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LOSSES IN AUDIO · FREQUENCY COILS 
.IN DE SIGNING electrica l com· 
munication Cl juil'lIlCU I. it is frC(I'ICn ll ) 

necessar} 10 select low-los8 inJu(' lanee 
t..'O il.s (or usc in tun('d c ircui ts a nd fillers. 
Experimental dala accumu lated o\er a 
period of several years .III till:: General 
Radio CornpKny have 8ho\\11 tha t a sc i 
of formulae (Ieri"cli by means of .111'­
proximatiolls of lilllitC'll \1llidi , y hold 
\'cry wel1 in practice. These uprcssions 
are 110 si mple that they ha\"c been of 
considerable al!lis tance in !leleelin g; the 
Lest type of coil for a particular lise, 
and they are prese nted here because of 
their wide application. 

The riiscussiull \\ ill be limite./ 10 
measureme nts in the frel , ucll(,Y Ta nge 

L 

"'" .A IA. 

Vl(o. R~ I. Eq"i."len' "ire"il .. r 11 10'" 
rr''':l ''''I\C~ coil 

hCI\\cen JO lind 100.000 c) c1~s per se(.'-
01111 and 10 fr('quc ncics fllr rcmo vcd 
from rcsonance, For iroll -t'ore coils il 
"ill be assumed thai the, ollal;cs arc 
H:r) low in order Ihal h)Slcrcsis lila) 
be IIcglcclcd in comparison 10 eddy­
t'urrcnt loss. 'l os t of the measure­
melll S have bccn m ade (III iroll .... 'Orc 
('Oi ls ("ith and "i lhollt air gap) and 
lIIulti-la~ er audio-fretjIlClIC) coils of 
Ihe I) 1:Ie usuully mel in filter practice. 

\Vilh thesc rcslricliOlls it has bcen 
fou nd lhal all coi ls may be represcni cil 
h) Ihe equi \ alcnt. circuit sho ,", II ill Fig­
ure I where R. is the d_e resis tance and 
U~ iii 11 rcsista lwc ,Iue 10 elld~ -currents 
IIIHI is ;m/erWIII/elll oj jret/IU'"C)'. 

Thi~ is baSt', 1 on the fo llo\\ ill ~ t..'O Il­
.. id,·ralion .. : A conductot placed ill the 
magnctic field nf II coil lUa ) be consid· 
ered a terminatcli seconrlar) \\ indiug, 
As long as the circu lating curren ts atc 
mainly determined by the rf'$i:;trmcc of 
the pat h rather than by its inductance 
Ihe termination impedance ill resisli\e, 
and the secondary circuit ",ill reflect II 

resistance i.u paralle l with the primary 
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winding. In parlicular. t he circulator) 
(Ourrenl s rnil )' exis l in an 11'011 I,;ore a nd 
rna) includc inJIi("("11 curren I;; sc t lip in 
I he wire itseiL u"uaH~ s pokell of as ski n 
cITe .. \. 

In lIlall ~ a ppl ica lions Ihe reaelanl,;C 
to resis lullce ralio. kllo\\l1 as "Q". 
sen 'CIl a" II con\cniCllt fac lor uf '1Icril. 
From th.· s illlpli ('i t ~ of the equi\'a lell l 
ci rcuit ~ho\, n in 'Figure l. i t mi ght he 
expel' lcll 11 1111 Ihe \' UI"\ C of Q \CrSIIS 
frequell c) for 1111 ) coi l \,0111.1 1)1' giH'1l 
IJ~ a fairl } ~ illll'le O'x prcssion. T hc ap. 
plil'ation of onlillarJ cirC' lI it tlietJr) to 

Fi gure I givcs tlu- a pprox im a te rcsulls: 
X = 27rf t 

U = R + (:brfLF 
~ U, 

\, hich ~ives for Q. 
Q = 27rf t = 

II 

I 

" hich haSH ma.,i rnuIII \'ai llc. Q""of 

Q ~ .j.'" 
... U

o 

0' Q = ~ .. fR. 
... 2 ' No 

v'II,II. 
at 8 frtHI UCIW\' j . ., 
whcrc. 

(/ ) 

(2) 

(3) 

f~, il; Ihe frequene., of ma xi llilull Q. 
I'It IIn~ Olhcr frC(IUCnC}. /. tllc I,;orrc· 
sponJillg \ IIll1c of Q (.le I1 0IO' Il by QJ) is 

OJ ~ tQ. (4). 

[ +2" 
f.. f 

Tt wi ll he nOliced thll t. ,llis ex prcf;~ i o ll 

. j ~ 
IS sY llllllc lril'1I1 \\,itlt respect to

f 
... a1Hl j 

a nti will gi\e II c ur vt' shape wll iell is 
inva riant 011 loga rithm ic ]laper. 

T o tabulat e avai la Lle Q data it is 
sufficic llt to 1'101 the po int o f maxim ulIl 
Q aocl use a s tan dard te mplate for 
drawing the curve (th is template lIlay 
be obtainf'd Ly replol.ling a curvc of 

2 

Figure 2 on stand ard logarithmi c 
pa pe r) . 

In iroll ·core l.:oi l8. thc edfly-t' urrent 
loss.!s in the ('opper arc usually neg· 
ligil .le in comparison to those in the 
('ore so th at , for a givcn core a nd vol· 
ume of (·oppcr. wire si1.e has little in­
f1l1 enct: on Q. On(' int cres lillg poin t to 
be nol ed for iron·core ('oi ls is th a t the 
maximum Q for a given s iructure hUI 
with various air gaps. is \'cry nearl)' 
consta nt. Tll is can btl expiaincli by I he 
fact tha t the core lIl ay be regarded lIS a 
single IIIrn sC('ondary of ct) lIstant ter · 
lI1ination. This refl ects a give n shunt 
rcsis ta l1('e Hcross thc wlnilin g regard. 
less o f its illdu(' ta lh:e. Sill ce the copper 
rcsisulIlec i!'. eOlls LHnt, it fo llows that 
I he ra tio of Sllllllt efl,l y.l,;urre n t 10 scries 
cOPI}Cr resis tance III list be cons tant 
a nd hence frOIll ex pression (2) Q", lIl usl 
stay the Slune. E :oq }Crim cntal rcsults 
check fHirly closely wi th the relation· 
ship gi\'en by (3) \\' ll ieh sho\\ 8 thai the 
fre(]llenc), of ma ximum Q va ries in­
versely wi ll. the imluctance 8 S Ihc a ir 
ga p is \'ariel!. 

F igure 2 sho\\s lite dmractcris ti t"S o f 
(t il audio transfo rm er ('ore as I he air ga p 
in the magne tic circuit is \' aried. I t \\' ill 
Le noticed Ih;11 thc ma ... im8 a rc practi . 
"a lly indcpclHlent of the magnil ude of 
the gap. With no gap. the ma ximulll Q 
is about 50 and occurs lit a frequene), of 
90 cycles. Wi th a O.l25·inch ai r gal' t he 
maximulll Q is 45. With a gap of 0.95 
inchcs thc maxi mum Q s tays a bout the 
sa me, at '12, c\'cu Ihollgh t he ga p cor · 
respo nds to a tOlal remova l of the cen· 
ter leg. 

Figure 3 s.hows the (requellcy a t 
which Q is a ll1 a:o.: illlHm for the same 
core as a fun l,; tioo of the iurlu ctull ce in 
accordance with equal ion (3). 

Figure ,I, gives the loci of poi n ts. of 
maximulll Q for several types of coils. 
Cur ve 13 corrcsponds 10 the data of 
Figure 2 and Curve A shows t he char-
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He ler;;; l i!;;; of unOlbcr type of iron core. 
Cur ve C gives tile Inelli. of Q". poin ls 

for a sc t o f mult i.layer •• ir-core coils of 
gi\cn IIIcchanieu l form b UI " .. rr ing 
\\ire si:f.c. I t will uc noticed that t he 
larger wire sizes IUIl e lo\\er IIUI ;o.; ima as 
mi ght IJC ex pee led from Ille Inrger (Ii ­
lIlenSiOIlS of the in d il id u lI J cJ dy­
c urrcnl cirGuil s. T he straigh t Ii lie 
(Irawn through the t hree experimen tal 
poinl,;; ,,' llS .Irawn ill accord a nce wi lh 

c<luatiou (1), 'I il b II IIl1 il slope corre­
spolillilig to what \\'ou lll be o.:"'1)(:c lcll of 
the 1'8ria lioll of Qm wilh the frequenc) 
a l which Ihe lII ux imUiIl nccurs when 

L 
the ru tio of No is he ld cons ta n t, as i t is 

wi l b II gi l'ell gCOIIIClry a nd \\eig lll of 
coppe r. 

Tes ts made on hi gh-frc(IUcIiCY ,lust 
cores show [hul al uudio frcqucllcic~ 

the cITcc ti\ c Ser ies res istance of a coi l 
is \-irtuu lly unchull gcd as the co,'e is 
hrought into t he field. hut the induc­
tance is iu creusell , und Q increase;! Ji-

, 0 
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F' GU,u ; 3. Frc'I" CIICY or maxim"", Q o r ' he 
iron-cQrc coil ,,( Figllre 2 as a runcLioll or ;uJuo;. 
(unoo. Thc i "Jucta,,~e vll ri"liOIl is o/"a;I]OO 
hy varring air gil l" TI,c Cll rN, i~ ,Irw .. ·" 
lI8 " stra igh t lillc o r ~ l o l,e (- 1) ill aC(:onl "n~-e 

with etlup (iou (3 ) 

rectly as the i'lllucl nnce. T he par t ic u_ 
lur elise is more com plicll te.1 tha n ll'e 
pre\' ious oncs heellUse essen tia ll) the 
coil lIl ay he t h o u g h t of as consist.in g of 
t\\ o part s. fir,. t 11 11 a ir-core coi l of the 
type prc \-iollsly considered lind , sec-

;X 
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o soo 1000 , ",. 

FR(QUENCY IN CYCLE.S PE.R SECONO 

FIGUHE 2. Frcflucner ch ar"':: t er i ~ l ic 'If Q f')f au ;mu­
y core coil willi \'a ri o,,~ ;,ir l;al '~' The <'''T\.'~ liTe tlr"wfI 

" ' ;Ih" IC Ul I,llltl' IIl atle in aCC()fll ufle.· wilh Ihe ctl'lHl io fl 
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FUll In,: I. l A~i of ,nax; ""'''' Q 100;"IS rur "ari!)ulI o:oillYl~ 
CUrl" A iii for II lart:e t rn,,~ ff)rnl!'r ",; 110 0.007"no:h i! ilio;:on·Slc.-1 lamination". Cn.>, .· I) is fur 

the c(lil of Figure 2. which i~ wn p,,, liu Ir .. n~(orm"r "';II! 0.018.;" .. 10 !l. il io::u" ·~ I .. el 11I 00;,IIII;onll. In 
IlOlh nor-n<. the " " ",1",.8 rcJcr 10 lIi'_!;" I' ,IiMII ""'~ in tho",,"ntlth~ of an inch 

Cune C ie for 8 g rOIlI' of n1 ulti. I Il~· er air_core ~'Oil~ .. ith Ih", 811 m c Croolt &t'<:lio n bUI u~i"g 
differen t .. iu ~iz~ ,-... 

on<l, a loss ·free induc tance. Ail the 
8 1D0 0 1I 1 of iron in t he field iii H lric d , 

such II Qlrllcltlre I. i ll ha ve II "erliclil 
locus. til a l. is. the max imulIl Q will 
VBr ). IJllt Ihe frC(IUc DCY III which it 
occurs II i ll he unchanged. 

Qne a ppl icltlion of these ideas a houl 
Q fil a) be nOled. JIl cOlls la nl · I\: low. 
pass fi lt ers il is frequenll ) desir li hlc 10 

keep IIIe a n ennniioll "'ilh in t he lrans­
mi lled (HIIIII \Cr ) nearly lJOIISlan(. II i s 

of len Sill led Iha t. in order to l1ehie\'e 
th is. Q shoulll be \cry high. Actua l!) 
the ('h{l uge of a tt elluation is due a lmos t 
enti rely 10 Ihe ilhlltlt COlli 1)()llI"n I vf the 
loss. To nssure f'O n SI!lIlL transm ission. Ii 
coil sbould be ope ra ted a t freq uencies 
we ll helml tlla l ... llidl makes Q II lI\a x­
imulII ; in l !tis region the e rrcc ti \'c 
series rcaista n!'e is consta nt, anti the 
loss. '" lI ich is a lmos t entirel) gO "erued 
by t ll is errect! ' e series resis t ance. is 
a lso constant. 

4 

Ano ther application is in oscillator 
coil dcsign. T o assurc constant output 
as a tuning condcnscr is varied. thc 
c(lui n tienl parallel resisl uncc s hould he 
constant. Lecllllsc Ihis rcsiSlu uce is 
c«lIul 10 the nnli ·rcsona nt illllH.'dance 
of Ihe coil ami represents the loadin g 
on the lube . Cons taHI parallel res.ist­
ance is achievell II hen II Ie coil is op­
era ted a t frequencies \\ ell abo\'e the 
frequency of Il\aXillllll1l Q t; iuce in this 
range the e rrect of series resistance is 
IIcgligilJle and Ihe rl'mnimler lIlust 
dell rl} be conSlllnt . 

Tile value of tllis ll na l)lIis. "fl er It fe" 
measurements have been millie on II 

sample coil, lies largely in t he view­
point ",hieh il gives the engineer , ella­
hlin:; him 10 make more in t e lli~cnt cs ti · 
ma tes of coil beha \·ior '" it hOIl t ae illall} 
ca lcula ting the (:01l81allts o f iiuccessive 
models. - L. B. A llC uum.\ L 
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LOW·TEMPERATURE·COEFFICIENT QUARTZ 
PLATES 

• THE WID E USE of piezo-electric 
quartz plates 88 s tandards for fre­
<lucne) measurement a nd monitori ng 
has s timulated research directed to­
.... nfd morc s table piczo-elcctric c le­
II1C I1 I8 li nd circuits. For the past fe\\ 
)curs considerable ..... ork has been done 
on reduci ng the temperatu re cocflidc nl 
of frc(luency, .... hich is the largest single 
sou rce of frequency varialion. An in­
\cstigation o(this field, together "jIll a 
study of genera l methods of cu tting 
ami gri nding quartz, has been carried 
out by the General Radio Company 
over a period of morc tlUIn a year. 
Studies have been made 110 1 only 0 11 the 
thi n plates used in mon itori ng, bUI 
11180 on the quartz bars llsed in primary 
standards. 

This work has produced a plate 
\\ hich not only has a 10 .... te mperature 
coefficient but is more active piezo­
elec lrica lly and is free from bOlh spuri­
ous fre<lucncic8 a nd a brupt jU IlIj)8 III 

rrequeuc)" whcli thc te llll:k:ratu rc is 
\ aried. 

5 

F1GLKg I (.1.0\ .. ). ESler .. ,,1 " Ie" or hold~r 
,,~e'" (or Tn'li 3i6.L (>uar l1. I'laies 

Fua.KK2 (belo" ), TY1>g 3i6,L Quart1. Plale 
.. ith covo:r renlO~ o:t! . Tho: r<:l ain in,; ring i" S(l 

~hal)t!d that little rlludoll1 mOlion of the pl"te 
ill potsible, The hell\') II I",n;",,'" co,'er .. ith 
it" threaded 1)I"g pro"id ~'8 ~\O"ilily of ai r-gUl' 
..dj us lmenl ILIld uniform helll .lis lril",l;on 

z 
o 
< 

'" ;;: 

'" '" '" 

• 
< 
= 

>< 

z 
= 

'" 

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



= 
= -~ 

Whi le the le mpera tu re coe fficienl is. 
in genera l, ,'cry low - less Ih an olle 
part per million I)(:r llegree C. - it is 
eviden t that ::C"o temperaturc codJi· 
.eicllt 1"0 1l1l0t 8I\\1a.\8 he obta ined in a 
Ilcsi rell tempcralure ra nge. I f a zero 
coc fl'idclIl itl read Ied, it is only for a 
single ICIIII )(:raturc. 

The ICIllI)(;ral ure. frcquclley cha rllC­
Icrislic," of Ihese plates arc 5 110\\ 11 in 
Figure 3, ill " hieh Illc upper cun'es 
sllow th" aClual va riation iu frefjllCll ey 
\\ilh telll l)Cralure. Idli le the lo\'cr 
cur\ es 6ho\\ I he ICIIII)Cra ture cocOicicu t 
(measured al 5.J cgrce illi en als) in 
part s l)Cr lIIi lIioli per llegrec Ce lli igrlHle. 

A lIIelllOll of mount ing has a lso !,eell 
lle\eloped \\hieb res tricts randOl1l 111 0 · 

lion of tlw I'r) stal in the hoilier" ithuut 
materillily ufTcctilig its freedom 10 vi­
IJrale. In the top of Ihe holder is a fill e_ 

""' - 0 

, 
-• 

-
.0 

" 
r-

0 If, 
., • • • - . • Tt .. Of."T~~< ·c 

( \ ) 600 kc 

- 0 

0 

•• .0 

- .. 
0 

/i. 
• . - • • " -TUOPOC .......... " 

(B) 1000 kc 

threaded plug. tile boltolll o f "hic h 
sen 'cs as the " PI)Cr electrode. The 
quarlz plnt e all,l the re taini ng rillg res t 
011 the lo\\ cr elcctrode " hich is in the 
f,)rlll of a plate secured In the isolal1til e 
base. 

T"I'E 376· L Quar tz Pla les nOli re­
place the T YPE 376.J 111111 Tn'E 376·K 
Quart z I'hllcs forllJerly used in Ilio ui . 

toring instruments. Each TH'B 376·L 
Quar tz Plate is udj usleJ al it s norlll!!1 
o l)C.ral.ing IClIlpcrutlirc lIlIlil its frc· 
(lUCile) differs fro lll tha i specifi(,11 in 

Ihe nnler by less Ihan one cycle per see­
ond or O.OOOI %( 1 parl in 108) "hicll ­
CVI'r is the lurger. Whc" used in Gen· 
eral Il ad io T\'I'E 175.A Frequcnc) 
\'Ionitor or Tl l'E 675· 11 I'iezo-E lcclrie 
Osci llator, the frellllcnc}, is guaran tecII 
10 0.002% (20 paris in l OB) for 11 pcriod 
of one )'car, provided Ihe pilltc is oper· 
ated ullder Ihc L'(Jndiliolll! Sileci fied in 
I he cerlifiea Ie of ea librllt iOll , Tbe te m· 
perature coeffi cient of frc{llIency iii 
gua ranteed 10 Lc less tlulU 3 part s per 
million per degree Centigrade bet\\eclI 
200 and 700 C. 

6 

FH: III ~ 3. CIlr\'<'8 sllOwins the Vllr;llt;UI1 nF 
ho ll. freol"cnc,. lind lenllle'lllure e<>cllici .·ut 
of fretl"ency u III" l e"'t~rlliure ill. \ ' II.il ... 1 for 
IlIn.., "Ialt."!! ill II,.. ~1ll ,,,l a.tI hroadcast I.aotl. 
Th,., "l't,er "urve~ ijho .. II ... change of fr. ·. 
'p,ene) in cydeB per st.-con.l: Ih ~ I ...... cr curv"". 
the " ''''''I",rll lllr.: .. -oenl";.:,, , ;n t.ar tll I"'r 

milli')!l pe r degree (;.,n ti ;:; ... ,I" 

.0 
' . .. 

,!~ .0(1' i -0 

., • . • • • • "H._v ..... .., 

(C) 1500 1..1' 
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Fl(;lKf. I. On .. o r the 
grinding 0l'er" lion~ in 

.... the l'fOO I,,{, tion of Gen­
era l Ua. li o qU ll rt :!! 
"l lI teil. Th,.. etl j:::" of the 
"I., .. ;~ 1'1'1.1 pgpi,,~t II 
roh t;"g ,l i~l,;. 8".1 the 
.. " Iil,ra ted he"t! ~ho .... ~ 
I I ... 1I 1Il""nl gronml 

from till" (', Ige 

\lthough Ge n ­
e r a l Ha lli o fr e­
(Iu e ll e) mo nit ors 
are pro. ided "it h 
a precise te lllpera ­
ture-t'o ntro l 10 ) ' 10 -

tem, Udc(jull ie to 

maintain lh e 
a bo\ e· III C Il I io ned 
accurnc) \\ itl. older 
I) pes of pla les, the 
lise of Ihe new 1m. -Ielllperalure-co· 
e llicienl pia tes provides a bet ler margin 
of sa fely. In addition, if, for an) rea­
son, lemporary failure of the tenq}Cra­
lure oonlrol occurs, the fre(lueney error 
is grea tly reduced. The price of'!', I'E 

376-L Qunrt z Plat e is S85.00, bul for 
those lIM' rs of Genera l Had io frequenc) 
monitors .... ho .... ish to replnce their 
present erlsto ls \l ith the ne .... Iype. a 
li beral credi t a llO\lancc for the re­
turned holder \I ill be made as ex­
plai ned below. 

Tn'E 376-L Quart z Plates have been 
appro\ ed b) the l~edcral COIll/tlunil'a-

tions Commission for lI!;e in Gcneral 
Hadio frequen(,) moni tors. 

Studies on 10\1 -frequenc) (Iuartz bars 
have reduced the temperature coeffi­
cient s ofTn'~; 676-A (;lunrt z lIurs, used 
in Lhe Class C-2 1./! Stamlnrd .Fre­
' Iuene)' Asscmblies a l](1 ill C lass ColO 
Scconrlary Frequency Stllnd llrds to be­
I\l een one and l.wO part i! I}(,r million per 
degree C. In (luarl 7. bars, the teml:ICra­
lure coeffici ents are Jlraelica lly 001\­
s tant over Ihe range of teml}('raI IIres or 
tcst , it! contrasl to the qUllrt z plates in 
which variations in lllC tellll}('ralure 
l.'OCffi cient s are o lJscrva ble. 

- J. K. C I.A PI' 

:z: 
o 
< 

'" 3: 

'" '" '" 

G<-~ ... I 1I0d,~ 'I~a ... F,lo'", "e F ...... -' ~~,I ••• n ",,'r~ •• ud I'"'''~' ' F'P"""""" ' ~r I),. G .... 1';'-,,,,, 1"""["'"1 , .. 1'........ . 
~I .. "I. <.,.". 1. " .. rl ' h~l, . _ .... r<t ";,,,,,;,,. 

REPLACEMENT QUARTZ PLA TES FOR 
FREQUENCY MONITOR S 

• W HEN a 1'''I'E 376-J or '!'YI'E 
376-K Quartz Pla le is returned 10 he 
replaced by a TYPE 376·L Quartz 

J 

Plate, t he new plate \I ill be mounted in 
lhe returned holder, rega rdless of 
whether or not Lhis holder is or the l ype 

< 

>< 

:z: 
Q 
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shown on page 5. Under these con· 
Ilil ioll8 n credit of $20.00 ... ill be al· 
lo\\ ed for the returned holder. maki ng 
the price of Ihe replacement plate 
$65.00. Those ... ho wish to make the 

structions in onlcr that eaeh exchange 
ma y be handled as prompll) as pos· 
sible. Under no conditions shou ld 
plules be ret llrnell ... ithollt fi rst com· 
lIlullica ting ... ·i'h ou r Service Depart. 

exchange should .... rite directly to the menl . 
Seniee Ot'partment for shipping ill-

MISCELLANY 
.AMONG THE RECENT di s· 
lin gllished "isitors to our laboralories 
and factory were His Excellency, Pro­
f('Slor lng. Ciancarlo Vallauri and his 
Assistant, J)rofessor Corio 

.Professor Vallauri is Vice·President 
of the Accademill d ' fla lia. President of 
I he Sociel 8' Illroelettrica Pielllontese, 
President of Ihe Ente lIali8110 J\ud· 
izioni Hadiofonicbe, Pre .. ident of the 
Elellrica Piemonte Celltrale, D ea n of 
I he Polit e('nico of Turin, h aly. and one 
of the leadi ng scientis ts ;tnT;ted to par­
tici pnle al the Tercentenary Celebra ­
lion at lI un'ard University. 

• A N I N 0 E X has been compiled 
ror Ihe General Radio E.'(perimcIIler 

cO"eriu g the period rrom june. 1931, to 
i\lay, 1935, indusi,'e. Thi8 is prin ted ill 
1\\0 part s, oue for Volumes VI and VII 
(1931.1933) aud the otber for Volumes 
\ III and LX (1933.]935). Copies ... ill 
be furni shed 10 a ll who request them. 

• A C H E C K of our stock of back is· 
sucs shows Ihlll II considerable 8t1ppl ) 
of the numbers listed berc is sti11 
u\ailable: 

Vol. I. Nos. -1·3 
Vol. II , Nos. 1.8, II , 12 
VIII. III , Nos. 1_10 
Vol. IV, Nos. 5-]2 
Vol. V, Nos. ] .6,8. 12 
Vol. \rl , Nos. 1.1 2 
Vol. VIf, N08. 1_1,.6_.12 
Vol. VIII , Nos. 2·12 
Vol. IX , Nos. 1. 12 
Vol. X, Nos. 1-12 
Vol. X I, Nos. 1. to da te. 

A limi ted s t04, .. k or the follol\ing 
lIurnhcrs is ava ilable: 

Vol. III , Nos. II and 12 
Vol. IV. Nos, I .I~ 

V(li. V, N(I. 7 
V(li. VI I, No.5 
V(li. V If I. No. 1. 

The iSiOues in Volumes I V to X I are 
lhe sa me size as the present E:rp(·ri. 
melfler. The pa ge size for Volumes I to 
III is 9 x 12 inches . 

\\?e shall he glad to send any of Ihesc 
hack {."Opies 10 those ... 110 rC(lueSI them. 
Those issues which are lim iled iu nUIll· 

her ... ·ill be distribut ed while they las t. 

TilE Gel/ erll l Rudio EX I' t.·,UMe,vTJ::U is ",(filetl H'il/lnllt /'If(lrge cucli 
" lOlI.fh to ellsilleers. scielitisLs. tcdlllici,,,,s. (Iud otli c r l< illt,erf's tcr/ i'i 

,'ulllmiltlif'",;oll-jrefluell cy mCClSUrCnHJllt find COHtro! prou!enls. ' F'l c t! 
~e"dit/g rl!flll eslsjor slluscriptiotl s (ltld tHh'rc.~.o;-cllfmge lIotil"6S. plet1se 
supply tllejollotVillS injorITl(ltion: I/(/"' e. COlllptlll y lI(lme. company (HI­
dress, type oj busi lwss compully i ,o; eug Clged jll , (ltld title or position oj 
i Iidi e;dU(.I. 

GENER AL RADIO COMPANY 
30 STATE STR EET CAMBRIDGE A. MASSACHU SETTS 

BRANCH ENG INEERING OFFICE - 911 WEST STREET. NEW YORK CITY 
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