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FOREW ORD 

('ollllllcrc:iai acceptahility has Lccn tile primary thought ill the dcsigll 
of Gene l' al Hadio instnl1HC'llts. T his should not be taken to mean' that 
they arc not precision instnllll(!llls find. aecol'(l illgiy. lack (tCCtlnICY, hut 
rathel' tllnt lIIlUSU"! ruggedness has been incol'pol'l.Itcd in their deSIgn. 
They Iw\'c becH designed lo stand ordinary commercial laboratory usc, 
without loss of nCCUrilc:\', 

~-\ gcncnd Chlssi(icHtioll of nil instruments as laboralo ,'y working 
shlndards would . of COtll'SC, be impractica l. T he "cry nntul'C of some 
illsinnncnts 11S reference st:lIlda l'ds makC's it necessa r y to give sPCCitlJ 
attention 10 their precision. Even ill these illslnllllcnts. the construction 
is such that they may be referred to rcgulllriy. without the d anger of in­
jury to their accurilcy of cillibriltioll . 

. -\ feature of pnrti('ular interest in our line of I"borntory equipment 
is the specilll parts thHt arc <In\iIHhlc 1"01' (t\lick Iabonltory set-ups. These 
padS cons ist of quick chH nge-O\·cr switches . .<:;pccial plug and jack com­
binatiolls. and bolllc-nel·k binding posl~. I n a IHborutory equipped 
with a fel\" of these IIlTessories it is possible to get ,dong with a sm<lller 
!lumber of inst r uments than would be required if pel"man(" l l~ set-ups were 
uscd. T his class of eqlliplllcnt will be found pilrticulllrly useful where 
comparisons ,He heing lllade between different kinds or instruments. 

I n looking through th is cab log it. is evident <It on("e that the 
illstl"utl1ents listed arc \;1I·gely sp('('ialized ones fOI" measurements at audio 
and radio frcquencies. T he filet. hOWC\·Cl"l should not be lost sight of 
that mllny of these instrulllents arc also pa r ticularly ilclnpted for usc 
at cOllllllercill1 f requellcies find in direct currcnt work. 

Aside from thc items listed in this catalog. we manufacture a 
large Ilumbel· of special instruments unci pieces of HpP;Il"atus. T hese are 
built eithe r to the customer 's spec ificat iolls or to meet his part icular 
requi,·cll1ents. Yom p ,·oblems in this fiel d arc solicited. 



   

SHIPMENT and TERMS 

Unless specific shipping instructions accomp~lll .r a n order, we will 

lI SC QUI" best judgment ltS to the method of shipment. .A ll prices lHC 

1<'. O. B. Camhridge, ) l a55. T here is no domest ic packing c1wl'gc and 

no charge for shippi ng cases ullless so stated with the p ri ce of the in­

strument. 

When o]"dcl'ing hy Idcgl'ilph, please spec ify qU<lIlt.ity unci OUl' code 

word. l "ol'cign cus tomers will find it cOllvenien t to usc Bentley' s Code. 

Om cable Mldrcss is Gcnradco. Boston. 

T enlls HI'C net thirty da ys 01' with 27c di scount fol' payment wi thi n 

ten (by5 from date of shipment. \\' hell cash accompanies the order, we 

will pay t ransportatioll <:hllrg'cs a nywlH'l'c in the L llitcd States 01' 

Cl.Inad ll in plllcc of a llowing the US ll U! cash di scount. 

Unless credi t has a lready hcen establi shed wc witt IlHtkc shipmen ts 

c. o. D. 

., 



    

A OiVE PRICE POLlcr 

The items listed in this catalog arc of such a nature that they a re 

best distributed on a direct from Illl.lnufacturer to COllsumer basis. There­

fore. with the exception of a co-opcratiyc pltlll with the Centr al Scientific 

COmpuII Y, of Chicngo. Ill inois, our ins t rullIents a rc not sold through 

dcaJc.]·s 0)' bl'oke)'s. 

:\1<1 11\' of lhe instnllllCll ls l'cquil'c special enginee ring correspondence 

to determine t heir adllpbl bility to the particular condi t ions of the p I'O S­

pecLi,'c user. ~·\..s these problems arc stric tly of an engineering nature, 

11"(, mai ntain all engi nee ring stafr lo gi\'c pfU'ticuial' attention to Stich 

pl'ohlems. Your correspondence is solici ted . 

..:-\ 5 our inst ruments arc not sold through defile rs, pnces ha\'c ueen 

made on It basis thut docs !lo t p ermi t tilly discount. All p ri ces ti re, 

therefore, strictl y net. Qu antity discounts as gl\'en in the next para­

graph a rc the only d iscoun ts 1IlIo\\"(xl. 

\Vhen tell to nineteen of tilly item arc ordered a t the same time for 

a single shipment, there is :\ 5% discoun t , In quantities of twenty to 

nindy-nine, the discoun t is l Dl;7r , Tn qUlin tities of one hundred Or O\'CI', 

spec ial prices will ue quoted on request. 

U nless otherwise sUtled, quo tutions r ell1UlIl open for thirty days, 

D elivery p romises arc made subject to the usua l classi(ic~t t ion of c~l u ses 

beyond our control. Catalog p rices Iwvc been rel'ised to J uly 1, 1928, 

bu t ,He subject to change withou t no t ice, 
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CONDENSERS 
The requi rements of communications hboratol-ies hlw(' called for a 

wide yariety of capaci ty uni ts . T hese include p recision units for capacity 
<Illel frequency stanci urds, and units for' t uning of oscillator and filter 
ci rcuits. T he httcr requirements alone necessitate a n,ricty of condensers 
in order to (;O\'C I' the wide frequency I'ange used. 

The larger capaci t ies r equired for low frequency circuits arc neces­
sa rily of paper or lllica dielectric sillce air condensers of such capacity 
would irwolve great hulk. 

TYPE 219 DECADE CONDENSEHS 

E\·cl')' college and 1'(,5('I.II'(;h labol'lllol"Y has need of a \"ul'iable con­
denser of large capacitance and reasonable accuracy for temporary set­
ups where it is inexpedient to use the pr"ccisioll ty pes. l'or ma:-:illlum 
utility a nd rapidity or adju stmen t this unit should have the same flexi­
bility -as the fttmil ia r dia l-decade type of rcsistance box. 

In the T ype 219 D ecade Condenser this highly desinilile feature is 
obtained by means of a CtllH switch which makcs it definite contact with 
the successive units, determined by a bi.d l and socket locking combination. 
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GEl\"ElIAL IIAD IO CO JI I'ANY 

This permit s the construction of a unit possessing the samc characleristi cs 
liS the s tandard dial -decade type of ]'csistnllcc bo .... , The capacitance 
ill microfarl.lds is read di rectly opposite the end of the switch pointer. 
The complete unit is mounted in ft wtt1nut case with btlkeli tc PtlllCI. 

The condenser s used in the 0.001 s teps arc the mic.l type. Holled, 
pa ruffill -impl'egnaled }Japel' condCllscrs IIrc used in t he higher capacitance 
steps. While this type of condenser is inferior to t ha t using mica dielec­
tric, a well buil t paper condenser is so satisfactory for a wide "ariel), 
of inboralol'Y uses that the ex pense of the micfl type in the hl l'gcr capa­
cita nces is seldom j us tified. '1'11(.'5(' units 1I1'C suppli ed adjus ted to wi thin 
ole in the .00] )IF., tlml within:2 £jt ill t he 0. 01 i\ IF . <.I ncl 0.1 ) .1.1:'. steps, 
which is 11 f;\il· indication of t heir cO llstancy undel· \"Iuious conditions 
of tCll1pel"Hturc and frequency. 

T he rolled pape r comienSC l"S used ill the T ype :H!) units repl·escnt the 
ocst of t heir type. The paper a nd foil IlI·e fed r!"Om the rolls through 
an imp regna ti ng La th of moltcn plt l"affin. The thOl·ough impregna tio ll 
thus outai ll('(1 not Dilly inc rea ses t he di elech·ic st rength. but 1I Iso ma kes 
the unit mOl·C cOll sistent in its beh ln ·ior. due to its g l·ea ter homogeneity. 
Suffic ient o\"lnlap is allowed on the ro il so tllIt t the sliccessi\-c laycl·s of 
<'itch plate may be bent O'-CI· for conbtel with endl olhel·. Connection 
is nwcle to t he side of the plate. that is, to aHlllyers in the roll. Because 
of its lower resistance, this method of assembly is nlllch superior fo r 
la bo rn tOl·Y and filter wOI"k to Ihat which makes use of a connection at 
Ihe ends of the plates only. T hc side cOllllcct ion a lso H'·oids the incrcase 
of phase a ngle ,,·jlh frcqucllcy ,,·hi ch OCCllrs with the ('lid cOllncctiOIl . Thc 
phasc angle of thesc condcnscrs lit 1000 cyclcs is approximutely .2570 _ 

The complcted condcnscr tllli ts HI"C sCH lcfl in meta l cans \\"hen fin ll llv 
motlntcci . . .l, rigid moistul·e~ pl"Oof Ilssclllhly is thus asslired. 

T he ,·oltagc rating of a ll lIllit s is 300 mlts ( I'. Ill. s.) . 

l·SES. T he Typc iH) Dccude Condensc r is extremciy llscful in 
,·nClllUll-lllhc osc illa tors of \"I1l· iublc frcquency. It pl·o,·idcs the largc capa­
cita nce l"c·qu ircci for low frequ ency. a. nd providcs com·cni cnt \-arialion 
O'·C1" a capacital](·c rangc of ]000 10 1. It is also lIseful III tcmpO ritry 
filtcr SCt.- lI pS li nd in tuning circuits to low frequcncics. 

T ype 219~F DCC;ldc ('ondcn5(' 1" ............. . .......... Price $40.00 

T CIl 0.1 :'II F . steps. 
T en 0.01 ".\ IJ '. steps. 

D imcnsions 9¥2" x 5" x ;3% ". W·eight 51,4 Ibs . 

Corle Wonl : COrEll. 

[ 6 1 



   

GE,YERAL RAD IO CO.lf/'ANY 

Type 219-G Condenser .... . . PI'ice $60.00 

T ell 0.001 :I I F. steps. 
'1'el1 O.OJ 1\11<'. steps. 
'f en 0.1 :IIF. steps. 

Dill'H:I1Sio ll s l:l:* " x :3" x Un. n rcight 7 Ibs. 

Code Word : llHIEH. 

-- 00 

AIR CONDENSERS 

Ylniablc '1Il" condensers arc ge nerally used 1\S seconda,'." sbi lldurds 
for all labol'lI~ory purposes fot' cft pllcitnnces lip to sCH~l'al hund redths 
mic rofanld. Condensers for tiJ is purpose must first of aI! be of such 
rugged mcchnnical const r uction ;IS to withstand the handling of ordi­
Itil!"y laboratory llM' , \\-ithout sufferi ng changes in c.ilibnltion. It is also 
impol·tant that the phase angle be as 101\" as is consisten t wi lh phy!>ical 
s trength <lnd that the field tlnough the dielect ric remai n substftlltially 
constant with cha nges ill ctlpHcit.\", 

Hcalizing that t here is an economic as well HS a physic:d p]'ohlem 
in\'oh'ed, the Gcncnd B adio Compa1l} has tlil' idee! its hboratory air 
condcnscrs in to three classes. designcd to lllCC t di ffc]'Cllt. rCCjuircments of 

\Jrec isioll and COllstanc \', T he '1' ,,\)e 21:l Prccis ion Condenser is des i<rn ccl .. . 
for usc liS II lauon.llol'Y standard and in precision Wal'cllleters , \\' here 
labonttory work of less exacting character is plH nlled , the T ype ~!6 or 
the T ype 2 :30 ra riablc ~-\i r Condenser will be foun el sa ti sf:'lctory, All 
t.hree typcs arc ldike in gener;d elect ri cal design, 

TYPE 222 PHECISION CONDENSEH 

Condense]'s used as sta nel lnel s ane! 1'0]' p reci sion meaSurCllll.:! nts must 
11<I"e ]IW IIY feulu n~s 1I0t usually fOll]HJ in on:1inal'Y Inboratory condenser s, 
For nlri llb!e standards it is essent ial that the plates be suffi cicnUy rigid 
;wel In: 1I spa ced so that handling the condenser \\'ill not C:luse n ch:Ulge 
in capacitnnce. It is not alone sufficien t that thc ])O\\'C I' fador be low, 
but it is also important that the dielectric losst.:s be subslu nLi(tlly I,;on­
stnnt throughout the entire mnge of the condenser, 
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GEXEIIAL 11 11 0 10 COJ1IT'!l.\T 

T he General fbdio T ype 222 Precision CondCHSCl' IS intended for 
usc whcl"(, I"'ccisioll is essential. rathel' than fol' lISC a s 1111 ol'(lilllHY 
labora to ry exper imental condenser. I n its design. the Illcchanic .. 1i us \\'ell 
flS the e1ectric;.d fCHl u l'cs hn \'c l"Ccci H'd special attention. 

The plates :HC of hea\'y a luminum, widely separated by acclll'atcly 
t n rn ed SI)/Iccn:. lind fintl!." clamped hel ween suLslHntial east. mctH l end 
plates . .-\ sleel shaft, cll lTying the rotating plates. turllS in COlIc-shaped 
brollze bearings. The adjustment is locked arlcl' the condenser has been 
subjccted to it ,'olation lest to inSlIl'C the propel' filling of the ix>lII"ings. 

The rotH!'." plates arc turned Ly a worm <Inc! geAr, thlls permitting 
nne control. 'fhe worm is held by sp ring tension ill position agl\ inst 
lhe gear to j11"e\"c nt LllcklHsh" T his is the salllc method used in aCClll"ute 
di \"i ding engines" T he worm is lapped in to insure perfect (il . find lhe 
condellser then tested for brtcklash ill lhe I"boralo l')". 

E LECTR IC.-\ !... The statol" plate assembly is insulated frolll the 
rigid end plates, cUlTying the rotor Assembly, hy isolnntit<- hlocks" .As 

these blocks fll"e small in Yolullle, I1.lId placed in 1.\ weuk, nO 'H'al'yi ng 
elect rostatic field. the condenser has 11 \"c ry low power fad01', "001% 
at 1000 lIMF. 
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GESEIIAL RAD/O CO.llPJL\T 

" fhen using this condenscl' in mCl.IslIl"ing the power fador of ab­
so rbing cOJlCicnsc l' s t he /'flct t ha t the ficld, where the isolnnt ite suppor ts 
IHC localed, docs 1I0 t vary wi th condenser setti ng is of impor tance, be­
Ci.l ll se it permits the tlSS lIlllption that t h~ precision condenser is the equiv­
a lent of two condense."s in pamUel, one being a perfect condenser of 
\'ol' i:\blc ca.pl.Icily, the other a small fixed condenser with which is Ilssocialed 
all the dielectric losses. 

The tcmpcn\ture coefficient of this cQ lldcnSCI' is p ractically lIil, 
and Ulcrc is no change in capacity wi th fl'cqucncy. The equivalent sel'ies 
resistance at 1000 cycles and 1000 :"\1:\1 1:'. is approxi mately 11 ohms. 
The breakdown poten tia l is a bout 1000 wits. 

SCALES A="'V C,I I.IIl H..ITJO:\ . Attached to lhe Ill.'" shuft 
is a scale, div ided into 2:3 equal parts. whi le on t he \l'orm shaft is a 
second scaic, the ci l'cum fere nce of which is divided into 100 cqUtl! parts. 
Sincc onc complete t tli'll of the WOl'lll shuft moves the main scale through 
one di"i sioll , the position of the ro ta ry plates may be read directly to 
1 part ill 2500- equint!ell t to about O.G l'd i\IF'. Since t hese sllb-scale 
cii"isions are 1/ 16 of an inch {l pal't, it is easy to estimate to oll e-fifth of a 
division. Each condenser is supplied with v. cll1.11·t giving, with an ac­
curacy of 1 l\Il\l F. , t he condenser caiibl'ulioll III 26 points. 

MO UNTI NG. The condense r is mounted on a Iii inch l.l luminulll 
plate finished in pel'manC'nt crystalline blu.ck. This plate forllls the 
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GES EIlAL IIADIO eOJ/PAS)' 

top of the CHSC, which is of polished walnu t and lined with a copper shield. 
In order Iht, l the condenser nwy be kept free from dust the two scales 
arc read t1nough glass windows set into the alumillum top. A hurd 
rubber rotating handl e extend s into the box amI engages the worm shaft. 
The carryi ng handle and othel" metal parts a rc nickel p la ted . 

. -\ substantial whitewood cH lTying CftSC. prO\'idcd wilh lock and 
cllrrying handle. is furnished with cHch instnnllcnt. 

T ype 2:2:2-L P recision Condense r 1,100 ::\DLf'. . .......... $90.00 

D imen sions 8 1./' x 8%,/I X 0". \\' eight 15 1 b~. 

Code \\'o,-d, COP.\L. 

TYPE 2·16 CONDENSERS 

The T ype :2·16 r ;ll'iahlc A ir Condensel' is similar ill cons trllction to 
the Type '22 '2 J) re{'isioll ('ond(, llsc l'. It is betic)' adapt ed to li se a s 11 sec­

ondary stlillcial'd than Ihe Type :l3V YHl'irt hle .Air Condcllser lind, ill fact, 
is satif;fltctory for IllHlly uscs whe re t he gl'calcl' precision of se tting of 
the Type 222 P J'{ .. 'cision Condenscr i~ not rcqui rl'd .. 

There is no change ill cllpln'ity " ' i t h f l"equellcy.. The tcmperaturc 
coefficient is pl"lldically zero. 'I 'll<: dielectric is isolantite. whose di electric 
properlies are slIpc l"iol' to po rcelain 11lld which is. in addition, llon-ub­
sorbent. T he dielectri c is of slll ali ,"o lume and placed in a wcak t1. nd 
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GENERAL RADIO CO.lIPANY 

practically const a nt fieJd. As the field through the dielectric docs no t 
\'ary with the position of the plates, the condenser IIlfly be assumed 
to he cquiy ulcnt to two parallel condensers, one a fix ed condenser of 
slllall capacit .... , with all the power loss, the other <.1 perfect nu'iable 
condenser. This fa ct is ycry impor tant when the conciCnSl' l' is used in 
measliring dicil'c.:Il'ic losses ill connectiull with the Type :21 (i 'ttpacily 
U.'idgc. 

A reduction gea ring is p rovided for Case in H1<lking accurat.e capfl.­
t il y adju stments. As the rotor of the condenser is g l'Olllldcd to the 
i' !'Hllle, wllich cffcdi\'(.'iy shields the statol': there is no difHcul ty due to 
st ray cup<1cities. 

L· ~ES. The Type 2-!-0 YHl'iaLlc Ail' Conrienser meets the wide dellland 
ill radio and gell('l'al lahoratory work fOl' II ,·<t riable condenser of cO ll s iclcr­
Hhle rallge. low power factor ;:tIld COIl~tallt capacity. It is useful as a la h­
oratory shwdard uf capacity ill bridge meHSlIremenls of condenser I'esist-
1111<.:(' in tl1l1(·d circuits lind in radio-frl'<jllCIlCY rcs istH llcC IlICaSUI"Clllents. 

LOSSES. The powcr factor of the Ty pe i ·Hi Yaria blc Ai l' COlldc liSel' 
tit 1500 ;,\D1F. is a hou t .005 ?f- . The rcs istance at 1000 cycles is about 
1:! ohms, and :It :100 kil ocycles this I'cs is blnce is Hppl'oxinwtcly .(n S ohms. 

COXSTHL'CTIOX. The ij)ustralioll shows the genera l construc­
tion. The plates IlI'e hen".'" aluminum. Hccurately spaced. T he main 
Sh:lf't is fiUcd betwcclI cOile bea ri ngs, so t hal t here is prnctically no 
enel-plny. These bea rings are gl'otllld in be forc the ir fhllli adjustmcllt. 
III t he reeluction gearing, men t ioned I.I ho\"C . It small fibruil pinion is 
pressed Hgainst the hll'ge gcar by it pllospl1 01' bl'ollze sp ring so that 
there is no back la sh. H C<I\'y ca st. bronzc elld plntes sepHl"Hted by I.II·ge 
bl"Hss spacing pillal's make H \'e l'Y rigid asscmhly. 

C .... \T.IBH .-\TIOX. The minimum and maximum cl\pncity of each 
condcnser is marked 011 the bottom of the casc. The fl\'C l"age capacities 
[01· cHch of t he three sizes of th is type of condenscr foli o\\': 

T V pc .11 il/. Ca p. .11 (l.1:. Ca p. Voltage ( Peak) 
246-L 55 ~l.\lF. 1.?OO ~I.\I F. 800 
~ ·t(i- ~I 70 ~nIF. 3000 ~L\JF. 800 
246-1' 7~ ~DIF. :;000 ~I.\IF. 550 

If desired , a telluloid protected calibration cu n e. ;tccundc to within 
.:'jl'~ . is supplied at Illl cxtra cha rge of $4.00. 

FIXJS H . 'rile condense l· is mounted ill a ll att ra cti"e wulnu t case 
wi t h cngnncd hnrd ruhber pnnel. ...-\ fou r-in ch sih'cred dial, divided into 
one hundred di\'isioll s, is secu rely fastcned 10 t he lll flill shu ft. 
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GJ::SEII ilL RADIO CaMP A lYY 

Type 24.G-L CondensC'r, 1500 .\ L\lF. capaci L," ........ . ... .. .. $38.00 

Dimension s 7!h" x 7V::!" .x 81/.(. 'Veight 11 % Ius. 
Code Word, CE ll .IB. 

Type 246-1\1 Condcllser, 3000 ~Ji\ l r . capacity . . . . .. . ........ $-l5.00 

D imcnsions IY:/, .'\ 1Y::t x l1 Jj~". \Vcigilt 14:14 Ius. 
Code W orrL CH.\ OS. 

Type 246-P COtlt/ <" llsn, 5000 i\J ;,\IF. capa city . .. . . . .. $ H.OO 

D illlCll Sio ll s 71/2" X 7Y:/' x 111/:/', 'Vcight 15:"KI, Ibs. 

Corle \\" or,L CI-IAHY. 

Mounted Caliura Li oll CUl" w:. for am' of auo\'c condensers .. ...... $ 4.00 

TYPE 239 COi\I)ENSERS 

The Type 239 Condenser has end pla tes and condenseI' pla tes of 
uluminum. The rolo r pl ates arc so shaped as to give a Hearly consta nt 
rela t ion between wnn:-Icng th HIle! a ngulrtr y[triation. The roto l' bearings 
~ll'C ill direct contact wi lh the end plates. The sta tol' is suppor ted from 
st rips of hard Hlbbel', so placed t lw t the field th rough them is weak, and 
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GE.\"£ R A L IIAUIO CO.1Jl'A SY 

practically \I1l\-al'ying fo r dilfen;nt capacity settings. T he roto r t U I'llS 

in locked cone bearings rind is coun lerweigh ted. _-\ slow motion gear 
is supplied when des ired . 

'I 'he Type 2:39 Condcllser is supplied either Um llOl1ll ted 01' in a Wl.lillut 

case with ba kelite panel. 
l 'he equivalent series I'l'Sistllll('e of the T ype :l3D CondenseI' is ] ~ 

ohms at ]000 cycles at the 1000 :\1:\1 1<'. setting. 

CS E S. T'hc T ype 239 ('onriclls('1' lIlay be used in tuned circuits, 
in wan'meters and i ll bridge work. 

T ype 2i19-F 1000 :'\n J:F. :\Ioun tcd. \ Vithout gCHl'. . .$15.00 
D imens ions 6" x (j " X T", " 'eight 414, Ibs. 

Code \Vorcl: ]3 .-\ n E I.. 

T ype 2aO-E ]000.\1:\11<'. ) I ulI nLcd . \Vi th gear.. . . . . .... $18. 00 
D imensions 6" x 6" x 7", \Veight 4:}8 lbs. 

Code \\'ord: llA:\DY . 

Type 239-H 1000 i\lAIF. 'C nmoli ll tecl. " ' ithout geH l' . . ,.," .$7.00 
D imensions 41/2" x 4%." x ()". ' ''eigh t 134 Ibs. 

Code W onl : ll An O',. 

T ype 239·G 1000 l\l l\IJ' . U n1l1ounted . " ' ith gear .. .. . .. , .$10. 00 
Dimensions 4¥2" x +%" x 6". " ' eight 211>s, 

Code Word: 1l ,I S .·1 L. 

Type 239-K 2000 "' D rF' . :\ loullted. Without g-eHl· . . , ...... ,$18.50 
D imcll sions W' x Gn x 9". " ' eight 51h lbs. 

Code \\'o,·d: BAS!., . 

T ype 2:)!)-J 2000 .:'11:\ 11:'. :Jl o11ntcd. 'Vith gear. . . .. . . . . .. $21.50 
D illicll s ions G" x G" x IY'. " 'eight 51,h Ibs. 

Code W ord : B.I T TY. 

Type Z39-:H :lOOO l\I:'\1F. UI1111011 11t('CI. ' Vilhou t gei.1.r .... . . . . $10.50 
Dimensions 41/2" x 4%." .x W'. \\' eigh t 2%= Ibs. 

Code lYord: llAYA\~ . 

Type 239-1. :WOO ::'I[HF . rll1l1ol1 ll lcd. 'Vith gea r . ........... $13.:}O 
Di mclls ions 41/2" x 4 o/-i," x 6" . \Veight 23Alus. 

Code \Yord : BEFIT . 

A ten point cal ibrntion is suppl ied with any of the moun ted types 
wil h gea r s a t $1 .:30 addi tional , or il IHOlill tcd citl ib ralio ll ClI l· ,'e, accurate 
to wi thin 1 %, is supplied nt $3 .50 nho\"C the p l·icc listed. 
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G£XEI!AL RADIO CO.1Jl'ANY 

Condensers Hrc /.dso n;::CI'.li rcd for the tu ning of tClllporary or p erma ': 

nent laboratory ci r cuits, and for exper imen t.al I'ccci"c l" 01' t r ansmitter 
l'ollstnlction. These condcllse rs arc of the smull capacit ies, 500 :\1:\11:' . 
Hilt! less. They firc nnli lablc ill scn:nli plutc SIHlpCS <\nd a variety 
of clIpaC'itics [01' QtriOlis requirements. 

Both metal end plntc and hard ]'ubbcr end plate types lll"C anlilllbic. 
T he rotor ; tllel stator units of both types arc identical. I n the metal enel 
plate types the l'olol'S (Ire grounded to the end plates. The platei' of lhe 
ro to r and of the slId 01' sect ions Hl'e each soldered tOgcthCI' in It .JIg 

which Ilc'cllnllciy SPllCCS the plutrs. 
T he cqui\"lIl cnt series I'csistall('c of both lypcs is noollt the SHllle. 

Itppro:o:inlith:ly 0.:) ohms at .'500 ~L\lF . :md al 1000 KC. The millimull\ 
cltpH(: ity of all types mnge from apl))'o.ximateiy 1.5 ~L\lF. 011 the slllall 
c:apa<:iliC'f' to ;l;} :'1011". 011 the !tll'gel' sizes. 

TYPE 2-17 CONDENSEII S 

Thesc a rc thc condcnS('I's which stand out pl'c-clllirlcntly us thc lead­
('1'1' of rndio-rrequcllcy condcnse rs and still sel l ut populHr pl·ices. The 
pancl mO~Hlling modcls hu\'(' st raight-linc 1I'<I\'clength plHtcs. Thc CHse 
llIounted models h1\\'c struight-Imc capi.I<,:ity plates and dials with capllcity 
ca lib rations. They make excellent st<tnditl'ds for the experimentC!'. 

Type Capacit~· Description J) i IlIt'l1 ~ ions Wci~ht Cod,' Word Price 
:!~7-F 500 ~ I ~I F. Panel :\[Ilt~. with ctwt. .~" s I," S ~ I ~" 1 lb. COCO:\ . ..;;1.00 
2~1_1 [ :)flO .\ [ :\11:'. Pnnel ~[lItg. with f,'l':ar 'P' x V' s P c;/' J% 11,. CO:'> I IC a:'·'i 
2~1- E 500 ~l.\l F . Cftse ~ I ld. without Itc,lr 51! x 5" s P/:/ ' 2 11,. CO£;PE (;.00 
2~"-v 500 :\1 :\11". CftSC :\1 td. wit.h gear 5" x 5" x P/~ " 2lh Ih. COLlC 5.115 
2 ~7-~ 350 :\1.\11'. I'<md ~Inlg. with clwt. • ~" x ~" s p~" 1 110 . :\13 . \ 51-: 2.7:) 
2·~7 - 1' :130 :\ D I F . P anel )1 nl~. with ~I'ar 4·" x I" s .p :/' )~ lu. .\BUEY 3.50 
2~7-[{ 250 .\DIF. Pand )[Ilt~. with ctwl. 4-" x ~"x ~II 1>1 lb. CARGO 2.50 
2~7-~1 'l:lO )DIF. Panel ~rntg. with gear ... " x .~" x .~" %lb. CIGAR 3.25 
2 ~1-J 250 ~ DI r . Case :\ltd. without g{:',lr 5" x 5" s ~~" 1% lb. C.-\XOX k50 
2~1·L 250 ;\1:\1 F. Cnsc :\rtcl. wilh J!cnr 5" x 5" X 51 ~ " Z Ih. e.\ nO.'. 1 5.25 
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Type 33 1 Condenser Ty pe 374- C:olllie li ser 

TYPE 331· CONDENSERS 

,,'he!'c the shield ing I.,fred of metal end plates is desirable the Type 
a:~", CUllch.-.nsc l's 1Il'e pHrticulllrly \'c'('ollllllC'ndcd fol' 11 $(' in receiving sets. 
T he ,- fLJ'C of 1011" loss cons ! nldioll and \" (' 1'\' l'u frft('d. • • 1">,-, 

The Type aa+-T a nd \ ' COlldensers a l'e similal' ill appcflt"nncc to ,\11 
other Type' 33~ Condense rs ex<:cpt thal they hlt\,,, douhle .spacing for use in 
s hol'l-\\'Hn~ tl'llllSlll i ttc l's on "OItHgCS lip 10 :WOO. Ti ll.'." arc supplied wi th 
cou l1 tc ]'\n~igh ts onl,', 

Co(1c 
Type CHpncil ~' l )cs<:ripUon l )iI IICIISi'lIl ft \\'ci¥lll W o rd Pl"i(:c 
3:1~-F ,i f)!, .\[ .\1 F. 1'1I1lc1 ,\In t)!_ with ctll't. ;PI"~:131I/x P ;:" J I _, II). BEG I:" .";;I.~ .j 

ll:H- J-I .:>1)0 .\ 1.\ IF. I'nncl ) Int )!. with ftc;! r :33 ,"x33 1" x P/' I I~. III. BE L.\ Y l ori 
3:H-:\ a::>o .\DIF. Pancl .\lnt J!'. wilh dwt. :13 I " x:J3 , " x P ,!,' 1' : Ih. BES ET a.oo 
;);H-I> a50 ~DIF'. Panl'! ~Inill' wilh vcnr :13 I" x ;J3 1 ,,:.. P e" 11 : Ih. nEn·: !. a.7.:; 
a:lI - K 2::;0 .\1.\1 F. I'nne! ~11l1 1l' with dKt. :13 1" -,: ;3%" X P en II : lb. BE I.O\\" " ~ .-_. f(' 
:I:n-:'I l 2.50 ,\1 ~I F. ' >and ~1 1l'j.:'. with ~e;)r ;13 1" x a:'.,j" x P 2. " 11:. lb. n Eil YI . a.·50 
a:.u-T 100 ,\1,\/1-'. PIIUI'I ~Int!!. without ).:'t'ar ;j3.,j " X;P ," X ~" !1 ~ Ih. B ILLY ., ,..-_.,.:) 

:tH · \' .:;0 ~D! F. P;Hwl '\ Int).:'. with,)ul ).:'Cilr a a.,j"xa31"x I" J1 , II,. B I PEl) 2.50 

TYPE 37'1. CONDENSEHS 

These condeusers a rc s imilar in general construction to the Type 334 
('nndell sc l· ... excep t t ha t lhe plah!s al'C cut ;:;0 us to g i\'c a st raig h t-line 
h cqucl1 cy \'(triati oll . ..-\ featurc of' thi ... ty pc of s traigh ~- lillc h CqllCIICY 
(:olldclIsel' is I'hat it requires no more panel space tha n the stntight-line 
\\'u\'clc ngt II typc of condellscr a nd ma y he substituted for cither t he Type 
247 or a~4 Conciell lSc rs s inec the mountings arc exactly the Same. 

T ype 
3U·B 
37~·K 

3H-N 
:'17 ~- F 

C<l pacity Ucscriptioll 
1:!5 .\])110'. Sinj.:'le without genr 
250 .\l~IF. Sillj.:.l c without j.:'e;l r 
3,:;0 ~DIF. I ~<"ancctl withou t!!'!;;! )' 
500 '\I~ I F. BHIHllt'cd without gc,l r 

U il llcnsiOIlS 
;p~" x ;3% " X 3 1 . " 

;J ~~ " x a%" x ,~ II " 
3:X" x :r~" )( 5" 
j 3," x ;1%" x 6" 

r 15 I 

\r e i~ht Code Word 
I lb. BO:\{;S 
1 lb. :! 0:-.. BOSO~I 
2lbs. nOXEB 
2 lhs. 2 0:-'. BRA , ' 0 

Price 
82.75 

3.M 
4.25 
5.00 



   

T ype 
3(iS·A 
368·B 

Capat it~· 
J i :'<1.\1 V. 
50:;\1 :'<11", 

GE:>"F:IIAL lIAD10 COMPA"' Y 

TYPE 368 M ICRO·COND ENSERS 

A sillu ll biliancing 0 1' YCI'nic\, condenscr is re­

quired in somc of thc most rcccnt circuits. F or stich 

usc the T ype :368 Si ngle H ole :\Jounting ~ I icro-Con­

densers firc pal·ticulady recommended . 

J)e"triplion nillU'Il.~ions 
) licro·Condenl(cr 2" x '1" x 1 %" 
)licfo-Condcllser ?!' x '111 x 2/1 

\Y eight 
:2 oz. 
2V2 oz. 

Code Wonl 
BUI.!..Y 
DURIN 

Price 
S .75 

1.00 

All of till' l(olrlcn '(l plllte condensers li~led ahQve Ul'C made {llleler U. S. Patent 
~o. l ,:HZ,!)!)5, IIl1d all othl'r thAn the scmi-circull1f plate types 1111(0 under U. S. 
Patent 1,2.'}8"l2;J. 

I )6 J 



   

RESISTANCE DEVICES 

STMiDAIW I{ESISTANCE UNITS 

HcsistctllCC standard::; which <ll'C' to be used for alternating Cllrrcnt 
lllC'IlSlLl'CllIcnts lllust lIl;lintain their l'CSistUllCC <It the stated YilllLCS ill spite 
of dlllllges of frequency and tell1pc rah' rc~ and 0\'('1' long pcrious of lime. 
The (';'(')1( . .'1'<11 n adio Compilny has dCYdopcd H type of t'csi.-;ll\I1CC which 
is cxtl'rmcly satisfadol'Y fo)' this usc. 

Lung c);pcriclJ(,(, 1Ia, shown t ha t the <llloy kllown l.I8 llwngitllin docs 
not change in rcsisbtllcc with age. It is essc n tial that the form on 
lI-hi('11 the resistance is \\ound docs not change so as to intl'oduce st resses 
in the win::! . Can~ ill solderi ng inslires freedom from corrosion . After 
being wound, the I'csistullcC cards arc aged fO l' about six months before 
being ud justcd to thC!il' {illal ,',dll C'S , Thi~ rtgeing p rocC'ss is to pcnnil the 
mdal to reach ,I stale of rest following the stress incident to winding 
with the ",ire J1cccss,n ily under tension, The oLsen'ance of these pre­
cautions insllres a coil whose resistance is unchangi ng '\'ith tillie , 

The telll pcr ature coefficicnt of t.he manganin wi re u sed is so slllall 
thilt the rcsista ncc nm." be considered CO ll shUlt with changes in teln-

l)cl'nt lire ill ordinnl'" en(fineel'in.r work, As the coeffi cient is eonstrtnt ,0 .-. 

0\'(:1' It cO ll s idcr ilblc range it is l.l sim ple matter to calculate the conectiull 
I' OJ' more pJ'ccise work, 

I II order to mcet t hc thiJ'd requirement, indep end encc from fl' cqucllcy 
clwllgcs. a spec ial fo r m of wind ing must be r esorted to in order to 
elimillilte inductHllee and CHpilcitance eO'eels , I n the r;enc\'lll Hadi o Coils 
thc Ayrlon-P elT.r method, illustnltcd in the diHgl'a m, is cmployed, A 
thin hl\kclil e form is used, ~-\ si ngle "'ire is fil'st wound on with a spncc 
left hetwcen l u rns eq ll al lo the cl iHllIet<~l' of the wire, A sccond wi re, 
eOlllled-ed so itS to be in p<:tntllc1 with the fil' st , is then wound on the 
fonll in thc SpllCCS be tw een the lul'lls of the first wi re, T he d il'cclioll of 

rotation of the serond winding is opposite thHt of l he first, so that the 
cur rcn ts ill the two portions of the \\'i ndin g flow in opposite di rectiolls , 
Thi s al'l'lI ngclHt"nt also keeps <l d j{].cent wires at ]]enrly cqual potcn tial, 
unlike the usuill type of bifilar wind ing which nHlkes the end s of t he 
winding fl dja('cnt, Thus bo t h ind uctance Hnd capacitancc effects a rc 
kept at a minimum, 

H esist<lllcc c<lrds of this charadeI' arc nnlilnble in t he fonn of a 
number of J'esislnnce dc\-it'cS desc ribed in the following pages, T hese 
units 1lJ'e also mct! in Gencl'al H llrlio B ridges, 

[ 17 ] 
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1-'01" coils in excess of 1000 ohms, res istance tape is used. This is 
tape in which the wa rp is the ]'csisbmcc wirc, anrI the woof cot ton threads 
'which hold the tape togc Hlcr. This type of winding is, of course, 1l01l­
inducli\'c a nd vel'y compact where a high current-carrying capacity is 
]lot essell tial. 

T he ClI 1Tcnt"c<llTyi ng capacity of the one-tenth units IS one Hlllpcr c, 

t ha t of the one ohm u ni ts :l50 milli runpc\"cs, t hat of the tell ohm u nits 
100 milliamperes , Hlld thai' of til(' one hund red a nd olle thousa nd ohm 
uni ts 50 milliampc l'cs. T he coils abMc 1000 ohms \\"ill cany lL bout 1 watl. 

TYPE 102 DECADE RESISTANCES 

J:'01" general lauonltol'Y usc the most cO ll venien t ]'cs ist.!mcc tllTangc­
lllent is that of d ecade uni ts . By Stich ~l method i t. is possible to get 
ne,L1'h' Ull" \';dlle of resislancc desi l'('d , Such ullits ;He COlll jMct and 1'l10'· . . B 

ged, vVi th the use of mlli tiple~leaf contact brushes with each leaf making 
independent (:onta<:i. anti with the ends of these ul'llshes so nli that they 

[ 18 ] 
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a rc no t tangent to the path of t ravel, thereby preventing the cutting 
of groo\'cs in the contact studs, the dill! method of moun ti ng decade re­
sistance units is fast replacing the plug method of connection . Thi s 
method eliminales lhe inconvenience of the sh ifting of plugs, and also 
lheir high contact resistance. 

Attention is ca lled to the fa ct that each decade ditd lws cleven 
contact studs, a zero and tell steps. This featu re is especially impo l·tant 
wilen working a t the UppCI' or lowe]' ends of iJ. dial. 

These decade boxes a rc made in t hree general types, two, three and 
foUl' diu Is . These gcncnd types, howe"er , lIIay cover different r anges. 

The Hceuracy Oil direct cu rrent of the 0.1 ohm lltli~s, including 
switch contact resistance, is 170 , that of the 1 ohm units ,25 % , and that 
of I'Ile larger units ,1 10 , The wil'c used has a pI'neticn ll." nil tempenlture 
coefficient of resistance and contains no iron, 

\Vhen used as voltage ch op devices the units in the 1 ohm and 10 
ohm d ials arc <lccurate to 0.25 % a t 10 kilocycles and 2lJo at 20 kilocycles. 
T ht:' 100 and the 1000 ohm units are Il CCUI'ate to 2% at 10 kilocycles, 
These nil lies apply between the terminals of the box with <lny 01' all the 
steps of the dial in circuit. 

The T ype IO::! Dccade Resista nce iloxl'S are suitablc for lise in se ri es­
tuncd circu its fOl' l>cs isfHncc lllCllsu rcnlents at much higher hequcncies . 
Wltl'll so used, the accuracy of the 1 ohm units is to within I jC up to 
] :'500 kiloeydes and to w~thi n 570 at 3000 .k ilocycles , that of the 10 ohm 
units to withi n 1% up to 1500 kilocyclt:'s, to within 5 % (It 2000 kilo­
cycles and to within ] 0% at 3000 kilocycles, III order to attain this 
accuracy, the ('i rcui t Illust ue accurately tuned . 

All boxes arc enclosed in walnut cabinets with bakelite panel. All 
exposed metnl pads are nickel plated, 
Tvpe L''Ilif,~ 

102-1) 1 0 onc-tenth ohm coils 

10 one ohm coils 

]O:2-E 10 olle ohm coils 
10 ten oh m coi ls 

lO::!-H 10 tell ohm coi ls 
10 one hundred ohm coils 

102-F 10 olle-tenth ohm coils 
] 0 Olle ohm coils 
10 ten ohm coils 

l 02-G 10 aile ohm coi ls 
] 0 ten ohm coils 
10 one hundl'ed ohm (;oi ls 

[ 19 1 

Code 11'0nl 
DECOY 

DECHY 

DELTA 

DIGIT 

Price 
$22.00 

$2-100 

<>" - 00 '1-' - 0, 

$30.00 

$32.00 
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T ype Cllits 

l02-K 10 ollc~lellth ohm coi ls 
10 one ohm coils 
10 ten ohm coils 
] 0 olle hundred ohm coils 

l02·J 10 one ohm coils 
10 ten ohm coils 
10 one hundred alllu coils 
] 0 one t housi.ll1d ohm coils 

lO:2-L 10 tell o])m coils 
10 olle hund red ohm coils 
] 0 one t ilOtl S{t lld ohl1l coils 
10 ten thousa nd ohm coils 

Code lJ10nl 

DE FElt 

D EJ.llT 

DECAY 

,Ylllllbcr o{ Vials lJimellsion Ii lVeight 

2 7=Js " x:')" x 4J ft 2Jh Ibs. 
3 10" x :3" x -! 1.4" 4 los. 
4 ]oJ-" .-," -lA" - ,)s X;) I x:):2 (; los. 

TYPE 13:~ RESISTANCE STANDARDS 

Price ' 

$42.00 

$50.00 

$8500 

HcsislflllCC Stlll1d Hrds, wOllnd by the method pn; viollsiy described, 
are avuilablc in the sizes listed below. T he accul'<'\CY of a djustment IS 

to wi thin 0.1 70 for all nducs. T he cases arc of moulded bakelite. 
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Type Resistance Current Codt: \r onl Price 
la:3· A 1 011111 :!:'to .\I .\ . BECl'B $1).00 
Jaa·B , Ohills l lMn!.\ . BE L,'Elt 6.00 
l:I:'I-C to Ol11llS J()().\l.\ . fu:: r; . \ [. 6.00 
1 ;j;j. D 50 OJ1II1~ 50 .\!. \ . In:L. \ :\: 6.00 
J 3:1-£ 100 ()11I 1I~ 50.\1.\. In:I.TC (iOt) 

13:)- 1" 500 Ol ulI' tjO.\I. \ . BET'.\ Y 6.00 
1:33·(;' 1000 Ohms :')0.\1.\. HF.PE L 7.00 
1:3:1-11 JO.OO() Ohm:; ];;.\1.\, PET.\ L 10.00 
l:~l- J.;: :! .5,OOO Ohms J.:OI.\. P.\S I IA 20.00 

T he T ype ' a:J· K T apped H c::;istancc listed aho \'c will be fOllnci P,-H­
ticularl y useful ill Il mplificn t ion mCIl.Slll'Clllcnls . '-IS i t co\'ers the l'flnge 
or llsual tu uc illlpcda ll ccs . T be total I'CSistll ll ce is 25.000 ohm:s . Ilnd is 
tapped ill ;"),000 ohm s leps. 

T he following resisitl llCCS mil\' be obtained hy suitnblc senes Hnd 
pill"Hlid connections: 

1000 Z.jOO !i8:J:! 8750 1.1000 
1250 3:J33 (ij.'jO 10000 li500 
H.t.-~ ;~ ,:'iO (i(i;; l](i(j, 20000 
!(iT7 ·1000 7000 J:!,jOO 2.')000 
2000 '~IGT 7/;00 13:333 
2H3 '000 8;j;3:3 1:J7.'jO 

])i lllCtlSiOllS 'J 3/ " , /· l , .) Y: " - 2 . ',"ein'ht 4-
~ 

OZ, 

TYI'E 249 AND TYPE 329 ATTENUATIOi'i NETWORKS 

T ype 219 Attenuat ion Nelwork 

In the laboralo ry de,'otcd to comlllunicnt ion cngineering the need 
IS of ten fe lt for Hn instrumen t whercb~' fl gi\'en signal mny be weftkened, 
or attenuated, by ;1 defini te known tllHount. For instance, it may be 

x x 

tf3::j"~ 
fiG . 1 

X FiG,Z % 
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com'cnicnt to measure one signal in terms of another by decreasing the 
louder until both a rc of the Satne intensity, a proced ul'c frequently used 
til meas ll ring t he gnin in a mplifie r s or the ~l tlenuati on in line ci r cuits. 

One method of doing this is illustr~l ted in F igure 1, which shows 
the famili:n fo rm of potentiometer. A fixed resistance II is connected 
anOSS the krmi rHils of the source, while it \',ll'iablc portion r of this 
rcsisblnce is connected across the sink in to which t he <.lttenllHted signnl 
is fed. If t his sink is a yoltngc-oper~' tcd dev ice, rl rawing no cu rrent, 
the potential at its input tennil1uls will be cqunl to the output voltage 
of the source mult.ip lied Ly the simple n ltio d R. The impedance of the 
potentiometer, ,"iewcd from the sou rcc, will, of course, be equal to H, 
find should be mnde equnl to the charactcristic impedance of the source. 
"iewed hom its outpu t terminals, if optimum working conditions rtre to 

o 
c 
-I 

" c: 
-I 

x 

x 

$ 

, 

FiG.3 

x 

s 

f--

.1 
=> 
0.. 
z 

$ 

X 

be attailled" uncle!' these conditions the attenuat.ion of the potentiometer 
may l'eildily be calibrilted in terms of TV. (tr ansmission units). If, 
howcnr, the sink is a cUlTcn t-consumillg device, then the expression fol' 
the a ttclllultion of the potcntiometer becomes more complicated, involving 
the character istic impedance Qf the sink. l?urthcrmol'c, the impcdance 
of the pot"cntiomctcl", vicwed from cither end, is 11 "a riHble, changing with 
eHch setti ng of the i\(ljustablc contact." 'I'liis will gi\fe rise to cleeb-ieal 
reflections which will tend to produce WH\'e dis l.O!'tion and kinch"cd troubles" 

1£, ho\\"evel', ""e wish to p roduce n distortionless and easily computable 
attelluation between (t $OU!"CC and sink , each having the same cha racter­
islic impedance Z, we may make usc of the attenuat ion networ k shown 
in :Figu re 2. T his so-called J-I-typc netwo!"k compr ises foul' equal series 
resistances X, and add itional shun t ]"es istance clement V, connected 
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be lween the soul'ce a nd s ink in the s \'nltl1ct ri cal man nel' indiclttcd, If 
";He h a network is in tc nded 10 introdl;CC It definite Ilull1ber :\ of trans­
mission uni ts of Httcnuution, then, the ntlucs of X ilne! Y 111<1,)' be com­
p\lted from the equations: 

z ( K - I ) X= 2 K+ , 

( k ) Y= 2Z k1 _- J 

where k = 
) .. 

> 

the mtio of the CU1Tcnt , 10, IClwing the source to the current, I , entering 
the sink. 

Exp l'cssed III lerms of transmission units: 

k = 101' /2(1 = antilog 
N 

20 

whe re :\ equals the number of T C".'s attenuatioll. 

A single such networ k offers, of course, n definite amount of attenua­
tion determined by the ntlues of X and Y. If, however, nil fh'c branches 
of the nelll'o rk orc made tldjust:'l blc by steps, tiS inoicatcd sclicHwlically 
il l F'igul'c 3, alltl if t ill,! fill: I)witch anllS I\l"C mO'Td ill unison to thc cor­
responding switch points, thell . by a propel' ('Illihration of the X ((!lei Y 
IWHnches, the c1l11ructe l'i stic impedance Z of the lIclW01·k may be llWill­

ta ined constant white its attenuatioll is '"'H ied by /til} desired steps. 
Tn cedain lines of work it 1111.1." be des irable to g r ound the center 

point of the Y shunt b r unch. T his cnn be accomplished by using a Ilct­
\\'ol·k with six Ildjuslll hl e switch :lrms, whereil1 the shlln t resistH ll(,C Y 
is hisccted into two e(juul pHd::;. 

The General H adio Company h;lS den\oped a scrics of attenuation 
networks operating on these principles. ' Each instrument contaills two 
decade H -type lIdworks which lIluy be used indiviciually or joined il1 series. 
I n one series of these instrumen ts the decades arc calibrated in steps of 
:) '1T. and 0.5 T U. l'espect i\'(~ly, gi\'ing II tota l attenuation of :).') T U.; 
while in the second series. the decades arc cldi lwated in steps of 2 '1'U. 
and 0.:2 Te., gi " ing It toln l ntlelllwt.ion of 1·:1 tnillsmission units. These 
instruments nw} be obtained ca librated for :l characteristic impedance of 
600 ohms 01' 6000 ohms, as desired. The uttcllufltion is controlled by a 
single dial switch for eHch decade. 
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I nslcnd of "<.ll'ying attclluation by the adjustment of the fixe brallches 
of a ~inglc Il('l \\"o]'k ~cclion . IlS I)],C \'i ousl~' d csnihcd. the SamC resul ts 
nllly he obtained by add ing two 01' morc fi xed sections ill se r ies. T he 
mctllocl of doing lhis, with II -type st.-d ions, is iiluslmtcd ill l ligUl'C ;'). 
r\ four- pole dO\lble-th row switch se rves t o inscd 0 1' I'c mo,'C cHeh p<\rticul lll' 
sedion at will. Gi,'cil the chlHactcristic impedance and the desired at­
tenua t ion in tran.smisF;jull ullits (If :'\lcl1 11 sect ion . t he 1l('('CS1'HI'Y values 

of the X and Y hotllc!ics nut." be (·olll p uted dircdly f]'om the pl'l'\'iolls 
cquu t iOl1S. 

1n place of t.he sYlHtlletrical If-type network , it is frequently pcr­
missihlc to utilize the si mpier bu t unhalanced T -lype networks for at­
tenuation ptll'pOSCS after lhe manner indicated in Figure G. H ere a 

doublc·polc doublc-1I1L'0\\· switch Sll mces to throll" {'itch sect ion in 01' 
out of the circuit. T he resis lance ,·:dtlcs Hrc cl.ilcuiatccl in the sn me I1lIHlIICr. 

except that each of lhe two X brunches hilS. obviollsly, the ndl1c 2X 
in order to lllain tain the 6t111lC lolnl se ri es r(>si f;in nce ill the ll('twork. 

l'or ce rtain types of cxperilllc ll bt l work 1111 IIdjllstftble attelluAtion 

box h tl"illg olle 'IT. as the smallest unit is slI filcicllt. AccOl"dingly t he 
Genem i Ha d io Compftny has de\"(~loped fl. ser ies of Type 249 A ttclillfl.tion 
110x(,5 conlaining six Or eight (ixcd seetiolls which IIrc coub-olled by incli­
\'ici ual $\I·itches, 'Y hile this t ype does no t permit as ra pid llmnipliittlioll 
as the T ype 3:2D ~ etwol'k s , it is, ncn~rthdess , quite .<;nti sfaetol'Y' T he 
illus lration shows the appearance of olle of these boxes. 

T he eigh t section boxes arc: ca li hrated in steps of 1-2-3-,1:-10-20-30-+0 
Tt -., nf}'ol'ding then'hy II totnl Itttclltut lio ll . hy aile T C sleps. \Ip to 
110 T C, T he six scdio ll \)ox(', .. Ill'e calibrated in steps of 1-:l-+-R-1B-HZ 
'l'l ' ., tota lling 6:) Tl ' , 

The following tYI )es al'e btlilt 10 order: 

CIHI ra('t('ri~tk Tnla] 
T~' ]lc Illlpcdll lH:C . \ tknua I inn ("\~Ic " 'mil P rice 

320-11 (;00 ;')0 n ', 'I'E',\ 'TflIlI{OO "'220,00 
:lZ~)-J· (;00 ,3;:; '1'\ ', TE:\ L"j'fllll'T(; $ 2,10,00 
:129-1\: (j000 11 :') 'iT, 'I'E"T' TOIlTOI' 82:1,3,00 

329-L' (;000 ;-,) ,3 'IT, '1'1':" \'1'0 1{ I': Y E :;'2:') :'),00 

a2D- ~1 (;00 :22 n ', ' I'L\TTOIl ,\:\T "'2:30,00 
3~9-" · 6000 :2:2 'J'\'. TE:\ L ' '1'011 !lOY $ 2:')0, 00 
329-0 (j00 22 n ', TE,,! 'TOIl C'.IT $:l·W.I)O 
:120-P$ GOO() 22 '1'1 ' , TE:\r'J'O ll nOG $:260,00 

IJ illll'IISioll i' H'Y, " ) ' S X 10:'}f' X Co > , 

T he I~l't·~ lIIark('d • a rt· proddc(] wilh ;t ('t'utN tap fOlr Ill(' Y h r,uu·h .. \ limitc'] 
IIll1uh('r of ecrt.ain of th(',;c t~'])t"~ ;He l':l l'r icd in '; \t,d.;; othcr~ ItW~· he huilt It) t)rdcr. 
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Ko. of Tn>c of Characlerbt ic 
Type ~o. Section Section IlI1ped;lILce Code Word 

2~9-A 6 I-l GOO :\"1-:'1'II'OIUC I:\" '1' 
2.D-ll (i n 6.000 :\" ET\\'Ol11\ BOY 
2·19-C 6 '1' 600 :\" 1-:'1'11'0111«('.\ '1' 
2~9- j) (j T (;'000 1'11-: '1' \\'0 11 1\nOG 
~{!)-Tl 8 H 600 ~ E '1'\\'OHl, 1I 0 D 
2·\D-J 8 II 6.000 ' , E'1'IYOIU(Pl(; 
2-H}-'l' 8 T 600 ~ET\\'OIlKTO l' 

249-lJ 8 T n.ooo NET\\'On KEYE 
D- . 1(''' ~ l ! " -1!J " 1l1l(, IlSIOIlS ) X :} , ~ x ~ .J. . 

NO.OF ~ NO. OF • c, NO. OF 

T. U. G~N L055 

. l4" ~ 

TU. iGAIN 

~ 
.~ ~ 

-z. 

~ -:m; 

~ 

[ 251 

.347 

-, J . 

8 .5 

8. 7 

N 

.75 

Price 

$100.00 
$110.00 

$!)(l .OO 
.' 11 0.00 
$l:W.OO 
:'150.00 
$100.00 
~ 1 40 . 00 

.". 
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All the attclluation networks urc ca librated in tCl'lllS of t he "t rans­
mission llnit." T he tnHlsmission unit, has been generally adopted as 
:l mcnsure of transmission gai n or loss. It ha s the adnllltagc that being 
a loga ri thmic unit, the gain or losses in sliccessive stages a rc add itive. 

'T wo power iCHh differ by one transmission unit if they arc in the 
r atio 10 1,°, Or when the corrnnon logari thm of thei r r~tl i o is 0.1. The 
number of t rnnsmiss ion units between two power levels is ten times the 
('ommon logarithlll of thei l' ratio, i . c. 'I'D. 1 -2 = ]0 log P'/P2' 

Between cqui\'alcnt imped ances, the power nltio is equul to t he square 
of the current or power rati o, and the \'ollage 0]' current ratio cqui"Hicnt 
t.o a gin:n number of transmission un its is one half the powcr 1' 1.1 tio. T he 
table abovc will Le foulld helpful for cOII'"e r tillg pOll'cr ratios to trans­
mission nnits. 

TYPE 164 AUDIBILITY ~IETER 

I n the cou rse of lHC;lsu remcnt work it is sometimes dcsinlble to 
reduce the curren t in fl. load ,,"ithout g reat ly changing t.he characteri s tic 
impedance of the load ,"icwcd from the source. A properly designed at­
telluation nctwork will present II constil ll t i1l1pcdanec to the SOurce whi le 

reducing the load current to any des ired dcgl"Ce. FOJ" some purposes, 
110\l"C'"CI", such ~IS comp'lring thc in tensities of t wo signa ls by means of 
a listening test. with telephones, a complex fo rm of network is no t r e-
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quircd. For such aPP l'oxinHlte work at n single frequency it is en tirel y 
sn tisfactory to add series I'esistl.lllce as the load is shun ted. 

The Type 1().l. Audibility :\Icter was des igned fo !' lISC with telephones 
for signal compa risons. It consists of 1.1 resi st.ance sys tem a nd swi tches 
so arrnnged as to add se ries j"cs ishlilce ns the rcsisb.tncc across the lele­
phone terminHl s is reduced, presenting an approximately cons tant im­
PCclUIlCC across the input terminals. The elementary cOllllections a rc 

shown in the diagnllll. It is the rcsistHllcC lI sed Lo shun t the telephone 
Hlld H2 is the compensating resistance; ns H clccl'cases H.z increases. 

The scale is marked with an nrbitra l'Y selllc of "audibility" de­
pending 011 the rela tion :-

K (nudibilit'y cO llstnn t on scale) - s 
whe re S is the resis tance of the shunt sect ion <Ind T t he impedance 
of the telephones. The scale wa S computed on the basis of a telephone 
impedance of 8000 ohms. 

~ 

~-R----,J~ 
I ;j 

L----=~_~J ~ 
The insl nll}l(;lll IS encl osed in It \\'f\ !nut case with bakel i te pf\ llel. 

) Iebtl pads Hl'e nickel pl ated. The switch arlll is of bminntcd phosphor 
bron'l-c. 

T ype l(}.~ _\udibility 1Jelcr ....... .... . ........ ....... . Price $34.00 
Dimensions 8" x 8" x 4". " 'eight :l:}§ Ibs. 

Code '''orc!: .\\V.\KE. 

TYPE 229 GALVANOMETER SH UNT 

.A gnh'ull0111Clc l' shunt hus two general uscs, as a nieflllS of pro­
tecti ng the galvanome tcr 1'1"0111 injury while adjustments arc being made, 
and to extend ils I·ange. For the lattcr li se the so-called "Univcrsal" 
type of shunt is IllOS t cOlH·cnient. 'rhis type of shun t m~t.Y be cttlibnlted 
directly in ratios, as the relative multiplying power is the same for all 
ga lvanometers, regardless of the gail'anomctel' resistance. This feature 
is bes t understood hy reference to the diugn llll. Thc tapped resistuncc 
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H is connected dit'c('\h- Hcro s.') the O',d\'<1Il0111c tcr. 
. " 

t o one side of the gah-<lnolllc\ e l' Hlld to thC' lap 
the circuit gi\"cs the following equation: 

BRIDGE 

11 " + 11 
III = [G :\ 

it 

900w 

R 

90w 

9w '-----s Iw 

T he Iwidgc connec ts 
switch. Solu tion of 

GALV 

AL-___ --' 

':0'; is t he ra t io of Ih(' total rcs istance. H. to t he l"esisbHcC between 
the h lp [Inc! .\. This is. of ('OIll'i;C. indcpC'ndcnt or the gainlll0mctcl' 
res istance, and the shunt lllily he calibrated ill ternls of th is ra t io. It 
IS lhe constancy of t his : : rcla tiq~" l1l ul!ipl ying pO\\'CI' that· gi\'e ... the name 
"l'ni\'crsal') to th is type of ShUll t . The multiplying po\\"cr of the shunt 

II-itl! the top swi lc·h on unity is n" + R. I· I > n It is t lcrc torc important t lat h 

should ue large ('olllpanxl to Hg for ma.xillltllll sCll s iti "i t y, 
\Y hCll lIsed ill eOllll('dioll with Ihe b<llli ,.,t i(' gah'Hllolllc(el" IllctllOci of 

compa rin g capacitance, the constan t res isbill ce across t he galnmometer 
te rmi na ls is a di sti tl d nch'Hnlage, as i t: insurcs ('oll sbilit dnm pillg for all 
shu n t sett ings, 

The Gl'll erul R 1.Id io T ype 220 rni\'c rsti l Gah'lInomcter Shunt is o f 
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the .-\ y rtOIl-:\fa tJ u:r rll in:'r sal type dCS<':I' ilx'd abO\'c. T he total resislance 
is 1000 ohms. T aps arc I)I'O\'idcd for I'Idios of 0 .001 - 00.1 - .01. .A 
short circuit poin t is H I ~o p l'o\- idcd to giH~ complete protection to the 
ga lvanometer whell so des ired. T he con t rol is by mellllS of a di ft l switch. 

T he shunt is moun ted ill a polished WHIllut hox wi th cngra\'(~d 

bakelite panel. SCPH l" l.Itc pa irs of binding posts arc provided for the 
bridge ,tlu l ga!"<l nomctC']' cotlncc I iOIIS. 

Type 229 l 'llin' ]'snl G HlnlllOmctcr Shunt........ .$15.00 
D illlensions :3" x 3]/~" x :J"~~. \\'eight 1 II.>. 

Cude \\" 0 .. <1, G.-\\"OT. 

00 
H csist:lll CCS llsed as loads and f01' the regulation of \'oltugc and CUl'­

j'cllt do II(lt H'quil'C tlH' ('o11.; l aIlC.'" of stHJl(lards, 'I'll(': principal requi::.itc 
of this cbs.': or r esisturs is 1l IlIrgc radiating surfHc(' illId u low tcmpera­
ture c(){·ffi til'llt, T he (; ('!w!'1l1 Hadio Compilll ," IllHHufllcturcs a numbe l' 
of such unit.s ill a wide range of l'C',<;islHnccs Hud r atings, 

TYP E 12 ;) PII.\ NT O)r A:'iTENNA RESISTOIl S 

F or many Icsls of h'<l nsm illing apparatus. it is dcsint ble to replace 
the antenna by a loca l ci l'cuit . the consla nts of \\'hich are more easily lind 
accurately dete rmined, This a lso p n.! \'('nts in te r ferellce with neighbo ri ng 
stations, T he T ype ] 2:j P lwn tulll ,\I1 IC'11I1 1I Hcsistor is pl'o\' ided fo r this 
purpose, 

This res istor finds ma ll Y othel' uses Hhout the labor:doI'Y, \\'h(,I'c\'e }' an 
aCCli r ate resistance of high clIlTcnt-cHlTying caprll'it" is required, 
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T hese units urc wound on ilSi hcst os-Lo<lrd fo rms, llloun ted ve rticall\' " , 
an arrangement which iusures a good ci l'clilation of a ir. T he rcsisblllC(: 
ma!'cl'iilJ is in the form of a r ibbo n, ftnd iw s H " cry low tC l lIPCI'Il.tUJ"c co­
effi cient of resislance aml a consta nt resistance 1.1)) to H I'Y hj,rh h c-. n 

CJuc ncics . The inductance is \'cry low, The res ista ll ce is adjusted 
to within O.!) j'c of H1C stnted \':dm's. 

The resis tor is Ilwdc in t wo sizes, T ype 125-.-\ of 4 uni ts of 1: ohms 
cHch, Hnd Type 1 :2 :)- (';' of :2 unit s of :2 ohms cHch. T he separate unit s of 
T ype 125-.-\ ha\"(~ It cflJ'l'yillg capacity of ;') amperes Ilnd those of Type 
1:25-G 15 amperes. It is possible to CUll lIed these units so as to obtain 
the following cOlllbitwtiO Il S of resistance and cftn'ying capacity: 

Hes istanee 

~ Ohms 
4 01011" 
8 Ohms 

1:l Ohms 
Hi Ohm::; 

Type ] 2:"k\ 

Carrying Capacity 

10 .-\I11\ )c l'es 
:) Alllpc rcs 
;) .\ Illpcl'es 
5 .-\ll lpCrCS 
:) Am})en 's 

Hcs istancc 

Ohms 
2 Ohms 
4: Ohms 

T ype ] :l5-G 

Carrying Capacity 

30 .Am pcrcs 
15 Anlpcrcs 
15 A lllpel'cs 

T ypc 1:15-.-\ Phantom .-\n tc nIlH Hes islor, . . $1 ROO 
Dimcll sions 7:}i" x (i" x ,P//', Weig ht 

('ode 'Yo rci: H .-\rE:,\ , 

T ype 1 :,25-G P hantom .\ntcllIlH H csi::;to l', 

3,!! Ibs. 

Dimensions 10:Y-l" x 7~S" x 5V2". " re igh t 7 Ibs. 

Corle \\"onL H EB U .. 

TYPE 340 HHEOSTAT 

. . . .. $:l".OO 

I II using instrumcnts of low impedance. such as thc osc ill ograph 
ael'o::;$ 11 hi (,.h \'olt a ffe SOUIT C, H l'hcostllt of high CU1TCll l - cllITyin!! c lll)Heity o 0 Q"., . 

alld high n:sisbncc is required . \\'hen the SOl\rce is o f alternating 
potcll t i:d, H stcp-dOl\"ll transform er wOllld normally be used , bu t it is sOllie 
limes d ('s iraule to he eertilin that t h cre is no possi ble sou rce o f wl:l\"e-fo rm 
disto r t ion in the {'ir<:ui l. 

The Typ e iHO H heostat IlHs 11 total I'cs istanee of 100.000 ohms tHP­
ped at 30- 100- HOO- lOOO- 'JOOO- I0.000- 30.000. T he up!'c,' res;,· 
hln ('es 11 1'(' of the "!a\"ih .. '·· ty pe while those Iwlow ill(' ;JOOO ohlll s i;.tc:p nre 

[ 30 1 



   

GE,YEII AT. IIAOIO CO.lll'A.\T 

of OUI' nOll -I'cacti\'c type. The: cU1'I'cnL-cunying cn pacity of the steps 
a l;o\'c 1000 ohm" is twenty milliamperes , that of 1'11 (, 10w('1' l'csistnnce 
portion, (ifty milliamperes. 

T ype 3 .t.O U heas ta t. ..... ...... . .... ..... . ...... . . ... $20.00 

Dimensions 'Ph" x 31h" x (1Y2"' \Veight 1 lb. 

Code W O"d: S UlLY . 

-- 00 - -

Wire-wollnd units htl\'C proved mosL satisfactory for voltage I'cgu­
lallon where app t'ccinble cu rrent mllst be ca lTicd. 

Potentiometers and rheosta ts arc !Jro\'idcd in three wllttll~ I' lltings: 

the T ype 371 Hhcostal ruted <It 25 watts; the Type :n-t Hhcostnt a t 12 
wutts; and the T ype 301 and .. 110 Hhcost<lts ruled at G watts . . ,,-\11 types 
nrc wound on lloll-abSOl'lJcnt strips backed wilh moulded bHkclite form s. 

TYPE 371. POTENTlOJ\lETEltS 

The Type 371 Po!ellliolll(:~ ters are $upplied 1"01' pllllel mounting in 
the following resistances: 

Hcsista lH:e 
:3 O hll1 s 

900 OIrUIS 
2JOO 011111:; 
~,'iOO Ohllls 
fQOO Ohtu~ 

18000 Ohll11> 

T ype H71 Potentiomder. 

Ctrrn~ tt l 
2.1 .\ tltpcn·s 
1.jO :'li !iia lll l't"l"d' 
90 :'li llialllllt"rl':; 
65 '\lilli;tHIIWl"(·.~ 
I.;) .\lill iatltjwn:.<; 
35 '\lillilll"p~n':; 

Codc \\' onl 
HEI .. \ Y 
H l·:nt\:\" 
HEFI'l' 
HOT OB 
HO\\,])Y 
It t.: 1,1': H 

................. $5.00 

D imensions 31;2" x 3Y/'. \\"eight 7 oz, 
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The Type 371-T Tapered Potentiometer (ll'o\'ide$ a ,':.tl'ia t ion in the 
r nte of change o f r csis tallce OH' I' the rHngc of the inst l'un1cnL T he T ype 
371-T 'l'Apcl"(:,d Potentiomete r is supplied ill a !)oOO ohm range only. 

Type :171-01' T apcl'ed Potcnliomcicl, .. . . .. ...... ... ...... . . ... $6.00 

Code Wo,·d, ST" U.Y. 

RHEOSTATS 

TYPE 214 TYPE 410 TYPE 301 

TYPE 410 RHEOSTATS 

The Type 410 Hhcosla l is of the single hole mounting type. T he 
r es istance uni l is tightly wound on 11 spec ially treated non-nhsol'benl fiber 
s tri p. Gelluine moulded bakeli te is used fol' the basco A moulded bakelite 
knob is also pt'o\·jdcrl. T he shaft is ]/ 1" in diameter and the outside 
diameter of the bushings is 0/8 '" The leng th of the bushing is su ch t hat 
the rheosta t may be (,<lsil.'" moull tcd on p a nels up to ;S" in t h ickness. 

R I":- i!: IH ll(;C Curr'Clll 

0.:5 Ohms 3.:3 ~""llIpcrcs 
1.5 Obms Z.O . \mpcl·cs 

(j Ohm:; 1.0 .\ mpe rc 
12 Ohms 0.7,1) .\Illpc rc 
Z:"j Ohllls 0.:3 ..... lIIpcrc 

The Type ·J,]O P olclltiolilctel' is of silll ilnr 
yiderl wi th a third conncct ion . 

Codc W OI·t! 

S.\ \ 'On 
SAXOX 
SABOT 
SALO.\' 
SALTY 

(·o tl slrudion. hul is 1)1'0-

200 Ohms 175 ~l illi n lllpc rCf; S.\1'II' 

Type 1~10 Rheosta t Or Potentiometer . ......... . . .. . . . .. . ..... $1.00 
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TY P E 301 RHEOSTATS 

The Type 301 Hhcostat and P otentiometer arc similar in general np­
pCanll1t'c ami constrllclioll to the Type -1< 10 H hcostat cxc<'pt that they cIo 
not possess the single hole mountillg fCHt m f', 

T he T ype :301 H hcoslHts II r c design cd for baseboard as well as back­
of-panel 1lI0tL ll tillg. 

Hf"sh,tmlCc L u rrCllt 

6 Ohms 1.0 .\ mpf' rc 
]:l Ohms 0.7:3 "'-\ lllpcrc 
25 Ohms 0.5 Ampere 

Codc Word 

PALSY 
H Em 'l' 
Hl·::-; t;IV 

The T ype HOI P otentiometer is of Si lll ihll' 
\' idcd with a t hird terminal. 

cOllstrudion , uut IS pro-

:200 Ohms 175 1\L\. 

Type 301 Hhcostat or P otentiometel' ...... . , , , .... , . , . , ,$1.00 

D imensions 2" x 1% " x :? Y,..," . ,,7cigllt 'J.: oz. 

TY P E 2 1'1. IlHEOSTATS 
T he T ype :11 ·1: Hhcostals fl r c huger than the T ype 301 Hhcostals flnd 

,II'C capahle o f a 11I0 l'e accurate fi lld gradua l res istance control. These 
rheostnts nrc made ill two ty pes, the T ype ~H~-A HheosluL f OI' utlck-of­
plllleimounti llg a nd the T ype :ll 4:-B Hhcos tn t 1'01' taule moun ting. 

Hcsistnnce 
0.75 Ohm 

2 Ohms 

Cur rent 
... . 0 ~-\_ Illpcres 

:l .5 .\ mpcl·es 
7 Ohms 1.:3 r\ IlI percs 

20 Ohms 0.75 r\ mpere 
50 Ohms 0.;3 Ampere 

Type 11 \ · . \ 
Pllncl .\I oullting-

SI-II:-; Y 
m -D DY 
II nUL 
R AZOII 
II APJI) 

T ype 21 ~- B 
T allie :'I Jounting 

SII.LY 
IIL"MOR 
III 'STY 
HEADY 
ILl n :r. 

T he T ype :n 'l Potentiometer 
\- idcd with 11 th ird terminal. 

IS of simila t· const ruct ion . but IS pro· 

-tOO Ohms 175 :\ IA. 1I0SI'\ HOIVEL 
Type 214 Hheostilts ........ . 
Type 214 400-oh m P oten tiometer . 

D inllmsions 3" d ill . x :l1/1". ' Vc ight 7 oz, 

. \ rheostat of 2500 ohms is also supplied ill this type 
\·ari<.lblc bi<lsing I'csistor in . \ C.-operated power amplifieni. 

$1.50 
~ I - -• • • 1' . (,') 

for wse as a 
1'his unil is 

'apnhle of carry ing 15 Illillialllper es . 

Type :n 'l-.\ Z500-ohm Hheostnt. . ...... , .. , .. , . $:l .:lf5 
D imcnsions 3" d ia. :x 21,4". \\'eight 1 OJ';. 

Code \,"onL SYller, 

I ~~ I 
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T ype :ll.4-TI 2f)OO-ohm HhcosUtt. ... ......... . . . .. .. .. ...... $2.25 

D illlcnsiolls :)" dill. x 2¥4". 'Veight 1 oz. 

Code Word : SYXOD. 

TYPE 1~16 VOLTAGE DlVIDEfI 

The Type -l ·W " oltage 
D i\'idcr hils heen especially de­
signed for usc us all output 
po ten t iometer d C\'jcc fOI" SOO­
"olt I'edifying systems. It is 
wou nd ill two sect ions, one of 
15.000 ohms I'M the pl;ltc sup­
ply, And H 1 ;')OO-ohlll section (or 
ob ta ining the billS "ultage for a 

power tube. It is cljuippcd with four fldjustablc sliders, sui tably cngnn·cd. 
by means of which any cOlubina t ion of \'oltuge may be obtained f]"om the 
plate supply unit. This unit will dissipate GO wutt!'; , If intended for 
usc with H :jOO-vol l rect ifying' f'ystcllI two \·o1t.llgc di"idns should he 
connected in se ri es. 

Type 4 .. Hi \ 'ol tHge Divider with foul' sliders .. .... .. . "",.,." .$2.75 

Di men.sions 7Y2" x 4- ,}/ 16" x 11,./'. \Vcight 5 oz, 

Type 4.39 

lorle WOI·,L n STA. 

CENTEH TAP 

Il ESISTANCE UNITS 

In II sing alternating CUI"­

rC"nt. 1.1 melluS of obla in ing the 
mid-pot en t illl poi n t of the 
fil ament is requil·cd. 

The Type 439 ('enter T ap 
H csistu ll ce is des igned to be 
mount ed direc tly acrOss the fila­
lll C"n l or hertle r tcnnin;i1 s of all\' 

tube socket by mea li S of adjust­
Typc ·137 

able conlad prongs. T his unit p"o"ides the cenler tup of the filnlllent in 
circuits I'cquil'ing such a cOllnection. It hus a total din~ct-cli lTent re­
sistallce of 60 ohllls (i. c .. 30 ohms on CHc h side of the ccnter lap) and is 
capablc of carrying :lOO milliHmperes without cxccss i\"(~ hea ting. 
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Type 439 Center Tap Hcsistullce ....... ... ..... ... ..... .... . $ .35 

Dimensions 1¥2" x 11.4" x %". \\'eight 1 oz. 

Code Word: 1'.I S'iT. 

Conditions often ari se, due to unbalallcing, when it is desirable to have 

t l tap sl ightly off ecntc.' across the filament of tubes h,wing theil' filaments 

lighted by alternating current. The Type 437 Adjustable Cente!' Tap 

Hcsistancc is similal' to lhe Type 439 Center T ap Hcsistance except t hat 

the tap is nwclc by means of a n adjustublc slider . This enables the tap 

to be placed at it neutral point, thus reducing hum to a minimum. 

Type 437 Adjustable Center Tap Resistance .................. $ .50 

D imensions 1%" x l o/~" x %", 'Veight 1 oz. 

Code Word: PEHIL. 
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INDUCT ANCES 

A wide nuicty of fixed HlId n 1l'inblc inductan('es arc rcquil'cd in 
tile COmnltllliclltion labol'<.tto l'Y. These illdudc illcl llctallCC stamlards, 
tUlling and filter inductances, Hnd chokes. 

TYPE 106 STANDAlmS OF INDUCTANCE 

T he T ype l OG Inductnll('(' Stanciards HI'C designed 1'01' bridge measure­
ments at- commercial Hnd Hu(Eo frCCPlf't ICics . The requirements of slIch 
standards indudc constancy of uol'h resistance and inductance \\'it.h fre­
qucncy. T he re should be insuffic ient ('xtc rlHli field to cause upp l'cciub lc 
coupling with the br idge ci rcuits, or with neig hboring inductors. 

The Type 106 I nducta ll ce Standard s a rc wound with st l' undcd wire, 
h ayi ng th e SCPU1'l1tC s trands insubtcd from cHeh ol hel' , the ]'csistn llcc of 
which is substantially constant, O\'c r it \\"ide frcqu cncy l"llllgC, In ordcr to 
elimi nate the effect of e.:de rna l fields so far HS possible the co ils are wound 
in t wo sections so connected that, their extel'n nl fi eld s oppose, 

The coils 1l1'e form-wou nd Hilt! (irmiy bOllnd with tape, 'f hcre is no 
meta l in the field of the coils and the smnll amOll ll t of metal necessarily 
used in the asscllluly of the instrument is all lion-magnetic, 

The adjustmcnt of the Type lOG lIlduchlllce Stnndnnls is aCCU1'atc 
lo \\' i thin O, l 7r . The current-carrying' ca pacity of the onc-milli hen l'Y and 
sillalle r coils is 2 ampcn:-s; that of lhe lO-lllillihcllrY coi ls, 1 ampere ; Ilml 
that of the 100-lllillihelll'Y coil is 0,5 tllllPCI'CS, 

T hc I'csistnnce of the standards is low ~Uld constallt O\'C l' H consid e r­
rtble frequency nnlgc. The rC'sistance at 1000 (;ycles is the same as 
the direct-clllTcn t. l'cs isbllW C, within the HCCll l' flC Y of bridge meflsurements. 
The di l'ect-<'lllTcnt l'csistance of citch sla nda rd is enlcl'cd on t he bottom 
of thc c<1billct, T he standards arc mountcd in will nut cabinets with bake­

lit e ]1nncl. ~·\ll mebli padS nrc nir'kcl plated, 
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T~'pc I rH! tldan('t' "'eight Code WOrt! Pl'iee 
lOG-I, 0.10 i\IillihC'nn 2% lb. IS1\EH $25.00 
10G-G 1.0 ~l ill i hem \' 2 y:' lb. I i\EHT 25.00 
10G-.! 10.0 :i\ l illihcmys 2% lb. mATE 20.00 
lOG-I( 100.0 } l illihcnrys Bill lb. ISLET 25.00 

D imensions 5Ys" x 5y' .. ( x 31)-/'. 

ln a<\(lition to the ulJo\'c t~·pcs. the Type 106-:'1 ' orH'-hcnry standa rd rHay ue made 
hi order. This unit jl' nut "statk. Price 835.00. 

TYPE 10 7 VA HIOMETEHS 

\ Vhere a fi xed hridge nd io is lI sed, a ll adjustable standard is required . 
~lIch an arrangement is lIot !'c(.;ommcndcd 1'01' great accuracy since it is 
possible lo obln in II more reliable ca lib rHtion on all adjustable resisto r 
tl wlI 011 all adjustable indudor. It POSSC15SCS super ior con\'enience. how­
e\'c r, for many uses. A \'ur'iablc inductall('c is also of sen' icc in the tuni ng 
of ci r cu its. 

Thc Type ]07 \"a l'iolllctc]'s arc designcd to CO\'CI' the fielel of usc­
fulness for such "uriable ind uctors. They (,oll~ist of two coils, both 
sections of cylinders, so mounted t ha t one may be l'otatcd within tk· 
other. T wo lerlllillui s Hre brought out frOlll ('i\ch coil, so tha t lhe coi ls 
llHl)' bc used sep fl l,fttcly. or connected in lScries or in pill·allcl. 

The coils are designed to hayc i\ lo\\' n:;:osisillll('e. They nrc wound 
with stranded wire Iw\'ing a small vuriat ion of resistance with frequency. 
The con nections to the mOl'ing coil (u'e made through multiple con tucts. 
The field of t he coils contains \'cry l it tle solid dielech'ic and p ract ically 
no mcbtl. This meta l is non-magnetic. and so placed as to be in It ycry 
,,"erik ficld, 
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Attached to the bottom of each case is a ce r tificate glVJIlg the 
IlWXimUllI and minimulll inductance when the coils a l'e cOllnected in series. 
Mounted calibration Cllrl'CS, acclIrate to within 1 % , may also be supplied 
for all Hdditional charge of $5. 00. The inductance is practically constan t 
with frequency up to 50 kilocycles. 

Type 101-1<'. About 0.02 to 0..1 millihenry .............. ...... $21.00 
LllTies 3 iUnpCl'C's continuously. 

Code \Vonl: ITA PPY. 
Type ]07-G. Auoul 0.10 to 4 millihenrys ............. . ..... . $27.00 

Cunics 0.75 ampere continuously. 
Code ' Vord: HAHDY. 

T ype 107-1-1. Aboul 0.4 to 18 millihenrys ............ . ..... $27.00 
Cnnics 0.50 ampere continuously_ 

Codc " ronI: HAVEN. 
Dimensions 6" x 6" x 8". 'Veight 43J~ lbs. 

TYPE 268 VAIUOCOUPLER 

In experimental set-ups, yariable inductors and variable couplers of 
s/lwll sizc arc hcqucntly required for thc tuning of circuits. 

The sUItor iuductance of the T ype 268 
V~\riocol\I)ler is 380 microhenns' the rotor " , 
inductance is 106 microhcllrYs. This inst ru -
mcnt is espccially compact and efficient 
ill ci r cuits which require a high-grade coupleI'. 
'l'ype 268 Variocoupler . . . ......... $2.50 

Dimensions 4/f x 11/1 x 2Jj:!". H7eight G oz. 
('ode \VOl'd: YALET. 

TYPE 269 VARIOJllETEll. 

The T ype 269 Varioilleter is much 
smaller thiln the Il\'erage vtlriometcr, which 
gi\'cs it a decidcd advantage when compact­
ness ilnd portabiJity of the set arc consider­
ations. It is efficient electrically and has 1\ 

Illl\xilllllm-to-minimUlll inductll llcC r;~llgc of 
820-80 micl·ohcnrys. 

Type 2·69 Vnriomcter .......... . .. ..... . . . . . . . ... ...... . $3.50 
Dimensions 434" x 3/1 x 13,4". " Teight 7 oz. 

Code " ' ol'd: VALID . 
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TYPE 277 INDUCTANCE AND COUPLll\G COILS 

277-A 
277 -'C 

277-6 
277-D 

~\. se ri es of inductances so rela t­
ed itS to ('0\"('1' it series of on~l'­

lapping \\'nn:~ I('tlgth ranges is useful 
in the labomtory for setting up os­
cilla tor find tUlling circuits. P lllg-i ll 
Imses (r!'N,tl" incl'cnsc tile usefulness 

~ . 
of such coils. 

T he Typ<, 277 J llductnncc Coils 
a rc so slw pcd ill ratio of diameter to 
lengt h. the mater i,,1s; so ChOSC'Il. and 
the const ruct ion stich thllt they have 
\'cry 10\\" losses. 
lIlolilded b<lkclitc. 

Thc forms are of 

:\fodcl s A. II and C have single 
windings find arc wound in t wo sec­
tions so t ha t the mid-point may be 
obl<linecl 01" coupli ng turns udrlcd at 
the ('cllte)" point . :\Codcl s D. D1h, 

;wd DI I, ure coupling coils with H slnftl l prima ry winding. 
'\ founling holes li re so R1Tnngcd thal Type :17'l -P Plugs nwy be in­

iicrted Hlld the coils used intcrdl1.ulgc'Hbly in the Type 274 :\Iounting Bases. 

Type 
:!ii-. \ 
:!.1- B 
:!i7 . l' 
2iT-E 
271· IJ 
277_1>1 :.. 
:2i 7- D l : 
:?77-1..' 

\" n\'el{:ngth willL 
500 M i\I F, Condt'n $cr 

50 to 150 , Icter f; 
100 to ;J()() ;\I cte rf; 
:WO to 600 ;\Ictcrf; 
~()() to !lOO :'-Ictcrs 
('oupling' Coil, :?OO 10 GOO )I ctt'r$ 
Coupling C..,il . 100 to 300 )I clers 
Coupling Coil . 50 to 150 .\l clers 
llu\\'ound CI.iI Porm 

1 nti ucUuH'C 
,~ ) lic rohcnn's 
55 )licrohcnr':s 

217 .\Ji<:rohcnr;'s 
4-W '\Ii('rohcnr\'~ 
2 11 .\licrohcn r'\,s 

55 .\ Ii crohcnr\'s 
1,1 :-'licrohellr~' ~ 

COli c Word 
Y .\1.0R 
YAPIIJ 
\'EKUS 
\'l [{ US 
\'tGlL 
VIPER 
\'tLlA 
,"'GOlt 

TY PE 379 RADI O-FREQUENCY CHOKES 

Hndio-f l'cquclH',\' ('hokes arc lI scd to O(TCI' 1L high 
impcdul1cc to 1'O.,dio-frequency CU JTents in cil'(:uits oper­
ating 11 l tlUdio frequellcics 01' 011 dired current. 

The T ype 37U Chokes u I'C des igned to offer a high 
l'l.l(lio-frequen cy illlpedan('(' ill the amateur find broad­
C;ls t bands. The rfl'ect i\'c cHpatity docs no t exceed .... 
Jnl l?, at a ny wa\'e1ength be twcen 20 and 6.t.O meters, 
Thc cflse is of mOtllded bakelite. Thc elcclric<l1 chanlc­
t<.>ri st i('s of the chokes HI'C gi\'(::>n ill Ihe following table. 

1391 

Prkc 
8 1.00 

1.00 
1.00 
l.]!; 

J,I 5 
J,15 
Uti 
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T ype 

379-'1' 
379-1{ 

Type 379-H 

Type ~79-T 

GEXERAL IIADIO COJ II'A.\T 

Induct,mee CutTcnt R (1tin(! 

8 .\ l illihem·ys 200 ;'\l iliialllpcl'cS 

GO :\fillihclll" \"s 90 Milliamperes 

Hadio-}'rcqucll cy Choke ......... . 

Code \\' o,·d; JE WE r.. 
H lldio-J' l'cquency Choke ..... . . 

Code Wm·d; JUDIY. 

DC. Hcsistu!1ce 

3 '1 Ohms 

140 Ohms 

OJ ,-.•. " ~ __ £I 

. ..... $1.25 

Dimellsions, hoth types, 2" x 13,4," x 1 3/.~". " 'eigh t 6 oz. 

TYPE 366 FILTER CHOKE 

L ow-frequency fil le t"s, plll'ticlliady those of t-he "hru te fO I"c(' lype" 
ll sed in plate supply units, rcquin:: a filter inductor o f hll'ge induchlllcC 
and Clll'I'cnt-cHlTying capacity. 

The Type 306 Fil ter Choke is Stich 11 

Ull iL It consists of two 3D-hem." chokes, 
('itch Lrough t out to separa te connections. 
The D C. rcs ist.n.ncc is 3:30 ohms pCI' choke. 

Type aGG F; ltcr Choke ............. $5.00 

Dimensions 4Y.1-" x :1.3/s" x 4 y~". 

\Veight 43/., Ius. 

Code \"ord: TEPI D. 

TYPE 369 IMPEDANCE 

The Ty pe 36!) I mpedallce is suita hle for 

usc in im pedance-coupl ed am pl ificrs, in p nrallcl 

plate-fecd systems, H lld when; Ull iron-cored in­

ductance is used to prCH~ll t Jow-frequcl1cy 111-

tcract ioll between cil'cuit s. 

The inductance without a DC. componen t 

IS 98 hCI1l'Ys; lhe DC. rcsisbllH:C is 1750 ohms, 

,I nc! the pCl"llli ssiLlc Cli lTCll t, 10 milliatllpc]'cs . 

Type 369 Impedallce ..... ... $2.50 

Dimensions aY:2" x 3 Iii " x 2112", 'Vcigh t l Y2 lbs. 

Code W oret; '1'0:\ I C. 
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BRIDGES 

GI::NEl{AL INFORMATION 

T he s implici ty anrl accuracy of bl'idge mel'hods of measurement h:'i\'C 

led to thei r general adoption for the determination of res istance in­
ducta nce and capacita nce. " ' hile there a rc a Ilumber of stancia rd bridge 
circuits, d iffering in dctuil, all depend on balancing lhe \'oltngc drops 
th rough lhe several D, I'Ill S o( an inl pccitll1(';c llctwork so that 110 t'lllTcnt 

flows through II null indicator cOllllccted ftcros s the network. 

DlHECT·CUIU< ENT MEASUREMENTS 

The simplest fo rl11 of bridge circuit, the 'Vhcatstonc, consists of 
four resistances (Fig. 1). \V hen no cUl'l'cnt flows till'ollgh the 111111 indicator 
D, the rolt<lg('s n-b nnel H-e! <Ire equul, I.IS nrc b-c Hilt! d -c, i. c. :-

a 

b 

c 

d 

and i:.C = ihD 

AD = llC 

If three of the )"CS:stIlIlCCS 

Hr c known , lhc foudh is !'cad ~ 

ih' crtlcuiatcd, 
Bridge lllCIISlirettH:'tt ls di­

"ide in to two classes, depend­
ing upon ,dtdher direct or 
allel'llHtillg CUIT('ll t is used HS 

a source, Direct current is 
used only in resistance meas-

L-----I IIIIII memellts , A stol'age bflLlery 
or other cOIl\'enient source of 

F ig _ 1 dil'ect cUITenl is ]'equircd to 
supply the bridge. The \'oltage of the SOurce is dete rmined by the r es ist­
ance in the cil'cuit, and the safe wattage dissipalioll of the bridge arms. 
T he sellsiti\'ity of the bridge illcrcnses with the applied ,"oltage. A direct­
current gah'HIIOt1lctC!', ]JI'otectcd by H suitable shuut, is used as n nul! 
indicator. 
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ALTERi'iATIi'iG-CURRENT :\IEASURDIENTS 

A chunge in currenl is required for the measurement of inductance 
ami capacitance, :'\[0<.1C1'11 pl'lH'licc has abandoned va rioll s forms of in­
tcrruplcl'S in favor of fl sleady source of nllcl'lwting curren t which should 
be pl'actically sinusoidul. 10'0]' th is purpose 1.1 microphone hummel' is 
suitable jf IIIC{IS\H'Clllcnts arC llIade at a single frequency, or a Yfl.CUlIlll­

luLc oscillatol' if IlI Ctl.SlIl'Cmcnts iH e to be made nt a number of frequencies. 
The following instruments, fully described elsewhere in Ihis catalog, will 
he fOHnd suituble foJ' lise IlS lSOl1l'C'CS fOj' bridge mcaSLL 1'CIlIClltS: 

Type 
Type 
Type 

213 
413 

377 

.Audio Oscillalo]' (nlicl'ophonc hummer) ............ $32.00 

Rca t-l"l'cqucncy Oscilla tor ( 15-9,000 cycles), , , , , , , ,210,00 

Low-:E'requency Oscilln tor (65-70,000 cycles), , , , , , , ,350.00 

' I'he impedftllce network for al ternating-current measurelllents is 
suhjecl 10 a \'aricty of mod ifications of the !Simple bridge circuit, depend­
ing on the pl.lI'ticulul' requirements of the pI'oblelll, ,A Ilumber of such 
bridges ;'He described in t he following pages. 

If meusurements arc mndc at ftl..ldio frequencies thc most sensi tivc 
fonn of null inciicutor is the telephone. T he imped ance of the telephone 
should :lpproximHlely ('qUill the impedance of the bridge fol' IHfl.xiuI\:m 
sC ll siti\'ity. \Vhel'c telepholles of the proper illlpcchlllce arc not anlilablc, 
an impedance-adjusting lrallsfol'mel' IllU," ue used to adapt the bridge 
illlpedanee to that of the telepholles. .-\ wide variety of sui luble t r ans­
formers for this work is listed ill the tl'H li sfol'mer section of this cahdog . 
.-\ suita ble telephone headset is listed belo\\". 

\VesteJ'l1 Electr ic R eceivcr '-rype 1002-C,.,,", ......... , ", .. $12,00 

T he sensitivi ty of thc bridge will a lso u(; inc l'eased by t he use of Ull 

amplifie l' between the bridge and the telephones, This is pal'l iculal'lJ re­
commended in fa ctory tcsting where the re is considenl lJl e noi se p resent 
and II'here speed is a factor, 'Vhell us ing n SOUl'ce sueh as the Gelleri'd 
R udio T ype 213 Audio Oscill at or , a fiiter between t he bridge and the tele­
p hones is also advisable. 

If Iwidge IlIC<lSUI'elllents arc to ue Illade at commercial frequencies 
the telephone is not a satisfactol'Y null indicator, O\\'illg to I'hc comparative 
insensitiv ity of bol"h the telephone and the cal' fit sllch f l'cquencies. F OI' 
t hi s work <I \,ibl'ation gnlnlllomdcr is recommended. At 60 cycles the 
General Hadio T ype 338-G C, nlnltlOllletel' is n sa li sf"lctol'Y n ull detector 
wherc \'en rrl'eat sellsi ti"ih is not I'efluired. - ~ . 
T ypc 338-G Gah'anometel' $160.00 
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N " ' hell using telephones Hnd an 
undio-frequency source. lrouble may 
be encou ntered in balall(·jng the 
bridge. d ue to a eltarging currcnt 
fl owing ill the telephones ill con5('­
t ll1CllI.:C o f Il diO'cl'cncc ill potential 
uctwCCIi the ohsen'cr <1 nd I ht tek­
phones. Thi s lrouulc may rendily 
be O\'Cl'comc hy the li se of <l trans­
fonner with /I shield bctwCC'1l tlte p ri ­
mary lind seconda ry. '''here a trans­
former is not /1\"ftililblc the ',"uglier 
Eal'lh cOll ll ect ion, illus t r ated ill the 
diagram, mlly be used to lll'ing the 
telephones to g round potential. 

The c:-:tm circuil consists of 
two res istances :\1 and X which may 
be dccft(lc hoxes of aiJou t t he S;l lllC 

tohtl resis tance as the b"idgc a rms, 
an HdditiOIlHl telephone sel Alld n 

L ------{(\J swi tch. The junct ion of ) 1 1I1lc! ;\ 
is gl'olillded, With the switch S 

open the bridge is balanced '-IS closely us possible in the usual IlIllnnel', 
The switch is thcn closed a nd the secondll ry bridge A-B-;\I-N bulullced , 
using the telephones '1'2 IlS i l null imliclltol', All udjustments Ill'e . of 
('omsC'. mude 011 )1 Hnd X so as not to dislurb the setting of the main 
bridge, \ Vith the secondar}' bridge balanced, telephoncs TI al'e at enrth 
potcntiul, und the finnl lmlllnce 011 the main bl'idge IlIUY be obtained 
with the switc h opell, 

SUllIerolls modifications of the fund amental bridge circuit arc re­
<{uired to meet specific requirements, The Gcnenll Hadio Company manll­

fa dul'cs II line of bridges to meet t lte requireme n ts of commltlli(,Htion 
work \\'hich a l'e c!csnibf'd in the follow ing pHgCS, 

TYPE 210 RATIO AR~1 BOX 

The simplest type of bridge is made up from a set of ratio anllS to­
gether with <l !iuitahle standard, the unknown forming t he fourth arm of 
the bridge. T he usc of ratio tHIllS instead of :\ permanent bridge set-up 
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provides fol' the g rcllh .. 'st possi hle ntility of equipment in the small labor-
1\ tory .. 

T he Type ::!1 0 H al io Ann Box consists of lwo similal' anllS, cHeh 
having 1000 ohms total l'cSista JH;c. Iflp ped at 1~3-10-30- 1 00- i300 ohms. 
T he l"csisiallccs aloe of the .\ y"ton- PelT.'" type, T his type of rcsislHtlCe, 
described i ll 11110111,,1' scdioll of this catalog. is pradie<dly frcc from in­
duduncc and capacitHll('"C cfl'cds at lIUflio frcqllcllt'y. T he current-t'an·.\"­
iug capacity is :30 millilllU]Jcl'cS and the Ildjustmcnt an'urilte to within 
0 .1 </C . The din I s\\"i khc.s ;He or the multi -leaf type. a:;slIring lo\\" Hlill 
cOllstnnt rcsistallt'£.'. The ('«billet is of w,tl ll u l wilh bakelite pHud. ..,\11 
metal parts ,HC nickel plated. 

Type :n 0 R a tio . \ rill 13ox .. . . ... $28 00 

nilllC'l1~iollS 7 ~" x 5" x .. V', ' \' eight i:3 ~ Ius. 

Corle \Yo,·,]o H.\B1D . 

TYP E 193 DECA DE BllIDGE 

The Type 193 D ccade B ridge is dc:,igl1C'd <IS a utility bridge, It is 
adapted to gcncral hridge IHeIlSlLt'CHlC'llt:, of l'csistallce. iltd uclHll(,C Ilncl C[\­

(JHcilallcc outside the ficld of special purposc bridges. T he Lt'idgc circliit 
shown on P '-Ige +6 consists of thrC'e ]'C'sistllnce HrIllS: of lhe lIon-inducti\'(' 
type. 

HESIST.\.SCE )IE.\S l ·HE1'[ES'l'S. I n making meaSll l'cments of 
resistances lhe null indica to]' is connected lJetwccll points 1 and '2 . nnci tile 
STD posts connected together. He is lIsed as the resistance standard, The 
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unknown is c:onllccicd 1t! X and lhc I) r irlgc balanced. T he solut ion of 
the nctwod;: gi \"( .... the ('q tW t ion :-

Hx = ~ !.!.£ 
HI! 

Tlli$ Jlletbod is slIi tnuh.' for the measuremcnt of either direct or Hllcr­
llnting-clllTl'nt r('~ii;tllJl(· ('. a suitable SO\lIT(' being connecled al E . The 
nCClII'<lcy of the o ridge for r('sishlluoc measurements is to within 0.27'0 , if 
proper Cine is cxcn·iscd by thc operator. 

lXDl..:CT.\XCE )' IE .\ SL HE)' I E~· TS. Tn illduchuu'c and CHpllci­
tH IH'C llI('aSlIrCllICllh;. the 1)l'icigc Jl1I1st he lm\<llI(' cd for rcs:stall(,(, (IS well as 

for rcnctance. T he third rt's:stancc [lnU H e il) lIsed to OOhlil1 <L 1"<'s isltlllcC 
balance of the bridge. Since He Illust I)C cOlltlected ill the arm ha\' ing the 

lower I'csisblll(,C (s l1lll<lal'(l 01' unknown) lwd this is lIot generally known ill 
nclnlllcc. it is desinlblc 10 set the bridge up with a switch so al'l'Hnged that 
the !lull indicl\IOl" 1lI11y oe 1'('I~dily trans i"<>l"rl'(l frOIl! 1 to 3, placing He in 
t'ithcr :\1'111. 'flu.' bridge is halanced. the conditio!} of zero ClllTcnt in the 
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.null indicator ]'cquiring simul taneolls balance of both ]'csistance a nd in­
ductnnce. The solution of the nclwol"k gi\'cs the equation for the un­
known inductance 

L ' - R,\ 1..8 
X - ---n;-

The res istance hrdallce gi\"cs the relation:-

11 . = n" (Rs + Re) 
x Un 

jf TI c was connected 111 senes wi th the standard or:-

1"Io,A -,1",1 ',­Hx = -
R. 

if He was connected in the unknown <11'111. 

- He 

The accuracy of inductance mC:.l suremcnt is to wi thin 0.2% for a ir 
core inductances. Owing to the change of inductance wi th Sftturation it is 
imposs ible to obhl.in (1 11 exact balance wi th iron core inducta nces since 
t he degree of satul'ution changes wi th c\'c ry adjustment. T he cnor is 
consequently g]'enter in this type of mcasuremcn t. The range for induct­
.. wee meaSUl'cmcnt is from nbout 20 micro l ll;~ 1 1I'y5 to sc\'cnd henrys. 
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An ind uctance ma}' be compared with a cl.lpncitancc by con necting 
the l:apacity acrOss H A. The unknown inducta nce is connected at the 
STD posts, the nut! indicator to 2 and 3, and the X posts connected 
logether. The solution of this network gives the equation 

Lx = fi B Re C 

The T ype 106 lI1ducblllCC Standards described a ll Page 36 arc 
sati sf~lctor}' for use with th is bl'idg e. 

CA PACITANCE }IE ASURE ME:'\T S. T he Type 193 Decade 
Bridge is also suitable for the measurement of complll'ati\·cly la rge C[lPl.l­

cila nces, where cxtclIsi\'c shielding is no t I'cqlLi l'cd . For capaci ty measure­
ments the Iwidgc is set up wi th <l switch for transferring U c from the 
sta ndard to the unknown arm as before. The unknown condenser is con­
nected at X and fl slondft rd capaci tance tit STD. " ' hen there is no cur­
rent no\\' through the nu ll indicato r the bridge is balanced for both capa­
citunce and res istn nce, The eap[(city bulance giYCs the equation: 

nil Cs ex = 

Since the bridge is in ba lance for ,'esista ll cc as well as capacita nce 
the resistance equations fo lio II' as before. 

Hx = RA (Rs + He) 
Rn 

if R e was in the stancl;-lI'd arm, or 

Rx = 

if He was in the unk l1 o\\"n a rm. 

Ih Rs 
Rn 

- Hc 

T he uccuracy of the br idge fo\' cupac ity llleitSUremcnt is to within 
0.2% . The r a nge is from 0.01 micl'oC.uad to seycra l mic l·ofal'ads. 

GE:,\EHAL DESCHII'TIOS. The clell1ents of the bridge ci r­
cuit shown 011 l)agc 46 IIrc mounted in a wid nu l cl."lhinet with a hard !"llh­
uc)' pune!. A dust cOYCr is furn ished to protect the bridge when no t in usc" 
The resistance un its [(I·e of thc A ydon-P elTY lion-reactive t ype, T he 
Cll rl'cnt-ea '"'·.ri ng cupucity of the onc-tent h ohm units is one ilmpc,'c; that 
of t.he one ohm uni ts, 2t>O mill iamperes : that or the ten ohm u nits, ] 00 
milliamperes, and that of the one hundred amI one thousand ohm units. 
50 milliamperes, 'rhe cabinet is copper lined 10 provide shielding. AU 
exposed metal p~\l'ts are nickel plated. 

Type 193 DeeRde Bridge ..... ......... .......... .......... $115.00 
Dimensions ] 7" x ]0% " x. 5", ' Veight 131,4lbs. 

Code Wo,·d: BIGOT. 
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TYPE 2 16 CA I' ACITY BRIDGE 

1"01" precise measuremcnts of smHII ca pncitHllcCS or Htcu t" nlc dcter­
minulion of rli clccl1· it.: losses the ordinary type of Ll'idgc is 1lllsIItisfactol'Y, 
since the stray cnpacil<lIlces in the ci )'cu i t. M'e of the salllc order of Illllg­
nitudc as the capacit:lllce 10 be IllcHsure(L .. \ bl'idgc fol' the mCHSUI'C­

ment of slw\1I (":l]lHcitallces I'cquircs complete shielding of all its clemen ts. 
The Type :lLG CApacity B ridge has beell designed for Ihis type o ~ 

11l('IlS tll'Cmcnt . 'rhe clcmcnlll l'Y circuit is Silllil111' 10 that of the Type 
H);J D ecade Brirlge. t'ollsist ing of thl'ee rcs is I'IlJl <!cs . bl'o l'l.llio anus und ;] 
powel' factol' rcsistnllce. The cllhinet contain ing the hl'i rlge is COppCI' 
li ned unci divided in to scn::- ral shieldcd compartmcnts , 

III unlel' tu isola te the bridge (rom shay ca pHcilflllce cffccts tnll1$­
forme rs with grounded shields betwccn lwinlllry (111(1 SCCOII(.iHr," fire userl 
hoth at the input to the bridge fl nrl fit the null del'edol', 

Sincc this bridge is designed for the measurClllcnt of Slllltll crtpaci­
tanccs whc re the suhst itution met hod is used with Cflllni total capacibillces 
ill the b.'idge IInnS. the I'aho Hrms arc equal resistanccs, The usc of 
c( lulil anns wit hout switchc!; nw kes n '-cry accurale adjustment of t he 
rcsi~IHllces possible, Sill('C the a rm s ll1'C identi cll I, Hny sligh t chunges of 
po\\cr LlctOY will. frequency lIill ba la nce Hnd produce 110 n:'s lIl t.ll n t e r ror, 
'J 'lle thil'd l'csistHllce llnIl mily he conllN'lcd il l SC'l"ics witll eit llc)" CHpu(.'ity 
Ilrlll as required to ual<lllce the Ll'irlge, .\ sw itdl 1:' is pro"ided for 
('ollw'ni encc in making Ill(' changc" This l'C's i ~';HH'(, is one of Oll r sli.lll ­
dard 1I011-."C'H('Ii,'(' decade hoxei;. 1llounted in 11 shielded COll IPHI"llll(,llt. 

It is \'('r." OftCIl desirl1 hle to c.:ali lmtlc it '"erniel' condcnser whosc 
total clIpncitHllC"C IS of the o ."d('l' of ;~ 01' ,~ )1)11", Fo)' thi s 
work the 111'idge is first balanccd. tlsing cHp;~cit<lllC'CS of the order 
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of 1000 ;\L\IF. If olle of t he resistance ralio arms w(,l'e 10 
be inl"l'l'Hsed Oll(' PH1'l ill 0I1C thollsand, i. e' l from 5000 Lo 5005 ohms, 
the ratio of the capacitHllcCS wonld I.Jc dlnngcd ncconlinglYI which is a 
Chll ll flC of 1 :\1:\11", I n order that the r utio lInliS ilia\' he o . 
cha nged ill this llIiltlllC'r . l'csishlllcc uni ts arc su pplied with the bl·idgc. 
These units 1I111y be added to citl tel' !'alio ann. Although the SbUUJ iU'd 

cquiplll(·nt of cach bridge incluocs lht'cC of these l'csistnncc llllits so 
ns to gi\'c ratios of lll1halancing of .001, .01 and .1. they CH Il be furnished 
to gi\'e any ratio dcs it'cd. 

Sintc lhe impcdll lH.'C of slllall capa citances al 1000 cycles is Itigh ­
thul of 1000 ).1\11". heing l(}O,OOO ohms- it IS dcsint hlc thal 
a high impcci llrlec detector be used to denot.e t he bala nce point of lhe 
bridge, r\~ the impC'd llllce at. 1000 cycles of a pair or sensiti ,'e It'lephone 
recei,'e l's is ollh' of the o rde r of 20,000 ohms, it is ev idellt that this is 
too Inw, F or t his n 'nSon H tel ephone transformer with /I primHry inl ~ 

pcci;tIlt:e 1)1' :200,000 ohms and it secondary impeda nce of 20.000 olmls 
is us(>(1. This alTHngrIHcnt pro\'id e~ the correct illlpcdallce ill both the 
hr'idgc and the telephone ci rcuits and makes it poss ible to ddcd ~l nry 
slllall dilrrn:~nce in poten tial. stich as t ha t caused by the unbalancing of 
th(' eon<it'rl.'scr arnlS to t ire l'xten t. ot' olle~ hu lldr'('dlh of II lllicromicl'Ofa rad, 

III order to prcvent ('nol's due 10 capacitance uel wcc il the oh5el'\'cr 
and the tl'lcphonc5, a gl'ourlcicd shield is uscd b('I\\'c(,1I the primary ulld 

sccondar'y of this ll':ltls fonnel', T Ire jundion of the two rcsisla rwe anllS 
is also gl'ouncled. 

T he Ht('lll'il tel y eali bl'uted decade resist/IHce arlll pl'ovid ed fOl' power 
factor ]lleaSU l'emCllls is ndlll.lble as a mcans of meHsl1 ]'ing dielectric lossl'~, 

OPEHATIO\", . \ complcle hook of ins truction:-o;. outlining ~he ]l]'n~ 

cedul'e fa]' \' ll l'ious tYPl'S of measuremcnl. is sup plied with ('neir instrumcnt. 
l" SES, The T ype 216 Cap/H'ily Bridge is ada pled to the IIlN1Sll]'('~ 

IllCllt of ('npacitanccs up 10 nbon t ,5 ?Ill<'. wilh g]'cllt flccurllCY, The bridge 
is capable of indica ling all ullL<t1Hllce of one-hundred th of a nli('l'omicro~ 

fa rad, T he probable elTO]' of measurcment lIsi ng the Type 22~ 1)]'e­
cisioll Condell sel' is ahout 1 ",n i l". When greutcr Itcclll'Hey is r<'fjllir('d 
1111 1I1'('lII'Hlely calibrated l:011(lensel' of slllall cllpacity should be conllect.t'(l 
across tire Type> 222 Precision Cond('nsel' , . \ s most elTOI'S come from str'ay 
fi<:,ld:i and lUo,·ing 1C';tds. n pcrmanC'nt Hnd suhstantial set-up is 11C('CSSH]'." 
for aeClll'lllc lI'o]'k , 

The hridge is also sui ted to the tictCrtllillll t ion of the power fuclol' of 
didectrits. The ]'('sishlnce a djustmcnt lila." hc made to Olle ohm (ftllhough 
the illlp<'!:lances lnellsll l'eti :11'(.' often in the nciglrbo]'hoo(1 of 200.000 ohms). 
Th is single ohm. Ilowcn'!' . may he a cOll~i(kl'llhle perccntugc of lhe chAnge 
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'Of resistance He und for th is rcason from 5 to 10('c IS a COllsen"atire 
figu,'c for the accuracy of resistance measurements. 

The testing of small I<Hmplcs of cahle or the study of tcmpCI'Htlll'C 
cha nges ill dielectrics is mlldc casy hCC:':lusc of the sC llsiii,-ity of this 
instrulll('nL ~-\Il example of t hi s latter usc is a test mnde on a SHmp!(' 
of hal'd l'ubher. The sa mple. which was three inches SqlWI'C ;lnd 0/1 ',) ' 

hH\f inch thick, was plilced bet ween two Illcbd pla les. .At ,),*0 F. this 
5uII1plc had 11 capacita ll ce or 11 :.\li\lY and a philSC angle of +8'. Whell 
heated lo 1000 F. the CHPH(.' ihlll('C hl.H.t itlC1'cnscd to 12 :\1:\11". ullci the 
phase nngle to 1 ';) 55' . 

1·'01' the usual run of cupacitancc u nd pOWC1' fudol' measlIrements, 
the Type 21 ; ~ .·\. udio Oscillator is su ilahlc as a source, \\'here measurC­
ments arc to be made O\'C I' It widc I'unge of fl'equellc ics the Type :J77 
l.ow-F requency O!;cillato r is llntilaulc, This instrulllcnt offer;; .\ mng-e cx­
tending !'I'om the uppcr commercial frequencies. thl'ough t he ftlldio cU I'l'i el' 
frC<lucncics and in to (he radio f l'eqllellcies, 

The bridge cil'cuit is mounted in fi walnut cabinet ltnd \'Cl'y tho­
roughly shieldcd, Thc rc:;i;o:;t;ulcC box is in <I sepa l'ate shielded compart­
mcnt, The pallel is of ullkdite lind 1111 e:..poscd metal parts HI'C nickel 
plated. 

Type 21(i Capacity Bridge, . . , ' . , , .. ' , . , ' .. , . , ' , , , , , , ,~175.00 
D· . 1-" 11" ~ II \\. . I' I " 1 II 1II1Cn SIOllS I) x ' x {, elg II,. " / 1 ).~, 

Code WO"d : (,IYlC. 
Type· 21:,$ .-\udio Oscillatol' .. ' , . , , .. , ' . ' , . , , . , , . 

Dimcnsions (i" x l,pA," X :'i", " 'cight 4Jh Ibs. 
Code Word: AUG E H, 

Type 222 PJ'ecision Condcnsc l' :\Jn x. Cftp, 1500 :\ J:\ LF, , , . 
Dimensions 9/1 x 8Jh " X 10"', \ Vcigh t 151 hs, 

Code Wo,'d: CO PAL 

, . , .. ,$:32.00 

, . $90.00 

Typc 2-I-G- L Balanci ng Condenser :\ Iax. CHp. ]500 :JDIF ,. ". ,$38.00 
Dimensions 77'2" x 7 V:! II x 8] (, \Yeight 9lhs. 

Code \\'ord: CED.\R. 

TYPE 383 CA I'ACITY BRIDGE 

CCl'hlin classes of CtllHlcitu ll ce mCaSlll'elllell ts \\'hCl'C accurate dclerm­
inut ion of power factor is no t impor ttlnt can be obtained with simpler 
forllls of bridge than the Type 216 Capacity BI'idge. I n the des ign of 
delicately adjusted I'ccci" crs it is ncceSStl l'." to gi,'c cOllside l'ahle attcntion 
to the in ter-electrode (grid-tllament , plate-filament, and gl'id-pl<ltc) capa­
cities of \'aClllllll luhcs, }'01' this l'eaSOIl, t h e mellSUI'C'mcllt of these capa-
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cities is of particul[\J' interes t both to tuuc and to I'ccci,'cl' lllallufaclmcrs. 
The ," cry sllIail capacities inyohcd, about 5 )'IMJ:'" render the usual t ype 
of bridge measurement not very sat isfactory fOl' this usc. The Type 
383 l"JOI'lablc Capacity lhidge is pHrticularly designed for this type of 
work. 

A conventional type of bridge circuit, us shown belo,,', js used, con­
sisting of two resistance (1I1d two cnpacity arms. It is actuated 
by H self-contained microphone hummer supplied from It 4.5-volt dry 
battery. The outpu t from the hummer, of aboll t 800 cycles frequency, 
is fed through a t1'a n 5fo1')nel' to the bridge circuit. The transformer has 
ft shield between its primary and secondary, and is in uddition wound in 
two sections so as to rcduce capacity cffccts. The phones are supplied 
from another t l·al1~fonner. \\'llose j)rilllfll'v is connected across the bridfJ'"e. . 0 

I! E: ::- .. : fL:I c'l-J 
YEll. 

CAP. 

1111r--f'" .383 F\lIj'TABL( CAPACITY BRIDGE: 
GENE:RAL. RADIO co. H 

CAMS!/,rp6C MASS. 

lind whose secondary 1S brough t ou t to the lower terminals as shown in the 
photograph. T hree <ldj ~l stmcnts appear on the bridge panel, IUHrked 
LOSS ,~DJ. , ZEHO ADJ., and CAPACITY. These cone'pond to the 
condensers labelled LOSS A ])J. , VEn. , and CAP., respectiycly in the dia­
gl'am. The LOSS AD.T. , condenscr, shunted rtCI'OSS the resisbillce arms of 
the bridge, compensates fo r the vil ri ation from zero of the powel' factor of 
the unknowll c~lpac i ty . Thi s adjustment is not calibrated as it is not in-
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tended for usc liS 11 m ell ll S of lllCIIS lll'ing' power fllclnl'. Il is in lended Ill ere­

ly to compcnstttc for loss current ill the condense I' ann which might other­
wise render" balance of t he bridge impossible. It is genera lly 11('('('55<11'." to 
make this ndjustmcnt only when ra ther hig h loss is associated with the 
cApacity under test. The Z£HO ADJ . condenseI' is included <lCI'OSS 
the halancing condenser nnd the unknown in ordel' to balance out stray 
cnpncitics of lead s. sockets. etc. Since the l"Iltio {\I'ms ond sl<lnclnrd COII­

denser ftrc fix ed, the lobtl cnpucily in the fourth arm of the bridge, 
whith in('l udes the llnk l lown with i ts Icads, the zero-adj ust ing und the 
mcnsuring condenser must be constant fOl' uidu ncc. In makillg tllCUSIlI'e­
I11CII18 the leads, sOl'kelto: . or olhcr uppand,us ussoc iHted n re connected lo 
the terminnls and the capacity of t he ZEllO AnJ, condenser reduced 
sufficiently to ha lance the bridgc with the CAP, condenscr set at 
maximum capacity, T he dial 0 11 th is condenser is set to read 180 dcgl'ccs 
out of phase with thc capacity. i,c, . the dial is set at 0 for IlI;l XilllUIII 
cllpacity, 

T he unknown capacity is then cOllllcdeci a nd the condenser nlHrked 
C.-\ p , l'otal(>(l (lwll1cing it.s capacity ) unt il the br idge is uga ill 
hlllt,ncc'ti. The LOSS .-\ 1).1". condenser is adju st.ed as requil'ed in eHch 
cusc. T he c.ipacity of the unknown condenser is obtained by Illultiplying 
the rcading of the Il'\('i\suring condellser by Il facto I' appeliring on the dial. 

~\ ve ry cOIl\'cllient accessory in making llleusurelllents 011 the inte;:­
electrode capacities of y«CtWIll tubes is thc socket shown in the f()J'e­
grotllld of the photogruph. T his soeket is cquipped with tllI'CC pl ugs so 
spac:cd as to fit the binding posts of the bridge, Hnd connectcd to gl'id, 
pl!de, a nd fihmenl. In measuri ng the tubc ('apllcitics , this sOl:kct I:; 

plugged ill nnd lhc bridge balHnl;cd for %erO, T he tube is t hen plHced in 
the socke t [t nd its ca]l<lcities mC<lsUl'cd directly, 

Headings can be nllu1e to about ollc-half division on (l olle hundrcd­
di\'ision scale with tclC'phollC's . or somewhat more accura tely if [til ampli­
fier lind nlcuum-tube voiLmeter nrc uscd , 

The Type 38:1 Capacity B ridge is made in two models. One, with il 
rllnge extending to ao :i\li\IF" is ciesiglH" d fOl' t he measurcment of 
sllJali clipilcilies, Another, with a range ('xtclIding to 600 ;'DIF., is pal"­
liclllul'ly useful in nutlching condenser units for usc in single control set­
ups, T he accuracy of the instrument makes it \Try useful fOI' this pur­
posc. as it will show up slllallcl' differcnces betwC<'1l such unilil: than nrc 
permisl$ihle in the rccei\'cl', Its simpl icity in comparison with t he CjIlHrlz­
('onlro lled oscillators nnd other expedients resorted to for condense I' 
Illulching recommends it sb'ongly, 
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A yery llsdulttdjunct to Ihe capacity Lwidge is H two-stl1ge amplificl'. 
A ntcllUllI - tuuc \'ol tmetcl' s llch a s the T ype 426-.\ YaclIulll-Tuuc Yoltmctcl' 
cnn then he llsed to detect UalHllCC and It sOlll cwiwt. greater Heel,tra cy l\t­

taincd than is possi hle wilh Cfll'phollCS. Another ad\'antnge of the yolt­
meter j" th:'lt i t permit s tolenlllcc limits to be llwrk<?d all t he d i<t1 of the 
Yollmcter, a usei'ul practice i ll faclol'Y illi'pcction \\'ork. 

T he T ype aSH Capacity Bridge is mounted in a copper-lined \\'alnut 
CaSe with a metal pmlCl. All exposed mclal pads an:! lIickei plated. A 
1t.5 -\'olt lmtlcry is supplied with the bl' idgC'. 

Type 383-.-\ Porta ble Capacity Bridge (30 )1:\11<'. ) .. . ... .. . . .. $80. 00 
Code Wo,''' ' lllU': IX. 

Type 38:3-B P od:d)lc Capaci ty n l'idgc ( GOO ;'\ I l\ IF. ) ....... . .... $80.00 
Code \ Vord: ll CGLE. 

Dimellsioll s ho lh types 18" x G ~" x ()l/:/'. \Veigh! 1+% Ibs. 

TYPE 2 10 CAPACITY 3IETEH 

For test work it tlil"cct- r C'i.\{:l ill'~ bridrrc of fair a CCu ruc\' is o f O"rCflt 
I""> e> • 1::1 

convenience. T he T ype 2+0 Capacity M eter is des igned to fulfill thi s Il eed. 
Jt is esp ecia ll y ad apted to general la bol"tl tol'Y and cOllllHercial uses in ob­
ta ining capacitallce measu relllcnts ranging from .001 to 10 )JF. with 
ll ll accu r acy to within 0. 590 , Its simpl ici ty of operation and gellera l 
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dependabi lity make i t invaluable jn facto!"y inspection work in mcl.lSul'­

ing OJ ' comparing cHpacitancc wducs. 
The instrumen t consists of a capacity bridge with \' a riablc resist­

ances in the ralio tlrlnS and c<lpacitanccs i ll the unknown und standard 
arms. A schcnuttic diagrnm of the whole assembly is shown below. 
The input is from n specially des igned microphone buzzer supplied from 
a 4.5-\'olt dry batter y contained in the Citsc. l)1'o"isiol1 is also nw cle for 
the usc of fin c:demul battery. 

T'he resi stances fir and 1'-; arc wound on thin bakelite strips to reduce 
distl'ibuted capacity and ind uctnllcc. n is fl ]'heostat of 120 ohms rc­
s istnncc. 

BU ZZER 

PHONES 

SWIT CH '-i'I'1 
BATTERY 

T he standu l'd condenser C is buil t up of hell" .'" bnlss plates i n ter~ 

spaced with mica dielectr ic, assembled under presSll re a nd impregnated 
with p tnaffin . I t is fi rmly cl amped in :l. heavy aluminum frame. 

OPER.ATIOK . Defore operating the mete l' it is necessary to put the 
battery in place as follows: Bemo\"e the foul' SCl'ews Ctt the comers and lift 
the panel out. The battery is then sl ipped ul1(.1el' the steel holder so that 
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the tcrminnls make contact with the metal st.-ips 011 the ends of the 
buncl' kads. The panel may now be pul hack in place lind the instrument 
is ready for opcmtioll. 

The unknown CllPfll'ily is connected t.o the two dips (at X in the 
diagl'HllI). The three dials m:Hkcd "~licrofal'ads:' " T enths." Hun­
dredths." and the dial marked " :\lultiply Ry" Ilrc set approximately at 
the clIpntiblll(>C to be measurecl. if its order of mngnitudc is known. The 
bu:t.4cl' switch is tllrned 011 and the dials ;He set, ucginning with lhe diul 
marked ":\iicrofnnuls." and adjusting the three 10w(:j" dials ill turn until 
the minimulll sound is heard in the I'ccci,'cl's, then adjusting the dial 
marked " 1)0\\"<'), F neto.' in Per Cent." until the sOllnd hCllJ'(l in the rCl'ci\·crs 
is st ill furthe!' reduccd. 

The tapaeitalH_·c is l"c:ld on thc th rce lower dials, beginning :1t the 
left. The reading of the dials times the multiplier is t hc cap:1cilance in 
microfnrllrls. T he per cent. power fuctor is read fl·0m the Powel· Factol" 
dift!. ]:""'01· greatest flC('Ul·flCY the multiplier di ;:d should he set IlS follows: 

For copacities from: 

1.0 to 10.0 :llF. Illllitiply by I 
0.1 to 1.0 :\fF. multiply Lw 0.1 
0,0] to 0.1 :llF. mllitiply by 0.01 
0.001 to 0.01 :lIF. Illultiply by 0.001 

II' the meter is to be stored or shipped the battery should be re­
lllo'·cd. otherwise the electrol y te in the hattery may seep out lind damage 
the meter. 

t 'SES. The cilpl.lcity mete'· is especia lly adapted to ull uses where it 

convenient. rugged, and ,·c1iable instrument is desired for genera l htLora­
tory and commercial use in mCMl1ring capacitances. It is particu larly 
suited to the use of nWl1ufuctul'ers of condensers fol' nn inspection instru­
ment whereby condensers may be tested quickly and accurately. \Vhen con­
dens('rs sup posedly of the same capacibmce are being mcasured it is ncces­
sary only to vury thc settil1g of onc of the capacity switches wi th in thc 
limits of the tokrancc allowed. The power factor dial offers n rend." 
means of dclc·cting condensers with high losses. Because of its simplicity 
of operation this instrument does not require a skilled operator and wi ll 
not ctlsily get out of \)rder. 

The bridge circuit is enclosed in a walnut cubinet with a lenthe,· 
canying handle. The panel is of hard rubber. The resistance switch 
has triple-Ielwed blades. ~\ II metal parts a re nickel plated. A pair of 
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telephones is supplied with the bridge in Il compflrtillC'llt pl 'o\' idct! fol' 
t hem. .-\ ba ttery is ,Ii so supplied. 

Type 2+0 C'lIp1.lcity :\ l ctc l'. . . . . ... $85.00 
Dimensions 1" x G" X 14Y:!". \\"eight 101...,11;5. 

Code Wo.-d, CL\JC. 

TYI'E 36 1.·1.1 VACUWI.TUl.lE IlHIDGE 

A ul'idgc 1'01' t he lllCUSlI1'C'mcnt of t.ube constHnts is 1I0 t the (,Oll­

nntiorlfli type of impedance network. This type of Iwidgc depends 011 

the balanci ng of Ihe a mplified signal l'oitag-c in the plate circuit by Hn 

oppo:iing ,·oltage. A null poinl is indicHtcd by telephones lind the balanc­
ing process is simil Hl' to that of the stllndard bridge circuits. 

The uses of the thrcc-clc-clrodc \'l.ICUtll ll tube hayc becollle so lIlHlli ­

fold that the study of its nll'iotls characterist.ics is of considerable im­
portfLncc, Sc\'cral tuhc-testi ng de\'ices IHl\'e been cb'c!oped and placed 
011 the market . These usually consist of .\ se ri es of meters and rhcostats. 
with Or without cnclosed Iw ttel' ics, a nd Ill'C dcslgned to chcck filamcnt 
powcr and to meaSUI'C cedain so-ca lled "shltic chnradcrist it s." such 
AS the joint emission to g rid and pl:\te or the stcHdy pla te current pass­
ing IInder UIlY particul;n cond itions of filamenl CtWTent 01' \'oHage, plate 
"oltage ~lII d nco g l'id bias, From ch'H'actcristic ClIl'\'CS obta ined in this 
llH.tlHlel', the "shttie amplification constant" HUrl other data of n duc Ill:\Y 
be determined, C"nder certai n conditions , 1I0\\'c\'cl'. the "dynamic ch"l.I'ac­
teristics" of a tube lire of morc fundamcnhd importance, T o oiltain 

I 5(; 1 
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such da ta it is necessary to apply t1l1 .AC. poten tial to the gr id of the 
tuoe Ilild 1"0 make 1I8C of certain balanced-bridge mcasurements. 

T he GCIICl"Ili B adia T ype 361-B n ringc was dc,"clopcd to furnish 
an inslnlIHcI1L which would not only pro,"idc fur the easy and rapid 
mcftsuJ'cmcnt of filamcnL emission and ce r lain so-ca Jt ed "static chal'flctcr­
is tics," but would also ltd flS H direct-reuding bJ'idge g iving three funda­
mental "dYIlUlllic chanwtc.:rislics" of the tube, Illlnicly: the Amplification 
Constan t , the P late Hcsistuncc and the :Mutual Conductance. To mea sure 
these dynamic constants the hridge must be supplied with ClIlTcnt from 

I: 5. ] 
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an audio-frequency lon(' source, preferably sinusoidal in chanlcter, and 
lhen be balHllccd fOl' a null setting in the telephone headset in the nlflll­

ncr of the ol'dinal'Y impedance bridge. The Type 218 Audio Oscillator 
mukes an excellent tone source for this purpose. 

The bridge is designed to combine accunlcy with great ease and 
speed of manipulation. All changes in the bridge to obtain the different 
Cil'Cllit~ used III"C made by means of l"IHOW switches. The balancing ad­
justments arc on rt dia l-cict'fLClc scheme. 

The tuhe to be IIK'(l.')ul'ed is inserted in 11 detAchable U Y-typc socket. 
mounted externally on the panel of the br idge Hnd fitted with 1111 adapter 
fo), the small bH8C tubes slich as the UX -199, elc ... -\ IO-volt \ Veslon 
meter is provided for measuring the \"oltHge dil'ectly anoss the filalllent 
lerlllinals ilnd, by means of (t Illultipl ier, the ".3" battery \"oltage, A 
' Veston :')-milliampere meter is used for meltsuring Ihe plate current, 
This is L·quipped with a shunt extendil1g its ral1ge to twenty-fin milli­
ampercs" P I"O\"isioll is made for inserting /tlly desil"ed "C" battel'Y in the 
grid cin..:uit. Thus. by vurying the fi lament \"oltage, plate voltage and 
gl"id bias (hy means externAJ to the bridge) the data ffll" the customary 
"static characleristic cuncs" may be rend con\"cniently on the bridge 
metcrs" Houtine inspection tests H t definite \"01 tages arc. of COtll"Sl:, 

quickly and e(lsily performed " 
1 ' he bl"idge is equ ipped with three telephone keys and two four-d inl 

resislance arms, the propcr 11lI\ll ipuiotion of which enables the operator 
to detcrmine fjuidly the thl'ce dynnmic characterist ics men tioned ahove 
fOt" Hlly pnrticuiar specj(icfllions of filament voltage, plate voltage and 
grid hi as" T hus. in a simil:lI" mnnnel' , the "dynamic characteristic curves" 
of fl p~lrticulal" tube may be oblHincd cHsily and ]'apidly and research 
01' routine inspectioll 1I"0rk grcatly facililated" 

T hc resistanccs are of thc 1I 01l-inductin~ " 

typc. flild the br idge is arlequa tely shielded" 
has a shield octwcC"n its two windings" 

low distri buted capacity 
T he input trHnsforlllCl" 

T he linits constituting the bridge may be ul'I'anged in any of the 
accompanying ci]"cllits by manipulation of lhe key switches" 

T he T ype 361 ~H r Hellulll-T ube 13 ridgc is designed to measure .\ C" 
as well as D C" lubes" 

T he circuit of Fig" 1 . obta ined by throwing in the key marked 
"AMPLIFIC.-\TIOS COXST.\ :'\"T. ll pl"o\'idcs fOI" the direct mcasurement 
of the \"oltage ampli(jcation cO llsta nt of the t uhe I1nder tcst. T he l"C­

sistance H (t he four-dial .-\.-al'lll of t he bridge) is adj llsted uJltil thc 
drop through it d ue 10 CUl"l"cnt from the tone source balances the po-
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tCl1tinl ~ Eg resulling in the plate circuit from \'oltugc Eg impressed 
on the grid. ::\Iinimnm tone in the telephones indicillcs the balance point. 
Eg I"CSUltS from the flow of t he ctll'l'cn t from the tone source through lhe 
10-ohm n:sisb:ll1ce in series wit'li H A. 

In order ror no ClilTCllt to lIow: 

F,p= "..1Eg= HA IT 

\\'hel'e 1-1' is the current from the toue S(lUI'CC 

fLEg is opposite in plwsc to HA h ' 

Eg= 1O h 
~=Ih/ IO 

The l'csislUllcc R A is IlUillcrically equal to 10IJ., and the decade 

!'('sisblllCC s:rstcm is caliul"ut«1 eli" cdly in terms of amplifica t ion constant. 
A val-iolllctcr, by means of which the quadrature component of the 

e.m,f. introduced by the tube cllpacity may uc balanced Qul, greatly 
facilitates the balance. The constant nifty be rend to two decimal pltlCCS. 
The resislancc pro\'idcs ror the mCHsurement of amplification constants 
up to 100.00. 

To measure plate resistance the hridge is set for t he circuit of Fig. 2. 
The Y<Llue of amplifictltion just dctc l'milied is set on the A-arm, and the 
bridge is balanced by adjusting the four -dial B-a rm. It will be noted 
that HA has been sw itched to the grid circuit and replaced by the 1000-
ohm l'es isblllCC', Hll has been nddcd in t he grid circuit. 'The condition of 
balance requires that the drops ncl'oss the ] OOO-ohm plate rcsistAnce and 
n. A be CfllHI l. 

At ba lance : Ih IT= IOOO I I' 

I p=~Eg/(Ilp+ 1000) 
Eg= 1T (Il,,+ lO ) 

Substituting and di\'iding: 

IlA= IOOO (Il"+ I0)~/ (Hp-j- 1000) 

]Jut: ~= Ih / IO 

H ence: 100 (ll.+ 1O)/(Il,+ IOOO)= 1 

Gi\'ing: Hp= lOO HII 

H Il is calibra ted to rCtid directly in plnte resistullce . 

. -\.s before, use is made of the YUl'iometer in balancing out the quadl'at­
lire componcnt in an accurate adjustment of the bridge. l\1easurement may 
be mode of plate rcsistnllces up to 100,000 ohms in 10-ohm steps. 

For the measurement of muttlul conductance, the bridge circuit IS 

transformed to that of Fig. 3 (the l OOO-ohm plate resistance of Fig. 2 
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is reduced to 100 and the grid l"csistaJ1cc becomes 1000). Ba lnncc is 
{)bta incd by ~l d.i\l st ing H A HlId the Y<lriolllctcr. 

At balance: Ib h = IOO Ip= I OO ~E.g/(l~I'+ 100) 
Eg= l,OOO IT 
n. ... = IOO,OOO j! / Hp ( HI' is lal'ge cOlll pal'ed to 100) . 

... = H,\ Rp/ IDO ,OOO 

:\ l uhl1l1 conductnllce = Jl/ RI,- rb/ I 00,000 

Since the ~\-al'l1I is mfll'kcd with 1/ 10 of its hue resistal1ce: 
::\ Iutua l conductance in mhos = J'cadil1g of .-\ -a rlll x 10- 4

, 

Values up to 0.01 mho may be read in steps of one micromho. 
Fig. 4 is the circuit fo r laking the static cb ril ctCl'istics. The 

\'oltmctc r is nornwlly connected ,1(TO% the filament. Depress ing 1\ swi tch 
COllllects i t acr oss lhc plate Ul.l ttC I'Y, and th rows in a multiplier. The 
nwximum read ing is 200 "011"5. T he 1l1ll111ctcr is pro\' iC!cC! \\'itll a shunt. 
read ing eit her 5 or :l;} 1l1illilllllpCl"/.·S tllft X illlllill , ~'\. blltton t y pe or switch 
contl'ols the shllnl. 

~\ pumphlet of in~tnldio ll s is supplied wi th the hl'idge, 

Type ~(j] -n Y(IClllllll-Tuuc B ridgf', " "" " "" , " .... , 

DimC'llsions ]6" x 14" x 8". \Yeight :21 Ihs, 

Code 1I'0rd, mBU:. 

... $:2:20.00 

The hl'idgc pricc illdudcs sockets fo r t he I ' X und {'Y -bHsc tuhes. 
'1;\'-bI1SC adapler sockets may be ob tai ncd itS follo\\'s: 

Typc 
Type 

P rice, ei thcr type 

)1Gl -·1O F or lise with 11I1'0'e rr-ilil se o 
36J -41 Fo r lise with 511 1:111 l'\ '-basc-

TYPE '1_l a \IUTUAL-CONOUCTAi'iCF. METER 

$3.00 

or the three fUlld:tlllCllhtl dYIlHIllic constants of the th ree-elemcn t 
\'aClIUnl tube (plate impedancc. alllplificHtioll fadol' . llnd mutual cond llct­
nnc:e). the Jl1l1tll;d conciudal1<:c gi\'cs the most positi\"(:, indic;\tion of the 
tube bclHt\' iol': since it in\'oh'cs tlj(~ I'Iltio of the othel' t wo constunts. 
While the llIuiu rd conductullce is not 11 complete indication of t he COIll­
pfl1'1lti\'(! merit of tubes of di ffcl'ing types: it is fl positi\'c indication I.tlllong 
tubes of the same type. If a tube fails to mcet the standard specificat ions 
of its type: either th rough faulty fil~IIlj(~nt emission 01' [\11 incorrect spacing 
of the elemcnts, the lllutual conductancc <l11I':ly>; will be 10Il't' l'ed. Since the 
muhwl conductallce is vcry casily llICll>;\l I'ed: this ('otll'tant is the olle most 
suited fo r usc as an aCCt'ph1llce sblJ1dard 1'01' pllrcha~cr s, a nd for use 
·in factory, store 01' laboratory for l'npid chccking of tubes against a 
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s tllnda rd \"tl!UC. T his dC\'icc should not be confused with the T ype 
:361-13 \ ';1cuUlll-'l'uLc 13 ridgc, which is ;l lnbonltol'Y instl'lllllcnl designed 
to gi,'c accurate I1ICIISlIl'clI1cnL of all th ree c:o nshillts. 

The Type -t±3 ::\[ulual-Condudiltlcc :'Ifctcl' is II null-point bridge in­
strullient excited by a self-contained microphone hUlllmer und buttel'Y' 
.-\. shtlldanl l' X-lype of so('kct is IJI"O\'iticci as well HS ;l socket for the 
fh'c-prong SCpHl'fttc hcai(' 1' tuhcs. .\11 tube l)H1 !cries ,HC C'xterlla l. . \ ny 
desired plate \"(JltHg~ Ilwy be applied to the lube HS well us illlY desired 
grid biasing \"oltt\gc. The inslnlll1C'llt is equipped with it \'oltl11ctc1' for 
indicating the voltage HerOi'S the filamc-Ilt. By Ihe lise of o l1 e or the 
other ot' the rhcoshdli mounted Oil the panel it is possible to adjust the 
filalll('nt ,"ollngc to the ("OITC-ci \"alue for <Illy standard tube" .A pair 
of telephones is used <IS it mill illdicitlor. If the b,"idge is opC',"atcd 
in a no isy cn\"iI"OHlllC'nt all e:dcl"!wl stage of amplification will be found 
dcsil"l.lblc . 

\",llllCS of lll11tlw l condllchllu:e haloing II p recision of within 1 % to 
:? ('~ arc quickly oiJtained by the manipulation of a -iingle dial to gi,"c silence 
in the phones" This cl i:d is cnliiJrated to l'('nd mutual conrilld<lncc di,"cctly 
in micl"omhos from 0 to :2:jOO minomhos" The dill l spacing is not Ulli-
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(ol'm bu t is so grauualed as to mttinlain :til approximately equal precision 
of reoding O\'C1' Ihe enti re scale. 

l)l'icc docs Hot include battc ry. A 4.5-\"olt hattcry is rcquircd. 

Type 4113 Mu tua l-Conduclance Meter . . ...... . . . $:35.00 
Dimellsions ]0" x ]0" x .. 101/2". \'"eight 6~ lbs. 

Code W ord: ,(e Cl ·S. 
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FREQUENCY STAN DARDS 
1" 01' nWlIy ycars tile General B adio Company hils heen engaged in 

the development of independent frequency standards. }ldhods of meas­
urement hn.n~ been steadily and grCfl.lly imprO\'cd, and the dC\'clopmcn t 
of man:! Hccunltc shulI.brels 1m,!; kept pace \\'jth lIle dcn2'iopmcnt of ll1CflS­

UI'Cnlcnt nleUwds. 
T he frequency .::itulldal'ds oll'creel by the GCllcntl Hadio Compan,\ 

1lI'C of two clAsses : fundalllental laboratory Cillibrlltioll standard" for 
which piczo-clcdl'ic oSl:illato l's al'e now used . 1.111(1 secondary st.a ndard.::; of 
the resonHnt-ci rcuit type. T hese h:\\'c rccently been supplemented by lllllg­
Ilcto-strictioll oscilt.l tors for u~c at the upper !llldio lind 1011'('\' radiu frc­
qucllc ic·s . 

PlEZO·ELECTHI C OSCILLATOHS 

'j'ypt-' 275 P ic:I;o·E lcctr ic O scilla to r 

T he p iczo-elcc! ric p roperties of crystalline quartz make it pllrticu­
larly well adnptcd for usc as a fl'cqucncy standard, J>1<:tLcs of this 1111.1 -
te ri:.ti, when properly prepared und placed ill the circuit sho\\"n 011 P ag!.' 
64, will hold the frequcncy within YCI'y llalTO\\" linlits, T he oscillating 
frequency is nearly ind<'pclldell t of t he electrical consl;Illts of the circuit. 
The fleqm.·lIcy is pl·il1cipl.llly dcpe lJ(lent on the physic:tl dimensions of the 
quartz plate \\"hich ma," be ground \"el"y closely to spCCi(]Clltiolts. 
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The General B adio Campan.", wO I·ki ng in conjunction with D r. , V. 
G. Cndy (tnd D r. G. " ', "P ierce, has clcnlopcd a commercial application 
of this p rinciple. 

J.u;." su ",",*, Ao/ .... t:r '14S~4t;; .."d 'l4US8 , 

9,,·,tz 
-'0,.. C>tpff/"' fMhl <#r only 

P1.tp 6 
OJ To. c'70.J. -, 

.J . ;r " " ;" "",. "' I~ds' iJ"lNlk-:y -
I~ · A · IJ .. #~"Y 

I(""f ..;.g; ....... + 1N'i 

/ItI1/fIHG D IMffll11 
?S PICZO O'~/4l.)fTOl( ' z 

To c'''f''>-.~.J "._1 
H'" ~ P1,,/~ Cu rrc"t 

"" n ,,0/ ,,_ 

A 

• 
8""I>t. 

71tl o-=-4~nrr • 

T he oscillator circuit i:; ~ h o\\" l1 ubo\'c. A U X -19f.) l ube is used as an 
oscill:ttor. The mder, mounted on the front of the panel. ind icl\tcs when 
the cin.'u it is oscillating. The circuit between t he plugs ma rked " T E L" 
must be dosed. The tUlled circuit musl be adjusted App l'oxillWlciy to the 
frC(lu(,llcy of the qua d'l, plate. or the system will not oscillale, T he syslelll 
will oscil lllie on ly at the frequency determined by the pillte, lind not all he 
fn:~ql1ency of the billed circuit, \Vhell the plate has sen'ra l f requencies of 
oscillat ion. the tUlling I)f Ihe \'HClIIIIH- tu he circuit determ ines at which of 
Ihe freql1encies the pi;lte wi ll osci ll ate, The coi l is moullted ex ternu lly and 
IS suitHble for coupling to other llppllnd u !<i, 

Limits ;He inlposcd on the fundalllental freque ll ciC's fO l' which il is 
possi hle 10 provide plates by physical conditiolls, T he lower frequellcies 
requi re very iHr~e plates. while for Ill(' higher frequencies the plates 
Hrc \'cry thin. difficult to hltlldlc. nnd fragile. T he pnwticnl limits 011 

present an: about 100 lind 2000 kilocycles. Lower <tllci hi~hel' frequellties 
arc readily obtained from these fllndalllcllt:ds. silltc the 05cilla101' output 
is rich in harmonics, R easonable ("lll'C should he taken in handling the 
plates, as they will frndul'e i f suhjcdcd to too great a lllecll<lIl!CIII shoc·k. 

" There it is desired to usc the weaker ha rmonics of the lube. Oll~ 

01' two o~ciUat i ng \"I.lcuulH-lube circuit::. Illily be coupled to the oscillatol' 
output. :l.nd Ildju!)led to zero hents, )f ditTl:rellt hrl.l'monics llrc: lI s('d fOJ' 
each oscillator) harmonics as high as the :300th nUl\' be utiliz('d . Lowcr 

I 0·1 I 
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freq uencies than the 
the a uxiliary tube. 

fundnmcnt <l l may also be oh tai ned by means of 
The <luxi liarv tu be is adjusted to the lower fl"('-

quellcy by tuning it for 'l.cro heat between its iWI"IIIOllic of the dt:'sircd 
ordel' And the quartz-controlled oscillator. n y mcftllS of this c1e"ice, 
a single plate may hf' tlsed to obb-lin a great number of frequent-ies. 

T YPE 275 PIEZO·ELECTIHC OSCILLATOI{ 

Tn the GCllcntl Ibd:o Type 215 Piczo-E lcd ric Oscillator the principle 
of frcquclwy ('on I 1'01 by the U!)c of quartz c rystals Iws been made availahle 
rOl' gener al ex perimental u"c. T he T ype i75 P iczo-E lcctric Oscillator is 
intended primal'ily for a frequency standlll'd. As stl ('h i t O/1'CI"S IIU l lII • .' rOtlS 
advantnges 0\'(']' the o]·dilllll'." Sbtllltud wan'llIcte r :\S 11 prima ry standard, 
The entire equ ipment is eonsidenlhly less bulky than the w.wcmeter . Hnd 
the cssential s!alld:II'd of frequency, the quartz pial-c. is of vcst-pocket 
dimensions, T he fnxjuellcy of the p iew-dccl r ic oscillator is dden n'ned al ­
most cntirely by HlC constants of the quartz plate and holdcl' llI1d Illcrt!i"o re 
is ma in ta incd pra<:ticat!y constant. Oll CC' the physical d imensions It l'C fixed, 

The insll'lImcnl is c: nti rety sclf-contained fll id t:Ollsists of the com­
ponents sholl'u in the wiri ng diagralll, mou nted in a suita ble cabinet 
which has spHce for nil necessa ry hllllcrics, .-\S the plate is mounted 

O i l the front o f the pa nel wi lh a plug-in :lITllngclllcnt-. platNi may be 
readi ly exchH ll g-cd in order to extend the frC<luency rilnge, 

T ypc 275 Jliezo-Elc<:tr ic Oscill a tor, . $(iO,OO 
Dimcnsions ]0" x. Jl";,:: 8", \\'eigh t OX" Ibs. 

Code \Vord : LAllE T.. 

TYPE 375 STATION PlElO·ELECTR IC OSCILLATOR 

F OI' broaucasting station usc there lu\s been del'eloped t.he T ype 315 
Station Piezo-}:Ieclric Oscilbtol', T his inst rument incOI])orates nil osci l­
Intol', similar to th" T ype 215 Jliezo-E tect.r ic Oscillator, and fl two-stnge 
nmplifiel' . T he add ition of the amplifier makes this unit suitable 1'01' 
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monito"ing ill tlte opcnlt illg rOom. \V hCll the T ype Ht:') Stlltion Piezo­
Electric Oscillator is pl aced in the opcl'u l'ing room. and cOllllect ed to a 
loud-s penker , the ueal note becomes pl ai nly lIudiblc \\"ItCIl the stllt ion fre­
quency diffe rs fa'olll tha t of t he s tllJldard. 

L icensed undel' L' . S. P atents :\os. 1 ,,,,":")O,:l·t($ and 1.-1:7"2,,38:3 foJ' ex­
perimental usc only_ 

T ype 37.5 Sta t ion Piew-.Elect ri c Osc illato r. including two-s tnge amplifier. 
PI'ice, wit hout plate ......... ... ... . .... .. .. ... ..... $100.00 

D imensions 13lj::t x 1 W' x 8", " 'eight Hi:~~ Ills. 
Code \Vord: LA 'l'l~ . 

}'OUI' classes of plates a rc ]wo\'idcd. \V here It \\"Hn~lllctCI' stUllci tll'd 
is desired, and t he c:-.:;t cl points of cuiiurali on IIrc imlllilterial. Il plate CHn 

be prm'ided withou t special g rilld ing. P lntes of thi s class arc pro \' ided 
with the usmtl mo un t ing, and the fUlidamcl1!1t1 frequency . measured to 
with in O.l tft- . clIgra\'ed on the cO\·cr. T hey CHIl usually bc supplied to 
wi t hin :l5% of any sp('(' ilied fl-equency within the aho\'e range. By 
ma king usc of hllnnollics! one pla le llI ;lY he lIscd fo r a Il lllllhcr o f ('al ibra ­
lion points. Where H do!'c l" a pproxi llwtio ll 10 a specified fl'CqUC llI;Y is 
desired. plates lIlay he pro\'icicci 1'0 within ?) % of the required frequc ncy. 
" ohcl'(, thc I'CqUil'CIllCll ts arc still morc rigid , plates may be g'rOl.lIld to 
within O.l )'c of the speci fied f requel1cy. The cal ibration on all platcs is 
to within 0.1 ?'c . This ca liiJl"Hlioll is not ~llanll1tecd , ho\\"c\·c l·. if thc plate 
is uscd to control a grcatcr po\\"cr than It ' L'ypc :201 -.\ tuoc' with nonnal 
plate ,·oltagC' . 

.\ foul,tll class is ild(,llded pa!'ticularly fOI" broadcast stations, which 
arc required hy V('dcral regulations Lo lllaintain the ir frequencies within 
)")00 cycles of that assigll(,cl. T hcse plates arc furnished only wi lh n 
Type "21:j or TypC' :375 Oscilbtor, 'I'h (>y 111'(' A'lllll'nntecrl I.Illcl certified 
to ll<' within ,500 cyde:) of Ihe ~pC('ificrl frcqu ency when used ill thc o!will ator 
with which they Hre supplied. These platc~ arc intended fOI' lise only 
1IS s I1lll(i;II'ds, ThC'il' high degrec of a('('\lI'II('Y will not he maintaincd if 
they arc used in P()\\,('I' os(·ill" to l·s. 

Type :37{i- rl Ql1Il rtZ Pia tel llIounted. g ru und to + "25("";" of specified 
freql1 e ll cy. 

P rice $., .• 00 . . . .. , ... ,. _D, 

Cude IYurd, L.\('EH. 

Type 376-(' Quartz Plat e. mounted . g"Ollllri 10 + ?j ('~ of specified frc­
qUCIl('Y· 

Pricc ........ . 
Cude \I' ureL 1..\ PE L. 
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Type 37G-JJ QUal' ! z :Pl <1tc. 1l10u llted. groll lH.I to ± 0.1 /',- of s peci fied ft ,C­

qucilcy. 
.P I'icc .... .. ............... . .. . ......... . . .... $50.00 

Code \V ord : LAB If A. 
T ype ii7(i~E Quadz 

p .. ice "'" 
P late with certificate of aeCHntc." to :300 (, -,"des. 

... . ........... .... ...... "000 
Code Word: LEGAL. 

Quartz plHtcs urc also pl'O\'idcd for 11 111 a tell I' t r a nsmitte rs. These 
plates <lI'C not groulld to specifications, but arc supplied to hu\'c a fJ.c­
quem.:.'" somewhc re ill the bUild specified. They IHC UlllllOlIntcd. but arc 
calibnt led to an accliracy of within O.:l5 '/r . 
Type ~iG-.-\ 160 Qunrb. P late. l rlllllOHnl<xl. For lIse in l(lO-llIctcr band. 

P" ;ce .......... . . ...................... $15.00 
Code \\' 01·,1: L\BOH . 

Type 176-.\ SO Quartz P lte . l -n1l101l 11 tccl. 1'01' lI SC in 80-mele l' band. 
J' l'ice .............................................. '25.00 

Code W ord : I.AYE H. 
P lute holdc.'l' for 21(i~A Quartz P lal e ollly, 
Typc :27(-;" \ 80 QUlldz Plat e, L'nmolill tcli. For usc III SO-meter blind, 

Code \,"ol·d: 1..-15S0. 

MAGNETOSTIUCTION OSC ILLATO I{ S 

l'~' P(' 489 Pi(,I'('c j\ la~lI e l ()SII' i c tio ll Osd llulor 

Hcccnt lahol'utory researches ha\'e Illude possible the dcn:o lop­
tncnt of eontrollcd oscillators for lI~C at lowcr frcql.lelH.:ics Hllalogolis to 
the piczo~d('dric oscillators which haH' been in use at radio fn .. 'qucncics for 
somc timc, Thesc slandardl5 arc the result of rceent inv('stigations of the 
phenolliena of magllctosl l'ictioll Ly D r, (~ , 'V , IJicr('e. of' H an-H l'd l 'ni­
"crsity, 
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J ust as properly p repared quartz crystals expand and contrnct 
under the influence of a nnying clect ros lH t ic fi eld due to their piezo­
electr ic properties , so also do rods of certain nUl tCl'ial s c:qMnd and con­
hact uncle]' the lIction of varying magnetic field s by yir tue of their 
magnctostricti\"(~ pl"Opcrtics. Pure iron, And steel, al though they 
.He s trongly nwgnctic , show only Ycry feeble mflgnctosl ricti\' c effects. 
On the o ther hand, pure nickel, which is only sligh tly magnet ic, g l\'CS a 
!)tl'ong magnctosl.l- icti\'c respo nse. Alloys of nickel and il'on in eel,tHin 
Pl'opo l, t ions ~II'C acti\'c, especially those ha ving abou t 3670 nickel and 
640/0 iron, which is t he approxima te composit ion of in\'ar and s toic metal. 
Alloys of chromium, nickel rt mi i1'on, e!\cmplified by t hc metll l nichrollle, 
<l nd monel metal, which is Hn [lllo), of nickel a nd copper, nrc alllong 
the most acti"e materi:d" which arc easily ob t.ained, Alloys of' cobal t 
Hnd i ron ure ~dso strongly llHlgnctostrictiyc. All of tilesc materials 
a re im p rovccl by an nel.lJ ing , 

If a rod of some magnctostricti" e mate ri a l be SlIl'l'oumlcd b,' a coil 
through wh ich tin alternating cU lTen t is passi ng, at t he peak of each 
half cycle lhe rod is mngnct il',ed a nd is t hereby made 1' 0 expand along its 
length, rcga rdless of thc poln1'iry of the magnetization , T hus, the I'od 
will expand fi nd contract, thnt is, it will "ihrate longi tud inally, wi th a 
fi-cquency which is tw ice that of t.he altc rnat.ing C'1I1'1'cnt in t hc coil. 

If, on lhc othel' hand, lhe rod is a t the i"amc t illlc su bjected also 
10 a stcndy magne ti zing forcc gl'cale l' t h il l! t.he peaks of the a ltc"lwti ng 
forcc, then the net lllHgneti:wtion will rise a nd 1';1.11 \\'i t h the .\ C, \\'a\'C 
but will lle\'c r re\'cl'SC its pol:wi ty . A s a result, the rod will li D\\' \' ibra te 
with the sallle f requell cy as the alter llating CU lTen t , If thi s frequency 
falls within the range of Hudition l hese j'o rcc(l \'i bl'1llion s of t he rod im­
parled to the surrounding ai l' \\'ill , of course, be :Hldibl e. 

Inslc/ld of forcing the r od to vibrate in s tep with any impressed 
frequency, the r od can, by the use of t he circui t sholl'll in full lines in the 
diagrum, be nHl de to control t he osc illations of t he hi -mil tube 1 \ lo 
a sing le frcquency (and hannonics thereof ) cOl'l'esponding to thc 1w tu ra l 
f reque1/cy o{ vibration of t he l'od , ROO 
which is in\'(:' rscly p roportional 
t.o its length, In thi s IlHll l1 lCl' 

we h;ne conlrolled 0\' sta ndardized 
freq uency closely HIH1.l ogolls to the 
control of H \'acllum-tubc oscilln.t­
ai' by means of a piezo-elcchic 
crystal. 
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'I'he t wo equot coils Ll a nd L~ arc inscl"lcd in the plutc ancl grid 
ci rcuits of the tube. C is a vuriable conci enser whereby the toluil'cactAllcC 
of these coils iIIay oe resona ted to the Illl tllJ"u i ft'cCJucncy of the I"od. The 
coils surround hut do not touch the rod , which is balanced Or clamped itt 

its centcr poin t. The direction of winding of the coils is Stich that filament 
emission currents flowillg ill the pla te and the grid ci r cuits would lll l.t<rnel.i~c 

the l'od wilh the sa me POlIHit.". This is cX1.Ictly the opposite of the condi­
tion existing in the fmuilinr HorUcy osci llator circuit. That is to say, 
the mngnctostl'iction oscillator with t he rod rcmo\'(xl is Jcgcnc l' ftl i,'c r:.tthcr 
t hllil l'cgcneril tivc ill character. 

A is u D C. mi ll iammctcr g iying an indicat ion of l'esonant tuning of 
the cil'cuit ttS C is "'tr ied, The doUcd circuits show how, by virtue of a 
second tube T~, I.l stage of amplification may be added to the oscillillor, 
The coupli ng condenser C1 is of t he ordcr of 0.1 :UF'. The chokc a nd 
2 :\H·'. condenser C2 in the plate circuit of the fl lll plifying t ube constitut e 
the familiar Hspenkel'-filter" for removillg a D C. polarization from the 
output terminals. The g l'id leak is of t he ordel' of 50,000 ohms. 

" 'hen such a circuit is tU lled by mcnus of C unt il resonance with the 
Iluturul frequcncy of the rod is Hppronchcd, the ]'ending of A riscs shurply 
to a maximum as thc rod goes into strong vibration. \Vhen this optimum 
poi nt is I'cilched the condenser may be increased o r dccreased by <1 consider­
able amoun t wh ile the fl'eq ucllcy of the oscill~ltol' I·em~"t. in s unchanged. 
That is to say, the circuit is st ab ilized at the natund frequency of the rod. 

Various Iypes of tubes may be used [It '1\, the plate "oltage may 
be changed from (i7 to 1:35, 01' t he filament "oltflge may nl.l'y from prac­
tically zero emission to desli'l.1ctioll of the filament wilh a I"(:~s ul tant change 
of less than olle part in 30,000 in the stabilizing frequency of the circuit. 
A rCl.lsonuble contl"Ol of these n lriahlcs gi,'cs, of course, 11 lHuch more 
precise sta ndardizalion of the frequency, 

The relation between the length und nablTal frelJuency of a rod is 
gi"clI by the simple equat ion: 

V- 2 LF 

\\'here x' is the frequency in cycles per second) 1. the length of the rod, 
and V the velocity of sound in t he rod exp l'csscd in eOlTcsponding units. 
F or a given milie l'ial \' is {t constant essentially independent 01' L and F, 
so a whole series of rods of definite frequencies is easily prepared, Dr, 
Pierce has Illude sllch a series haying fundamenlal frequencies n ll'ying 
over II \I'ide l·;"t.ngc from a few hundred to 30,000 cycles pcr second. 
Hal'mol lics of these frequencies up to several millions lire readily detected. 
Since grcftt difficulty is encountered ill obtllining lurge enough piczo·c1ec-
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{ric CI"\"Stals to giH~ fundamental frcljuencies helow i .5 kilocycles. the lower 
range of frequency sta ndardization has beC' 1! greatly increa sed by the ill ­
,'cution of the magnctoshictioll osciliator. ;\l ag-nctosh·iction I"ods are cali 
hl'alcd with much greater case than nrc piczo-e1cctric crystals. since til l..' 
rod ~ I'cllIain continunlly aelin." arid art' not subject to the disappointing 
\'ag-;n'ics of crystals . 

. \ 8 the length of the l'od is shod ened and its frequency increased. 
urea tel ' 81 ;tbiliZ<I t ion is ;lll ailltXi bv OCC1t!SiOIlHII \' l'cducinl[ the iJlrluct HllCl' o .. ~ 

of the two exciting' coils. Thi .s is rcadily accomplished hy hH\·jllg thl'Cl' 

01' fOlll' di(feren t pairs of coils llIounted 011 jack-pings fot' ea..;y su hstitutiotl 
in the o~('illal' ol'Y ('in;llil. 

r lI(k'r t hc I iccll~c to pH ft'll t~ !JI.:lldi IIg of D r.Pierce, the (;CIlCI"H I 
Hadio CompallY ha s dc\,ctoped a lltagllctostridiotl oscillHt.ol" embodying' 
the ("il"("llil~ showlI in the diagram. 

Tile Type ;j89 P ierce i\lagncloslr icl iOIl OscilJa tor incorporales I il l ' 

("i.-cu it illustrated . which is suppl ied 1lI01l1ltc-d in a cahinet without coils. 
I'ods or nt("uum tuues, It includes the stage of amplificatioll and has ]11"O\"i ­
sioll fOl' cxtending the range' of the ('ondclIscl' ( ' , IIlld other dcsintulc COIl ­

trol rca t lIrcs. 

The Type 48H Pierce Twin ,:\ 1 agllelosll'iclioll Oscilla tor is illusl 1"11 ted 
011 Page 68. It consists or 1 \\"0 separa t·c and cOlllplete oscillators (tIl el ampli­
fiers mOllnted ill it single unit, with }lro\'isioll for \'<tryi ng the capacily 
coupling u('tw('ell them, One oscillator lila." be controlled uy a I'od , while 
thc other takes the form of a nll'iable 1I ltdley oscilbtol" to be used ill 
freq ucncy cal ilwat-ion, Ol" both oscillators Illil." bl! contl'olled h." l'ods , lind 
ddinit'e fixed ucats hcbrccn thenl obt·Hi ll l:d. 

Suitable coils call Il l! loOupplied fOI' lilly f l'cquellcy in the rallge for 
II"hidl rods are furnished, or the coil uHit in the Type HS4 H adio-FrequeIH:Y 
Oscillator nut,)" be em ployed. 

Stanelanl l'ods will he availahle in the frcquency range of 10,000 to 
0?0,000 cycles. T'\\'o classes of rods will he provided: approximate rods 
\\"lIcl'e no attempt is made to obtain n pl'ccise fl'cqucllcy. lind I'ods preparc(1 
to within n.1 % of a s peci fied frequcllcy. I n each case t he actual fl' e(luellcy 
of the rod will be accurately determ iner! alld specified to within 0.1 £fr , 

The magnetosh'iction equipmen l is new, and the lllanu facturcrs 
will welcomc any suggcst iolls for changes or impro\'ements ha sed on the 
users' cxperience, 

The oscilla tors a re I ieell sed tinder pa tcnt a pplica tiolls of Dr, G, , ,". 
P ie rce, and under "P:tlcnt~T o, 1,11 3,149 for cxpcl·illlcntal li se oll ly. 
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Type 38$) J) jcrcc :\i agllcto8iridion Oscillato r ......... . 
D inH:' t1s iom; 1 :2:%./I x 1:l.3.4" ~ 8". \Vcight 18 Iiltl. 

Code Won l: ~1.\Gi\ 1·:'1'OeX1'. 

j -"pc ·1<89 T win 'Picn;c ;\i"ltgnct'os t ridioll Oscillntol'. . .. $275.00 
D imensions 1 ny:!" x ] l Y2" x 8", " Icight 30 Ibs. 

Code Word : il l AG\"E'l'ODO(;. 

Oscill,ltors II1'C furnished without coils, ,'ods, tuues 01' balle l' ies. 
Coils Hnd ;\ i ollll t ing fo r rod. . . . ...... . 
H()cI~-appn)xill1atc ........ . ...... . 
Hods ground to speci fi ed frequency .. . ........... . 

TYPF: 22'~ PI{ECISION \VA VE~IIlTEI{ 

$:30.00 
$2500 
$'W.OO 

The T y pe :!:24 Precision \Van~mcte l ' ha s IOIIg' heen knowlI as a pre­
cis ion standa rd. \V lli le Hewer standards han a gl'catc l' precision tltitll 

W(lvclllctc rs of fhe resonance type, the prec is io ll of thc Type 224 l' l'ccision 
\~ra"cmctcr is suffi cient for mally uses as II la bont tol'Y sbtndard, .... \n in­
str ulllcn t of Hl(:~ waVCtllct'cl' typc is also ncccssary in conjunction with pri­
ma l'Y sta ndal'ds o f thc piczo-elcd l'i c type as a secondary sta ndard and 
tra nsfer instl'u lllent of cO!l !'inuolls nltlge, as tIle Jliezo-clect ri c osc ill ator 
provides fixed cilli bratioll points only, 

T his WllVcmcter is designed to IJro\'ide an accu l'ate illstrulllcn t for 
b.tboI'Cltory sen-ice, yet sufficicntly portable for gencr:11 measurement work 
where p,'ccisioll is csscntial. 

Sillcc the condenser is the Ty pc ~22 l)rcc isioll Condenser desc riued on 
Puge 8, it" is not nCccssa n ' to desc ribe it ill detail here, The coil mounting 
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is rugged, u lld particular care iws been tuken to lock or pill <til parts to 
keep them seCllre. Tile co il s al'e wou nd Hlld mounted in such 11 mannel' t ha t 
the t urns cannot become !oof:ic. 

A slandanl \\'a\'cllIctcr mlLst be sharp tuning. This hu s been accolll ­

plished in the Type <!:N Precision YV l.lvclllcter by the lise o f it low-loss COll ­

druse) ' and by propel' inducta nce design. I II the design of these inducl­
ances, of which tlH.: I'(> arc fiv e, attention also has been gil'e ll to the necessity 
fol' 10\\' diciect r ic losses, 101\' distributed capacity, good fOl'ln facto]', a nd a 
n:!asonahlc amount of ol'cr lap in \\"a\·clcng th. 

To insu re ,I(,:curac), uncleI' all conditions no extra circuits s tich a s 
a huzze r 01' detector al'e incorporated ill Ihc \\' il\'ellleter. There is but olle 
c ircuit, the calibnlted osci ll ating circui t, which cOllsists o f t he cOlldensel'. 
an induct: lIl ce and a " 'eston t herrnoglll\"i.l lIometn fOI' indicating r eSOIl ­
ance. This Cil'cuit is so connected that the condenser ro tor plates, the 
condensel' Hh ield, the thennogal vu llomeler alld the outside of ~he in­
ductance coil IIrc at 10\\' potcntial. This prc"cnts d is turbances d ue to 
\'llriation in stray capacities. 

The scal c arrangement is the same as is ll s(;d 0 11 t he Type ~:l2 Pre­
cision Condenser. Attached to the ma in shaft is a scale, divided into 25 
equa l P"l'ts, while on t. he wonn slw ft is [ I second scale, the Cil'culllferellce of 
which is di vided in to] 00 equal parts. Since one eOlllplete turn of the WOI'I1l 

shaft moves the nwin seale tht'ough one di" isioll, t he position of the 
rotary plates may be read directly to 1 part in 2:300- CtjuinL!ent to ahou t 
0.6 J IMF. Sillce these sll b-scale di visions are 1/ 16 of <In inch apart, it is 
easy to es tilllate to olle-fif th of 11 divi sion, l\'foun ted clll iul'iltion curves 
arc fUnlislted for each coil. The stand at'ds used in cal ibl'llting ~ll'e 

ciu:ckcd by nleans of Ii se ri es of qua r t1. plates. H armonics of the pla tes 
were checked at low f],(:'fplellcy again st II s tandllrd dock. 

The flcelll'acy of calibrat ion of t he Type ::l:li< I'n:cisioll 'Va vetllC'ter 
is to within 0,25 % . 

The condenser is mounted ill II polished wal nu t case, Fach illducblllce 
coil is cm.:1osed in a walnut box with an engraved hind rubber pa nel sta ting 
the w<t\'elellg th J'tlllgC. The terminal blocks are so shaped tha t they will 
fit· 011 to the connecting bnn:i in one WHy only, thus insul'illg that ench coil 
will always he ('onnected in Hle Same manner in which it was calibrated . 

.-\ strongly buil t whitewood shipping ca se is fllrn ished with each 
\\'a "eIHeI {' L Sepa l'a te cOl1lpa rtmen ts 11 re provided for the condense I' 11 nd 
coils. Th is case is Htted Wi t'll II el1rl'ying ha ndle and lock, 

Type 22~1' Precision \Vavemctc r 70- :l4,OOO meters ..... 
Dimensions ]8" x 11" x ]1 ". \'Vcight 2711;s. 

Code WOl'd: WAGEH. 
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T he Ty pe 22<1-L I' rcc is ion \ Vaycmctcr is simila r in gCllcnti construc­
tion to the T ype 2·24 l'rccision \Yu\'cmctcr, with such modificat ions as 
p roved ncccssul'Y for shol,t- wi.l\'C \\'ork. 

Type 224-L r rc<:i~io n \Van:'lllctc r ] 5- 600 Jllete rs ............ $200.00 
D imensions l S Ijj " x 12% " x 13". '''eight 231/2 Ius. 

Code W ord : UNDEH. 

TYf'E 17-1. OIRECT· I{EAOING WAVEMETER 

T he Type 17 ·l· D irect-Headi ng \Van: lllclcr is des igned fo r genera l usc 
in commercia l :l nd cxpc l'imcnta! radio stations. It s equipmen t is such t hat 
It is adapted for lise with receiving or t rallsmitting sets, employing either 
damped 01' unda mped wan's. Its sel f-conta ined, dil'cd-l'cadillg features 
make this inst ru llIent pllrl'iculady nduublc for connnc rc ial work. 

A hot-wil'c galn:womctcr is used for indicating reSOlHtllCe of trulls­
HlItted ~ ig-n a l s of unragc intensity, while fo r weak s ignals a crysta l de­
tector Hnd binding posts fOt' telephonC's arc pro \·idecl . For producing 
dumped oscillatiolls of known w1\\'Clengths. the \\'H\'cmete r is equipped 
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with a high- fn:qu("H;Y hU1.zCI" opCt'Hti l lg' 011 /I bllllery IIiOUlltcd within the 
WH\"ClIldcl' case. The o~ciJlHting circuit consi .. ;ts of thrce coils with a 

selector switch and II \:II"i"lIl(> air condenseI'. T he illciudancc coils Hrc 
lmnk- wounrl ill ordc']' to kccp the disli'ihu ted capacity at a minimum. 
The condens(']" is the luI\' loss T yp(' i:JO \'lIl'illl1l(' '-\ ir Condcn:;cl". equipped 
with slow-motion gear. 

P Ilt'licuJH1' CH l 'e lias 1)('(' 11 giV('11 to the mechanical cOllstruction and 

10 the 1I1'1'(-:lI'III1(,C of thi"l instrullient. .\11 of the equipment is mounted 
Oil 11 hlll 'd l'uhhc l" pant! IIlId enclosed ill It polished \\"11111\11 cal'J'ying ('<Ii!' 

fitted \\'ilh lo(:k and key. The 1I1('l al jJnds 1II'e finished ill polished niehl. 

'J\\() wH\-c!cngth rHnge!) Itn~ jJl'o\'ided, tile Typc li" ~ M (' Din'd - Hl·ading 

\Y avclIll·teJ" con'rillg It lllal·cur . broad clI!)ling. and usual ship op<'l"ation 

ral1gr.~. and the Type 17 '~ M D D !J"('dMHrading \\'Il\'clIlC'ter con'ring hroad­
casting. ship, and Ihe special tc..'lcphonc r a nges , 

OPEH.\TIOS. Thc dial on which al'c (1I'II\\"1I thc thrl",(, wa\'c!cllgth 
>;c:dC's correspond ing to the three il\chu.: tllllCC coils i:; Iliounted dir('dly 

abo\'c tile \'IlI'i llhl e c.:ondcn!)er and i:; flt:;tcllcc1 to l'll t: l"otOl' 1,late shaft. T he 
scales arl~ indicatcd hy the nUl11bers 1 . '2 and :3 <.'llg'ra \·ed 011 the pltlleL 
.\ hove tlte gah';tnometer i:; a switch ellgrH\wl H .\SCa :. with point:,> lIum­

hered 1.:2 and :3, T hcse threc points ('oITespOlHI I'cspcdi\'e!y to the tlu'ee 
wH\'c1cngth ;'jcllles, In addition to the t llnx' w(ln.!icngth 8('lI les, a scale di ­
vided into one hnurlrrd equlII di\' isiolls i:; pro\'idcd. This scale i;'j provided 
fOI" 1'('fcI"C I](' (; and i!) c.:oll\'cnient ill makillg' ccrta in measurcments, 

'l'HA.\' S:\ II'l'TlSG SET S, I n dctcl"Illining the wll\'c1cngth of H 

t ransmitting set. the nlllge switch should he set 011 the point co\'e l'ing the 
\\"a\"dcllgth SiciJ!e wilhill which the trl.lllsmittcd WH\·c!c·ngth should fall. T he 
\1'1l\'ell1dl' r should the ll be hrought Ilea r t he tUlling indud:lllce, thc ant enll a 
or ground lead of Ihe tra nsmittcr . JJ y tu rning the knurled kno h marked 
Il\'CHE.\S I·: \Y .-\\· EI.E.\' C~'L'H, the \';Il'ilthl c condensci' will be rotatcd, 
\'1I1'ying the wH\'c\cngth of thc WH\'enll'il' I', .-\ t rcsonance- that is, the point 
wh('l'c the wlIHlc'ngth of thc w:lnlllc'le l' is the sa llie II:; that of the tl"lIl1smit­
te l'- the Il1lt x im um I.llllouni of cllergy will he h-allsfcrl"cd from the transmit­
ti ng set to the \\·tL\'Cnl l'!('I·. T his point is indicated by It mHx imum deflection 

of the hot-\\"ire w dnlllOlilcter. Ca]"(..'. ho\\"c\'el' , ;'j hould be hd":C II that the 
\I' /l\'cmct(·]· is 1I0t tou IIC<lr a powerful trltnstllitte]' becHuse all exccss amount 

of ellergy Illay be tl':lllsfcrred to the wan'lllcte r, clilising the galvHnometcl' 
to UUl'll ou t. It will be found with It Sihill-piy tuncd tl"lt ll smittel' . p Hl'ii ~ 

culady when us ing \' llCUUIll tubes. that thc resonance point is \'CI"Y shll l' p. 
T he cOII(lctl Sel' lllust bc ro tated slowly. itS the g:ill'll IlOIllCtC l" needl e \I' il l 
s\\'i ng fl'Ulll :.'.el'o to Ilcal·l.'" full scale Hlld hll('k again O\'e l' II very s mall rltngl' 
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"I' wan:It' llgl hs. I f the condcllsel' is l'o tntc( 1 too J·;tpidly. the r C'-;OIIaIl C(' point 

will he passed through without being noted. I n the case of a buzzer 
01' tra rlf;JlIitt<.' J' of small output. suffk·jt'Il I' ('Bergy lIla y not he radiated 
It, opcmll' the gah"H llo lllcI.CI'. JIl Ihi!) easC'. a piliI' of tele pholl e'R should 
lit' ('()!llll' tlt,1I 10 the binding posts IWlrked TEL. Hcsonall cc will t hen 

hl' indind cd by IIIH:-;imum intellsity of ~igllal ill t he tdephones. This 
llIl·l hod is Ic'ss ;11.'011'11 1(, t han that using t he gal'"Hlltltllc tc r as a n:SOlllIIlCC 

irl( li<,,:ttol' Hnd .s hould be aq)id eri whe re possible. 

H E(,El\"l~G S ETS. Two I11C'HHI(/S of delcl'Illining the \\"H\TI('ng th 

or a I'ccl'i\'i'lg' set may he (· lIl pl oycd. Til l! first. the rea ct ion 1l1c thod. is Hp~ 

plieHhlc' only to a "Hl'UUlll- tuiJ(; rccci"jng ~d. and I' h(,ll only when the set is 

u"cillalillg. The WHV(' ll1 CtC' I' should be brought Il('ar lilt' lu ning illdll('hlll(,c 
of the I·c(:(.:i,·illg' :,;('t. B y lU ll ing til(' (,O IH.l l'Il-SC r of t he WH'· ... llIdCI" 11 sharp 

d ick will hc hell "d il' t h" hCHdl ,IH)Il (os of the rec(:i"il'g" se t at the l)oill t \\h c' ,"(, 

II I(' cOlld<-'11Se: l' pil~.s<:S rhrough the \"("'SOIlIlI1("C poin t . The \1' ;I \,c-!0I1glh (:,\1' 

111V II 1)(, ITIl( 1 O Il tile "1'1'(1)('1" sc.tle. I t i.'S u .o.;uH lly ]lc('esSHl"Y toll1lH: t lu' W;t\"C­

JIlett: r quite close to "lil' 1"C'('e il"i lig st·l . .\ 8 the axis of t he: ('oi ls ill the 
\\ ;II"t'IIK' ler i;; parallel to the panel. ;I ud extcnds from frollt It) n~ar o f t he 

(', \.o.;t· dirt,ttl y be:llt'at h thc g' .] \'H llometn, best ,"c$; ulls III"e usually ohtaillccl 

by placi ng'" the righ t-ha nd edge of I he WHI'enH.:tcr pHrall el to th(' tUlling 
l'oil of I Ill' rc('eiving se t. 

(;E:-\EH .-\I .. BCl'HUSC of the sensitil'e type of Imzze r used, it II UI.'" he 
found t hat Oil !lIming t he lHlzz(' ]" .swilc.:h no sound CHII ue heHrd" The buz­

/'(· '· - Hdjustin~ scrcw should he turned 10 the \'ight or lert ulltil t'he IHI ZZel" 

" .. tads to opcra te . If t he uuzzer lI'"illllot opcrate, Illake l'c r tain that the Lal­
It·ry is ill good condition. \Vhell H \1"HI'C'llletCl" is sh ipped , 110 ha ttery is 

p lan'£! ill thc WHI'Cmcter. bu t one is shipped separa tely. This method is u S('fl 

to p r c·vcnt dalliage to t hc WllI'emcte r ill elise i t shou ld r elllain unuscd 1'01' a 

long- tilllC. Dry cell s kept for a long lime in an inve rted or horizon ta l 
p()~ition will deteriorat e and leak; the W'.l\'elllct cl" s hould , accordingly, 

;dw OlY s be 81'ored so t ha t t he COl'cr 18 011 1'01', thu s keeping Ihe battc ,"y 
in all upright position. 

The diagl'"1l1)1 mOtlnted in the CO"I:!' shou ld be !>I udicd ('are fulh' in 
o1"lle r 1'0 unders tand til e W;tl'ell1eter circu its" The fOU l" palld tllLlJllbMTC\\,S 

.. hou ld lie ,"cIHoved and t he pHllcl liftcd fl'"Olll t he caSC" The ins ide of the 
lI a\"(.'lIIl:te r should he ex amined ill orde r to 1)('colIIC familiar with its IHCcilHIl­

in ll co nstruction. !Jut u llder no c irClIlllsta nces s ho uld a dju sbnc nl's be a l-
1(,"lIlpleri. as they will Hfred t he cali bndioll. T he hu zzCI" batte ry should bc 

put ill place Ilcforc re pla ci n~ the pane\. It will be no ted thatl)l'"O,"isioll IHl s 

ht.'ell madc on the panel 1"0'" all cx te l"na l coil. Thi s Il nOlngemcn t is to enable 
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an <.l dditional co il to be used for special wOI"k. U nder normal cOllclition::­
the shor t-c ircui t bar between the two lJinding posts marked EXT COIL 
should not be rcmo\"ccl "fhi s is t rue e\'e ll when the telephone recciHrs a rc 
connected to the telephone binding posts. This uar is !'cmo,'cd only when 
an external coil is used. Price includes batten', 

Type 174-C Dircct-n cilding \Va \'cllu:'tt.'l' ...................... $68.00 

H angc 75-1,500 meters. 

Code \Vonl: \VEAHY . 

Type ] 7'1-D Direct-Heading H'II \'cll lclc r .... . .. $u8.00 
B unge 200-4,000 meters. 

Code Word: W I:\DY. 
Dimen siolls, both types, !)" x 7" oX (in. " 'eight 9% 1b5. 

TYPE 532 STATION FREQUEi\CY METER 

\,Vhcrc a transmitter, slIch as [t broadcasting stutioll. is operating 
on [t fix cd frequcncy, or on:r H narrOw band of frcqucncics, a special tYl'<' 
of mctcr Inay be uscd which posscsscs tl. high degrce of accuracy O\'c r a 

narrow scalc. 

I n the Type 532 Station Fl'equcn cy 'i\feter, adnllltugc is taken of a 
somewhat unusllal method of reading in order to get a closc setti ng Oil 

t he scale, T he mete!' llIay be set to approximately twcnty cyclcs at any 
point in the broadcast- frcqucncy billid. This docs not imply tha t thc ab­
solute accuracy of lhe mcler is twenty cycles. 

A cCl·ti fi cate of UCCU 1'UCY is fUl'nished guaranteeing the accuracy 
of the sca le divi sion representing the station frequ ency to 500 cJcles 1'01' a 
tcmpel'ahl1'c nll'iut iOl1 or 5 ° ll'ahrellheit frolll the temperature specified 
011 the cert ificate. The ti me limil on the guarHntee is six monlhs. A t the 
cnd of this pc riod thc illst nllllent should be returned to the facto!')' for 
l'ccaliul'Utioll for which a fcc or $10.00 will be chargcd. 

The Type 53~ Stu lioll FrC<lllcncy ~ I e tcl' consis ts of the usual reson­
ance-circuit type of wavell1elcr with sOllie additional features. A IU I'gc fixed 
condense r is shun ted across the va riable, so that the entil'e scale of the 
meter covers only 0.3 % of the station fl'equellcy, wi th the station fre­
qucncy in the cent cr. There arc ten scale divisions per kilocycle. In 
additioll to t he sp read scale, Ullolilcl' feHtul'c cOlltributes to the accuracy 
of setl'ing of the 'J'ype f);32 Station l"1'cquency :'IIcter. A small uuxil iary 
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condenser may be cOllnected IIcrOSS the main condenser by depressing :\ 
push button. The capacity of this condense I ' is suffi cient to shift the reson­
ilnt frequency of the mete r from onc side of the t ransmitter peak to the 
other. The frequency IHetCI' 15 adjusted until the galVAnomete r 

reading is ulichHl1ged when the button is depressed. This method o f 
locl:ttJng the ('(' Il ler 01' peak of t he rcsonance cune is lllllch mOrc accurittc 
than Httcmpting 10 set to the top of the ClIHC by obscn·jng lIIHximum 
galvanometer dc ficctiull. 

The Type 5:31 Stlll"iOIl Frequency ) I etcl' supplements rather than dis­
places the pic'l.o-dcctric oscilluto]', \Vhilc t he frequency IlIc1"CI' permits tl. 

setting of t he transmitte r to within the F ederal rcq uil'cmcnts, t he sla hili ty 
01 the I1Icler is nut itS great a s I-hal of t1](~ pic'l.owclectric oscillator, which 
should be I1Il1illtained as 1\ stlt lld llrd fOI· eh('eking the frC(IIH:' ll cy IHclcr. The 
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piczo-dCdl'ic os(;ill atu l', 011 the othe r hand, does no t indicate how far 0 11 
f t'cqucncy the trall smitte r is, Ot' in which direction, IlS the i'I'CquCJH:.\ 
mel CI' docs. 

Type :3H2 Station Ft'cquc]U;y :\J ctcr. ...... ........ ......... $130.00 

D imensions 8V\ " x SY:/' x lO:~". \\'eigh t H,:~ Ius. 

Code W ord: SIHE:\. 

00 

EXPERIMENTEH'S W AVEM ET EHS 

SUpplclll cnti lig the labonlto l' Y type \\' H\'Clll c t C I'S . the G eneral Had in 
Com pany a lso Ill ftllUfactul'cs a line of low-pl'iced \\'H\'cmdc r s for t he tnttl ~­

mi ll ing ama teur. \Vhile 10\1" ill price, these meters al'C so buil t a s 10 
maintain 11 clliilwatioll 0\'(' 1' conside ra bl e pcriod:;;;, a nd a rc acclirately ('Hli ­

hl'H tcd when leavi ng t he factol'." , with the except ion of the Type 247- \ Y 

'Va l'C I1l C'tc L 

.' 

:::.1 
::: :i 

TYPE 3~1l W A VE~I ETEH 

--::::-..: 

, 

.. -
The G eneral Hltd io Type: :31)8 \Ya n :: lIl clc\' is designed particularl,\ 

1'01' expe rimenter usc. It covel's a wH\'c!cngth t'llIIgc of u pjJ roxi mn lcly 1-1- to 

:hW mctcl's . cO\'cr ing the short-w<I\'c bands ill ~Ollllllon usc. The W(ll"l' ­
meter consists of a lI1 echanicHII.'" rugged coil of low-loss ('o ll si ruction. 
mOllnting directly on t he bindi ng posts of a s hielded condenser. T he COil 
deliSe l" C<lllacity i.s 1:!5 :\1;\1 F. )lOlllltcd 011 the {"())ldcIISCI" panel :lnd con­
Jl ected ill :;(' I'iC5 bcb\'cC Ii the condense )" a nd co il is a resonance ind icator in 
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the fonn of H small I:lmp. T hc 1II I1Ip socket is so IlITling-cd till! t it is shor l­
('lITllltcd whcn the lamp ;):; remon'd. 

T he wavclength rltnge is cO \'c rcd by mea ns of foul' coils. Eadl wavC­

Jlwtc r is illdiv id ually calilmdcd with Illl HCCUI"acy of with in 1 ?'c . A CHliu l'u ­

hon cUl've is plol'lcd 1'01' cHcb coil Hnd the cline sheet mounted on a sub­
sta nt ial me tal backing. The coil l"i.lll,!.{CS . providing adequate o\'c rlaps, 
llrc li S follo\l"s: 

Coil A ....... . 14 10 
Coil B . . . . . . . . . . . . . :2G tu fj() i\ l ctt~' I 's 

Coil C 54 to 11-1 1 fctc rs 
Coil J) 105 tu :!:lO ..\l ete r.:. 

rile condense]' , cuils and c ha rt arc contaillC~d in a woodell hox which 
p rovid e£) propel' pl'otcdioll for the inst rument when 1101- in usc. 

Ty pe j58 \ V i\ \'ClllctCI' COIllpl ctc .... . . ................ $l5.00 
Dimensiolls 11 :Y," x 7 1 /' x .'l y:!". ". eigh t ':P/~ Ihs. 

Code " 'onl: l ' PPEH, 

TYPE :;;;8 A)IATEUR-BA '0 W,\ VE)I ETER 

The inereased ('()i1g('stion a nd d ecreasc in width of the amatcur 
ha nds IIPlke llCl.'eS Sn r \ ' th e usc of <I 11101'(' ;leCUI'ate \\"1I\'ClllClcl' than has 
heretofore hee ll Hvaila hle to Hlll<lleurs at II 10\\' p rice, '1'0 mee t thi s need 
the General Had io C'OlllpallY h as de\'c!0l'ec! II band- type W/t\'CIllCtC' I' which 
elllploys I.t system lI~ccl ill bl'uildtasl stHtiOIi fl-cquc' llcy \l\ etel'!) ill order 
to S('C U1'C ' Fl'(';ll Ilrel' j:-;!Oll OV('I' a limi tcd hane!. 

~ 
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In the Type 558 Amateur-B und " ·lln::mctcJ' it fixed I'll}" condenser is 
connected i ll parAllel with the vlui;L hl c condenseI'. This fllT angcmcnt 

spreads a IIIlITOW band o f frequencies on::r the entire Wfl \ 'cm ctcr scale 
which grcnUy increases the accuracy of rending. l'j,'c coils arc used. 
covering the fo llowing IIlllal'cur bands ; 

Coil A . ...... . . ...... . 
Coil II 
Coil C . . . . . . . . . . 
Coil n 
Coil E 

~.6 lo 
. flA· to 
. ] 8,5 to 

:n.O to 
75,0 to 

5 ..... 
10.9 

.Meters 
}fclcrs 

21. :3 :\JctCI'S 
4:3.0 :ll elcrs 
8 (; .0 ~rctcrs 

A neon ttlbc, mounted ins ide the cOlldcnsc\' cllse a nd viewed th rough 
a hole ill the pa nel. indiclllC's resonance. The IIccuracy of cid ibralioll is 
to within 0.25 % . \ \T hell i t is cO ll sidcl'cci that this is the salilC precision 
as is guaranteed 1'01' the T ype ~~4 P" C't'ision \Y unlllctcJ', the low price of 
this ins ti-umcnt is particulHI·ly st riking, 

..-\ WOO(lC'11 case wilh a mOllllting r;\(,k 1'01' the coils a nd for t he con­
denscj' is supplied with each W;l\'elllctcr. 

Type 558 . \ JllHtCUI'-]~ Hll d 'V;WCIllCtC: I',.", .. ,',.,", .. " .. ,' .$20,00 
Dimcns:iolls 11 :Y-I." x 7Y:!" x .5Y:!", " 'cight 'Ph Ibs, 

{'odc 'Vol·d: rXIO.\', 

TYPE ,158 5·~IETEIl WAYEJ\lETER 

Thc I'cccnt dC\'c!opments in tnUlsmissioll at ,5 meters ( 60,000 kilocy­
cles) 1l<1\'c made ,it dcsirable to iI'He an HCClIl'Il.tc w<t\'cmcter cO\'cl'ing that 
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\\'11 ,'dell g' til . . T ilt:! Type 458 :j<\JctCl' 'V Hn:~ mctc r is supplied unmounted, 
IlIP"jUg (lilly br;Lek .... h-; t o !:i~ippor t the ('ondCll!)Cr ill IlIl upright position . T he 
(, OllcicIl SC I" is of t he uSHn ] solrlct"cd plate, 1lIetal cncl-plHtc type. having a 

llHlx ill1 tltn I.:HpacilillH;C of :jO ,;\1\[1'. The impor ta nce of solde l'cd plates at 
thIs high frcqllc ll(,Y <:1111 ha rd ly be OH')·-clIlpha.sizcd. T he coil consists of a 
sin!{! 1"' turn o f liS "~ copper t ub ing. alld is cOllllected to til e condense r by 
mean s of t he cOll\"('nicllt GCllcnd HHdio Plugs. The I.:oil is sihcr pla ted. 
\ 4" dial Hnd illd ic<ltol' compl ete!) t he \\"a\"Clllct CI'. It is found t hat 

the metal end-plates :-;0 ("0Jllpldcly shield the cOlldcll;;cr that hand capl.l ­
(:ity is not t roublesome. Like otile)' G Cll c ntl l bdio 'Vil \'Cmctc ni, each has 
itp illdi\' idlwl ca libra tio n chart Hlld is caliLriLtcd ugainst a precision 
,tH nda rd, 

l'ypc :1:58 ;3-i'-letcr \Y ,l\"ellletn ... $8.00 
]) i me n siol 1$ !)" x 5Y:/' x ;.rvl.'" \ V cigh t 1 '12 Ibs. 

Code Wo,·d, r~ InEn . 

TYPE 247·\V WAVE3mTER AND fILTER 

T ile ]";lugc of t hc Type 24,7- \V \ L t\'emctcr <t nd Fil l'c t, is 200 to (jOO 
meters, \V<lH:lcngti1s arc dctermined by dit'cct reuelings ft'OIll t.he con­
de nser dial, whieh i:- ca! ibra led with ;'111 HeCUt'acy of within 2 %. 

T he fil tet· coil may be cOllllected 
ei~hc r in sc rics 01' parallel ,r ilb Hlc l'C­
cci\'i ng set. 'V hcn used in t he se ri es 
connec tioll a s ingle interfct'jng hruad­
cas ting station nwy be eliminated, The 
pa ndlel fll tcr is uscd to elimin a te scv­
enll intcrfcring stations simul tancously 
and IIcrcp t only one s tation within thc 
filt c t, I'lIllgC, 

A full set of instnlCtiolls ;tn;OHlpa nics each instrumcnt. 
l'ypc Dn'l.·riptiorl DitllCllsions Wci~hl Coilc Word P l'icc 

:H7-W '\' ,\ \'cnlclcr and Fi lter 6" x 4 1/:: " x 8" 2 !/ :! 11)$. \Vi\GO~ $7.00 
.H7-W2 Extension Coil (·WO- 1200 II\ctCl'li) ,~" x 4.11 X 3" 601. . \ 'OCJ\ L 2.75 
2H - ,," % E xtension Coil ( 100·"00 ll1ctC l'5) .~" x V' x :1" 6 O~ .. VlZOB 2.75 
)~i-W l/l Ex\cnsi'm Coil ( 50-150 mctcrs) ~" x \." x 3" G07.. YIV1IJ 2.75 
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O SC ILL A TOR S 
Oscil1<1tors a l'e r('cloire{1 in the cOllllllunicHtio li laLoI'Hlol'Y for bridge 

and other Il1c a SUJ'CIIH."nts a t fixed frequency and for ohservation of charac­
teristics and bch;l\'iul' of Hpparaills 0"('1' II rHuge of frequencies. l'ur 
fixed f"Ctlucllcics anrl fOl' hl'irlgc llICHSUI'CIII(' lI tS. /I s imple forlll of lUlling-fork 
lII ic l'()plioliC hUllllnc l' is ~at i sractory. \'a l'i a hl c- rn~qU('IlCY oscillal o l's HI'(> 

generally of the \ 'H('lIum- lu!Jc type. ./"\ 1l1llllhcI' of such oscil la to rs fur 
specific ptll'pOSes- lind !'Huges a rc descrihed in the following section. Fixed 
freq uency os(;illal'o r:; fur frequency st:t llcianls IIl'e li sted in the sectioll 011 
fI'CqtH.' IlCY sta lldal'd~. 

TYPE 213 AUDIO OSCILLATOn 

, \, llIult itude of bridge mea Surements )'ClIuil'C <l dependahl e sour('e of 
a l tc.~ I ' llating CUlTcnt of low power. The frequency Illust remain COll~lant. 
The supply source should also be silllple ill its opel"Htion, rugged <Iud 
rei ill ble. It Was to Ill ee l t IH.'$(' r('qui ]'C' IllCII t" tila t the Ty pe :l1:3 . \ ud io 
Oscill.l to r W<lS des igned. 

T he outpu t of thi s oscilla to l' is about o.on wa tt ut 1000 eH'les. 
I-: x tel"lllli hinding post!:' Hn~ so a rrilnged that thl'CC output \'oltagcs llHl\" 
he obta ined, The out puts obtainable wilh these three diA'Cl'cnt con­
]]ect ions arc as follows: 
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Poinl \ " oll:1J;c Cu rrt~l1 t 

I,ow 0.5 Vol ts 100 '.\ l ill iHlll pCI"CS 
'-'led i U 111 1 .. ") r olts 40 :\1 i llil\ nlJ)(~]'cs 
I I igh .5.0 r olts ]~ '-'Ji II i It III pe]"(.'s 

}'Ol' SOlllC capllCitalu,:c lllcasurCll u;lIts it is desira ble to use H high 
,'oltage. Thi s increa sed \"oltage Inay be obtained by cOllnecti ng all in­
du ('tance and capacihu u;c in series H e ro!)!; t he high-"ol tllgC oUlput i"C'l'IlI-

1Ililis of t he oscili atOl". Uy uci justi ng this circuit to n :sonflllCC, voltages 
us high I.IS 60 0 1" 100 llIay be ohtaincd by cOll llec ting ou tpu t leads ac ross 
t he condenseI'. T his i nstrulll cn t will opel'ate sutisfaclo rily 0 11 f"om 4-
h l 8 \·olls. T he inpu t ClilTCllt is IlPP,"o:.: iIllHl"ciy 0.13 a mpere. \ Vh01l 

run ning, the oscilla tor lIIuy be heard fol' II distance of apprOXi1llHtciy 
t wcnty-fi\'e feet, or IlIH y be made sil ent by enclosing in 11 i'o lilld-p r oof box. 
'Vhell the osc illa tor is used ill close proxim ity to the hr idge 0 .' to other 
a ppa ra t us i t" will be found a cl visa ulc to shield the o~cillHtor to p.·e\"(~ lI t 

pick-up in other circuits. 

L
' O ______ -';9- DVTn:>IY 

cO/Y£,~IYJ~P 

mRX 

OV T PV1 
TRAIYSrORf1t!R 1000 ..... A t./tJIO 

OJCILLATOR 
Trp~ ;:r,~ " 

G~lYeRA J... R R OIO Cl::I 
C~I7MIOO<"'~JJ 

T he circuits of th is osc illator arc s howll in the dillgn llu . T he 
('los ing of t he swi tch places thc fi cld-magnetizi ng coil directly across the 
liattery. A lso ac ross the butten' IS the pnmnry of the inpu t 
l l"llIISfol"lllC'I' In scn es with the mic rophone bulton" T Ile rc­
"U III.II1Ce circ ui t cons ists of t he secondary of t he input trH ll s fol'llle r, the 
pr im.ny of the output hansfonnel". the itl" llluture coil Hlld the condenser. 
'l 'he output- ll·a nsfo l·IllC.· sccondary has th."cc taps to I)c!"mit the obb\ining 

)1" t hree diffe ren t ou tput voltages. T he usc of the two t nl llsfor mcrs pr('­
"(,Ilts the output wa\'c fr om {"olltll ining 1I II y di."ect-c lIrl"cnt component" 
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Each transforlller ("OI'C h;18 a small ail' gap t.o pl"c\"(~ nl distortion of the 
\\"n\"(.'- fonn. Since the oscillator i:; sdf-start ing . it Ilwy he located Ht a point 

distant f,'om the bridge and operated by n switch plllccd;lt the h ,·idgc. The 
lunin<r furk ma in tains the fl' c:-Iucncv within the ll;t lTO\\' lil\ lits dctc'l'mincd D . 

by tcnq)cl'lllul'c \';ll'ialioIl8. Due to the loading of t he fork the lIIelill frc-

qUCIl('Y is about 990 cycles ruthel' t hHII 1000. 

JJy the lISC of the ficid-nlHgncti'l.ing coil Oil one line of t he \' ih rat ing 
fork, instead of relying Oil its pCI'mancnt magllctisllI, Lhe polarity and 
intensity o f the magncti:'.nt ioll o f the fO l'k wit h ]"('sped Lo t he Hl'matu l'C 
IIrc permanently mai llbtilll.'d. 

Success or failure in t he operation or a hUlll lll CI', 01' a udio oscilluLor, 
lies H ry bt l'gely ill t he 111icrophone butto n. If t.he button heats so that 
t he oscilla to r ca nnot be run indcfinitely, if t he adjustment of the button 
is not perm anen t. 01' if slight mccha nica l shocks change its opera t ing 
ch;u'nctcristics, the oscillator has little commcrcial val ue. A d islo rtion 
of as sHudl an a mou nt as olle fi" e-hundrccHh of HIl inch from no rlllal 
posil ion of t hc mica will (lest l'o} the per fect operation of the uu tton. I n 
order tlw.t the butlon may be insensit ive to mechunical shoeks and ye t 
opera te prol)crJy at 1000 cycles, usc is mude of i ls high iner tia cfrecl at 
the Intt er frequency. One side of the hu tton is I.ltlached to t he tuning 
fOI·k by means of fl. shod, f1al sp ring. T he other side, which ha s a p ro­
j ec ting mounl'ing post. i~ held in posi tion by It specially des igned self­
cent ering :,p 1'1 Ilg. 'J'h is com bina tion of springs ellitbies the bu t ton to 
withstrt lld snere shocks. yel it hilS su Hi cicnt incrtia so t hat pel'fcd 
opcration is obtained. T he adjustment of the bu tton is pennallcn t and 
needs no further atlen t ion after leaving our labora tory. Thi s type of 
moun t ing', togethel ' with the fact t hat the electri ca l cons tants o f t he ci r­
('uit .!' have been fldj usted to theil' optimum values, insures the con t inuous 
opcl'Iltion of the oscil lator without heat ing. 

It should . of COlll'se, be undel'stood that this oscilla to l' is not in­
tended to displace the 11I1'ge l' types of oscillators used where se\'e1'ul waUS 
of output arc I·equircd. H is intended rather for gC llend laborntory 
usc where PO\\'(T of good wHye-forlH is dcs in'd for <I !:ii llg-Ie bridge. Sillce 
the purellc~s of wHn'-fol'lll is dcp<: lIdent 0 11 the load 011 the oscillator, II'hell ­
e\'(' l' II pun' wa\·(·- form is essc·ut iai til(' oscillalol' should no l be 0\'(>1'­

loaded. T his osciilHtol' is nrlapted fo r the usual altel'nat ing-clIl'rcn L 
meU$UI.'Cmellts of inducLlllcc and capacitance. 

The oscillatol' is mount ed ill a polished walnul box with bakelite pa nel. 
The exposed l1l etnl pads al'e nickel pl;)tcd. The conlrol switch is easi l,v 
accessihle und is of the ('oll\'cnienl lock-buttoll design. 



   

G'E.\"J';R . I L 11.1010 COJIl'.L\T 

'1'ypc 21:3 .A ud io Osc illator .. ........................... . $32. 00 

D imensions 6" x 40/.( x 5". "'eight 41/2: Ius. 

Code \\'o"d , .ll·G EI\. 

T Y!'E 377 LOW.I' IlEQlJENCY OSCI LLATOIl 

lU all\, (onns of dccb'lcal :1.11<1 physical research pl"oblcll1~ require a 
.... Oll l ·CC of alternating cUlTcnt of goo(1 \\"111' ('- (01'11 1 ;tnd '-i\I' inblc on:I' 1\ wide 

nlngc of f l'cq llcllc ics. The p l' opc l' tic~ of the osci llnting '"HeliUm tube 
mi\ ke i t in he ren!! y Il da ptcd fol' li se liS such 11 source. 

D)" means of a l icensing tlg rccl1Ic lI l' with t he H a dio Co r poration 

of AlllCl' ita , the General R adio Compa ny is able "0 supply such an 
oscill ato r for lahoratol'." IISC. 

T he T ype 377 r .ow-Fl'c(Jucncy Oscill alor has a freq uel1cy nlngc of 
from 0 :3 to 75.000 cycles, ex tending through the audio :lnd carriel' fre­
<llIe lley r anges in,lo t he lower radio frefl ucncies , T he simplified c il'cu it 
of the osci ll a tor is $;hOW Il in F ig, 1, T he freq uency o f the o$cillnting 
t ube (Idt) is contro!led hy tuni ng the p lnte c ircui t, 'rile ou t pu t of t he 

o~cillatiJlg tube is fed t hrough a coup ling l'otcn t iolHd('r to the ampli fier 
tube ( righl) , The pla te o f the a mplifie r tube is conllcdcd direct to the 
outpu t te)'llIinak T he p llra lld- feed sy stem of plate supply i;<; used on 
hoth tubes, 

T he front PlIllci assembly of the oscillato )' is showil above, The 
meters a rc so equipped with switching HlTll ngcmenls Illilt fil ament 
0)' plate ,'ol htgc /.In d osc ill ator 01' Hmpl i fic l' pl ate cu r rent IIH1V be read , 
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The two switches di l'cctly under t he meters a rc the tnillsfcr sw itches. A 
g l'id-Cli ITCli t meier i:s mOllnted above t he fil :lI l1cllt and plate Illctcrs to 
indica tc overload. 

T he output of the osci lla tor is adjustnblc and llIay be held constan t 
0\'('1' the I'rccluclH:Y range by menlls of the polcntiomctcl' coupli ng to the 
amplificr lube. The ]'csistallcc mll l'ked 'FE I·;nB.\CK is in the pl ate o f the 
oscil lato)' tube, Hnd con tl'OIi; osc illatioll . F ol' 1l10st sat isfac to ry \I'al'e­

form the feedback con tl'o] should he set Ht the poin t at which the tuhe 
just begins to oscillHtc. 

Cr.:OMCK 
II 

" 
0",""'" I CoOI'I'l"RO L 

~ 
F- '" . """ 'Ii 

ou 

,~ IT osc. 
1\ J,. 

= ; c _ B • 

T 

'-111111111 

FiG. J S CHeMATIC C ,RCUIT 

The fl· (·qucncy is cont inuous ly \'a r iab le hy meallS of lite se"en con­
Il'ols 0 11 the lower pa r t of thc pando T hen:: III'C th.·ee coils . so tapped as 
to gi\'e six switch posit ions, il lid a decade capacity system extending hom 
.001 ':\.IF. to ]0 J U". ,-\ 1) a ir condenser with llIaximum of 0.0011 n i l? 
Illllkes the capacily system conti nuous ly \·ul'i,dJlc. 

,-\ 11 Hppl'ux imale ca lilH'ati oll. good to within 5 j {. , gi "i llg t he setting's 
of the controls at fi-eqllt-' Ilcy interva ls of <Iuout ]0% for t he en ti,"c frc­
qucncy rangc. is J.))·o\·idcd wilh each inst rument. This ca lihration is 
accurate only \\'hell the oscill Htol' is not ove rloaded, as indicated hy the 
g r id-curn.'nl Illetel'" The oscillator shoul d he adjusted so as to keep tilt · 
I'('aclin~ of the metel' as lo\\' as possible. and in 110 case should i t exceed onC'­
ha lf millialllpe l·C'. 

T he oscillator is intended to be used \\'i~h either uV-201A , UX-112 
0 1' C X -21 0 t ubes. 1·'01' <I\'Cfage li se the l; X ,·1 12 type will be found satis­
(acton ', 

T hc "'aYc- fon l! of the oscillator output is \ 'CI'Y IIcarly s inusoidal, 
JlI'o\'ided the tube is not ove rloaded , as indica led by t he grid-curren t meter . 
T he largest s ing le hll1'lllonic componen t in thc volt.agc W<I\'C i s o f the 
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oreler of :Yfr . ''' here pHrti('ulady good wa\'c~ fonl1 is required . it i . ., 
)Ick isablc to usc tubes o f t he l'X-:!l O type. Load docs not 1I11"('(.'t wavc­
t01'1II unless the lLllIplilh.' 1' tube is overloaded. The 10HfI will not afred the 
trcquen('y . since it is nol applied el il'celly to the Ofwillalillg tube. F re­
quency docs nol \'lLl'y more than 1 % under ol'dinary \'H I'iatiolls ill tube 
('onditions. 

T he power output of the inst r ulllent will \'111'." with the plate \'oltagc 
lind tl\(: type of lllhe. \V ith It L' X -:t l O tuhe. the output. is ahout 0.2 watt 
I I I th 120 \'olts on t he pia I c and aholl t 0,5 wa tt wi th 2:W \'olts on the pia Le. 

The ('ntire oscillHtOI' is mo unted ill it sture'"~ (Jak cabinet with sub­
... ht n lial h nl.';s cH ITy ing ha ndles a nd clasp. T he IHlllei swings outward, 
giving elLsy access to the instrulllents, a ll of which a rc mo untcd on the 
hack of t he panel. 

llatte l' v a lld output conllcct ions al'e cU lTied t lnough holes 111 the 
'abinct and made to the back of the p a nel. The cabi net is st rong 

t: nough so that the oscillator llIay be hung from II wall by mea ll s of bolts 
~hl'ough t he hack of the ca binet. 

SpfLec su ffi cicn t fo r fi,'c blocks of plate lmttc l' ies o f the ;3111" x 23Ji." 
x 5,3~" size is p,'o\' ided i ll the ca hinet. t hus p rovid ing 112,5 ,'ol ts. 

L'S ES, T he lo\\'- fl'(~q ucllcy oscillator will be foun d of g rclll usc in all 
llcusurcmcnt \\'ol'k al audio, cillTicl' anrl low radio frequcncies, , \ mong its 

uses <I rc br idgc 1l1CI.IS lII 'C I1lents of all kinds, st udies of the I'csponse curves 
01 tralls fonllcrs a nd loudspeakers. the study of fiJtc l' c hil l' uctcr isl ics a nd 
the st ud y o f cH hle Hild o thel' dielectric behaviol'. 'PI'ice docs 1I0t include 
ubcs or ba ttc rics, 
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T.j cc n~cu under P atcnt Xo. 1.1]~:I+!) for radio lahoratun' experI­
mental usc only wil t-I'e no b usi lll'Sti fcfttul'cs al'C ill\ 'O]Vl'd. 

Ty p e 371 L ow-Freq ucllcy Oscillator . . .. $!3:")O.OO 

DiJll<:'llsioll':;, lDht x 18" x ]oy~". " ·cig-hl. 571hs. 
Code \\" vl'd : 0:\11-:(;.\. 

TYPE 413 HEAT.FREQ UENCY OSCILLATOR 

Til measuring loud-:;pcakc l's and audio- fl'('lIlIc ltey !'n ·stCIlIS . it is Oft"11 
d csindll c t o IIIO\'C lhrough Ihe (' lltil'c fn.::quCll(·Y ]'allgc quickly. The COil 

n .'utiollal type of vHc uum-tube oseillato)', alt-hough it lIlily Le so dcs ig ll(·d 
a s to he· continllously \'IlI'iHhlc, I'cljllin's the adjust 1llent of 11 Il tltllhl']' 

of con tl'o]s ill "Hrvinr,. tlu.: hC'tlliCIlC\' t ill' Ol.lrrh the (,Iltirc audio I'H11 fr(' . • !":> • 0 .':"! 

SincC' the ch allge in fl'C(IUC I1(' ~' im'olw·rl is Illl·W". a1l0\1 t fl \'(' h\\ndrcd to OIl C. 

it (-'allllot hc obtaincd hy liIc ro tat ion of II ~;lIgl(> ins trullIC'nt of prlt c-

lica ille cOllstnu.·tioll, If. IIOWC\C I'. tIle IllcHsllr illg frequency is ohta in c·(1 
by hea ling two o,scilill tO I'S loge·l hcr. a sma ll pl' l'cC' n tagc t:hange in I' I'C'­

q Utlll: y of OIiC of thc osci llnlol',s will cnust II I'clal i\'(·l y large challge ill 

the heal fr C'<jueney, 
Supplelllc' nlillg its oscillators of cO ll n ..' lItinllal type. the Gell cral R adio 

COlllpany i.s Illltllufachll' ing a heat-frequellcy osci lla tor with t1 range (I f 
approxilllately 20 to nooo cydes, The T ype 41:3 Bc:tt-F requ('II(-'Y 0 ... 
ciliato l' COlli;. isls of !\n) oscilla to r tuhes, a ddedol'. and an amplifier tuiJt'. 

T he frcquc ilcy of o tI C of Ihe Mcill a tors is fix ed at about 60 kilocyci rs. 
while thai of the other is \'III'i ll hl c fl'OIll a pp roxi lllll tcly 50 kilocycl es tn 
no ki locyclcs, Hat h osciJlHlo l's IH C' coupled II) till.' gTid c ircuit o f th l' 

detector tuue, T he osc iJl alol's IIl'e so cOllslnlded a nd shiclded as ttl 
mai nta in a con stant freq ucncy O\'C I' long pCl'iucls without I.Idj ustmeut, 
The sys tem of coupli ng the osciJiatol's to t he dc tcdol' . supplyi ng it with 
:l 10\\' \'olt<lge (l'OIli each osc illa tor , is such t hat tC lldc' IIC\' of the two osc il ­
lators 10 pull into synchl'onism as zero beat is app,'o,'l~'hC'd is elimil lfltcd, 
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fhe detcctol' output is fed to an amplifier through a Type 37:3 Doublc­
rmpcd a ncc Coupler gi\'ing ncal"iy cons ta nt amplification O\'CI' the wide 
range of fl'CCJLL CllC ics lIsed. T he ou tput of the oscillalo]' is taken off across 
n lO,OOO-ohll l l'cs isl or, u.';cc! as a voltage divider, pCl'lnitiing the adjustment 
qf the Oll t pili \'ollllgc Il'j tho u t elllL ngc.s ill the o.sciJln tOl' cirelli t proper Pta t 
-n ight alreel wave form or h cq ucllcy. 

Three n triable capacities will be seen ill the following diagram. One 
" these is a slIwl1 compcnsating condclIscr mounted inside the ill ~tnllllcnt. 

!'he purpose of thi s condenser is to COlTect for any sl ight ill ll ccunlc.r in 
thl' fixed condense]' in thi s cin :uit. S light changes ill rn~qllc ll cy of either 
oscillator due 10 changes in circuit conditiolls may be compensated for 
by mealls of t his conden ser, whieh is adjus ted so as to Ll'ing the two 
os(: illalors to ze ro uea t , T he fl'equency is cha ng ed by mea us of two 
other l"ltriHble condensel's, the ma iu hilling un it of 500 -:\ 1:\11<'. max imum 
capacity. and H Illi c ro~condcnse r sh unted across it for finc adjustmcnt, 

.~r;===~-, .., 
-' H~ ... 

rT T .. -
.II. A~ , _ ". __ v....... yol .... ~ 

The Type l~ 1:3 Hen t-F reque ncy Osci llu to r is des igned for usc wi th 
t·ithf' l' ""X-1:2 t) l' I ' X -100 tulles, space being pro"ided in the cuuinct for 
three 1.5-,'olt dry cells and tlll'(~e 2:2-,'olt plnte oattel' ies, UX-201-.·\ t uhcs 
lIlay be used with atl exle rnal hattc l'Y if desired, .\ 5-" olt \ Vcslon lllett:r 
on the }lund and 11 l'ilcostat inside the cabinet permit t he adjustmcnt of 
the ~ I amcnt voltage lo the rated nduc. T hc Typc l~l a ileat-F requency 
Oscillatol' has all outpu t of ahout 1}j volts, T he \\'/I\'e 1'0 1'111 is satis­
factory for mos t ptlrposes, the toh!! of the "oltage hannonics being at 
It maximulll but ·170 of the wa\'(:~ . 

The T ype 413 nc:tt-Fn:~que ll cy Oscillator is useful ill the ll1e<lSUI'C­

~ncnt of all de\·i(:('s intended for operation in the a lldio-frCfluellcy range. 
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I t is part ic ul a rly helpful in t he st udy o f loud-sJleake r rcspoll i<iC curves. 

si nce lhe compl ete frequency I'H nge a t p ra d ica lly constan t inten sity i .... 
Hvailable hy one-ha lf \'c\'olu t io ll o f t he l11 ai n di li l. P eaks 0 \' ho llows 111 

t he loud-spea ker response a rc immediately c\' idcnt. lind an y tendency to 
bla.sl at part icul a l' f requenci es is q uickly rc \·ca lcd. 

The Ty pe 41 3 Jl cat - .Fn~<tllc ll cy Oscill ator llIay a lso be lIsed to mod­
ula te t he out pu t of tl l(' Ty pe :384 H adio- l"I'ClllICIH'Y O >3ci ll a tol'. '1'1 1(' 
mod ulated l'adio-f l'cqucll l'Y Ol1 t pu t t hu s ob tai ned Iliay he used ill test ing' 

l'ccci \'i ng Sl' ls 1'0\' ho th radio Hud Huclio-l'l'cqu C' ll cy res ponse. T]lC audio 
modu la t ing fl'C'Il1cncy CHII he cOll1pa r('d quitk1.'" wil h t he ,lUdio- fl'CqUCIH:Y 

ou t put of thc n:c(:i\'t.: r by us ing a n oscillogra ph such a s thc Type :~a8 

S t ri ng Oscillogn , p i]. 

"('I I is inst rullIcn t i s li ('clI s('d undcr Pa tent :'\ 0, 1.11:1.1 .. J.!) by t ile Hadin 
Cor po ra tion of .\ mcr ica and associa ted companies fu]' c;\ perimentn l lab­
orHtol'Y usc only where 11 0 ("oHlllle l"cilil fta tures a rc iJlnJI \'(.:d. Price d oC's 

no t include ha Uer ics or t ubes. 

Type 4-13 Bcat-Frequency O~cillator ...... . ....... . 

D imcnsion s 1:2";\ 8";\ 20", \\'cighL 25 Y:! Ius. 

('ode \\"on l : Olt ( ; .\ .\ ' , 

, , , ,$210,00 

TYPE 311-1 HAOIO-FHEQOENCY OSCILLATOR 

.\ sma ll ra d io- frcq ucl]cy oscillato]' 11115 iI widc range of ll sefulncss 
In the labora tory. F o r ma xilllulll utili ty such a n instrulllen t must have 
it wide frequency nmgc Hnd hc readily poJ"t Hul co Thc Type 384 Hadi o­
Frequency Oscillator has he(O n desig ned to Il ICct these rcqu iremcn ts. 
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This oscillatol" is vI' the plug-in coi! type, The ['auge may be ex­
tcnded from 15 tu 30.000 meters by meallS of nine coi ls. .\ single L'':\'-
1!J9 lube is u.:icd which pe rmi ts n il entirely self-conbtincrl ins t mmcnt .• \ 
1) latc milliammeter is PI'o\·jcbl to indicate oscillation. 

The Type 38'~ Hud io- F requency Oscillator IlIHy he IIsed il S H power 
~U UI'('C ill high- fl'CqUCIH:Y mcaSllI'CllIcnts of coils and condensers. I nput 
tcrmillills IIrc provided so that H l>cat- fnxJtlcncy oscillator may he used 
1\" H modulator. 

The Type HS4 Hadio-Frcqucllcy Oscillator is 111 50 readily miaplcd 
101' lI SC as the ftuxiliary osciJlalol' required ill con.iullclion Il' itli the Type 
~75 Piczo- J':!cch' ic Oscillato r whclI us ing harlllonics of the plate frequ ency 
101' t he ealibra tioll of fl' equclll'Y s tHJl(.iHrds, P I'icC! docs no t include 111uCS 

0 1' ha ttcl'ies. 

Type :384 Ihl.cl io-} ' rcql1c]u;y Oscilla lor, wi I hou t coil s , .. , . , , , , , .. $00,00 

]) illlCIlSioll$ 18" X Ol ~" )\ 0 1;,'<.;", W eight 13 Ih$. 

Code ' Vord: ODT C :\1. 

The follo\\'illg coils HI'e H\'ai laLlc 1'01' usc willi I"Iw T ype :38-1, H udio­
FrCfJucll cy Oscillator: 

Ltype Nallgc Code II' o,.d P'I'ice 

:38 ~ -A J 5-:30 :\retel's H AZEL $:J.OO 
:lS'Hl 'lO·SO :\l ctCl'S ll E.-\\·Y :3.00 
:3~'i'-C 70·200 :\ r etc' l's II E I.O'l' :3.00 
:JS4·D 100-575 :\i ctel'1; HEHO:" :3.00 
;J~4-£ 5G,'· l.i00 ) lc1('l'$ IIIL LY 4.00 
:IS4-F 1 .700·4.400 -'i e tc l's lI J""Y '1.00 
:IS4·8 4 .400· 1 ~,OOO -' lete rs 110.·111 Y 5.00 
:J~4- 11 12.000-:10,000 ~\lc lc l' s 11 0 1.1.\' 8.50 
:184-]) S 200· 600 -' Icters H OBB Y 4JlO 
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TYPE 403 STANDARD·SIGNAL GENERATOR 

.\ gCllcratol' of knowll I·adio- fl'cqu(·ncy \'oibLgC has a 1I\.IInl.>cI' of 

applications in the tesling of rceci\'crs and in the lllcaSlll'cmcnt of field 
strcngth by compu ri son methods. The genera tor should be ntl'iablc 
ill \·olt..lgc O\'CI' a wide l"IIllgC. nnd so thoroughly shielded that no externa l 
field is set up. The Type +0:3 Stalld:u'cI-Signal Gene t'lltol' IlH S a range of 
1 to 200,000 mi("j'o\·olts. wh ich i>.i s ufiieicnL fo r measurement of th ·~ I'W!>! 

st' ll sit iw! type of I'ccci\'c l' IIOW a\'H il ahlc. 
The Type ·kO~ Standlll'd-Sigll l1l Generator consists of a I'adio-fn::­

quc lle." oscillutol' with fixed frequcllcy llIodul ation by mellUS of u sdf 
con ta ined audio oscillator. ~lI1d a cnl ihl'at cc! IlltClIlla\O)', 

I n addition to the (ests of r<.'<'·ein!J'-gnin IllCnSUreIHcllts, the s ign al 
gCIICl'HtOI' may be used for field -strength measuremcnt by comrHu'iso ll 
methods. for ga in Illeasurelllcn ts Ull radio-frequency ampl inel's, 1'01' mea .. 
un.' lIlcn! of detector dwracterist ics , :t lld of the cOllluined characte]·isti (· ... 
of detector and audio ilmpliflel" 

The Type 403 Stunrlard-Sigllfd G f' llc rlllOi' is designed foJ' use wi th 
external ullshielded baltcl'ics, and cxtcl'Iwl modulation where nlriable fl'{ ' 
quellcy modulation is desired 1'0]' (idel ity tests , To this end the leads to 11 ](' 
haUer.\' terminals Ilnd to the external modula t ion te l'mina ls arc equipped 
with filters which con(ille the radio frequcncy cntirely within the instru­
ment. The leads to the lH('ter5-: on t'he panel arc nlso fill"c]'(xl. eliminuting 
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the Ilccc·ssity 1'01' t'(T(,C'lling the fronts of llIl'h~ rs. Til l' oscillator COY('l'S n. 
li'cquC)I(;y I'1lllge of :100 to 1500 kilocycles. The nld io- fl'C'quCIlcy output is 
pll:,scd through an attelJua t ol' to the output tcnuilllll!i lit the tlppel' right 
(sec photogmph). The attelluato!' is contl'olled hy two knobs. The first 
01 thl'se. (.'ontl'oll ing the multiplicl', changes the output ill decade step!) 
for n gi\'(l ll 1'11l1io- fl'<,>qllCJlCY (,Ul'I'Clllo The second kllob. controll ing the 
output scale, })J'o\' iclcs a continuolls "1lriatioll of the output ,·oltage. 
proportioJlal 10 the s<.:a lc d i"isions al lilly onc "Hille of radio-frequency 
current for a ll Y g i\'cn poi n t of the multiplier sca le. T he radio-fl'cq ucncy 
Cli lTCll t in pu t to t. he atten ua to l' is inci ica lNi hy It l'he rl11 l1l instrument, 
the d irect-cul' l'C ll t g ah'1l110metcl of wh ich is 1l1 01l11led 0 11 11 le fron t panel 
1llfll'kcd HA D I O CU HHE i\'T , A cur rcn t calibmtion is p rovided f.)1' 
th is inst n11l1en t . The oscill<t to r <tn d poten t iomete r iHe thol'oughl y sh ielded . 
The maXlIlllllll C1TO l' o f vol tag e ratio i ll the attell ua to !" is ,~%. 

--:t"y""f ~. 
o "' ... __ ~._ 

_ ..... ..- , 

.,_ ............ . 

ClI?CUII plA<i!fAt1 

40" SW~DAFlP SIGNAl GCNE:R,qroli 

The signal gene rator is pl'o\'idcd with all intc r llal a ud io osc illutor 
which modulates the ntdio-f rcq l1c ll cy s ig nal lit 400 cytlcs. The modu latin~ 

\'oltllge is illlprcf;sed l\Cl'OSS a t r a nsfo rmcr winding in sc r ies wit h the total 
plate hallery and the platc cil'cuit of thc l'ad io- fl'C'lUC Il ('Y osci llator. T he 
,'oot-mell n-square '"Hlue of this voltage is indicated 011 11 ti1cmml voltmctcl' 
thc d ircct-cl1JTent glt!,"allollleter of which . calibrated ill mot-mcnn-squa re 
\'olts. is mounted in the f ront panel. T his \'01l1llcler indicatcs thc uud itl­
fl'eq ucncy voltage imprcss<..'<l on t he oS('ililltor with cither internal 01' 
cxtc rna l modulation whiL'h Illay he raried hy mCl\us of Ihc knoh markcd 

"JODI "LI'1' IO:-;. 
The T ype 403 Sbtnrlard-Signal GCl1eralor is applicd to the \11C<1Slll'C'­

tllcnt of o\'cr-all cha r actcl'ist i c~ of ntd io l'ccci\'CI'S in lIccol,dance wi th the 
COll\'cn l iollHI lI~~t1mpti()n t hat the eO'ccts of It WH\'(~ field upon an exposed 
a ntCllllH Or loop of knO\\'ll consta n ts may be sim ulated in n il respects by 
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the introd uction into the J"ccci"cr of It known IOl'ally-g-cllct'Hlcd !'Helio 
,'o ltage, tlll'ough a local ("du1IIIny") a ntellna or coil aerial ha \'illg the sallll' 
constalli's at the ope ra t ing frccjI.lcm.:y. T his signal genera tor is pur­
ticulat'ly adapted for usc \\' jlll Hll tc llll<l-O pc n ltcd receivers, in whi ch 
the riletn!' fo r COII W' I'sio ll of the local signal in lllicr o\'o ll"s to nil cquindcnt 
field strcngth is silllply a length 0 1' " effective he ight." H owc\'cr, Ly usc 
of a suitable c oil - cOII\'C I's ioll facto r the g'CtlCl'lItO I' ntH." be used to IlICHSllrl' 

sels opera ted wi tll 11 coil I.lC ri ;11. 1'0 1' t he cOll\'cntiolllll measurements of 
SC li s it i"i ly, sclcd i\' ity Hnd fideli ty, t'\\"o IIdditional pieces of equipment an­
required in addi tion "0 the signal gCllcra to!' : ( 1 ) loca l HC!'ial c ircuit: 
( ~ ) !'ccci\'cr-output mc te !' I.: onlp ri .;;: ing' n resistHnce 10;ld of II nHl glli tudc 11]>­

pl'opriate to the outpllt tube of the I'ccei\'cr u llde!' tes t. togcl hc!' with H 

therma l mctc)' fur llleasul'ing the <ludio current in the load. 01' it \'HellU I11 
tu lle vo ltmetc l' for meHsuring the vollage <tC I'OSS the load. JJoth of thC.;:;l' 
inst rumcnts Call be cllsily ass('mblcd fl'olll sb,wdHI'd labora to !'y equipment, 
It is l·cl.:ollllllcndcd th ll t the results of rccc i\'c l' measu rements <Ill be (':\ ­
pressed in tcrlll~ of mi l.:l'o \'olts input to the local IIlltclilia circu it to yield 
· '.'\c)I'lllHI Sigll ;IP' outpu t fl'Oll1 t he n:cc i" cr u t, differc nt audio {I ud r adio 
( I'Ctlll cl)(:ic.s . on a nd off I'('sonan('(,. The ('0I1\"c1l1ioll<l1 \'lIll1c (0 1' U\'orlll al 
Siglllll" is :j() 1I1il1i\\'attR ill II load of from .. W OO to (Soon ohms. T hc l"t.'­

\'iscd " Hcpol't o f Sub(,OIl1ll1it !c:c' 0 11 H ccei\' illg' Scts1l of HH: Inst itulC' of 
H HC lio E ngirlf"p"s, a copy of whi('h 1ll;IY he oohLill crl I'm))) the Sct'l'etal'Y 
of the Insti tu t('. conht ins dclails of it sui ta ble tcc hn iq ll e ill making lhctil' 
Hl l'HSlII'C' lll cnts by 1lIeans o f it ;-lignal gCIl CI'll tO I'. 

T he en tire instr Ul11en t is lllo,'oug l, ly shielded , ~Iml c:\!e l'lw ! ICH<is HI'(' 

(ill Cfl with fillers. The shielding is sufllc ic' ntty complete so t ha t the T ype 
t~0;3 ~hllldHrd - SigIiHI GClle rator lllay be used 1'01' tests of un shielded re­
('('I \'('1' $ , 

A l.:oll1 ple te set of o l)cnd ing instr ll ctions accompHnies the gC llcnttor, 
l .i censed undel' ,Pa tent S o. 1, 1] ;).1 ,~n 1'01' laiJonttol'Y USc only whcn' 

110 bll sinctis fC;ltul'cS <lrc il1\'ol\'('( I. 

T ype ·10;) StlllldH l'd-Sigllill G('l\cr a tor .... , ........ , . ... , . , ,$GOO,()O 

D imcnsions lS Y/' x l:l Y~" :\ S", 
Code \\' nrel: SeA LY. 



   

METERS 

.\ sJlecialized type of meler is I'cquil'cci for u.sc in the cOllllllllnications 
lubol'utory. S U{'h mete.'s IlIUSt operate withou t g l 'CIl.t er rol' O\'CI' wide 
Irequeney I'allges. CCl'tllil 1 ]'cq ui l'cmcnts dellland a \'o ltmctc l' with an 
lIIfin ilc in put resista ll ('e. 

TYPE 426·'\ THER~1I0N) C VOLH) ET EIl 

The "Helium tube lend s it self Iwl'l icullll'ly well fo l' usc as a voltmet e r 
whc l'c Il l) 1.:11 1']'('111 may he taken b,\' the in shu lllcli t. This is bc<..-;tusc the 
gl' icl - (illnl1(~ nt impedance of it t ube is pntclicall y infini te until \'cry high 
f ,'cqucncics lire I'ca ched . as long as the grid is Ill/tili lniuce! II c'ga ti ,·c. ..-\ 
Il UtnhCl' o f ,'ol t tllctCI'S Ilil\'C heen developed 1l1llkillg lise o f the n l Cl1 Utll lube. 
hul few lIrc cOIll1l1 c n.:iltlly a\'a iIHblc. 

The Type ·k~(k-\ Therm ionic \'01 t 1l1cI CI' posscsses se,'c ral feutu I'cs no t 
us ua l in sud I in st nmlcnts, .-\1 1 extcrnal ti rc'lits ha ,'c hecn elimina ted " 
The $i nglc battcry rellui l'cn is contained in a cOlnpllrtllU.'Il1 wit h til e inst ru­
ment ("a ""C, Thc only zc ro adjusbncnt ,"c'lui l'cd is made wilh a rheostat 
moun tcd ill the C;t~C. T his singlc ,"lIcoslat adjus tment ("onl rols the filamcnt 
('UITCUt. grid hias and plate mltage silllultltlle()usly and is nmdc lJy sctt ing 
the mete l' poill lc: r to zero" T he in ~tr lllHe ll t is then elil"cd rellding. The 
'"ol hllctcr terminals must bc closed thmugh:l (lircci-<'uITelli ])Hth s ti ch as a 
measu r ing coil or 11 grid leak when this sctting is llmcle. 

1n the T ype 4:l6-.\ Thc nlliolli c \"oltmcter, the plate-filament resi st­
"tllce of a th t"cc-clcm c'n t lu he is lI sed as one HI'1ll of thc hridge cirl'uit shown 

I 95 I 
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bt.']o\\". T he ,"Hlue of this r csistalH.!C is greatly changed <IS i.I result or 
changes in t il e grid potential c<llIscd by the lllcaSurcd ,"ultage which is 1m 
lwcs~cd bel ween grid and fl iamcnt. The current lio\\" t1l1'ough lht~ Illino 

ammeter which results from the unbalance of Ihe bridge is a meaSure 01 
the \'ollage imprc.sscd .• \ single hattery supplies all \toltage j'C"<luir'cllu' u l", 

, 
R, 

MICiMMMOLR 

RH [;O. 

BATTERY 
+ 

of t he YIlCUlllll t ube, suitable resislors di\'id ing the lola l voltage d rop be 
t wel' 1I g rid. fj l/t nlcnt fl. nd 1 late. It will be observed that the pla t'c voltag'l' 
is imp ressed ac ross the br 'idgc fl lld corresponds to the exciti ng voltl1gc or 
the usua l \Vhcatstonc LI·idgc. All t he res ista nces except t he rheostat ~II"I.· 

permanently adj usled aL the time the mete I ' is calibraled. 'l'lle l'esistanct'S 
:In:' .so rC'lil.ted that lhe tube is worked Ileil l' the lower bend of the gl'id 
voltage-pia le-eu lTen l elm raetcrist ie. 

\\'hcll an alternating vollage is impressed across the lcnninuls of ti ll' 
meter. lhc IIcgftl i\'e loops [lI'C supp ressed . the meter giving an indication 
p r opodional to a ntlue between the :1,'c ra(re anti eJ-fective va lucs of ti lt' 
\\'II\' C, T he cali bl'lltion is ma de agai nsl root-mean-squlll'c \'rt lues of ,l 

si ll usoidal wavc .. 

T hc T ype 42G-.-\ Thermion ic Yolbllctel' lIses II lube of low filam ent 
consumption und refluircs only 22.5 volts, SPll CC is provided in the instru 
l1lent case to accommodate b\'o ~:l . 5 - \'o l t batteries connectcd in pamlld. 
PrO\'is ioll is also IlHlde fo r connecting an extcrnal batte ry. 

I TildeI' usu;l l conditions the cid ibrat ioll will be llIaintained to with in 
O.:3 7c up 10 about 1000 hours. at which t ime I' he inst rument should be 1'(" 
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t Ul'm:d 10 the fi\ctOI'Y for a n(-\\' tube nnd rccal iuntlioll. T he wlwc-fonn 
CITOI' is slight. .\ 207(' third hurmon ic ill the wave pl'llduccs an elTOl' of 
but O ..... ~( ill lin: lIleter l'eMling. The mete .' is cxll'cmcly I'csistat_ll to o\'c}"­
voltage. :}O \'olts may be mOlllcn turi ly impressed 011 the :1-volt metel' 

without d amage. 
The \'o ltngc calibn:tlion is reliable OV('I' tlte C'ntire audio- freque ncy 

r llngc. The fl' CCl uency er ro r is less t lHlIl 20/0 of full sClIic al 20 kil ocycles 
lind !ess than 3 % at 300 kilocycles. The calibration is not rel iable at 
l)!' olt d ~ast lind higher I'l.Idio frequencies 1I 1though th..: meter is use ful 
lit such frequencies as a r CSO ll11I1CC indica to)' 01' for vollage com par isons. 

The mete)' is contained in n wulnut case with llHtl'<: ry compal·tment. 
T he p r ice in cl udes tube bu t not the battery. 

l ypc 4:W-.-\ Thermionic Vol tmeter, Ha nge 0-:3 \·olts ............ $] 60.00 

D imensions 0" x 71/f~ x 10 yt. " 'eight] 1 lbs. 
Code Word , SEHC \ f. 

TYI'E 189 I' OINT F:R GALVANOMF:TER 

:'Ilost I;tlJol'atoric8 require <I rugged. sellsitivc. portHole instrulllcnt 
for the mCaSurcmcnt of C\llTcn ts of the o rder of ] 0 to 1000 microumperes. 
The T ype 180 })ointc i' Galvanometer is adHptcd for j ust such se rvice. 

T his instrument is of the D ' A rsoJl\'a l ty pe. u.-sing' the straincu sus pen­
'IOn II'hil:h pC l'IlIi ts of grcater sensiti"ity than the pi"o t type and 

1971 
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requires no leveling. The co il is wound all Il. d<.lInping form and adj usted 
to bring the coil under cr iticfli damping. The cOlIst.'uctioll is slich 115 tu 
a llow it sa fe cJcanlllCC between t he coil .. mel t he shoes of the 1lIltgnet poles. 
t hus p l'c"cnti ng ill te ..fcl'cll<':C fro lU chullce lint or dust par t icles. 

The slispension is of phospho]' hronze rolled into a. thin st r ip . T he' 
spring support fO l' the suspension is such as to take up a lly a rd i nll1',' 
shocks wi t hou t da nger of sb 'ailling or snapping t he suspension. T his 
type o f const r uctio ll , tog-ethel' with the IlU l ura l j>I'opcrt ics of the phos­
phor brollze s trip, insure a reasonably stable 'l.CI'O. The gah';)' llolHf'tf' 1" 
pointer is fiLted wi~h a ze rO adj us tlllent, a nd it clamp. 

Its combination of portabil ity and sensitivi ty make this instrumcn t 
ava ila blc for i l widc Hll'ic ty of uses, nlllgi ng from indicati ng a b ridgl' 
ba la nce to the mcaS U1'eIHcn t of rad io sign/l l strength when llscd with a 
suita ble rect ifie r. The clea rly dra wn th ree- inch scale IHakes thc read ing' 
of the instrument "crY easy, 

T he case is uf polished walnut and the metal parts are nickel plated , 
A cOllvenient irHtiler cHl'I'ying strap is pro\'idcd, 

Typc Z C]'O 

189-1·: Left 
1 89- x" Ccntre 
189-J-l Left 
1 89-.J CCll t re 
189-L Left 

A pp]'oximl.l te 
Hcsista ncc 
)0 Ohms 
10 Ohms 

100 Ohms 
100 Ohms 

2000 Oh ms 

.-1 1)I)rox il wt te 
i\ I i c r Oil IlII ]C rcs 

full scale 

150 
~ -
I~ 

50 
25 
) 0 

Code \\'ord 

GA llLE 
GAILY 
GALOP 
GA)U:\ 
GAZE L 

Type 189 P o inter Gal"H llometcr $36 00 
c" ~" . " 31/ " ,:'II ZC !} x D x . 7 2 ' ',"eight 2Y2 Ihs. 

TYI'E 127 AND TYPE 170 1l0T-WIIIE METERS 

An inst rument fO I' thc measuremcnt of currcnts at high frequcnciel'i 
must ha \'c ils inductance il nd capacita nce kep t as small as possibl t" 
H igh impcda nce would cause the rcading s to va ]'.'" with frcfju cllcy, F ur 
mall." mdio- fTefjuellcy mcasurc1lIenls u sui tahly designed hot -wire a m ­

meter has the neccssary dWrflcteri stics which pttrticulurly adapt it to 
this work, I t ShOltld, llowc \'c r, be ]'ccognized thl.l t it hot-wire Illllmc ll: r 
is inhcrcllHy less It CCUI'Hte thllil the a l1l1Hl' tCI"S o f t h c IIIm'ing-coi! ty P(' 

which of cou rse are unsuitable for mcasuring" current at h igh frequencics . 
I II the Types ] 27 fwd 170 (-fot-\Virc ]\ ie tel's ca reful design a lld g ood work 
Illanship ha\'c Jwodu ced instrulIIents which are electri ca lly ~l n d lIIechanic 

I 9B I 
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'IHy good . n Lggcd and relia ble . T hese meters, purt icuial'ly the ga1nl.l1om­
etcl" t)'PC, which is the 250-1l1 ill ia mpc l'c s ize 1IllcaliLratcd , IHC used vcry 
cxtcnsi\'c1y in WIl\" Cn1 Ch~ 1' 5 a nd s imila r osci ll at ing circu its fO l' determini ng 
the r esona nce point. T he T ype 127 H ot- \\'jl'C Melers a l'e used extensively 

fo r measuri ng the I'Ildiation, filament Ilnd plate cu rren ts in ex per imental 
continuous-\\'u\,c t ra nsmi tti ng stations. T he T ype 170 Hot- \Virc Meters 
h/lve fo und fl wi de usc outside o f the n lci io fi cld . They IH C used as hilliS­

ter instmmcnts ill gcnc]'utol' testi ng lind Silllibll' wOI'k . 

T he ex pand ing strip ill these mete ."s is of lh in platinum, i ll order to 
!)I'c \'cnt oxidat ion. It is so propor t ionoo tlwt it wOI"k s a t tl. 10\\' temper­
uturc und is of low I'es istilllcc. T hese In c two highly desi r ~lb l e features, 
slIlce the form cl' pC l"l nits I'e,lsonablc o\'c l'loading withou t burning out, 
Il nd thc Inttcr min imizes the losses. 

The ty pc of llluitiplyi ng lIction ilo; such thnt II mo rc uniforlll scale 
l~ obtaincd thun wi th lIl a ny hot· wit'c mcters, These tllctC t'S havc been 
\':u l' l'cctcd fOI' tcmpcraturc so thut thc l'c is \'cry litt lc shift of 'I.CI'O. An,)' 
neccssa ry correction IIllly he tll:1 dc by adjusting a kllnl'ied sc rew. This 
type of insh'ument is equ<l lI y aCClIl':1tc on dil'cct 01' ;tltc l'I la ting {,lIlTent 
of any frequ(·ll cy. 

These instrulllents al'e nwde ill two gcneral sIzes. The T ype 121 



    

GEXE1IAL R A DIO COJIPAN Y 

Ilot-\\' irc l\[ctcr is the sll1:111 c1', or th ree-i nch size. aod I S made in t IHl >(, 

types, por t able, fronl-or-board mounting il. ll d flu sh moun t ing. The Type 

170 H ot-,,' jl'c l\ fel:cr IS the Ilirge size flnd is lllHdc only in the pOl' t11hl (: 

t ype. It is mounted in a poli !:i hcd \qLinut case and fi tted with a carl"\"­

lIlg s tTrtp . 

The Type 170 HlctCl'S a rc Ilwdc in t he sizes listed belol\". 

Ha llge R c"is t.l lll'C C~){lc ',"on'! C,IS<.:: l'ri {'(' 

100 )rilliampcl"cs 31.0 Ohlll.'; EXULT Portable :j;20.00 , 
250 l\lill iampcrcs '. G.B Ohms 1:1'OKE P or la ble 20.00 
500 i\[il liampcl'cs 3.4 Ohms EXA CT 1')6rtnblc 20.00 

1 .Ampere 1.2 Ohms EXCEL POl,t.il. hlc 20. 00 
2 .. \mpc1'('s 0.55 Ohms EXEH'l' P ort::l hlc 20. 00 
3 .A III peres 0.3 Ohms EXILE l)ol' l:ao lc 20.00 
ij Ampc l'c." O.lG Ohms EXIST r orta hlc 20.00 

10 .-\ mpc l" C's 0.08 Ohl115 E XPEL POI" table 20.00 
20 .\ mp crcs 0.04, Ohnls EXTHA ]"lor t ablc 20. 00 

G <.1. 1 \'a Ilometc r 4.4 Olll"ll s ETHEH Por tubl c 20.00 

Dimensions 43.4" x "" 0 x 3';':" 2 . ,~re i ght 16 oz. 

, ~. 

\ • . 
\"-- t \' , .....-... 

TYPE 12 7· .\ TYPE 127·B TYPE 127·C 

The ease of the Typl~ l:2 i -.\:\l clC'J" i:, d il:-ca;.;t ,,·ilb hlack .iapa ll (ill is!" 
ThC' (,11.';(,'<'; of lhe Types 121'-.ll and 127-(' :'d etc l"s lire of mould ed hakeli te. 

H ;11* (' 

l Ot) :'Ililli;IIIIPCr('S 
2:')0 "ill iatll ]lcl"es 
500 'Iilli:llupcrc:-: 

1 A l llp(:f(' 
1.5 .'\tl tpcr ... ·S 
2 . .'i .\ mpCrcti 

.S . \tII IW]'('S 

10 Au tlH'l"l"S 
G;t 1 \·allOtllc\(-t· 

Type 1 ~7-. \ T ypl' 127 - 1'1 
Vlm:h )Iotlntinrr Fr(lIll ·of. Hoa rcl 

Code W o rd - Cuil l" ". ord 
-' IED.\I. ~1.\YOH 
-'I EH CY .\1.\ D .\:'II 
.\II-:n IT :'Ir.\.Jon 
-'JI '; IlHY ) I ANOH 
.\II NUS ) II ST )" 
.\IJ:SOIt. )L·\PI. E 
'II:S 01 ) 1.\ 'I' l l\' 
'Ill\i\"Y ) 1.-\:\01 
'[ITEB. ) J.\GI C 

I'rkc 
Bolli T ypes 

;;;6.00 
6.00 
6.00 
(i.OO 
6.00 
0.00 
0.00 
6.00 

T y p(' E~7-C 
('ortal JJc 

Cod !" \ \ ' (lrel P l'i ('4 ' 
.\J t.:Gc.: Y $ (;JjO 

:'-l OCI \.\ li .... ,O 
.\J OGl' !. (' .:i O 

).:1 0 L:\ n 6/il t 

) IOToit ( • ..'i () 
)IU .\I:\IY 6.:;11 
.\I t ·:';TY 6 . .511 
.\[OTTO (i. 2.1 

Dimens ions :J" x 1 y~ " 
Weight 9% oz. 

Ditl tt;!ls i(ln s 3" x ;J%" x 1 ~~ " 
W eight 8 oz. 

l 1 (JO '1 
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TYPE 2117 OIitECT-HEAOING O I1~ 1 ~I ETEH 

There are ma ny occasions in laboratories , se rvice stations and fac­
l UI" i t.::; \llIl.:l'c HII Ilppl"oximatc tlIca sun:'!1IC ll l o f ]"cs i stam.:c i s n:quirl.:d. The 
Type 187 Din·c:t- lh !Hding Ohmllleter is dcsiglH::d for the tju ick dclennina­
t ioll of ]'CSistH IiCC will'l'c all approximllte nduc is s u(fi cient. 

T hl.! T ype :l81 D il'cct- Ih!<ld illg Ohmmeter consists of it b.ttler.'" and 
mete ]" i ll sC I"ie:; wit Ii 11 n~sisblllC:(" which pl'otects the mete r frolll d alllage 
at shor t circuit . :tllli alSf) p l'Micil.':s 11 zero adj\lstlHt:llt. The di al is c,di­
bratcd din'dl.'" in ohm ..... Clip lcads nrc IHO\"idcd for cOl\venience in 
cOll llcct ing the instrulIlent 1.0 the lh! \"j l..'c to be measured . 

Olle or the grea test uses of thi s ohmmeter is the checking of apparatus 
a nd trac ing of circuits. Its ind ication of the uclual res istance of the 
ci l·cui t makes the Olll11111ctcr useful whcn lhe bu ttc l·Y uml telephone mcthod 
of lral: ing (.; jr l:uits is of li ttle lI SC. This featlll·c llIa kcs i t possible to dclcd 
not onl y open and short ci l·cui ts . but also wrollg connections. 

JJcfore using lhe ohmmeter. the zero should he chel:ked by connecl­
ing the terlllinals togethel·. T he knob should then be adjusted until the 
meter needle registe rs 1.(:1·0 resistance (shol·t circu it). T he short-circui t ing 
con nC'ction is then rCllIo\·(:c! and lhe melcr is ready for lise. If t he m ctC l· is 
to be sh ipped 01· s lon:!d fo r 1.1 consirlcnlble length o( t ime the LHl ttel·Y 
should he rCllIo"ed to pren :nt possi hle spilling wi th resultant injury to t he 
cabinet. Price includes batte ry. 
Type 187-.\ Dil·ed-Heading Ohmmeter. Hange 0 to 5000 ohms ... :'30.00 

Code \\' ord, OXIO:-\. 

Type :287-B Dil·ed-Heading Ohmllleter. B ange 0 Lo :2000 ohms .... $30.00 
Code \\"o"d , OHBI'l'. 

D imensions (FYi" x 5Xt" x 41j:!". \Veight 2 J/:? lbs. 
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TYP E 330 FILTE R SECTIONS 

E lcl'lrica i fiiters arc used eXlensively ill studying the cil<ll'nctcrislics 
of cOllllllunica tion equipment" and in the t ra nsmission of elect ri cal impul ses 
o f multiple fl'CqUC llf:Y stich a s speech o r llItl s i(', ~ul'h fi llers consist of 
capacitance a nd illductalH:c lIl'twOl"ks so designed that t hey allow certain 
frcquclwies to pass t hroug h litem ]'c:td ily while at t he SIIIlIC ti me othel' 
frctju(' llc i{'s arc highly atttlll!lIlcd. fl y the usc of filters, for ins lance. 
H ('ompo~ itc sound may ue d i" idcd into 5(' \ ' ('1'11 1 parts or 11 fault in tc]t:'­
phonc apparHtus may he remedied hy aU(' lluli ti ng or I'I1lcing emphasis Oil 
('crtllill range:o; of the frequency s pectrulll . 

F ilter s Illay be divided into foul' gcncnd classes a s follows: 
( 1 ) l.ow- pa ss filh~ I 's whi('h cut off all fl 'cqllcll cies above a defi lli te 

prt'cieterlllincd v;'due, 

( 2 ) I l igh-pllss fil ters which cut 011' ;-tl l frequencies below II pre-
dele rmined \'al tl e. 

(3 ) BUild-el im inat ion fil te rs which cut out all fn",'fluencics between 
Iwo pl'edctc"m incd \'alues, 

( 4 ) lland-pu ss filter s which cut out all fl'cquc ncics below t he lower 
and a bo\'c the upper of Iwo pl'ed e tenn ined val ues, 

T hese rom' cla sses of ~ItCI' S can lJe fonned in II n.ll' ic:ty o f nctwol'ks, 
some simple Hnd othel's mOl'e cOll lplicatcd in their structure, }'Ol';t 
t heorcli cal di scli ss ion of sllch fil le r nelwol'ks t he r eader is rcfclTcd to two 
texis , nallldy. " T l'llnsm iss ion Cil'('uits fO l' T cI<.'pho lle Commu nication" 1J'y 
K, S. ~lohn'<;tlll. and " E lcctric \\Ta\'cs and Oscill atiolls" by G, "r, l"lien:c. 

1 102 ·1 



   

GENEHA L R ADIO CO.lIl' A.\T 

All ckdl'i<.:nl filtc)" 
lil a \' he rcndcn·d more 
jOi ll NI in sCTics. 

may c:onsist o f a single llctwoJ'k 01' section, 0 1' it 
d1'C'cli\'c h\' c:ontai ni lw several recu r ren t sections . ~ 

A s all aid to the experimenter who dcs in 's to stud y the chamclc l' istics 
of slich filte r s 01' to lise them in communica t ion c ircu its . t he G Cllc n d H ad io 
Company has dcq:lopcd II scri('s of s imple h i gh ~pa ss 11 ml 10\\'- pa85 fi ltc~ I' 

section s nlOl1tllc:d ill indi \'irl ual CHSC$ . T he h igh-pass fi lte rs t a ke t he fo r lll 

known as it 'I'-type sect ion, whi le the 10\\'- pIl55 filters II I'C constructed i l l 

t he fo rm of a 7T sect ion . 

I n o reie r to d ete rmi ne the cledl'icn l cO ll sta nls of t he clemen ts o f slIch· 
a (i l te ]' i t is tlC'cess<lI'Y to kno w two t hings : fi rst , t he d es ired cu t-ofr fl'l'­

qucncy F , a nd '''('cond , what is kn own a s t hc item t i\'c il'll pcda ll ce 2 o f t he 
ci rc ui t in \\'h ich the fil te r is to be p laced. The val ucs o f ca r);l c it a nce a nd 
ind ucta nce fa)' the h igh ~ p(l ss (i l te !" sect ion may then he comp ut ed 1'1' 0 111 thc 

equat ions : 

C' l = 

1'2 = 

0.079.,8 
- --c;;;--- Fa I' ad ;;:. 172 .., 

O.07!J58Z 

F 
H enrys 

where F is in cycl es per second , li nd Z thc i tcl" Ht i\'c im ped ancc ill ohms. 
F o r the IOW-pHSS (i lte)' we 11 1I \'c a simila r ma n ncr : 

(;2 = 
0.3183 

FZ F a rad s 

L 1= 
(UJ1 83Z 

F 
H ell r ys 

Hcll)\\' is g i\·cn it list of high~ pHss li nd low- pass sect ions hH \' ing im pe­
da nces s t a nd a nli zed at 600 0 1' (WOO ohms alld ell l~ o tr f)'('!qllencies s pecifi ed 
as 500. 1000 o r :2000 cy clL's, 'l'hC'sc ind ivid ua l scdiull s a l·C bui lt in lo sh ield­
ing mebtl lic ca li S il nd com p rise , t su ita bly des ig ncd lamin ated eOl'C induct­
a nce u ni t t ogethe r with t wo c;:t!ibl'ated wa x p a pcr condensers , Any number 
o f sim ila l' o r d ifl'c )'cnt sect ions lIl ay . of cou rse. be joincd ill sC)'ies t o pl"Oducc 
a l1I11Iti ~s('ction fi lle)'. 

T he tYPC5 lisled rep rcscnt Hr hi tra ri ly chosen \'allleS of im pedance 
a nd cut-o tf fl"Cqul' I1(,Y wh ich fi nd j'a t he r extcns ive use ill pl"acti<..:e, The 
G enera! Ibdi o Com pa ny spcc ia li zes in eq uipment of this sor t, a nd s imila r 
scction ,') h, l\-i ng Hlly rh:s ired eledl'ical cotlsbtll ts !lllty be ouh\illCd o n special 
orc/cl', 
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Iterative cui-on' 
"'1')11C :"\ulI \hcr F.l!'1U I lIlpcd:ultt! Fn:qucllcy COlic: \r vIII 

:1:30- . \ I ,ow-Pass ij(I() Ohms ;jOO c,c1\:.:-> VII .TJ:: HGO.\ 'I' 
:~;JO- l ~ lli gh- I'ass liOO Ohlll 1:J :)(10 (,~'des F11 :J' IC:Il()IBL 
;j:30-C Low-I'ass (i(JOO Oluu s :')00 C\'clt:s Fll .TEH SI1O I': 
;.I:jO-1J llip:h- P'l ss GOQO 011111 .') :jOO C~'d('s "' II .T EHSE.\ T 
:J;JO·E L ow-l'as!> GOO Ohm" WOO ( w[cs Jo'II.'I'EHTO.\ IJ 
3:30-1" J Iigh-Pass {iOO 011111'. WOO C~'dcs FIt.TEID1USII 
;J;W-G Low- Pa SS (Joon Ohm:'! 1000 en.'les ,;' 11 :n : US IG:\" 
;130- 11 I-ligh- l>a's GOUO OlllllS 1000 C\'dt:s 1"11 : n :H 1'1 PE 
;J30-J Low- !'a!:!s 600 OhOl1> 2000 (,,-des .F II ; l'I': U II E .\O 
:J:3O-1\. Iligh-Pass ij(I() Ohlll1:J :2000 C"C'lcs . 1"1 LT1'~ H 1"00'1' 
:1;;0-1 . 1 ,0\\,-Pas .. 6000 0lm1S :?OOO C~'clcs FILTEI{ BELl. 
:130-:\1 [ligh -Pa .. ,:; 6000 OlmlS 2000 Cycles FILTEUW.-\LK 

'l'y]>" :3:)0 Fill er ........................................ $ll.00 

TYPE 355 AM PLI FIER TEST SET 

T he widesp read interest ill audio-amplifier t:hul'lldcl'islics lIlUkl'l­

the dcycloplHcnt of a sta ndard and reliable method of tak ing them 
highly desira ble. The test method should reproduce as nearly as possible 
the working conditiollS of the amplifiel'. It should neither omit ~llly f~lC:tol' 
tending to ofTed the characteristic, nol' in t roduce any effects not presen t 
in the amplifier. 

The couptillg device of t he audio I.Imptiflcr is always used in the 
plate circui t of <.1 \ 'HCllllJll tube whose impedance affects the ael ion of the 
::unpliflc l' "c ry greatly. It is therefol'e necessilry thaL t he test instrulllent 
cithc l' be so Ht'l'<.t1lgcd that the coupling' dc\·jc..:c is connected in the plat e' 
<: il'cui t of II \'IlClllllll tube. 0 1' t ha t t he effect of the plate impcdn ncc bc· 
.1'('pl'odut:ed in some manner. It is Hlso important that no CUrI'cut h(, 
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allowed 10 How in the 11'1I11$1"0I"lUCI" secunda I ' .\" . II:, l" "('11 a n!l"y slight sec­
ollehl!"y cUrl"{:nt will entirely alte l" the chul'1Idcrislic. 

In the Type a:3:} .\lllpli(ier T est Set aU the I\CCCSSHI"y dements of iI 

relia hle l(~st .';ct arc as"clIlblcd in ~I ('olllpact utlit. .\ 11 changes in connec­
t ion..; arc !lI tHic with quick throw swit<:hes. The cahinet al so contain s til,," 
'HClIulll- tuVc \"oltll1clcr and its piHtc anti l~p'id battcrics. 'fh l' whole uni t 
is HSS;CllIblcd in H wulnut case with bakelite pancl. 

T he circuit U5l"P ill the Type :j:35 .-\ mplifi cl' T est !::let \l'a:- chosen after 
un l'.'\ uminHliull of the lesl me thods lIsed in 11 Ilumber of leuding labora­
tories. .-\ rcsist<tnce Hp 15 llsed to sililulate the impcd;lllcc III 

se r ies \\'itll the 1r:lllSfortllCI' pI·illlar.'"" This n:.') istH ticc is "ariaLle ill 5000-
ohm st<.'ps Hllti <.:O'"C I"S the usui.d r unge of tu bl~ impcdances" .\ '"HCI.IUIH- tubc 

voltmete r is used f\S a measming (h~ ," icc . T he COtlst:wts of the "oitmete)" 
ure so adj usted tha t the grid of the "oltmete!" l uLe can not tuke CUl"l"ent 
while the ga lnulOlllcler is on scale. 

[1---1 ·i •• G i-® ~ ~1 1 ~ l- f-J . r" ! f\ r' - • ,\ \ ~:: J- pr_ , 
~i 1-0 ~ ~ ~ 
~ ~ R " . ' ''§ 

, 
• , 
6 L... . I, . " 1-

- - ~IIII'+ 
A 22.iV 

... 
Fig. 1 

The inpu t voltage to the trallsfonllel" uncleI' test is taken ofl" <lC I'OSS 
u portion of the h igh l"esisUtnce across which the o.')cillator output is 
impressed. The remainder of th is I"csisUtl lce is used for checking the 
$ccondm"y vo1tuge of the transformcr. The ' "oltllleter is uscd only 1\S U 

trans fer instrumcnt" 
I II o rder tha t the efrect of wi nding capacit.ances mny Uc repl"oduced 

concctl.'" it is desirable thttt the n plus and F minus t.erm inals Uc connected 
together, so that hath will be at ground .\ C. potential, as under working 

condi t ions" 
As the vaCllulll- tube ,"oltmcte l" is also used to check input voltage, a 

transfer switch is })I"o,"icled. 
The method of test is as follows : The input "oltage is adjusted to 
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the desilwl \'alllC by adjusti ng' til(' oscillator outpul. T he \'oltlHclcr 

is Inltl:;fl'r rcd to til e tl' allsforn1(:l' .-;C'(;OIH IIlI'." . ItJ ld t he (lc llcl:i io ll or the 
cYHl vlIllOlllC-ler u IJscp'('(I. I f t he trHll s fo l'll1('I' - M ' CondHI'V \'o\t a!!c is hi!!h 
~ . ~ ~ , 

('llOugh to sc-ne! the galqUlOlllctc r ofl' sca le. illl add itional ad .i ll ~lablc 

hias is ;;witcil('d in and the lIlt:!C' ]' Ill·cdlc brough t 011 scale. T he \'oltlllct cr 
ilS again switcher! to t h(- o,-;c illatol' ou tpu t. and the potcntiolll ctc l' llcljulitcd 

unt il the relLding' i . ..; n .' p('atcd. T he \' oltagc amp lification of t he trllllS­

former is tlU.'II indielltcd on the scale attachC'd to the p olcnliolllc tc ]', 

\\'h('11 illlperiltlln.'s . 01' ol\u' I' coupling dC\'iccs whose n t t ios a rc less than 
unity, 1In.: being thetked, the 1l1ultiplier r(o~i.·d an ('e H is co nnected in 
(· ircuit. 

Amplific<ltioll f"dors ;lS high HS 1 :10 Hl'e me1\slInlhle with this 
inst rument. 

OJ»EHAT IL'-,;C; I \ ' ST HI 'CT IOl\' S. \ r hcll the test sci' is rcceived , 

the pu nel shou ld be lif tccl out by !'c'lllo\' ing t he (·ight thumb nuts and lift­
ing s tntighl up. A l ' X -1UU tuhe should be placed ill the so(:kcl and the 
Iwo L!2.5- \·olt dry b;dl<:' I' il's conlled(,d , The dry ce ll s should he E veready 
No, 7GH OJ' lik e sizc, The I'cd wires lire ('o lnlected tu the pltli; baUe!')' 
le l'l'ni nal s, The billte l ' i (· ~ /Ire no t cOll nected together, The ba tte r ies lIre 
held in place hy s pl'ing clips, 

I n llIi lking a mpl ificat ion Il1 caStl l'C'ments wi th t hi s test sct, t. he followin g 
I1I'o('cdu l'e should be full owed: 

T he t l'H ll s form cl' to he mea surcd is con nccted t o the prope l' terminals, 

a nd ('ollll ('diun s made 10 the bal t('ry supplying the \' I.I Ctlum-tuLe \'o lt ­
m{'\t'I', The nscilJ;dur is ('olln('ded and set in ovel'a t ioll. 

HI' is sd Ht 1\ \'1I1 Il e cOlTespollding to t he plale impedance of the tube 
\I·hid. \\'ould 110 n )l<l11," be used \1·ill1 the t l'all s fol'm~l'. 

In adjll~til1g thc in put vol tage the posit ion of t he switches shou ld 
be ,. rollows: ~ I CLT SCALE- Xl : BI.I S- OCT; FJ[~O:'\; AMP­
A~JP. and I NPL:1' I"OLTAGE. 

The g HI \,unomd(>]' is set. to zl,: ro d eHcclio ll by Hdjust illg F Ir. HHEO­
STAT while the oscilla tor is disconllcctnl 0 1' inopcra li\'c, and t he input 
\'oltage adjust.ed HS follows: The ,A-:\JrL IF ICA'l'lOl\" d ial is set to the 
reciprocal o f Ihc dcsi]wl \'oltHg'e (0.5 for :l \' olts . ] 1'0]' 1 "ol t, 2 for ,.5 
\'o lts, 10 for 0.1 \' oll s. de, ) . The osci lla to r output is adjus ted un t. il the 
\'olhlletCI' ]'cgis te l' s 1 \'olt. 

T he \' OItIl1Ch~ I' is s witchcd 10 the t ra llsfo l'lne l' by tlll'owin l1 back the . n 

fourth s wi t c'h from the lef t. ]f the mc·l el' rcnds off scale. the Lias should 
be throw n ill li nd mljustcd to b ring the meie]' on stn le. Obse r \'e the 
mcte)' I'cHding and tlll'OW the mete r transfer switch forward, Adj u.<.;t the 
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..-\)J PLIFJ C'''-\T I O~· dial until the metel' I'(:nding is the sallle HS with the 
transfo rmcr. The figlll'C appcHl' ing unde l' the indiclttol' 011 the ;.\:\1 Pl.IFl­
CA'l'JOX sca le is the HlII plificatioll of the I I':tn sfo r l1lcl'. 

The process outlined abon~ is ,'cpcatcd for c<lell poillt all the ClIl"'C. 

The inJlu t \'oltagc .'5hould be checked at CH('1l point. 
\\'here impedances 01' otllel' units whe re lhe amplification is less 

than unity :lrc being measured the Xl scale l1Iultiplier is used. The p,'o­
('('dure in mca SlIl'CIlI('nt is the SlIllle H S wilh tm nsfonllcni . except Ill1It the 
rending of the .·\ ,\1 Pr.IF IC"-\T IO~ scale in mC<lsul'ing Hmplification is 
mulliplied by 0.1. 

I n setting' the inp ut \'oltagc the .-\ :'\1 PLi FICATIo~r dial should rClld 

as follo\\'s : 1"0]'1 ,'ol t read ]0. 1'01':2 ,'olts 5. for;) volts:l, etc, 
Impedance coupling units arc l'ollnl'ti(·d as shown ill l:' ig, "2 . 

B+ p F"- a 

o 

1,' ,' <r .) 
o· -

If it is eles i]'ed 1'0 llle:tSlll'e the eA'l'd of d irect-cu rrent satura tion 
III the t ra nsfo rmer JJl"illlary , a La tic]'), lind meter llWy be conllected 
cxtcn1:dly, in sC]'ies with the tntllsfo rmc]', If this is do ne, the batte]'y 
should he disco l1 ncclefl when check ing the inpu t voltage. 
Type 355 .. \ mpliflcl' T est Set., ....... , ... ,.,.,.". ',""" .$]80.00 

Dilllensiolls lJ1h" x 5o/.i." x ]6", \\Feight 16Y2 Ibs. 
Code \VoI'd : r\ lio r E. 

T YPE 338 STIlING 0 CILLOG IlAPI-I 

1 11 many lines of \\'o]'k nnd expe rimclltftt ion with alternating (:llJT(>nts 

the need is f l'equently fe lt fo]' It simple, sensit ive, portHble. 1l11(1 inexpellsi"e 
oscillogra ph, with which one ntay vicw with case either sustained " 'H"e 

forllls or tnl1l sient CU lTClltS <lnd voltllgcs ex isting at allY point ill an elec­
tr ical ci r cu it or netwo rk. To med thi s 1'C<lu il'clllent tile Gene!'; 11 B:L dio 
CompHlly has designed II compact lind moderately p I'i ced inst rulll ent (the 
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T .Ypc :338 String Oscillograph) which may be llsed for the following 
two di stin ct puq>osc's: 

1. . .-\ s H st ring osc illograph which oper lltes wilh llllH.: h less power 
than is usually r equired by such instrulllents. but which aO'ord s <l satis­
fac tory means fol' the vislI[ti cX<'lI11illll t ion of W;HC fOl'llls Ovc r f\ wide runge 
of frequenc ies. The wave of either current 01' \'oltage' is traced by t he 
shadow image of a vcr." fine \' i ul'utillg wire rather than by <1 spot of ligh t 
\'cfkctcd f r 01ll a mirror attnched Lo 11 moving system. The vil)j'l.Itillg 
d(,lHellt Call, ac('ol'ci:ngl ..... be made Ilnll'h lighter. resulting in fill ilHTcascd 

sens ilivi ty of the insln1tllcnl. T he uscs ror slIl.:h al! instnllllcnL al'e llIalll ­
fold, ;LS, for cX ~tlllplc, t he ou::;c n 'atioll of large or sllIall alternHting cur­
rents in the la bora to ry. power howse. or class 1'00111; the visual eXHllI inatioll 
of telep honic CUlTcnts ill simple or cOlllpl icatcd cil'cui ts ; li nd when COnl ­

bined with some form of microphonc o r magnetophone, t il (! study of 
meclwnical ,'ibration occlilTing in mO"ing IllHchinery or in bridges Or other 
structuI 'CS subjcct to intcnnittcllt sb'css('s. 1"01' many such lines or 
work the pOI'ta ble nature of the equipmen t is of especial ndue. If the 
oSl.:illograph is cOllllected in seri es with the loud-speakel' of n. mdio r e­
ceiv ing set . nil instruct i,'c and ente r tai ning result will hc obtaincd. 

2. .-\S H reliable "iuratioll gnIvallolllctel', the stri ng of which may bc 
tUlled to gi\·e H good degree of sensit i\'ity at lilly desired frequency o\'e r a 
considerable runge, I n this respect the inst rument is especially useful :.\5 

it Hull -poinl d etcc;t or in AC. bridge IllCH;';I.II'CllIe ll ts when using low frc­

qUl'llcies at which the telephone r ece ivcr hccollies inscnsitive and otherwise 
l'!lsalisfaclory . As the galnlllomctcr has no coil ill the 111llgnctic ficld . its 
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reactallce is practictdly nil II-hen the string is not vibrating, a feature 
which is desirable for certain applications . 

. \n idea of the sells iti,-it." of the instrument may be obtained from the 
following data. L"sing a string of 0.0004-inch tungstell Wil'C, undamped, 
allli tUlled to the fundamental of the app lied . \ C. frequency. the follow­
ing potentials arc required to produce a W~I\'C form having an amplitude of 
one millimclcl': 

At 60 Cycles ..... .. ..... 0.:& ~Iilli\'o! t 

. \ t 250 Cycles .. ... ....... 1.0 ~Jilli\'olt 
:It 500 Cycles .. .~A ) [ illi"0It8 
At 1000 Cydcs .. .8.5 "'\ l illi,"0It8 

The DC. sensitivity of the Same Siring when tuned at "Iuiolls f,'c­
Ij ucnclcs is seen from the [ollo\\-ing daUI . \\'hich gives the DC. potentials 
,'cfJuil'ed to gi\'e u defleclion of one millimeter on the SCI'ccn: 

At 60 Cycles ........... . 0.00-17 ,"olt 
A t 2.50 Cycles .......•.... 0.065 
At .500 C"des ..... ....... 0.30 
.-It 1000 C ,·des ............ 1.31 

Volt: 
,"olt 
,"olts 

The resistance of the instrumcnt strung with the O.0004-inch tung­
sten wire is of thc order of 65 ohms, 

The complete equipment ()f the !ihing oscillog"nph comprises the 
followi ng items: 

1. A galvanometer: Type 338-20. 
~. .\. rotating minor box. T ype 338-21. 
3, An osci llograph Lase cabine t: Type 338-2:t. 
4. A c~\r l'yillg-cHse, Type 338-12, 1'01' s toring 01' tl'lLllspor t ing the 

instrumcnt I'cl1r!ily . 
. 5. ,\ l'()ll\'cnient piece of lLuxiliill'y nppal'fltus consists of an adjust­

able ]'heodaL T ype 340, ha\'ing 11 lotlll r esis tallte of ] 00,000 ohms, 
This ]·ILeost"t. placcd in scr ies with the oscillograph, enables the o~cillo­
graph to he uf;C'd with \·oIL.,ges up to 500. Th is ]'heostut, which will be 
found de.ii/.TiLed on Page 30, and the price of which is $20,00, is not 
incl uded ill the price of eilher the complete oscillograph 0]' galnlllometel'. 

6. .\1l0thCI· useful piece of <luxiJilll'." equi pment consists of u step­
down transformer. Type 285-S, to :ldapt the oscillogl'uph so as to obtain 
d fi eicllt operation in high-impedance circuits, This tWllsfol'lller, described 
011 P ;lgc ] 25 . is fdso not included in the complete oscillogl'flph or galvan­
OIllC't('r prices. Its Iwice is $8.00. 

The nppeu ]'unce of the instrument mny be seen from the photo­
grllph. .A walnut base cnbinet se l" 'cs to SllPPO]'t tllld to align the 
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sevenl l clements. I n t he left pOI'lion of l his is H (I.'awe!' for holding 
spnl'c s tring 11Iolilltin .-r il nd othel' equipment. 

'1'he galva nometer is mounted upon t he I'ig h t-hand end o f the cl.lbinct. 
It is sensit ized by two perma nent magnets, thus cl imilillting the need of a 
source of direct Cll l'l'cu t fa ]' J)I'oclucing tI !C necessa ry mag netic ficld. Two 
s peciall y shaped pole pieces uffol'd It long, 11<).1'1'0\\", "c.- tical gap ill which 
the st ring vibrates, a llel at the sU llie ti ll1 e sen e to su pport t he op tical 
system, which consis ts of 11 IUI'gc lind a small condenser lells, together with 
it microscope objcct in. The LU'gc lell s a nd the standard a utomobile head­
light bul b used i l l'C located ill the JlI llIp cha mber seen all the cxhcllIC righ t . 
while the two Sillft ll lenses a l'e loca ted withi n a tube pu ssing thl'Oug h the 
pole pieces, A ll t hree lenses itre adjustable a long the optical a xis, while 
t he lamp is ~tdjusta bl e ill three dimensions, Thi s makes it easy to fOCll~ 

~he system to giye II unifonll field of ill umilla tion, A thumbscrew, located 
0 11 the Icfl end of the lamp cha miJer, slides the op ti C~lL system a s it whole 
with refe rence to the st ring ;:Uld the rehy focuses the sha dow ill'l llgC of the 

Sltllle upon the observ ing screen, 

The sb'ing is mou llted upon H uletal rocker a rm, which, ill tu rn , is 
HUached to Hle rC~H of a vc rticlt l bakel ite st rip itS showll in the pho to. 
g mph, Two adjus tment screws will be sccn p ro truding through the fl'on t 
of this ship, One of these vll rics the tension on the str ing, while t he other 
sen 'es to move the st ring /lCI 'OSS the light beH m in order to cen te r the 
imagc on t he SC l'eell , Pro\'ision is made fO l' damping t he vib ra t ion of the 
SiTing, if des il'oo, by llleilllS of Luo drops of oil. The whole s tring 
assembly is r eadily removed , electrical con ta ct being Illude thl'ough two 
sp rings 011 the g alnll lOllIe le l' basc, Two s t ring mountings a l'e provided 
\\'ilh t he equipmen t, cacll s trung wit h it fine tungsten wil'e of about ,0004* 
inch diamete l', These sh'ings, which ftre 'P/ :! inches ill length. IIltlY be 
ove rloaded considerably withou t (!.lIllage, As t hey curry no milTor. if 
they a rc aaidentnlly broke n their replacemen t is It c()lllparativcJy simpl e' 
openl tion, 

On the left of the ga h'anometc r h~\se is moun ted an enclosed potenti­
OlllctCl' for adjust ing the potential applied to the st ring, und hence Coll ­

trolling the am pli t ude of viurll tioll, 

On the left of the cahinel is lIIoull ted Ihe IlIilTur hox, which is like­
wisc made of walnut, It con ta ins it l'otHt ing octagonal llIebti lic mirror 
which a ffords the necessary time elcment of linea r llIotion pe rpendicular 
to the vibration, The mirror is lIIoun ted 011 the Shidl of a smidl induction 
Iliolor a: ld is [,I'o \' jderl wi lh j ewclled !Jear ing:s . Thi s molor is of simple 
('ollsh'udion , L'o n s i g li n~ of :I ci rcular disc, the pel'iphery of which l'asfOe:-

I 11 0 J 
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throl,gh It ga p in a l'Cchtllglllal', IlImiuatcci CO 1"(:. The COre I':; energized 
by 11 h igh-i lllpedance co il clI l' l',"ing fl nO-cy('!c curn:: n t . and Hro und one­
half of the (; I'OS$ secl ion of each pole arc two copper rings Ilcti ng as 
"shading coils." T he llllsymlllctl'icui di sto rt ion of the resulting field 
affords t he driv ing torque. This mot.DI' is not inhcl'cn t ly sY ll ch.-oIlOUS, a s 
its SI)c«:1 nla" be conb-oll ed O\'CI" ;\ wide r ft nr,c men:']\' L,' "uI'v in (r Ihe volbvrc . 0 .. .00 

impn~sscd 011 the energ izing coil. This is done by mea lls of 1\ potentiom­
eter, the knob of which sccn in t he cente r of t he cabinet. ..\ vC I'Y COIl­

sta nt speed of lilly desired ,'aiuc nitty he Ilmin tnincd ill t hi s manner. 
making it eusy to sY ll chronize the moto r to !l il y fl'cqucncy illlpres$cd on 
thc str ing, prod ucing lhcI'eby a s tational'Y wuve patte I' ll, Fo r ohse rving 
tnlll!)ient phenolllcll lI of some du r ation, it is desi r ablc to have the minor 
n lll qui tc slo\\'ly, \\'hen~as the ll'l:"lxilllUlIl speed of the motol' is necessll I'y to 
sepamte the indi vid uul \\,;we forms tit the highel' f,'equcncies, T hc 60 4 

cyclc w;,I\'c1cngth ut nH\xilllutU speed is hOlll 2Y:! to :) indlcs. gi\' ing a 
\l'lwelength of ahout ) / l(i inch ;Il aooo cycll,'s, 

A SC I'CCll hcnt on the fll'C of a circle is Sctll by looking down into thc 
box, which is IJl 'o\' idcd with all adjustablc metallic CO\'C I' l hat sen'CS tiS 
n hood for shield ing the sc recn whcli dcs il'cd , The obsen'cr Illlly sta nd at 
some di slullcc f r01l1 thc sc recn and still wa tch the wave forll! whi le lllani­
pu la t ing o ther apparatus. This is a cotl\"c il ient fcatu re .•. \ cylind rical 
Icns is mounlt..'(i in thc minol' hox for conccntnl t ing the light beam 
into a na rrow line. This slw rpell s lind in tcnsi(ies t he image considendJly, 
Thc hon t vel·ticul Willi of the minai' box is easi ly l'emov~dJle 1'0\' inspcct ion 
a nd adj ustment of the enclosed PtU'ts, 

T Cl"Iui nu l posts, logcLhcr wilh a CU i'll ;lnd plug, IHe pl'ovidcd (01' 

ilttuching I:he equipment to 1.1 source of nO-cycle, 110 4 \'o!t cllnen !: which 
may he tur ned 011 o r a ll' cO Il \"cnien!l y hy a sllIall toggle s'witch lllO\lIlted 
on the center portion of the ca binet. This is the only sou rce of powel' 
required, as thc lamp is lig hted thro ugh II step-down t n1. 11 sforllle r 11loun ted 
in the cabinct. The whole ins t.rument tllkcs about -W watts, 

The cahinet conla ins a 3 1\ 1 F, papcr condcnser which is frc1lucntly 
usefu l fOI" elimin11.li ng a D C. component f l'Olli lhe str ing. 
Typc :3:18-1. Osci llogrtlph, with ClllTyi ng-Casc , ... , ......... :'225,00 

Dimell sions. ;JO" x 11" x 17". " ' eight. 61 Ills. 

Code \ Vol'c1: OFFEH, 

" ' hen the illslnllllent is des ired fOl' use onh' as a \'i brtltioll g ,d vtl ­
llometcr it mil )" be procu reci without t'he mino r hox. hut with a t ubc h11\'i ng 
a slllall ll'ansluccnt screen I'M ohsc]'\' illg the image of the \"i hrating 
sll'ill!!, III f ront of this is a sllm!! cdilld rical lells for cOllccntratinO" the 

' J , 0 

light betl lll <wd intensifying the imagc, .\ metallic support is provided 
r 111 1 
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for the outer end of this tube. 
T ype :) ;J8~G r ilwatioll Gah'UIlOll1clel", with Carrying-Case ...... $] 60.00 

D imensions. 30" x II" x 17", 'VcifJ'ht, 53 Ius. 
Code \\'ord: 0 1"'1'1':\-. 

TYI'E :\38-0 DOUIlLE 5TH Ii\"G HOLDER 

The T ype 338-D Douhle String I 101d(, I' pl'o\' idcs two strings. pe rmi t­
t ing the cOIHpa r ison of ~wo \\" ( t\"(' form s. This holder llIay be substitu ted 
fOl' the sl andard holrler . the te n llinH ls of olle string mak ing contact to the 
sp rings on the osci ll ograph. The ~crm i llftls or the other string ~U 'C brough t 
tlut to the binding posts. 

Type 338-D D ouhle Sb'i ng HoldeI' ............ . . . ...... . .... $30.00 
Code \Vord: OLln~ . 

TYPE 4ll 5YNCHHONOUS MOTOR 

rn checking a :'Otll'CC of cUII~tallt- fl-cqllc l1 <:y ClIIT('IIt. gn:~Ht accura cy 

may he nttnincd by using the sou]'ce to d ri"e II synchronous moto r, and 
cOllnting the nlOt.or n..' \'olutiolls 0"('1' a long period, Synchronous moto rs 
may be built which will operate propcrJy nt audio frequenc ies, H igher 
fl'equ encil'!' nlHy he checked hy stepping clown the fnxlu ency hy 
means of a series of oscilltlli) ]'.s . wi th harmonics of the lowcr f]'cqucncy 

r II ~ I 
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oSl;i\lulOI"S ;:\djust(·d to sym:hroni"lll with the fUIH.iulllcntals of those of 
higher frequencies . 

The Type 411 Synchronous :'I lotor is designcd 1'01' usc in calibrating 
frequcncy standards hy this method. The lllotOI' drives H clock movement 
lind when supplied \\"ith two-tenths of II \'olt-mlljlCI'(' ;Lt 1000 cycles will 
keep conect tillle. The molor will run f.'om ally sOllrce of .500 lo 1800 
cycles providing t\\"o-kllths of a YOlt-H mperc. 

The motol' is no t sel f-stn rting, hut must be brought up to correct 
speed gmduaJly. This is cli si ly done by spilllling the knurled portioll 
of the shaft with the finger. The motor will not synchroni:l;c if it is nlll 

too fast Hnd then is perm itted to slow down by its own friction, il.S the 
pole pieces do not have .1 suffici ently Sll'(Ulg mugnetic cffcct lo overcome 
the drag thus pro<iuc(d, A neon tube. ope-ruled thn)ugh a t rans forlllcl' 
from the SOlll'ce, is placed bCllclith the pCl'iphel'Y of the rotor, T.ooking 
t hroufYh t he rotor teelh at the neon tube, the teeth will appear to be 
sta lionul'Y when the moto l' is in synch ro nism. T he two grooves in the 
rotor should be Hbout half filled with mel'clIl'Y to prevent hllnting, which 
is otherwise likely to occur wi th this type of motor, 

The poles arc not magnctiz('d ami it is therefore necessary to ha\'e 
auout 10 or ]5 mill iamperes direct eunent a lso flowing through 
the wi nding .. \ sii tisfactory arrangement is to modulate a U X -171 tube 
f rom the SOlll'ce it is desired to measure, thell to connect the tube output 
dil'ce lly to the 1110tOl' . withou t thc usc of H spcHker filter or t ransformer, 
The normal 1,!Hle current of abou t ]2 milliamperes will then magne lize t he 
poles slitisfadorily, 

I n cl.Ise the 1lI01 0 l' should get out of adjustment the location of the 
fOllr pole piect:!:i ~hould be chc('k .... d to sec t ha l tlley a re opposile the ir 
respective l'otOl' l)J'ojcclions. The uppel' IIlI d lower hClIrings in which lhe 
s led pivots nlll arc of sapphire. and should he gi,'en a drop of clock 
oil about once in six months, The worm gelll's ttnd other bearings should 
also be oiled [It the same time, The rotor shou ld nil! quite freely but 
without ap lHe<; iaul e play in the bea rings. T his adjustmen t may be 
changcd readily by loosening the lo('kll u t at the lop Hnd turning t he 
screw ill or out, The jewels ar(> moun ted in small plungers backed by a 
sl)l'ing to prevent damage. 

Type 411 Synchronous Molar $130.00 
Ditllc/li;ions 8" x 7" x ;3". \Veight 7 Ihi;. 

Code \Vord : SEPOY. 
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TY P I:: 3 2.1. ARTII'IC I.·\L·CAULE UOXES 

" rhC II s t udying the t m nsmission chara cter is tics of va rwlIs types of 
'ca bles it is lIo t al wa \ 'S cOlln~ lt iC: ll t 1'0 ha \'c a ll a ctua l (:il h!c 1.!1'01l which 
to ex per iment. T his d iffkul t y may be on ,: n;omc hy employ ing ill" tificia l 
ca ble buil t lip of se r ies I'c s i s tll ll c C clemen ts and Sl l Ul lt ca pacit.iltlcc ci ClllC l lb; 

fo nlling II sYll11l1 c h' ical " H- ty pe" sccholl a s indi ca ted in "he figu re. 
The loop resis ta nce 4 H and the shu n t ca pacitance C of t he sect ioll 

a rc made the same ra tio it S the too l' res is ta nce <.t nd shull t: ca p a cita nce of 
a ny gl\'CIl k:ng l"h, Sa \" 11 lIlil e. o f the type of ca hle in ques tio ll. 

R 

IN c OUT 

R R 

S uc h :\ si ngl e section llI a y , of COlll'SC! be made to ]"cprcscn t <I ll y 

dcs in:d length of ca ble. An arti fi cial (;l ll.>lc wil l. howel'e r, "c pI'od uce It I'cal 
ca ble in i ls el ed ri cal !JchH\'iol' more ]lnfectly, a s it is subdi vidcd ill tn 
ft g n ::ll tcl' nl.llllUe r o f u ni form sedions. T his fact will he oln'ious if WI.' 

cO ll s icit: r t hat the actual cable is composed, elcc h' ic ally, of all infini te 
Illllll l){; r of sect ion s, each ha \' ing it s Illi nu tc loop resis tance Hlld shull t 
cap" citall cc, T hat is to say, the eled rical conShil lh:i 1ll'C d is tri huted 
u nifonllly al ong it s length , Tn p m cli ce , lIow (: n: I', It limi t to I-his ti uh~ 

division, a s indica ted uelo \\' , is rea d \ed ",Ilell t he II I,t ifiei a l cal lie n;I)~ 

]'CSC'llt s , with 11 :o;u fli cicn t approxinHlti on. the gellui nc {' ;t blc. 
T he a moun t of inductance ]l1'C'!:'<.' nt in a {'a h ie is so sJl] a ll in cOlllp Hri ~ 
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SO il wi HI Iht.: capaci hll ll'C thaI its efrcct at voice frcqu eJlcies becomcs ell I'i I'd} 
negligible in o nlitl il ry lllcthods of testing . 

The ( ;cnc nd Ha rl io CompHny hil S developed a se ries of Hl'tificinl 
('a hI e h OXCfi, dcsigllHtcd as T ype :J:n Artificial -Caule Bo,\('s , CilCh conhill ­

ing the c!cdricHI cqui\'alc:nt of thirty-two mi les of stll llci lll'd pllpCl' caLle 
of II g a uge f n: <-j ucntly lIser! ill I'l"ildi t:c. 

T his cabl e is d ivid ed ildo :-;(:\'(:11 units of lG-8-4-i -l- Y:!-y:! mil e length s 
t'(!,s] )( . .'di n :ly. lly mean s of SC\"(; 11 h.'lcphollc-kcy sw itches all." eOlllbitllltioll 

of these unit s llllly he t hrown in or ou t o f the cin;uit at will. Thus, any 
desi red length of cable lip to th irty- hl'l) miles lI111y be ob ta ined, in half­
mil e s teps. 

I n order to represent Inore accurately an adual cH ul e, the }(») 8 
Hn d 4 -milc unit s arc huil t up or H1C propc r Humbe r of 2 -mile secl: ions; 
I'he Z-nlil c uni t is built UI ) of two l -mile sec tiolls alld rhe 1-ntilc unit of 
two Yt-milc sections. T he res istan ce clements of the cHulc a rc wound 
llon-inc!ucti,'c1y Hnd calibrated to within O.~;j 7c , while the ctlpacitll11Ce clc­
nt enl's, which a rc high-gradc t'ol1 ed wax paper condcnsc rs, ha,'c a pl'ccis ioH 
of to within 0 .5 % . T he caole will wi thstH nd DC. 01" pcak potcntials up 
to 300 volts. 

The lenll illlds of the cubic at'e b rought out to two pai t·s of input Hnd 
outpu t bindi ng posts, and the whol e a ssembly is tltOlllltcd Oil un alumi­
num panel Hlld cncloscd in a sllicl c1 cd waillu l cHhinct. 

'I'11I"(":!c diffc rcnt cablc boxes II<1\'e bcen des igned l'cp rcsenling side-cit·· 
cuit types of Hi , ]!) ~Uld 22 gaugc non-loaded paper ca ble. T he elec­
t rical constants a t. 7!)G cycles al"e a s follows: 

Gauge Hesistance P CI' Loop :\ I ile 
IG n & S 4:2.2· Ohms 
10 B & S 8:3.~ Ohms 
2~ Jl & S 171 Ohms 

Cap. 'P CI" :'\II ile 
0.0(;2 MF . 
0.0(;2 Mi<". 
0.07:1 ~ l F. 

For the con"enie ll cc of t hose des iring to exp er iment with longer 
Icnglhs of caul e, the T ype 321 -U .. ..\d.ificiltl Caule J30x has ueen rlcs igned. 
This unit contains thirty- two lIlil es of ally olle of t he st:i.lldard-gauge 
lisl ed al)()\'c, huilt HS a single uni t with a s\\'iteh fo r throwing it ill Ot· out 
of c irc uit. Th is un it is it compl ete Hsscmhly of six teen ~-mil e scct iotls. 

Typc :321-C oO-\ rtificial -Cll ble ]30x . . . . . . . . . . . . . . . . . . . .. $1 80.00 

D imensions 15" x 8" x ;31/:/'. 
Code \Vord: .ACTOn.. 

'1'ypc 3~ 'I -D .A rtificial -Clhle Box ... 
Code \\'orc!: AC UTE. 

l:i ~hc r type will bc huilt to ord(' 1". 

. .... . . ... $ 150.00 



   

TRANSFORMERS 
.\. wide "ariety of transformers of low power rating arc used in 

COllllllllllicatioll laLorutori!:s, an c! in C); I)cl'imclltnl amplifier constrllction. 
'Th ese ilH.'!udc not OIl!Y the tOIl\'cnt ional type of audio frequency coupling 
tra nsi'onllcr for luLc coupling, but also line amplificl' t ran sforlllers . 1111 -
P(·(lHIlCc-adjustillg' trallsfo\'Il\CI'S and low-power tntllsfol'tl1cl's. 

AUDIO·FHEQUENCY TRANSFOHMEHS 

Annealed silicon steel COl'CS arc used in all lhese tl'ullsfol'lllCl'S. Tlte 
usc of adequate quantities of material results in high input impedance at 
low freqllencies wilhout the usc of nickel ulloys as core material. P.'CCUll­
t ions agai nst on'l'ioad al'C, t herefore, noL Ilcccssnry :-;incc no PCJ'IllHllcn t 
damage will result from satu ration of the core" In mallY of the:;e t r a ns­

fOI"!lle l"s the wind ing:; a rc split illlo several sections, the coil being buil l 
UIJ of alterllate InycI"s of p rin1l.11"Y /.Ill d secondary" This type of const ruc­
tion rcduces coil capacity and pI"C\"Cllts unduc attelluution of the uppel· 

frcquenc ies" 
T i le C;ISCS of thcse tra nsformers arc of sl"ccl with black japan finish , 

and with ("OI·CS Hnrl ("oil s sCH leel ill \\"1.1:-.:. 

TYPE 58;; AMPLlFIElt TllANSFOIUIfCJ{S 

The T ype 585 AmpJifie r 'l'ra n SfOl"llICI"S firc high-quali ty intcl"utagl..' 

I ]]6 I 



   

GENERAL RADIO COJIPANY 

trl.lllsfonllcl's fOl' usc with lubes of plate impedance not exceeding ap­
p rox imately 10.000 ohms. 

T he Type 585-D Amplifier Transformer hM a fla t ch:lI'llctcl'is tic 
from 80 to 7'000 cycles. At 30 cycles, the ampl ification is 85 % of the 
maximum ,"uill e. f n the Type 585-£-[ Amplifier Trans former the Imnd of 
unifo rm mnpli fi(,; t tio ll is somewha t lHl.ITOWCI'. but a higher amplificatiOli 
ratio (1 :3.:") is ohtllincd. 

Primal'Y l ndudancc 
l:)l'inwl"Y DC. Hcs is tallcc 
Scconchl'y Incil1ctullcC 

Sccollcbl'Y D C. Hcsistancc 
Ampl ification n atio 
PCl"Illissiblc Pl'iml.\ l'\- CUlTcn t 

Code '" ord: 

Sped (icalio ll s 

T ype 585-D 
70 H elll'."s 

2000 Ohms 
;:n () 

9300 
H enrys 
Ohms 

Type 

71 
2000 

8(;6 
11,000 

1 ·9. 1 :3.5 

585-H 
H enrys 
Ohms 
Hen rys 
Ohms 

5 MA. 5 ~rA . 

TDIID TIPSY 
Type 585 Amplifier 

D imensions. both 

'rl" l\l1s fonnCI', ......... .. .......... ...... $7.00 

Turns Ha lio 

types, "'V:/' .x 3Y2" x 2%,". \ Veigh t 2 ~1t Ibs. 

TYI'E 285 AMPLIFIER TRANSFOIU IERS 

T hese i rHll s fol"llle l"s , while h1wing {l 11IlI'­

l'ower un ifol"lll nmpiification ba nd. require less 

space in a r adio set and lll'e lower in pl'i ce lha n 

the Type 585 .Ampl ifi er Tra nsfonners. These 

transfo rlllcl's ha \'e cnj oycd 11 \'c ry wide popular­

ity in C'x pcl' iIllClltIlJ radio sets. 

S peci fi c,atioll s 

Type 2R5·1£ 
1 :G 

Type 285-D 
1 :2.7 

I'I·im1.lI"Y I nductall ce 
Primal'.\' DC. Hesistllllce 
Scconda ry Indll c lllllCC 
Secollci<Il',Y nco Hes isht nce 
Code "·ord: 

15 H ell rys 
1200 Ohms 
525 H enr \,;; 

13,000 Ohms 
' ['OKl ':;\" 

'-1-3 IT clll'ys 
2200 Ohms 

300 TT enrys 
9000 Ohms 
TOTEM 

Type 28.5 .\m plifb· Transfol"lncr . ... .. ..... . . . . .. .'4.00 
D imensions. hoth types, 3 y:!" x ;JI /," x 2 y:t. \Veigh t ]1 4 Ihs. 

11171 



   

UES /WAL II A /)/ () COJ/I''!.\"!" 

TYP E 373 DO UBLE.DIi'EDA;\CE COlWLEIl 

\rhile not II tnUl>:'fol'lllc !". the t\~c to \\"hich the Type :n:3 J) ollhk· ~ 
11111'<..<l aIH'(' Couph.: r is put pllH'CS iI ill tlli" (,lassifindioll. This lllli! 
l"oll.sist,.: of two cllok(·,.; will i a cOIH I('ll S('l', ass('1l11Jil:d ill a Ullit. the ('hokes 
fOl'lllill()' plal e ;l1ld grid n :n eLllI('c;; Hnd the ('olld(\llser being ul'!c(1 for 

t't)lI plit~. Tht' ('on.1 l' II :;(, 1' is designed to gin· n'M)]lalU'C' ill ahout gO (' yd<'s, 
th u .... rai .... ing' t he,: lower ('nd of Hl(' frC(j!lclH'Y ch llrat:icl'isi i<.:. The il llpe ci Htl(' \' 

ill the In·id ('ircuit hilS the ar h'ilnlagl' of n·du('lng thl' h:tHklH.:y toward 
" 

grid blcH'k itlg. 

'I' lli s ('1ll1plc.' I' I"; 1ll1lIlufm:hll'l,d lIllde!' l', S. Paknt 1 , :18!).{)D~. 

E n ch choke hns fi ll illfludllllCl' of ;;;'5 ill'nl'Y" 

;Ind 11 din.'d -l'llITl'l l t j'csi:,IHIl(,C of 1:")00 nllllls, 

The ('HIHI("ity o f the: coupling" ('ond('II !>c I' I~ 

0.1 \IF. 

T y pc ;37;j D Ull hl c- I 111] )Cci;II1Ce ( ' uu pic )" , , $,L:"){) 

I) ' . ' 1)1. " ,"1)1._," '." .,)11 . IllIell ~ lOns ~ :.! "" > ,'> 

\Ve i <~hl i l)l.) Ius, 
" -

Code \Yo n !: ,J! '; L1 .Y 

P USH. P ULL 'I'll Ai'iSFOILlIEJ(S 

,,'111.' 11 H gn:a( c r oulpu t Ihall is a\'1Iilahl e from a single tu he i,.; 

rl'q uin,(I, th(, pU:ih- l'utt forlH o f amplifie r is I'C('Otll Il1CIHicd, Thc push- pull 
('o tllH:c1ion p t'l"luit s clu'h tu he to he \\' o r \.; (.'(1 0\"(': 1" 11 gTclitcr portion o f il s 

dlaral.:tl' r sitil: 1"01' a giw·n dcgl'c~ of di ~lo r tiOlI tll:111 docs tile usual c<)nIlCI' 

lio n. T hc resulbllli power is not lilllilNI to hrit·c tlJ;lt for a singll· 

tu ue. A furlh c]' a d\' Htdilgc.: of the push-pull method is that lntltl \' ollagt\-i 
lend 10 ca ll<:d in il l ~l;dl a ti() I1 S witl')"C ul1rcditil'c! altcl'llating ('UlTcut is lIsed 
011 the fillll1](' t!tS of !Ill' Hillplifi<-r tu bc!; . 

Tile \"tIllage :lmpli fi('lItioJl of the Jlu511 -pull stage is su ustantially 
Illl' S:UIl(: a ." f OI" 11 stage of con\'ctllional t ratl Sf OI'lIIC'l' cksigll. T he ]lush­
Illlll 1l111] )litil']" is ]"("('OIlI IlI ClHlcd wll c re il s lIhsblllliil l si~nill \'ullage is a\'a i l ~ 

"uk- Hlld la rg C' 1H)\\"LT output \r ithuu t rii si o diul l is requi red " A push-pu ll 
nlllplific..:r is nut a Ilig-li-gain stage :t nd dot,:, liot of ilsdr Cl"CHlc gr(';l t 
\'011 11 11(', 

'l.'IlC GCllcnl1 j{ ;lfl io l' u,.;il- I' ul1 . \tl ll)lifi(']'!-; HI'C liccns('( 1 h,' the H ndio 

I 11~ I 



   

Corporatioll of Amc rica Hnd llssocilllcd compa ni l':' ro r I'ail ia 1lm atClIl'. 

(,: x\,cri1llClltal 1IIHI hl'olldca ;;; t n~c('ptiol1 only, 

TYI'!; el l l PCSII· I ' ULL A,\lPLIFI EI{ 

The 'I'YPl' i<+1 Push-Pull £'.lllplifil'r il'i (L:~ ;.;'g: l ('d f()]' usc with the tubcs 
1)1' :mlallcr II0w(, I' outllll t, such as t he ' I'yPl'."; 11 '1 . 1'10 , 171 alld :210, I t 
i!" a com p!l.'ldy :!."scmhled and \\'i)'('d un it including baseboH rd , sockets Hlld 
rIH'oslals. 1'1..'11( 1." for ill s tallat io ll, F or 171 tulles , 11 sigll1 ll \'oltag'e of 
auulIt 1:; is rcquired 011 the h';t IlSfo l'l llC]' p ri mH],Y. while for 11:l 01' 22(i 
t ubes t he input !oOiglla l vol lllgc should he ahout H, 

T hc includ ' II ICC of the illl'lIl t l'al1!oOfOnllCl' is :30 1I(,1I1'Y8. li s tUrns 
1';lIio is 1 :'1,1:3 fo r ('Heh sidc, T he 1)(', I'CRist;I1U:C of t he pI'im;]ry or 
thi s tranSfOrllH,' I' is 1000 ohms, 

The illl ])cilaul:c ml io fo r the output tntll .s fol'lll cr is 10:1 (whole 
pl'irllal'Y to SeCI)] Hlary), The D C', 1'('s!sIHIl(,C of thc primal'." of the Otl'put 
triltls for1l1 Cl' if.; H:,)O ohms. 

$15.00 
I) ' , on - 1" - " II" I 1':,\ 1. Ib ltlI Cl1 ,1WlIlS:J X.') _I X.'), l' lg It ;) , 2 S . 

Cod e \ Yol'd : AS I DE. 

T ype l ' X -:l:21i Ot· CX -:1:W .\ mplificJ' Tube" "", .,"' , ., .. ,. ,$2,50 
T ype UX -171 or C' :\: -:371 Amplifie r Tuue ... . .', .. ,. 3 .00 
T ."pC' UX-210 or ex-:no .\m plifie r T u be",. ., " ,. n,oo 

TYPE ~· I I PUSH.I'ULL AlI IPLl FI £R TR ANSrORM EltS 

\ \' hell jJ t l\\'(' I' tuhes hll\·i ll ,I.: I' lai c eU1T(' lds consi rl e1'1luly ill c;>a :css of 
:lfj milliamperes. s uc h as thc Typc ( ' .:'\. -:3;')0 o r T ype l ' X -1:30. Hrc be­
ing used. the T ype ++1 P us h-P ull 'I' I';IIlSf0n11C' I 'S arc lIo t s ui tH blc, These 
tu bes I'C(lu il'c tI'll I1SfOI'll1CJ'S of sl)('cia l dcs ign Hlld the 'l 'y p(' :341 ,Push-Pull 

I 11 9 I 
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Amplifier T rall:;:formcr,i a rc sup­

plied for th is puqJOsc. It should 

he noted that tin! usc of the Ty pe 

.:;41 Push-P ull Amplifier Tntlls­

fo nne l's is not limiter! to the ~50 

lu lics , out t hat the} llIuy be used 

11 180 wi th other power tubes having 

plalc impedances of 2000 to 6000 

ohms. 

The design of a push-pull in­
put tru ll sfo rme r offers cOlls i(kr­

ahle diAlculty. due to the fact tha t 

each hal f of the double seconda ry 

lHust hll\'c cqual coupli ng to lhe primary. In the '1' .'·»C .341 -,-\ Input Tra ns­

former . t he windings Illwc been split in scnral sccl iol1s. and a sandwich 

type of coil used ) which I'c:suits ill 1\ 11 unusually good Chtlradcris t ic. 

The cu n 'c is Ra l from IOO to 10.000 cycles. dropping to about 75 ro of 
the llHI Xi llilltll at :30 ('nics, 

'J' ile ill (T~'as: llg lise of 
low-imped unce s peake l's of 
the !io-called dyn "llllic type. 
padiculady with the large r 
powel' tuhes. has Ill ade Ilec­
l'~_o;Hry the deH,loplIlcnt of a 
," p('cial output trall!ifol'lIICr 

1'01' these SP CilkC'I"::', The T ype 
;')41 Push-Pu ll .\ ll1pl ific l' 
' l 'nlllsfnl'llIe n. arc . I here fore. 

ohlalll1lhlc III 111-0 ('umliilla tiu lls, each 1'1lckagc containi"g an i llput and 

an ou tput ll'H lls/'orI1lCI': i, e .. a Type 5-,1.1 - .\ and a Type iHl - H Tram; ­

forme I ' , for usc where the speake l- im pedallce is of the order of 2000 to 

3000 ohms; and II T ype ;')-H -r\ nnd :'l T ypc 54-1-(, 'l'1'lltls forIll Cr 1'01' Wi{' 

where the spe<lkcr i1l1pcriall(,(' i .... of the ol"(il.' 1" of.j to 10 ohm .... 

1 120 1 
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P ri tlll.tl'Y I nductance 

S pN'i fit' ntions 
T ype 5 !·l-.\ 
(i5 Il cll!' .\''' 

P ermissi b le P l' imary Current () i\ 1.\ . 
T Unls nltio (pl'ima r y to whole seconda]'Y) 1:3 

Type 5 (.l·ll 
:3li H cnrys 
GO -:\1.\ . eflch s ide 

T' rimary DC. Hcsistflllcc 1750 Ohms 750 Ohms (whole) 
Dimensions 4 Yt" x 3Y2" x 3" -!- 'I~" X 3ys" x 41//' 
W eight 21/1 Ih8. :1 Ibs. 

T he electr ical speci ficat ions fo r the T y pe :H l -C Output '1' I'1\115(0 1'l11C1' 

ilrc t he Sllmc a s for the T ype 5 +1 -13 Outpu t '!' I'O\ns fonllcr, excep t fo r the 
t urns n l t io, which is :-~ ;):1 ( whole p l'i lnHI'Y to secondary). T he cuse di men­
sions al'e the Same a s for the T ype ;341 -.-\ In put T 1'<II ISfo l'lllCl', 

T ype :3-J.I -A nnd T ype :341-B Jlush-P ull Ampliner T l'Illlsfol'nlC' ]'S 
(for Standa rd Speakel') .......................... $25.00 

Code Word: T ALLYTOnSO. 
Type 5-.11-.\ and 'T ypc 5 1,bJ-C Push-l")ull . \ mplifier T l'ansfo rmers 

(for D ynamic Speaker) ............ . ... , , ..... $25.00 
Code \Vord: TALI.Y 'L.\PE H . 

OUTPUT DEVICES 

Out put coupling dev iccs n.I'C rcqu ired for two pllrposcs. to adjust 
thc load to thc opt imu m <tppal'cnt impcd o ll (,c, and to prcvcnt damage to 
the load due to t he How of a large plate ClllTcnt. D evices of t he first 
class must l>c t.,llnSfUl'Ille l·s. whi le de\·ices of t hc sccond cla ss may be e ither 
ll'lllllSfo l'lllCI'S 01' condenser-choke fittcrs. Transformers fOl' impedance 
:Idjusting should ha\'c UII inpu t impcdllllcc \\'hich is h igh as compHI'cd to 
tllf' reflected load impedance. The following listings conblill outpu,t 
dc \·ices of both classes . 

T YPE 585·0 OUTI'UT TRANSFORMER 

T he Type 585-0 Ou tput T I'ansfon l'lel' is intended fOl" use between 
the plale circuits of powcr tuhes of 2000 to 5000 ohms impedancc, and 
dynamic spenkers hU\' il1g 1.111 impedancc of ;j to 10 ohms. This tl"llilsfol'lllel" 
will Ope\"1.lte without impainllent of audio qua lity wi th a direct curren t 
of 55 milli ampercs in t he p"im<lry a nd is. thcreforc. adapted fOl" use with 
t he Typc UX-250 lube. This tn tll!'i fOl"lllCI' i!'i identical in size and 
a p pcara llcc with the Type 541-r\ Push-P ull . \lllplifi er Trallsformer. It has 
a pr imary DC. rcs is tallcc of <j.()4 ohms Hild II secondary D C. rcs is tancc of 
] .87 ohms. Its imped a nce ratio is 25 :1. 
Typo.;! 585-0 OutpuL 'l' nlllsf<wmCI' .......................... $7.00 

D imcllsions 411:t x 31f t x 2% ". \\" eight 21 4 11>5. 
Code ' Vonl: T IT LE . 
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T v!'. :'1l7.1$ SPE.\ KEIl FlLT EIl 
The 'l'y pc :'587- B ~pl'a hl" Filtel' is in tC'llcied r OY usc in t il c' o u t put 

of s~u:h power tu \)cs as t he (' X · :{f) () or l ' X -i.!)£) \\"\ICI'C the I)\ilt c e lilT e llt 

'" large, bu t the h ,b" imped allce is so low tha t 11 0 Hd ,i l lstlllCll t o f i1l1pcd all ('<..' 

'1'Y I><' ,587- B ;:';p::-a l.:c l" F il t(.' l" ... 

is Il<"l'cit'd . T hl' Ty pe :j87-B 
S pea ke r F ill er is suitable fo r liS t.: 

full o wi ng' iIllPl'd ;II1C\"'S o f :WOO to 
10.00() ohms. \\' !te n.' a dy ll il llli l' 
-"[HI llker is used as It !oild. a Type 
.58.:1 -0 Outpu t ' l 'l'lI IL" for lllCl' \\'ould 
1)(' r Clll1i l' ('cl. 

The Type ,1H7- B Speaker F il­
tC I' CO II I: . ill" a choke (' oi l of 1:') 
hClI l' n; i lld lld , !lec Hlld 17:1 o hm ... 
DC. I' CS i ~tllI1<:(, . T he (E rect t UI"­

relit t lll'oug h the ("oil should IIlI t 

('x ('('cd 1 00 llI i II i ll III pc I'I:~ S . • \ 4-7\1 F. 
('OIul l'Il ::iC' I' IS (,IIu llet'ted 1ll cadi 
... pcH kcr h.'lId. 

. . . $!J.OO 

D illlcnsion.s .. P/ I " x a·\ t x 4Y:!". " 'cigllt 4- Ihs. 

Code Word : _F.·\'I'.·\I.. 

TY PE 387-A SI' EA KEII FILTElI 

I n in.s ta ll il tiulls \\·11 01"(' the pbdc ~urrcn ts do lIo t (,H ced :LO 1" 0 :30 
lIli ll ia m]l(' l'l's . !.;ueh a s when t he T ype l li, " 71 or :110 tubes HI·C lIscd. 
II speaker fille]" of lu\\"cl" (; I1 )"1"ClI t l'a p ll ('ily may he \IM.:d . The Ty pe i387-A 

S pclIk c.' I· Fili c i· lills Hie I'cquircillcli is of such ins tallations. It contain s 
a dlO kc ~o: 1 o f ao 11 ('11 I' \":'5 indu<"ill ll(;C anrl H:,)O ohms D C'. n:-sis htncc. The 
(Ii l·('(; t c tlrn' nt Ihl'OIl .rh t hc cui I should 11 01 cx{'ccrl ao milli<tI1lI)C I"CS. A 

~ 

~ ~ I F. c.: und l' ll ti(' I· iti l" olllle('t(·d ill the "peake ,· lend . 

'I ' . " " 7 \ S . k . 1" 1 . " -I '- 0 .\ pc '~ q - r .. pe.! CI I tCI . . .. ...................... ... . . . '-p .:..l 

D :Ill(,Il,.;ioIiS 4- 1/1" x ayz" x :V'. " '(' igh t :L Y:! Ibs. 

('0(1(, W ord: TO' V!-:1.. 

TYPE 367 OUTI'UT TnANSFon~I EIl 

,,'hel"(' a .sligh t dlllng(' in t he 11 I'l'a l"t' li 1 IO:lri imped HlI(;C is desimhlc . 
. 1 :lddil io Jl t o kccl,in.r d irct' t ('1..1 1'1"('11 1 out of the "' 1)(':11.:1,' 1· lI"inri i llUs, t Il<.' :"! , ., 

'.!.\ pe :Hi7 Output T ransformer i.s sHt is flll'iClI·Y. It is intended for u se ill 
p ," pla te c ircu it of CiOOO 1o 10.000-olull tubes. a lld its illlpedallce !"a t io 
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of 1.;"5 :1 is suibdllc for fl.,<,ding' ..J.OOO to :') OOO-llillll SiI('Hhl's hOll1 !jUl:II a 

tuh ... ,. This t nlnsfonllcl' has it p l-im:lI'Y intiudam:c of !).!) 11l'lll"yS li nd ." 

pl'illlllry D C', n .'::i j1'iIHlln: uf ;HlO ohms. I t has 11 s('('onriaI'Y inrl uetHncc or 
S.i he'llrn; Hlld a sc('olldan' 1)(', resistance of :307 OIIlIlS. The din:d . . 
{'('l' I'('ld 111l'llug-1i the pri ll llll'Y ;;houlrl not cX("ccd 10 milliamperes. 

rvl'C' :jCi7 Out put T ransfonm.' l' ................ . 

Dimensions ;H~" x al I " x :t ~~". \\'(·ight] I .~ Ihs. 
('o:-k· \\'on.l : TESTY. 

MICROPHONE AND LlNE-AMPLlFIEH 
TRANSFORMERS 

~.> - 0 ' r "' :) 

:\li ("'OI,llo' LC Hili l liIH.'-<l1111Jiifil:1' t I"lIJISfoI'1l1l'I'S, f or Illil'nll l lltllll' t'ollpiillg' 

:11)( [ fo r l1se i ll tdcpholH.' lines I'csl'cdi\"{·ly. al'c also H\'a i]llblc. These 
II'HIlSfortlll' n,> arc sil uil al' in g (' llcnd r1 t'S igll a nd appearllll!'C to the lIlll­
plifiel' t r allsforl llCl'.<; pl'cviously dc~criucd , 

TYPE fiRfi-.\1 
SINGLE-II UTTON .\lICHOPIIONE·TO·GH ID TIlANSFOIlM Ell 

A high-quality hall,, (ormer of the proper ill1pedallce ntho IS 

requ ired to mljust the low impedance of I OO-ohm singlc-uuttoll lllicrophones 
to tht' ATid illlpcciHllce of the fil'st-s tage <tlllplifiel' tuuc, The Typc :385-} [ 
S ingle-Jluttoll i\liaophone-to-GI' id T nlllSforlllCr is dcsigncd to fill these 
1'('{lllinml(:~ n ts, This transformer has a Iwimlll'Y inrl ud:llu:c ()f O,!):j lu: nrys 
and a prilllary nc, resistance of to ohms, The turns ratio is 1 :27, 

T ype :'H:I:j-:\I Single-Button ..\I icroJlhone-to-(; rid T nltl s fortll er, , , ,$1 :2.00 
() illl(' Il Si ()ll ~ ..J, lh" ., av:!" x :2%-", \\'cight :ll/ l Ibs, 

Code \Vorc!: T ... \ l tDY , 

TYPE 5ll5·M2 
O( IUBLE· Il UTTON .\II CHOPHONE·TO·G HID THANSFOH!\IEI{ 

\V hCIl(.'\· l ']' :t double-bu tton lllicl'Ol'hollC is Llsed. a ~plit windi ng is 
r('!j uil 'cd 011 HI(' primary of the h'HIlSfol'lller . The T ype :jk.'j -..\I:l D ouhle­
Blltton :'IJ in0 l'hollc-to-Gr id Tntnsfol'lller is sillli ia.· in its gcnel'll! c.:hal'­

adc ri s ti cs to the Type 585-:\J T ransformer . CxtCpt tlwt p roper provision 
has l)(,CII nmdc fo r lhe ll se of :l douhle-huttoll ll lit'l'o!lluIIlC, Fa!'h wind­
ing of t hi s tntnsl'onllCI' lI:ts It primal·," illducbtllce of 0.95 henrys il nd It 

p I'inHlI'Y DC. l'csislHI1CC of :3"2 ohms. 

Typc :38.5- ,\1"2 DOli hle-Btl t I 011 :\ I i (Topholle- to-(; ricl T rails f Ol"llicr. ,$1 Z, 00 
Dilllcnsiolls ..J, 'h" x :.3 ~" x :l:Y-t, \\'eight :! 1I1 I"s. 

Codc ' Vord: TAIl:HY. . 

I 1 ~:l I 
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TYPE 2&·~ LlN E·A~II'Ll fIER T I{ A:'oiSFOIlMER S 

T he Type 284 Lil lc-.-\ mpli li(·J' 'l' ra ll sfonncl .. ::; al'e designed fo r us<.! with 
line :lmpl i ~cl's . us the couplillg unit hcbn·cn the pilltc of an amplifier 
tube unci the line, and IJclw('cn the linc <llld rhe gt' id of Hit ampl ifier tuhe. 
T hey [He des igned f O l' a 500 to GOO-ohm line imjJcd llIH·e. 
T ype 284 -D P late- to-L ine Coupl ing T ntllSfonHc l' .......... _ . . . :!, 1:2.00 

T urns rat io a. 6:1 

Code \Vore!: PETTY . 

T y pe 28 /~ - E Telephone r. i ll c-to-(~ rid Coupling T I"HIIS/'O),IlICI' ... .. . $ 1 :2 .00 
Tur ns rat io 1 :7. :3 

Code \\'o ,'cI: PIG:I1Y. 
I) '"" ",, ··',",, , 41 ' " x 3H_~" '." ·_XV .. l'" . " I':! "I ':.' -, ;t. J \\'eight Zlll Ibs . 

DII'EOA NCE·ADJ(JSTI NG TRANSFORM E I{ S FOR MEASU RI NG AND 
RIIIDGE CIJ{CUITS 

T he s(, tl.'lili\·i l y of hr idge 1IlCaSU I'CllH!lIt:-. (,;Ill ill' jll(']'CHlicd greatly hy 
means of a ll impedance-ad jusling tninsfo !'l lle l'. if t he lH"i dge c ircuit dif­
fers greatly ill impedance f rom the mell su l'ing in:itnllllc ll t, I II coupling' 
01111,'1' ('in'lIit i'. an adjustlllent ill impedancc is also requircd ill order to gt.'t 
IlHIXimUIll power frOIl! a :iource to a ]0;\(1. ,\ 11 UIIl hC' I' of variable-ratio 
impedllll('('.a rljusl ing transforlllers howe hccll del'eloped. as well a:; a f<.' \\ 

fixed -ra t io lral1 sfo rll1ers for spec ific I\ccds. 

TYI'E 359 VAIII AI:IL E·J{ ATIO TIUNSFO llMERS 

'1'hcse trH llSfol'lncr s IIrc supplied in two groups, 10 work ou t of rc\ ­
ati,'c!Y high ill1pc<l;lIlccs. :')000 to 20,000 ohms. 01' to wor k oul of .500 to 
()oO-ohlll (;il'cl1 its, Efficiency is maintai ned do wli to 60 cycles in each C,UK ', 

Both auto t l,:t ll sfo rmer s {lud two-winding t ranSfOl'lllCrS tlrc avail able, .\ 11 
t ypes lIrC" pro\'ided with te rminals to fit the Type 274 P lugs. a COIl -

r 124 ] 
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H'nicnt fCHtUl'C which fHt'ilitHh.'s ('il'clIit dJa llgt:s. T he ratio is cha llged 
Ily meltns of a tap switch on whidl is clIgrlln:d the secondary-lo-prilliary 
tUL'IlS mtio. The tr:\Ilsfol'tlw!'s a)'« fUl'll i ~ llCd ill the following nttios: 

To \Vol,k 0 11 1 or 5000 10 20,000 Ohms Impedance 

Type 05!)-~\ 'l'nillsforlnc\' 
TUI'lls ratio 0.2.5 . 0.:35. 0.5. 0.7, ] .0. ) ,·b. 

Code \\"ol'd: PILOT. 

Type tl5!)-]~ Transformer 
Tul'lls I'atio O.OG. 0.09. 0.13. 0.18, 0.:2:,), 0.35. 

Code \Yo rd: P IOl 'S, 

Type :3;j!)-C .\ uto Transformer 
T urns I'atio O. i f>. 0.:35. 0 .. 5. 0.7. 1.0. 1 ...... 

Code \V ol'd: PIrOT. 
Type :35!J-D ,\uto 'l'nlllsfol'lllC]' 

TUI"II S ratio 0.06, 0.09. 0.]:). 0.18, 0. :25, 0.35. 
Code " ·ord: PLA~.·I . 

To \Vork Oul of 500 to 600 Ohms Jmpeua llcc 

Ty pe 359-E T ransfo rmer 
Tums ratio 0.25. 0.35, 0.5, 0.7, 1.0, 1.4, 

Code W O"d: P OKE R 
'.l'yI)C 350-1" Transfonucr 

Turns ratio 0.06. 0.00. 0.1 :3. 0.18. 0. 25, 0.35. 
Code IYord: PO LAR 

Type 350-G A uto '.l' rHllsfo n ner 
T UniS nttio 0 . 2 ~\ 0.35, 0. ;') , 0.7, 104. 

Code \VOI'r!: POT.K.\ . 

Type 35~)- l l . \ uto T l'IIll sformcl' 
T urns l'1llio 0.06. O.OU. 0.13, 0.1 8. 0. ~5 , 0.35. 

Coele ' ''ord: POppy, 

The primHl'y DC, resistance of <111 lYPt's is 400 ohms. 

T ype 359 r al'iaLle-H atio TI'<lnsfo l'lllCI'S , .. "., ..... , . . . 

D imensions :J.).~" x 4Y:t x 4Y.<t . Weigh t 3]/~ lbs. 

T YPE 2S~·i\" T RAi\"SFORlIlER 

$~O.OO 

This li'i lns fol'lller is des igned to adjust the impedancc of thc Type 
;~a8 Oscillo~vaph strillg ('in~u iL which is Hpproxi ntatcly GO ohms. to 
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H Il igh. illllll:da ll t'c llIC'llSliring (,i.-cuit. 
I he t1'1l tl sfo nw.:r is th.:si!{llcd to wa d , 

T ype 2S::>- :\" 'J' l' ilns fonll~ r ... . 

T he: illlPl'l i HIlCC 1"11 1 in is :3:?5 :1 . ami 
into a load of :W t o GO OIHlL". 

]) . . 'I' I " ')1" ' )1 / " II" 11 1 11 II II11CII;)I(II1~ . :.! x a I X _ ':.! . cig I :.! IS. 

l'OW Ell T II ANSFOIOI EII S 

Small 1'0 11('1" tI'HIISfo I'I1IC]'i; 111'(' I'cql.li n..,d fo r "Helium- tu be ex c itHlioll . 

hot h 1'01' plate suppl y. tllI"ough a l'('diner a 11( 1 til tel', and (01' fil Hlll L'1I1 
slipply. A ' ":Iriety of tntllsfonm' ]'s of hnt h tyl'('s is :I \'aila h]c . • -\ 11 th r :-c 
tI'H II Sfol 'llIl'l'~ arc scaled with \\"ax to clilllin:ltc h Ll lI I 1' 1'0111 IlI l l lillation " ibm­
t: OI1. and art' ('{))ltai!lcd ill black j lqJ:l tlllcd d l' a\\' II -s",~('l eases. 

, YI' E 565 TII A i\'Sn '!{ ~i EgS 

T he T ype 5 (-;;3 T ra ns forlllers 111'(' intended 1"01' lISC i ll h igh-\'o lt a gl' 
power equ iplHcnt fo r suppl y illg such t u bes a s the T y pe l "X -i 10 ( C X ­
:31 0 ) lind L' X -:l !''j O ( C X -:j 5 0 ) , a nd for usc in HlI liti eur t n lll lS llIilters. T hese 
trall lS fol"lllc rs ha \"(:, II i OO-wu tt m ting. T hey li re des igned for openlti on 
front 105 tn li:3-\·olt . ;)() to GO-cycle lincs , and a rc 1I \'a ilahle with t il t· 
foll owi ng secolulary \'o lt a gcs hased on 1 " :5 vo lt s primal'.'" input . 

T ype :36;3-.-\ I Ia lf- \Vavc T rHll s fol"tw.' 1" .. . . . . $ la. :30 
Secondary \'oltagcs GOO r olts 7.5 \"olls 7.5 \"olts 2.5 f olts 
I\ laxi lll ll lll ( ' U IT('lIt i On ),1 ,-\ . t. 5 . \ lllpC I"I.'~ t.5 .\ ml'c ,·(·s -I- .\ mpel"l's 

Code \Y OI"d : TA B OO. 

T y pe 5(j;3- B F uJl - \ \ . II \"(' T I'll Il SfO l"l lll'l" . . . . . . . . . . . ..... $1 a .. '3 0 
Scconda ry \"Oltages liOO \ 'olts (with center lap) 7.:3 \' o lls 7 .:3 \' 011:­
). l ax illl1l1ll cur l'cnt :lOO :\1.\. 2 .5 . \ m p. :0; .Amp. 

Code \\"orc!: '/' .-\(' 1'1'. 
D imcll s ions. bot h !.'" P(·.o;; . 5 ;JA," x :3YI" x 5 1 I" . W eigh t 14 Y.J lh.~. 
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TY!'E :36~ ['LATE·S!;!'''LY TIUNSfOIOiElI 

For low-I'ollap:c pbtc SlllJll!jc~, illt cndl'ci 

rOl' s('n'jcc with HllIplifier!) using [ 'X-171 (eX-
0(1) 0)' ... i.nila .. powe!' tuhcs . a pOII'e!' 11"1.111:; ­

former o f IVII" 0 I' \'olhl(rc and I)OWl' I' I"nlill'1 thau ., ~ 

the Type ;,) ();3 T nlll"fonllCl" jl) r eqlli l'NI. '1'11(, 
Type :3(;::; Plale-Supply 'J' rlLLISfol'lllCI' is 
designed for usc liS /I power-supply transfo rlller 
ill sll(·11 equ iplll l'nt. It is inlcll(bl fpl' lise on 
105 to 1:!:3 ,'o il , :'.iO to 60-cH:lc lit1c~. T hl" 
I'OW(' I' 1'1l1i llg is 70 watts. Sc(;ondnry \"()llilges 

are !') !}O ('100 1l1ill ;1l 1l111(:l'cs) wilil it center tap. and 7.;1 ( :!. :3 aIl1Ile rcs ). 

Type :Hi;j P llLtC-Sullply Transformer .. $(; .00 

\ Vcir,ht o .J. Y:! Ills. 

Code " ·0'·'1, 'l'ExOIl . 

TYI'E 4.10·A LOW·VOL T AG E Tlt ANS f O ll ll[ Ell 

T he T ype ·HO-.-\ Low-Vollage T rausforlller is pl"iIllHril.'" intended 

for filame n t su pply of alte rnating-currc n t tube:s" Like the othcr power 

transfo n ne l"s . it is d es igned 1'01" usc On 105 to 1 25- \"0It, I50 to GO-cycle lilies" 
T IIC' l)Ower m t ing is 70 \ratts" The following ro1t "lges arc :tr:tilahle: 
~-a" :")-5-7"5" . \ 11 windings al"e: sepa rate" 

T ype "'40-..-\ I.ow-' "oltage 'l'l"a li sfo rlller 

D illlC'118io11S (~lA" x HY.-.;" x 4 1h"" ',"eight 41/:! Ills" 

rode Wonl : TI(~ EH " 

TYI'E 4cl·5 P LATE·SU PPLY AND GRID·IlI AS UNIT 

" $7"00 

T he inc l"casi ng usc of high pIaI<.' ,"(,I tagcs 011 ' "acuunl tube,,; makes t he 
usc o( 11 plate-supply unit <lch"isable in Ihe lahuI"alory" The ecollomy of 
such a unit is p adiclll "I1"l y marked whel"e the lise of Ihe plal c supply 
is infn:quc"lIt. il1\"oh"i ng dcte riol"H t ioll of haller ies when not in u~c" 

T hC' Type 4+:j P late-Supply ulld Grid-B illS l"ni l" has bel"1I designed 10 
IIICC"I l'llc delllHlld 1'01" Il 11loJ"Oughly delJcnda llle light socket " II "' IJowcr unit 

that is readily adaptahle to t he I"c'quirement l' of sblmia l"d lu bes" Ally 
c01l1hinalioll of \"oltages from 0 to 180 may ht, taken from the f01l1' positive 

:'13" tcrminals. .\11 lldj uslablc g"1"id-bias voltage I"t"0I11 0 ttl :")0 i~ also 
aq il ahlc fot" u!'e 011 the power tuhe of :tn :tlltl'li fi(·r. 
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T)'pe -145 Plate-Supply and Gl'id-BiHS Ullit 

r oltagcs :I rc \'aricd by moving lld justHIJlc clamps with 1 hUlHU SCl'Cws 

along 11 wire-wollnd l'c:sistancc. " ' hen lhe clalllps arc set for Ihe proper 
operating voltages of the lll h('~ . the thumbscrews arc tightened and \'olt ­
ages will l'l' II1nill consta n t, but may casily be readjusted to meet new 
rcqll i rClllCIl t I:i . 

'1'0 make the unil ahsolutely safe e"e ll in lhe hands or persolls Ho t 
fam ili al' \\'il"h clt'ctl'ic lli dC\'iccs. il ll aulomat ic cul-ou t switch is pro\·jdcd 
which breaks the 1] O-yolt .-\C. circuit wll1:: 11 the cove r i:s I'cllu)\'cd fOI ' 

adjusting \'oltagcs or tOll llcctilig wire::; to binding po:;ls. The T ype 40·}. :3 
l' late-SUPI)ly and (~I'id -B ias l inil is designed fur lISC 011 ]05 to li.5-\'ul l . 
:10 to GO-c:yt.: !t· linc:;: . Hild uses a 1'YP<' ( ' X -i SO (C X-380) Hcdi{icf Tuht·. 

Type 4·1:j P late-Supply and Grid-B ias l 'llit ................ $35.00 

])ill1cll~ions ].51 ," X 7" X 7". \Veigh t ] G lbs. 

Codl' \\'orcl: .\PP L1·:. 

Type I.;X -280 or eX-:380 Hec tifier Tuoe ..................... ·I.M) 

ThL..; unit i:- li('(: I) '<;('" hy the ll a<lio Corporatifll1 of . \lIl1'ri( lI and ;l,<; ... o<:iat.:d cOlJlp:lni('<; 
for radio :III1:1II'UI', t'Spl' l'ill lcnlnl, a nd iJro;Hiea!'l "cn:p liorl only. 
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TYPE ·100 
PLATE-SUPPLY AND SINGLE-STAG E POWER A1I PLIFIEH 

T he Type 400 Pliltc-Supply 
IIlId Single-Stage J'o\\'e l' .-\ mplifi ci' 
fUl'ni$hcs a cOlllplete stage of powel' 
amplification . itS well as plate power. 
for lhe ent ire rccc i\·c l'f,. The power 
a mplifier uses t he Type LX-171 
(eX-371) T'uuc. T he I'ectifier tuhe 
IS tltc " 'l\pc L' X-~80 - (CX -380 ) 
Tuue. ~. T his unit operates frOIll 

] 05 to ~ 12:)-1'01 t, 50 to GO-c "cle AC. 
lilies a nd pl'o\' idcs "OltHgCS of 45, 90 and 135 volts, and a. high pl;t tc 
\'oltllgc of 180 ,·olts. logether with the necessary grid bil\ ~ for the PO\\'C I' 
tube. 

Voltages arc sccu l'ed Ln' llIeallS of fixed resista nces. . - The "01 tage 
d l'ops pC I' mi lliampere IOltd a rc as follows: 

T ill' Open Circuit 
4;) 50 

90 118 
135 179 

\\ll tugc Drop Per :,\ 1i 11i ;III1P~l'(' 

2 .35 \'olts 
2.35 Yolts 
2.92 Yolts 

Type 400 P latc-Supply and Single-Stage P ower A mplifier. 
withou t tubes .................................... $:15.00 

Dimcnsions 15 '/.,," x 7" x 7". \\'e ight lSY" Ibs. 
Code \Vol'd: A:"1X U L. 

TYPE :~90 AND TY)'E 395 
PLAT E-SU PPLY AND POWEIl-A~I PLlFIER KIT S 

The Type :390 Ilcctroll K it 
contu ins a ll parts necessary fot' 
the construction of il pb tc­
supply and POWCI'-ltlUplificl' uni t 
si milar in opcr lt tiol! to t he Type 
400 Plate-Supply Hnd Single­
S tagc Power Am pli fier. with 

t he exception of it li3:3- \'o lt tap. T his kit includes a d t'il1ed bH schoard. 
cord with wull plug. sockets, binding-post s trip, binding posts. I\lld <til 
scrcws (tnd nu ts . 
Typc 390 Hect l'on K it, without tubes ...................... $24.00 

Dimensions ] 5" x 7.1f2" x 5 IA'" \\'eight 17JjZ (bs. 
Code Word: A:\ I"IL. 
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The Type 395 R aytheon Ki t is exactly the same as the T ype 390 
HectJ'on K it, cx~cpt that. it employs the H a'ytheon 'l'ype BH Tube IlS 

it rectifier. 
Type 395 Raytheon ]{i t, without tubes . . . . . . . . . . . . . . . . . . . $25 .00 

Dimensions 15" x 7]/2" x 5];4". ,""eight. 17 Ibs. 
Code W ord: APART. 

TYPE 405 PLATE·SUPPLY UNIT 

The 'Type 405 Pia tc-Supply Unit 
is designed for usc where only a pia te 
supply is required. This unit util izes 
t he Haytheo ll BH T ube A S H r ect ifier 
and supplies four plate-vo ltage taps of 
4:3,90, 100 and 200 volts. T he voltage 
drops per millialllpc l'c load a t the nni­
Oil S ta ps H rc a s follows : 

T np Open 
45 55 
DO 132 

130 205 
200 200 

Y OltHg C 

3.50 Volts 
3 .] 0 Volt s 
1.80 Volts 

T y pe 405 l)latc-Suppl y l 'ni t, wi thout tube .. . . ...... . 
D imension s nY2" x 7" x 6". \\Feight]3 Ius. 

Code Wo,·d: Al\"ODE. 
Type BT-I Haytheon Hectificr Tllbe .. """"""".""."""""" " """ 
Typc rx -171-.-\ ( CX-371 -A) l)o\l"cl" Tube ""."""""""""" " """. 

TYPE 527·A RECTIFIER FILTElt 
T he T ype 527-.-\ Hcctifiel" 

} ' i!tel' is a complete (il ter fO I" 
hea \" y-duty plate-supply Ulli ls, in ­
("OI'pol""titlg two chokes And tI con­
detl~('I" assembly of 4-2-4 -:\ 11<'. 
E llf:h f: iloke has <Ill inducblnce o f 
a pproxi mntely ] ;'5 hel1l '."5 , a nd a 
("ul" rcnt-car ry ing c:lp acity of 100 
milli<llH percs . T he D C" r es ista nce 
is 175 ohms for eHch choke. The 
condcllse rs a re l"H tcd ;l t ] 000 \" 01 ts 
cont in uous sen 'icc" T he fil te r is 
sim il ll l" in appell l"H llCe to the Ty pe 

$20.00 

$4. ,,0 
$3.00 

565 T I·a nsfo l"lllCrs . Connect io ns Al"e III lhc form of \l"1l "e leads. It l:; 
mOll nted in a ti l"H wll-stecl case \\"i lh b ll\ck j ;.tpil ll fin ish . 

r ] 30 1 
, 



    

GE"-£R AL R AJJIO COMPANY 

Type 527-,:-\ Hcctificl' Filter ......................... . .... $17.50 
D imensio ns .1):1:',:/1 x 5 1/ ," x 5 ·Vi ", W eight 91h Ibs. 

Code " 'o rd: FATTY. 

-- 00 --

I II assembling equi pment 1'01' the laboratory, small pa r ts such a s sock­
ets, binding posts, knobs, dial s , dc .. a rc rcqu ircfL For the conven ience 
of labon:atol'ics assembling instnllllcn ls for tbeil' OWII usc we arc list ing 
the \"Iwiotl s sta ndard pUJ'ls used in QUI' own etluiplllcnt. 

T YPES 260 AND 280 POItCELAI"Il l NSULATOllS 

1"01' a n tellna insulation, correctly designed 
porcelain stm in insulators arc to Ix! prcfcrn.'<I 
to other cOlll1l'lcrci"d types. The T ype 280 
Strain I nsulalor, illus t rated, will be fouml 
particularly satisfactory. It is made of care­
fully glazed hrown porcela in and will wi t hsta nd 
SC, 'cr e WCIl ther <.:olldi tio ll s. 

Type 260 Type 2110 

T ype 280 SlnDIl Iusu lator . ............................ . $ .12 
D imens ions 41f2" x }:I $" x 1". Weight ·~ oz. 

Code \Yo,-d , CB ULLE H. 

Another cOIl\'enient insulator is the T ype 200 \Vall I nsul ato r. It 
may IJc llsed ins ide to support wiring o r inst rullien ts, or may be used out­
s ide for suppo l·ti ng lel.ld- ins 01' ground wircs. '1'wo of t hese insulators 
with a t h read ed rod cOllllecting t helll nwke all excellen t lead -in combina­
tion. Since they arc a lso cons tr ucted of g lazed LI'ow n porcebin they 
IllUY Le used eithe r ind oors 0 1' o u t. 

E a ch insulatol' is e4u ipped with nu ts and washel'!' asscmbled. as 
i 1I11st r a. ted. 

Type 260 \Vall Ill suiato r .............. ...... . ............. $ .20 
Dimensions 21/8" x 2¥S" x 2". \\'eight 4- oz. 

Code W o,-d, CONI C_ 

DIALS 

T he Gelle )'a l n adio Dia ls n re of b rass, fi nished to resemble frosted 
s ilver, wit h gnlduated scnle in black. T he 'l'ypc 302 and 303 D iRis 
are p ro"idcd with a specially d es igned vernie r attachmen t , consisting of 
a fiLe r p in ion mou n ted bclow the d ia l, Hnci cnguglllg wit h a geul' beh ind 
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t he di al. T he pillIOn IS mou nted 
011 n lionting IInll . a nd is held in 
close contact wilh the gear uy 
meallS of H spring. T he pinion is 
mounted 011 the front of the panel. 
and but one mounting hole is 
rcquit'cd for the cntin:- "crllier 
attHchmcnt. . 

T he T ype 310 lIlld 317 D iaLs 
arc similar to the Type 3 0:2 lind 
303 D ials, but do not have the 
\ ' cl' ll iel" attachment. 

Each di:1I ii; packed with cellu loid indiclIto]'. lWei a tClllpb tc IS pro ­

,-idcd for mounting . .-\11 d ial:; lIrc designed 1'01' H I,q inch ~hH fI. 

Type 302-2:* " Geared D iid ..... . ........................ $1.:15 

D imensions '1% " x 3,4". "'eight 1 0 oz. 

Code \l'o,·d: DAISY. 
T ype :303-4," Geared Dial ................................ $2.00 

D illlCIlSiolls 3Y2" x %". W eight () oz. 
Code \Vol'(l : DALLY . 

'I '· 310 ''''' '' D ' I .' pc . - "'14 lit ..................................... . $ .50 

D imcnsions 23i.( x %". " ' eight 3Y:! Oi':. 

Code 1V0 "d: DAXDY. 
Type 317-·1" D iul ....... . ... . ........................... $1.00 

D imensions 4fr :x 34". '''eight ulj:! Oi':. 

Code \1'0.,·,,: DEBUT. 
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SOCKETS 

~ · · ':!.m~~~.;: '-' , - . 
'W lHi' 

" "' - ~----

Type 3"1·9 Tyl'C 156 Type ' l38 Type 299 I 

I n the de:sign of all General B il elio Sockels, care has been taken In­

each case to mHkc the sockets mee t specifically the requi l'emen ts of the 

tuues \\"ith which they al'e to be used. )1oulded parts Hre of bakelite and 

metal parts a rc nickel plated. \\"ith the exception of soldering terminals, 

which arc tinned. 

TYPE 156 SOCKET 

T his socket is designed fOl" tubes having the large ur 01" U X -basc. 
The p hosphol'-bronze contact spl'ings arc so fllTangcd as to make posi tiyc 
contact 011 the sides of the tube prongs. 

T ype 156 Socket . . ..... . ................................ $ .15 
Dimensions 21/2/1 x 21ft x 1%". \\Te ight 4 oz. 

Code \Yo,·,L SODER. 

TYPE 299 SOCKET 

The Type 299 Socket is designed for the L,;V-199 tube. A multiple 
spring milkcs contact to the bottom of the tube prongs. 
Type 299 Socket ... ,.................. . . . . . . . . . . . . . . . . . .. $ .35 

Dimensions 2%" x 1% " xl". \"' eigh t 2 oz. 
Code 1I'0"d , STOny. 

TYPE 3 '],9 SOCKET. 
This socket is designed for the GX-type of tubes. Positi,'c contacts 

arc mftde with double gloipping springs to the sides of the tube prongs. 
Type 349 Socket .......... . . ........ ................... . $ .35 

DiuH:nsions 2"'I!" x 2"1,4" x %". 'Veight 2 oz. 
Code 1V0"d, SEDA'I. 

TYPE 438 SOCKET 
The Type 438 Socket is designed for lise wilh u lube haloing a f],"C-
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prong base. Its construction is simillll' tu l he Type :J4!) Socket. 
'T ype 438 Socket for UY -hasc t uues ...................... " $ .:15 

D imellsions 21/ 2" x 2Y2" x %", " 'eight :2 07.. 

Codo Word, STUD Y. 

Type 309 

TYPE 3-16 ,\OAPTEH 

The T ype 346 Adaptc l' CIH'lblcs lhe U X -199 und L"X-120 t ubes to 
be used in stuudurd lube sockets. The :ldaptcr is of moulded bakelite. 
A setscl'c\\' is provided fol' sccu" ing the tube firmly in t he ada pter. 

Type 3 ,~(j Ada pter ............. . ........................ $ .20 

Dimensions 1112" x I Yz" x VS". \Vcight 1 oz. 
Codo W 01'(I, AMASS . 

TYPE 309 ;;OCKE1' CUSHIOl\ 
Th la ny of the undesirable noises hea rd in a radio set ure due to Ihe 

mi croplionic a ction of the tubes. This condition may be somewhat ,'ed uced 
by the usc of the Type 309 Socket Cushion under thc T ypcs 156, 299, 
349 tI.-nd 488 Sockcts, This clishion is of spongc l"ubbc,·. 

'Type 309 Socket Cushion ., ... , ......... " ... ,., .. , . . . , .. $ .25 

Dimcllsions 21/ 1" x :lY2" x %". \ 'Vcight] oz. 

Code WO"d , SA BE H. 
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Z. 74- M 
274-5 

274-G 

GESE I! AL I! A D/O CO.1I1'_ /SY 

274-A 

I 

274-B 

z.74-P 

274-C 

T he cx p c l'imClI lc l" will find lhe various items listed under the Type 
~7 ..j. gr..>U]) co l\ \'cnicllt fol' cx pc l' imcll tHI wo rk . T his gr'oup consists of 
lHulti -cOlmcdor plugs, jacks, p lugs , trallsfol'mCl' mOllnting buses and coil 
mOll n t ing hases. The vario ll s parts of this g roup will be fou nd handy ill 
cumpul'lllg different methods or coupling cililc l' at radio 01' audio fre­
quenCIes. 

Type 
2H-A 
ZN- B 
27'-C 
'lH-)) 
2H-E 
27 ' - F 
274-G 
27.t -.J 
27'k\1 
'lH- !' 
17,~ - n 

27'-S 
:n"'-T 

Desc ription Priec 
:i· .Jack Ba se . . ......... .... .......... ... .... $ .(;0 
·I-J lick Base ... .. ....... ... ... • . . .. .6.5 
2-J uck Bnse .. .. ....... ... .... • .......... .50 
Singh! Insuhlled Plug... ... .. ........ . ... .Z.'i 
Si ngle Plug... ... ........ . .............. .ZO 
4- Plug :,\Iounting !3a!ie ........•......... . j!j 
Open Double Plu/! .... .......... ... . .. .... .. .50 
./ IH"k .•.•• •• •..••••.•...••.••... ... •.• . .0.') 

Insulated Double '->Iu!!, ......... . W 
Plug ............................ . ....... Ot; 
'l -Gan~ Plug ................ . ........... .:;1) 
Short-Circuit ,Jack .. .. ... ... •... . . .... .. .!iO 
Doub le Adju~t;l ble J IH:k ................ .:;tl 
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202 

137-J 

o 
137-K 139-A 

171-F 138-A 

.\HSCELLANEOUS PARTS 

tll~~ 
\ 13 S-Y 

138-Z 

"'lIImO~ 
138-C 

,"1I11~ 
138-Q 

"J1Il~ 
138-6 

~:;: 

138-0 

138-U 

All metal pnr ts iHC nickel pla ted. K nobs a nd other moulded pa rts 
al'C of bakeli te. 
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T ype 
I as·:\ 
laS· \\' 
l :iS·Y 
1:3S-Z 

T ype 
las· B 
las·C 
laS· D 
1:.18· (1 

Type 
I:JfJ·j\ 
ITI · I~ 

20'2 
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BINDING POSTS 
Description Diall1eter II~i ght Se reII' Sb-;c P rice 
Bflkclite 3 / 4" ,j / t5" 10·32 S .18 
X . P. Bnlss 'j / IG" 1/ 2" G·3'2 .08 
X, P. Brass 1/ 2" 3/'~" 10-3'2 .14 
:-::. P. Brass a/ s" ,j / S" G·32 .01 

SWITCH CONTACT S AND STOPS 
Description Price 

1/ 4.1f Contflct for T ype 171· 1" Switch . ..... ...... ~ .IH 
5/ ](1" Con l[lCl for T ype J39-A or 202 Switcll...... .o·~ 
:J / 16" Contac;t for Type J7J · fi' Switch......... .03 
Switch Stop, with nut...... . ........... .O ~ 

SW ITCHES 
Desc ription Price 

:'> lultiple· l.c(,f Switch 1%" Had ius ................ $ .50 
Single· Leuf Switch Ys" Ibdius .............. ... .. 30 
Low Con tflct Bcs istancc Switch 1%" Had ius...... .75 

KNOBS 
Type 
137· U 
J37·1) 
J37· 11 
J 37· .1 
Ja7· ,' 

Descrip tion Price 
:'> Iouldcd Knob, with pOin ter (S1llIlC liS ul)cd Oil Type J39· "\ Sw itch) .... $ .30 
:'>Iou illed Knob, without pOintcr......... . .............. 25 
:'I lou)(lcd ]( nol), (smne as used on T ype 317 Dial) . .50 
:'> lol1ldell I{no]" with )lointcr (S' UI1C as lI~cd on T~'pc ;)10 HhcIls tat)... .20 
:'I l(lul(i cd Knoh, wi thout pOinter...... . .. . ....... .15 

J :J7· 1';: :'>l oul dcd Knob, (samc as uscd on Type 2~7 \"cnlier)..... ... . .... .15 

BIND ING-POST TOPS 
Type 
J:.JS· T 
I:.JS· U 

Dcscript ion 
J ilck.T op Binding Post 
Jack.Top Bi nding Post 

TYPE 337 SWI'fCl-IES 

'r he experimentel' will find the 
Type 337 Switches cOIH'cnicnt for cx­
pcrimentll.i wOI-k . "rhc construction 
is stich t1wl ll. quick cllHnge-O\'e l' 11m)' 
bc effected . 

Type 3:37· "\ 
Type :3:37· 13 
Typc :3a. ·C 

I)PD1' Sw itch 
·J.PDT Swilch 
GPD'J' Switch 

r 1371 

Price 
$ .Hi 

.10 

S :1.00 
1.00 

10.00 
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