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ELECTRON OSCILLATIONS 

?ly EDUARD K AR PLUS· 

W ITH regular three-element 
tubes, oscillations of about 3 
meters can be produced with· 

out bJ'"fCtlt difficulty. Most. of the luhes 
would oscillate at still higher fre
quencies. hut the output. is decrenscd 
rapidly. It has been possible to produce 
oscillatiolls as low as 0.5 meter with 
spccinilubes, but these have been only 

• EngilM!erillg Department. Genernl Hadio 
Company. 

laboratory experiments. One of t he 
difficulties in making a tube oscillate 
at these high frequencies is the fact 
that the inler-electrode capacitance of 
the tube is too high and that it is not 
possible to build luned circuits wilh II 

high enough impedance. Another diffi
culty in the circuit is that the time 
required for t he electrons to get from 
olle electrode inside or the tube to 
another is too long, SO thut cnpncitullcc 

I""' F1GtJlU: 1. All experimental "Darkhausen" lrallSmitter (right) ond recei\"ef (Iefl). Mr. Karplus ill 
measuring the wavelength of the receiver with his small reaction-lype wllvemeter. Two wcketadapt

ers lire on the table lit the right 
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fo'Wl Ull 'l. 1!<:'~ll i()IIS I).,tWl!ClI WI\\·ekllglh. IIO'n~r 
uutput, IIII, j Inu/lud.'! or 1'COe1\"e<1 ~igllul ill o il 
dl'(:1 ..... n usc:ijw. IVf liS II rlln~lio" ur the "U~t ll "oe" 

ur length ()/ the I.~her " 'irt' ~y.;tem 

IIml iuductU lI l"C arc 110 IOllger lite sole 
fr<'<I'ICncy-dctermillill,l{ clclIlcnl<; of the 
circuit. 

An aho;olu lely new IIlclluxl of pro
.I!lci ng wan'1> in tllbc~ wa.<; fiN; t ric
:.('rifted hy Harkhauscil awl Kurz.1 

TlH~ fr('( lucllc), of Ihe,;{' oscillatiOIl<; is 
1101 delennil\(,(J by a Illlll'(l ci rcuit. bill 
cs<;cntially hy th e pe riod :tl which 
doud" of ck-ctrous o~ei llate in lhe 
, jJacc hct\\ccn the electrodes of a lulle. 
These ttre clLlk·d eleet rOil oseillilliou<; , 
The theory of these oscillations iii "cry 
c(lrnplical('(1 and the lirst formula for 
the w:lVelcngth . givt'll hy Barklmuscn. 
is on ly approximately cutrt.-'Ct. 

where ). ami d reprc.~C'lIt wllvelenbrtll 
Mid the distallce hehn.-eu electrodes 
in centimeters, respect i,'ely. lLnd E 
represenL'! t.he \'oltag~ het W~CII tllC 

clL-c t rodes. Tllc forllluia (.'OIIl1.Lins only 
olle distall{"C aud one yolt:lge. and, in· 

deed, ouly two c1l'Ctrodes are llcees.:.ary 
to ]>l"Oduce elec tron o!;Cillalions. In 
prncticnl Application, howc\'('r, th ree
element Lube.~ nrc 115ef1 lind the tl lird 
electrode is used to modula te oS('illa
tioll :S in a lrallslnittcr and to detect 
oscillntions in a receiver. Contrary to 
the first theory . Gill and Morrell ~ hal'e 
shown that outside connections to the 
t ube influence t ile frequeuey to I'Qme 
extent. A more recent analysis of these 
oscillatious lias iX-'C1i given. for instllllce, 
by lI ollmann.' 

Figure 1 shows on tile Icrt side a 
rt.'(.'Cil'e r and 0 11 the right side ;111 

oseilllll.or for electron oscillations . The 
high. ff"C(luency part of bo th of the 
instruments collsists only of the Ilihe 
:Llld a rew parts immediately conn{'(:tCtI 
to i t. 011 hoth sides of tile t.ube t he 
douhlet can he st.-cn nt the tc(:cil·cr. 
and a t the oscillator these a rc t he two 
rod.~ at the right side or lIl e tube .. \ 
condenI'Cr ill t he fo rm of a rtltllld disc 
ClUJ he IIlO \'l'( 1 on these rods. Tile 
diffl'rcnt dials aud instrtUnt'lils :;hOIl'II 
ill the two boxes arc nccessat\· to 
conll'Ol thl' I'oltages applil'l.l to' the 
tuhe. I"igur<! 2 shows schemal iClllly 
in iL'l Ui>I)(!r part how the wll"c\cnbrth 
of au oscilla tor i .~ chlmged when Ihe 
system connected to t.Jle tuhe is 
chll ilged . In t llc oscillator ~ 110 1I'1l. thal 
system is ciwllg"CtI by sliding the round 
di.'iC 0 11 the 1.11'0 rods which fo rm a 
system u£ Leche r wires, It ean he ;;('('11 
th:lt by i ncre'l.~i !lg th e lengt h of t he 
l -<--cher wires the wlI\'l'length is ill
crensed almost line:.lrl v :I t fi rst and 
then re,'lehes a eOUl"ltmlt ~·alue. Then t.JIC 
wavelength drops suddenly to a smaller 
" alue. increases agai ll . and reaches the 
s,:l lIIe (.'OllStant "a lue as before. T ha t 
process can he repeat('(1 ol'cr the whole 
It·ngth of Lecher wires. 

' li ill Ilud Morren. l)hi/~phiCfd .11 "I/<I~i"t. 
Y,)l. -H (l 9~) , Hl1 nn,1 ' -01. 40 {UH3}. 3ti!l. 

4 II . E. lIollmauli. l'rocudi"lJl oj fh" I nil/il"l. 
oj flild io f.'",illU'I. Yol. 11 • .No. 'l. February, 
1[h!1l, l!'!!l. 
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We have said that the wlLvelenglh 
or electrOn oseill:t tiOll .~ depends on lht! 
lube, the voltages 1I ppli('fl , and to some 
ext('nt, o n the (''Ollneet(-(1 system. T o 
d('('rt'aS(' the lI'iLYclength, the voltage 
I1I11" t he incrcaSffl. The eifieicllcy of ali 
electron oscillator is "ery slIutll, lio\\"
t·\"cr. a ull by increa.sing Ihe voltage, 
tJle lof'scS ill the tube IIrc rapidly in
erCiI .. "(·d . I n a threc-elemcllt tullC. thc 
electrode which j" ;t/fcctoo 10 the 
grcntesL c.den l is the grid which has 
t<, dissipltl.e n il the lost cnerg~'. As the 
g rid of standll1"1l tuhes is 1I0t de~il-l"rtClI 

for t hat purposc. the "olt a~(' thnt can 
bt, Hppli('(] is Yery limih.'d. Wi t h 1110SI. 
or Ihe st.andard tuhcs. WI\\'e<; of abo ut 
4f) 10 50 (."e tl timclcrs can be lltt..:tincd. 
The UY-!lS!1. for insllmce. ClIn he used 
wi lli no yolts 011 the g rid :wd oscillates 
t.hen at rOIlJ.:"hly 7() centimctcrs . " 'il ll 
ij voits on lhe grid. two-mcl c r wa\"c.~ 
ClUJ be prOtluced .. \ lubc that ClUl he 
u'K'"(l at shorler waves i.$ the old CG -
116~.4 for instancc, that oscillates at 
4U centimetcrs wh('11 15n "olls arc 
Hpplied. Piglll·c I shows threc diffcrent 
gockct adapters so thaL different tubes 
ell1\ be IIsed ill thc oscillator. \Villi 
spccially-desigm-d tubes snpplied with 
a lIluch stronger grid . waves of about fj 
centimeters han:- beel! altllill('d. The 
energy n\'lli lable ill elcclron oscililltors 
gcncrnlly would lIot e.""cced 0.1 watt. 

,re II1c1llioll('(1 above tllal quite a 
satisfactory llH..-ory hIlS bccll est.ah
li ~hed ahout electron oscillations, hul 
the question or recci\"Crs has not yct 
Ilccn sol,,(.'(1, at least t hcorclical1y . 
Besides thc crystal detector. nOlle of 
the othel" reeei\ling mcthods uSNI at 
longer WIIYCS can bc applied for electron 
oscillat.ions. II is possihlc, howevt'r, to 
use an ('k'elron oscillator quite em
eielltly as a recei" c r when an audio 

• These lube~ are no\\' becowiug !;clreE', but 
'1'1' believe I.hftt ioOllIe fire ~tiIJ 1I\'lIi[ph[r. in sn[Vftb'C 
st(Xk)l. - Eo,·rOIl, 

amplifier i~ conncetL'{1 to the p latc 
circllit instead of [hc lIlicrophoJi c uscd 
in the tmnsmilter,lL has hcen possible 
to con1ll11lniC:ltc wilh lelepholl,Y o,·er 
a d islantt of twenty mil~s, using 
almost [hc .'i:UlIC osci llato r 011 holh 1.'11115 
as transmil.ter and receivcr. The two 
lowc !" Clln"es in Fig ure .'! show the hcsl. 
ol)(:ral illg points when all d('(;t-rOll 
o.~f' iHatol" i .~ ll .~cd liS 11 trall smil\cr or liS 

:~ r('Ceivl'r. 
1,1.1,'111·C 1 .~hows n \\'In'cmclcr For n.;; 

to 1 meter. It e;ln he seen l.lwt the 
wholc indU("\allt'C uf the 11111~ 1 eircuit 
is huill of the SHI ne piece of metal fl.S 

l he ])1.ll.es of tIle cOlltlcllser. The 
bakelite tuhe ClIll be used as 11 1Hmdlc 
aud is 1I11Ldc loug 10 a,'oid any t'l1]lHcit.,Y 
influcnce. TIl e wUYemelcr is direcl
rClidinJ.:" and culibratcd III \\'In·c
lengths. 

Hes i(les scicnti fi\.· l"cscn reli. such as 
t llc dct.erlll illHtioli of d ielecl.ric con
~Iallts at high frcqucnci('s. hCllting 
;\11(1 chRng-in~ "r (litl"erent chemiCAls. 
aud the biological infll1(·l1CC 011 li\'ing 
sllbstnnec.<; , WilVCS prOllucc(i hy electroll 
oscil1.tlions can be \'ery sueccssfu l l~' 
u:s('(1 ill comJllunication. T he char
acterisl ics of th('se \\·u " C5 roughly 
uetweell 10 eenti mcters :tnd I melel" 
arc straight-line propagatjoll, ~I "cry 
low noise lcvel. thc rossibility of 
concentmt.ing cncrgy. and the pos
sih ility of modulating wi lh very high 
frequencics. Most important is the 
application ill the navigat ion of ships 
aud llircraf[ .. -\ system ,'crr simi lar 
to Lhe beaCOI1 syslem. llPl'lied ill mllc.h 
longer wllves. is uSL-.: I to :1 grelll cxte nt.. 
T he advlI lltage of the sllorl wa,'es, 
howcvcr, is t hat a great. l1l any stat.ions 
ean operate withou t inlerference in II 
slllnll t1.rea :IS l he rad iation is much 
more li miled to short distances by 
1l(~t1.rly o ptiClll laws :llLd elln be con
eentrate<1 milch more- drecti\'ely with 
comparati,'t'ly slllall reflector." 
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BEAT-fREQUENCY OSCILLATORS 

"By CHARLES T. B URKE * 

~-E distinguishing chnr:tClerisLic of 
1. ~le beat-frequency type of oscil-

lator is IL wide range of output 
frequency with a small vnriation in 
circuit constants. The output of the 
bellt-frequency oscillator is. with 
proper design, substant.ially constant 
in voltage over the range fo r which the 
instrument is designed. An instrument 
of these characteristics has a number 
of applications in the fields of t.est. and 
laboratory measuring 
equipment. It is particu, 
larly ndaptcd to making 
r a pid a djus tments in 
apparatus designed to orr 
crnlcovcr aparticular fre
quency range and in test
ing such apparatus. In 
both of these applications 
the important feature is 
the a bility to ruiJ.ke a 
large percentage change 

the operation or a vacuum-tube osci l
lator appears from a comparison of the 
factors govemillS the oscillator fre
quency. In an oscillating circuit the 
freq uency of oscillation is illYersely 
proportional to tJle square root of the 
cnpacitnnce and the illductance ill the 
circuit, consequently 11 given percent
nge cbange in frequency requires a 
pcrcentnge change in capacita nce t wice 
as great. Meclmnical requireruentJI of 

in frequency by the ad
justment of a si ngle con
trol. 

FlOUJIl: l. l\I!lin luning control for 
the new beat".'requency oscillator 

desibrn of condenser units 
Me such th:Lt the chllllge 
in c.1.p,'lcitance required 
to vary the frequency of 
:m oscillatingcireuit from , 
sa.y, 10 cps.' tolO,OOO cps. 
would te<luire the adjust
lUent of several controls. 
J n the beat-f requelley 
generator. however . a. 
comparatively SDlall per
centage change in one or 
the component oscillators 
will make a. large change 
in the difference fre

'rhe uesirable qualitics of the beat
(requency type of oscillator are ob
tained by the usc of two oscillating 
circuits. [n general. one circuit is of 
fb.:ed frC<luency while a means is 
provided for varying the frequency of 
the second oscillutor. The difference, or 
bc..1.t. frequcncy is detected and am
plified to the desired voltage output of 
the instrlUllent. By proper choice of the 
operaling freq uencies of the two com
ponent oscil lators, a ny desired range 
of frequeuey 1Il1lY be covered with a 
cha.nge in circuit constants within the 
limits of conventional design of adjust
able inductance and capacitance units. 
The distinction between this feature 
of the beat.frequency generator and 

... Engineer, Gcn~rnl llllliio Company. 

quency. If the component oscillators 
operate. lor example, at 100 kc., !l 

change of only 10% in frequency is re
quired to cover the range of 0 to 10,000 
cps. The corresponding change in ca · 
pacitance is one that roay be accolU
plisbed in a single adjusting unit. 

Several formidable de~ign problems 
are encountered ill the construction of 
a. colUfllcrcinl bcat-lrC<luency oscillator. 
The very featurc which we seek in the 
illstrument, that is, a large fre<luellcy 
vuri:ttion with a small change in circuit 
consta nts, presents a serious obstacle. 
U t he inslnUllcnt is to be at all satis
factory, the output frequeuey Illust be 
rea.sona hly sl.'1.ble, yct a change as .!UUall 

I ClI!. is used for " cycles per second" I\nd kc. 
for" kilocyelu per !ICOOnd" throughout . 

[4] 
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as 0.01% in the frequency of either 
of the component oscillators at 100 kc. 
would result in a 10% change in the 
output frequency at 100 cps. Varia· 
tions in frequency due to time and 
temperuture variations in the circuit 
constants will be !,'tCllter than this 
under usual conditions. It was at first 
suggested flIat the use of a pie7A)
electric oscillator for the fixed-fre
quency oscillator of the system would 
be of benefit in overcoming this 
trouble. Actually, the use of a piezo
electric oscillator makes matters worse 
since it eliminates in lurge measure the 
possihility of drifts of the two instru
ments offsetting each othcr. Fre
quency changes. fo r example, due to 
wlttery voltage, affect both oscillators 
alike if they are simi larly constructed. 
The effect on the difference frequency 
is greatly reduced. As a matter of fact, 

the beat-fre<luency type of generator is 
inherently unstable as to frequency and 
while skilful design will reduce sllch 
variations, the instrument call not be 
made to equal the conven tional tYI>C 
of osci llalor in this respect. 

.\ second deficiency or the beat
frequency type of generator is likely 
lo be impurity o{ wllvefonn. This mlly 
lake two {onns: the presence of addi· 
tiomd frC<luencies in the output due to 
bents between harmonics of the com· 
ponellt oscillators, Imd distortion due 
to tuhe-circuit cimracteristies. The for· 
mer effect can he reduced by means of 
(!llreful filtering of the detector output 
and by (!lIre in eliminat ing any coupling 
between the two oscillators except that 
which occurs through the detector. 
The a\'oidallce of distortion due to 
lube ami ci rcuit characteristic!1 de· 
pends upon the correct operation of 

.' IGUlII> !i!. A Type 513-B IJeat-}'reqllcncy Oseilln.tot heing used in deve]olJ Ulcnt work on the lIew 
rnth(Mle-my OlIeillogruph which is SOO Il to be announced 
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1 "Ilt' .... Ht low I('\el .... ,illd the u"t' of 
linl'llr circll it dcltlents. (,ir('lIit~ (:Ofl
tllilliu1-! iroll-l'orcd clement.; arc par
ti{'ularl~' 10 he avoided. 

TIlt' iIIuslntliom. of thi .. "Ttide arc 
taken from a (:ommcrc;;11 dc<;i!-(Il of heat
frCtlUCIlCY oscillator which indud{"s a 
Humher of riliher intert'slilll{ f('alllrcs 
\\'1'lcll were dCl'clup('d ill ordN 10 lll<'Ct 
Ihl' dc~igll dilli
clIltit·s ("OnfrontCf\ 
in this type of 
ill.4nllllcn'.. 'I'll i~ 
hcat-fn:qucne)' 
tl"l'iHaiur wa!> ric
vcloped hy 
:\ I c~~r;;. EasthaUI 
alltl .\rgllimhllu of 
lIll' GCllcral Badio 
('olllpany's En!-(i
ll('criuJ,:: I)eparl 
uwnl. 

prO\·idl..'i.L Thi~ (.'OII .~i"ts of u smull 
condcn'<Cr by llIean~ of whieh eap:lei- ~ 
t il lite call he Hdd<.'t l to oue o f the oscil· 
Intor circuit_" in order to r('l<tore lIH: 
cirt'u it condition existing when the 
in..,lrumcnt WitS e~llihralecl. ,\ ~ a ('alihra-
I iun ehcck 011 thl' 1.('ro adj\l~t/H{·llt. a 
I'ihratillg rct.'11 ifol illc1ud{'(1 ill the 
instrument. T he lIalura l period of thl' 

rff'(1 is alKllIt 100 
cps. ~ITlfI i." H(-'('lI

rately detcrlllinl'ti 
\\ hell the in~tnl 

ment is {·lIlihnIlCiI. 
T ile n'fil M'lliu/! 
i .. titen 1'IIwa\"(~1 

011 the Illllill frc
(I \lcnc~' diliL Thi.~ 
provides 1\ means 
h? which lhe cllli
hratioll of the in
"tnuncllt Irlll~' I~ 
ace 1I r <I t ~ ! Y 
cll(-'(;ked :t I :I 11.V 
I i 1IIl'. 

III order 1(. rC'
du('c tt'lI1l>cr'Itllre 
clrt'('t..~ .~tl far a s pos
il ihlc. the portiol!:" 
of the circuit mo,,1 
... u~ptiblc to such 
"arilLtil)ll~ haw: 

TYI~ 51$.11 BeHt-I'l't!(luency j) .... 
dlJlI lur. tntt-nor vie\\ 

' I' h e lIIeall.~ 

takell fori heelimi
nation of hllrmoll-

1I(."('n cllclo~"(1 in hal<;;1 woofl CUrH
partlll{'IIl.~. Th(' heal <:ouducli"ily of 
thi... material i ... cxtreITu·l.v Iml alltl 
hy it~ lI:o.C 111(' cir(,lIit... ar(' Jlro
t('I:-tet! ffOUl tht· effects of millor telll
pemturt' '·luillliol1s. All efTort lUI); nl~o 
],('(:11 IIlHd(' tn equal ize til(' tcmpera
t III'C wilhinthc lIuit b .... the arrnll~elllcni 
fl f the IllclldJic sh{'lvill~. The lube" lire 
all pl:u:ftilit thesidC' of the in"lnUllent, 
and the illlllOrlant Jlart~ of tilt· circllit 
are enclo'<ed ill an :iltllIlinlllll comp:lrl
Illellt fOrJnl .... 1 hy ti ll' sheln .... T he flow 
of itt'at througll the willis of Ihit' 
collIpolrtmenl tend" to ('(Illalizt' the 
tcmpcr<lture II ithin the ('ahinet. 

With Jill of thc:sc jJrt."Cl.lUtion .... ho\\ 
eYer. frequeue,v drif!.s l.Ife :-til1 pre~ellt 
ill the oscillator. III order to eorrel'! for 
the dfcct!i of sucll drift" 011 tile in'-1ru
ment, 11 Wf('I luljnstmellt hll~ i)ft'u 

ies lIfC not M) 01.
"iuu ... from thl' n.~.~ef11hly photoJ,t:raph of 
tIll' i llslrUIlICIl I, T hey inl'lurJe t.he 1I1'oe of 
fillf:'rl< lind the a rrallgC'111cnt of parL<; and 
wir;nJ,t: .. \ 11 importlillt featu rc i ~ the me 
of toroidal ooil.<; ill the oscillatillg 
cir('u;1. T ile lise of these resu lt !' in a 
great reduct i011 ;11 ('Olipling hel ween t ill' 
ol\('i llillilig circuits :I.~ well II!-l itt !.I ll' 
stray fil'll! of t he oscill:ltor il$(-'if. 

.\noti1er interesting fcalur(' of tid ... 
instrulllent;s in the dildo It is desirahle 
to .~ pread t hl' sCllll' ilS ITlllch :IS pos!'ihlc 
ill order to perlll itull uecu rlI i.c e:di h ra
tioll 1\11(1 an accurate seUing to frc
(l!IImc), ill tlsiTlg t ile oscillator. ,\ 
!;traighl-lillc-frl'qucllc-," condCIl5iCr with 
~~ 2iO'"-rohltiolJ has been u>;(-'(I and in 
addition to ti lis II diul or large diameter 
(8 iuchc.,). T his (;OltliJina l ioll perm its 
a :.ca lc whieh is OjK'1I and cllsi!), read 
lhrou~hout the ranJ!l' of the instru ment. 
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M ISCELLANY 

YO UR ADDRESS 

·WITII the )'[a,v issue of your Ex-
perimenter \\'e ellclo~1 either a 

CI~rd or 11 letter which we asked you to 
return if you wis-hetl to ['cmain 0 11 t Ilt: 
nmiling list. We take thi.<; opportunity 
of thanking those 11'110 have already 
replied mul of reminding the others 
t.hat wc expccllo hnse our mailill/o{ list 
ror t he ,JUIlC issue on the resul t .. of the 
returnt_'(1 ca rds and letters, If .VOII rc
ceived 110 slIch notificlltion, please let 
us kllOw at once, ellclo,;ill).!;, if po.~s ilJle, 
the ('Il\'elope ill which this is;suc of the 
I;;xpcrimenter WIIS IIIaile<1. :\0 ellclo
snrc.'i were sell t to Cmlariinll su hscribers 
or to lllOsc who:;e naUles were added 
tLrt er .\pri l L 19:11. 

• • • • 
NEW C .\T Al.oe 

EAllLY this mouth we mail('ti to 
C\'cry olle of Ollr laboml OI'y-in.'itnl

ment customers a hooklet. Parl '1 of 
Cat.alog ]", which li"t" the lIew il1.~tnl
ment.s we lut\·c developed :<illcc la . .'i! 
June wilen ('ld.nlog F aJ)lJean'fl. U ,YOII 

are ent itled to a (.'Opy IUlll han' not 
rl;cei\'ed it. please let us kilO\\', 

,\ sllppicllleut. to our Part:< ami ,\ l'
r'cssoric." l'atllloJ! (Bulletiu 932) is ill 
preparation and will he mail ed out 
.shonly to a ll holders of lhi~ bulletill, . . " . 

TVPE 371 

T H E demand for the 'fYI'1::: 371 
Potent iometer ill the 50,000 ohm 

!'iize h;L'> increased so much that thi s 
size is 1I0W carried in sl()('k, alit! wc are 
able to drop the price f .. (1II1 !jiG.,SO to 
*6.00. 

* * • .. 
STA~D r\RD hD [fCTOI~!"> 

WE ha\'c I\\':.ilaole a very lim
ited rj1mntity of the TYI'E 106-11 

5-}Iillihcnr}' 1 ndllclam'!' Staw laNIs. 

Thcse stal1fI :~rds MC the stune u.s our 
reglllllr cataiogl.-d OIlCS, but :Lre of II di~
COllti nUCfI size. T hey formerly solt! ror 
$'25,00. We Me selling t hem at $ 10.00 
while they 1 :1..~t. 

* • • • 
VA CCL'M-'f uHE SOCKETS 

W I:: /Lrc a nnouncing a IICW group " f 
vacuum-tube sockcts similar to 

our standard linc of socket.s except 
that Isola ntite has been ;;nbsti t uted 
for (I, motl ldefl IIlllteria1. T his material 
is nOIl-poroUil and 1111-5 low dielectric 
loss at \'cry high freq uencics I\lld low 
surface (.'Onducti\'ity. Thesc sockets are 
designed fo r use where sllch qualities 
nrc of importanc(', t hat i.", ill h igll-frt'
f[l lelley oseil lalorsanrl in photo -ceU work. 

Three sockets lire heing mad e of t.h is 
lII1Ltcria l. The T ,'p~) 556 Socket. has a 
l11 e lle! sltelllllld is suitable for mOt\llt i ll~ 

2 SERVI CE-TESTI NG 1 
I NSTRUME~IS FOR 

n m PRI CE OF 

VOll can now huy a genuine C,encral 
Rad io T ype J6(h\ T esl Oscillalor 
and a Type 2117 Ohmmeter for {he 
price of the test o;;cillator atone. 
Both instruments arc the linen of 
their kind and carry the s.lmc guar
anlet! as if each were pu rchased 
separately. The test oscillator is 
colllpicle with ICSt tools and a 
,lIlibmfed oxide-r('Ctitier outpu I me
Ier, There arc no extras to buy he
c.1u!if: non(' arc required. 

We "dv~rli""" th;. ;n a natJnnal 
<iealer&' m;t",>jn~ afler r~!O!rvinll :0 
Ihln)'-dny otnck. When GIl May 5 I h~ 
off~r upircd. f!evcm! ;nnrumenl. 
,till ~mained in Ihi. ~oerY~ 'lOCl;. 
The... a~ l>I'inil olf,.rt:<! to ~::,pen_ 
men le. r""de ... unl;l July 10, IQJI. 
~ubjecl to pnm .. de, of rour ... 

Price of both: $115.00 

GENERA.L RADIO COMPAN Y 
OFJlrCES •• ' I.A IIOlv.TORr ~:s ". "ACT ORY 
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four-prong lubes either with or without 
the oo.yonct. lock. The location or the 
bayonet lock may be shifted to 45 
degf'CCll to accommodate the Western 
Electric Company's E Tube. The T Y PE 

657 Socke t. is designed ror st.andard 
four-prong lubes and the TYPE 658 for 
standard fivc-prong tubes. Doth sockets 
have a raised ring around tile lube to 
guide the prongs when inserting the tube. 

TH ERMOCOUPLES 

I N the ca.talog description of the 
TYPE 493 ThcmlOcouplcs it should 

be noted that the heading over the tbird 
column should read .• Current 10 GiUJ 
10 .I1illiroll.~ Opel! Circuit ," and that 
the current ror the ']'YI'E 493-1\ Ther
mocouple should be 27.') and not 100 
milliamperes. 

The General Radio Experimenter is published 
monthly to furnish useful infonnation about the 
radio and electrical laboratory apparatus manu
factured by the General Radio Company. It is 
sent without charge to interested persons. Re
quests should be addressed to the 

GENERAL RADIO COMPANY 
CAM8RUlGE A, MASSACHUSETTS 

THE NEW BEAT-FREQUENCY OSCILLATOR 

Type 513·B 
BU I·frequtoC)' O..cill.lot 

Range: 1Q-IO,ooo cps. 
Single frequency control 
Calibration accuracy: 2% 
Tuned·reed frequency check 
Output: JO mil/iwalls 
Good waveform 
Complete alternating.current operation 

PRICE 450_00 

Complete specifications for this instrument 
appear in Part 2 of Catalog F which was 
recently mailed to all of our laboratory· 
instrument customers. I f you didn't get yours, 
ask us for another copy of "Catalog F-X." 
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