dlOke. fur whi('h tl)(' ("ore w('iglw'd nl­
mo..t 100 pourl(I", wit h ('ompl('\(' :->11('(·('...".; 
On Ill(' first trilii. 
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~ GENERAl RADIO EX'ERtMfNTfR 

HOW TO USE CHARTS 

~uppo;,<e ,V OU \\";:;h 111l iron·col'cd I.:oil to 

gin' :It l('a~t 11 ('(,I' t aln in(\ U(' W lIce with 
lin :H' :-<iguul of given \'olttlgc l Ind frc­
qUf'lIl"y :.pplied. with a gin~ 1I I>olnrizillg 
de prC':;('lIt. lind iuwinl!; tl d-(, rc:;lst:uH.-': 
1101 more thull II cer tain value, YOII 11M." 

1IIso IllW(' r;o1l1e idCit which lamill31iOll 
:-;t rudure rOil would like to USf.' , 

I I! 
First , calcultltc T and find where 

Ihi1< \':1.111(' land . .., on the tun'c for 11 H 
whic'h is UbOlLI \dl:\l yOlL guc.~.'i the a-c' 
flllx will IX'. ralues of \ ', /, lind A for 
the lnmilllilion:; Me gi\'cn in T nhle I. 

T .\B LE I 
('art l ' (ill,') I ( ill. ) . 1 (i,,!) 

iHi 0.67 :!.GfJ 0.238 
7 I.) 1.-W 3.73 0.37;) 
:11.-, 2.71 ·I .SI O .. jIO 
18.; ,j .... ~j (;,38 0.81 1 
3n:J 11..l 8. l fl 1.3,) 

lig:1 ' 8.0 0.63 1.81 
.ili,', 2~). 1 11 .00 2. :,:l 

/.,/ ! 
If thc T X IO~ (,OIllf'S IIcar the top 

0£ lilt' plot, t hat is, nbo\"(' 700. dlC' il'OIl 
is being work('d \'ery hard, thc d_I' r('­

sist:uwc of d\/' coil is likcly to hc high, 
tl1ld a larger eon:> may need to be ui'K'd, 
If. au thc other hand . it COniCS I1CIlI' thc 
bottom, !:lUY 100 or bdoll', thc oppositc;; 
arc true; that i ~, tht' iroll i" under­
worked, th(' d-e r(';;istall('c will bc quit(' 
1011, lind a smallcr ('01'(' ('ould 1X'l'fediy 
WI-II be used. 

011('(' .vou ha\"e set t led 011 thc core 
you \\"ll>h to lIS(', Cllter the fi r;;t dl!\rt tit 

Li' 
tilE' pnJlx'r \"Illue of - ,-, X 10· 011 th(' 

s/ 
ehn'i/'II JJ ('UITC, thus d{:(erminiul( {' 

Hillel: both I and I arc knoll'lI, .\' i8 dc­
tcrmined, T he wbles for the structure 
cho,.,cn will then ind icate the l:irgesL ~ 
lI"il'(' ;;;i1.e tha t ('an be uscd , :lnd th e doc 
I'e.:sistunce, 

l'nless t he d-c l'esi.'itllllcC ili aho\'c 
\\'hat t'IHl be 101enlh.'{I, the design is all 
right. If t hc doc rc;;:iSla uce is too high , 
try a la l'gCl' ('OI'C, 

:'\e;.; l ('heck the aNwl1 \"tt lue of JJ to 
be c;.;pectcd , using Ihe formula I~' = 

4.4--1 Btt S!" '. 1 
,IIlW ILCIA 

'0' 
is the area of 

t Ill.' ccnter-leg el'oss 5('('tion in ;;qU[lrr 
inches mul t iplied by :\ ;;: Ia('king f:r('lol' 
uf O,\)n, the valucs of which (il ) ca n he 
found in the tnblc, If .'1'0111" lirsl-glles-i /3 
lI"a:; not too p:ood , go on'r any step ... ill 
the computation t hnt would he affected 
by h:l\'iug uscd the \I'I'Ollg II t"ur\'e, 

If .vou nrc nO\\' s"'lti"fied wit h the 
lamillU tion "i1.c, 1I11mbcr of Clil'llS, and 
d-t" rel:'is tun('f', usc the fwc-ond {"hllrt to 
clI'tt:'rminl' t il{' airgaps. Eull'r til{' ('h:lrt 

VI 
at thc appropriatc' ,go tu the P]'OI">C]' 

I 

U ('un'c, nnd read ntiuc of ~, f]'olll wh ich 

a i~ found imlllcd i:lIf'ly by mul l iplyillg 
h.l· I from the tahll'. Th i.'! gap i!ll hc' slim 
of the ga ps ill t il(' ('('nt('r :md ill 1111 Ollt­

.'<id(' leg. Divide h.y tll"O to get tl\(' thi{"k­
lll';,. ... of nOlll'olld ul'iing shim to hc- put 
inll) cn cb of thl' t h r('(' :ti l'gn p,~ ill II {'oil. 

If 11 8in~ll' :lil'g:ll> ill 111(' ('('lItcr leg is 
lI;;cd, the oulet' lep:s being inted{'t\\"ed, 
t he opt imum ai I'g:l p .... hollid he n hOllt I.n 
mils lurgcr (,.;('(' " T hose IrOIl-('cu'ed 
Coils ,\ gain ", Part II , (,'p/lnal Hm/in 
I\:rperim.elller, .J aII Utu·y 19(7) than Ihc 9 
gil'cn by thc {'U!'\·C.~ 

• A .... RI",·I,,~ a;'lIap i. nOII)(JO •• b]~ in .1 ... 7-1.; 0' r.f.; w ..... 
( .. b.eb a,~ EI..,hl,If'd). I.,~~" ''''. IlL EI '" a ... ' man_)" ~ll ... r 
la""""'loo .11&1''' In: no' ""a"'able to ..... n'c.·IOlI PJ> 
~au"" nr 'h"ir ot'lO"""to" •. 1'h~ o,he. UK sta .. da.d lanu· 
Mllon •• ,~ C; I"", f '., 0' """b]" ~;'. "-,,h .1.",M .1 ..... 
Ii"" ~nd (,,,d 11 .. ,,-,,-,,, 10 <e"'et,le~ up., 
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" 
In this case, however, the inductance 

is likely to be reduced by something like 
20% from the \'slues indicated by the 
cun'es on the first chart. This scents to 
be the 1X'118,lty paid for the e:drn stabil­
ity and freedom from cxtcrnlll field of 
the center-leg uirgap design. 

The c.:~tra stability results from the 
lIIutual fridion of the inlcrlclJ. \·cd out­
side legs of Ihe laminatiolls. This ili 
!iufficicntly great that some laminations 
can be rcmo\'ed from one :;;ide only of 
the coil in order to adjust the induc­
tance to a desired vsiue without having 
to damp or bind into place those t'('­

mni ning. freedom from external field is 
:l mal ter of geometry, with the nirgap 
only in the center leg of t he coil and 
\Iith the ou tside legs provid ing :some 
magnetic !'hiclding to outside sllUce. 

There i>! IUlOt hcr ndmtltag(' 10 u.';iug 
II l~ut('r-I('g gap for tl. rcctifier-filter 
choke which ill ellcal5Cd in 8 Illll.gnctil' 
can. A vNy bot hersomc problem was 
solved lJy thill fairly !!imple CXI>cdicnt 
of substituting OIiC ccnter-leg nirgap for 
three ~8 pS , one in ('nc h leg. I L was found 
that this choke, at. the input of a choke­
fed rectifier fi lter and having, eonsc­
qU(,lltly, a high a-c rilmlc t"ompOllcnl 
:lcro:ss it, wn~ aurally yery noisy in t he 
I 3~"-thick cold-rolled ~tcel cn:;c in 
which it was mounted. The lIoi!'(' was 
found 10 em:wate from the \' ibmting 
:;idcs of the CII:<C, wh..ich are close to the 
\{l.Iniuatioli structure ad jacent the ends 
of tht, ('('nter leg .. \ 1\ other curatin' ex­
lX'd i('nl~ fni\{'d, Huch flS light wedging, 
rc~i\icnt padding, or high-tempernture 
treatmcnt to flow the pOtl illg compound 
into lhl' lnmin:ltion structure. With 
lhrc(' air~:q):\ the a-c maguNizing £or('(' 
requiN'd tl.l the gnplI in the outer legs, 
addoo to that required for the iron in 
the l" -porI ion from aile end of the CCIl­

ter leg out and around to the other, 
COlisI it IIIC~ t he majority of t he wlnl. 

MARCH , 19.s 1 

With a single cenwr-leg 3irgllp, this 
magnetizing force at the ends of the 
center leg is markedly rcducro (&."lY, 
around 3 to I III tl. ~ypical illlltllllt"e). Its 
aUracti\"c force for the mttgrwti(, "id{'s 
of thc case i~ reduced hy the l-lquar'e of 
this figure (or almo:';1 10 to 1). 

EXAMPLE OF A DESIGN CALCULATION 

Let u.;; tah all I'xample. Thc iuput 
choke of a particullir rectifier filter had 
some such requiremcllt:'; a'l lhcsc: 

L ... J.j hcnrys 
I = 140 rna 
Il = 200 ohm.s 
('ore d Cl-li red IS.j 
First. ca\ru\:uion i!:l fur stored energy. 

/,{: 1'-) X O.tl~ X 10' 
X IcY = = ,j.''J,j 

If ,l. W 

rsing thc Clln'C for H - 1000, this gi\'c" 

., "/ 9- " F h· a - 1- = I.,) . rom 1 IS: 

.\' = 97..'l X n.38 _ 11.10 
0.14 

nefcrriug to tables of turns fo r thi~ 

lamination , thi.;; is a full t'l)n~ of :\0. 2!l 
enamel wire. IJ- re:,i"tanr'C is ISO 
ohms. 

So far. ('\"eTYlhing i" all right in ac­
cordance with the "j)ecifi .. ations. XOI\' 
che('k actual H-\Iax .. as..,urning a 200-
mit signal of 120-cy cle f/"('fJuell('Y from 
the full-wa\'(' re(" tifiN. 

·t4-t1l x 0.811 X !!IO X 120 
200 - 101 

From this 13 "" 10.000. 
The gue,.:, of I(X)() for H \\8" nOI good. 

If the curve for 11 - IO,(X)() i/O used. 5~n 

Sf 
for stored energy corrcsJXInds to - 1- -

00. For thi" \"tlluc S - 1100 turns and 
H "'" W6 ohm". 

XI 
C"ing -l of~)() and Ill{' n "., JO,(X)() 
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~ GENERAl RAD IO E X ,EIIMENTEI " 
curve on Chu rt = O.OO·H;.i. Th is 

meam; that g = 29 milo. Each gnp 
should he hulf of Ihio, or 14.5 milo. A 
figure of L} will be ncur enough. 

Thc SIX'tificatiolls for the l'oi l. there· 
for~ will be thcr<e: 

..j 100 tu rns of :\0. 29 ('na mf'"led wire 
wound on tI IS,) ton' with thrl'(' gaps of 
1.) mils cach. 

Actually, in this instance, it, was 
n('(·('s. ... u-y, to pJ'{'\'cnl nOIsy steel ('ans 

as a result uf the ('x!Nllal field of the 
tOil.i, to make this input ('hoke wit h a ........ 
singlc ('clltcr.lcg ai rgap. To get the dat:l 
fO I" this coil, an indllrttllltc 20 to 2.)f~ 
larger must be used in til(' ('aklilatiolls 
and 1..) mils addt'd to Ihe g gi\'cn by 
the ellr \,cs. 

- P. 1\. :\ l cELIlOY 

Thi~ m~lhod and ll:\W for roil de~ign h:I\"" 
1)(.'('11 ill "ii(' tit Gen('flll Iwdio for ,o('\"(, f:11 I·cn r". 
T hc lIuthof i ~ ind('l)tcd to J$nj('"~ K <"lapp. 
Chllrll'lI E. rti l'(!, snd th l\ late 1I!lIl1molld II . 
Hollis for the original mf'n~ull'm('nt'" on "·hidl 
the .. httfUlIlf(' b:I>'l.·d. 

SHOW BUSINESS 

RA DIO ENGINEERING SHOW 
Ne w yo.k CoU .. um 

GCIlPI"ui Haclio Com pany cxhibits 
arc in Boot,hs 3302330fi :\lld 2319. 

Mo .. h 11-21 , 1957 

,'Cl' the Experi/l/(,lIl£r fo r Fl'brull ry fOl" 
comple le dCluils. 

1957 NARTB CONVENTION 
The Con.ad Hilton 

,\ gai n this yCM, at th{' t'oll\'ention of 
the :\[1lion:l1 .\ sso{·iation of Badio and 
Telc\"isioll BroZldf'ustCI'S, <.;euernl Hadio 
lI'ili be in Booth :\0. I with u display of 
sta t iol1 mouiton; (including the new 'IT 
monitor), modulatioll lind d istortion 
nWtNI', linc·\·olt:lgc control de\'ircl', in-

Apr il 1-1 1, 1951 

slrulllcuts for th{' lllCUl;uremcnt of an· 
ten nilS and lin(,s, hn rmonic melll"uring 
cquipmellt , sound·lc\"el meters, 1\l ld 
ot her items of interest to hroadcllst 
enginccrs. 

ThcH(l cllgin('('rs williX' on hand to 
disf'll fi.'1 your measuremcnt probl<.'mli . 

Willilllll H. Thlll'stOIl Chades .\. Cady .J ().';(.·ph K Beld H'r 

SOUTHWESTERN IRE CONFERENCE AND ElECTRONIC SHOW 
The 5hom.ock Hilton Hou. lon April 11-13. 1951 

Al the :\illth .\ nnual :-;olllhwcstern 
1 H E ('onf('fen{'l'. wit h which is rom· 
bincd til{' :"iC{'ond .\ llnual Simulation 

COllfcrcIH'(', General Badio ]lrOdlltt.., 
\\'ill be shown in Boot h :\os. 03, 13 I, alld 
n.). En~in('('rs in attcndancc will IX'; 

.J ohn C. (;my Fmn k J. Thoma \\"illi :\l11 .:\ 1. lhdt· 

General Radio Company 
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