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DECADE VOLTAGE DIVIDER NOW AVAILABLE 

IN TH I S ISSUE 
I'"", 

Tllo.~F. I RON· CoR.;O 

CoII.5 A(;~IN ..... 2 

.THE TYPE ().').I-A Voltage Divider, :'11-
WII,V:-; a useful itlbomtory devie, ', \\';1.-; di:-;­
('ontillucd dming til(' war in order to ('Oll­
('('ntratc pl'Odu('tion fa('iliti~ 011 lll!lI'C 

urgt'llt Iy needed it('ms. Wf> have had :l 
number of requc. .. ts for thi,.; iteIn and :In' 

.'!;lud to annoullce that it i>l again available 
f rOIll stock. 

A8 shown in tht' lIccomprulyillg photogrllph, thili voltage dividl'I' 
Iw .. "1 three djul~, giving dh·i:<ion f!letors of 0.1,0.01, nnd U.OOI, rt'i<I'j('c­
li\'('I\Y. \'oltubrc miio:< betwccn 0.001 :Uld 1.000 can ix· obhlin('d 
in f'tcl)!o, of 0.001 with lUI accuracy of ±O.201C. The divi ... ion is 
ut't.'ompiish(."(i by the cqui\'Zllent of two thrl'e-dial decade I'C:;L.,taucc 
boxes, so connected thnt when resi1<lalH.'C is taken from one box 
it is add('(1 to the other to IUllintain the total resistance constant at 
11),000 ohms. This fl.t'lion is :\ct'omplii<lll'd through the usc of two 
Typ~; 510 Dcctlde-Hc~ilitnncc Units operated from eRch control 
knob by llIf'ans of a chain ciri\'<'. All l'C!'istors arc wound with all 
;\lloy wire of such char:\ctf>ri,..til~ that no diffic'ult)' due to thcrm:li 
l'mf will be cncounU'1'('(1 in direct..currcnt measurelllents . 

The TYI'E 65+-
.\ Vo1t!lj.\"C' Dividf'r 
i~ cUI'!'C'nl1y pri(,N\ 
at. 8100.00 piu.'! 
LO%. Compl(·t(> 
l;pecific!ltiol l"i will 
bc scnt. on l'('{IUf'.--t . 

Pan.' yi.w of ,II. d.c. 
od. ,"01109. di ... ;d.,. 
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THOSE IRON-CORED COilS AGAIN 

;;':'ilicC nublic:ltion of t ill: article 011 
iron-eor(!{1 C{I ]!.;; in the Experimenter a 
ff\w years ago', considerable use hl:l5 
been madc du ring the intervening years 
of the theory developed t herein. It is 
not sUI"prifling that there have emerged, 
during tllll.t period, a number of wa:ys 
in which the lise aJld application of the 
theory may he sim plified. 

PART I 

INTERCHANGEABILITY OF 
PERMEABILITY AND FREQUENCY 

One of the more significant improve­
ments has to do with the method of 
~eeurillg empirically the information 
needed fOI" :l particular lrunillatiOl"1 
stI1U'tUI"C. Thi." needed infol1uutioll COII­
~i"t~ of lh(' maximum f'torug£l fuctol' Q of 
a f\lll coil \\'tJund (Ill the ialllimaioll 
:;tructmC", till' frequent." nt which it 
(j{>('I11·!'\ , and the law of v:lrintiOIl of in­
dudalln' with L'CnIN-lrg ail' ~np. 

Th eo ry 

If rcfercul'{' be Illude to page 9 ill the 
Appendix pOI'lioll of the i\larch, 1912, 
article, it will Lc scell that for a given 
structurc D< varies inversely whi le D. 
vlIriCii directlY:\8 the produetjJ.l. Hellce, 
if fl·{'quellcy is held {'Ollstant, diRSipa­
tion facto l"s Dc (cOPIX'r 1000s) and D. 
(C'ddy-cum'lllt.) :1l"C' fUllctions solely of 
cfTcdivc pennu:lbility J.l. T hll"'. 

" Dc = - and D. = e'll (2"') &. (25) 

" where, 

c' = 1 ~p<tl a.nd 
811"1S.1a 

(;\[c.asurCll1cnts IlI'C postulated at yel·y 
~m;ll1 H, wher(' h .... l<tC'n .. "'is loss is negli­
gible.) ('on.~equcntly, the f;amc 81Hl.pc 

IP. K. M~Elt()' ."d ll. F. Fi~d, ·'11,,, .. Good is "n lro .... 
Cored Coli?" (J",,,,,,' Hfld,o E~f""'i",~, ~',,<cl>, 194:1. 

of Q curve will be obtained at COllstant. 
frequcncy and varying pcrmeability as 
with constant permeability and varying 
f requcllCy. 

The Q or the toil will vary frolll u. 
low vftluc with the rOl"c iJlterlctlvcd lip 
tlll'ough a llluximum villue at some ill­
termediate air gap and down again to a 
low value at a large air gap. 

Technique 
It will be necessary to choose all ap­

propriate frequency ~t which to lll:lke 
the mCilSuremen1,s, in order to be sure 
t hat the Jleak OCCUl"S somewhere ne;lr 
the geometric center of i he induct:lIlce 
range covcred. While cxpericncc wi11 
usually provide:~ gu ide to the selection 
of the IHcruml'mg frcquency, a morc re­
liablc onc is provided by thc expression 
fOI" jM :U1d a few mcaSUl'cmcnts 011 vari-
OilS types of cores. ~ 

The frequency at which the Q of n coil is n 
rmu:imum is given by the expressiOll 

f ,. ~ /3fJ<p,U (23 ) 
- 4"

'
p& "\j StI", 

These frequencies :.re Inade lower ns t.he size 
of the core is incrcll.Sed, lUI the ilUlJ.in.lltions nrc 
made thicker, as the permeabilit.y of thE' core is 
ineren.sed. or Il..tI the resi1!tivity of the core is 
dcert'"nacd. Both of the last t.wo rell-'lOIlS, for 
illStfinllC, operate to mako nn A-metal coro re­
quire n lower mensuriog frelillciloy lIlan n 
silicon-steel one. 

il the frequency chosen were that corre­
sponding \.(J Q .. for 1111 interleaved core, the 
mCl\.Sured points would all fnll lOt and on one 
side (the left.) of the lll!LXimUlll, while for the 
frequency corresponding to DO iron (air t"O re) 
the distribution of poill ts would be Oil t ho 
other side of the maximum. A convenient fre­
quency is the geometric mean of the two vnl llcs 
of f .. correspondi.ng to Q .. for the interleaved 
core und Q .. for the air core. This froqucucy 
corre~ponds to n II- which i9 the goometrie mean 
betl'o'eeJI that of the interleaved material (lnd 
the effective value for the air core.' 
iT";" .. allle is V"3ter lho.n IInil), for .11 .... n two reIIIIOlII: 
(l) The I...,.". • ..., OOt coneelllrnted in • sind. l~)'er. but .­
fiU tbe wl"M .. i"d" .... Iblll yieldi .. ,. larger induotanoe: ' l 
,,00 (:tl 'be I)"" po.th ,...tarn.11<!. tbe ""oter Ie, i. a",,,,,\' 
ereo.ter f .... ctiD" of til<) lOtal. 
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, 
For C)cllmpie, mCllJlurements of iI number of 

Mila tdth oor(!6 of .. % l5i1icoll .IIteel ind iClllO thnt 
,-. tue mlio of inductnnce, :\fId hence equivtUc:n\ 

permeability. hetwcen air oore /lud full·inter­
lefwoo 001'6 is about 65. For :1.11 initial per­
IUCRbility of the oore ffinteriill of 470, tho equiv· 
Illent nit ooro permcllbiUty ill then about 7. 
Using the geometric meal! of 60 ill Equation 23 
gives the optimuUl frequency for taking clll t n 
for the humped Q curve. For A'lJIctlu, the 
permeability vn.luOfl are 2500 and 7, giving !l 

geometric meN} of a.bout 130. 
The following t3ble indicates the optimum 

mCW!luring frequencies fOf gnthcring dl1t9. for 
humped CUrveII lUI functiOIl8 of the IlUlliutlUOIi 
lIize ILIld material (in the order of size). The 
dimcu.IIkms of the four st-a.ndatd Oil lamilill' 
tion IIhllPC:II here discU&led appear in Figure I. 
L .\MINATlO.... 4 % SlI. ICON STEEl. A·::-'h :T,II. 

Nli J805 cpe 782 "1.18 
3~5 823 439 
486 612 327 
3V5 462 

ThffllC figllrel'l CI\II be compared ""ith tho lIotetj: 
rollowing ~b(jrtly below aud witb the d istriilll­
HOll of ploUcd points on the curves ill fo'ig­
Ufes 2 to II , 

Tn the ('xl'Iluples illustrated by those figures, 
variOUil oombiTUItione of lamination eh.'1pe alill 

".-... rnaterilll. appear" It should be noted, in oon­
nection witb fill the curves mentioned here, 
thllt a point reprel!Cnl ing IDCllSUTCments on nil 
nir-rore coil (ferro-mngnetic materilll l'(Im­
plolely removed) generlllly lies r ight, on the 
curve which goes through thc point.s repro. 
8(lu ti ng oondiUons wbere there is !lOme ferro-­
magnetic mnteriul in the cirl' tl lL Th!'l\C p')in~ 
nre identified on t he plou> by lUI Rdjfil,:ent 
letter "A ," A letter "R" on each plot will he 
(,Jaero ndjllcent to the point reprl'!!Clltll1(( n 
butt joint UI the centcr le/l; (interlen\"ed out­
side lep). Bnd a. letter " 1" beside the poiM 
representing the oornpletely interlcaved oon­
dition" 

Some notea oorrelaUug tbe ~ymlllel.ry of the 
humped curvCl! with the me!Uluring frequency 
(Ire given in the clll,tlOIl8. [Jllless otherwise 
stated, fair symmetry ~'IIS Achieved. 

PloHing the Cu rves 

The plots al'e an made with yulues or 
Q ll.!< ordinate:;, lind vulue:; of ind uclancc 
3S abscissae, Sill<'f! the only inronnatioll 
to be cxtm('tcd from the humped cut\'('-, 
i~ the mu..umlllll 0 rc:H'hcd , tiwn: is no 

Fig ul . 1. D!m.,"Ion, 01 (0' . lomino lion. u •• d in 
""".ur.",.nll. 

DECE M BER . 194 6 

neL~ily 10 rctill("(, t he data 80 Ih:lt. 
plotting CUI) be done llb'lli ll!'t. the clTeetivc 
I>crmcability to wlii('h the inductance 
is, by definil ion, strictly propol"tionlll. 

Eal'h of Fib'1.lr0I 2 to 8 will be s~n to 
l':ln'..,' !,wo additionnl CIII' \'es, The sc(.'Ond 
curY<', which p. lo~s downward from 
left to right, is obtained (fl'om the 
original data) by ploltillg measured 
ccnter-leg nil' gap in mi ls against. mellS· 
1IrC<1 inductnnee (at. the init ial pcrmeu­
Ilbilit.y level)'. T hese cur\'cs would h:i\"e 
a constant downward 45° slope (induct­
ance ill\'("~e with a il' jl::l p) , were it. 110t 

fo r the effects of frillp;ing , of Ole reitu!­
tnnce of the m:lgnctic l11utCl' inl, and of 
t.he equivalent ,'elliol mlCC of a btl t.t joint . 

Th(' third curves, p. loping upward to 
thc ri~ht. arc dcriy('d from the !'ccoud 
oner<. For them , the ordinate;; :lI'C the 
srunc as for the second ones, namely, 
measured air gap. The o.bscissne, how­
ever, are frequencies in cycles Rccording 
to the !<eale at Ole top of thc figure, 
These frequencies !H 'e lil(' frcquencicf< 
:'It which the llltiximUIlI Q occurs for 
variOllS a ir gnps. Thig ('UI'V(, CRn be 
used to dccjde what nil' gnp will give 
the best compl'Omisc betwccn stability 
of inductance ng:.\im;t voltage c1umgcs 
und high Q at the (\<'1lircd frequency, 
When the lIir g:tp hilI! IJeen decided 
upon , the frequency :11 wh ich the muxi­
mum Q will occur Ctlll be read from the 
cuJ'\'c, 

, L_-' 
1 l. ___ Jt _++ .J 

~""" """ •• /1 • . --,., .. ... ,,. .............. .. "' ..... ).. ... ", ... ~~ ...... ~,.. ", .... -- " " .• .. ~ .. _ .. -... -........... -.. ~ ~".' .. a.' ...... .... ~ ... -~ .. _ 
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If, now, the center point of a humped 
cardboard template be laid 011 Ule chart 
at the point. where a. vert,ica! line cor­
resl>Olldinp: to tbe frequency indicated 
as above intersects a horizontal lillC 

repre.<;cnting the Q ... chnracteristic of 
this structure independent of air gap 
(passing through t he pcnk of the original 
humped curve), onc can read the Q of 
coils on th is structure (baving the 
dlOscn air gap) at any other frequency. 

To derive the thirrl curve from the 
!<ccond, use i.'i made of the relationship 
that Q .. OCCUI'S at a. frequency which is 
inverse with effective penncability, i.e., 
with inductance. The product, then, of 
inductnnce and frequency for Q,., at all 
point fl is the same. The value of this 

Figur.2. A coil wound On a .moll,orposlog .. ·.tomp, 
cor. (GR 746) of 29·gou!ile 4 % .ilicOfI-.I .. llamina · 
lion. wilh an I~" wide cenle, leg . Iachd 2Jf." high 
wa. meallired at Ike, bul Ihe plat wa. qull e lap _ 
.Ided, willi mod a fllle pain" on the low-induclance dde 
of the peak. The frequency Ih""ld have been higher. 

Figure 3. A call on the same care 01 Ihol of Figure 
'1, employing '19·gauge A-metal famina tian', wa. 
meaoured a t I kc, which woo neady the correct 
frequency. 

Figure ... A coli on 0 :U5 core of '16.gauge .. % 
.ilkon·"eellam;",>lion., h a~inll a *" . quare cenler 
leg, woo mea,ured 01700 cycle •. n." lamlna lion. had 
a blunt-angled no.e.ISee Figure 1 '1 .1 

fillure 5 . The .ome coil a. in Figure 4, bu l with 
. quare.no.ed lamlna lion •. Unfortuno lely, Ihey were 
available only with 0 cenler. lell air gap no .maller 
Ihon ,",". Th.refor., Ihere are no poinl! belween 
oppro~lmalely 0.2 5 henrle. (corre.ponding 10 Jfe" 

, 
• ~ .. •• 

\ / 
, 1\ 1/ , 

J • • 11\ I"-• 1/ " % 
• 1/ / 1\ • • 
~. 'l 

i- "-

, 
• , 

'" • Lt _ 1 
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product can be obtaiflCd by multiplying 
the frequen cy of meMuremcllt by the 
inductance at whi{'h maximum Q of the 
humped curve 0('(,111"8. If Figure 8 L __ 
taken as fill example, the maximum of 
the humped curve oc('ul's at 0,24:; hen­
ries, lind thc mctLi,lI ring frequency ill 
400 cycles. The product of the two is 98. 
The air gllp corrcspond Lng to 0.245 hen­
ries is 68 mils at 400 cycles. To obtain a 
point 011 tJ1C third curve corresponding 
to any point on the second curve, divide 
the abscissa for thc ... econd curve into 
98, from which will be ohtained the 
aoocissa for the thi l'd curve. The ordi­
nate is the "ame for both. The end result 
is two curve.<', mirror images of onc 
another. 

ai, gopl o~d 1.3 henri .. (co" .. ponding 10 complelely 
interleaved IClm;nClljonl). The two .'aplng curves are 
<hOr l for the .ome rea ' On. Willlin th e , onge where 
both hClve poinl., the curve. of ~ig"r .. 4 and 5 
lhould b .. a nd Clclllally are sen.ibty In Ihe lame 
locolion.: 

Figure 6. A coil on rhe .ome .iz .. cor .. , buI mode 
I,om 29'lIaulle A. melal lom1notlon., wa . mea.ured 
0 1 400 eyclel . 

Figure 7. A coil on a 485 cOre of 26·goulle 4% 
,ilkon·,'eel lamination., having a I~" Iquare tenl •• 
I .. g, wa. meOlure d 01 400 cydes. 

Figure 8 . A coil on Ihe . ame .ize co,,,, but mad. 
from 29-lIaull e A-melol lamina tion., wa. mea.ured 
0 1 4 00 eycl ... 

Flgu. e 9. A coil 018800 tv, ... of No. 30 enomel On 
365 co.e of 26-lIalige 4% .ilicon·,teel lamino lion., 
having a lJ{e" .quote cenler leg, wa . mea.ured 01 
400 cycle •. 
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Compo rison of Graphic Results 
With Theory 

The following cquatiollR nrc repent-cd 
from the .l\'b.rch, 1942, a rt icle: 

" :1I"N2"Aa 
L ~ " (I) 

lOul 

f ... = ~ rp<Pitl 
41\'"2p6 \ SAa 

(23) 

If they are combiued by climin:tting 
It, the following equation r(.\Qults: 

N: f Aa 
L = rr6f ... \! 3p.p,~·- (28) 

This equation yields a figure for the 
value of inductance at. which the top 
or tile humped curve should occur fol' 
the particular measuring frequency em­
ployed. This is compared in the follow­
ing table with the value ohtaincd 
graphi('ully from each plot. 

L Q 
lam. ma.t. calc. Mt. calc. lLct. 

746 SS 2.76 2.95 28 .0 30 
74' A 2.59 2.43 26 .3 25 

345 SS 0.219 0 .24 40 .6 42 
345 A 0.442 0.42 46 .9 <3 

'85 SS 0.198 0216 549 54 
.85 A 0 .228 0 .2-1<' 63.' 63 

365 SS 28 .i 33 .5 72 . 1 71.5 

Figure 10. A coil wound with 972 turns of No. 20 
enamel, mealured a t 400 cyde •. 

, 
0 - 00_. < 

/ 

l-
'x 

r; '" H-f- \') V-
Y "-

, 
a 0' '0 a 

L! .... tytl 

, 
I Jl tll(' "'lllllU \\':Iy t he fol lowingeqlUltiOJI 

Q 
_ _ , J~p;S.4. 
- (22) 

.. ij p,/l 

gives t he maximum height which should 
be l'eached by the humped Q curve. 
This likewise is compared with t he 
graphically obtained value in the table. 

It will be noted that t he agreement, 
bet.ween theory and measurement. L .. 
fairly good when the vagaries of ferro­
lllagnctic materials nrc borne in mind. 

Air-core Point 
The fact thlit the point rcpreseutiug meas­

urements on IUl air-core coil fnlls on the curve 
(1.8 closely as other points may at first t hought 
seem strange. However, this point rt(1)rOOtmts 
the extreme limit of low permeability where 
copper loss is the sole factor in determining Q. 
For this condition the flux cutting the copper 
is identical with that. for an interleaved corc. 

In order to demonstrate that this point 
belongs on the curve, extru. poinla to define 
the cllrve were taken for Figure 9. The two 
points to the right of point A represent air 
~1Ip9 of 131 inches lind I J..i inches, respectively. 
T he third point corresponds to 1\ %-inch gnp, 
the longl'!\t nornllll!y meaaured. 

Edd y Currents in Copper 
It. will be noted that. a number of poiut.'1 ill 

the middle of the Q curves (that is, for mooer­
lite-length nit gaps) of Figures 10 a.nd 11 do 
not. fu.!1 on the \lurve. T his is attributable to 
increHsed eddy-current losses in the l'OpJler. 

Figure 11 The .ame coil mea1Ured 01 1 kilocycle. 
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'fbe original theory' iucluded the (lSSumptiOIl 
~bat. eddy-current losse.iI in the OOllpcr were 
negligible. For moderllotc fiit gllp5, however, 
this assulUption nu longer is vnlid. Unless the 
!lir gllp is quite small, Marly all tuc m:l.gneto­
motive fOrce is oom.:cntmtOO tlCI'OSlI the gap. 
This J'(!sult6 in excessive fringing at the gaP. 
{!,lId the lineil of fringing flux Cllt the copper, 
inducing eddy current-s. The resultMt increased 
loss ill the copper reduces the Q below the ideill 
vft!ue to he expected from the I\hape of the 
eurves. With larger gups, lLpprotlching the 
length of the center leg, the Icnkage flux field 
basexp.'mdcd collsidernbly, and much of it goes 
Qut. around the copper. l\Jcn.nwhile, the ohmic 
t08SeS ill the ooil have gune up l'OIWde:rably. 
owing to the increiII!cd current, and ure f4J' 
illrge:r UlaJ.l the remaining eddy-current lossu. 

From the winding datil. given in the cap­
tions to Figures 9, 10, tllId 11, it. will be seen 
~h8L lhe 1088 increWiCS with increilSing wire 
size lilld with increa.sillg frequency, as eddy­
current loss would he ex~ted to do. 

As WIIo8 done in the clIo8e of f>'igure 9, two 
extrA point/! were taken, those at the right of 
point A, to see whether this llnnlysis W:l.!l cozo.. 
reet alld t he points would gr!l.dually approach 
t.he humped curve. They did flO very nicely 
Oil Figure 10 Hnd pretty well on Figure II, 
although the right-hand one of t he two WM 
somcl\'hat of a. sport. 

Edd y Currents in Iron 
There is onc further phenomenon indicuted 

by the plotted poin\.3. 1.n Figure 3 the point 
ma.rked ' '1 '' is way off the humped curve. A 
reAdy explanlltion comes to baud. This figure 
reprC5ents data \..fI.ken on a core of A-meta.! 
laminations. These laminations had liD ineul3t­
ing coating to prevent Interlaminutioll eddy 
currellla ill the way that the seale (Ill silicon 
Bted !l.ctB. It is believed, therefore, lhllt there 
were at the time or mensUTemeut exccgsive 
illterlruniu.'1t.ion eddy currents. These 1\Ct.ed to 
pmh the point :l,way from lhe curve by t\\·o 
effect:!. First, tho extra losses reduced the Q, 
which pushed the point down. Second, the 
extrt\ eddy currents reduced the induc\.tlnce of 
l he t'O il, thus pushing the poiut to the left. 

Ov er-all Results 

1 t csn now be. seen what :\ c:onsider­
able amount of infonml.tion has been 
made :wailable as It resu]~ of fl single 
series of me!L'iurementi;, WiOI v:lrying 
I t-.. cit. 

Fi"y,,, 12. Type. of lo""no lio..o: I,,) blyn l·.,ngled; 
(bllho'p • .,"gled; Id flo l. 
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nir gaps in the center leg at n. single 
frequency. The Q", or t.he magncticstruc­
Lure bas been determined, from wh ich 
the Q .. for otber alloy~ and thicknesses 
of lamillations can be easily deduced 
by metbods givCIt in tbe March, 1942, 
p(\per. 'rhe second 01' downward-sloping 
ew·ve, when taken in conjullction with 
the )mown munber of turns of thc coil 
used in making the measurcments, gives 
all the information needed to choose 
the number of tUrns for a coil of any 
inductallce (ut initial permeability) with 
So gi'·eJl air gap. 'l'bc third or upward­
sloping curve tells what air gap to choose 
in oreler to get the Illaxunwn Q at allY 
particulrll' frequency. Once a specific de­
sign bas been determined by use of the 
second and third curves, its Q behavior 
at aU frequencies CflI"L beforccast by using 
the cardboard template, as suggested 
in a prior paragraph and more fully 
covered in tbe 1I1arch, 1942, article. 

The method of securing information 
suggested ill this art.icle is much 6unpler 
than that used ill the prior OOC, since 
data need be taken for only one instead 
of sevCJ·al humped Q curves. Lest it be 
thought t.hat the morc complicated 
method used to secure the information 
diagrammed in Figurc 1 of the March, 
1942, article was unwa.rru.utcd, it should 
be noted that the simplicity of this 
present mcthod is dependent on facts 
adduced therein. 1£ it had not already 
beell demonstrated by tlctual mCIISurc­
ment that the Q ... of a coil occurred at a 
frequenllY f ... which v:l ried i.uvcr.:;ely 
with the inductance, th:lI. is, was higher 
with larger ai l" gllpS, the construction 
of the third curves from t he second ones, 
pm·cly IHathCJ11aticaUy, could not have 
bcen justified. 

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



GENERAL RADIO EX PERIMENTER 

Example of Use of Complete Theory 

AJI e. ... ample might be given of u. place 
where the inrol'mation ju~t ucseribcd 
would be needed [lnd u~eU. Suppose it. 
was desired to build u series of high-p3..~ 
filters having the same illlpedullcc and 
attenuation cbal'l1cteristies but with :1 

flcrics of cut-ofT frequencies. FigUl"e 13 
.. haws the simple 'IT" COnfib'1lmt.ion uf 
such a filter. The requirement of similar 
attcuuutioll characteristics must 00 in-

- I 
2C - 21Tfc 

-j 

, 

R 
=2C 

L R 
" 41Tfc 

terpreted as requiring the sume Q for figure tJ. 
all the coils. By the rules of filter design, 
t.he inductance is inverse with the cut.-otT The same coi l winding Can be used for 
frequency of the filter. By the rules all of them (ulm·ing unforcsoon diffi­
which have just beell developed, the culLy). The only differences bet.ween 
permeabilit.y (or inductance) of a coil coil,; for filters of different frequellcie~ 
should IJc Lnverse with the frequency will be the center-leg ail" gaps ill those 
at which iii! Q ... is to occur. Since the coils. The capacittmcc values will vary 
Q ... should occur in all filters with the inversely with the frequency. The nUIll­

salllc relatiOJl to the cut-olT frequency, ber of different coils required is thus 
that is, approximately ut cut-off fre- kept at. a minimum, although the lami­
quellcy, theconciusioll is that the dcsign nations U1USt. be :l..~el1lbled iJlto them 
.)f this ~l"OUp of filters is quite simple. differently. - P. K. McELRo\· 

GLOSSARY 

J = frequency of alternating voltage 
and curreut. 

L = inductancl' of coil; henrys. 
'Il = lotal r-Ill-~ flux in theiron; maxwells. 
IJ = incremental permeability (effec-

tive) of magnetic circuit. 
t = length of average turn; elll. 

A' = number of turus of wire. 

V ·d' IT· ·d . " =, . - = c echvc Win ow area 
4 

(lOlU,1 copper cross section); crn~. 
{j = lamil1::l.tion thickness: em. 

A = LoLal goomet.rie cross section of 
magnet.ic path; em!. 

a = stacking factor of iron; dimen­
sionless (ratio of effective area of 
core material to inside area of 
coil t.ube; deficiencies arc occa­
sioned by scale, burrs, bent lami­
nat.ions, core-plating, etc.) . 

l = mcunlength of flux puth; e111 . 
Pc = resistivity of copper; ohm-cm. 
PI = resi:;Livit.y of the lamination mflte­

rial; ohm-em. 
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