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INTRODUCTION 

W I\'/liching his tcnkcule at [ ; I~IJI" TT "" .. , I",.c Ioce" 
:limosl the sallie lillie IIiul 
Frllllklin was II} ing his 

kitf"'. TII('lIe IWo incidellt!! illustrote 
""':athcr 8trikillgl~' n tliITerellce which 

WIIS prcselll from the Olileel between 
,Iw l,h iluJl.ol'hics of !Oteam ~ · IIj.!;ilwpr. 

ill~ and electrical e ngi neeri .. g. 
Dc"c/opIl1enl of ~1("1I 11l c ng ill('cring 

wa~. IInlil :I lute ,1:I(e. l'n'ircl~' " 111-

pirieal nud ollli.i,l(' of Ihe ('iell!ili .. 
thou,,111 of the JlNiod. It \1:," ,1i"'lillcl· 
I~ :( method of ,.TocctiUTC from 1!l'pli. 
c/llioll 10 thcory . ~·or coult! Illis I~ pc 

of ,1.·\-eIOplllcnl he 1I1'cribcd 10 :I 

eOIlll'I('I(' Inck of problclll ~ I'Tc%ing: 
for !!O lllliuli. In lilt' 18-10'1' Di ck(·n .~ 

appru:u:.hNI all Ohio "IC1111lhoal VO)· 
n(ti' \\ith n dcgrN' of Ircpidfllion 
wlli.· 11 indicules Ih;}l these crnfl Cil' 
joycil 1111 {·xplosi\'C f c pur lilion ill 
En~lnl1(1 lit that time. Steum (,nginccr. 
illl( a~ n !loei(' l\ce- did nOl 31'pt'3r Ulllil 
1111111)' ~cars afler the ~le31Jl en~ine 

In Fnlllk lill 'S k itt' ('x pCriltlCllt we 
;:f'f' SCiCllIific c\l l'io~i t y ~.·ckillg to ill' 
\·,.~tjgalc Ihe p hl' IIUIII('nOIi of light­
lIinjo: and to eorr,.lalc il wilh ol her 
~cicnlifie inforllllltion. Uy il@ vcry 
IInlure c1celric1.J ('ngillcerillg rC(llIires 
procedure frolll tlll'o ry 10 applica­
t ion. No OIlC f'VCI' Oh~Cf\' l',1 1111 e lcctri c 
condllclor bc illg: rt: I'c1 ll'd lIy a IIIl1g­

lIelic field unlil Fnrnduy Sf't up the 
(·xpcrimcn l. Thf' 1·ll·(·trie molul' f'oul ,1 
1101 po~"ibly l!lIve ... • ... ulle.1 frolll t he 
intrus ion of h\JlllcI~· "h"IIOIII(,1I3 on a 
firo'.id(' daydream . 

,-.W:l. l'xli'lI~iH'ly lulopted. aTHI i'VCIl 

. IOW hll~ nOI cntirel~- ;:ha kcn ofT Ihe 
tellkcttlc Iradili')II. 

\ ('oroll:tr~ I.)f the ~f'i('l1lifie llIelhOil 
i ~ a IIced uf apparatu~. :uul il i~, there· 
fore. 1I0t ~urpri"i ll jo: to find Fr;tnklin 
importing: Lc~,Il'1I jar~ lIllil ~ illlilar 

lIpplll'tltUS ;II ;dlOUI the limc of the 
kil,· !'xpcrilllcni. >\ s th(' c ll'f!I "i ea l 
(·I1,.;ince riug art .Icvclop"ll tht:r ... grf'w 
HI' \\ ilh il an inCrl'H"inp: tiC'lIIulld. first 
ror C';"p.·rillicllInJ, lind Iliter ror mens­
IIrin~ alld t('~lil1g (,«uipmc ut. until a~ 
"llrlr as Ih('" 1870's ('olllnH'f('illl ('OUl­
IHlnil.'!! were ahl(' 10 eOIlCi'ntr3tl' 011 
t'11'clri('allllell~II"illl! l·'II.il'lIl<·lIl aIOIl(, . 

\\ ilh Ihi" IJ;lI"k~roufl(l ill the ol<l"r 
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2 THE GENERAL RADIO EXPERIMENTER 

b ranchc~ of c lec. rierd en glll("f' rl lIg it 
.... a il natura l lila t a need fo r measnrin g 
" 'llli p llw llt woul ,1 be fe lt ea rly in the 
develo pment of frc{llICncic8 used fo r 
cOlIJlJIun icnt io lls. It Wil l! w ith this 
need ill mind th at 1\1 1'. Melvi lle East­
h ilm ol'f!"fl ni zcn ' he Gcnc r aJ R nl'lio 
Co m p:my ill 1915. '1' 111' Com p'lII), was 
fO llnded with a dis t inct fi eld in view. 
I . was ,I csircli 10 r~ (l uee measurin g 

Ille thods 10 prll ct ica l COlI llHc l'c i a ! 

fo r1l18 of a typ e su itable fo r usc in 
evcry~hl }· shop IUlll COllllll e rc ial tests. 
- 3 fi " l(1 whi ch mar we ll he de· 
I'Icrihcd liS tool ma king f O l' th e e1ec­
t ricIII engineer. This issue Olf the 
£XI'EIUM ENTEll presents a gro up of 
•• rtieles which att empt to show- ~OIllC 

nf th e more import:1II1 ,leve lo pllw nl s 

of the las t I we nl~' years. 

DEVELOPMENT OF RECEIVER TESTING EQUIPMENT 

W 1HLE testin g me tho ds for CO lli­

poncll ts RIlII c ircllita we re cu rl~' 

dcvclo pmcnl~. the (pHIlU i tat ive test­
ing of cOlll p le le ,'ccc ;,-crs is a co m­
p ar nt iVl:iy recell t growt h. II IIUls l. ill 
fuel, have been as la ic as 1928 tlHl l 

the wri ter WII .'! to ld in all seriousness 
by the engi neer of nn illlporl 3 111 

m an ufa ctu re r Ih nl h e hclicvcd it 

,Jou ld be necc8§lIry to bu y a wnw', 

meier very soon bec,Hl sc the phlil t 
was lhe ll f Ulln iug Iwe nl y.fo u r h ou r i! 
II (Iny. and it wa~ rli fliC lI1I to filHl 
h" Q;ulcH!;1 s lal io liS in o pe ration d u r­
ing t he e a rl y h Oll filo of th e lIIo rniu !; in 
orde r 10 chec k fli a l s p reads. 

At th i,. perio.1 Icsl il of co m p le te re­
ce iver!; W('TO lI il ludl y purdr qu a li ta. 
1;\'0', Th;.> individ ua l cO lllponen ts were 
(' hecke{1 ami c ircu its werc matched 
,'urcfu ll y fo r .nlck iug. Inll the COIll­
pleted rcce ivN a!> :1 gellcnd rul(' ro" 
cei\' l'(j ou ly II listening test. 

A pl'inc ip:tI rl'a~o l1 (or the delay in 
th e ,Icve lopme n t of recc ive r-me aHIl'c­
me llt Ille lhod~ wh ich wou ld pe r mi t a 
(IUan!it:"ive rll ting of tllC instru me n t 
wa.(! II lack: of a~reclllelll as to th e f0 1'1Il 
t he 1':I1.ing ~holiid tu k .... Th,' pl'ohll'lII 
was rilll.wr tumBlln l in th At t he ra d io 

rece ivcl' is .. power con ve rt e r. but OI1C 

whos j' pO Wl' r ~fficicncy g ives 110 c lue 
to it .. pCI-fo rm tuH':c. The prolJle lll was 

compli cate d h y t he (ue l that the 
u lI' th od of rUling 10 be devised lI1ul!l 

nol on ly he clea l' to t he engilleeril, but 
Ulll ii t lJe i!Ud l as t,o p rovide a f tli r and 
iu w Uig ih lc means of cOll1pari ilOIl he· 
Iween receivers h y II puhli c e nt i l'c ly 
un f:lluili :lI" wit h the aspccts of the 
p ro bl e m :nul evell with the technical 
te nlls used . 

Sc ie ntifie popu l:t rizers werc esti· 
lIIa1 ing receive r pe rfo rnHi nee in t.e nus 
of powe l' expe nded b y a fl y crn wliu g 
o ne foot III' a windo w p:llle. \Vhile 
graph ic. eVA lu :l1ioll o f receive r pe r­
form a uce in lIy power WilS in suffic ie nt 
to illfonu fhe pu rchaser as to t he 
SllIis.faCfi o n he mi gh t oh ta in fro m 11 

Jlu rcl lll scd receive r. The adve rt isin g 
de pAl' tme ll1 8 were mo re expl icit nnd 
r uted thei r receivers. op t illlis lica lly. 
ill terlllS of distances f rOIll whi ch ilig. 
nals cou ld be received . T he re wa~ 

suuml tccllllical I)reccdent for d l is. 
since te lepho ne cqu ipme u t had heen 
l'atc41 ill terllls o f miles of 8 t a ll(l ard~ 

cable, bu t the d iffi cu lties of d e fin ing a 
~ta lld :lrd r a4lio· tral15l1l issioll melliu m 

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



JUNE, 1935 - VOL. X-No. 1 3 

prevented any HlludnnlizaliOIl 011 
~u ch U hu~ i .. , FlII"hcrlrlOl'C. the world 
wm, 100 8 1111111 10 )l; ivc pro per play to 
th t' compc lili\'c a{IVC I· ti ~ ill g imagina' 

tion. 
T he (:O ll(mioll waS filU\lI~' resolved 

ill IIH' Swudartlizutiull He purt of the 
I"<, ,illll!' of Radio Engi ucc rs puo. 
li i'hed in prclill1inllry fOfm ill J\lay of 
1928. This report recogni zed Ihe 
IIcccssity of fating rece iver,;. in te rlln 
of three chal'llctcrislic ~-sc,, ;; ilivit y. 

lOcl!'Clivil ),. 11 1111 fl{lclil r - nnd scI up 
Slulltlard meth ods of proc('durc to 
'>oIHh li sh such valu es. 

:\lcasurClllcnl of sensitivit y Mid 

se lectivit y required the selling 111' of 
IIIL entirely new type of :Ippl\rltlu~, 

sin ce it in vo lved t he mellsurement of 
flldio-frequency vo ha ges of Ih e or.lcr 
of a few lIIi<::rovolu, An llPI)rOneh to 

r thig proble m had hcell IlHule hy Eng. 
lund, Friis. aud o thers several years 
I~ a rlicr in connectio'l wi th licltl· 
strcll E! th surveys, Th e methOtI eon· 
sisted of prollucing the r<Hlio-fl'e­
(Iueney vo ltage 111 a I('ve l whil'h was 
readily meu~U1'c {1 \\ ith (I hi gl. flegree 
of necu racy, und Ih ell subdividill)l: till' 
known volt uge through II suitable lIe t· 
work suffic ieutl y 10 ohlaill the re· 
quired small vollllg:e~ \\,hif,h Ihe ll al· 
lowed the lI1f'aSUl'("IIlClIt s 10 11(' made 
by direct sub~ titution , Obvious ly, the 
me thod is subject to Ih ."! objection 
lh:l l the sl:mdanl low voltage can be 

110 more aceu rllic than the sulidivitl­
ill !!: ""'wo rk , This oh jcctioll lllul erlie8 
alJ rC'ccivcr seJlsitivi ty III c a surCI1l(' Il U 

at th e prescnt tim e, Networks of 
((uit e flill'crcnt Iypc incorporatcd il1tO 
cq uipment of diffe re nt lIlulJufucture rs 

-. do, however, ,l!ive fa ir lIg:rcemC llt. at 
vohllgee of II few nlierovolts. wh ence 
it ma ~- he reusonuh ly uS!ltl111ed Ihul 

It .... • . • 

. ' 

It 0 . 
• 

• ' . 
'!'Io", firsl o;()n' IIIcrdal StulUl ll rd -Sigool (;e",:r­
ulnr. G"",-ral lI a,lio T v,'!> 103-,\. N' lVcrnl.{"r, 

192M 

thes(' v(duCIl a ,',' necur .. tcly known, 
Tile prohlellls of 8 i~md.gcnerlllor 

,k've lopnu' llI ,,'ere centered in the al· 

fe nmltor, Thc Gencra l Rudio Com­
pliny selected Ille rcsisl(lIIcc type of 
uuc nuator ~Ig Ih e mOSI pro misin g: up· 

proaeh 10 the problem lit hroudcast 
frf'fJll e ncics, and development was 
rl1pidly pu sh c,J ~.heafl (l u ring 1928 o n 
a s i" IlHJ gCilcru lor which wou ld he 
suitable ror th e eVaJuulioll of receiver 
chara('tcristie!l as ddil]('.1 by thc Tn­
stillile of RatHo Enginccrs' St U llrl a rd ~. 

The TYPE ·103·A SlulHlul'd·Signal 
G('nCralor was de~cribcd in Tin; 
G ENERAL RAnlO EXl't:RIMENTJ.:R III 

NO\'l' lI1hel'. 1928, Thi"~ instrtllue nt . rll'­
s. il'neo hy Dr, lewis Hull. Wl' ~. " 'e 
hcli cvl', the (i,'st stumlunl-s ignal ~ell' 

er<llor to be comnh' ,'c iall y avltilab le. 
and it opened up Ulll'llfirely Ilew (iel,1 
of "cce iv('r tIlCaSU l'enH' IlI ,~, 

The Tn'E '!03·A St lt lldnrd-Sigllul 
Cene rlltor cOlls igtcd of a rlulio-frc­
r" WIICY o scilla lor with (m audio-fre' 
(lue IlC)' modulator. The Olltput of thc 
oscill ~lt or "'liS imprt'9sed ;Jcross a 
res i"lu nce atte nu ataI', (Jc fluittin p; the 
reductio" of Ihe output volr age to 
small valucs and its adju st ment o\'cr 
H wi.le I"llllge, 

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



4 THE GENERAL RADIO EXPERIMENTER 

The incrCIII;illi/: usc of ot her Ihall 

broadcast frequclH'icii luter rl ielulef l 

flcsi~" ch anges in the c11r1icr TYN~ 

W3·A G,',wrator. lIighe r f rcqu"llcies 
all.! lowe l' out pllt \'oltagcs. as well 118 
1I10re S('Verc dc rn:UHls for ilccuraCr. 

were s t ruini ng th e possihil ilil'i\ of Ihe 
origi nal403.A design ruthe r l'criolls ly. 

All of lhese fneto rs Ic(1 to ,Ill' uhull­
.llIulllenl of the Tn'.: 4t13-A (1"~il!l1 

alill the inll'Uduclion of Lhe TYPE 603 

.------.-.~ ._ .. • e' . 0 (, 

. . 1 : -, .. -. 0 to . "-~" . 
I,:, " .--; " . ' . . 'I' 
~ -' . . ,: 0' - ""-, o· ': :,' •.. ' -\', ' , 

. . • o 
o 0 • 

o! 

The ~· ... ()",I ~I "I" '1'1 I'F. f.IMj. /\ SI,,,,d ar. j·Si.c:,,,,1 
(;,'ncnllor. for ral)id ""'''6 I1n'm~Il\ ~ nn hr"a.t. 
CllSI r'·cci ..... rs a l 8d .-:,-I,,,,1 fr.'queue;,'" \"g"~t. 

1931 

Signal GC llcnltor (,lIr ly ill 1932. An-
110UII(,C II. ('I1\ of the 11('\' ill li lru lllc lil 
WllS ('a rricli in 1111' \la~.1932 . iil!.' lI f' of 
Til E Gt;"'~:K ,\I . RA ll! O F.).:I'EKnlEYI·EtI. 

Th e ftlllf la lllClit ai f' le lllen ts of the 
('a rli er ~iglla l l:!"ellcnl\or Wl'rt' n'pca lerl 
w ilh IIII1U Y rdinCllIc llh; in tles ign. In 
Ih e allt' lllial ol' c!'pc('ially all I'I lIire ly 
Il C\\ type of IHCChll ll ic(1i Ilc8ig:1I wa ~ 

fo llowed. 
Duri llg Ihis peri 011 a IICVelOPIIH'll1 

of tlu' lIltrn hi gh.fre fluclIl·y ballfh. 
s imilar 10 tlntt ('arlicr lukillJ,[ ,,!.t ee ill 
the brourkaBI hllml!' was ill I'ro{::rc~~. 

As devclopmc nt of 11Ie!;c bmul~ ~c lllc(1 

dowll to ( t I'onnnc r(' ia l has is, a lI1 ean~ 

o f e\'aliwling rccI' ivcr perrorrllan ct· 

,\ ~ill", l llll":QUij .il-vclQI""CIII f"r ~'·r\· jl'i nll' anti 
te>; ling f,ver a "i,k fr .... qllency rang.·. the Tn'!! 
(){) I.A S landar.I.Sig" .. 1 {; cnera lur "r J " I~ .1931 

ill thc llI W<lS . lclIt:lUdcd . Thi ~ was mel 
III F't' [,rtwr~', ]933, with Ihe :II I11011 I1 C(,,­

meJlt of Il l{' TYI'~; 6tH-A T Cl' l·Si!!l 'il! 
Cl' lle l·alor. This ills l rullIf't il fl id nut 
replace the Typ~; 603. !'ut merel y sup­
plem cl,t cd il hy eovl· rin g. c,.Nl u('n l' ~' 

bumh wlwrc Ihc 603 cou lll nol "o~· 

sibl y Iw IISl'd. It was recognized t lt HI 
Jlerfo rllulttc.· 1l1 ea5Ure Ut cltt s (II uh ru· 
hi~h freque llcies could nol h avc 11 
h ip:h prec is ion .11 th e prcsent sla le uf 
th e IIr t, .nHI Ii ra t her !<i rup lc und iuex· 
I'cltsiv.· tnll' of in51nll tl~Jtt was. there· 
fo ... ·• dcvdopcll. 1'1 ... fumi lia r de~ i tEn 

pall c rn of modu IUled osc ill ato r (Iliff 

at lCl1 tHI! or w (.,;!. ho .... ·c n .. I·. aga in fol· 

-.- , 

- . -------:--0 - .. -It . 
' - •.. ~ ... ~. .-
··0 0' " -. .•. . . . 

'1'1,.. mooem IlI loo rlllory 8 1~nd .. rJ. ti,.. G.,m·ra t 
HI"I; .. '1" '1'1'; 003· ,\ Slantl"rd.Signal ( :"ner1l I(lr 
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~""" lJWCf l. {JIIC illlpOrl<l1l1 rll; parlllre froUl 

pn-\-ioltir 1lI';IClicc WUl! rC11uirc d . . :\ 
comlo.: lJsc r t y pc of aTlCl1lw l o r Wli S 

fOlilHI to g ive more 8ul isf ,rc lory opera­

lion at frcfflJelicics ahove 20 mega­
cy<, le" thul! th o.:: rcsi~ IIII I C" t~' pc lI sed 
in ti, l' cu rli er s igllld generatOrs. u.Hl 
Ihi,. type of 1Ie1\\'ork WilS s lIhs lilut c t!. 

\\ lIilc la borntory measure me nt 
IcchllilllH-" wa ~ bei ll !!; WO I·kCII 0111 . a 
parallel rlcvclo plll cilt in f.w lo ry in­
s pl'Nion IIIHI t('st 11I <: ll1o(ls was re ­

<Iu il"c il in onl ... r that Ih e higher ~ Ialltl-
1'1",1;; of pcrf(.rmtH1Cc cou],1 he If ,tIl.;'!­
hncd illi o ;whml 1" "OdIlCli o ll perfo rm­
IIIICf'. Th e tes ling :lIId illSI'CN io li H'I­
lip projcctpd for th e rad io-rccc i,'er 
plant o f th e Victo r Company (1929 1 
:II Cll llulell WliS pro bahly ,Ii(' c;,r1i .' ~ 1 

tlil il n'r i a illl~' Ih l' IlI osl 1I lII b il io\l$ 
'pudil Y cO lltro l sc l'lIp for IIH1 1 dtly, 
- 111' rcee ivc r II'1IS b l'okc ll d ow n iliiO 

l·u di o.freqlll· lI c~ a lul :1 11 11 iv·f r!'(llle I IC~' 

8cct inll .~_ HIlII "ueh p ortion WIIS -"'ub· 

j t'd ed to ("xlntUstivl' t.' sl s whi l- h we rc. 
howeve r. rCfluce.1 to l1- uch :,- illlpic 
te!"lus Ihilt ull ski llcd It'sting pcrsonnd 
cou!'1 be Irlli llf' d tu lIlakf' the I cst~ 

\' f' r~ quickl y. 
Thi" I.'st clluiprnellt. ,lcl1- iglled and 

huill b y Ge ne ral Hadio. proville,i fot, 
H "0 1111'11'1(' respOIl ~f' I f'~t of e ach rc­

('e iver. The Ics t lI1 e tlloll was s imple 

:lIId rapid, uud 11 cOlilparHtivdy SIiHI II 
IIundJcr of 1,'1'1 IWI1cl8 were l'e (luir('l1 

10 handle Ihe produ cl ioll sch ('dulc of 
20nO r("('ei\'t' .. ~ per Ila~ _ 

'leasllre ll1 ("nt IIIclholl ~ for ICSI!! of 
r('ce ivpr fidel it) ha v(' hf'j'1I /!nllhlillly 
IkvelopcrJ ulilil II \cry I~ otllp i", e ('val­

lIalion of Ilw fn' qllCIJ(: Y '-P S pOIl~f' a lld 
....-tnlruwllic dislorliolt of III{' Clilire rc­

c iw'r o r of COllll'unCI11 jJ (u'l s CUll hc 
IHade_ One of the eurlic~t fidelily ICS I· 

illg in"lrllmClll.'l Wa!< tilP Tn'" 35.') 

\\ itl> an I"~e 10) the r .. u.r.'. the Tn' v. ('(H. IJ 
T,·~ t .Sign,, ' G ,' ,wr"' l "r r'-'r "llr,,·h igh·r . ..... 1 lIt'IH- Y 

wort. 

Trllll ~ rUfll1c r T est Sct whic h \\as fl e­
s ig llc(1 for th e IIIc aBurCIIlNlI of ill(li­
virllllli aUllio tr1111~ro rlllc "s_ 

The fl c\'e lop"U"1I1 of vacuulll ·tu lJ{' 

oi\c ilialors for audio fn" I"e lwic ;;; WII 8 

IlIrgcl~' a ll Olll !;nlwth of Ihe IICllta ild 

for IJetter lid(· lit r rc pru~ltl c lio tl _ 

f\u,lio.fl-"~ll l e lley \' (ICIIUIII 'l llhe 05cil· 
"1I0rs 1I1'e -"' neh a laborutorr r'Olll m OIi' 
1,1:u::p that it is ('a5 ~' to forg('( thai a~ 

l'ce~' lI ll y liS tell y,'ars a go ther wpre 
a COllIl'arati vc r!lri ly, The fir.~ 1 COllI ' 

l11CI' (' i1l1 \' UCUIIIII-IUI",' Hlillio.frcque llcy 

o:oeillulor il\' I,i lahJp r.)r general htb· 
onHory usc ill t his eOlllll ry was tl .... 
Tn'~~ 377 plaepfl Ull tilt' m a rk et b~­

Gcuend Rudio COlllpun~' in 1925. Pre· 
ViO li i to Ihal time HII'll lIIuk"i'hifts as 
phollic wll('cls driven by \'a l·ial,I('­
~"c('(1 motors wcre Ihe onl y sourc.- of 
v:l rinblc uudio frc(llIe Il C~ U\,(lil1l[,I" . 

The dp\'e!,l JlIllC III 111111 imprO\'f-I1ICIII 

of IIlIJio.freqtH~IH·r apl)uratll 'l iu· 
d ueell 11 dcci,l('(1 dc nlalld for o"c illa­
lor.'! c('I11lhl .:- of frcqllt'II C) va.-i lilio ll 
ov('r Ihi i' raTl~e . a nd Ihl' hellt·frc· 
fluclle)' type of Mci lla lor o n'I'n'(1 111.­
o bvio us lIdV IIIII Il~f' of s i ng lc l:ulIll'ol fur 

rn pi,l m lj tl ~ III1 C III o\'er w ill e I'Ilnp:('s. 
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, 

The T, ~.; 7la Beat.Frequency O~· 
c ill a tor jun being announced is tht; 
culmin ltlioll of II ser ies of heal ol!cil­
laton renching back .. hollt eight 
yen rs. II is rc markahlc in th e hi ~ h 

voltage IIIHI power Olltput for this lyl' t' 
of o~ci ll ;tto l'. al' ... ·e ll II .!' for <I n Ullus tud· 

Iy fil1 ~ wuvcforrn . 
Fidelity II lI tl ga in m C3!Hlrcmc nl l< Il,.1 

into many ramifications of apparatus. 
An inle re81 in wave ,lislorlion - lh lll 
is. IllIrllionie. gellenll io n - in III be :tlld 

1l1ll1) lificrs h a~ been II cOlllpaflllivt.'l~ 

recent develop men I. The Clll h od c-rllY 

oilcillogrnph has Iwen of grelll vu lu {' 
in rou p:h 1I1(,II!!UrClIl c nt s of t his kitH! , 
bUI Ihe TYI'E 636 Wuvc Anal Y)I('f p ro­
(Illces II co mplete and accurat e !I IIRl y­
;cis of a Ilisior lcd waveform, showing 
h a rmo ni cs of magnilUdc fa r 100 !luu.!1 
to be lle ll'cted ill :III osc illogr:Ull . TIIi ~ 

, 

Thf' 'I' ll'l! 37i.B 1..o .. ·· Freoi'":r1ey o.w.ills lor 
generat~ a"dio a "d earrier fre(l',cnci«o "I' 10 

sc>'cn\) kiiocyd,'lI 

inslrllllll'ni Iii prob"hly the mosL 
speeililized IIIIlI hi ghl y developed ill 
our linc. ami well ser vc!! as a IlIlig ible 
' "OIIIIIIICllt 10 our !'>clI!y ~'e!ln; . 

.\ I~rff'C1 I.'Omilinalion for audio.frI'IIUCnC) "' ea~"remenUi. On the leI' the lIe"'1'31 1>eW!' (1"4! 
""""9' VllCillator. Geller.1 Ihdin TVI'II 7 13· \ . a nd on the ri~ht Ih" '1'1" ' 1: 636·'\ \\ ",,1' '\nal)zer 

for harmonic analysis 

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



JUNE, 1935 - VOL. X - No. 1 1 

ALTERNATING-CURRENT BRIDGES 

Til t: fl en' lo pIII CIl! of hrillge cin' lli ls 
constitutes a particularly good il­

lustratiou of the workin !! out of the 
o hjccl i,'cs of the GC llc l'al HlIdio COIll­
pall) . At the lillie o f the fOlluding of 
ti l(' COTllp1l1lY the fumlame nlul hl'id gt~ 

circuits were well known. The Wheat­
stone Bri/lge Wit S, in fact, first ti t'· 
~(' rihed i ll 1833. Slllll!hwlized COIlI­

me rei:" bridgei! were. howC\'c r. 110t 

extensively lI\':lilllhle!l t low p r ices. In 
fact. the re seCUJS 10 have hee n nu 
Alller ica ll llIarlUfHctll1'C r of :ti terll at· 
jng-cu rre n, brid ges II I t hat pe riod. id­
t hough Ellgl i ~h and Couli/lental firms 
we re lisl in g ,helil. 

Th e purpose of the Gcncrul 1{ ... lio 
Co mpan y W!l .~ to make cOllllllcrcia lly 
available es tahlished types of me al!-

,.....r in g equipmcll t which would he 
manufactllred o n a siand a rdized hlls is 
applying, so fa r l i S poss ihle. mass· pro· 
.Inct ion princi ples ill thi~ fi .' ld . The 
purpose was to place the burdell of 
tho ugh t a llli plannin g on the designe r 
a llfl manufacture r. leav ing the user o f 
the e rlui pmcnt free to de vot e his full 
allc lltio ll to the main objectives of his 
in vestigation undi straele d by- th e IIC ' 

cess ity of cOlld lillg his e quipme nt. and 
10 rcmove aeeural e la horalol'Y and 
".hop Il1c nsul'ing e (Juipmc llt frolll Ihe 
lu xury c1nss. 

\lurk efl cm pha sis is lellt to the COli ' 

trast betwcclI Ihis conccption uml the 
Ihe n current vicw by Ihe pruetice o f a 
learlin !; ElIglis.h manufacture r of lull· 
oratory cquipme nt. A.,s II .lcJiberat e 
po licy, parl.8 a nd ills trUlllc ntl' were 
made non-Sla nd ar,!. SCrf'WS we rc sc po 

--"alel y cut 011 a sc re w·ma chine wilh 
diJfcrillf!; thrend;; .;to Ihu t if 1111 r purt 
we re losl 0 1' hrokCIl the instrume nt 

wo ulll ha ve to he .o;e nt h:H~k to the 
IIHlIllIfactllre r fo r ha rlll.filliug of rrcw 
pa rt s. 

Tire b ridges of the Ilcriod ,,'c re 
urostl y of Ih e o nce farnilillr IYlw, dis· 
p la y ing panels sl lIIhlc d wi lh large, 
hi ghly polished "raSE! bl ocks. corrrrec­
t ioIJ5 "cirrg nr ,Hlc by lir e in.;te r·tiou of 
I:'pered p lu gs be tw('f'n th e blocks, nl· 
though the dilll·,le(·ude ty pe of hrid J!e 
had heen introd uced a nd was avu il· 

. , . , 

~
' .. . . 
• . .' 

~~:-: . 

EVf'n d~~'aJ(··r.-,~jHanc' · IJO);~ irnprov .. , Tho; 
I"I~ I Tn>~ U02 riJ!.1I1 iH OOllllllcteh' ~ hicMed . 
ha~ beller 8 .. -;lche$. ~·n"t ac I6. I<'r,,;;nals. wir_ 
ing. a",1 cll rd ~'()"Slr"clion than Ihe nMer 

TY!'f! 102 1.1' 

able ill it dircct·cu rrent brid ge ( Ih e 
well·know n TVN: K Test Set) lIla n u· 
fllcture d by Leeds a nd Nort h ru p. 
~ loS I or th e bridges olTcrc{1 for 

OJeU$Ur(,lUellt of inductors and ca pac· 
itors operated 0 11 pUlilll1 ing ralhe r 
Ih a n a ltc nlating: cu rrellt. A b'lsic reo 
'l ui rc melll for a satisfaclory hrirl gc to 
0 IH'rate il l 1000 cyeles o r at hi gher 
II ud io f re quc nc ies is II tYI)e of reilis· 
IKllce ,,'hiel! clin be used ill Ih e ratio 
a rr.I's w'il houl il)l rodu ein g fre'lul'n ey 
I' rl'ors. Tir e ear lier tdl Crnaliu g.currcllt 
hridges we re of the slide·wire type us­
ing ,I ~ I r!ligh l rcs isltlllee wire will, it 

slide.r liS Ihe rat io a rllls or the hrirl ge. 
TIH' A~Tton .P('r ry ty pe of winrling. 
which isnO Ill'('(I(' li vc ut audio frcquc n. 
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: : 

'1'1". Tn'" 193 n""u,te Hri,lg'-,'1Il in l{'r",,; tl ia l c 
~ I al!e in the ,·" tension of the deead .. t,ri.!:,!'· 

to Hhern~ l i "g.., u rrt:n l rn ea s"r"noenl~ 

~· i l·s. \\' ;L~ fir.- ' in trod uced ill Gene ral 
Rarlio re~ i " tall('e hoxes i ll our f;lIllili liT 
TrPE ]02. \Vit h this type of windill l! 
it WII S poss ihle to bu ild HI) 11011-

react ive res islOl'S of lurge \'ahles. 
~rc atl y ex te nding the po~s iblc rang:e 
llud fle"i bilit y of hrid gci' over th e 
s litlc·wi rc type. This wne very qlli ck l ~' 

followed by li n impeda nce hrid ge 
which consisled of rulio arlll ~ and (. 
PO\\ ,' \·.fat'IO r arm wil h p rovis ioll for 

cOJ1lu:'-cl ing unknowll uIHI st alHllinb. 
A rl"d('sip:1l of this hri dge becII lll e ,II .. 
Tn'E 193 wi lli which 1Il1ln y CO rllm c r -

: = = = 

Tht: T n'l> 293 U" i,crs,,1 Hri '[ge h"s" grea ter 
fl e"'bili l)· or ~rra"ge"w"l or Iht ar"'$ a"d II,.. 

~ ,; clo..cd,oo"I"cl ~o"~ lro,cli"" 

werc CClu ippCl 1. It gavc wa y :1 few 
years ago 10 I IU' T YPE 293. H brid~f> 
of ", im ilar genc ra l charllCle ri sli cil bil l 

80 dl's igned Ih al ,ti l impedalH.'cs 
woul(1 le nni u,lIt! 0 11 Ih e pa ne l SO Ih lll 
a ll typ cs of Siand a ni bri, I!!,' ci r(;u il 

co uld be H't Ul" 

\l c:purcm CILI of powe r factor of 
insulaling rnat f> rials was ~lIlOthc r of 
t he problellls ", Iii(' 11 was IIpprollchcd 
in the Cllfl y ye,lrs of t h e COllljIUIlY. 

The '1', I'E 216 Brid ~c W ll il ,'vo lve, 1 for 
Ihis I'urp o~c :lIld h as l,ccll the ~Iaflll · 

a ni lIIe lllo(1 of precise power.faclor 
('ial allIl e ducational h.I JO ra lurif"8 dclt'l'IlIi llalious fur J!l lllly \'ca rs. 

T h .. r~fi n"lJI e"t of dt' clHle brid!! .. ~ len, ls , .. ti l'"c;"ti, ... d imr'~'<1"nee I.ridgeil of grellter uil<'f"ln,, '-""'" 
in gmallcr fi~loI" I ,cit a! t h ~ Tn·1,: 2 16 CIII '8Cit)' Bridge "ft'. and the Tn .. " 6S().A illll"',luII(:c 

Hrid ::; .. riS/1f 
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Par.il'ulnr lIl('aSUl"e lllCIII problelll"­

haVl' t'UIl"ll forth II IIlIlHil!' r lIf hri.lg'· ~ 
uf ~ 1' (' I· i (.t Ilcs ign 10 lilt"" ,111;111. '1'111'.';(' 
11 11\'c ind li riPII hri llge8 fur th e· ,\i .. (>cl 

1lIl' :t5Urt' lnenl of "UIHWi'!tllCC. for 

Irimllliu l'! I!flll/5 cOIul" II !I('r ... (IIHI ror 
lU ea~tlr{, lI1cnt of d('elrol~lic couden .. • 
I · r~. TIll' lalcsl dc veloJllIlI' lI 1 of Ihi ~ 

t~ pl' uf in~trIlJIII '1I1 i~ lill ' Tn>E 650·A 
1llllwdullI'C BritlJO;c. \" I,i,-h COIIII'I' i ~('!I 

in II " ilL~ I, ' IIni , hridge clClllcnl s 111 .. 1 
I'llIlI!i:u'd s for lIICU~lIr"'llt'IIU of imlll e· 
' ;lIIce . capac itance. ullI l rt'" isl tlllt'c on! I' 

wi.l e run l!(' ~' Thi~ ill i" rUIlICII ' ii; Ihe 
"lIlmillll,ion of 11 lUll": .·fforl in .he 
!' iUlI' I jfi ca' iOIl of bridp;e tIIe:I ;o1l fl'lI l e n'!I. 

The lIlf'(lSllrf'IIWn\ of V,WIIII 'II -l ulte 

('u liSlaill s IIcccssi'ulet! IIII' (lc w' lop' 
menl of anOl he r ~ rOllp o( highl~' 

i' jlceilllized hrid~e~. The early T\ I'~: 
:~61 l\lli' IlIIulc o h~o lele by III(' rapi,1 
d"I'dopull'llh uf lIIuhi·,, !t' IIII 'nl lil lil'~ 

TI, t" TI/'v. 5ul \ "O:"U,II '1',,1 ... lir;. lg" h .. ~ lid,>· 
'1"',ld) ~"n·i " ... 1 .. 1I1"I,e dnJ"I" I"""n 'Jj ~;nc .. 

i,s ;n,,,,. I,,o: l;,," in \10) . 1932 

h",dnllillj! ill '1930, '1'1", '1'\ I' ~: S61 
\' .. ellllln ·Tul,e Bri,lJ!l" \\ lticlt supple· 
IIII'nl",1 ;1, \\' 11" (l!'!< i/o:II(,11 wil l, 1111' 
o l,jeci o( providing for a ll po~ ihl l' 

luhe IICVeiO P"I CIII for 1\ lUll /! lill lt~ III 
come. So fllr il h us ~1t'( ' olllp li ~ hcll Ihi s. 
Ev,'" tlte I1t' l\' 1IlI' lu lllll,, 's elill be I(,k . 

• II I'ure of IJ~ 1I1('1'1I i' of a .!'imple 
ul ilipler, 

\\ hil l' rap i.! a ll.! l'ollliu1J ou" prog· 
rl' :-~ was IiHlIIc ill lilt' .!cv,'lup"H'111 .. f 
"riflJ!c~ for ~11l I~ IW'" uf lOOO"c~ (' I. " 

1U1"IISIl r{,!H'"lIl s " {'omlllc rei:,1 apparaill " 

fo r Itrid!!\.' 1II 1'~I~Un 1111..' 111 ,<; a t rllliio frt' · 

'1' •• " ,1"",~ .. n,J tn'"F.N.tn" (JII II I, ridg'": - I, ) 
""'W"~ or I h~ "me .. "", 'ul .... ,,~"'I ill d". '!'\I' Vo 

5-11 \ 1"11"'" '' \Ie' .-" 

(11Il'lIcicii provcd a Ilion' dilTieuh pl"IJli. 

Il' rn . JII ~ 1 II " till' A~rlon,Pcrry n'~ ' " .. 
la/wl'.willlli,/!! dl· ... ·I .. pllle lll clcar~" ,1 

Ihe Ila y IQ II'L' I OO()'{' ~·{' lc hridJ!" -'" 
t'j)" lIlt 11 ';: :11 el l , I cc :lfll '~ c Ye II III a II y III n, Ie 
pl)li~ ihlc l. .. i ( I !!(' ~ for II ~; ' !II rn.lin f re­
'1"(,IICic>', III I I H '.~I ' r t' ... i ~ IIIIIt'I · IIlIil" lilt' 
,. IU :,II ,'csidllul in(\II (· lum'(' . ", h id l Ihe 
1110,,1 l'areru l flt's if,( 11 l·oul .1 1101 eli",· 
iU:llt.' (rOIlI Ih ... Slallllard 1~ PC' or t'lInL 
ill Il l'll 1 eOIiSla1l1 n'~a nll.~",s o( diul ~ I·I · 

lill~ IIIHI call he 1' linlillal (' ,1 ill a hridp;(' 
(' irt'l/il h~ u pn,lillli lla ry l.al:II,cl' , 

T Il<> II ~C uf 111l' ' "O llll,..n ~a l ed ell/" I,., 
log:(· IIIt·r II illl o llli' /, fj'/ill c llu'l1l s of 

hrillf!.' · ledllliclli L" 1II1HI<' I'05!' illll' t l, (' 
T, I'~: 516 H:lflio-F'rt'q"cne ~' Uri,I ~('. 

" h iclt "tJ.o; UIIIIOIltI C'1' 11 ill J933" Prior 
10 II,is l ime Itrill!!I' met h ods h ud ,wi 

l'I Cllllcvclopt"IIIU a I,oilll " h el'C liw }' 
('ou ld he Iru ~h, .1 III rUllio freq ll t" lI ('i~' @. 
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The Tn'~: 5 1fl-C l{a,litl-FrCl (U" 'W} Bridge 
rtl ca!>ure'l ;"'I)(~(I .. ncC!l (lir~IJy at fr'~I'H'nc i "" 

"I' 10 5 m egat-p'l f!>i 

Substitlltioll and \'oitallllll c t{' r meth· 
ods had pers isterl ill this high-frc­
quenC) region long after they IHld 
hel'n ab:mdoncfl elsewhere. 

'l'hccolllPCIISIIIC(1 rc~ istol' ;11 80 lliaile 
poss ible Ihe CQlIs lruclioll of a hritlgc 
( TY I'E 667 ) for :tIlot hc r particul ar l)· 
difficult Ilroblcm, ,h., IIlcu;;urCUICIlI of 
a small imiuclallcf' a~soc iu' Nl wit h a 
comparativciy lurge rC8 i ~tatlcc . This 
is clHlnlc t('ri S-lic of nltlio·frc{III!'''<'Y 

coi ls IlwlIslircII ;II lIudio frC(IIICIICih' . 
'\hhough the COlllllle r e i ;l\ develop­

me llLs of bri llgc ci l'cuil s briefl y 
.. kelcllc fl herf' ha\'c IIl tHle avuilub lc 
1111 ('xkusi,'c line of rel i;l lJle. casil~' 

upt' rated C(luipmCIlI , the inc n :as illp:­
Iy severe rC(luil'emc nt8 of industrial 
11I"aSllrCIIIClit s ill.lic1lte t hat 'u' id ge rI,,­
veio pmcnt IlH.lst he contin uollsly cur· 
ri ... ·d forward. and il i~. ill fnet_ lit thi s 
lime o lle of our 1I10st active pro~rllIll8. 

Thl- lal ~'II 1 Jen·lopllIent in uwagurinll smaU 
indueta nee;!, the 1" '1'" 667·A Indul'la"C~ 

Britl:;c. Jill,... 1935 

FREQUENCY MEASURING INSTRUMENTS 

I
N ]9]5. the standard frcqlu!lIcy, 
m ea s.uring llcvice wa5 th e 11IIIc(1-

circuil wavc llletc r. The IHira lld-wire 
systems used by He rtz, l\lnrconi_ 
Lecla e r. ami olhers had, " ' ith the in· 
tr"flu ction of longer a nd longer 
wavelengths., bet.' 11 fli splaced L~ \'arj· 
ous types of coi l llml condenser COUl' 
hinations, either or both e lemcnts of 
whi ch were adjustahle. Ge ncral Ralli., 
has brought out ovc r twenty ,lil1'e rl' lIt 
wave llle tc r models. of ,,'hi('h a few 

One of the eadi est WllS Ihe TrPE 

105, hrough t out lnte in 1917, wbit-b 
inclu ded plug-in co ils, buzzer, eryah, 1 
lietector, and telep holles. Provision 
:d80 was III:HIt· fo r the use of:1 thcrmo­
cou ple and gll ivallolnctc r, or II ncon 
tube as lir e rC80IHIIICC illi lieulo r. 

'1'111' KolsIt' r Oeeremcter was onc of 
the first eOIllUle rci;r1 instrunwnts 
fillcd wil h II va riaille eon dclIser !l uv· 
ing ,;> pecili ll y sh aped p lates to ob ta in ~ 
II deoired relat iOIl!;h i r het ween f re· 

mlly he mentioned a." or inh' rcli t Iwn·. qU l' n(:~' (wu\'f'ie llgt lr ) lind !!ca le rcad· 
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Sim lIlod .. rn lIrter lift""" )CHI"S. Ilw ".,rr""l 
demand for the '1', I'" 224 Pr,:(l i~iQIl \~ U"C. 
"WI~r psys Irilo", .. 10 the e.:cell .. " ce of the 

()rigin .. 1 ,"-'S ign 

illg. With the wi d c~prcu d II SC of con­
tinuOll8 wave trallSlIlillcrs, the dc­
crellle!c r IHI" fll Hen into disu se. 

The Tn',,; 224 \V,Il'cmClcr W<lS o lle 
of th e first ('ummcrciullllOllcis (about 

" 1920) incorporatillg th e features of 
Jlrcci~io fl \'ar iab lc conde nse r CO li­

strllcliOIl lind ,,'orin drive. The WO I"IIl ­

drive COlldclIScr hnd a scale of 2500 
readable divisions, UII illcrca~e of ten 
tilIlC!'. or more, oVl'r conte mporary 
models. 

The Tn'£ 574 Dirccl.H clIJiult 
WavclIlclcr incorporated the nOl'cl 
,lrral1gCllIcnl of IIsing plug.ill roils. 
c'H'h ca rry ing: i t ~ direct-reading cali· 
braliOIl cngnll'e.1 011 the coil fOl'II1 , 

The l'0s8. ihility of making 1Ul e rror in 
rellding is grcally reduced, since Ihere 
is IJllt one seide ill place of th e nSilul 
arrltn~ellJellt o f /icvend III ,Iirecl­
reMling multi-runge instrtllll en l ~. 

Practica lly a ll or thcse ellrl ic r i.n­
sll'ume llls were f'111ibra lc ,1 by refcr­
e nce 10 !!OlllC other in8. lrullJCllt of the 
SIUIIC 01' s im ilur trr c. whosc calihra­
tion h :1I1 hecn ill tu r n dete rmined by 
rf"f('rCllet' to sOllie ot her illstrullICIlt. 

Ulid 80 011, ad i"finiHlrn, Whut wit h 
the defect .. of , I csi~n _ errors ul'isin!f 
froll] shipm ent. agi ng, tt!lIll'c l'atlll'e 
clla ll ~f''''', illlil so forth. it i~ not 8ul'pri ~ . 

ill1! thai therc WllS II di~:!J)poil1til1g 

lack of a;,:rc('mCIII IIIIIOIIl'\' variou" ill, 
sh'ulIl('nl s, 

Early ill the J920's sta ndard fre· 
quclleics wCl'e Inlll Ji lllillc(1 hy th e U. S. 
Bureau o f Sta ndards !lasc,1 on the ir 
slallrlurd wuvcllletcr. Such trltllsmi~· 

sions had th e grea t a(h'anla~e of 
IU'illgillg the frc(lue ncy slallliuni. 8 0 

10 siwak. inl o thc lahoralorr of the 
useL', IlIul, furthe l', brou~h l a eO llsi,l. 
erablc impro \'Cllle lll in the uniforlll· 
ity of I'CIWIt!!.. s ince workers in 1II11nr 

locl-rions were able 10 make use of a 
s in gle "I:uul lll'd. 

It wail on ly whell th e "Iaurlard 
WI! \'Cilicte r '''us rel' la ccd by oilei Ilatoril 
of I'dativel y high frequency s tahi l ity. 
with rneu ns for \leterlJliuilig the (1'1." 

que ncy directly ill terms of lime, Ih nt 
Ih e prec is io ll o f fre quency measure· 
mCIJI.~ hegun to mllkc rnpid 1)J'o~n'sil 
tow(l1'(1 the hi gh accuracies II ow po~. 

sihk. 

The Tl'V~ 571 Direct,Rellding Wav,·"'cto;r 
~·'."n l ,incs aCI'uracr wilh fllpiJ ity of !letting 

Thus the lise of pie~o·c1cc t rie 

{Iuartz crystals for th e freq ucn ey Sla· 
hi I il';(lt iOJl of rarJ io·( rerluclley osc i I· 
h.tor;; in thc ca rly 1920's marks an 
importallt milcstone in (requcl1 c~' 

I l1e:lS Il relllcili s. 
The fi rst COllllllereia I Jl iezo·eleci ric 
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12 THE GENERAL RADIO EXPERIMENTER 

o~ti ll illol' ap lware,1 in '1921. kllOll'1l as 
lh e Tn'~; 275. This ins l r ulll c ,lI s" f\'cd 
1I iC' ei ther il IlIhonllOI"Y !!I Urul;l1"l1 01' II ' 

11 frt:qllcIH'Y lIIonito l'. III the hitt er 
ca lHlcil) it ~n vt.' sa li~fac lor~' pCI'fofln­

alice JO\"I t h rol1~h the dll Ys of ril l' 
500-cyde l o ierHllcc in h"OlUI ':;Is till p.. 
In this cu rl y work C enCI"ill Hndio 
COIILPHIlY f Ul"llishc d Ihe first '1IIIi,"lz 
cr~'1! llIl jj 10 he lI ~cd i ll CO ll i roll in g the 
f ro'q ll cn c~ nf it hroiulc lis l ;;1(1'1 01' 
(W E \ F', 192;~) allIl Ih e lirsl cr~' t; t ll l '" 
lI ;<cd ill comm e rcial nuli o tralismiH f' r." 
~RCA_ 1923). 

Wi lh dC IlI (uHI fo r high e r aCcu ra­
c ies. t he @ho rt comillgs o f 111 (' curly 
piezo-clecl ric oi!cill utor3 .... c rc ovel" 

("OIllC h~' progn ·s;; jvc itll pro\'clll t' llI S 

Ttli' ('arl) T\' I' ~ 275 P"·w. El,~·tric 0,...,113'", 
tII ,,,.I,. no p rlwigiUII fo r lempt-ro lurl' "()II lr,11 of 

It ... I.,)u"rlz PI" •• · 

III ti ll' {' lIl1ill l? of Ih ~ f!uH I'lz platcs. ill 

Ihe nJ oun li n ~" IIIHI .. ircu i l ~. li nd ill 
IcmpcrUllIrc contro l. A ~ a rC~1I1t till' 
IIC('u rllcy WilS ilUpl'uv~·d [ rUIl I O..l q- lu 
O.()OJ 'ft . a llIl simultaneous ly t lw ('on· 

vC lli (> nl improvem ent of a·e 0p/'raliull 
was inc lLlIlcl l. 

Ea rl y cx pc l-i mc nt a l .lc tcrmill Hli ons 

o[ frC(IUe ncy in te rlllS of tilll f' forc<.: lls l 

'1'1". TVI'e '111 Syneh ront)u" "'vi .... jUlegr" lt-d 
ul'l'licd frf"rl,,~n ci .'!! 10 g j,·c "n " I,"",I" .. ·~, ai llu , 

I;o n ill l er lli ri o f 81 ~ lJd ard lillie 

the fl c \'c!0 plII c nl of the pl' illlllrr 
stll ndard o f fl·c(I" <.: ll ey. hI 1859 Fed· 

IIf'rso n lI scll a r Olaling IIlirl'ol' to 
phutograph II spark (I isehurgc amI 

provc the nSl' i ll lllory " harHCh'l' of fhe 
di~ch aq.!t'. Uy l illlill g ,1](: I"o tat io n of 
tht' mirror, in terlllS of:t lU lli ng- fo rk , 

Pi"I'('c wail ab le 10 o iJ l :lin :I lIIf'aSllrl' 
of Ihe fn 'lltie/ICY of thc splIrk o~c i ll :l ­

lio n>,. ill 191 5. B~' photogr:qlh ing t he 
oseil llliiofl s "f 1111 osc· illlli or op.>r ll l illg 

a t a ellilltlulti p ic of thc ftclJl1 c n f'Y of 
n qlli lttz <.: rY;'l al osc ill :llor <IIllI SUPC I" 

illi llOs. in g a till}in~ rC~'onl of 1'111 ~" iI 

obta i!!" ,1 from II ch rOllo llle tc t', Pic rce 
oh lai ncd a lII (> a ~ l1r; ' of thl" frC(IIIOIiCY 
in tc rlll ':;: of tillle (alJOu t -J92;i l h) 
eoullti ll ~ Ih c nUOlllt'r of c},"leli pcr 
,,"it tilll c ,IIHI nlUlt ip ly ill g hy til!' 
1H1IIdwr of Ihe h ill'monic of Illl' o;;;.cil· 
lal or "ontrol lc d by tl l<.: Ny>' l lIl. 

In 1919 j\hrllhaltl am i B lock (Ie_ 

~'"rij,c IJ thc '· IHllhi vihnrlor· ... a Iy pf' 

of relaXiltion oscillntor hav in g an oul· 
pul ·' I·iell i ll IlIlrllloni es:' Thi s dev ice 

"a ... u!:'cli 10 multipl y fr(>tj llcn cics I))" 

h a rmonic IIlc t llOd s to oil t ll in low a nd 
!l1I' (lium radio frequc ncics fnun : 11\ 

1Iu.lio·frc 'IUCII l"Y Bl linda ftl oscil lalor. ---.... 
su ch as :1 1,lIn i n g fork. A l itt le Inte r. 

Dye ill corporalt'd s li ch :( s lan .l a l'lliz· 
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in~ ('(IU i 1'1111.'111 III a hr,O'rod r nc frc­
lplCIICy mell' r. Luter it was fouIII' ­
thai the uwlti"ibrutur Il ' II1 ill, l'If 

I'urtil'lilurl y we ll 10 the 11;,·;"iOll of 
frl'jlut"lIl'i,'~' T lwt is. 011 the iulrO(luf' 

lioll of II ,'oliuv:e frOlll 1I pi t.'7.o-clt.·ct r; ,' 

u~l'illllior. 1114' fn·IIIIl' .H·Y uf 111t~ lIIulti· 
" ibrulor coulel h,> ~ Iubjl;zcd b~ Ihe 

l'ie7.o.cieclric 0 $1.' ;11:110", "\'1..' 11 tllOlI!!!' 
I he r rf'(jlH' III'Y of I he II iC1.u·cit·cl rk 
(Hci lialOr \\:I~ ~"\' ('rlll tilllC~ hij!hcr 
IJIlIII the fund:lll1clllal fr.'IJllc IIC) of 

th e mu I, ;";lIrlll,/r. 

The T~ "" \J I S) IIchronou,... "olor 
Clu\;k \\ II~ brouJ1:ht OUI in J92() an,1 

1I11 t'a rl ~ mOll e l wa" 11''1"11 h~ )llIrr;· 
"Oll t in hi~ \'Iur\.. ,dlh tilt· precis ion 
IUllill j! fork ~l lIIlIblrll ut the Ue ll 

Lahorll'ori ... ~. 
The delHl'lIls of tile I'rilll(lr ~ frc· 

qUl' IlCY !>Iand:lnl ",' r e hy now al 
IIallll : Tlu' piezQ'c k clric o~cill:lll,r of 

hi~11 fr(' ( I'll'IIC~ ~llIhilil~ ll ~ Ihe ~llIn"· 
nr,l; Ilu~ IlIUlli\' iiJrnlo r IIi' a f nHlue licy 
lli\,ide r. 10 hrin ~ Ihe nulio fr(,(""- lI c~ 

standard do"" 10 fn' II'Ic n l'ic 8 "' lIil · 

111111' for u ... (' ill "'YIII' hro nous IIIOlurs of 
IIIf' i1l1plll~(' t~ pl.'. lllHI Ih e "),lIchro­
IIUIlS'1II010r doel. for I'nullli,,!, Ihe 
IIulilber of 0.'<" ill ll lioIl8 eXl'l'ul.,(1 by 
Ihe pil'zo·('lel'lric o~ ... i ll:tl or in a ~i\'c il 

lillH'iull' n 'u l. 
The fir~1 ('O Ullnf' rl ';a l prilllary frl" 

ql"'''c~< ~Ia nll llni ,,:IS Iht' C l.A!'~ C·21· 11 
IIroll!,:hl 0111 by Gen. 'rlll RlHlio CU III­
PUll) ill 1928. Thi!' lalmrlllm\' fn" 

IJlwncy i< llIlHlard IHid 1111 at'curacy of 
Olll' pari in a IIli l liol1 (0,0001 p.-.r 

t't'll l l . rurlli~hClI 111111111"1" 1.0 lOf ~Iullt l · 
(Ird fre'lucm' it,,, Ihrouj.!:houl thc radio· 

fn'tlllt.'IIcy SIj('clrull l for I II('II ~ I I rt'IIiCII I 

• '" ,,, .. ,'., ~·'''I.'''''' ~, ."".,d, ••• , .... r ....... Sln.l. 
•• , ... ' '' ..... ~ SG""'." J I ... n .rr. J"un,.' .r ,h. Up" •• 1 
~ ..... ,. oA A. .. .." •• • "" II ...... .r ~ ""n ;~. , • • " ..... n ... 
JooIJ , '_2: 

t " """""" J).t,,,nlno,ien ef •• .. 1" ..... 7:· J . II . 11 •• -
t." ond .... I , ~h .. i ... ~. P . ..... 111.1. •• ••• " ...... 1m. 

'1'1 ... lin .. 1 tI""""I""l'nl . lilt' l >r;nlllr~ SIaml .... 1 
of Fr"' I".,n'·~, "CJl'ural t.' to "ilhi" 5 " IIr1@ ill 

10 ",illion. 1'1', lWcl il" ~ ,,,;liar~ fr'~ltl(""'}-
tn ... ~"ri,,:; ." ,,,il,mN>I. ri#" 

u,,;c. (liul pro\' iocd 11H: !lII~ for ('o llll'lIr· 
ill~ the lime of Ihl' cryslul conlroll('(\ 

clock wil h lillie !> ignal l!- to wi llli" O.Oi 
~COlIl I. L:.t cr model" ) i.·111 \111 ac· 
Cllnt{' ~- of a 1'1" .... 1)llrl!' ill I {'n million. 

IlIt crpul nlioll ill ~ II'UlIll'lIl I!- for IIIl'",,' 

uring fr<' lluCllcit' i' in 
1I10"i ('~ ~lIjlplicl l b y 
,,1:llIIlanl h aw' IlI'ell 

h:rtll!O of hur­
tile 1)I' ill1l1r~ 

tl(>\,.- lop(·'1. II ~ 

nu"a ll ~ of whic h rrc CJll cnl'i{'~ from :1 

fl'\' ki loc)cI.·JI 10 l'C\,.' ra l IIH'gll(: ~'cl c,; 
('nn 1)1' 1Il{'!I."ur.'rl "ill1 an I I CC llrll(' ~ of 

II f('\\ pari;; ill om' miliiOll. 

E.'llIil'lII cnl of Ihi /! tY I'I' "u~ I,,'ell 
"id.' I~ II~II in gOI'l:Tlllllelll a 11,1 COIII­
utCTciu l ~(' n' ic ... ~ nil o\'cr the wori.1. 

IUICfI'8I illg ul'pli''';llioll~. ;11 n.J.iitioli 
10 the 1I0rllll" U"C8 fUT fTI'CJllcnc~' 

UH' a~IITCIII('nl". h ll\'" l)('clI ill Ihe 1111'11;;­
IITt'IlI.' 1I1 of bullel \'elo{'ili' ·I!-. II,, · 

IIlCUHlfPIIH'nt of vci()('ily or Ii ~h .. allil 

II i' prcci~c ~llIrll lllrd l' of lillII' . 
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14 THE GENERAL RADIO EXPERIMENTER 

ELECTRICAL MEASUREMENTS IN THE RADIO 
BROADCASTING STATION 

IT j,; s ignifj('ii lll 

of 11 .. :- ru lli o 
th a L tllc two portions 
induii l ry which arc 

1I10si ;IIII'Ofllllll from the econ o mic 

s. 1 'l n~lpoinl ( rlulio bmilllclls lillg :11111 
radio receive" lI.HIIlUf:u'ltl l ' !') have 
Iwell re~ pon~ib le for 11 major portion 
of the tcc lilli cu l ad va nces li nd in stru­
men t design in cOlllllluni cut ioll·frc­
quc ncy IlJ £'USUrCllI c nu during the last 
lell ~'ca rs. The rudio broadcasting in­
tl Il SlfY, in pilrlicular, IIlrord .., 11 11 OU I­

slmul ing cx:ulJph· of the lVa~T ill wh ich 
Iceh lliclI l d c \'cloplll cn is are contJi­
l iollf-,I a mi {,,'e ll forcerl by econom ic 
factors. 

Th e opcralioll of a lIl ollcfn r:.IIlio 
hrollti('u5till g stillion ill\'o lv(:s. a~ II 

1II;I I\e r of routinc, the IJICtiSll rc mc nt of 
lIla ny c1ecl riCli i (llHllltiticlI such :I i! 

lIUfiio-frcflllency <Iud carric r pU lVcr 
leve l;;, frequency. 1ll0dulHIio n leve l. 
noise level, 111111 h a rrll oni c flis tort iOIl. 

a8 we ll as thc III Clisurcment of ,til 
ope ralinl!! vo lt ages and curre nts in 
vacuum tuhe e; I·Cllil5. 'fhe d es ign of 
C(Iuipmcnt for broadcasting stalion 
t1~e has Ic nrl CII a lwllys towar!1 llUt O' 

IIwl ie or direct-reudi ng inst rllrllClI1" 
wh ich require II minimulIJ of a ll e n· 
tion 011 thc pari of the opera tor. 

T lw 111'0 lIlajor llssets o f a I'IHlio 
hroadcuslin g s lation lire its ope ratin g 

l icCIlS(', which is grullted hy go\,crI. · 
I1I I.' IIt a1 aut hori ty. a nd it!! covc rnge. 

th ul i!!, Ihe !lumber of li s tcne r~ which 
it e11l1 rl'lIch . To reta in th e forme r :md 
to illcrca~e the hill e r are Ih e two 
fH cl ors wh i<-h meau the 1II08 t, econolll­
i('a lly, to the Sialiol •. 

Thc gra nt ing o f un o pc rutillg l i-

ccnsc to the brou(lcastillg s taliOIl is 
cont ingent upon the Ol,sen'allec of 
cc rt;tin rules a ud "egula lio ns I!ovcrn­
Lng frcque ncy, OUlput level, (pwlity 
of o utput. and operating procedure. 
spec ifi c{1 ( ill this coulltry ) IJ ~' t he 
Fed e ral COl11munications COl llu. i,'!. 
s io n. O pe rati ng wilhin th ese specifi(' (1 
limi ts. particula r ly al a spf·cific rl 
currier power le vel, Ihl' s ta tion whidl 
elU1 opcrate w it h t he hi ghes t pe rce llt­
age modulation , th e minimUIIl rl is tor· 
tion, aud Ih e hest radiating syste m i!; 
Ihe o ne which , in te rms of mone i liry 
f(·lnr u. lIluke8 the bcst success lI8 11 
going concern . 

Onc of the p rimary rules prcscrihefl 
by t hc fed c rol Conllllun iC<llions CUIII ' 
mission dea ls wi th t he llI a intelHmee 
o f the o pe rating freq uency o f the 
Irllllsmiu e r within ce rtain spec ifif'fl 
lillli ts. TheaI' regulations have been 
res polll. iilic for the (Ievelopme nl of 
t he IHe8e nt techniqu e of f requ<.- Ilcy 

monitoring in Lroadcast ing Shllio ns. 
culminating in Ihe \' i s ual-t~, pc. di rect · 
rea dinf! . frequency monitor. T ile 
constant lIurl'owi ng of fre{llIc nc), to l­
c ranc,~s in the stll lldu rd b road cast-

T n'.I> 375 Sta l ino Pie7.o- I~lec lrit' OiKillnl<>r. 
11 , ... "ruudca~ l.sh.li~,n rr" ' I"1:ncy mon,l"r of 

1926 
-
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JUNE, 1935 -YOL. X-No. 1 15 

~ frc{lucncy band has resulted frOIll Ihe 
CO!UiIlU311~ incrca~illg 1111 111 Iwr of 

bro!ldcll .• till~ "Ialiona. \Vi,h only II 
fc" SIUliollll, it i.;, 1101 of prilllury 
importune .. , whe lh er or not lIw !rU lls, 

mille r CrcIIlIcIICY wallll c r8 UVf'f n 
cOlisidt' rublc I'Huge. As lhc nUlllhcr of 
s tiltioll i! incrclI ';'cs. until OIlC s tILlion iii 
o pe rlllilig on ene ll a\'ui lllhic c h :lI1lld. 
80llle I~ I'" of cry~ta l frequency lIIoui­
lor is fNluirc(1 to prevent s l:uioll il on 
adjlu'(,111 clUUIIle!S frOIll intent'ring. 
As fiu.' il\{llI~try del'e lops still (IIrlll(,f. 
l'e"c ral IIln tions operate all a s ing le 
channel, lUll I the lOicral1CCM urc 
lIarrowed 10 the point whc l'c 11 Iii· 

rCd'fl'lHlillg narrow range indicutor 

Viaunt j",lil'alion of fn>(\lI"ucy ,In;ut ;<)n 
urr;,'ed in 1932 ill 1110' Tyl'F. 581 FrC<lucncy_ 

0 .. , ialion Meter 

IS re1luirell. 10 prc\'cnt h e te rodyne 
interf e re llct:'. 

"""" O, IJ{'r go\'ernlllc nt rules d ea l ,,-illl 
such faclors (IS power ou tpu t, perccnt-
111'1' 1I10(luI1lIi0I1 , anrl harmonic distor-

Th .. CI . • ~~ 730·A TrHIISlUi;;.o ion t\1"nilOring 
A ~~elUhly. introduceu JII""ury. 1935, !,crltliu 
rapid rnut;ne mClleuremrnt of "'o<lulal;OIl , 

diMorlion, and "lIrr;.'r "o;~e 

tion. The IIIcasuremCl1I of output 
pO"'cr. in OIiC IIlc thod lit leu"t, in­
volves a knowlcdge of the eonslanls 
of Ihe antenna ilysl(' III, In the meas­

urcmc nts of thesc eOllsl lllltS. !lnrlicu­
l:trl~' Ih e rcsisllIlICC, ohle r Ul('tholl s 
h :\Ve bf!c lI used for so rne lillie. The 

!leerl for portlihle Hllrl fiirl'cl-ren(lill g 
c'luipmcnt , howcvl'r, hus bel'll 1111 i111-

pOrlanl f"clor ill Ihe de\'(~ lopmellt of 
th e 1, .. dio-frcllUCIICY bri"~c and vari­
ous Iypes of spccin liz f.' d IIlclisuring 
!'Chi using 6uhstitutio n met horls, 

Tht! rr'gulaliolls which denl with 

pCre('nla gc 1II0dul:.lio il spec ify o nly a 
lo wer limit for the maximum modu­
lat ioll ic\'cI whieh Ih e Ira nsmitt er 
shull be cupahlc of dclivt· rillg. Here, 
howe \'cr. the .!' tolion co\'crnge Cllll be 
tHnlcrioll~· incn.' uscd if n high pe r­
('e!tlnge tnOlllllution iii Jlossible with­
Oltt mat erinll r incn'lIs illg harmollie 
,Iistorlion. Labor.I IOr ,. ill Sl rnmenl~ 

for "If.' m ea;;urc mc nt or perCClllnge 
1Il0,lullllioll and h ;lrlllOllic ,li ... lorliOIl 
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16 THE GENERAL RADIO EXPERIMENTER 

"ere ,h vcloJlcrl aud used in 111 05 1 

hroall casling s ial ion s. \Vilh Ihe in­

crc lI"ing ,le-ulan{1 for higIHlual il ~' 

t r a ll ~ nlig" io ll. hO\\'p \'cr , uutolllulic lI lHI 

rlirl'c t-rt';u1in i! (,(,U ipme nl bcc:ullc lice· 

c~sa .. y. a lHl ins lrUIllCllt.~ of the type 
shuwn 011 page 15 rc presell! the lal­

.'SI deve lopments ill Ihi ll pnrtieular 
lIe!.1. \\ ith "quiplllf'lIl curre ntl y (lv(l il· 

;,, 111 (". il is poss ible to make a com plete 
dl l'ck o n the quul it y of the OUlput of 

II rad io Irull smill cr. con:-'5Ii" I' of 
IIl C(I ~ lI n; llIcnI8 of IIl o. lulatio li I('vel. 
h Ul'lIIlmic llistorlio ll. an d noi se lew!1. 
in II few lIIillul e~. In utldiLioll , tb e 0 11 1-

Th" Tn'K 157 \10,1,,1 .. 1;0" Meier g i \'{'. I ~b(). 

rlllo)r~ m"'n~urt:"wn l "f ,,,,,rt:en . aglo ""-..dnl wl;",, 
1111 p.~i l i" <: ()r negativ .. . , .. uk" 

pilI Icvd ca n 1)1' continuou sly lIIoni ­

IOrl'41.l;tivilll;t lilt' o pc rator. al a g lanc('. 
11 comple te check o n Ih e o peralion of 
hi .~ t raJl811liUer al a ll limcs. 

In ,<; lrUIIICI11 8 for tht· lUeasu rem c nt 
of lhe (I li a lil y of the oUlput of it nulio 

trll1l8millpr, wh ile showiu g th e ol'e r· 
a lil1 l! conditiOI]. lIlus t . of coursc, Iw 
su pplcllll' lIl ed Ly adju stme lll s !llId 
lllC(]StJrcmc nt s in the va rio us porI ion ... 
of the t ra nSllliller il;;elf in onle]" to 

104:111 0 nllll dimi llnl e SOHI"C4'!! o f im­
pro pc r OI'('J"(ll io ll. Thill !'ccl io l] of t h ~ 

Irnll ~ lIIitl cr whieh has rcce ived the 
m US I att e nt iOIl is Ihe uudio-frcqlJ(·n cy 

Thl'" '1', I'" 536 D'810rt''''I·FaClor \ICIer ",ca, 
~"re~ the 400-c)cle 1I'~ lorl io" .1\ 1\11 aml,o­

frl'"ll"""I'Y 8,.~ 14'l11 

porI io n, con~ i s lillg of mi cropho ne 

pick ups a nd a1l1plifier~ . sp eech inpul 
equipmc llt , (mil sp ceeh .unplifiers. 

To mi nim ize (liSlorlioll ill the 
uudi o-frNlue lley S ~'s t C Ill , II is ncces­
sa ry that the (tlulio-frcqll c l]c), po we l' 
Ic\'e l Iw eOlltillu olisly 1I10 llitol"c II al 

variollS poin ti' in the sysh'm. Thl' lie-
111111111 for moderutel y-priced a n.1 com-
1' !ICt. di l'cct -re ading in s trlllllcn u wa ... 

an illlporWll1 fa elur ill th e Ilevelop­
IIlCllt of th e eoppe r·oxid e-rcclifi e l­
ty pe of powc r-Ievel indicutor whi ch 

is no w 'llHl Oel uni\'et"S!!iJy ured ill th e 
hl"oarlca~ ljllg itllli SOIlIlII 1110tiol1 pi c­

ture IllIllI slrics. 
S illcc th e bcgil1llillg of commerc ial 

ratlio bl·oallea;; till !,:. GClle r!!1 Hudi o 

h a ... s lIpplie,j a l(lr~c po ri ion of Ihe 
lIn·usul·jng too ls of the IJI"oa,leas t sla­
lion I·n ginc('r. ()lIe or m ore Celll'r,,1 

,,,., 
~ .... . • .•.... ~ .. .. .. 

. . .:. to" 

The 'i'v"t-: 586 PO" er- Le"d I "d,cnlUr I'm!;r"", 
II1Olli, ,,r~ Ihe lIuJ'''.fr~lt U''ncy lev,,1 red In Ihe 

Iran8."; tl f"r 
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",... Hallio in~lrulllelll,i' . rUII~i,,!! frou l the 
iut' XIH' lbin.' microphone mixl" " COIl­

ITul lO th e llirccl-rcll d i ll ~ Ira ll~l lIi !~iO Ii 

mOllituri!!!! 1..'(lIlipll1l' lIl . IIrc ill ti s(: lu­

ti lly in prac licH Jl y ullllH' uroad cuslillJo! 

!'lu l io"iI of th e Uniterl Sta ll'!!. \bny of 

trielll 111O'aHITCII \{' III!. hUI i. i ~ to tilt' 

hrou rlcas ting indu"l ry. a~ th e ori~i ll :I' 

lor of !lu:: (lc mun.1 for the appi icil lio ll 
of tilt' ad\'a "l ag.f'~ of direct-I·elulill!! in-
1'11'111111'11 1$ to precisio n ",cthulls of 

IIl t' a~urClllc n1. t h at Ihe r ll1lio art 0'''''' 
t111'~f' in,.!rUlllt.m1S 1!I.ve I,':'-C II Ili i' l incl lIIu ch of it s progre~~ in th e P3"" 
lHh' 1I1I{'(''' in th e 1('(' lIlIi(lu(' of :I-e dec· deetH/c. 

WHO'S WHO 

W ilY :.11 this n ovi, '" vI' the art of 
('Ipetrie:.l II l('a~ Urf' IIII'lll s in th e 

lid.1 of :nHlio allli nulio frC'lIlCllcie!? 

'1'111' pllq)O~ is 10 poi nt uut Ihal. lIeW 

u Ihis licld i ~, the Gellera l Hadio 
CO llIl' il lL Y i ~ 0 111.' of Ihe o l den 1.'0111 , 
I,ullic~ il' ii, Un JUli e {ollrl('(' I1I11 Wl' 

"l1m l'l l' ll' th{' ,,{'eo llil del'a.le of 0111' 

(')( i ~ ll' lI et' , 

Fi\c ~i':trs ago Oil the Oi:ca~ ion of 

t ire {'elehratioll of ollr fiflf'enth birth· 
,h.~ \H' (1, 'vote,1 aIL isslle of Tlt t:: 
C.;_'.;U,\!, B,ww I~ Xl't;Hl\a;i\ "":H 10 .I t , ­

~('rihill " 11.1.' his tory uf l ire COI1lI':IlIy 
aIlIliO pOrll"llyillf! b~ \\onl :lIull,y pif'­

luft' eomc of IIII' pe rsonnel who make 
lip Ih" orgull iz.tliull o \\ IICII rClof'n ll y 

II, ' eOllilemplalcl1 n ' peali,,!! Ilri ~ pro· 
""til/re, our p r illier 100ke,1 Ol'.'r t hl' 
pidll,'e ~ uf Oil ,' s lall' :t~ showl! ill Ih a l 
ioNolH' of five yean! :'/-tU :uul remark('ll. 
" '1'1,.. d .. pr('~ ion c('rlui lll~' has lefl i t.~ 

mark Oil ~(Hlle uf ~'ou r' Su ~real \\ (t~ 
II,,> ~ ll u('k 10 III000e of 1I~ \\ hn IHl\'e beell 
prirlilll! ouri<C l vc~ UII fI ' lliinin !; 0111' 

YOllfhfllirlO'sS Ihul IH_' dcei,l .. tI il ruil!ill 

Ill ' l!I'tler not 10 lei our rf' lulers sec 
Ilow o ld alul .Ieerepit we h :1I1 become, 
COII ~NII"'l1lly , IIIf' 1935 (" ,lilioll of 

" \\ ItO '!! W 11 0 at G"IIt: r,,1 Hallio" fo l-
10"· II,,;' lr:,,liliul1:11 forr,. of "ueh pu li, 
li (' lI lio lls a lld COl ll aill~ nf! piClurC$, 

n. ,{" uusc \\'C arc fUlldulIH'IIIHlly all Cll' 

,.:ill('(' r;1I 1; org;a'liz:llioll. llnll hcca ll~I ' 

lite E' .. t;RI\lt: 'TEIl rl'u dc rs li n' l:lr~l" l r 

clI/-t itlce rs, our wonl JlOrlra;l~ will IJe 
limill.'(l p ri ll('i p n ll y 10 Ill e mue ,'s of 
the {'ngitlcerill/-t gruup, 

We ,He lIIu~ 1 hapl'Y Iu slatf' lI ,al :tli 
uf fh()~L' lislet! in the i ,.,~II'-' of fi\,(-' year" 
U!!U ure ~t ill lil' ing :IIHI, Kith Ill<" "x­
('(' plioll of J, W , 1-lmtOIl_ arf' "Iiil with 

II' , \l r, Horloll Ir a,., P.ilf' lI lip h i" 
I..xeclIl;v,· work 10 ,I l'''ole Ilis lillie "II ' 

li l',· I) In re ~;,:. ,'('h :111, 1 iii I1m\ a r('5cal'l: l, 

H.,<,.,oc iu1o ' al t ill' \l a~~al'hll~cll il III ~ ti­

till t' of Tcdll1Ulo~y. do itt~ :t lliusl 
promi~ittg l)il'cl' of wo,·k in Ihe fidd 
o f I.io-p hy"!'i,'~, Oil ,.hidl proule m Ihi .. 

COru ,, :UI ~ Ii! C'o-ojw r n l itlg:, 

\\ ... arc :11 ~o ~I :(tl 10 ~:( Y Ihal Kill" 
J\ , .l011llS011, Ihe firSI e 'ttploycc uf tlu­

Co mpull y_ is Slill wilh liS. 

Allhough Ihe Corn"au~ 11I1i' 110 
dcfiui lc ltlleruplo~ IlIe lll !J1:tn. il Ir a,.. 

IOIlf! had Euch a prob l,-, tll in mi.,,1 ill 

lilt, mailllClHu,CC "f rCM:r\'('s. which 
hn"" ma,l c ;1 pu~~ih l.-, dttring Ihe IHI ~ 1 

flw YCflrs 10 kee p Ihc ("II li l'(" o rgalliza­
linn togelhero Olily for II bricf pc riud 
.)f lill1 (, rlid til(' c nrplu)' IHCIH h01l 1'S 
drup 10 60'1- uf IIUTlIIlI!. 1111(1. ,'XC(' pl 
fOl' !I f(:w ,.orkerl! hl~ i' li 0 11 ill 1929. 
lin e.tlp lo~·ce W:l t> dnlPlwd bN'a tl i!C of 

declin in g htl ~ illl '''~' 

The amee n. l"I ' mllin lIochull f!-"'1. 
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Henry S. Shaw continu es U5 Chuirman 
of th e B03rd of Director!;. Al ll lOUgh 
he doe~ 1101 IPke pllrl ill the aClive 
df"l(liis of IIHlllu gclIIcnt. )[r. Shaw i ~ 

at the C Olli pan ,. offices sc"cm\ days 
each week ami, in ail.\it ion 10 1IJ;l i)l­

l ilin in f=: u kC<" 1I int c re@! ill a p parll lm; 

licvriopll.lCnl , p articu la r ly in the fi elll 
of ultra-hi gh frcqucnei cl', has through 
his personal gC llc rosil r made pos­
s ible rhe cSl ublisilmenl of a fllnd 
aVll ihd.llc for the generul wclfllre of 
employees and their fUlIl.iJic s. 

The General Radio COllqUIl Y owes 
i lb very cx i"lclICC 10 its Prc~ j (IC III , 

' Ieh·ill l:' Eust hulII. It was he wh o 
((llI ude.1 ii, alltl it is Iw who hali led 
it through the vll ."ie t! tra nsilioru; of 
the past Iwe nl y )cars. No 111O'"C a p t 
descri pt ion of his dut ies ca n he fouud 
Ih llll hy repcali l1 g wlllli was wr itten 
of hi m fi ve yellrs II S0: " His ne livities: 
• ... bo ..... evc r, ure fi lii properly (Ie· 
St'ribCII b~ his litle . for he is 1'arcly 
fou lld al bis pres itlc lilial deg);;. Hh 
in le rCfls flrc almost escJu sivf' ly in ('11-

ginec rin g work. and he lIlay u1;ua lly 
he found in hi~ res(>a rch );t\)oralo l·Y. 
l ' SCCl't ,Iuri ns Ih e iHllmller. wbclJ he 
lakes a long ".Ilea t i011 . gcneni lly on the 
Pn cifi" CO:l~ t or in Europe:' That the 
rCllwrkii of the pri nt e r IIIl1~' not he 
1ake n 100 seriously. leI il he recorded 
he re Ihat hot h Ihe Chairlllun of the 
Bon nlnlld the P"csili cnt IHlve jusl :Ir· 
r iVe,! at IllIIt ripe o ld ase uf h nn ,I 
century. 

In chllrge of nil III lwuractll ring <11,,1 
plllllt opcnlliolls is V ice-Prcsille nt 
E. H. Locke. On hi m is phi ccil nil 
blame when de live ries arc s low. un ,1 
hi i' gootl work iii' too casily fllrgOltCII 
when th e CO lll lllcrci(l1 Dt: l'arLm l'nt 
filills il i'clf ov('rsteockc<1. Seve nl Cl'1I 

years of ,t~soci a tion with Ihe COIII ­
pa ny, fifl cl' lI of which ha ve hC(' iL in 
ehllrgc of 111 8ll ufllctu rin g, hu \'e. bow­
eve r. dO llc lIIueh to rCl'om:ile h im to 
Ib e 8111:1 11 a lllouni of help 1111(1 of 111'­
l>rcl:iaiioli h e ma y c,'e r ('~ pccl frOIll 

those res pollsiblc for c lI ~ tullIer 1'011-
tae";. 

Lik e ,\ '\cssrs. 5 IHI\\' :\l1\'1 Locke. II, n. 
Hicillilond. the Compan y' s TI'e ll ~u .. cr. 
j!JilJcd 31r. EUslhalll whe n th e yc,ln' 
of the Comp any we rc st ill bc iug 
coun Wtl on the fingers of OI1C han ,1. 
II ,WCIU £! 10 be a ha bit o f offi cers o r the 
Goneral R adio CO lIJjluny. rc~anllcss 

of lille, to be closel y 1lS80ciatcd " ith 
e llgi m:c l'in g, thus 1\11'. Richmond, in 
,uldilion 10 his lIsunl (lulics as T re,ls, 
ure r, watc hes OVCI' th ose ph(l ~cs of 
eng ine'!ri ng pertai n ing d irec tl y to 
eu ~to lllcr re lationships, whi ch , in !Jur 
orga nization, is jusl II lo ng way of 
sayi ng SlI lcs. 

Before appa l'a lil £! ca n he manu fac­
tured it IUtisl be (I es igncd. t\fl e r 
agreem e nt :!I1l011 g a confC ""llce group. 
li t ,,,h ie" specifi cat ions ,lIul o lh e r im ­
porta nt limiting ra cto rs. illcllH l ill ~ 

proLmhlc p r ice, arc :' grcc<1 upon. Ih e 
developm cllt a llli aclu :1i Ilcs.ign arc 
ca rric,1 oui. hy a n c ngi ncerill g g rOll p 
known as DeveloJl ment Elig inef'f in p;. 
This group is hctl llcd hy .Mr. En~ l ­

hlllll. :lse islcd by Etlunrd Karplus. 
who rCl1cive<1 hi s Dip\. En g. frolll 
the Tcdlllische HUl: hsehulc. a t Vic lI­
lI a , The work cH rricci 011 by the v1n i­
ow; engincc rs in th is group is tOll 
va ried 10 atte lllpt to givc a n y- dc t:tils 
of Iheir sp cci fi c activitics. rt IH' r h1lp$ 
is sufficie nt to stale t hat most. of thl' 
II ('\\' it,> I II S Lisicil in 0111' IIcwl y pllb . .-...,.. 
lislic<1 Cata log l-l ure th e produ ct I,j 

Ihe c ngillcc rs ill Il l is group, whi<'h 
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~ r :lIduJI"";: L.B. J\r-gu illlbnu . S. B., Har­
vunl ; A. G. BOUMluCI, B.E.E., T ufts: 
J. D. Crawfo rd . S. B., Massnchm clt s 
fil s/ il li te of Techno logy: H. W. Lam­
ilOIl. s.n., .\1aS8:1ehuscUs lnstilu te of 
Tf·chlloiogy. A.M" Ela rvllrd; and 
\V. N. '1'1111 Ie, l' h .O., H:lrva nl. 

Oftentimes a staud :lrd il e u, is t he 
result of wo rk wh ich OI' i ginalcfl in 
connect ioll wit h som e cus to m e r proL­
k ill . For this I'CUBon H cons ide rable 
num hcr of O U I' i nSlnllllCl l l!! hu\'c h el' lI 

11f>\-e!0pN! I,y lllc ulhcrs of (\ secoud 
e ng inee r ill!:: smup. k liOWIl us the Ce ll ­
crill Eng iucerifl g Departmellt. \Vhilc 
Ih is group is II l1th:r the genera l di rec­
tion o f ,'11" R idll llo nJ, it s adm iu is / ra· 
t ion i9 aCliveJy Cti fri Cfl Oll t by C. T. 
Burke, S .. M., ~ llI ssachu sCl[i! I U8 t ilu tc 

of Technology, whose tiLie is Ih at 
of E ngineeri ng ' 1:lI1 ager , As llIa ny 

""EXI'E HI."IK.."I'I'ER reade rs kl low melll ' 
bers of lh is gronp throu gh pe rsona l 
eonl nct 01' through eO l'l'csponde nce, it 
secllls a pp ro priu lc to 1.I0 i e th e par· 
tieu l:Jr fUJI ctions of Ihe VU I'iou!! C II ­

ginf:ers \\' it!Jj u tl lis group. 
A. E. Tllicsscn, O.E.. J o hns H op· 

ki ns. is the engineer in ch arge o f 
Government llCli lcil ics anll, in ge ll · 

c r .. l, q ll nnl it y speeia l.p ro b le m items. 
He. too, hus 5upc..-v i!!ed t he del'elop· 
m e n I of !!o me ite m s ,h at havc (ou llIl 
t he ir way into the cata log. 

H, F. Fielll , A.M., Brown ulld l1a r· 
val"1. is fam iliar to lIJ any EXPRR I· 
;\11>;\n:n readera fO I' hi~ wo r k ill b r illgl' 
lJ1('a ~ lI rCUlents und al lied !!ubjects, 
Nea rl y nIl th .> lIew hridgcs aud asso· 
eia ted eflu ipmen t ap pea r ing in Qllr 
,'CI'cnt catalog IHlvc lIce n dc-I·eloped 
IItHlN ~ Ir. fi e ld's di reclion. 

No one III GCllcra l Ha dio cn ll think 
of frCf[llCncy 5l:l11 da rdizatioll without 

Ihillk iug or il ill ICI"IJIS of J. K. Clnl'P, 
S.M., (\ l lIssac.huse tts tnsti tute uf Tech · 
no logy. A verr cO lisidcra b lc number 
of Ihe IH'oadellst stat ions in the United 
S t il le.;; lu1I'0 frcllue ncY' 1Iloni to l'in g 
C(lu ipoJt}Ul developed by him, und it 
is tin:. !'Oa$l o f the Comp any IlllIt Ihe 
su n neve r sets o n 'Ir. Cl apl}'S p ri­
tII ury.frc l1l.1cn t'y sta ml a n ls. so wor ld· 
wide is Ihei r dist ribUlio li . 

n ow IIlIl t' h is il goillg to cos t ? T hat 
a nswcr usua lly comes fro Ul P. K. i\l c­
Elroy. A.I' 1.. Ha rvH nl. Nearly a ll 
i tc lIl s of specia l ma nufacture :\Ild 
c/ulngci> f ro m 6-11\ I1I.l ard desigu h ave 
the ir cosls estim aterl b y- ) l r. l\l eE l1'Or. 
To h im " Iso fu lls the lo t of di n'cting 
the filla l e ng ineeri og design of Illuch 
of '1 r. Tllics!!ell 's special eon t rllci 
work. 

.If it Inust be ma Jo i ll a hurry, i t 
gocs to I:J. S. Wilk ins, S.B., i\l lIs~adl1l ' 

se tt;; Lnstitu te of Techno logy, li nd hi s 
modd sho p. Not o n ly docs Mr. Wi I· 
kill ';; ha ndle ilHli l' id ua l customer p l'Ob· 
ICIIIS. bu t nOll d y ;.1 1 our 0 1 .. 11 fir;;.1 
lIlollds a rc produced i ll h is grou p. 

Who pub lishes the EXJ' £lI IM £1\'ff.lI? 

C. E. Worthen, S.B" Massaclmsclls 
Insti tu te of Techno logy. a nd Iw docs 
a who le lot of o the r th ings, 100, th at 

make it eas ier for GenCI'al Rlld io cu,.· 
tom ol'S to know what W'C ma ke tlll d , 
after a pu rchase, how 10 make Ihe al" 
Ila rll tllS wor k. 

I f yOll r fl ame is no t eorrect.ly listed 
in our 1II1Ji Hll g fil es, il lllme J. AI. Cb y­
Ion. of Co rnell. If yon do 1101. l ike on r 
IId l'l!r lisClllents, tell i\lr. Clayton, be­
ell use he is rcsl'on~ i ble for the pre p' 
(u'3 lio ll of 111051 of I h~1II as we ll. 

J oi n ing ou r staff only a yea r ago i ~ 
Frll llk L. T uckcr, B.S., Un iversi ty of 
TCJ(as: !\l.B,A.. H arvard Busi nl'S6 
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Sehou l. \1,., TUl'ker .lm'otcs his lillie 

10 ,) ", llIl i,; l icaJ flilalys is of all cm!ls, 
rlcvolin" P:Hl icuJar alU:ulioli to those 
JlCl'l ainin g 10 all forlll s of cngi nccrillg 
ill onlt-/" t hat t hey nllt) hc properly 
a Uocah:d 10 th e ir rcspccl il'C illstru, 
lIIelll:>. 

Just II year ago jl seemed IIdv isl.b le 
10 have a Nelli York 1!lIgillcc ring: office 
10 assis t our mClropolihUl customers 
ill the so ltnio ll of techni ca l p rohlems 
ill\olvillg our c1luiplIlCIlt. FOI'l h i~ im­
portan t poet :-'1. T. Smith , 5 .• \1. . 
1\lassach u5ell s Inst itu te of Tech nol­
og}. was selected, llllli he is .. Iready 
familia r to IIHlIlY GenNal Radio 
fri cnd" ill the New York district. 
Olhel'~ in t he Genera l E llg illccring 

Oc parlmcllI who 11m devotillg t hei r 
lim e 10 hcll)ing customers ill their CII­
~ ince .. illg Iu-ohlems aud who .d~o arc 
watching out for JIIe thud s of i "IIH'O\'­
ing Ollr p roduct arc II. H. Scott. S.~'l .• 
MUSsHchu ~ells Inslitute of Technol­
ogy: W, G. Wo.:-i>s lc l·. S. \1.. ~lass .. cllII­
seLIg l u!;l ilul c of Techno logy; :.HHI 
F. Irc llUIII , A.B., Harvard. 

A lso lI Ilder Ih ... nomillal s lI pefl'i;:c io ll 
of 1\lr. Richmond hut actively and 
a l,ly ad lllillistcrcd by its chief. C. E. 
Hills. Jr .. B.E.E., Nurt he uste rll. "' ith 
tillp of COllImercia l i\l uIIHgcr. is tl.c 
COUlnll.! rcill l De partment. FrOIll the 
c ll i! 'OlHe r~' l· jewJloint this is o ne of ollr 
III0Si importullt grOllp ~, hecause here 
1;lkes p);ICC cll e handlin g of ;111 orders 
and the accounting assoc iated with 
them. Directly Iwnd lill g the orders i;: 
H. p, HukHOSOlI , ami when exchange 
or 8(·rvici ng is Ilcces~ ary this work 
('om"S to the attentio n of H, H. Dawe~ . 

The accuril C~ of the. accounts is Ih 
rcspo llsibility of A. W. Lufkin. 

Tbi" Comp any Ii!! .;; IOllg takell 
g reat pride in th c packing of it ~ a p· 
paralus for shipm ell i. This work has 
been ably di rceted for Iilorc t ha Ll 
three qual'lers of t he Co mpall ),-s ex ist ­
ence by F, W, Beck. 

Assoeililed wi lh l\1r. Locke o n Wo­
rlu ctiOIl problems is II Compete nt stllff. 
somc uf WIIOIII, too, h ;l \'e likewise re· 
eeived iIIl clIg iJleerin g: tnlining. The 
nalure of their wo rk is, howcvcr, so 
illte .... elate fl Ih at it will lIo t be de· 
IH ik d hel'c. 

L" bor tU rl lO, 'C I' eouliuues 10 be 
,'c ry " IIH lli. In spitc of Ihe fael Ih a t 

durill,!; Ihc past yelll' there was nn in· 
c rcasc in e mp lorulCllt of 140/0 frolll 
the ,n'e l'age level of the IHCce(li ng 
fOllr ),orll';; , 81 ro of t he (: 1I1il'C orgulli­
z:l lioll hllVf' been with Ihe COillpa llY 
over five yea rs. I'" fa cl, 41 '1'0 have over 
tell ycars of sen-icc 10 Ih e ir creflit. 

The COlll pauy has hcen opCI'ating 
und er Ihc Scicntific Appanllll il "ak­
e rs' COile, bUl its OWII cOlHlitions Te­
gll l"(ling ho urs aud rales of ]lay hlld 
long: IIntic ipated code requirements. 
fn £lICI . ,I five-duy week with fulJ pay 
Ull bo lidllYS, , IOJ with lime-and-oue­
half P" Y fo\' ovel'tillle, has hecil ill 
force for nearly sixteen yellrs. Every 
l' lIIplo~-ee who has bec il ,,-jlh th e Com· 
IHlll y olle year receivcs IWO week.;;' 
vllc;)lioll with " ay each SUUI/lIel'. Free 
meili cal consulti llg service tilld ai(1 in 
t he evenl of unusual illness lire ulso 
pro\'iflcd. The em p loyees \tll\'C Ihe ir 
OWII \hl1.ual .Beucfit As.;;oc ialion and 
o l)('rlll (" their own Crcflit Union. 

~'f& 
6~N~RAL RADIO COMPANY 

-
30 Shte Street Cambridge A, MassachuseU$ ,..::, ... 

". 
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