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~LKTRICAL COMMUNICATIONS TECHNIQU~ 
AND ITS APPLICATIONS IN ALLI~D FI~LDS 

TESTING RADIO RECElvms ON THE ASSEMBLY LINE 

[: . :lr Ell I> i, "'0 oth" ,"ogl' 

T tcs t lhal ".ill ~ivc lh~ fi g-
lire of merll of 11 radio reo 
\-ei\ er more accuratel} 

,hall the llleU SOfrllU' nl of il S o\er-all 
..emi,i, il). Becallse i( is one of the 
funrlamc nlal (·harael(' ri p.l icol of an y re­
('cilt'f, ltll)ora lol"\ iuformation on thl:" 
ael1"ilidt~ i" u,;uall., \\1·11 I.;nO\\I1. , 
(llIie!.. compari.5011 of the -.emi l;,il ) of 
lllf' 5{' 1 ~ all the) prop"e;:~ a long the 
(j1H!! il1~pcction linc Il ilh the prelle­
l e l' uli1U:.'!1 la h.,raillr) 8 111111111rd6 lia s 
pro ved 10 he II lIlo!'l ~lI ti ;; {ae t or~ imli­
"lIlioll Ihlll ,I,ei .. pcdOrllUlIIl"C is HC­
l'(,ptailic. 

It i~ ullnoel a h, a}!! 1I('('e";;a r} In 
a lign the gange!l ' llrilllll" ('ondcnser;; 
ill II rf'Cf'iH' r liming the final testing 
(I llerat ion all .1 a gOt.MI nu liu.(reqncne~ 

,, ~ci IlUhJr i 5 rcquir., .1 (01' thi,.,. For ~ II ' 

l)CrllcICl'Od) nc,;.. Ihe IlligllltlCllt process 
1t1l!!. 1 he IIIlIdc at frequencies buth ill 
the I.roadtasl bU 1I11 u llll III the illter. 
me,liale freqllcm'~, Si n{-e sen~ili \i l ) 

l es l il lllll ~t also be madf'. Ihe 1l 11l1H1a rd · 
~i~nll l gc n('ra lor i" oftl' ll lI ~e" as the 

a l i~pli llg vSf·illalilr. 
Thc Gelleri.1 Itatiiu '1'\1'1, 60 1- \ 

S tll ndanl-Sigrud GCllenllor has pr(He(1 
to be II 1II0Bt use ful inSlrllltlent for the ..... 
les ts. Figure I 011 the next page sIlOI\ S 
the m in the final prociuc tion li ne at tile 
,," ol;< tcr Ilullio Corporli lioll'8 fa c tor) in 
I\'C\\llrk. Ne\\ J cr~), 

III or. ler to tul-c ('lire of the pCllk 
produc tion from thi .. I'IUII I, tell les t Pt)· 
s itions are neCCSSll.r). Elich o ne ha ~ it l'l 
'1'\ "I> 601 ·A Standard-Signal Gener . 
a tor Illounted lIl)On II cabinet ,-'Ontain· 
ing 11\'" loud -spellkers (one is a s l.and-h) 
in case of trouhle) IInci an OUlput me­
Icr. The complelcl~ a sscmbled chassi!! 
li re reccived in Ihe "'s l room from /Iw 
!! loll I} mOl ing COllI C) cr 1\ hich hM' ,'ar· 
ri,·.! thf'1ll dOlI II frOl1! Ill(' IIssemhl) de­
!'lIr/.llcIlIS. The 1m" er IIl1d loud-"pe'll,.cr 
IClld" are plul!"g-cll in allll the radio·frc· 
lluclley input from the il Landlll'd·si r:; n.d 
gf' lu:rah .... \\orkiug tlll'ollgh a s la n.l:.rd 
,Iunlln)" an tenna , ill ,·ull lleete.1 tn the 
prol)Cr terminals. 

Elich s t3ndar.l-s ignlll generator ha t­
'\\0 Ol.'Ciliator l'oi ls. one for the in ler­
med iate frc(l"cncy and one for the 
hroa.I. ·aSl haml, ei t her of II Ilich mil ~ 1.(1 
selef' ted [,y a sl,itt:h 0 11 the pllllCI. 
While work.i ng III the lOll" rrequeuc}. 
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2 THE GENERAL RADIO EXPERIMENTER 

fo'ICl'IIR I. Koliller Radio Corpora tion's inspection roo rn .. -here every l'f;Cei>' er i~ aligned. checked 
(01' se".itivity a t !leverD I broadcast (requencietl, lind given a lis tening tell! . A dual-range Tn'&""""\ 

601.A Standard.Signal Generator is n&el l a t each of the ''''II tell l positions 
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APRIL, 193i-VOL. VI-No. 11 3 -tbe illtermediate-Cre<pumcy system of 
the receiver is lined up. After this ad­
justment the generator is swi tched to 
lue high frequency and tbe general 
linc-up of the receiver is made. 

The next step is to delennine the 
over-aU sensitivity at several points in 
the broadcast band. These tcst fre­
quencies are indicated by lines on the 
main tuning dial. The generator is set 
step-by-slep to each of these frcfJuen­
cics, the receiver tuned to them Due at a 
time, and the sensi tivity of the re­
ceiver measured in tbe u8ual way by 
observing the audio.frequency output 
for a given signal input. 

Standa rd output is marked on the 
output meter in the 100 .. er cabinet aud 
just above it is the meter and multi­
plier DC the standard-signa l generator 
showing microvolts input. [n this way. 

tbe opera tor b811 the whole story berore 
him. At times, he records his observa­
tiolls Oil the charLS provided and these 
are most useful to the production su­
l>ervi80r. 

As a fina l check, a loud·speaker is 
turned on ror a listening tes t. 

Although the lests were originally 
designed (or broadcast-recei\'er meas· 
urements, sets intcndcd for operation 
at tbe police or aircrart rrequencies 
could al80 be quickly cheeked by cbang­
ing the coils o( tile standard-signal 
generators. 

}' igure 2 is a view of the rear or Ihe 
TYPE 601-A Standard-Signal Gener­
ator with tbe ca hinet and batteries re­
moved . The two toroidal coi ls mounted 
on the suhpanel are (or the radio-fre­
quency oscillalor. Tiley are mounted on 
pin jacks (or interchangeability ~'ilh 

to"lCUIUC 2. A vic ... hchind lhtl (lll.uel of .. Tn' l!: 60 1.A StHudard.Signal l;cutlrW lor. Eilher ur bOlh 
of lhe IJlug-iu indul)lOfll may be relJla ... ~ .. ilh OIbers to o..'Over special Lands 
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4 THE GENERAL RADIO EXPERIMENTER 
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other coils ror IliffcrCllt frequency 
ranges. Selec tiOIl bel"ccn tltelll is ac­
complisl,cd It) a four-I)Oilll IlouLlc­
throw ~",itch contrullcd frolll Lhe front 
punc!. 

Afler some cxpcrin lclllil lioll , toroithd 
coi ls were sdcc!I·.1 instead of bO lenoid ~ 

hecause. al though a little mon° diffi­
cult to builrl, the} ha\' t! so lillie exler­
lIal field thal shie lding is much simpli. 
fied. 

Tbe radio-frequency am plitude is 
measured by means of a vacuulu · tuhe 
\'ohllle ter. This is a luhe opera ting in 
the usual way IJ) observing Lhe inere· 
mental cha nge ill plute curre llt due 10 

cbauging am plit lIdcs of rad io.frequcllcy 
\'ollage Oil its gri.1. The direct current 
is read by means of the micro·ammeter 
on Lhe panel. All of the radio·rrc{luency 
circuits except auenuaLOr ure located 
0 11 the shelf alJ(lllre coverCiI by a shield . 

Fastened to the under side of the 
shelf is thc audio.(requcllc) mod ulator 

circuit. j t is a standa rd ttlllcri-plale os · 
ci llator operilli llg a t. 100 C) des per 
M!Comi \\ith an 3mplitmle sufficient to 
pro\· jde modu lalion al either 30 or 50 
per ecnt. Nortlllllly, the Tn'~; 60 1·A 
Sla 'Hlard.Siglllll Genera l or is Sllpplied 
\Iith 30Cf, modulation, !Jul if rlesired 
Ceneral nadio r'a n make Ihe adjus t . 
1l1O'1I1,S necessary for 50~~ I'lodula lioll 
hefore tJ1C in strument is shipl:JCll. 

T ile I,oroi<lu l oscillulOr coil is lapped 
und a slI1u ll purt of the 10111.1 \ollage 
acro:oS it is led ofT through a shielded 
('oll\luctor 10 the atteoualor. I n Figure 
2 the cas ling ill huck of the IIlOtlulator 
circui l loll Ihc 1()\lcr left corner of the 
Ilanci houses Illc cOll1ple le Cl II,enuator 
8Ssell1hly. It is di\i \lcd into three se p· 
ara te com pnrlmell Ls !Je tl. cell \llIicl . 
Ihe allelluCilion uni t,:; are di vi,l cd so 
UlIl. t the tota l Volll.ge reducl ion in cuch 
does not excecd ,10 deci bels. Duc to .......... 
s tray admin8l1ces, it is ,' irtua ll) un· 
possible to exceed this attenuation 
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"itbill one sbield \1 ill.oul CIlCOlllller­
illg serious errors. 

The whole allCllualor assclJlhl} is ill 

contact with the froul panel at only 
olle r~Oinl-,\bere the h)\\·vollagc OUI· 
pUl jack is located. This helps 10 re­
duce circulating panel curren IS to a 
point where Ihey do 1I0 t affeci the 
measurements at high frequc ucic5 to 
aoy extent. The output, olla:;c lead 10 
the receiver under test is shicillcd and 
ell Lers the attenuator through 11 plug 
and jack COlIs trllctiOIl t ha t maintains 
Ihe cont inuity of tbe ~ lli e ld direct ly to 
Ihe utlcnuator ci rcuit. 

Tuo output jacks are pro\,jded. Qne 
connected to Ihe variable voltage Ollt­

put ami the ot ber to a fixed point 0 11 

the alleuualor system 31 a higher \'olt· 
age. TI.e former prol' iucs ou I pu ts vari· 
ablc in discrcte steps {rolll 1 10 20,000 
microvolla. The fi.~ed tap i.s at 100,000 
microvolts. l\1I of thcsc rangcs CIIIl be 
mul t iplied b) a fuc·tor of 1.5 b) iucrcas­
ing thc raflio-frc\IUcnC) oscillotor am­
plitmlc to the ~ 'orrect point as iwlit'lltctl 
Ly the \aelltull- tllbe \ohme ter. 

HefcfCUCC 10 Ihe schematic \Iirillg 
diagrlllll sho\\ n in Fig'lIre 3 II ill iut.li­
('ale the arrangement of the ~'ircu it 

elcmcnts. 
As will he IUl tcd. tllc modullllion 

,oltage is iutrodlll,:ed in series II itlr the 
plalc~lIpply h:ltlery of tbe rudio-fre­
IIIICIII:) 08l:illator. \Villl IIIi8 IlIe lhOO of 
modulation. it i,. nel.-essary to pro,'ide a 
high I) stable higlr.frc{IUcncy oscil lator, 
nl hcrwise ~lifficull} is em'ounlcrcd due 

10 frC(IUCUC) mooulation. ThaL is. the 
plate ,olLagc applicd to the rll(lio·fre­
flucnc} oseillllLor tu be, vary in g at an 
audio rIlle. may shift the carrier Cre­
IllIClrc) by a considcra lJle amount un­
less lhe ruost s tahle high-frelluency os­
cillat or circuits a re uscd . 

T lrl' vacuum-Lu be voltmc tcr is COII ­

neetc.1 across o l1e ha lf of the oscillator 
coil in series II ith a "cry small, ariabh: 
con£icll ser, I , hid r is usell to alljusl the 
reading of the ,'ollurel er. The a LLeuu ­
a tor vollage is takcll across a par t of 
the coil. 

Only oue of the two radio- frcclueucy 
oscillator coils is sirOl"n in the d iagram 
for thc sake of simpl ificat ion. T hc 
.. .... itchi ng bc t\\ een these coils is ar­
ranged &0 that the one t !..ra t is no t 0 l>er­
tiling is complete ly det uncd hy shunt · 
ing a large t."Olldcuscr licross i t. T !..rU8. 
110 reaCLion ca ll occur ],e twecn it and 
the coil in use. 

In order to pro\ide a men us for 
dU.-'(;k in g thc ,'o" ages of the Va riOll1l 
ha Ll c.ries .. i th ~lul a multiplicit y of mc­
lers. the micrO-lullUle ler is connec ted 
to a multi -point swit ch .. j ilt suit able 
sc rit's resistors for making: d irect­
current-,·olta ge measuremeHt s 0 11 the 
A- and U-ba ll er ics. 

The Gellcrll l Hadio Com pau )' \\' is hes 
to ad. nolO ledge its indebtedness 10 
?l l r. C. E. Brigham and Mr. G. E lcock 
of the Kolster Hadio Corpora lioLi for 
their \..imlncss in suppl) iug the photo­
graphs of their plant used in this 
ar t il·le.-}\wl'tl l.1t E. 'I'II IESSEN 
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6 THE GENERAL RADIO EXPERIMENTER 

LEANING MORE HEAVILY ON THE CRYSTAL 

A New Pieto-~Iedric Oscillator Circuit 

A N oscillator wilil fre(llIcncy deter­
r\ mined solely by a quartz crystal 
has been tbe 8moitiOll of every de­
signer and user of fre<luency standards. 
Although it is still an ideal toward 
wruch to work, such an oscillator is 
hrollght olle s tep lIearer practicability 
by a ne ..... circuit which Illakes it UIl­
necessary for the crystal to be cali­
brate<1 in the oscillator "jlh which it is 
10 be u;;ed . T he marked improvement 
in frequency 8laiJility of the Ilew B}'S­
tem is the principII I reason for tllC 
exceptional l,erformauce of tbe Gen­
era l Hadio £requency monitor whicb 
SO many Lroadc8sting station have 
installed to meet the 50 cycle· per· 
second limit Ja id down by IIIC Federal 
Radio COlllmi ssion. 

All who fo llo"cd closely the lie· 
\'cl0plIlent of ..:rySlaJ oscill3tortl during 
the past few }'ears l \\"iIl not he shvcke~1 
on leurning thulthe frefluency depends 
on other factors l..esides the mechunica l 
I'rolH!rties (elustit'i ty, mass dis triLu­
li')II, etc.) of the cr)stal. True enough, 
the er)stul in/luell('e predomilllli es but 
the effect of the crystal Iwlder, lhe 
tuLl', and the auxil iary tu ned circuits 
can Ile\er be ignored \.here e \en a 
moderate degree of accuracy ill fre· 
lllU!IICY is eX I:lCCled. Quite often these 
la tter influence the frequency more 
than a big .:.hauge in the tCIIlI:lCrature 
of the crystal. 

Any vacuum·lube oscillator opcrates 
at that frequency for which lhe nel cir­
cuit reactance is zero. In a simple 
IUlled.plate oscilla tor, for exa mple, the 
resulting frequency i the resonant fre· 
queney of the lUlled circuit modified by 

the reactauce introduced Ly the lube 
and the feedbaek system. 

A comple te ana lysis of tbe mechau­
iSIll by which the frequency shifts to a 
value which makes the net reactance 
zero is complicated. In brief, ho\\ ever, 
it amounts to this: Aoythiug tilU!. 

ca uses a change ill the reactance of any 
element associated I.itb the oscillator 
.... ill result in a ehauge in operating fre· 
~Iuellcy. 

The same discussiou a pplies directly 
to a piezo-eleelric oscillator with the 
iml>ortaoL difference that the principal 
fre(IUeocy-<ielermining elemeut is not 
au electrical circuit but an e lcctro­
meehauica l sys tem. The crystal has its 
0\\ II resonance charllCleristic and it is 
a lways poss.ible, ill thoory at lellst, to 
construct for a ll) b';ven crysla l OfICilIa ­
lor a n equivalent c1eetriclIl circuit to 
repNl;;eut il . This e(lui\' alent cin;u it 
\1 illlla\'e many uf the reacllllll'C eharac· 
ieriSljcs of lUI ordinary tlllled circuit 
and the circuil "'ill opera te at a fre · 
fJucncy for .... hich tbe total reacta nce 
of thc crysta l aud its associllied equ ip. 
IIIcnt is zero. Aud so, no matter h 011 

closely a eryslalmay be ground to lie· 
siNld frequency, the (requency th a t re­
sults when it is ollCra lcd in a circuit 
\\ ill be mod ified by lhe reac tance 
cliaructcriSlics of that circuit. So, a lso, 
.... ill tbe opera ting freq uency shift if 
changiog \·ol tages., temperatuNl, e lc., 
ca use the reactance of tubcs, coils, 
coodeusers and crystal moulltings to 
change. 

I See GElO'KIlAL !UDIO EXPI;::IlUIKNTIUI fox 
}'ebruary. 1930; OcIOOO IWd Novembec-, 
1930: .nd Deecru..bcr, 1931. 
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The oln 'ioua CQnc1usion is, therefore. 
tba t (or high-precision frc(lucncy sta nd ­
ards. the crystal, and the oscillaLOr 
associated \\ ida it musl. be treated as It 

single unit when calibrations are made. 
and tile General Ilatlio COlllpa ny has 
insisted lhal this he done \\ herc\'cr 8 11 

lIenlracy heHer than 0.1 % is rCfluirt.'d. 
\ slightly morc liberal figure coul.1 
possibly be set by Imi ltling the osci lla­
tors to even closer manufacturing 
iilllil.ll. but it ha l! no t heen l:Kl6&iLle to 
go \cry far in this direc tion .... ithoLll 
fUrlning into prohiiJi li, CC:tpCIlBe. TrailS­
mitter manufacturers ge l Mound this 
hy huilding cr)l;tal osc· ilhuors as a 
unit and. when rcplu(''CJnCn lS art' rc­
(Illifed. shipping the customer a COIll ­

plcte new assembly. 
I ( t'O lIle m callS cou ld be found for 

operating the ..:r)sta l at its 0 "11 

rel'onanl freque uc), the cr)lital eould 
be lrca ll'(1 as a gingle unit , There arc 
ICr) few circui ts II hiI'II Bl ake sitch 
01~r8 tion8 ,)QSgibic ht.'f'8 Use of tbe (Iilli ­
eully ill Sf'Curing enough fct.'fILack (or 
the tube to dri\'c Ihe crysta l, and. he­
sidco!, there is now no praclicill way of 
de termining "hen the reeonan l fre ­
' lUCile)' of a n ol'cillat ing t:r)sla l hn s 
IJcell reached, 

Tile best a llerJlalilc Iv operating al 
Ihe rC..onall 1 Cre(IIICIII'r of Ihe cr}slal 
j .. a circuit II bieh will p.-rmil o( an 
illllica lion 10 show I.hen the cr}slal iii 
opernting at II. givcn condit iOIl. such a!' 
Ihe lIew General nadio ci rcu it " hieh 
litiS described in lhe Deccmher, 193 1, 
i;,su(' o( the E:qH!rjmctltcr_ 

The lIell circu it a1l0\18 the cryslal to 
opera te much c108Cr 10 it s true resonant 
(requenc)' than the ciN'u ilS hcretofore 
ava ilable, nut what is more illl l}Orta ll t, 
it is possible to alw8Ys d uplicnte the 
original ca librating cond it ion so long 

· . .~ • 

• ~. e ft • 
, 
• ,. • • • , 

• • 
- -----

• . @ , • • • e • , . 
-V'-- ., 

A • .. • 
• 0 ' ; , 

• 
TheGcllc,."i Radio Frl" tucnl'Y b! oll; lor,hown 
1II0unl .. rI o n a de/!k-Iype rei. ) rack. ,'-' ClII'Ct)­
lio""t I'crforrnanoe it .!UI' to the use of Ihe 

new cr)'~'1I1 cin;uil 

Ul! the COUSluIlt s o f the oscillat or Cir­

cuit lire of Hppro.'ti rnatciy the same 
order of ma gnitude as those of the 
ca librat ing cirCllit , By adjust ing the 
Ilining' condenser of the circuit until 
Ihe pilll e ,'urrc lli is u minimum , the 
mi g-illa l ca liLrut in g ('one/ilion CIUI he 
res torcd, This "len ns til a t I he constantll 
flf thc oscilla tor "ircuit ca n be a llowed 
to va ry O\'Cr fniri y " irle lillljts (due. 
Iwrhaps, to te rn,)erlllure and agi ng of 
the elemc nts) . hili it ca ll a lways he 
rehtorcd to n()rrlwl by II rf'u djustrncll t 
.)f the lun ing cond enser. C reater re­
liun('e is placed on the crys ta l a n,1 less 
0 11 the circuit IJ } t he ne,,' sys tem, whjch 
is as it SllOU ld he_ (or the crystal is 
in herently more stable than coils allli 
I'onde nsers, 

The facl tha t the new systcm 
ollCrBt es at B frc(llIcncy near the 
cryslal's resonant frcquency brings 
IIbollt all improvemcot in the tempera-
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8 THE GENERAL RADIO EXPERIMENTER 

ture cocllic' iclll of the crysta l. This ie 
!'cea .... !>c the crystal's reac tance·fre· 
{Iue nl'}, characteristic is steeper near 
rcsomUlce, ;lIId for II given change in 
r C;ICI OuCC cUllscd hy a change in tem­

pera ture. the frelill e ne), shift. require!1 
10 restore the " zero rf'1It'tancc" emuli ­
tio n is smuller th a n " Imltl onlillaril y 
he refill ired. 

The new 05(';I'alor ('irt'uil . ll8 "a" 
point etl o ut in the DcccmlJcr Expcri. 
IIw lller. I,a.; illl o\'~fatl freflllclH:Y sta ­
hilit y of SOll lClhing like ±::; pan" ill a 
million. Freq tl{' nc~' s lHllilit ) (SOIllC­
tillles called deviatio n capa hili!) is 
the hest al' a ilahle illlle.~ of Ihe relia ­
hilil}' of a frc(l"cncy s lullll:ml. It is IIlc 
alllount lhal the (r!' IllIeIlC) "ill vur) 
ilue 10 clwngcs in ICllqrera lurc. luhcs. 
c tc" asslIIlIin g ,ha t thcchan gci' all Icnd 
to shift thc frc(luc ll l.'} in the same 
(Iireetion, 

Frcrplency s tubi!;t}' o f this hi gh 

order can. o f ('nursc. I.c oh taincd only 
if Ihe tTysta l is operat ed at II power 
Icvcl so low that int Cl'llul helltil1 g 
Cill1 ISCS no appn'duhlc risc in its tCI1l' 
pe ratu re , Tlti" t'omljt iOIl is remlil ) 
bro llglJt uloout ill frc(l lIclIf'Y · l1Iollit or 
c1luipIIlCIlt "he ... ~ the o;;ci llatur is ;11-
herclltl), one o f low po\u'r, Where 
l'rys tals an' tl St,t l to ;; tahi li;o;c high 
po" t'r traru;mitt crs, it is a I'cry grcut 
lempl.atioll to opera! " thc c l'),s l:l1 at 
high power levels thus retltleill!,; the 
number vf lulles rCtluirc.1, Tile "isdoll1 
of -" tiel, Ilt 'sign is tleLatahlc and is, per­
haps. lIo t to he rCCOllllllcndcd 'I here a 
hi gh onlcr of (reque l1c~ stabi1iL) is 
{le m:lI1 t lcti. i\ l ost o f the cco llomics rc · 
suitin g (rolll hi gh pO\Iel' t'f)s tal "pera · 
lion (Ii sappear. for instam'c. "he n it 
becomcs l1e, 'cssa r ~' 1.0 install \'cr,l' elab · 
orat e tcmpera ture ·t;ontrol cquipme nt 
to secure li ll} th ing upproa chillg ,~ a ti s · 

fllc to ry freque nc) stabilil ) . 
- .10 .. ", /). GlI .\ I\FOIII) 

WE'LL SEE YOU IN CHICAGO MAY 23-26 

GENERAL RAOlO will exhibit 
samplcd of all instnuncllt s de­

velopetl during the pas t }car in Chi­
,'ago. \Ia y 23- 26. The occasion is th e 
sixth a nnual Trade SilO ..... o f the Rudio 
1\'lautlf:u' Illre rs' Association held a t the 
Stel'enS lI ot el. 

Our display \I ill include a Iltll1lhcr o f 
lIew pieces of Njl lipmcul. 1, 11icl1 htll'C 

not yct !tee n unllotiliced. "mong Lheut 
\I ill Ioe a pred "ion s lalHlard·signal gcn· 
erator. a direct.ctl rrc tll.opcralec! bell i· 
frcq lIenc), osc il illtor. and II new I aeutlll1· 
tube britl gc. 

T ilE GENERAL RA.DIO COMPANY maiu the Experimenter, u}itllOlIt. cllllrge, 
each month to engineer., scientists, lind others in teresled i" COIIUII.IUt­

ication-frequency measurement allli control problems. Plellscsclld re(/lt ests 
for sltbscriptiorUl alld adclress·cltange notices In ti,e 

GENERAL RADIO COMPANY 
30 State Street Cambridge A, MassachuseHs 

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
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