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.WORK is progressing on a new four-sto ry 
addition to the General Radio plant. This 
new building, located at the corner of 
State and Windsor Streets , Cambridge, will 
:\dd a pproximately 30,000 square feet to 
the Company's mallwacturingspacc, bring­
ing the total plant space to 145,000 square 
feet. It will be used to house some of the 
manufuctming operations now bcingcarricd 
on in rented quarters and will also provide 
I-I pace for an increase in manufacturing ca-
pacity. 

The accompanying drawing shows the plant as it will appear when 
construction is completed next summer. The ncwscction is the right­
hand unit or the main group . 
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THOSE IRON - CORED COIL S AGAIN 
PART II 

FRINGING AT AN AIR GAP 

Tile otlWI' improvement made si nce 
t!1(' ?l lnrch, 1912, a rticle' comes in a. 
lX'll{' r undcr!!tandillg of t be mechanism 
II hith brove:rns the effective r)(l.rmea­
bilily of a core of ferro-magnetic rna­
terio.i \\itb an Ull- gnp in its cenfA' r leg. 
Reference was made to um:crtainties in 
this respect at the middle of the text of 
page 3 and at tbe end of page 12 of the 
!\Iarcb, 1942, article. Measurements and 
calculations made in the meantime have 
indicated n method that can be used to 
explain the behavior of measured coils 
and to forecllst the behavior of others. 

Theory 

E<IUtltion (3n) on page 8 of t he l\ [arch , 
1912, nrtidc, which gives the approxi­
matA.' f('l:ilion~hip ix>tWe(>1l true and np­
parent permeability, cun be rewritten 3.. ... 

follows (where lira ::J> I): 

I I - - - + g (29) 
J.4R /-lIlt 

. This (.'(:jUution st:l.tes that the l.'quivalent. 
air length of t he magnetic circuit of any 
structure, to be used in determining the 
inductaoce of 1\ coil t hereoo, is equal to 
the cquh'oJeoL oir length of the iron it­
self plus t he length of the a ir gap. The 
C<luivulent nir length of the iron, for i o ~ 

stance, is equal to the :l.ctual ieugth of 
the lIux path in the magnetic material, 
divided by the pl'oduct of its tme pcr~ 
mellbili t.y and Ihp stackinlo! factor. 

St l'ictly, t he l in the term II p.to- of 
Eqwltion (29)5hould be written (l- g) to 
account for the reduction io path length 
in magnetic material occasioned by the 
gap. Actually, the complication is unwnr­
moted, since the difference is negligible. 

If Equation (29) i.s combined with 
Equation (6)' to replace t he unknown j.I 

by directly mCRsurJble L, the following 
is obtained: 

I ('hrN2A) I --- --+ g L IO\) p.tu (30) 

Thi:; ('«uation states tha.t. if the recip­
rocal of tbe mcasured inductance, mul­
t iplied by the proper factor determinable 
from COllstants of tbe structure, be 
plotted as abscissa against air gap as 
ordinate, the result should be a straight 
line inclined upward at 'J5°. It will not go 
through the origin, :;ince the value of 
l l j.l ja is fi nite. 

Unfortunately, such a plot is not 3. 

stmight line ha\·ing the proper slope. I t 
has approximately the right slope for 
points with very 8mall ordinates, but 
soon begins to curve upward away from 
the 450 line 11.8 the ordinates increase. 
The reason for this will be shown to be 
the fringing at tbe air gap, which makes 
the I'eluetance of the gap sma.ller thEln its 
measured length would indicate, because 
of the larger equivalent area. Since the 
si mple theory is easier to use if the area 
of t he magnetic circuit is the same 
throughout its length , this Inst state­
ment should be interpreted as saying 
tbat the equivalent length of the air gap 
is reduced by the effects of the frillb';ng. 
It would be helpful to be nble to ca l ~ 

culate simply the effects of fl'inging. 
Befol'e that is gOlle into, however, one 

otber refinement of the CtllUl.tioll should 
be made. The intercept on tbe axis of 
ordinates would , by (30), represent only 
the value of II p.,a. ActuaJly it a lways 
comes out larger than that value (if JlI is 
8Sl:iigued a representative value com~ 

monly associated with the magnetic rna-
, P. K. Md;l""y",,,,' R P ~·,t'ld. "llo ... Oood .. .."IN>... 1 &' 1'"" I. U-mbo,r, I\) UI. ll,,-, ... _. 
CorM! coat" a",..,.s. Hadv. 8"-'_1 .... MarciL. llit!!. 
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lerial in use). The difference represents 
the reluctance of tl. butt joint ill the 
center leg which can be assiJ,,>'Uoo, for 
convenience, an equivalent air length . 

\' -e tben have the following equation, 
which will yield a straight-line plot: 

1 (4:!rN2A) I 
- --.- ~ g' + b + - (31 ) 
L 10 j.l.ta 

where g' = equivalent length of meas­
ured nil' gnp (g' < g) 

lind b = equivalent :lir length of butt 
joint. 

Empirical information win be used 
which has been df'scribcd in t he first part 
hereof, namely, measurements of in­
ductance against various air gaps. A 
method will be developed for caJculatillg 
the effcctive nil' gap length. T he fnct 
that effective nil' gap lengths oblainoo 
by this method yield fairly good 45° 
straight lines when plotted will attest to 
the validity of the method for the 
purpose. 

Effect of Fringing 

This analysis was inspired by Chapter 
V on "Calculation of the PennealH.:e of 
Flux Paths through Air between Sur­
faces of H igh-Permeability M atCl'ial," 
of Ekclromagnetic Devicc8, by Herbert C. 
Roters, \\' Lley , 1941. \\11ile the whole 
chapter is useful in that it establishes a 
fl>cling of confidence in the methods :Mr. 
Roters suggests, the meat for the pres­
ent purpose is encompassed in Section 53 
on Special FOMnuias for Use in the 
:Metbod of "Estimnting t.he Permeances 
of Probable Flux Paths." Reference will 
be made, by the terminology used in 
that section, to the va rious probable 
flux puths used in this calcu lution. 

The conditions obtaining in Il. LYPlcal 
",hell-type-Iamination stl'llcblre where 
there is all air gap in the center leg are 
covered by Figures 8 and 17 of Mr. 

JAN UARY , 19.4' ~ 

Roters' book. Figure 8 shows the types of 
simple-shaped volumes which can be 
used to calculate tbe pcmleancc of the 
leakage field .• Figure J7 illustrates the 
considerations which determine thl' 
radius of tbe ext.reme boundary of the 
leakage flux paths. The longest lCfi,kage 
flux li ne, following fl scmi-cireular path, 
cannot be Rill' longer than twice the 
height. of the window, since the reluc­
ta nce of the path for any longer leakage 
line would be less if the li ne merely 
jumped over to the adjacent outside leg 
and back again. 

F igure 14 of this artic.1e shows the sit,.. 
uation in and around the ceuter-leg air 
gap ror purposes of reference. Each of 
the two equal dimensions of the squarc 
cross section of the center leg is denoted 
by a. The air gap 9 is repla(.'(.'(\ by ar fol' 
convenience, r being the ratio of t he air 
gap () to the tOllbrue width a. 

There are five differcnt. kinds of flux 
paths to be considered. Their nu ml)CI' 
and permeanccs are as follows: 

1. There is onc geometric (non­
leakage) flux path between the gap faces, 
:J. rectangular priSIIl h:tving a. bllse fU'Cfi, 
a2 and an altitude ar. 

Fill,,' e 1" . fringing parh. around g ,enter.leg air g"p. 
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a' a 
Permeance - - = -a, , 

2. There are four equal semi-(lircular 
cylindrical volumes ofaxml lengtb a and 
diameter ar. (1)"53,1.) 

Penneance = 4 X 0.2& = l.04a 

3. Tbere are four spherical qundmnts 
having a diameter of aT. ('53,3.) 

Pcrmeance - 4 X O.077ar = O.3lar 

4. There are four half annuli having 
an inside diameter ar, 1\ length a, and a 
thickness T given by [0(0.446 - r/ 2)]. 
( ~53.2.) 

Pcnneance "'" 4 X ~ In (1 + 2~ 
'/I' a-;-) 

0.892 
,. 1.27a In --, 

Thf' I!()uat.ion for l' is obwned in this way. 
The length of the extrelne ICmi-eircular mag­
nelic line is [ .. (T + (lrfl)1. Twice tbe window 
height is typicaliy 1.14, M can be disoerued by 
I!xaminillg the dimensions or various an lam;­
n"lio ll~ aslisled in Figuro \", Theee two valuetl 
must he equn.l: 

r ( T + ~) - lAa (32 ) 

rrom which T - a (0.0146 -~) (33) 

5. There are four quadrants of spher­
ical shells having inside diameter ar and 
tb;ckne," [a(0.440 - ,/2)[. (~53.4.) 

Penneance ,., 4 X f "" a (0.446 - ~) 
I f the fi\'e paralle1 pcnneances derived 

above nre added up and the tenns com· 
bine<l, the total estimated penneallce, 
including leakage flux, is: 

p :. a[! + 1.49 - 0.19r 

, + 1.27 In (0.:9)] (34) 

Tbe first term inside the bracket rcpn.'­
scnts the geometric I>crmeanoo, wbile the 
whole bracket represents the total. The 

• bee l'ut 1 

• 
quotient of the two (first tenn and 
whole bracket) gives the ratio between 
the effective gnp length and the meas­
ured gap length. 

efT. gap -mcas. gap 1 
, 

[ 

(35) ;+ 1,49-0.19r+ 1.27ln(0:9) ] 
By appropriate choice of different 

multiplying factors for the pcrmcancee 
listed in 1, 2, and 4, similar expressions 
CRn be obtained for tbe ratio of effective 
air gap to measured gap for other than 
square-cent..er.leg cross sections. For 2 : 1 
nspcct ratio (stack twice as high ns 
longue width). 

efT. gap 
mcas. gap 2 

2 ' (36) 

[;+2.01-0.19,+0.9051ne·:
9

) ] 1""\ 
For }2 : 1 aspect ratio (gaps in outside 
legs of square.ccnter·leg stack). (Note 
that r is ratio of gap length to widUI of 
(''Cnter leg or tongue.) 

eft'. gap 

meas. gap 1 (37) 
2, 

[;, + 1.23 - 0.10, + 0.953 I., e·:9
) ] 

The curves ill Figul'\l 15 include not olily II. 

renter one of oorrection fallt(n'S for a core luw­
ing II. ,equal'll s ta.ck with a ocn!.cr-Icg gap. but 
thcl'll IS also llO upper onc labeled 2 : I (fringing 
h~18 lCS!l efT~et) for ,a 001'll hnving the c<:uwr leg 
ata.eked tWIOO as hLgh all t he tongue wiU~h and 
with Ito center-leg gap, Thel"ll is likewil!e a IO"'cr 
eluve labeled ~ : I (fnoging ha..!! mol'll efTcc~) 
which repl'\l!len13 t he condition existing with 
equal gaps in the oute.r lep of Ito core \\' hich is 
~ked to a height equal to the tongue widlh. 
This eurve show'S " 'hy air gaps in outer legs 
are ICS!I effective than olle in t.he oollter leg and 
that the d ispari ty increases M tho g/l.l~ ill­, ....... 
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The curves in Fii,'tlre 15 are universally ap­

plicable to any sizfI or L .. rniu.lltiolll! hnving ap­
Pl'Oxirnllte1y these proportions, since they 11Iwc 
l;x.'Cn DOrlUaiirod, that is, since they are plotted 
8gtlinst the mtio of air g!~P to tongue width. 
For pllrpo!leS of fringing ClIoI~ll\ations, the ratio 
of air gap to rmlb lengtb has no significance. 

Two other point8should be noted about t bese 
curves. First, they are not directly applicable 
without refiguring to 8O-CIllied sctll,pless lamina.. 
tions, ,irn:c 1M windOOJ height in /hoffl is O.oa. 
Equation (33) will have to be different for 
IIOrnpie8l! iluninlltioll shape!!, and it ill tum 
CAuses chAnges in part!l4 and 5 of the penncanee 
calculations. 

The otber point iI! thlll this aU/l!ysia is "P­
pan:mtiy wo simple to hold strictly fOT very 
large gspe, B8 will be seen on the curves to be 
preacnted subsequently. Points for l.arge gap!! 
depart appreciably from the streight tine. This 
is probably partly beea.u.!IC F,quation (33) hM 
heen used to determine aU four (If the half 
(lnnular paths in 4 above, even though the (33) 
limitation is active only on two of thorn. Like­
wise the (33) limitation is a.ctive throughout 
f)nly 118ft of the pcmleanoo paths calculated 
under 3. 

JANUARY , 1947 

multiplied by 1000 mils per inch. Into 
this figure the values of inductance can 
then-be divided. 

To obtain the ordinate, the equivalent 
length g' of ellch air gap must be calcu~ 
lated by usc of Figure 15. To use Figure 
15, the ratio T I = g/aJ is necessary to 
enter the chart on the axis of abscissae. 
The curve indicates, for the particular 
ratio, the correction factor which must 
be applied. The measured air gap in mils 
must be multiplied by this factor, t he 
ordinate of the curve, to get the equiv!l..­
lent air gap g'. In the calculations for 
the 746 core, the upper curve in Figure 
15 marked "2 : 1" should be used. For 
aU the other laminations, the central 
curve marked "square" is the proper one. 

Figures 16 through 19 SIH;!W for e.-tell of the 
fout lB.minllotiou shupe!! the distribution of the 
corrected empirical points about the moot 

Plotting the Straight Lines probable 45° straight line through them. 
Where bolh A-metal ~nd IImoon~tecl lnm.ina­

Before the points representing incli- HOlls of a given shApe were measured, two dif­
vidual measurements can be plotted to fercnt lines are plotted, 5Cllnetimcs to different 

h 1 1 1 0 scalcs, since the A-metal intercept is IIQ IImnll. see ow cosey tltey ie on the 45 
Severnl details should be observe,l about straight line of Equation (3 1), the data. the8e plota. 

as recorded must be reworked. A possIble TC./I.!lOIl lUI!! alrellds beeD Ildvao()(.'<.i 
To obtain the abscissn, each mc:1.S- for the depArture of the extre.me right-Mild 

\Ired inductance must be divided into point (I"rge nir gap) from the straight lille. 

14TN2A/10111. In th is expression, N is The first poillt, at zero ordinate or butt joint, 
is often rather bAdlv off the curve to the right. 

the number of turns in the coil, and A This is probably explain.:oble on lIlochunical 
tbe area in square centimeters of the grounds, mtller than u an error in m~llre­
center-leg cross sec~ r------..:.------------------, 
tion. This quotient 
has the dimensions of a 
length in centimeters . 
• ince it is desired t lint 
tbis length come out. 
in mils, the value of 
the multiplier must be 
divided by 2.54. centi~ 
meters per inch, li nd 

Fj~\I(e15. lIa.ia of effec· 
tive to ",ealu' ed ~ap length. 
a. a function of the ra lio g / a. 
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ment. Sloping portionll of ("('liter legs of 1I\000t 
Inmination ~hs~ art' hAlf Clit off in a kirk pTC!lll 
to elimilmte filly I'("llter leli inlCrl('sving. If 
ti1r.$Q InminaliOIlJl am cut otT just II little too 
much, t hen ,,1\1'11 Ihl.\y lire ('mnplctd y in\('r­
ICllve<! illlt) II roil , with the oult'r lew; tOU('\l inl', 
the joint is 1I0t truly a butt joint. but h/l.ll Il 

finite g.o.p length . Th J>l ronditiou is not llt 1111 
unlikely to (K'cur. Cmrooonnioll of t bis dew is 
given indirectly by the fllct that tbe first or left· 
hand point for tlw 7-1(j A-mcllll plot fa ll!! on the 
line Vtry w('11. Thero hllPIICrIS to be for this 
InmilUltion II. @JX'<lifll die with a !!QUSnJ nOl!l\ Oil 
the t"C ntcr leg (aoout wbieh Inore will be lIILid 
later), find with II. r.t'nl('r leg \\'hi~h \\'fIII IIIl1de 
slightly more thlln half as 10llg &s the ouU!ide 
wit, in order to be IUro that a bult joint nC\'rr 
had a fillite length. 

Interpreting th e Plots 
11,<'1 first thing to be N'uUlrked in eolllle<:tion 

wilh the plot!! i>I tho geu('mlly @mall departure 
of the poiUlIl from the '100 liuC'fl, and the (nirly 
TIUldom distribution of th., I!(llll!e of deviAtion. 
Pl.&.uaihle cXj.llanatiorUl hs\'tl been profTel\-,tI for 
the pointll which dfWiRte wOl"Bl. 

Tbe first. oonclusion, then, is that the ~ku­
lalions bIised on Howl'!! t ruly repre;cnl the ex­
tent of fringing unt il the air gap3 aN' quir~ 
large in proportiou, say 3 /10 of the tongue 
width. 

T he llltCrcepts UI~ Ih(' II.lC is of rmlinau·~ should 
00 m(.('rpretcd to 11'I\rl1 if poesible what value 
should 00 &S!!igned t.o t he IXluivalent length of 
a butt joint. Als pointed out earlier, the inle", 
...ept. represents II. length which is equal to 
1& + (l/,II,a)!. The quantity II 'p,al is call.'ulat.c« 
for each lamination using.ll. value of 0.96 for a, 
and typical valu(';i for PI of 470 for silicon et«!1 
flUd 2500 for A"m~tal. Thtl tAble Iii Figure 20 
lists thtl informatiun deduced from thn int('f'. 
cepts. 

Column 1 Ikrill lamiluui<.n 811,(' rUld nlAteriRl. 
Coltuiln 2 lists tlit, iD\.('~pt!! &i! read fmm 

the plo~ 

fig .... 16. 

-. . . , -, -I 
: 

FIgu'. 17. 

• 

i ~ I 

• 
Column 3 lists tho calculated value of the 

equivalent air le.ngth of the fel'TO-ffifLgne1ic 
material. '"'"'\ 

The length obl..llined by subtmctin~ Colul11ll 3 
from Column 2 is el1tercd in t he proper (1110 of 
Columns 4, 5, sud 0, depending on lhe shape of 
!.he nose on rhe center leg (l!OO Figure 12 for 
oontours). Flat-nose (Figure 12e) refer'!! to a 
lamination which call be used only ",j1h an er· 
fective gap in the renter Icg And which h8lIthe 
Ilild of the (.'(lnter leg perpendicular 10 it!! ",us. 
T he hlu nlrnngled w nter leg (Figure 121\1 is of 
the type whero tho sloping portion is not far 
nngularly (a bout 130

) from the righlraugled 
portion or the nOlle . The sharp·angled renter 
leg (Figure 12b) hIlS ~he sloping portion Ilt all 
lingle of 45°. 

In the tse\'enth coluffill i3 Iisled t ho equiva­
lent air length of the interJea\'ed mAgnetic ma­
terial &s obtained fronl the mefLStlrement of ill· 
ductancc of the coil with fully interleaved, un­
cut lami.nations. This length call be compared 
wilh Ule typiCl\1 cnlculaled onc in ~hc third 
column. The \,lIluo obtained from measure­
ments (Coluliln 7) will usually be IlCen to be 
larger than that obtained by ealculatioll from 
ring-6llmpie pcnneability value. This ill be­
cause there isllCllUC reluctance in Ihe interlea\'ed 
jointlll which shows up 8!! an increased effcelive 
air length. From th i~ it. may be seen that ,,·hat 
m..s been called for eon\·enwnoo the equivalent ........... 
Icngth of a butt joint repre$Cnt.8 actllnlly tile 
equivalent length of n butt joint at the ocnler 
leg in 8Crie!J wilh pll.tfl. llel interleaved joiut.s in 
the outside legg. 

Conclusions 

Some conclusions Ctl ll be d rawn from 
Figure 20. It flppcllrs thnt tho effective 
length of II. butt joint is a fUllction bot.b 
of the shape of the nose :lIId of the Illalu­
ria l of the core. 

Fig .... 18. 
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Fillur. 19. 

1. For blunt-angle-nose silicolHitee1 
laminations, t.he effcct.ive lengths come 
Ollt as 9, 10, and 11 mils, and for sharp­

angle-nose OIlCS, one value or 10 mils was 
obt.3.ined. These are aU of the same order 
of magnitude. 

2. 0 11 the other hand, blun t-nngle­
nose A-mewl lamina l ions gave two 
values of b or about 5 Md 8 mils. 

3. The on ly flat-nose value, of 1.4 
mils, came from mcasurcmenLd on A­
metal laminatioru!. 

T he markl'tl dilTeren~'C between li:Ur'\QllO and 
I1ngle-nOlle l'ITNlli,'c b'~ " '&.i! 8.~ fil'l!lt surprising. 
Ar~r consid{>f"tioll of the conditions ill the 
Wlltcr-I{'~ I\IIP. lhe result WI-.s less surprilliug. 
ComJder llJ(' condilioOl! at thc gl'P wilh angle­
I~ u.minHlIons. The Hat "OrtioD of the olod of 
each u.muUltion comes opposite to Lbe slOI)illg 
IlOrtion of thl' cnd of ita lIIating Jaminlltion. If 
there were 1}!Ily olle vair of mating Ill.millll.tk.us 
ill tho) oorn, t ho liit' gall would be (Illite large, 
~LIlt'e the iamillAtiolUl would truly butt II.L only 
one shon line, not on a surface. Aetlml1y, of 
()c}urse, !.he tnterltl8vllIg of the Jaminatio~ in 
1I11c(.'eSI:!ively ow ositc direetioIlS gives It double 
gridiron typo:: of pattern un each Cl'OII9-SCction 
face. The lilw8 of force probably do not cra&; 
from straight. w alolling portion of opposite 
lIt.nUnMlollll of !I. pair but. rather, go from tht' 
elraight portion of II. laminatioll Oil 0\11: s ide to 
the straight portiolUl of the 1\\'0 Lsminntiou~ 
ndja.cent on {)!Ich side to the oppollite mating 
mmiuII.tion. Whatever thc trUQ mechanism, the 
reluctance of the joint. is very high compared to 

Figure 12. Type. of 10",inal;0<'I" (01 blunl .angled; 
lbl .harp ... "gled, leI Aol. 
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whAt. (''lLI1 bo obtainod "·itll properly dOl!igned 
8sl·nose u.minliliOIill. T he fact that there is no 
sO,ngihlo difT~rtJllCt' in b for tho blullt.-. alid the 
Sharp-angle oo;oc i" some OOrroOOl'lllion of the 
eUPPO:lIiition th,,~ vcry few linQlf of foree go frolll 
Jlat to ma.tmg i!loplllg faCO>!. Otherwise, tbere 
would be I. nliticcil.Lle ditrerenCt' in values of b 
fur IJlmlL nud 81mrp anglC!!, tx-cllUlIC of tho great 
dilTl'ren~ ilL avcrnge air g;\I)8 in the two C~_. 

The fact that tbe blullt,..allgl<. ... nose A-IIletAl 
mlllinMioros had lowl ... b', ~ not oompletely 
lUldrnl"tood. It 5hould 00: ~'llizctl that the 
mclhoJ PUNtlOO is \lOt inlicI'Clltly an aQCural.c 
(Jm~. It involvc8 Il101!.SurcmcnU; of inductnllCo of 
coiL> on ferrt;-magnetic cores, which nre I'Itlnsi­
tive to sign>}! level and to mochanical treat­
ment. The;:e meagurelucnU! have to be oor. 
It'(·tcl by all nllProximll.16 theory, all approxi­
Illaw line drawn through their plotted pointe, an 
intcrCf'pL read gmphiCtt.lly, lind a calculated 
~u[lpvllititioliS \'allie for equivalent air length of 
the m"'gnetie st ructure subtl'llci.ed. AU of tho 
su('tt,*,i\,c stelJil arc eubjec.t to some error. [t is 
perlillps surprbing t hilt tho.: ngI'CCmcnt i~ 11.8 good 
n~ it is, yct t1",1'\l IlIl1y bt; 1101110 demOlLstro.ble 
I'C.!\.S!l n for the b to be SUlll ll\'r \\'ith the higher. 
!X'rlllCllbiJit~· mat.crinl. 

There is only one valuu for a 1ht,..1lQ$.l oore. 
It agrce8 fnirly 1\1'11 with II. figure of aroUJuJ 1.5 
milic, which WM obtained from fI. o .. llnplcwly 
ind('I>endent type of lUea.'Surcmcnt, UIIing DC 
instead of .\ C. The VNUC i$ believed to be 
rellllOlillble. 

How to Use Thi s Informotion 

It is now 1>O..~ible to calculate witb 
some fair expectation of accuracy a 
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~ OINEITA l IADIO EXPERIMENTI. 

curve similar to the second curves of 
Figures 2 to 11· for some otber combina­
tion of lamination dimensions and mate­
rial. The inductance can be calculated 
from Equation (31). The effective gap 
length g' in that equation can be ob­
tained by use of the curves of Figure 15. 
The equivalent air length b of a butt 
joint elln be obtained by judicious use of 
tbe information in Figure 20. [l/~,aJ can 
be calculated from the values of the 
• s- p"", I 

• 
three panuneters appropriate to the 
particular core structure. If this is done 
for it. series of values of g', and the indue­
trulcc valuC8 plotted nol against g' but 
against g, then the desired curves cun be 
obtained. 

Thus, ooe cnn obtain A-metal curves 
if silicon-steel ones are already avail­
able, or onc cnD calculate a probable 
curve for a completely difTerentmagnetic 
structure. - P. K. I\lcELIlOY 

F. C. C . APPROVAL NUMBERS 
FOR 

GENERAL RADIO BROADCAST MONITORS 
After completion of type tests, the TYI'E 1931-A 'Modulation Monitor and 

.Federal Communications Commission has granted the following approval 
has approved both the TYrE 1181-A numbers: 
Frequency Deviation Monitol" !U\d the 

Tn!!: 1931-A Amplilude-l\loouIaLion f..loll itor - F.C.C. Approval No. 1555. 
TVI'E IISI-A Frequency Deviat.ion Monitor - F.C.C. Approval No. 1467 

MISCELLANY 
\'i~itors to our plaut a.nd laboratories 

in the last few months include Mr. F. S. 
Hewitt , Director, Telc-communications 
lk!scarch Laboratory, University of 
Witwatersrand, Johanncsburg, South 
ACrica; Mr. Olle Wernholm, Electronic 
Research Division, Royal [nstitute of 
Tech nology, Stockholm, Sweden; Pro­
f{'~;;or Scgi:;mwldo Gerszollowicz, Head 
I)f lh(' Oepartment of Elect.rical hn-

gincenng, University of 1\Iontevideo, 
Uruguay; Professor J . Oskar Nielsen, 
Royal Technical College, Copenba­
gen, D enmark ; ]\'fIllC. Nikis and 
~J. G. H . "Bezy, Les Laboratories 
1l.adioelectriques, ))ari3, France; and 
1\Ir. V. A. Altovsky, Chief, High­
l~requeney H.csearch Laboratory, Com­
pagnie Francais Thomsoll-H oustoll, 
Pans. 

GENERAL RADIO COMPAN Y 
215 MASSACH USETTS AVENUE 

CAMBRIOGE39 MASSACHU SETT S 

II[W lOIK 5. NEW rou 
II WUT nUET 

TH. - WOlTH 2·5131 

TELEPHONE : TROWBR IDGE HOD 

BRANCH ENGINEE RING OFFICES 
LOS UI;HU II, tlllfOUU 

151 NOtTH HIULANO nElln 
TH. - HOllYWOOO 1111 

CHICA'O S. ILLI NOIS 
UI SOUTH M I CH IG AN nEIIU[ 

TH .- WUASH JlU 

, . 
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