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PARALlEl COMPONENTS 
IMPEDANCE 

1 N T HIS ISS U E 

• WE HAVE RECEIVED lat e l y a 
Illlluoor of inqui ries ahout the meanin gs 
of su, ·h LCrms us "scries capacitance." 
"pa ral le l ca paci lance," "series resistalu.:e," 
" paralle l resis tance," e lc., as Ih('y are Ilsc(1 
in inslnlcLion books for Ge nera l Il adio 
bridges. Alt hough most e ngineers think in 
terms of the !le l'ie!! compo nents of imped­
ance , mUll )' ty pes o f problems, parti l'ulm'[~ 

III'.AT Dlij;;W ATlO,.. 

I'HO II CAlliS ...... " . 

A,.. E SG I ... .;:.;:' II Sr. 

A ""KOAGII TO 
TKOUT FI SIII "'G 

.. 
5 
7 

tho;;c involving vacuum IU t.eS . an:: more 
simply handled in lCrins o f the parallel COmponents. Ce rtain hrid gc 
circuits gin! directly the se ries compo ne nts of a n illlrlC(iancc . whil t' 
o thers ca n be a rranged to give the pa rallel component s, the cllo;('c 
depending 0 11 the intcmlcd application. Discussion of the relat ionship 
bc l'l ccn the S('rics and parallel compone nts, howe\'cr, seldo m appea rs 
ill thc elc mcntary textbooks, 

Thnt any impedance can be re present ed bOlh wn,'s is clear from Ih., 
fuc t Ihat measure ments 0 11 it. at a single frequency call dete rm inc olll~ 
the relationship behl cen thc voltu ge Ul'ro!'s the imlJC(lancc and thc 
in-phase and quad ra tu re componellt s of the current fl o"ing th rough it, 
S ta ted in terms of p,ower c nginccring', II circuit c lCIlll'n t d raws a certain 
11lliOu nl. of PO\\er a t a part icul ar va luc of PO'ICr flll'tor, :U1d t hese ti,!) 

(Iuantities comple tely define the c ITe"li ve impcdant'e of Ihe clc ml.'lIt fO l' 

Ihe conditions applying, It is some timcs ('on vc nient to re pl'csent lhe 
impcdance as a pu re resista nce in series \\itll a pure reaclllllce, bU I it 
is vc rr often more oouvcuient 
to ~onside r it as made up of 
11 ,lilTer\' lI t value of resistance 
i ll parallel \\illl a T"Cll('lanee, 

F IGl lHK I. ElI o lllrk'ti of C< t" jHll,," t 
~.'rj" . un ", I'" ",,IL.-, "irc" i l ~_ 

10 J20 

~ 

10 J.5 
~ 
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GENERAl RAD I O EXPERIMENTER 

TIll' 1\\ 0 represen la lions, htl\\ c \,e r. arc 
('omple l,ely equi valen t and e itilf' r pair o f 
l:Ompolll'lI lS l';tn be simply (Iele rmincd ill 
terms of the o the r pair. 

For e~ample il will be seen Ihat, in 
three ,'a;ocs shown in Figure 1, the firsl 
configuration of scries elements wou!,l 
drlll\ Ihe sa me curreut, h01 11 in pbase 
and magnilude as the second configura­
tion, cOII:;;is ling of resis lil'l! and reactive 
clemenlS in pa rallel. 'fhe two arran ge­
ments of eacb case are imlistin guishablc 
fro m each ot her by measure ments mnde 
a t Iheir le rlllill ais at a fixed frequeu(, y. 

The gcncral relationship between t he 
ele mcnl S of Ihc series and parallel nr­
rangc mcnl s ca n be simpl y found by 
eq ua tin g IIw Cllrll.' nl llra\" 11 io the 1110 

cases. 

( I) 

'I llen: R. ami X. arc Ihe sc neil COlli ­

IKlIICllts and u. p and X" are the pa rallel 
cOUiponenls. Ra tionaliz.ing !lnd cqualin g 
Ihe fcal a nd imaginary le rms, 

N. ] 

U~ + X; = R II 

0 ' 

(2) 

., 
X,~ X.(l + ~~~) (3) 

The qumllitr X,/No is the familiar Q 
or s to rage fae lo r of an induclor or ca pac_ 
ilor, and il s reci procal is Ihe ,Iissipalion 
fal'lor I), more frcq uc llf'Y (,Hlployed ill 
describi ng 1IIf' losses ill "<tpacilOfs. Sub ­
stiluting the&' fjuantili c!I in E1lllllliflll f> 
(2) a nd (3). 

, 

II,,~ 11,(1 + Q')~ 11. ( 1 + ~,) ( 1) 

X" ~ X. (1 + ~,) ~ X,( 1 + n') (5) 

Tlrese eq ua tions give Ihe parallel 
components of impedance dircc tl y ill 
lerms of Ihe se ries eOIllIKlJlcnI S. T ilt: 
relationshi lIS, howe ver, ser ve ,·quall Y \\ e!! 
when the sericsco llll)()ncnts nrc re{lui red 
ami thc pa rallel cOlll pont' lI ls are given. 
hecause t he quantily Q or I) can be 
de termined d irec tl y from ei lhe r the 
se ries or para llel compollclll S. Oi" id in g 
(") by (5) , 

"' 

Np U' Q~ R. J 
XI> = X. = X. I)'! 

(6) 

5 0 Iha l Q Cllll I.Ie dc tc rrni llcJ inullcdi· 
alely. whichcvcr Componen ts ll.rc givc n, ~ 
and used iu Equa tion" (4) and (5) to 
()blllin t he other components. j\ fu rlhcr 
siluplification is Ihal only one of t he twO 
Equations (4) und (5) need be c lIl p!o)ed 
with (6) to make lhe com ple le Iransfo r · 
malion. The t h ree s tcps in each easc ure 
as follows ; 

Chv!II U. fllIIl X. 

( 1) Q ~ X, 
R. 

(2) II , ~ 11. (1 + Q' ) 

(3) Xp = Rp 
Q 

Chell R p alld X p 
11 

( ' ) Q ~-' 
X" 

II , 
(2) II. ~ , + Q' 

(3) X. ~ II.Q 
Jf it is preferred to work ill te rms or 

llissipation fac tor t he l:orrespond ing 
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-

-

, 
ste ps a rc: 

Ch"CII R, lIf1(i X. 
II, 

( I) D ~-
X. 

(2) II ,, ~ 11.(1 + ~,) 
(3) X p = UpO 

( I) 

(2) R. 
1 

1 + D' 

(3) 
,. N. 

X. =-
D 

It ~ seen that use of Q or D. whid. arc 
associa ted with equal simplicity ..... ith 
ei ther the series or parallel components , 
greatl y farilitat cs the transforuuuiorl. 
Sincc (6) is readily borne in mind , t ile 
only relation ,ha l need be re membered 
is that, as seen from (4) , the ratio be· 
t ween the pa rallel and series resis tance;:; 
it' the quaUI!I )' 1 + Q'!. . . It should be 
lIolec! that the "Mu ltel resislam;c ami 
parallel reactance ;m.\ alwars grual('r 
t han the corresponding ;;crics (:<lIUpo, 

ucu18. 1l is obvious that for large Q the 
serics resistance must be small compared 
with the se ries rcaclanee, but the parallel 
rcsistan(.'e must be large compared wi lh 
the paraUel reactance. 

One of the simplest examples of the 
IItility of the parallel impedance com­
ponents is ill parallel resonant circuits 
where Ihe coillosscs arc hi gh, h \\,ill 00 
see n iu Figure 2 that parnllel resonance 
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R, 

Rp jX ~ ; V-jXC ~jX , 

b 
¥ _jXC 
'! 

F'CUltE 2. Seri,>;< :,ml I.:orand resonan t e ir . 
cuit~, The capaci t"lIce necCilsary to rCilOlialC 
"'ith a g" 'en inductallce ",ill ,Ic/'t!ud UIWIl 
" 'hetb"r tbe d ementa are connected ill lieries 

or in " aralle!. 

0':l;lIr8 " lieu II.e condense r rcuClancc I'; 
cxactly C(luai 10 t he parallel reac t ance of 
the inductor, regardJess of tbe t'oillosses, 
If the tuning ca pacitance for paralle l 
resonance is determined from the se nes 
eomponcnl s o f Ihe coil impedance, on 
the olher hanrl , the required va h.e 
depends both on the resistance and 0 11 

Ihe reactance. In the series circu it the 
opposite applies and resonance occurs 
wllc l1 Ihe condense r rellctance is exactl y 
c11llal to the se ries reaCl.am'c of tl.c 
inductor. Whcrc Ihe Q of the coi l is high, 
Ihe difTerence Uctween ils se ri{'s an. I 
parallel reactance is negligible in ordin ary 
applicatiolls. Even wilh a Q of 10 th<­
difTcrcnce is only one per CCIlI. BUL for 
lower values of Q the JifTercllcc rapidly 
increases. Thc parallel reactancc of an 
ind uctor with a Q of 1 is twice the se ries 
reactance, so that only half the ca paci. 
Lance is rC(luireri to Lunc il 1.0 resonance 
in a paralle l circuit as ill a se ries circuit. 

- W, N. TU1"' J.I~ 

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 EXPERIMENTER 

HEAT DISSIPATION FROM CABINETS 

FOR ELECTRICAl INSTRUMENTS 

.IN SELECTING THE TYPE of 
cabinet oolls tmclion to be useJ in a par­
ticular instrument desi!,l'JI , perfomlanoo 
considerations arc generally thought to 
,Ilctate such matlers as shielding re(lui re­
ments and anti -vibration treatment , 
whereas the importance of aesthetic 
npr.eal, portability, compactness and 
cost is evalu ated in terms of customer 
demand. TIle (act that practically all 
inslrumeulII, at least those using vacuum 
tulles, dissi pate a certain alllount of heat 
is uot ollly a design problem that is of tell 
neglec ted ill tbe fi rs t draft of an lnslm· 
ment, hUlway hc the limitation on both 
the (Iuality of shielding, i( ventilation is 
necessary. and the minimum practical 
size to which a unit can be built . Taking 
account of the heating immediately 
raiscs 1116 problems of what is 811 allow­
alJle llIuximum operating temperature, 
and how to predict the dissipation ca­
pa('it y of a cabinet of given eonstm<'lion 
and size. 

Although the highest amhiellt tern­
l)erature expected iJl the fidel of applica ­
tion generally determines the criterion 
for temperature risc. the hot spot tern· 
peratu re is the limit.iu g fact or where the 
deterioration of component s is con­
(1lmed, and the average temperatu le 
ril\C is restricted by precise circuit ele· 
ments when temperature coefficients 
obtain. Takin g 50° C (l22° F) as the 
maximum ambien t at which a labora­
tory ins trument is likely to be used. we 
find that for most {'ircuits a 40° Crise 
for tbe hot spot and a 20° C rise for the 
maximum air temperature give ronserv· 
ative operating conditions. 

Not only are the thermal conditions 
existing in even an idealized cabiuet 50 

complicated as to defy analysis, hUl.they 
are widely different from those met in 
an actual instnllocot, so that the exact 
physical analysis, if it WCf{' available, 
would be impractical to apply t.o a 
specific de;;ign. A general wlderstanrung 
of the physical phenomcna involved is. 
however, helpful in sugges ting method;; 
of improving the beat dissipation of a 
cabinet. 

If we examinc tl16 three possible 
methods for heat to escape from an un­
ventilated hox con taining the uBual 
(,'Omplemcnt of vacuum tubes and trans­
fonners, it becomes evident that con­
duction aet'Ounta for most of the heat 
loss and that convection and radi a tion 
are smalJ factors, because of the low 
temperatures of the walls. Hea t coming ~ 
from the air inside must have a tCllli:lCr-
atllre drop to push it through the cabi-
net wall as well as through the air films 
inunediately inside and outside o( the 
wall. The resistance to heat flo w of II 

metal ""all is negligible iu compari son to 
that of these air films, although a thick 
wood or fabric covered wood wall has a 
resistance cOUlparable to that of one of 
tbe air £ibm. An appreciable proportion 
of the heal ia usually gene rated at high 
temperatures, and its transfer to tbe 
inside surface of the case is therefore bl' 
ra(iialion, so tbat tbe more closely the 
inside of the case resembles a black body 
the beltcr will it be. In spite of the fact 
that tbe absorption of radiant energ}' 
raises the t.emperature of the illside sur-
face of the case and thus reduces the 
lemperature difference that drives the 
beat throu gh the inside air film, the net 
effect is to increase the heat flow Ly 
raising the outside surface te.mperature. 
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, 
Even aI t he 10\\ tem perat ures that are 
satisfactory for the outside surface of a 
I's binet, a sUJall gain in heat dissipation 
results from improving the radi a tion 
efficiency of the outside surface. In 
short. a metal case wilh dull bl ack fini sh 
inside aud outside is the most efficient 
(or this class of electrical equipmcnl. 

Experimental evidence iO(iicales tllUI 
i.n ca binets of 100 squ are inches or larger 
the heRI dissipation capacity at a given 
temperat ure is proportional to the area. 
Tbe follo\\illg tahle shows clearly the 
effect mentioned above of the various 
finishes and . Olaterials used in conven­
tional cabinet construction, and these 
data give a m eWlS of making sufficiently 
8cl:ura le calculations to he useful as a 
desigll tool provided wide departures 
from Ihe 8\'Crage conditions stated are 
1I0t encountered. 

I)HTle ls met.al and ve rt.i<:a l. 
lIeat sources dis t ribu tell. 
Maximum air Icmperulu re rise = 

20" C 
Mo.ximmn bot I! I)i) t te mperature ri~ 

:E 40" C 

P - /;A 

p ... Allowable pOI'cr llissipatioll . 
watts. 

/; Empirical ()OIlSl anl, 

waus/ square inch. 
A Area, squan- inchcs. 
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"li-pe oj COIU'rI.d;OI' I.. 
A I u mi n u m. pand Ind 1.0" unfinished. O.fH 
A I u min u m, ou t ~ide of p/lnel and inside 

""d OI'ltiide of I.>ox painh>d hlack. 0 .n8 

Alrplan, LU III.I. ~~ thick 1,ly"'OO<I, 
black fabric lin«l /1,,,1 c ... wered. t!.05 

Airplanl LU lla.I. I~" thit:k J,lywood. 
0.005' copper lined. Mack fahric 
oon:reJ. 0.0 I 

Airplane LUIII.I .- • thick plywood. 
0.005· col'l>er lined, lining painted 
hlack, b lack rQbric covered. 0.05 

Wllnut. J.i· thick. 0.(15 

W I I nut , J1:. thick, 0.005" COPllCr lined. 0.03 
W II nut. J.~" tbick, 0.005" <''OPI''-'I' lined, 

linin!; painted billek. 0.06 
lilia, lIu ll, ou tside of p"~1 p"inted 

black. box nickell)laud. 0.0·, 
1I,Ia J III' II, outaide of panel an ,1 inside 

of box I,aint<.,.) black. ouliide of bo~ 
nickel p atr.1. 0.05 

IIllay Ruk , outside of I'Pllei, and in. 
Bide Ind outside of bOlX I.ainted Llack. 0 .07 

'I'be design eogineer is generally con­
fronted "ilb ('Iue of 1"'0 problems. either 
tbe size of a unit is fixed, 1.11111 tbe «ues­
tion is whether \cntilal ion will be re­
quired or not, or Ihe size iii 110 t ye t 
detcnnined. and a decision must be 
made as 10 whelher thc physical si7.e of 
Ihe circuil oomr.lOnents or t he hcat di8$.i. 
I)a lion capaci t)· of 11K' cabinet "il\limil 
Ihe minimum l!i1.c. TheempiriclIl mclil()(1 

will im' ariably 1)(' used to de terlllillc the 
(intl l solution 10 these problellls, but 
much effort can be sO l'ed by a pre limi_ 
nary calculalion. 

- II. C. LI'M'LE.!OIfN 

AN ENGINEERING APPROACH 
TO TROUT FISHING 

• UNDER THE TITLE " Busman',; 
Iloliday" ,,'c mentioned in our Septem­
ber, 194-5, iiiiiue the measnre ments lJIade 
by Mr. Robert J~. FieM uf thc Genera l 
nadio cngincering: s tarT 011 wa te r depth 
aod temperature in Lake Winnepes8u-

kee. Apparently tlM."n" arc a few t' 1I ~i llt·.,~ 

,, 110 like to spend their leisure houra in 
the bighly opti miSlic pursuit kno\\11 a~ 

angling, and some [ut t:'r8Il ! has Leen 
expresSt:'u h)' Ihem ill a Illon' ueiai lcli 
s tau: rnenl of J\ l r. Ficld 's illvest iglll if)ll. 
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The project had 1\\0 umlerl} ing 
lIlotives, olle economic, the other SClell ­
tifit'. from the economic vie\\ I}Oint it 
\\8S Jesira ble to fmd \\'hcre t he trout 
\\ere in SUIIIIlle r ill ortle r to illcrease t he 
protei n eOli leH t of t he fa mil) food su rrl)'; 
tllI~ Sl'iClllifil' uhjccti\\· was t il cSluhlish 
a relationship between water depth and 
temperatun', ;11111 10 find the deepcn 
spot in the luke. DOlh ohjcctiles, Ill' al'l' 
happ) 10 rt'IKIrl. IIt're allainCl1. 

'1'1131 ('~l~ lIent fisb, tbe lal..l' lrolli. 

abhors \\ arm" ater. Consequen II ), " IJ('n 
summer cOllies and the 'Hiler at t ile lake 
surfact' and in !hallow areas reaches 
tcmpt'rlllulTS of 70 to 80 (Iegrees Fa llre ll ­
heil , he loca lS a has t), re l re1ll to Ihe deeJl 
"u ler, II here more comfortable tem perll­
lures ca n be found. At uny lake, t he old 
limers eagerl), point out where t he deep 
cpolS are located. Lnfortunately, their 
s tories sddolll ag"-'e dOlit! ly enough to 
IlCrmit Ihe fi"herman to troll Ihrough 
1111' exact blJOI alld pull in the l rou l . At 
times, tllf' stories follol\ II patten) alHl 
an' obviousl) folklore . . hot llers, a COIII­

pari,.orl flf Ila ta frolll diff('n:nl '''-JI IITt·S 

I'rodu~s ilion; t ha n a sus pi"ion of 
orl!:ulliz(, 11 l't>U$pinlc) to SIIPPI'('i'S t he 
true fatt @.. \1\ objeeti\'c invcstiglltion, 
ho"elcr, "ill invariaLly settle t he 
matte r. 

The ""l'l'ssar~ equipment consistcd of 

tt+t: , 

-+ 

1- + 
. - ct-

... 

i -+----t , .w 1 
• • 

~ 

-, • • • • • -Ill' 

• 
a ooat, a minimum -rcalling t he rmome ter 
and a line marked at 10-foot in tervals. 

I n tbe ael'Ollipanying plot .'Ire sho" ,1 
the resu lts of the in l'estiga tion. Fo r t he 
first 30 feet of de pth . the te lJlpe ra ture 
depends upon the tillle o f d lly and u pon 
such factors liS til(' I,ca tlle r fo r the 
previous severa l days. T he two UPI)Cr 
curves abow thc (lifTerclice betwcen la tc 
afternoon and Ihe fo llo"ing lIlOnlmg. 
and the IO\H'S I ( 'UriC is tile resu lt of 
N' I'eral Ila} s of t'ool. rai n), " ca ther. 
Below these su rfllCC IlifTcrences_ t he 
ultima te de pth docs uot a fTect the 
te mpera tu re-dept II rela tionship until a 
40-foot depth is rellclted . At greater 
dep ths, the Il a lil fo llow two well­
defined curves. The upp('r cun'e is for 
ulti ma te depths of a bou l100 fee t or less 
and a minimulll tempe rature of abou t 
50 degrees. Whe n t he ultim ate dept h is 
arou nd 150 fect , the tl' lIIpe ra tu re helm, 
W feet drops 10 It degrees a nd Slap; 
cOllsta nt the rea ft er. 'nlc 4 1-(legree "ater 
is \l here t he lake trout are found. T his 
te mperature is do~ 10 t he t heoret ical 
vHl lle of 39.2 ,Iegrccs "llt're \I a tc l' 1m" 
i t ~ maxi muill Ile usit ). 

From t he plot , it is 1' \' id" llt tl mt. jf 
the tcmpera t llre rtlldi nb'll fil II a long t ltc 
upper C UrI'e, no Ill-degree" li ter (and no 
trout) I,-ill be fou nd a l t hat spot. Jf t he 
n·adi ngs follow the lower (·\lrl'f'. ho ... • 

'J'eml ~r31I1re of ..... ter IIH II 
f" "ct ion of depth. Near 
t he ~urface, t he h:"'I,,:ra. 
lure depends upon tI,1' 
li me ., tI .. y II" tI 110.· 
... eal her for t he .,re.;eding 
!'e"eral houT'il, Dn,1 Ihe 
Ihree " ranebel! oflbecnn'c 
m"=lralc Ihe d;ffe",:n~ 

cnCOtlnlerW. "\ I tlept"i 
l.el",,· aooul 40 f~1 Ihe 

c" n '" hu 1"'0 bra'--..,.. 
one ror .. himate .Iell • .or .. + aw" t 100 feet. Ihe ,llhl'r 
for ,,1 1;mate depth~ of 160 

, • • .• - - feel or more. 

• 

~ 
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I'\c .... a d.'e p area al dt'(Jlhs 111' 10 150 
-- ri'et or more is indica tell. It should be 

notei l that 4 i·degree ,,'ate ... is l)Os8ibie at 
1I11illl:ll,C depths less Ih an 150 fee t if the 
SllOt is spring fed. From the fishe rmau '8 
\"it'wpoinl. Ihis is quil,e satisfactory, 
since lellll)("raturf>, ralhe r than de pth , is 

JANUARY , 194& 

his prilllu",y i'ouecrn. 
lu I;ununary. il ca ll he );ai tl dl31 t lee 

resu lts were cmillentl) satisf:wtory, In 
Ihe deep "1)011; leu-lItt"1. IlIl..e Ir(lut Wi're 
plen ti fu l, and II 159·fnol. .Ieptla "as 
de le ... mined 10 loc the maximulII ill Iha l 
1'31·1 of the lal..., .'11\ 1'11, 01 hI I hc Slln'c). 

ACKNOWLEDGMENT 

-

• DURING THE WAR I.h e l oad 
on the Ame ... ican iuduslnnlmachine was 
cnormous - bllt it didn't Lrc tlk ,lOll n: 
it delivered ahout wbat was ex pec ted of 
it. in ou ... 0,,'11 small ('ornc r of indust ... y 
\lC were no cxception. The reqni remelJts 
of our Armed Services lind of ou ... Allics 
fo ... our rcgul ur catalog prod uc is grc," 
beyond anything tJ18 t lIml cve ... b('(!u 
CStllllalCd, and kcpl. I'ight on growing. 
On lOp of this ,\!~ were ealled Upoll to 
produce to govenuuenl speci fica t ions 
large numhers of compl icated nnd s till 
e1assifietl measu ... ing: equipment whit-Ie 
was 3S precise as the best labonttory 
types. 

We regularly man ufacture a va ... iety of 
test equipmen t and precision compo· 
neuls with almos t l\lo hun dred differen t 
type lislin;,1'S ill our prescnt ca lnlog. M ost 
of these proJuets arc made in re latively 
smull q uauti t ies evtlll under wartime 
conditions, but t hey gcne ralJy are im ­
portant production tool8 o r cOlll llOncnts 
of o ther dei'l ... onie t' lJuiplllcnt : Ihus Ihe 
ile ma nd \,as 111051 urgcnt _ \Vc ,,·cre 
uIliqucl~ in a position 10 Imllil some of 
t he m, having the fa cil ilies, the machines, 
the skilled manp()\le ... (although badly 
red uced hr Ihe draft ), an,1 Ihe requisite 
~nl;i n<'e rin t!' eX I:Il' ric nce. 

T o 1"' l'lII il {'Otwcnlrat io l1 o f all 0111' 
dTot'1 upon the mal..ingofthcse proolucts 

lie released, on ollr o"n initiati ve. COIll­
ple te tlrawings and all technica l infor­
lIIat,ion ill ou r possession for a great 
lIlan y of (lur ot her products 1,0 ot.he r 
manu facturer,. who took ou the ta5k of 
makin g the m unde r the i ... own sepur31e 
eontrtu: ts "i tlt the Go\-c ... nlJ lC nl to he lp 
flU the urge nt wa r needs of thc moment. 

lit most ca:>t's the nell manufacturers 
look bolll lind did !III outst anding pro ­
duction job. III some instances Ihey had 
lillie previuul' ex pericnce ,.-itll this dasa 
of manufacture .. hidl nlakes t llei r 
al'!l icve mcnt even mon' illlpressivl'. 

The re IIUS and i8 no conncction he · 
twcen these orgalli ~ations a mi Ihe 
Ceneru l nadio Compauy. 001 even to 
t he cxt ent of royal ty paymen ts. We de · 
livcred the manufacturin g a nd engi nce ... -
ing de lai ls a t 110 charge ami colle,'ted 11 0 
t'oyalti{'s - 1 he fltll y consi dcra l ions II Cr(' 
t hat Ihe PI1){IUClioll IJI~ for rli rec t wae­
puq)O:>cs and t hat the manufacture 
would cease lit thc elllL o f t he wll r 
c me rgency. 

In mUll)' wa}s these con tac l.s Il ere a 
pleasau!. and use ful ex pcrience for lI5. 
Wc got 10 knOll" better lUany me lnbe rs 
of onr own and a llied industric!! 311rl WI ' 
diSl.'o\'('n'd. b)' a tt e mpting to .. cxplain 
thelll, S(l llle of 1"(' IICaklles!!('S in our 011 , 1 

design;;: IIll iell 111IS Iwlped 115 lIi th n~1I 

llesigns, 
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GE NERAl RADIO EXPERIMENTER • 
Among the companies \\ith \1 horn \Ie worked a nd ou r prOOucts wi th \\ hich tbey 

\\'~re cOllce nlcd are: ~ 

A"hlmalic Sis n,,-I Co .. p .. So. ;\'or .. alk. Conll_ 

\\ . \\ . lI oc'~ C"'''I':'''Y, DaylOil. Olli.. . . . 

Bo"d·ll a l~ l euu. Inc.. \\ ilm;nglOn, DeI;""" r.: . 

Eail lern Corn l.any, Camltridge. ,\lauaehn.ICt U 

""gh H. Ehy. Inc., Philadelilhia. Pennsylvania 

Federal Manufacluring & Engin«ring Co"'I,any. 
Ilroolo;l,.n. Ne .. · York 

f lorida ,\in:rafl Company. f ori Lamlcrdale. Florida 

Free.1 Iholio Corpo ration. New York Ci ty . , . _ 

Gl'ner.1 Co"'munications CO'''I'UilY. Boston. ,\1 .. 81<. 

'I . ,,01 Z [nuustrial Oevclol"" enl Co .• 8 .yonne. N. J . 

The \luler ColII l'an,.. Chicago, lIIinoi8 

TYPIII: 572.11 Microphone " unllner 

Tn'~ 583.A Ouq,ut "ower Meler 
T\"I '~ 578·11 Shielded Tr.n~for"' er 

TH'~ 380·1'3 Switch 

'1'1']>" 487.A Mcgohfll lllcter 

Termi" .. l ~ 

TvP" 8O·' ·C SlIIutiurd.Signal Gene .. ator 
TnK 605·8 S tandllrd.,5ignal Generalor 

T,' PE 77'~ PlugB and " Aleh c;o...llI 

T\' I' III: 561:1 Contlcn4Cr 

TYI'~ 834. 1J Elt."1l Ir<)tJic fretluency MeIer 
Tn'" 1'496 Electronic Frequency ,\I" ter 

Tn'" ·'34·S ,\ utlio.Fretllll:ncy Meter 

TWJ>s 2 14. 31". 371. 471 and ·133 
K he<Jilla 1· I'olenl iornetcn 

.:\at;olllli Electrical )lacbine Shop!!. W .. !!itinglotl . n. C. Tn'l! 7i". \ 11 T l!rminal Unit.;! 

Frank lleiber. lue .• x...:. Augeiell, Califoru;1I _ .. . . T 1'P!! 8()..l·C U·" · )o' Signal G",,,,,rlltor 

StocMart Aircraft Badio Company. 1...:0. A"SeiCII. Cal. 'I'\' I'E 71.I.A Amplil ier 
T,..'~ 672.'\ l'olO'l!r Supply 
T YPE 673·'\ PO"'cr S"I'I,ly 

Lc;uh" Corupuuy. :'\OelO IOllville. \1"ullch u8elta . . _ Pluga and Diul~ 

GENERAL RADIO COMPANY 
275 MASSAC HUSETT S AVENUE 

CAMBRIDGE 39 MASSACHUSETT S 
TELEPHONE : TROWBRIOGE 44 00 

BRANCH ENGINEERING OFFICES 

M[W 'au, I. M[W YOlK 
II WUl nun 

TH. - WOITH I-Ill! 

LOS UIIELU U. ULifOlMlA 
I '" IIaUH uwua HUH 

lEL . _ HOLLYWOOO 1121 

t HltHIO 5. Ill IN OIS 
Uf SOnH MICHIU II UHII[ 

HL.- ''''IUH Jill 
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