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FOREWORD TO PART 2 
Prom Lime to lime. as new instruments were developed and the 

specificat ions of other equ ipment were changed. a series of "Cal­
a log Supplements" containing )leW d'ltn were publ ished a nd 
mailed to everyone who had received a copy of Catalog I i'. 
Cillnlog V. wit h these supplements, constituted t he complete 
call1 log of the General Bad ia Company's labonllory a ppamtus 
until t he public.alion of t his booklet. 

"uLl<llog F , Part 2," as thi s booklet. is called, replaces all of 
the p rev ious cat alog supplements and supplies addit ional data 
wh ich rev ises Catalog J' to April J, IVS t. Besides, it con tains 
cumulative indexes apply ing to both Part 1 ::and P arl2. 

Users of Cat:.lIog F will find both indexes especially convenient 
when studying the specifications of instruments described in 
Part 1. A reference to the " Index by Ty pe Number " on page 
164 will, for instance, show at a glance whether Part 2 conhli ns 
addit ional data. 

A new series of catalog supplements will be issued as the occa-· 
sion uri scs. T hese will benr the numbers }'·SOO, F·301 , 1"·302, 
ctc. '1'0 :LVoid confu sion, all of the old supplements (F·200, 
,F·201, F·201A, and F·2(2) should be destroyed or marked 
"obsolete," inasmuch as all of the inform'lt ion they contain has 
been reprinted in Part 2. 
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CONDENSERS 

I x the following chapter arc described two "dditions to the line of 
Genend Hl.1Clio condensers <.1I1d sc\"cl'l1 l specification changes on those 
described in P art l. 

All General Uadia condensers using soldered plates al'e manufactured 
under 'C. S. Patent Xo. 1,542,905 . All those having plates other thtl l1 a 
scmicirculnr shape arc ma nu£achu'cd under U. S. Patent No. 1,258,423. 

TYPE 539 VARI ABLE Am CON DENSERS 

THIS Ficrics of condensers, a new addit ion to the GCllcral Radio Iinc. has been dc\"(;\oped 
for gCllcmllaboralory usc. Particular pains ha \'e been taken to reduce the losses so 

thal these condensers haxc lower losses than allY of our other laborntory condensers. The 
figure of merit (Ike'!) docs not remai n so IIcocl y cOlLsl tlnl wil h sell ing nor is t.he stability 
of calibration quite so good as in thc T YI'E Q!t~ Precision Condensers and in thc T HE :B6 
Variable Air Condensers. 

Rangc: The ca pacitance "alues ginll in 
the price list are, respectively, the nomin al 
maximum and minimum ca pacitance of 
each model. Elich condenser bas act.u al 
ellpncitullce values greater than the maxi­
mum and less than the minimum, rc­
specti,·cly . 

Rolor Platc$: Straight-line capaci tanec. 
b l$ullltion: Supports ure mude of isolan­

tite. Thc high potential terminals or thc 
mounted models arc brought out through 
glazed isolantite bushings. 

Figure of Merit: RwCt is 1I 1JProxi matcly 
0.03 x 10- 11 (I>ased on rneasurements made 
at 1000 cps.). 

Drive: ,)Jounted models arc suppl ied 
with dillts ca rrying friction-type slow-mo­
tion dri ves. Unlllounted models arc SU I)' 

pl icd without knobs. d ials. or friction 
dri,·cs. 

Calibration: The maximum and minimum 
nllues of ca pacitance, UC(!llratc to within 
~% of full SCo'llc nre engraved on lhe metal 
name plat e or eac.h mounted model. 

Maxinwnt JloUlIge: The valucs given in 
the table of specifications arc peak voltllges 
oorresponding to I>reakdown. 

If desi red. a cal ibration , 'lCcmatc to 
within ~% of full scale, ca n be supplied for 
the IO-di\'ision points between 0 and 100 
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124 GENEHAL RADIO COMPANY 

di"isiol\s. An cx lrn charge (sec price list) 
is mude ror lhis work. Calibrations can be 
made on mounted models ouly. 

Mountillg: These condensers can be sup­
plied either unmounted or mounted on a 
black crackle-lacquer-finished aluminum 
panel in a polished wa lnut cabinet. 

Sltielding: The inside of each cabinet is 
lined wilh a copper shield which effectively 
minimizes the effect of stray fields. 

Capocilal1ce 

D imclItiOM: The " height" of the 
mounted models given in the price list is the 
O\'cr-uU d istan(.'e from the bottom of the 
cabillcllo the top of the knob. The panel 
size is 6% x 6.!-i inches. 

The unmounted models require a panel 
spuce of 531 x 5J.1 inches. Thc"hcighl " 
in the following table represents thedistancc 
the unit would extend behind the rear of the 
panel. 

Type Max . Mill. 
~la:cim!l11t 

" altage !JIo/llltillg W eight 
Cod, 
W ord Price 

·53!h\ 500 j.lj.If 50 j.lj.If 11 00 Mounted ...... 8%in. 6,!.1lb. A~SAY $22. 00 
·5!}O- B 1000 j.lj.If 55 j.lj.If 800 " 8% in. 6~ lb. A~SLT 23 .00 ...... 
*539- C 2000 j.lj.If 60 j.lj.If 550 " 8% in . G lb. "ST.:II 2'LOO .. . .. . 
539-J 500 j.lj.If SOwf llOO Unmounted ..... 7~ in. i~ lb. ATI .... S 10 .00 
;;S9-K 1000 j.lj.If 55 j.lj.I( SOO .. 

I 7J,iiu . 2~ lb. ATO:S .; 11 .00 .. . ... 
5S9-L 2000 j.lj.If GO j.lj.I f 550 .. 7", in. 2~ lb . A'M' IC 12 .00 ..... . 

to·point Calibralion Cha rt . . . . . ........................ c n ART 1.50 

• Calibrations supplied only when ordered. Use compound words, ASSAYcnAnT, AsstTcnAnT, 

or AliTERCIIAItT. 

TYPE 239 VARIABLE AIR CONDENSERS 

THE full ·scale value of capacitance. accurate to within 1 %, is always entered on a chart 
permanently fastened to the bottom or each mounted model. We can supply. in addi· 

t ion to the calibration eurve described on page 8, a calibration accurate to within 1% of full 
scale for every lO·division point between 10 aud 100 scale di"isions. These data are en· 
tered on the chart fastened to the bottom of the easc. This work is not done unless 
specifically ordered, and a charge of $1.50 is made. Customers ordering by telegraph or 
cable may use the code word CUART, e.g. , HABELCUAnT, BANDl.'CHAnT, etc. 

The "panel dimensions" specifications for the unmounted models refer to the panel 
space required to mountthc condenser. 

TYPE 556 AMATEUR-D .u'l) CONDENSER 

THIS condenser has been designed for usc in short· wave receivers and frequency meters 
whcre it is desired to spread a narrow band of rrequencies over the whole 1800 of the 

condenser scale. The spreading out is acromplished by giv ing the condenscr a large value 
of zero eaI>8ciL-l.nce. Three of the five rotor plates arc complete circles, so that, in effect, 
the unit consists of a fixed condenser and a variable condenser in parallel. The circular 
plates also serve to shield thc unit from " hand eapacitancc." 

Thc capacitance values are such that. when Lhe condenser is used in a dynatron·oscilla­
tor cireuit, it will easily span the 3500 kc. to 4000 ke. amateur band with an approx:imately 
straight.line.frequency variation. Dy moving the outside eireular rotor plate, wbieh is 
held to the shaft by a collar and setscrew, it is possible to adjust the zero capacitance and, 
therefore, the frequency ratio ovcr a considerable range. 

This condenser su persedes the 'l ' yp}; 557 Amateur.Dund Condenser. 



 

Type 

556 

Capacitu'lce 
Max. Min. 

CONDENSERS 1~5 

R ange: Sec price list. 
Rotor P lates: Three circular (360") and 

two plates cut to give lin approxi mately 
s lraigh l-l inc-r rcq ueue)' varia tion. 

Insulation: Hard-rubber supports. 
M axi-mU1n Voltage: 3500 volls, peak. 
Figure of M erit: 0.03 x 10-12 (based Oil 

measurements at 1000 cps.). 
MountillY: Unmounted model only. Sup­

plied with mounting screws and drill ing 
template. No counterweight is required ror 
this condenser. 

DinumSWll$: Panel spaee, 3% x 3% 
inches. " Depth " in t he price list gives over· 
a ll d istance that the ullit extends behind the 
panel. 

WeigH 
Cod, 
Word Price 

$3.50 

T YPE 3 80 DECA DE S WlTCH AN D CO~DENSERS 

THROUGH a typographical error in Parl I or Catalog F, the data given in the price list 
on page 14 are incorrect. The corrcct chnractcristics nrc giycn below. 

Cod, 
T ype C(llKlciUHlce Dielectric Weiyllt Word Price 

380- A 
380- n 
380- C 

1 .0 IiF in steps of 0 . 1 
0 .10 p.f" ,. " 0 .0 1 ... . 
0 .0 10 p. f " " " 0 .001 ..... . -I - -

Paper 
:,\Iica 
l t ica 

1% lb. 
2 lb. 
1M lb. 

ADAGE 
A I)I)Ell 

M)DL~ 

$10 .00 
20 .00 
10. 00 



 

RESISTANCE DEVICES 

A
~E\V line of volume controls having muny Hpplications in \'o ice­

frequency recording and tru nsmission s.yslems is desc ribed in this 
chapter. A number or impOI'lanl modifica lions in the specificat ions 

of instru ments dcsc l'illcd in Part 1 .. He also included. 

T YPE '102 D E:C_\DE-n E<-; I STAKC I~ B OXES 

THE maximum ullowalJlc current corrcspondiug to a temperature risc of ;lQoC . for the 
O. I-oh m units in the dccndc-rcsislIlIlC"C boxes should be 1.3 amperes and 110l 3 amperes 

as slaled in Data Table 1. on )Xlge 17. 

Tn't: 371 (5 amp.) 

TYP E: 371 POTI::X 'l'I01IETEHS 

THE accomp:l.Ilying illuslration shows a T n'}; 37 t 
P otentiometer rated at .5 alllperes. It is designed for 

(:ontrolling the brilliancy of excite r lamps lIsed in conjunc­
tion with photo.e1ectric cell". Full specifications for this 
unit lUC g;,·cll on puge 28. 

Xole also that etched metal scales for these uni ts Ilre now 
avai lable. Sec the description of the TYl' ~-: S IS Dinl Plate 
011 pagc 157. 

TYPE £"14 llHEOST.\TS _\ :\"I) P OTENT IO)lETERS 

ALL of the rheostat s a nd potentiometers, both panel-mou nting and table-mounting 
.tl. models, which nrc priccd at $ 1.75 on ]1ltgCS 28 and 29, now cnrry .'\. price of $1..50" 
The price of Ule !MOO-ohm rheostat.s remains at $2.00. 

N ote that etched Uleta I scales for these units arc now available. Sec the description or 
the Tn'E S18 D ial Plate 011 page 157. 

TYI~E 552 YOLU)1i~ COX'1'HOI.S 

TllESE units ha,·e been designed primarily to mecl the yoice-cireuit rc~wirClUcllts of 
high-grade broadcast t.ransmission, sOllnd recording and projection , alld public-address 

equi pment. Because of t.heir accuracy, excellent frequency characterist.ics, and compact­
ness, they will be found t.o be '"cry usefu l for laboratory work in circuits where highly pre­
cise attelluation networks arc lIotne(:cssar~·. 

A Trl't, 55S (left) and :t T\"1't: 55;;! (right) Volume Control mounted on :l glass panel 
[ 1 ~6J 



 

Il ESISTA!,(CE DEV rCES 127 

Intern:!l construction of T n>.: 55'! lUld T n '.: ;;53 \'OIU01(: Controls. Tn'.: 5J~- LA (left) and T YPE 
55'!-1·1B (r ight ) with dust CO\'crs removed 

T hree t~,pes of section, the L, '1', und Uaian<x:<]. H, arc aVlli lablc. T he I ,.type shou ld be 
used when it is desired to maintain the impooancx: COIISl tlll l in one d irection on ly as the 
llUc ll ual ion is varied, the 1'-type for constli ll t impedance both ways from the allClluator, 
and the llalallccd-H-lYpc fo r constant impedance both ways aud when t he t ransmission 
circuit is t.o be balanced to ground. 

The un its arc assembled so that clockwise rotat ion of the switch reduces the ntlcnulltion. 
T he scale is cngr:wcd for each 51cl) from £0 t.o 0 with d(.'Crcas ilLg numbers in t he clockwise 
direction. The loss in decibels actually introd uced by the allenuator is fou nd by mult iply­
ing the seale rellding by the atlenll;ttiOIl per step (1.5 db per st.ep) . 

T he design of t he resistunc-c elements permits of very r igid mcchanicul construct ion. 
T he whole assembly is built to withstand the most severe sen ' icc requirements . An ade­
quate mctal shield which covers the terminals is prov ided for mi ni mizing eie<M ical and 
mcchanical d isturbulI(,-cs. 

N o slide-wire contacts arc used . T his increases the reliability or the un it , at the same 
tilLle making duplicat ion of a ttelluator settings easily possi ble. Step-by-step <:ontacts a lso 
hu.\'e a considerably lower noise level than an;\, type of slid ing COlltacl. T hese contacts 
have been run for 200,000 operations without appn .. 'Ciable wear. A thill film of clock oil is 
recommended for lubr ication of the contacts. This will not in ler£ere ill any way with the 
elcct rica l contact but will decrease wear considerably . 

]lancl mounting is accomplished by using the circular c lehc(1 mclill nn lUc pla te, which 
carries t he scale, as a dr ill ing template. T he same screws that mou nt t he a ttenm\tor in 
the rear of the panel hold the scale to t he pand o 

Range: 0 to SO db in 20 steps or 1.:; db F rcquclIC!! 1::rror: T he :tl tellua t ion is in 
error by not more than ± I d b at all settings 
I I p to 20 k i I O(:yc~es . 

each. 
Type of IJIll1Clillg: Unifil a r on thin bake­

li te strips. 
Accuracy of Adju~tmel1 l : All resistances 

arc :tdjust.ed to wi thin ± 2 per (:ent. 
Terml'11ul T'lIt1)1!(/ullce: See price list. 

Type Al/ellll(lliOIl Scclioll 

552- [.A 30 db in sleps of 1.5 db L 
552- LU 30 d b in steps of 1.5 d b L 
55~LC 30 dh in steps of 1.5 dh L 
552- '1' B 30 db in sleps of 1.5 db T 
552- T C SO db in steps of 1.5 db l' 
552-1:113 SO d b in steps of 1.5 db Ihlaneed-fl 
552-B C 30 {Ib in stel)S of 1.5 db Ih lanced- H 

J) imc/lsiOlls: All modd s rC(l uirc '~ x 4 in . 
pa nd space. T he depth behind the panel 
\'a ries with the model. See price list. 

IVciyht: Varies with model. Sec price list. 

11II{)(:lIoll (:e Depl), 

50 uhms 2% iu. 
200 .. 2% in. 
500 " 2% ~ Il . 
200 " 3 Ill . 

500 " 3 in. 
200 " 'i).i in. 
500 .. 5}.f in . 

Weigh! 

I%" lb. 
1% lb. 
IU lb. , ' •. , lb. 
3 , •. , , .. 

COilt 
Word 

A~'lln: 

.u"n m 

.\ H~:.\ I) 

.\ I.[ .:.x 
AL\II~I 

A l.flU:\I 

A(a I X 

Price 

$2S.00 
2S. 00 
28 .00 
34 .00 
3.Jo .00 
.JoS .OO 
4-S.00 

N OTE: These items arc ~lrried in stuck. Units lJavi ng detent conlilCts or different values of ter­
miual impedance (IUd attenuation per slep cal) be built lo order. 



 

128 GEXERAL RADIO COMPANY 

Four-channel mixing panel made up (rom '.1'1'1>1; 55~ Volume Controls 

TYPE 553 VOLU:\IE CONTROLS 

TH ESE afC si milar in general construction to the 'J'n>J,; 552 Volume Controls. T hey arc 
designed for lransrcrring the ampl ifying system, or fading. between two microphoncs 

or phonograph pickup un its, nlthe same l ime makiug uvnilablc a volume control fo r the 
uuit. in use. A range of SO db in Ic\"c1 is available in 2-db steps. 

The network used is the usual Modificd-'1'-lypc. 'Vit.h this network thcoulpu l im pedancc 
varies from SO pcr cent. low to 20 pcr cent. high from the spccified impedance val ue when 
going from minimum to maximum selling of the switch. At the same time lhe input 
impedance from the pickup or microphone is vtlfyillg from 0 error to 27 per cent. low from 
the spe<:ificd impcd:uu:c. These errors, unavoidable in this t:me of nclwork, are not suf­
ficient to interfere with the perform:mcc of the pickup system. 

Rlll/ge: 0 1.0 30 db in 15 steps of fl db 
eaeh on each side of 7.ero. 

Type of Winding: 1 Same as '['n'.: 
Accuracy of Adjllatmellt: ;;52 Volume 
l'crminullmpcdcmce: Con Lrols 

TIIP' Allelluotion Sectioll 

55S- .f'B [ so db in steps or !l db i\lodified-T 
55S- FC so db in steps or 2 db l'Ilodificd-T 

Frequency Rrror: A maximum error of 
±O.fl db is maintained nt all settings up to 
20 kilocycles. 

Weight: See price list. 
DillU:tlaWl1a: Same as T YPE ,'j52. 

Cod, 
h ltpe<iallce Depth II 'eigllt Word 

200 oillus [ SJ1 in. I 2 lb. I ALla:n 
500" 372 in. .'2 lb. AI •• :nT 

Price 

828.00 
28 .00 

Non.:: These items are carried in stock. Units 111\\'i ng detent contacts or different values of tcr­
mi nal impedance lind attenuation per stcl) can be built to order. 



 

INDUCTORS 
A FEW' corrections and a few minor changes in the specifications of 

1"\.. the General Radio inductors described in Part 1 arc listed below. 
The attention of engineers is invited to the new induc tance calcu­

lation charts mentioned in the notes on the TYPE 577 Inductors. 

l'yP£ 106 STAN DARD I N DUCTANCES 

I T should be Holed that the effect of Ulese inductors on surroundi ng instruments and the 
effect of external fields on them are practically eliminated by the usc of the astatic 

form of winding. III this the coil is wound in two sections, which arc so assembled that 
their ext ernal fields neutralize. 

TYPE 107 VAlUABLE I N DUCTORS 

THE inductancc values for the parallel connection arc approxima.tely Y.f or the values for 
the series COimedion. Using the parallel connection permits lI. bettcr o"crlap betwecn 

the ranges or the three types. 
The reader will, ot course, have noticed that the ma~imum and minimu m values of i n ~ 

ductance ror the series connection are interchanged in the tabular specifications on page 32, 

TYPE 577 I N DUCTORS 

FOR the conveniencc of those who wind their own inductors on t.he T\'PE 577-U Form, a 
chart of inductance versus number or turns has been prepared , Sec the F ebruary, 

1931. issue of the General Radio Expcrimellw. 
The inductance values for T\'PES 577~A, 577-D, and 577-C should be in microhenrys and 

not in mill ihenrys as stated on page 84. 
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OSCILLATORS 

AK E ' V bea.t-frequ ency oscilla tor, operated ent it'ely by ulternating 
ClIITcnt and covering a wide frequency rHnge, is descr ibed in the 
rollowing chapter. Additional in io l'mation on the Tv!' .. : 4'l~3 

Vacuum-Tube Oscillatol' is also incl uded. 

T YPE 5 13-B B EAT-FuEQUF.KCY O SCJL LA'I'OH 

( AI.'rEnK .... T1KG-CU HHE:.;T OPEUAT~;O) 

TI m dis! inguishillg characteristic of this type of osci llator is its ability to maillliaill 
constant output and, at t he su mc lime. Lo l.>()"cr <:onlinuous!y a wide frequency rilllge 

with onc control. This results from the lise of two oscillators, one of fixed and t he other of 
adjustahle frequency. The filtered di A'crcllcc frequency result ing frOIll the detection of 
the combined outputs of the two oscillat.ors is am plified to a useful power level. By means 
of stich :l circuit, the entire audio-frcqllelLey range may be eo\'cred by the rotation of a 
single dial. This feature renders the beut.frequeney type at oscillator useful for the rapid 
cXlllu inalion of alllypes of equipment. 

'l'ypielll U!olCS of the '!'Yl' f: fj (3-D ileat·Frequency Osci llator include determi nation of 
resonancc in tflmsformers and loud·speakers, acollslielll studies of rooms and wa lls, line 
C<llml ization, and similar applications. 
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OSCI LLATons \ :\\ 

Gel/eral J)c8Cripli on: The 
design of the TnE 513~n 

Beat-Frequency Oscillalor 
is such lImt the wR\,cforll1 
aud power output arc ade­
quate tor general lise, and . 
whell itis Ilscd illuccordancc 
wilh the operat ing instruc­
tions, the frequency cali­
bration is excellent. The 
oscillators operate in the 
vici nitr of 100 kc. and their 
ci rcui ts are adjuslt..xi so thal 
the difference frequency 
ilia:\, be reduced to 1 cps. 
without their "pu lling into 

.:\,Ini ll frequency control, '1' \'1".: 
fi 13-1l 

Fref/llenC!! Calibration: A 
tuned reed ad justed to hll"e 
its resonant frequency nca r 
100 cps. is provided as a 
reference standard of fre­
quency . The user sets the 
main tu ning control on the 
inst rurnel1t. to a line markcd 
n E E D li nd then adjusts a 

eompensa li ug condenser 
IIntil the output frequency 
and t he recd are in agree­
ment as shown by maxi· 
1I1 11 m deflection of the 
reed, T he m;EI) Illark is 

correctly placed to with in 
step " with each olher. J"jllering and 
circuit design have eliminated the beat 
frC(IIICllcics between harmonics of the os­
cilla tors and lhe fundamental frequencies 
of the oscillators themsel ves, sometimes 
crl(:o untcn:d in ins truments of this type. 

Frequellcy Ilollye: Calibrated betwccn 10 
cps. and 10,000 eps., it will actually deli" er 
Ilower at frequencies slightly lower and 
higher, respectively, than t hese. 

Freqllency S tability: A " cry high stability 
in cach high.frequency oscillator is, of 
course, desirable in order to maintain a 
sa tisfactory frequcncy stabi lity in t he 
difference (requeu e:.' . Since it is not {elk 
sihle to maintain too high a degree of 
stabilit.y in this sort of inst rument without 
making the coot. prohibiti" e, 11 means of 
(!orrect ing for lin:." drift of the com ponent 
oscillators is Jlr(),·id cd. This isall auxiliary 
frequency control with which thc IIser CIIII 

bring the outpu t. (requeucy into ugreement 
with that of a calibrated tuned reed. ~See 
Frcqllcncy Calibration.) 

E,'ery effort has been Illade to reduce the 
f rCCluency drift dl lC to tcmpera t.urc cha nges. 
Coils and condcnsers of the luned circuit.s 
ha" e been placed in brusa-wood boxes to 
rcduce tempe rature changes. T he output 
frequcncy may dri ft 5 cps. to 15 cps. in the 
first t,\,o hours due to intemnl hea ting, but 
I his effect. is sl ight thcreafter in the absence 
of a marked change in room temperat.ure. 
.\ 15-"0It change in the supply ,-oltage 
ea.uscs 2 or S cps. shift in t he output fre­
qucncy. Jf the accuracy of the work 
justifies such I,l precaut ion, the oscillat.or 
frequency muy, at any tim e, be checked 
again st the t uned reed. 

0 1le cycle I>cr second. 
Each il1strulllent is indi "idu:tlly cali· 

brated in terms of the General nad io 
Company's primary standard of frequency 
and t he d ill l of the main tun ing control is 
engra ved at. suitable in tervals o\"er the 
entire range. The dial is 8 inchcs in 
d iameter and has a spread of 2700 so tbat 
the sca le is spread ou t. o,'er :lIrnost 18 
inches. The user call , fo r one year from 
thc date of I)urcila.se. rely upon the cillibrit­
tion being with in 2% when the osci llator 
Ims been adjusted to the reed frequcney at. 
the HK.: O point. 

Output: Open circuit \'oltnge: 15 "olts to 
20 volts over entire range; at least 20 volts 
\\"ith ± 1 volt variation ubove SO cps. The 
outpu t control is an IS,OOO-ohm voltage 
d i\"ider, the internal outl)ut impedance 
b{'i ng ~BOO ohms a t. maxi mum voltage. 
A 0- 30 \'olt alternati ng-current volt11leter 
(similar to TYI'E 4S8- A) is permanently 
COl1nected across the Ol.i'TPUT terminals. 

.MaximulU l)Qwer output at. 1000 cps.: 
load impedancc of 3500 ohms, 30 mill i_ 
wults; load impcdance of 10,000 ohms, 2.; 
milliw:\Us. 

Variations in output. with line voltage a rc 
appreciable aud for that reason a line volt­
meter and rheostat arc included in thc in. 
strument. so that large fluctuations mar ue 
(.'ompensatcd fo r, 

IVuuform.: lbrmonies (chielly second ) 
amount to 5% to 10% of the fundamental 
amplitude above 100 cps. del>cnding upon 
the load imp<.'<iancc. Abo\"e 100 cps. and 
with a 10,OOO·ohm load the harmonic 
content is about 5%. Below 100 CI}S. it 
iucreascs rapidly, reaching 20% at 10 cps. 
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The amplitude of the " power-supply 
ripple" is nppro:timatcly 0.25%. Carrier­
frequency voltages (rom both oscillators 
have bccn eliminated by su itable filters. 

Tubu: Oue 2S0-1ype lube is used as a 
rectifier, a nd five Radiotron or Cllnningham 
or equivalent 227-typc lubes arc used as 
oscillators and amplifiers. ' : 

Power-Supply: 100- 120 volt, 50-60 cps . 
li ne. About M wat ls nre required. , 

Terminals: The power supply con.nects to 
a standard fC<.'tptacle inside the cabinet. 
A grou nd terminal and the OUTP UT term i­
nals are mounted on Ule panel. 

Af01mtillg: All appa ratus is mOllnted Oil 
the engraved aluminum panel which is 

Operated 

finished ill black crackle lacquer. The 
panel is mounted in a heavy oak case with 
brass carrying handles and lock. It may be 
bolted to the wall, hinges allowing the 

. cabinet to swing out for replacing tubes, 
etc. 

A cce3$OrW3: The instrument is supplied 
without tubes but with a 7-foot cord for 
making connection to the power supply. 

Dimensions: Panel size : 24~ x 19 x 7.l 
inches; over-all cabinet size, including 
handles, fl5 x 207'2 x 11 inches. Screw 
holes in the panel arc such that the instru­
ment may be fi tted into a TYPE 480 
(standard ] O-inch) Relay Rack. 

Weight: 71 7'2 pounds. 

Cod, 
Word Price 

G13-ll 1 10-10,000 cps. 1 100- 120 volts, 50-60 cps., :1.0. . . . . . . . . . . . . . . .. I NATTY \ 84.'10.00 

T YPE 423 VAcumr-TUBE OscILr~A'£on 

THlS is becoming an increasingly important accessory for the 'l'l'PE fl24-A and TYPE 
fl24-L Precision Wavemeters, for it enables them to be used as heterodyne wave­

meLers over thc greater part of their range. With the '!'l'PB 2fl4-A Precision Wavemeter, 
it covers the range between 1200 ke. and Ifl.5 ke. (250 meters- 24,OOO meters), and with the 
Tl'I'E 2!l4-L Precision Wayell1eter it covers the range between 6000 ke. and 500 kc. (50 
meters- 600 metcrs). (Note that since thc description 011 page ,.0 was printed, it has been 
found impossible to guarlllltee that the d~'natron oscillator will work over the entire range 
of the '1i.'PE 2fl4-A Precision Wavemelers with commercially available tubes.) 

Thc calibration of the instrument depends upon the interclectrode capacitance of the 
tube used. Hence, when a calibration has been made, several tubes which do not change 
the calibration should be selected for use as spares. 

The General Rad io Com pany will calibrate any of these wavemeter-oscillator combina­
tions on the following basis: The wavemcter calibration is used as lL working basis so t hat 
this calibration should be accurate. H it has been in the hands of the user for more than 
one year, he should ask liS to check it and, if neccssary, to rccal ibrate it. A charge or 
$5.00 per inductor is made for the new calibration. which, of course, has nothing to do with 
the charge lor calibrating the dynatroll oscillator. 

With the calibrated wilxellleter ill hand, we determine t he deviation between the selling 
of the wavemetcr with the dynatron and the selting of the wavcmcler shown on the 
calibration c1lart. We then plot a curve of this deviation agai nst the normal wavemeter 
setting, the curves for all induct ors being placed on one small chart. The percentage 
accuracy of this second calibration is the same as that for the wavcweter, i.e., 0.25% . 

The charge for determining t1J.e deviation values over the entire working range or a 
wavemeter-oscillator c.'Ombination is $8.00. 1ile charge fo r calibrating a single inductor 
is $3.50. 



 

AMPLIFIERS, COUPLING DEVICES, POWER­
SUPPLY DEVICES, AND ACCESSORIES 

I N this chapter are listed three items which require minor changes in 
the specmcations listed in l>art 1, pages 42 to 50. Attention is also 
called to the lact that the General Radio TYPE 274 Translormer 

iVlounting Bases are ideally su ited for use with General Radio coupling 
transCorme,rs in experimental setups. 

TYPE 585-lV12 MICHO PlIONE-TO-GRID TUANSF01l.MER 

TH E voltage ratio of 1:11 given on pnge '~ 5 is based on measurements bclwccll the wbole 
of the primary and the whole of the secondary. The vn lue for olle seelion of the 

secondary would, therefore. be 1 :5.5. 

TYPE 4·46 VOLTAGE DIVIDER 

THE resistance of the plate.su»ply section of this device was, through a typographical 
error, given as 1500 ohms instead of 15,000 ohms. the 'correct value. 

The 'l'Yl'f; 446-1)1 Extra Sliders lisled on page 80 nrc marked, respedively, " c -pwn," 
"U+ DET," "n+ AJ.Il'," "1J+ pwnl." Users should sl>cci(y which ones they want, if they 
have any choice. 

TYI'.E 437 AND TYPE 439 CENT I~ Ll-T.·\P II f:SIST.\ NCE UNl'L'S 

THE captions on the illustrations illid the llll)ul .. r sp(.'cificat ions for these resislant"C units 
as gi"en on page 50 arc incorrecl. The data presented here are correct. 

1"!Jpl Rt!,i.tlallcti Jlaz illulln Currell' 

m 

'" 
200 milliamperes 
200 .. 
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Cod, 
Cell ier Tnp Word Price 

AdjustAble I f'EIIIL $0.50 
Fixed l'Asn O.SS 



 

FREQUENCY- AND TIME-MEASURING 
DEVICES 

WITH the ingle exception of the new TYJ'}; 575 Piezo-Elcclric 
Oscilla.tol', a. high-prccision secondary standard of frequency, 
all of the da ta. in this chapter clarify or modify the descriptions 

given in Par'l 1. 
The nttention of government and college standardizing laboratories is 

invited to the General Radio sh mclal'd-fl'cqu ency assembly which is a 
primal'Y stancia l'd of frequency . R ecent simultaneolls checks upon a. 
stable signal have shown that QU I' own standard-frequency assembly 
operates in remarkably close agreement with the system maintained by 
the U nited S ta tes Bureau of Standards at ' '''ashington. In fact, several 
of the determinations agreed to within a few parts in ten million. This 
shows that the Gencral Radio standaJ'd ~frequency assembly is capable of 
highly prccisc work. Several are in use in Amcrican, Canad ian, Hnd 
fOI'cign Jabol'ntol'ies. 

TYPE 592 M ULTlVLBRATOHS 

READERS who want to know more about the applications or t he nlUlti\' ibmtor in 
frequency mcusurements a re refcrred for add itiollal suggest ions to t he description 

of the 'fl'PJ': 575 Piezo~Ek'Clric Oscillator which follows. 

T y p F. 57.5 Pn:ZO-ELECl'HIC O SCILLATOR ( WlTJI T}~:\ l PEBA1.·URE 
COx'm oL) 

T' US un it \\'lIS designed for use as a se(:ondary standard or Creqllelley for general laLo­
ratory and slation.monitor ing purposes in COllj Ullctioli wi th Gelleral Radio T\'I'E 376 

Quartz PllltCS. I t is. ill principle, a combin atoll or th e T}'I'I:: 5'~7·A Tcmpera tu re·Control 

'1'l"I't; 692 ;lIld TYI't~ Si S·AU assembled 011 n 
frame for conven;cn<.'C in maki ng laboratory 

IllCaSUrCIllCllls 

Uox and thc TYPE 275 P iezo.Eleetric Oseil ­
lalor described 011 page 57, Until now these 
t wo uni ts ha.ve mude the best simple 
sccondary standtlrd available, bllt the morc 
compact assembl y with its shortened and 
simpl ified cad io.frequency wicillg has rC· 
sti lted in a d(.'cided increase in the ovcr.all 
frequency stability of t he system. 

As a cesul t of lengthy tcsts on sc\'cr:il 
Gene ral Rad io T l'PE 376· H Quarlz P la tes 
ill lL TnE 575 Piezo.Eleetric Oscillator. we 
have becll ied to thc conclusion that, " all 
th ings (:onsidered, it seems reasonable lo 
expect t he frequcney variations under sen "· 
ice condit ions to be less than ± 10 parts 
per mill ion," 'Ve cannot, howe\'cr, {JUu ra lv 
tce stability of this order at the present 
t ime because of our inability to fo resee all of 
the possible abuses to wh ich t he un it might 
be subjected, The user may. howcver, 

expect to obtain comparable results if the unit be operated intelligently and with care. 
The results of t he experiments refcrred t o were publish(.'ti in the Octobcc and N ovember, 
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1930, issues of the General Hn diQ R:cperimcnlcr, (..>(l pies of II' hich arc uxai lablc to interested 
pe rsollS. 

The lI SC of thi s unit as a secondary standard for monitoring or making measurements at 
fundamental or harmonic frequencies of the quart.z plate is rairl~' obyiolls. but it is worth 
noting that, when IIst:d in conjunction with a T\' I'E ;;9:2 i\[ultiyibralor as a harmonic gener­
nlor,llscrics of harmonics cO \'cring a Il'ide frcqll cnc.'· band is obtainable. Sec page 5 1 for 
II general description of the Uluhi\'ibralor and its theor,\' of operation. 

H. for example, a IOO·ke. TYI'~; 376·H Quartz Plate and a lO·ke. Typ~; 592 1\[lIltiyi. 
hralor arc setup , sc\'cral of the fundamental frequencics in the series 100/1 0 ke., 100/ 9 kc .. 
100/ 8 kc ..... etc., ure readi ly obtainable b.\· adjustmcnt of the mulli\'ibrator control 
\'oltugc. By slight chunges in the circuit constants of the tllulth·jbrator anyone of the 
fUlldlllllentul frequencies in the series 100/ 10 kc .. 100/ 9 kc., ... 100/ 2 kc., 100/ I kc. , can 
be obtained. Harmonics lip to at least t he SOOth urc present in the output for each of 
these fundamental frequencics, and the Crequeney of each is known with the sume per· 
cClltage accuracy as the frequency of the quartz pltlte is kIlOWIl. 

lIur rHonie series based on funda menta l freqllcilcics lower titan 10 ke. arc of little usc 
withou t means for eliminating aud io·frequcncy boats between harmonics. 

The lise of t.he two decimal fuudamcutals (10 kc. und 100 kc.) makes measurements so 
('onn:nient t hat other control orders lire seldom required. :For the same reuson, we reeolll· 
mend I OO·kc. 'l'1'PE S76·H Quartz lllates for use in conjunction with the TYPE 592l\Iul tivi· 
hrators. 

O$cillalor Sysfe,,~ : Thc ci rcuit is si mila r to 
that dcscribed on page 57. Jllcks are pro· 
\'ided for connecting with a Tl·PE 275· }) 
I nductor (see page 137) having a frequency 
range correspond ing to the operating fre­
quency. One inductor is supplied with 
each oscillator without extra charge whell 
:til order is placed at the same timc roroneor 
more TYPE 376 Quartz Plates . 

The purchase of an UlldiliOllUl Tn» ; 
27.j.P3 l nduclor is required if a JO.kc. 
multi vibrator and a IOO·ke. Tn'E 37(l.H 

Quartz Plate arc to be used. The infor­
mation concerning Ihe corCl.'cL indu ctor for 
other combinations rna;' .. be obtained on 
a pplicution to the Gencral R'ldio Company. 

Telltpculillre·CQlltrol S!J!Jlem: Similar in 
construction Lo inner chamber of TYPE 59 1 
Temperature·Control Unit shown ou page 
OJ. J acks are pro\'ided for holding two 
TYI'~; Si(l Quartz Plates, either of which 
may be made ltvai lable by throwing a 
selector switch on the Cront panel. A 
thermometer (TYPE 547-P3) indicates the 
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temperature of the nir surrounding the 
q uartz plat e. A IILCr CUf,\' . lyp c t hermostat 
(T ypt: 347.1'2) controls the healer current 
through a relay mounted on the shcH base. 
A pilot lump on the panel shows when heat 
is being a pplied. The power consumed by 
lhe healers (when healing) is between 40 
watts and 70 walLs, approximately. depend­
ing on t he sett ing of a rlu.'Oslat in the sup­
ply circuit. 

Temperatu re of th e air in the inner 
chamber is held to with in ± O.l "C . ror room 
temperatu re variations of ± ll "C. The 
operat ing temperature is intended to be 
!lO.O°C., but any value between 40"C. and 
60 cC. may be sck'Ctcd if des ired. 

T hermometer, thermostat, and pilot 
lamp are supplied . They are reud ily re­
placed in case of accidental bre:dmge. 

Output: Jack-top binding posts on the 
rear or the shelr make it possi ble to enter 
l.he plate circui t with telephone r~eivers or 
an audio amplifier for listening to beats be­
tween it and anol.her oscillator (and thei r 
harmonics, of cou rse). 

Rudio-frequeney energy fo r monitoring 
and measurement purposes can be delivered 
to a binding post which is connected to the 
plate circuit of the oscillator through a very 

small COudcHscr. A wire Icading to an .... 
circu it under lILeMm rellleut may he con· 
Heeled to thi s post 

Power Supply: Jack.lop bi nding posts are 
provided on U)C rear o[ the shelf fo r can · 
necting: (tI ) (j.volt battery ror filament and 
thermostat relay ; (b) 45-voll. pla te ba ttery; 
and (c) 105- 115 volt (a.·c. or d.-c.) supply 
ror bcnters. 

T llbes: One UX-11 2A or its eq uivalent. 
M eiers: Plate-current meter, 0- 5 mla.: 

filament and plate vol tmeter, 0- 7 and O- I~O 
yolls wi th a push-buLLon switch, 

M ountin!J: T he instrumen t is mounted on 
a 7:1 inch a luminum panel, 19 inches wide, 
whi<.:h is finished in black ('r:lckle lacqucr, 
rcady for mounting a ll a TYI'E 480 Relay 
Rack. It is supplied with a dust cover of 
nickel-pla ted brass and which also partially 
shields the unit from stray electric fields. 
This is ordi nari ly removed when Ule unit is 
mounted ill a. c:lbinet. 

Acc8slorics: Instrument supplied witllOut 
quartz plate. tube, pla te inductor (TYI'E 
275-P), or batteries. 

D iflltJlgiong: Panel. 19 x JOy-! inches; 
d imensions of apparatus behind panel. 
17.!4' x 1072 x 10 inches with dust cover. 

Weight: SO pounds including dust cover. 

C"", 
Word Price 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I LOY"i • I $200 ,00 
• Pl\nel is ClIgmvcd ·"r y!'.: 515," 

T YPE 575 PI EZO-ELE CTRIC O SC II .LA TOH. (WITH T EMPERA'rURE 
CON TROL) 

A I.TERNA'rI VE :M 'OUNTING 

WE arc prepared to supply fo r cabinet mounting any T YI'E575 P iezo.Eleetrie Oscillator 
in our stock, We replace the dust cover and supply in iLs place a polished oak 

cabinet. 

Dimctl8iamJ: O\'cr-all dimcnsions (cabi­
nel on ly, not including handles) 19%, x 

Typ' 

1I .J;2 x 10 inches. 
IV eight: S7 pounds. 

·515- :\:\1 I ......................................................... . 
· Pnnc\ iii cngraved " '1'\' I,t: 515," 

C"", 
Word Price 

I I.tJSAIl I $220,00 
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FREQUENCY AND TIME MEASUREiVIENT 

A CCESSORIES AND REPL A CEMEN'l ' FOR 
TYPE 575 PIEZQ-ELECTIUC O SCI LIJATOR 

. Inductors (see pages 58 and l:l7) ... 
Thermostat ..... .... . 
Thermometer ................. . 

T YPE 275-P I NDue'f ons 

Sl)ECIFTCATIONS Oil the T1'l'~; 275-P I nductors 
have been revised si nce Part 1 of Cata log F' was 

published . The table on page 58 is. lhercCorc, rcpl:u,.'cd 
by the one below. These inductors arc sufficiently 
un iform so that they are interchangeable in the 'I '1'PE 
275 . TYPE 375-A, and 1\'J>f: 575 P iezo-Electric 
Oscillators, even with high-precision quartz plates. 

'l'Yll1: Frequency Rallye Cooe Word Prier 

275- P l 50- 7.S kc. I'II>ZOSGO.\T $,i,OO 
275- PS 75- 125 kc. 1'1 E)';OSIIA{; K 5.UO 
275- Pil 125- 200 kc. I'l£ZOf;(;lnL 5 .00 
275- PO 200- Sr.O kc. l 'I ';ZOS~llLK 5 .00 
'17,,- [>3 9,,0- 900 kc. 1'1 . :'10&8110 1: 5.00 

Cod, 
Word 

275-1"~ 000- 2300 kc. l' l t :ZOSS t; ,\T 5 .00 T n't,: 275- 1'·~ 

TYPE 375-A STATIO:\' J 'I EZ.O-ELECTHlC O SCI LLATOn 

137 

Price 

820 .00 
4 .00 

THIS inst.rument requires three tuhes of the 1 J2-A. ty pe. One is used in t.he piezo­
electric osci llator and the other two in the amplifier. H.cceut tcsts indicate that much 

bettcr results arc obtained in eliminating thc side-band tones from tl lc monitor circuit if a 
O.l .... f to O.2 .... f instead of a 1 .... £ condense r be used. 

THfS unit is ordinarily supplied for IISC in conjunction with a quartz crystal operating at 
50 kc .. but. if some othcr working frequency is rcqui rcd, wc can install an inductor of 

sll itaLlc characteristics wit.hout cxtra c1l11 rge. 
No lubes arc furnished. 



 

138 GENERAL RADIO COMPANY 

Typ IC 547-P A CCICSSORlICS AND RICPLAC ~"EN'I'S 

FOR the COlwcnicncc of customers ordering b:.' telegraph :md cablc, lhe l.'Ode word 
1'1~;lOSTOAI} has been assigned to the 'l'n'E .H7-PI Connedor P late dcscrihcd 011 page 

GO. 

T YPE 591 TE~IPEB:\'l' URE-CONTHO L N IT 

A 1.1'110 GH t he TnE 590 P iczo-ElccLric Oscillator and the Tnt: MH Ileal-Con trol 
1\.. Uuit arc Hot included in the price of l he Tn' .: 59 I T elllJleratu re-Control Un it. we 
slrongly recommend that the lhree be ordered together i f t he laltcr is to be used in a frc­
qllcllcy-stlilldards s;,>'slclll. The T YPE 590 })jczo-Elcct ric Oscillator is notahle (or its COIll ­
pactness , and it is unl ikely that the user wi ll be able to substi tute a different osci llator wilh­
out a considerable amount of incon venience. The T Yl'F. 59·~ Hell t-Controll'anel carries 
t he meIers, reirl:'·s. and rheostats necessary Cor t he proper operation of the thermostats. 

T he mcans fo r mounting 11 T YPE 376 Quart?; Plate in th is unit is described in the follow­
ing section Oil the TY l'f: :i91 _11 Accessories and R eplacemen ts. 

TYPE 59 ] -P A CCESS0111ES AND RgPLACK\1J~N'I'S 

'1" '1'.; 5!) I -p·~ with T 1'I't; 37Ci in Jl()~ition 

Dill/C1lsiotls: 3%' x 3)( x l ~ incbes. 

'J'ype 

5!) 1-P·~ Adapter tor Tnt: 3i(; Quartz Piale ... 

SO tlmt a T YPE 376 Quartz Plate ma,\· 
be houscd in a 'l'YPf; .59 1 Tempefllture­

Control Unit. t he TYPE :j!)J-P4 Adapter 
has been dcsigned. It is mounted in the 
slime manller as the Tn'E 570-:\ Quartz 
]Jar and is fitted with jacks so t hat t.he 
{IUarlz pillte may be plugged into it. With 
the adapter lind the plate in place. another 
plate may be laid on t he first one in t he 
inner chamber of the temperatu re-control 
box and be kept llt the corrc<:t operating 
temperature. Then, if it is desi red to 
opemte the second pilite. on ly II short ti me 
is required (or its temperatu re to become 
stable after the box has heeu rcclosed, 
Speci fi cations ror the three TYI'~; 591-P 
Replacements described on page 01 arc in 
no way a ltered . 

Weight: 6 oum:C$. 
Cod, 
Word Price 

$3 .00 

Tn" 376 Q U''' tTZ PLA""'S 

TII£ acc:ompanying i~I~l stralion shows the new chr? l.uium-plated mounting {or Tn:E 
376 Quartz Plates. ] he name plate stlltes the certIfi ed frequency and the amount, III 

ki locycles per second, by which the (ref/uelley may cha nge and s till remai n within t he 
guaranteed pen:entagc accuracy. 

The gua ra ntee oC aCCllfllc.y Cor all 'J'\' PE $7(; Quartz Plates is made on the assumption 
that the plate will be operated in a horizontal position, in an oscillator with a. t ube no 
larger than a 11ft- type, and with no more than 90 volts or plate battery. This seldom 
restricts the userulness oC t he instrumen t, since the output of such an oscillator is adequat.e 
Cor all monitoring a nd laboratory measurement purposes. 
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I n t he past we hu,"c certified the two high. 
precision quartz plates (T n'E 376-1" and Tn'~: 

376-H ) in oscillators which had not been 
buill by General Radio provided only t hat 
t he equ ipment had our llPprovul. D ifficul. 
lies involved in testing st range oscillator:;:. 
in locat ing t roubles. a nd in assuming re­
spo nsibility for design {ealures which apl>ClIrcc l 
f1l1cstionablc to ou r engineers have madc 
it Ilcccssnry for liS to d iscon l iu llc t his 
pract ice. I n the future, t herefore, all oscil­
lators and tempe rature-cont rol cquipu lc lll 
with which TYPE 376 Quartz P lates nrc to 
he calibrated lILust haxc been mauu rllclured 
hy the General Radio Compa ny . T\'I '~: 370 

TY PE 57G- A Q UART Z B :\H .'\ N IJ H O I, IH:lt 
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ernE accompanyi ng photograph shows t his un it as it is now being supplied . CluUlgcs 
are eontinually being made ti S fll rUler research shows li S how its frequency stabil ity can 

be improved . 
T his crystal is eapable of II higher degree or frequency stabi lit .... than an:,-- ot her com· 

mercially axai lable un it. I t is normally intended for usc in a General n adia stll udard· 
freq uency assembly where the crysta l frcquclley is measured in terms of sLlHldard time. 
For th is reason the adjustments arc not seak·d, and we have made no provision for certify. 
ing the accuracy to wit hin which the bar has been luljusted La 50 kc. The frequeucy of 
t he bar wi ll , however, be so nca r to 50 kc. that only a slight adjustment of the adjusting 
control all the face of the 'J' \'P ~: 591 Temperature.Control Unit will be required to bring 
the frequency to the corrcct value. 

For the eOll vcnicnce of customers ordering by telegraph a.nd cable the code word 
pn;zOS"lUslt bas been assigned to t he TYPE 576·A Quartz Bar. 

TYPE 389-P I NDucTo as AN D R OD )!(OUNTINGS 

FOR the convenience of customers ordering by telegraph and cllble the following code 
words have been assigned to th(' units described on pnges 65 and 66: 

Type Code Word Type Code Word 

SSO·PI 
389·1'2 

.... _ ... _ . .. 1 :' I.'G~ETOBO\' 

..•••• _ _ _ . .. :'IAGNETOTOP 
3S9.~!3 I··· ······ ··· 1 ) I AG~ETOnUG 389.14 .. •• .. __ . . .. ) f.' GNETOTOE 
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TYPE 224 P RECI SION ' VA ygME'r ERS 

TH E user of one of these wtt\,cmeLers may rely upon its calibration being within 0.25% 
of the t ru e frequency fo r one year from the dale of purchase. Atthc end of that period 

tbe instrument should be returned to our laboratory for checking and possible rccalibra. 
l ion. 

The capacitance calibration is made at 2() points :Lnd lil a," be relied upon to within 
lJ.l.p.f for one year from t he dale of purchase. 

TYPE 624 Pn ECIS[ON 'VAVK\II~TI~n 

THE description 011 page 68 fails to make it clea r thallhis instrument is calibrated in 
frequency only. The aC<:uracy of calibration is guaranteed to be within 0.1 % for one 

~'car from the date or purchase, and we recommend that it be retu rned for checking at the 
end of a year . The capacitance calibration is good to 1,u,uf. 

Five (not six) inductors are normally supplied to cover the band between 2"';,000 kc. and 
4270 ke. (12 meters and 53 meters). 

Operation of the "push bulloll " in the Te$OllaIlCC indicator system throws in or out of 
circu it 3. small condenser in parallel with the main tUlling condenser . The wavemeter 
setting is adj usted until operation of the push button causes no change in the deflection of 
the thermogalvunometer. Th is means that the incremental capacitance has spanned t he 
resonance peak. For work at high frequencies, tJle accuracy of selting is considerably 
better than can be obtained by setting for maximum deflection. 

TYPE 511-P REPLACEMENT 

FOR the cOllvenience of customers ordering by telegraph and cable the code word 
SYNCROLl'U: has been ftSSigned to the TYPE 5 ll -P] Neon Synchronizing Lamp. 



 

BRIDGES AND THEIR ACCESSORIES 

T HE " 'agner Ground is a useful adjunct to an impedance bridge, 
especially where the ratio arms are not equal. The TYl)E 193-Pl 
" 'agncr Ground has just been developed as an attachment fo r the 

'l'YPE 193 Decade Bridge. 

TYPE 193-PI W AGNER GROUND 

WHEN comparing inductors or conden5er~ by means of 
the T YPE 193 D ecad e Uridge, t here IS often a need {or 

some means of eliminating t he effects of stray capacitances to 
grou nd between the reactors under test, the power source, 
and the balance detector. This can be accomplished by 
means of a \Vagner G round which, in its simplest form, con­
sists of an auxiliary pair of bridge arms placed in parallel 
with the power source and the ratio arms. Usi ng the center 
junction point of the ratio arms and the grounded eeuter 
junction point of the auxiliary arms for making connections 
with the balance detcctor, this new bridge Illay be balanced 
by changing the junction point on the auxiliary pair. 
'Yhen this oc'Curs, the junction point of the ratio arms is 
balanced with respect to ground. 

A completc discussion of the " ragncr Ground may be found 
in a paper by ,1. A. Stratton , " A H igh-Frequcney Bridgc." 
published in the J Q1tnwl of lhe Optical Society of A merica 
for October, 1020, and It briefer one, in th\! General Radio 
Experimenter for J anuary, 1930. 

Description: The Wagner Ground proper consists of It 

400-ohm voltage di vider. the position of thc slider on which 
determines the position of the junction of the two aux iliary 
a rms. This point is grounded through the ON D term inal. 
Provision is made for inserting an additional 500 ohms 

TYPE 193 and Tl' l'~: 193-1>1 

on either one or both sides of t he voltage divider. 

TYPE 193-Pl 

193- Pl 

The a-point switch accomplishcs two things: 
I t allows the balancc detcctor to bc conncctcd 
to the Wagner Ground whcn in the wo position. 
When in the othcr posi tions thc dctcctor is con­
nected to the dccade bridge: in one position it 
throws He (see page 75) into t he X arm, in the 
ot,hl'!r, it throws He into the STD arm. 

Com plete operating instructious are packed with 
each IIllil. 

Mounting: The Wagner Ground is designed to 
be eOllllccted to the dccade bridge in the manner 
showu by the accompanying illustrations. COll­
m:.'Ctor straps are furnished. 

Dimensions: With the Wagner Ground attached, 
theovcr·ulllcngth of the bridge is increased to 22Yz 
inches. 

Wtrig/!t : 3% pounds. 

I GUNNY I $20.00 
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TYPE 383 PORTAB I,E CAPACITY Bll IDGI' 

Tnt: 383·:\ 

ADESIGN of t.he low.cnpilcilance model. more recent. t.han t.he one on page is is shown 
in t.he nccompallyillg illustrat.Lon . The three terminals accommodate t he corre· 

sr)onding plugs in the T YPE 3S3.1) Bases, by IlICl.Ins of which t.he bridge makes connections 
to the delta·(:onnected capacitance network formed by the interelcctrode capacitances of 
the yaCUUIll tube. 

The Tl'P~: 3S3·P 2 Base is suppl ied with the TYI'E 383·A Portable Cttpaeity Bridge with. 
out additional cha.·ge. None nrc supplied with the Typ~: 3S3-13 Portable Capaci ty Bridge 
(high ·capaci lnnce model ). 

TYPE 383-P A CC I'SSORlES 

TnE 383-P2 

THE accompanying photo­
graph shows the TYp~; 

SS3-PI and the TYI'E 383.P2 
Bascs (or usc in t onjullc tion 
with the TYPf: 3SS·A Portable 
Capacity Bridge when meas­
uring the illtcrelcctrode capa(·­
it:lllcc or ntcuum tubes. 

For the convenience of 
customers ordering by tele­
graph :lIld cable the following 
code word!; hn ve been assigllcd. 

Type Code Word Type Cod~ Word. 
-3-S3-_~I'~2--r------------YI~~-------

383-]>1 I ...... . . . . .. I ADA I>'fOBCA T 

TYPE 240 CAPACI'fY METER 

SE\·ERAL rcaders or Catalog 1·' hiH"C 

noticed t ha lt.he schcmatic diagram and 
t he actual wiring d iagram ill the cover or the 
instrument do not agree in the method of 
connecting t he microphone hummer. The 
hummer is connec::tcd as shown ill the 
accompanying d ingram. 

. . . . . . . . . . .. .~o ,\PTonOOG 

BUZZER ~ I 
~IIII 

SWITCH BATTERY 

Corrected wiring diagrnm for-1,," .·~ '140 



 

RADIO-FREQUENCY TESTING DEVICES 

T H E modified standard-signal gener'lto!' fol' the rad io sC l'v icenl<l1l 
referred to on page 88 was rull.), described in Cata log Supplement 
1" ·200. The description is repeated here so that .Part 2, with Part 

t, will give a complete account of all GenNal Uadio instl'lllllcn ts. 
Anoth,er important development in radio-freq llency measurements is 

the modu lation meter, a. device fOl' mCilsUl'i ng the pCl'centage modulation 
and foJ' locating modulation fa.ults in broadcast transmitters. 

The TYPE '103-C SUlIlda l'd-Signal Genera.tor h~IS been made aVit ilabJe 
for t he measurement or ,'ael io-field intensity by the comparison method. 
The description on page HJ supplies mldit iona l inronnation about this 
li se. 

'lYI'E 457-A M ODULA1'1O-'i METEH 

1'l' I'F. 45i-AM 

pROPER operation of a broadcast transmitter requires mOrC knowledge nboullhc per-
formance of t he fnodu lat.ion system than the operating engineer has been able to 

obtain readily. lII eaSU fClllcnt s of the percentage of modulation and t he ndjustmcnt of the 
transmitter for the maxi mum amount of undistorlcd modulation have been difficult, in­
volv ing as they Layc a wcll-dc\"eJopcd experimentlll technique and rclllliwiy complex 
equipment. The advantages of a si mple and accurate modulation meter will he a pparent 
to evcry broadcast engineer. 

The T~'N~ 457-A Modulation M ele r is a direct-reading instru ment for the llCCllralc 
measurement of percentage modulation . It has a number of imporlu uL uses. Determ ina­
tions can be made while 1t. program is in progress so t hat it may be used by the monitoring 
operator to indicate when the maximum allowable percentage moduhttion is being ex­
reeded. T his modulation meter is no more difficu lt lo opera te than a power-level indicator. 

The maximum allowable pe rcentage of modulation for any given adj ustment of the 
transmitter can be determined by increasing thc audio-frequency input voltage until 
further increases no longer produce proportional increases in percentage modulation. 
Greater values of percentage modulation ind icate that the transmitter is bei ng over­
loaded with rcsulting distortion. Since the percentage modulatioll ca n be measured 011 the 

[ 14SJ 
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negative peaks of the audio-frequency wave as well as on the positive peaks, lack of sym~ 
melry in the modulation or shifts in the average value of lhc carrier voltage during 
modulation can be detected and steps taken to correcllhc maladjustment. 

General Description: About 75 volts of 
Ulodulated carrier voltage may conven­
iently be introd uced ill l o the modulation 
meLer from a pickup inductor coupled to 
the output circuit of the transmitter. T he 
power required to operate it (approximately 
0.5 watl) is negligible even in low-power 
transmitters. 

The instrument consists essent ially of a 
Iincar rectifier for obtaining a wave identi­
cui in form with the envelope of the modu­
laled radio-frequency wave nnd a means, 
includ ing a vacuum-tube peak voltmeter, 
for examining the maximum and minimu m 
values of the rectified wa.ve. T he circuit 
is arranged so that after a preliminary ad­
justment of the rad io-frequcney voltage ap­
plied to the rectifier, percentage modulation 
for either positive or negative peaks is 
given directly by a dial reading. 

Tubes: Two Uy-~e7 tubes or equivalent 
are required. 

Power SUP1Jly: 'l\vo Durgess No. 5308 
block batterics or equivalent 90-volt bat­
tery arc required to deliver about 2 milli­
amperes. A battery compartment is pro­
vided Inside the cabinet. Filament-heater 
power is supplied (rom the ]05- 115 ,·olt. 
50--60 cps. line. 

Terminals: A reecptacle for plugging ill 
the 1l0-volt supply is provided Oil Ule 
right-hand side of the cabinet. Dattery con­
nections are madc to Ocxible leads. On tbc 
(ront panel and on terminal plates at the 
back, duplicate pairs of binding posts are 
provided for U1C radio-frequency input and 
for the output of the linear re<::tifier so that 
it can be used with other analyzing equip­
ment if desired. 

Type 

Accuracy: In ordinary usc the crror is less 
than 5 per cent. ill modulation a t audio 
rrequencies up to nbout 3000 cps. The in­
herent error of the instrument is consider­
ably less t han this, and, if sufficient care 
is used in setting it up and in tAking obser­
vations. the error may be reduced to below 
2 per cent. in modnlation. For example, 
when the modulation meter reads 75 per 
cent. modulat ion, the t rue value will be 
between 73 and 77 per cent. 

T he accuracy is grentcr at high modula.­
tion percentages than at low and is greater 
at low modulation frequencies than at high. 

T he abovc values of accuracy may be 
expected for carrier (requcncies in the 
runge between 400 ke. and 4000 ke. (750 
Ulctcrs-75 meters, approximately). The in­
strument cun be modified to permit its use 
on carricr frcquencies as high as 1:;,000 kc. 
(~O meters), information about which will 
be supplied on request. 

Shielding: A shield of nickel-platcd brass 
protects the circuit from stray electric 6elds. 

Mounting: The instrument is normally 
supplied mounted in a polished walnul 
cabinet •• bu t we eun supply it for mount· 
ing in a standard ]9-illCh relay rack. For 
details consult the description of the 
alternative mounting ill thc (ollowing 
sect ion. 

AcccS$oric$: The instrument is supplied 
with a 7-foot cord for maki ng connections 
to the ] 1O.volt line but without tubes. 
battery, or pickup inductor. 

Dimensions: Panel size, ]5 x 7 x }i 
inches; over-all cabinet size, including 
handles, ]8% x ]0% x 7~ inches. 

Weight: 25 pounds. 
Code 
Word Price 

· 457- 1\1\1. I (For cabinet mounting) 0 0 0 0 0 ... 0 .0 ... 0 
• Panel of instru ment is engraved " Tl' PE 457-A " 

00.0 . 1 1IIANClE I SI~5000 

T YPE 457-A MODULATION M ETER 
ALTERNATIVE ~fOONTl"'G 

W E are prepared t9 supply any T onIE 457-A Modulation Mcter in our stock for 
mounting on a Gencral Badio Company Tnt: 480 (standard ]9.inch) Relay Rack. 

To do this we supply, instead of the cabinet, a pair of panel extensions for increasing t he 
panel length to ] 9 inches. The brass srue1d regularly supplied is a sufficient protection 
against dust , and the shelf extending beyond it provides space for holdi.ng the ballery. 
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The instrument itself is idcnlical wilh the TYPE 457-A Modulation Meler described in 
t he preceding sccl.ion. 

Dimensions: Over-aIl depth behind panel. 
including battery shelf, 10 inc.hes; panel size 

wilh panel extensions, 19 x 7 x !4 inches. 
Weight: 18% pounds. 

Code 
Type Word Price 
·457 AR I (For relay-rack mounting) ........ .. .............. . I .\I:\NGY [ $11 0.00 

· Pancl of instrument is engraved " 'l'"I'£ 457-1\" 

T YPE 403-C S1'ANDARD-SIGNAI~ GF';~ERA'1'ORS 
ALL THE 'W3·C Standard-Si?nlll Generators ha\'~ a n imprO\'oo s,hie1d ing sy~~em ,,:hich 

.tl. rcduecs the amount of radlo-(rc<\ucncy I,nagncllc leakage conSiderably. J here IS no 
change in the price (sec pages 89- 00). Owners of T YPE 403-C Standard-Signal Gen­
erators cnn have the new shielding added for:~ moderate charge. 

The improvement consists in the fo llowing: (a ) doubling the thickness of the copper 
shield above the tuning inductor; (b) soldering illl parts of the box lining; (c) cncasing the 
MOIJUI, ATIOX VOLTAGf~ and ,\IICRovo r.TS meters jn copper shields; and (d ) placi ng an 

L-shaped shield along the upper front edge. 
The new design makes the instrument or considerably more \'aluc in tests on sensitivc 

receivers as well as in measurements of radio fi eld intensity, The old models were ade­
quately shielded (or testing the general run of broadcast rccei ,'ers, but our desire to a.pply 
the standard -signal generator to fi eld-strength measurements imposed conditions more 
severe than were an ticipated in the original design. 

Tesls indicate t hat the amount of leakage has been rednced considerably, especially from 
the front panel and the top of the signal generator. Although comprehensive data are 
difficult to express in a few words, the results of the following representative test may 
be helpful. 

A loop h,wing an effe<:tive height of about 5 em. and an inductance suitable for t uning 
over the broadcast band with a 500-J'J'f variable-ltir condenser was placed at three different 
points (Column 1 in the following table) near a ncw model standard-signal generator, At 
:\11 three points the receiver connected to the loop gave the same power output as when 2' 
microvolts were introduced directly into the loop circuit. In Column 2' arc shown the 
corresponding distances for the old model. 

TABLE 
DIST,\:\cES FROY SIG:\AL C.;IO;ttATOIIS TO PliolweE EQIJI\'ALE::--T OF 2 !\hCROVOLTS 

New .Slliefdillg Old Shiefdill9 

*6 in. from front 17 in, from front 
2 in. from side 3 ill. from side 

*5 in. from top 10 in. from top 
• '''hen the loop was placed "6 in. from front" Or "5 in. from the top" of one of Ule old models, 

the equivalent leakage was about 40 microvolts. 
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.\ $ n rough approxi mat iou it may be assumed t hat the field iu tensil:" of the "Ieakage" 
\'tl r ies itl\'ersely as t he S(IUtlfC of t he d istanee. Th is has been verifi l.'<.1 experimenta ll;.'. 

T he new shielding is essential for the satisfactory measlirelllentof rad io fie ld inlensity by 
the comparison method described by R obert F . Field in the .J tllI1w.ry, 193 1, r:cncrctl Radio 
E.tpcrimcnfcr. The charge for mak ing t he nlX:cssar;.· cha nges in old models is $Q2.00. 
Work mll st be done at t he factor,\'. Alt.hough th e work Ilsuti lly docs notll freet ei ther the 
frequency or the outplit-yoltage eli libratiolls appreciably, customers ought to ha\'e the 
e:ll ibrations checked at the sam e t imc, 

A shielded I!-condllctor lest lead is now sllppl ied as regu lar eq llipmellt with the slancla rd ­
signa l generllior. One end is fitte<1 with a 'J'YP~; 2i4-1I I Plug for plugging into the ounUT 

term inals; t he other is fit.ted with spade terminals for eOlln(.'Cting to t1 lC dUlllm y antenna 
and t he rceei\'t' r under test. 

TYI'E 403-]> ""0 TYI' E 403-Q h DU("I'OIlS 

T I'IESE lire inl.endcd for extend iug' t he rre­
qllency muge of the Tn'E -lO3-13 lind 'l'n'E 

..J.03-C Stllndard -Signa l Generntors. The Tn'E 

..J.03_11 I lulHclors arc utlca liLrnlcd ; t he Tn):; 
·lO:l-Q l nduetors Me calibrated , 

A new ind uctor (T YI'f: .JO:l-l'S a nd 'l'YI'E 
·W3-QS) has been re<:cntly de\'elopCfI for 
('"Q\'ering the rtl uge betw\"'en 200 kc, and 150 ke. 
Th is is the rrcqucnc;.· Lanel in which man;.' 
manufacturers of superheterodyne broadeasl 
receive rs are clI rr;.' ing on development work. 

.Except ror this and the lIdd ilion or code 
words, the following priC<' list is identical with 
that all page 90. 

Tn1: 'l03- 1'S 

Weight: E ach imlll(:tor weighs approximately 5 ounces. 

- olO:}- 1'2 
-.J03- P3 
-'I03-P·~ 

• .. 03- 1'5 
· 403- 1'0 
-403-1'S 

FrCfjllcuc!/ Rfll/ge 

:'iOO- 1500 kc. .......... . ........ 
17,';- :'l00 kc. . . ..... . 
70- 175 kc. . ... .. _. . .... , ... , .... . 
33- 70 kc. . . . . .. .. . ......... , ........ . 
15- 33 ke. . .......... . . 

150- 200 kc. . ... . .... . 
Frequcncy Calibration (per ind uctor) .. 

('(J(ie Wortf 

KTA:-iSI(] ,\XT 
NT ,\ "SIG lIO \' 
ST.\:-':~ I G C_\'r 

ST,\~S I(] O()(; 

';·I·ANS IG~:n: 

S·U"*G . 'LY 
CUItV ~, 

Price 

$12.00 
12 .00 
22 .00 
22.00 
22 .00 
16.00 
8. 00 

• . Frcqucllc,\· calibrations suppl ied only when ordered. Thc type nu muers fo r C~ Iibmted inductor;; 
arc: 40S·QI?, 403-Q3, etc. _For CltlihratC(i inductors usc COIll I)() lmd code words, e.g., 8T,\:-':'; IGA:-:T­
CUR" .:, STANSIGBOyeUlW.:, etc. Standard-signal gcnerator wi th which ca libralcU inductor;; arc to be 
used lIIust be submittcd witll order so that we call make en libratiQtls and clleck the performancc of 
the instrumcnt. 

TYPE 403-P O UTPUT S II UXl'S 

T I'!E intern:~1 out put imped ance or the atl.enuator in a T \'I'~: .W3-C ~ltlIIdilrd-Sigmd 
Generator IS 10 ohms e):'ccpt at t he 10:'1 and QO.\! s teps, H;.' shulillng thc OUTI'UT 

terminals with a T n.£ ·103-1'9 Ou tput Shunt lhis impednncc becomes on(' ohm a nd the 
opcn-circuit \'oltnge is red need b;.' a. factor of 10. The shu nt is use(u l where eith('r the 
lowe r \,a!ll(' or impedancc or t lu~ lower range of oul.pnt \'oltages is desirt'C1. Plugs ror 
allachi ng the case of the unit to I he OUTPUT terminals lire provided ,. COIIIIl.'(·1 ions to the 
eireuil under test Me lIIadc to the OUTPUT bind ing posts. 

I n making fi eld.intensity measurements in connection with a balanced loop, it is de­
sirable that l he standnrd-signal generator int.roduce as little series resistance and as lillie 
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1 

T YI'E 'IOS- P9 T\'I'E 403-1'10 

unbala nce liS possible into tlw loop circ:ui l. These conditions are mel by t.he use of a 
T\' I'~~ ·103·PI 0 Outl)ul Shunt Wll ich consists of two series resistors. One resistor shu nts the 
output lCl"lllina ls of the attenuatol', reduci ng its apparent impedance to onc ohm. T he 
other is 1\ i -ohm resistor for balanciug the effect of the shunted atlcnuat.or. Plugs fo r 
aUaching the case of t.he unit to the O UTPUT termi na ls a rc prO\'idcd as weI! as three 
binding posts for makin g connection ... to lhe balanc(.'(1 loop. We Il' ill supply t.he TY]>~~ 
'W3.JlIO Output Shunt instead of t he Tyl'~; 4 18 D ummy Antenna without extra charge if 
requested to do so when lhe order is placed for a TYPE 403-C Stlindard·Signn l Generator. 

/) imell.~ iomJ : The oYer-ll ll size of e:teh 
mlit, exclll si\'c of binding post s, is 2~ x 
1% x 1 :;f lu inchc.'i. The binding posts on 

Ty pe 

the Tnt; .J.O!1-r 1 0 Output Shunt increase its 
third dimcIIsion to 2 inches. They include 
the 1')."1'1': 2H-P P lugs. 

Weiglit Ctx/c Word Prite 

·IQS- P9 
403- 1'10 

..... I I 01.. I STA :-:SIGJ'IJ:; 

. . . . . :t 0:1:. STM"SIGCUI' 

TYPE S60-A T EST O SCILLATOR 

$2 . 50 
4 . 00 

THIS in st rUtnellt supersedes the 1" "PE 360 T est Oscil lator 
described 011 page 91. The two arc idenlieal except 

that the Vk:lt:-;[ E R adju stment (or the 175-kc. channel is 
calibrated at I-kc. in lerva ls bet\\"cclI ] 70 kc. and J80 kc. 

RE.\JO I)ErANG OIlSOLI::TI:; i\'[ODET~'S : T n'E 320 on TYI'k~ 360 

\Ve arc prepared lo remodel T YPE 320 and 1'Y1'E 360 T esl 
O.'icillalors so that t hey curl be uscd for testing present-day 
superheterodyne r(."Ceivers. J"ull infOfllllltion will be SJI[)­

plied on request by t he Service D epartment, General n ad io 
Com pany" De sure to give t he follow ing information about 
the test oscillator you propose t.o remodel : (a ) type number, 
(b) serial number, (c) what ir a ny remodeling has already 
been done? 
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TYPE 404 'rEST-SIGNAL GENERATOR 

I " r· . - ••• --=-"- - - , 

'I '7 ..... ,.. 

·0 - (s, • . , 
~\ ; \ 0 

~ 0 _ , • , , 
1-: 1 , 'I " j i'~ ® I /~ 

'-;' • . ~ . 
' . . -~ 

WITH the increasi ng complica t ion of collllllercial rcceiycrs a signnl generator of sim. 
plificcl type is bc<:oming a re<llIircmcnl in rad io service work. A generator of this 

type need IlOt sel an exact standard of radio.rrequency output, but should present a means 
or reliable compari sons between receivers, and of t he same receive r under different condi . 
tions. Such a generaLor may be used for neutralizing a nd ali gnment of receivers, as a 
check of the receiver's initial condition. and to provide a means of knowing quantit.a­
tively the improvement made by means of allY changes or adjustments in the receiver. 

The comparative sensitivity of a recei\'er may be measured by means of an adjustable 
source of rad io-frequency vollage. The method is to COllnect thc test generator to the 
input of t he rcceiver and to conncct some sort of output ind icaLor, e.g., the General Radio 
T YPE 486 Output :Meler, to the output of the receiver. T he test generator is then adjusted 
to give a standard reading on t he output meter, and the output of t he test generator taken 
as a mcaSlire of the comparati ve sensitivity of the receiver . T he presence of defects wi ll be 
ind icated by the low sensitivity, and conversely, normal sensiti vity is defin ite evidence 
that the set is not defeclivc, or that defecLs bave been successfully repaired. 

'rhe General Radio TYPE 404 Test-Signa l Generator has been designed with the requ ire­
ment of service testing in mind. It is portable, provides accurate comparisons, and oper­
att;:S f roUl lLc alternating-current line. The generntor consists of 0. modulated oscillator, 
tuning over the broadcast band. with a calibrated dial , and an atteJlUator. The circuits 
arc carcfully shielded, and filters prevent leakage into the alternating-current lines . 

The aUenuator bas been carefully designed , and well shielded. The value of the 
instrument in mak ing comparisons depends entirely on the accuracy of the atlenuator, and 
this portion ot tbe ci rcuit bas, therefore, receivcd particular attcntion. The attcnuator 
has voltage ratios of 1, 2, 5, 10, 20, 50, and 100 ; a range that will include all modcrn types 
of receivcrs. An additional set of terminals provides an output ot about 0.1 volt. The er­
ror in nttenuator ratios is less than 5 per cent. for adjacent ratios, and the cumul ative error 
in the entire attcnuator docs not exceed 20 per ecnt. This means that the instrument will 
compare the sensitivity of two receivers with an accuracy of 5 to 20 per cent. 

The absolute value of t hc output voltage may vary, due to changes in tubes , or in line 
voltage. The change in output due to line-voltage variations is approximately propor­
tional to the change in line voltage, and may be corrected for, it the line voltage is meas­
ured. 

The input to the a ttenuator is adjustable and is set at the factory. 'Vhere facilities arc 
avai lable for setting the input voltage to the attelluator from time to lime, correction 
can be mnde for changes in tube conditions. The total voltage attenuation from tbe 
point of adjustment to the lowest output point is 1 :100.000. 

The oscillator is so designed tbat the output voltage is nearly constant over the entire 
frequency range. The voltage variation is less than plus or minus 5 pcr ccnt. 
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An ea rly model of II '1'1' I'E 40 '~ ' rest-Signal Generator fi nd a '1'\' 1>£ 486 Out.put ;'\ Iclcr sel up for measuring 
ti le sensit ivi ty of fl receiver 

Complete isolat ion (com the line is esscllt inl in n dc\, jcc of this sort, since it will usua lly 
be connected te the same circui t as t he receiver under test, and any radiation into the 
line will be picked up by the rece iver. Ca reful fil teri ng of the pOwe r tine has eliminated 
leakage through these lends. 

Uses: The T1'p~; 404 T est-Signal Genera­
tor will he found useful in t he usua l aligning 
and neutralizing ad jusLmclLls. A fu rt her 
wide range of usefulness is in assa.yi ng the 
condit ion of a rece iver in question. Siu(.'c 
it is portable. it may be taken to the job, 
a nd will ind icate at once whether or not 
t here is any radical difficul ty with the rc· 
ceiver. or whether the t rouble is in location, 
antenna or ground insl:tllation, or is only 
imaginary. 

It can fur ther be lIsed to eheck on the 
improvement resluting from changing 
tuhes, or making adjustmcnts in the re· 
ceiver. The LcsL·signal generator may also 
be used as a test on receivers in factory 
production. 

iJlodulation: Modulation is obtained from 
the rectifi er tube, i.e., the outpu t from t he 
rectifier tube is not completely fi ltered. 
This provides a complex modulat ion, (,'011· 

laining both c,'cn and odd harmonics of 60 
cycles. 

Accllrtlcy: Adjacent ratios;) per cent. 

Cumulative error in attenuator 20 (lcr 
cen t. Change in output with frequency 
± tj per cent. C:tl ib ra tion of l un ing d ia l 
3 per ccnt. 

Oldpul Range: Rough ly '10- 1000 micro· 
volts. O.l .vol t ou tput also provided . 

Slu'ckling: The fi lteri ng and shield ing arc 
such that t he instrument mlly be IIs(.'(1 
with receivers or the highest sensitivi ty. 
When t he tcst·signal generator is properly 
grounded the leakage does not exceed an 
amount eq ui valent to 2 microvolts applied 
directly Lo the rece iver inpul tcrminals. 

Tubcs: '1\ \'0 226·type t ubes are requ ired 
{or operation or t he gcnerator. 

COllstruction: The instrument is contai ned 
in a shielded compartmcnt of a leatherette 
carrying case fitted with a carrying handle. 
Another compartmenL is provided ror stor· 
ing tools and accessories. The panel is of 
ahunimun with black crackle lacquer. A 
six. root extension cord ror the power supply 
and a shielded eable ror connecting to t he 
receiver under test arc provided. 

Type Dime/!siOIlS W eight 
Cod, 
W ord Price 

'0' 500-1500 kc. 1. ........ 1 llU x 11 M x 7.!1 in. 191b. SULKY $95. 00 



 

MISCELLANEOUS LABORATORY 
EQUIPMENT 

T H E usefuln ess of the TYPE 338-I. String Oscillograph described on 
page 93 has been fu rther enhanced by the development of a con­
tinuous-film C~lIn cl'a (01' recording any desil'cd oscillograph ic phc­

nomen.}. T he osciliogl'<lph IH15 enabled the user to view recurrent wnvc­
(orms; the camera attach ment now permits h im to make a pCI'Il1<lncn t 
l'eeol'd of t ra nsient , HS well as r CC 1I1'I'Cn t , phenomena. The viewing box 
and the C;lJncr a ca nnot be used simultaneouslv, but the trace can be 
transferred from one to the other in a fractio n of a. second. 

The c~i1n e]'a-oscillogrnph combination also Ill:'lkes an accurate h igh­
speed ch ronograph . T iming ma.y be done by n. tim ing wave applied to 
the second str ing of a double str ing -holder or in te rlllS of in ter v<tls marked 
on t he fil m by a. synchronous shutter d l'iven 
from the 1 1 0 ~voltJ GO-cps, power supply , 

T he cameJ'a eq uipment can easily be 
eltt..'lched to any 'l'YP J:: 338-L St l'i ng 
Oseillogrel ph, in no way interferi ng 
with the n Ol'l11 el l opemtion of lhc 
latter, 'l'hcI.'c I1rc thrcc prin ­
cipa l components, cl1ch d 
which must be ordered 
separately, 

ll ) Thc'hl·.; -lOSOsci llogra ph 
Camera contnins the film-stor­
age magazines a.nd a means of 
driving the film or paper past an 
aperture tor CXI>osure. thus su p­
plying the time axis in the resull­
ing oscil logtlllll . 

b) The Tn>l~ 'l09 Camera 
Shel£ is the means for holding 
the osci llograph , the camera. 
and the rest of the optical 
system in the proper posi tion. 
This uni t is essential to t he 

T n .; 408, 'J'YI'F. 409' 
nnd T\'p~: 407 Cam~ 
ern .Equipmcnt 
moulltcd 011 TYI'.: 
~J38-L String Oscillo-

grlt"h 

I>roper operation of t h e camera with the T n.: ~J38-L String Oscillograph. 
c) The '1'1'1 '1: 407 SYllchronous Shutter is one means of timing the oseillogrum. H s 

usc is recommended but is lIot essential. 
The prospedi \'c purchaser s hou ld order, in uddition to the '!'\' I"fc 33S-L String Osci llo­

graph and ally extra. string- holders hc may require, the rollowing : 
I- T YPE 408 Oscillograph Camera . ....... . . . , ... , .. , ... , . .. . . . 
I- 'I'\'PE 409 Cnmerll Shelf . . . . . . ....... , .. , ... , ... , . . . . .. . 

At Icllst I reci of TYI'.~ 408-1'1 P hotographic l'aper .. ....... .. . . . ... . . 
At leust I enrlon or T n'1: 'JOS~P2 D eveloping Powde rs, , . . . . . . . ... . 

l 'otal . " ..... . . . .. " . . , 
We also rC(!ommend the pu rchase of 

} - 'I'\'PE 407 Synchronous Shutter .... . 
'f atal, ... , ....... ...... .... . .. . 
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8175.00 
30 .00 
3.25 
1.00 

$209.25 

GO .OO 
$269.23 
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T YPE 408 O SCILLOGRA PH C A l\lER.\ 

TIns is a hand-d ri ven da.yligh t-loadi ng 
c'lIncra. r or lise with s ta nd ard-perforation, 

3;;-miUimclc r molion-pich lrc film or paper. 
T he magazines hold IOO.fool reels so that 
exposures of allY lengt h up to that alllount 
may bc obtai ncd. A rcsettablccounte r mcas­
tires lhe a mou nt t hat has been exposed . A 
maximum film speed of 30 inches per second 
is obtainable so that. at maxi muill speed , 
:~ 1000-cps. t race will have a wavelength of 
approximately 1/ 32 inch. The camera may 
be uscd with the T ng 33S-L String Oscil. 
lograph, in ordinary day light. 

It may a lso be used to record lru(.'Cs (roOl 
other types of oscillograp h if suitRhlc ar­
rangements arc mude. 'Ve are p repared t o 
modify nlly of these camcrl"lS for li se with 
either viiJrat ing mirror Or cathode-my os­
cillographs. In forlllatiOll will be supplied 
on requesl. 

General Description: The camcra consists 
of it. rectangular alumi nulIl cas ting . with 
two separate compartmellls. One is the 
magazine for lI nexposetl film, th e other is 
the magazille for exposed film. 

The film passes from the first magtulillc 
over a driving sprocket and thence through 
a light-t ight s lot into the sc{.'Ond magazine. 
While on the sprocket it is momentarily 
exposed through it bori?Ontaltransvcrse slit 
mounted on t he face of t he camera. T he 
\'erLieal slmdow image of the o.5cillograph 
string, eOlldclIscd by a lells mounted 011 t he 
ca mera sbel f in order to intensify the il ­
lu mination, vibrates along the slit perpen­
d icu la r to the moLion of t.he film . In thi s 
way, the t race of the vibrating string is 
recorded as a negative, in other words, as a. 
white line upon a. dark background. 

Optical System: The film is cxposed 
through a slil which is 15/ 16 inch in length 
(equal to the useful width or the :J5-miUi­
meter paper) ~'U1d adjustable ill width . 
No lenses arc required in the eamera 
itself. 

Film Datu: T he use of l 004foot reels of 
E astman No.2, 35-mi ll imeler recording 
paper is recommended, in fact all state­
ments about the performance of the C:llllera 

Type 

408 

111 th is desc ri ption arc uas{.'Cl on the usc of 
this paper. I t is as fasl as ord irwry film 
but much easier to handle, and, when de­
veloped with t he Eastman x-ray developer, 
it produces a contrasty and ve ry satisfll e­
tory re(.'Ord. See the description of th e 
'1'n'£ 408-P l P hotographic Paper find 
Tn'f; 408-P !2 D eveloping Powder. 

If :~ rceo rd less tha n 100 fee t long is re4 
quired , the ea mera may be unloaded in the 
darkroom wit h no loss or film. H eRre he 
used , it can be unloaded in daylight with 
the loss of only a few inches of the 1111-

exposed fi lm. 
Drit'e: T he dri ving sprockel and the " ex­

posed recl " arc driven by a hand crank. 
If desired , howc\'er, provision may ue made 
for substi tut ing a motOr drive, and iu forma­
tion :thou L this modification may be ob­
tained on appliclition to the General Hadio 
Company. 

Fin£sh: The alumi num CHlllera case is 
finished in black crackl e lacquer. All ot her 
parts exposed arc fini shed ill either blaek or 
white n ickel plale. 

Accessories: The cmncr:t is supplied with 
one blllllk recl but 110 paper. 

Dimc/Mions: G x 172 x 0 inches. 
IV eight: 10 pounds. 

Code Word 

[ .' .... UEII 

l'rice 

$175 . 00 
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T YPE 40S-P A CCESSORIES 

WE recommend the usc of Eastman No.2 recording paper in t he '1'\' 1'1:: 408 Oscillograph 
Camera and maintain a slllall stock made lip with perrorated leaders on 100-fooL 

recls. 1t cnll al so be obtained from the Eastman Kodak Company t hrough any of the 
laller's own retail stores, but we understand t hat it is made up to order only. A user who 
has need or a sufficient quantity may be able to persuade his local dealer to carry a stock. 

The usc of Eastman x-ray dc\'ciopillg powde rs is recommended. ' Ve cafry these in 
stock in cartons of six pairs of packages, .. 12·oUllcc si7.c." 

Type II' eight Code Word Price 

",OS-PI I 
408- P2 

I aO·ft. reel of Eastman No.2 paper . . . . . . . . . . . . . .. I 
CarlOIl of x-ray developing powders .. ... . ... . .. , .. 

12 oz. 
13 oz. I OSCll.(WJUI 

OSCI1.OUOI'I:; 
83.25 

1. 0() 

1'1'1' ): 409 

THE camcra shclf supports t he eamera on t he osci llograph base and keeps thc optica l 
system in a lignment. 

Gencral Dcscription: T he shelf is made of 
1I luminu m and is prol)Crly drilled for aligning 
t he several parts. It is easily a ttached to 
t he oscillograph equipmcnt under the 
gah'anometcr, As part of the shelf is 
supplied a two-position lu irror and mouut­
ing, Th is operates si milar in principle to a 
graneK cnmera, a turn of thc wrist serving to 
throw the string image from the rotating 
mirror box into the camera and vice versa. 
SimulhUlcous "isuaJ obse rvations and pho­
togral>hie records arc not possible, but olle 
may closely follow the other. 

Another part of the shelf equi pmcnt COIl-

TYfM 

sists of a mounti ng currying a cylindrical 
lens having a. horizontal axis. This lens is 
for the same purpose as that il\ the rotating 
mirror box; t hat is to Sltl' , it condenses a 
pencil of rays into a narrow horizontal beam 
focused l.l long the sli t, thereby increasing 
the intensity of illumination many fold. 

The accompa.nying illustra.tions show the 
arrangement of the mirror a nd the condens­
ing lens. 

Finish: The shell is finished in blnck 
crackle lacqucr. 

D imcfi.sio1l8: 15 x 15 inches, over.aJl. 
Weight: S pounds. 

Cod, 
W",d 

.AN"NOY 

Price 

$30.00 
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TYPE 407 SYXCIIHOKQUS S II UTTI.;B: 

By mcansofthisdcvicenarrow Lrans,>crsc 
li me lines can be marked upon the 

oscillogram. ' I'hcsc timing lines arc spaced 
at intcn'uls of 1/ 5Oth of a second, with 
additional identifying marks at every 0.1 -
second and at every I -second interval. 

GCllcral Description: The synchronous 
shultcr is a. manually-started s~' lIchronolls 
motor, operating from the GO-<'ps. power 
su pply. The shutter cOllsists of a wheel of 
five spokes. m OUlltcd 011 the shaft. It is 
mercury-damped , and lhe ;lCCllfllCY of 
limiug is lhCl'dorc a pproximately equal to 
the flccuracy wi th which the (requency of 
the power su pply is maintained ttl GO Cpl • . 

The unit is mounted on the camera shelf. 
where the shutler wheel will intercept the 
light £ronlthe oscillograph, t hereby making 
a white trace on the mO\'ing film or paper. 

S/tldter: The unit is supplied witJI a. fh·e­
spoke wheel, but if timing lines. spaced at 
O.O I-second intervals are desired. the tlser 
may order a. ten-spoke shutler. the T" 'PE 

407_P 1 Shutter Wheel, as additional 
equ ipment. 

pOllJer Slt]>ply: 10J to 11 5 voll .. , 60 CI)S. 
A short permanently nttachcd ca ble is 
provided for making conllections to the 
power-supply terminals ou the THE 338-1. 
String Oscillograph. 

Type 

'07 

Pinult: The nnit IS finished in black 
crackle lacquer. 

Acccssorics: Two machine screws for at­
taching the unit to holes in the TypE 409 
Ca mera. Shelf are provided. 

Dimensions: .., x 3Yi! x 6 inches. 

/Veil/lit: ,~Y2 pounds, 

Code 
Word Price 

1 A~IISS I $60.00 

TYPE 407-P ACCESSOHIES 

ATEN-SPOKE shutler wheel is avai lable ror users who wish timing lines at intervals of 
0.01 second, It is easi ly attached to the drive shaft of the synchronous Ulotor. 

Cod, 
Type Weight Word Price 

407- 1'1 I Shutter Wheel (10 sl>oke) ... .. 1 7 oz. I ,\SPEN I $ 10.00 



 

METERS 

T I-ns chapter describes fol' the fi l'st time two new clements for 
electric measuring circuits : the TYI'E 492-A Oxide R eclificl' and the 
TYPE 493 Thermocouples. They or e in tended fo)' usc with the 

user 's own meters, a wide variety of sui tilblc t,vpes being commercia lly 
available. 

A modification in the TY PE 58G-n Power-Level Indica tor makes it 
possible to opt.'l'Hte il n auxiliar .... llleLer at it dis tnllce from the i nstl'lllll ent 
itself. 

TYPE 586 PowER-I.I;; vEI.J I KDICA'l'oRS 

WHEX the powcr-Icycl ind icator is used on recording ci rcuits, it is somclimes desirahle 
to hayc nn lluxi lia ry meter located at a d isla ltcc fro1n t he point where t he instrument 

is installed. This enables a se(:ond operator to keep in touch with what is goi ng on in 
the recording circuil. 

So that this can be done, all rac.k-mounting models (T l'PE ;j8G.B ) are pro"idcd with :111 

ex tra pair of terminals to which t he ex tern al meter llI ay be connected. These terminals 
arc in seri es with the d'.\rsonnlimoyelJlent of the mete r in the power.ie\·c1 indica tor and 
are bridged b,'- It short-circuiting strap when not in lise. The Tn-I:: 586.1'3 Meter de­
scribed ill the following sect ion is intended for usc as t he externa l meter. 

The insertion of th e externa l meter wi ll eo.use no appreciable error in the rending of th e 
power.leyel indicator. Pickup is usua lly the factor t hat limits the distance at which the 
extra meter may be placed . 

TYPE 586-P A CCESSOIHES 

THE T nE J8G- PI ) I cter is a copper-ox ide-recti fi er yoltmetcr, idcntical with the 
ind iclltin g clement in the 1'YP}: ;;86·/\ Power-I ,cycl Ind icator. It has a range of 

- 10 db to + 6 db with zero Icyel at 0.06 walts on a 500-011lll line. It docs not hu,'c thc 
ex tra term inals for connecting in an cx ternalmcter. 

The 'l 'n}; 586.1>3 Mctcr is similar to the 'l ' \'I'f: 586-P I :Mcter exccpt that it is t he 
d'Arsonval movement only. without all oxide rectifi er. II is intended llS the external 
meter for usc with the '.1'\'1' 1:: 586-13 l'owcr-Le\'cl I ndicator. 

The following data apply to both meters: 

Dimensions: D iallletcr, 3,Y2 illches; depth, 
~7.( inches ovel'-a ll. i\[ollntillg hole dialll-

1'Yl~ 

580- 1'1 
580- 1'3 

I oO- / So· I e er, _ _ I _ lIlC IC$. 

WcifJlIt: 12 ou nces. 

TYPE 492 -A O XIDE ll8Cl ' IFIER 

Code Word Price 

II'OW ".:\'GO'\T 1 $20 .00 
I'OWU !\'M II ,K 18.00 

THE T1'I' ~; 49.2-A Oxide R t. .. ctificr is pro\'idt..'( i for usc with relays and di rect-current 
indicating instrumen ts a ll aiternttting-currcut sen ' ice. The unit is at prco;;cnt offered 

primarily for ex pcrimenta l usc and the following specifications are indicati\'e rather than 
positi\'c. 

It must be real izcd t hat the copper-oxide type of rcctifier is subject to changes ill both 
sensiti"ity and frequency characteristics with out put load. The sensit i\' ity also varies 
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~JETEHS 1.'):; 

Mounting elise ror 'l'n>t; 492-A Oxide Hcctificr and Tnt: ·~!):I Tllcrmocouplcs 
Mounting Base 

wilh T n't: 2i-I-HJ 

with impressed vol lage. The vu lues given below approxi mate those obtained under usual 
cond itions of voltage and load. 

This rectifier unit is made fo r us by the General Elcclr i<; Compan;v. 

Frequency Error: The rectifier llIay be 
IIsed without appreciable frequeucy error at 
frequencies below 5000 cycles per second. 

1'CIl~pcrll t ll rc Error: Temperature errors or 
abou l 5% may be expected between norllllli 
extreme temperatures. ~Iaxim\lm sensi­
tivity is obtained with a load of ::iOOO to 
7000 ohms. This value shou ld be used 
1l'!Len the instrulllent is operating a rela,\'. 
H a 200' lllill iampc re micro-ammeter of 
about 500 ohms resista nce is used , full-scale 
deflcction wi ll be obttlilloo at about 2 mils 

492-A 

across the rectifier in put. 
The maximum current output frOIll t hc 

r(.'Ctifier should not exceed I ') mi ll iamperes. 
nor shou ld the impressed vol lage excc(.>(1 
3 volls. 

Obviously, t he apparcnt changc of im­
pedance with resistanec can be grcatly 
redlH.:ed b;y proper usc of series <lnd shullt 
resistaucc on the input side. 

Dimc1I!Jio"a: Size of cnse, exclusi"e or 
plugs, 2,Vs x 1% x % inches. 
Weight : '~ oUlices . 

Code 
Word Price 

'J'YPE lJ93 TII ER\IOCO UPI ,ES 

WHI.LE indicating d irect-current instruments can be made for currcnts as low a s ;L few 
micro-amperes, dynamometer instruments for t he measurement of alternat ing Cllr­

rents arc not available in low ranges due to the inherent low emeiency or this type or 
instrUlllent. 

I n the measurcment of alternating ('urrellts of small magnitudes t he healing effect of t he 
cu rrell t is generally utilized. I n t he thermocou ple t he heat caused by the flow of curren t 
through a wire is appl ied to a junction of dissi mila r metals. Such a junction sets up a 
direct-cu rrent vollage which actuates a scnsith'C direct-current indicating meter. This 
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r aClI lI1Il lhcrmoc"Ouple as mounted in Tn'!:! ·ms TherlllOCOlll)lcs 

type of instrument is a true integrati ng ammeter, since the direcl·currcntmetcr reading is 
Il function of average squared currellt in the heater . A thermocouple is, therefore, in· 
dependent of wilveform errors. Frequcney errors occur only at. frequencies so high that 
the shunt ing effect of stray capacitances in the couple mounting becomes significant. 

COllstruction: The thermo·junctiolls used 
in the 'l'l'PE 493 Tbermocouples arc 
mounted in an evacuated glass bulb. Thc 
vacuum scn ·cs to provide radiat ion of heat 
from t.he couple and also reduces the effect 
of external temperat.ure variations. Thc 
glass bulb is surrounded by felt and 
mounted in a bakeli te container, fitted with 
plugs for pluggiug into a Tn.,; 274.RJ 
Mounting Base (see page Hl'l) . The 
therm o· JUJlction is in dircct contact with the 
heatcr wire. 

The T \,I'E 493 Thermocouples are su it· 
able for use on either alternating or direct 
current and may, of course, be calibrated on 
direct current. Reversed readings arc 
desirable in making calibrations although 
reversa l wi ll not ordinarily change the 
ind ication by Illorc than one-tenth milli volt. 

Current to Gite 

COllpk Resistance: 10 to 12 ohms, all 
types. 

/lealer Resistance: Plus or minus 10% of 
values given in rollowi ng table. 

Electric Scnsititlity: Currcnt for 10 milli­
volts plus or minus 10% of val ues given in 
following table. 

Thermal Sensitivity: 26 microvolts per 
degrce l~ahrenheit. 

Coefficient oj Rcsistancc: Couplc clements, 
0.00013 per degree Fahrenheit; beater, 
0.00009 per degree l~ahrenhe i t. 

Meter: A millivoltmetcr of 10 to 12 ohms 
resistancc is recolUmcnded for usc with 
these couples. 

Dimellsions: Size Qf case, exclusive of 
plugs, 27'S x 1% x N inches. 

Weight: 4 ounces. 

Type Healer Re.-i6la"Ct: 10 milliwa fl$ O']Mn CirCldt 
Marimlll7t 

Safe Current 
Code 
Word Price 

495-A 0 .5 ohms 100 mJa. 415 mla. ........ n I NN Y 812. 00 
49S-C • .. 100 mla. 150 mill. . ..... . .·OCU8 12.00 
4!JS-E 10 " •• mla. 45 min. .. . . . ... }·OI.LY 12.00 
·~9S-H 100 .. 8 mla . 12 min. ........ . ·ORA Y 12.00 
'~ 93-K 45. " 4.5 mla. 7 mla. t-oltU)I 12.00 ..... ... 



 

RELAYS, SWITCHES, AND MISCELLANEOUS 
ACCESSORIES 

N E"V dials, new vacllum·tube sockets, and a new mounting base 
have been added to the General Radio lin e of parts for experimental 
work in the laboratory . Several minor additions and corrections 

in specifications on the items described on pages 108 to 115 are also in­
cluded in th is chaptcr. 

TYPE 481 POLAR RELA Y 

THE "normal operating current " of 2 mil liam peres Illcntioncd 011 page 108 is the 
minimum curren t-on which reliulJlcopcralion can be expected. This rating is consen'· 

alive. however, and operation ca n sometimes be secHred 011 smaller currents. 
Head" neu tral position " instead of "1Ittllual position " in the description on page 108. 

THE Tnt: 318 D ial Plate is a photo-etched metal scale 
with raised nickel-si lver markings on a flat blaek back­

ground. It carries twenty divi sions equally spaced around 
an a rc of 303°, one inch in radi us. a nd it is intended tor usc 
with General Radio 'l'YI'l: 21 4 and 1'\' PE S71 Rheostats and 
P otentiometers. The same three machine screws which 
hold the rheostat or potentiometer to the panel will hold 
t he TUE 318 Dial P late in position. The accompanying 
illustration shows th e dia l plate and a T YPE 214 Rheostat 
mounted 011 a panel. 

Dimensions: Dia meter, 3 inc hes. Weiyht: I Oll IlCC. 

Type 

:HS 

T YPE 214 Hhcostat and T Ht: 
318 Dial rlttte, showing method 

of mounting 

Code TV ord Prit/J 

nEVI I. 1$0 . 35 

T\'PE 3 10 AN D T YPE 317 DIALS 

THESE dials meet the most rigid req uirements for an inexpensive dial by mCllllS of 
which settings may be duplicated wit.h precision. Fine markings facilitate accurate 

se ttings, and. sinee indicator and d ial arc both in the same plane, there is 110 parallax. 
T n}; 310 Dials have a d iameter of 2% inches; the Typg 317 D ials hlL\'e a dia llleter of '~ 

inches. 
Markings arc etched in permanent black on the dull polished surface of the 1/82-ineh 

nickel-silvcr dial plate. THE 3 10 Dials have 100, T HE 317 D iu ls havc 200 individua l 
graduations equa lly spaced around an arc of 1800 or 2700 as specified in the following data 
table. The ta ble also lists the d iameter as well as the m:txi lll um and minimum distances 
tha t the shaft may extend beyond t he front of the panel. T he column " Knob Type" 
refers to th e type number of the knob furnished wi th t he dial. Sec pages 11 0 and Il l. 

The TYN~ 310 and THE 3}7 D ials are equivalent, respecti vely, to t he T YPE 502 and 
TYPE 503 Dials described in the following section except that the fonner have no friction 
drives. A good idea of their appearance, method of mounting the indicators, and fineness 
or the graduations can be gained from the illustration on page 15!). 
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The ind icator rides the edge of the dial even if t he shaft be slightly out of t rue. An 
indicator, a machine screw and nul for fastening it, and a d rilling template a rc packed with 
each dial. 

Dial Knob Shaft Gode 
Type D iameter ' Ire Type Diameter l~"glh Weigllt Word Price 

~Ho-A 2%' in. ISOo 137- D Uin. *Uin. .... . ... . ... 'loz. DIZZY SO . SO 
!no-J<' 2~ in. 180" 197- D % in. ~in . .... . ....... It 01.. DEllUR 0 .80 
31(K; 2%, in. 270" ] 37- D M in. J4-3A i/l. ... ... . ..... 207.. I)I'MY O.SO 

317- .'\ 4 in. 180" 137- H 7.i in. Ys-J18 in. ........... 407. . nONDl1 l. 50 
SI7- U 4 111. 270" 137-1{ }4 in. %-J.i in. 401" 1)011'1)" 1. 50 
S I7- V 4 Ill. 180" 1 37- H VB in. %- ]18 in. ....... . ... 4 oz. DOW .:I. 1. 50 
317- G '. in. 270" 157- 1I %in. %-31 in. ....... , .... 4 oz. DIlAlI ,\ L 50 

TYPE 502 AN D T YPE 503 DIALS 

THE TYI'I~: 50ft a nd T YPE 50S D ials are, respectively, the new Tn'~: .8 10 and Tn',.: 317 
D ials equipped with a. simple but effective slow-motion control. The dials and indica­

tors arc identical with t he corresponding TYPE 310 and TYPE 3 17 Dials previously de­
scribed. 

The slow-motion device was originally d.esigned ror lISC on our line or laboratory measur· 
ing instruments, but we arc offering it for general use in the belief t hat its ruggedness and 
simplicity wi ll appeal to laboratory workers and amateurs. It is easy to mount, a center 
punch and a 7/ 16.inch drill being the only tools required. It is so designed that it in no 
way interfe res with t he mounting of the dial. Adjustments on the friction drive can be 
nlllde without disturbi ng the calibrat ion oC t he instrument to which the dial is attached. 

Beneath the face of the dial is mounted a disc of slightly smaller diameter which is 
gripped by a. friction wheel attached to lhe slow-IllOlion drive knob. The Crietion-driye 
shaft is carried in a bushing inserted in the panel. The shaft hole in the bushing is sl ightly 
ccccntric with respect to the center of the hole holding the bushing, thus a fford ing a si mple 
means of adjusting the amount of friction between t he friction wheel and the disc behind 
the dial. 

The T\'I'E 502 and '['YI't:: 503 D ia ls arc su ppl ied complete with (riction drive. indicator, 
iud icator fastcning screw and nut, and drillill g template, 

T ype Diumelcr Arc 

i)Q:l- A 2%' in. 1800 

502- £0' 2~ in. 1800 

502-G 2%' in. 2700 

!.i03-A .. in. 1800 

50S- I-' .. in . 1800 

503- G .. in. 2700 

Shaft 
D iameler 

U in. 
% in. 
% In. 

J.i in. 
% In. 
% in. 

Did 
'J'ype 

31 0-A 
Slo-F 
3lo-G 

SI7- A 
3 17- P 
S17- G 

A1'Jlra.x. 
Refiuclion 

/l.alio 

1:3 .3 
1 :3 .3 
1:3.3 

1 :5 
1 :5 
1 :5 

. . . . . . . . . ... 

.... . .. ..... 

.. . . . .... ... 

.... . ....... 

......... ... 

.... . ... 

TYPE 137 K NOllS 

Weight 

S oz. 
S oz. 
301.. 

(l 07, . 

G01.. 

G oz. 

God, 
Word 

DRum 
DYING 
IM I LY 

I)IIY,\O 

OUC,\T 

')UM~IY 

Price 

81 .. iO 
1 .50 
I .50 

2.00 
' .00 
2.00 

Fon. t he convenience of customers ordering by telegraph and cable the Collowing code 
words have been assigned to the units described on pages 110 and 111. 

Ty'f16 Code IVord TOpe Code IVord 

137- D With Pointer S T,\;S-;S-OBAKT 137- J Withou t Pointer 8TAN",o'n~y); 

137-D 'Vithout " STAN}\On o t]e; I 37- K " " STAN'NOB~'AJ) 

137-H " " ST.o\l' i'NOllCA T 137- L With " STANNOBGAS 

137-J With " STA~NOBDOG 
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'1' \']' .: ;;02 aud T yPt: ,')03 Dials. TYPE ~1O li nd T nt:: 3 17 DiitiS have no fri ction drive, otherwise they 
are the same as '1'"".: 502 and '1'1'1'.; 503 Dials 
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TYPE 138 BIN DING P OS'l'S, SWITCH CONTACTS, AND STO PS 

FOR the convenience of Cllstomers ordering by telegraph and cable t he fo ll owi ng cOLic 
words ha\'c been assigned to the units described on pagds 110 and l li50 

Type Code iVard Type G.ot.ie IVord 

138- /\ .... . . ... ST"", I'AItCUP 138- 1J . ... ... .... CON'r ACTANT 

138- IV . ... . . .. .. . STAN PARCAP 138- C . .. ... . . . .. caXTACTBUG 

138- Y ... . .. I 
STANPAR)'IIK 138- 0 . . . . ... CO:-;'TACTCAT 

138- Z . . . . . . ... . . . STAN I'AUIiIT I 38- Q S'rANI'ARBur~ 

TYPE 339 SWITCHBS 

THE specifications in t he " d imensions" colu mn at the lop of page 113 a re obv iously 
incorrect. I n lhc following corrected table the first dimensions refer to the maxi mum 

!cngUl of the mounted switch measured from th cfront (knob side) of t he panel; the secorld, 
to the width of t he unit ; and the third , to its over-all height from the lip of t he switch 
blades to t he tip of the soldering lugs. 

Cod, 
TYTM Dt3cripliofl Dimen$ion! Word Pri~ 

339-A I ,~ Pole Double Throw 12f16 x 1}-8 x 2% indies PU ppy 
1 82 . 50 

33!)-B 2 Polc Doublc Throw ....... . .. 12JS" :l x 1%:"( 2% .. PUTTY 2 . 00 

TYPB 638 "NO TYPB 6<19 SOCKBTS 

'l' \"I' ~; ().II) (left) and 'I" N, G:IS (right) Sockets moun led with find without to"",,,,,,,··,,,,,,,,,,,,,,,. rings 

THESE have been designed for general laboratory use where sockets cven morc sturd y 
than the '!'Y!'E 'i38 and '!'YJ'E 349 Sockets a re required. The contact springs are made 

of phosphor bronze. specially tempered and shaped to resist fat igue. The mounting holes 
in the moulded bakelite bases are arranged so t hat the new sockets ma.y be used as replace­
ments for the Tn!:> 438 and TYPE 3·19 Sockets, 

Ordinarily the new sockets are mounted behind holes in a thin bakelite or metal panel. 
They may, however, be mounted on the surface of a panel by using a TYPE 638-PI Socket­
l\founting R ing. 'fhe r ing is required when the new sockets arc used as replacemenls ror the 
TYPE 438 and TYPE 349 Sockets. 

Dimensions: " Diameter," given in price 
list is actual diameter of base exclusive of 
terminals. When socket is mounted behind 

TVpe Bale 

panel: diameter of hole in panel is 1 3/ 16 
inches; contact springs extend 13/ 16 inch 
behind panel. 

Cod, 
Diameter Weight Word Price .,. UY-5·proJlg I · ... ..... .... ...... ·1 2 in. 1 oz. I mOT 80.50 ... UX-4·prong . ..... ....... ........ 2 in. 1 oz. ALO~'T 0 .45 
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TYPE GSS-PI SOCKET-MOUN'l'ING RH,a 

THIS is a bakelite ring for usc with either t he '1'\'1'£ 638 or the TYPE 649 Socket as de­
scribed on the prceeding page. ''''hen the socket is so mounted, its upper surface is 

raised 1 1/ 32 inches above the panel surface. 

Cod, 
Type lV eiuhi IV ord Price 

6S8-PI I ... . . . . . . . . . . . . . .. ... .. . A I.QNt: $0.15 

T YPE 656 , T YPE 657, AND T YPE 658 SOCKETS 

'1'yp~: 656 TYI'E 65i 

By special arrungemcnl with the lsolantite Company of America we arc listing the 
equivalent of our TYPE ISG, TYPE 349, and 'j'VI'E 'H38 Sockets with glazed isolantite 

bases. The new sockets arc designated, respectively, T YPE 656, TYPE 657, and TYPE 658. 
Isolalltitc is an insulat ing material similar in appearance to white porcelain. The manu­

fa.cturer claims that it is non-porous, that the dieledric losses are unusuaUy low at very 
high frequencies, and that it hasa low surface conductivity. The latter is a desirable feature 
in sockets that arc to be used with photo-ele<:lric cells and their associated amplifiers. 

The TYP}; 656 Socket has a metal shell and is suitable for mounting 4-prong tubes either 
with or without the bayonet lock. If desired, the location of the bayonet lock may be 
shifted through '~5° to accommodate the 'Vestcrn Electric Company's " E" tube. 

The'I'YPE 657 and T YPE 658 Soekets are similar to the TYPE 349 and TYl>E 438 Sockets. 
Positive contact with thc sides of the tube prongs is insured by double-gripping springs. 
Both sockets have the raised ring around t he top for guiding the prongs when inserting a 
tube. 

Dim.ell$ioll$: "Diameter" given in price 
list is actual diameter of the base exclusive 
of terminals. " Height" in the following list 

of specifications refers to the over-all dis­
tance between the top of the socket and 
the mounting baseboard. 

Cod, 
Type Bast Diameter IJ tight Weight Word Price 

656 UX and W.E. "£ "-tube. 2 7/ 16 in. 12%2 in. 4 oz. SOLID $1.50 
6'7 UX - 4-pfong .. 1 Ys in. I71's in. ~ oz. ,,-"tAZB 1. 50 
6,8 UY - 5-prong ... ......... . 1 Ys 1II . I M G in. 2 oz. A-"!O~G 1. 50 
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TYPE 2.74 l\fOU.'HI KG BA SES 

TOCATT.NG pins are, or course, used with plug Lases only. The NO TE at the foot 
L of page 115 should read, "Locating pills 1l0W supplied \\·ith T YPE 274-Cl:' and 'l'YI'g 

274-EP." 

T ype 274·HJ Mounting Base showing case in which the TYPl: 492-.'\ Oxide Rectifier and the TYI' l: 
493 Tbermocouples are mounted 

T he new T \·I'E Q7~·JlJ :;o.,.founti ng Base has been des igned purlicularlr for use with the 
T YPE 49Q-A Oxide Hect ifi er and the 'l'n'f; 493 T hermocouples descri bed on page 1M. 
T he jacks are placed so that the T'YI'E 2i4-CP Transform er l\iounting Base Illay be used 
with it. 

T he new base is IWlde of moulded bi·,kclite, is filled \,·ith four jacks and four jack-top 
bi nd ing posts, and is drilled to accommoda te a locati ng pin. Two countersunk screw holes 
are providcd. 

Dimellsio1!s : Size of base, exclusive of 
binding posts, 3% x "l !1 x % inches . 

T ype 

27·' ·HJ 1 

Weight: 7 ounces. 

Code IV Qrtl Price 



 

CUMULATIVE INDEXES 

I NDEX BY T YPE NU.\IBEH. . . 16'l 

I NDEX BY TITLE . . . . . . . . . . . . 166 

These indexes contain references to all the informa­
tion I>ublished in Catalog 1? P art 1 (t he originill 
Catalog F) and in Catalog F, Part i (this booklet), 
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Ty~ 
102 
lOG 
107 , .. 
127 
133 
137 
1S8 
IS. 
J5G 
lOG 
J7' 
J89 
J93 
19S-P I .,. 
"0 
'IS 
214 
'IG 
m 
••• 
'~I 22, 
." 
240 
241 
24' 
247 
~,. 

' GO 
2G8 
20. 
214 
'75 
275-P 
!l7G-A 
'80 
285 
28' 
801 
302 
SOS 
SO. 
SIO 
817 
SIB 

'" ". 
SSO 
33·' 
335-2 

'97 
SSB 

338-P 

INDEX BY TYPE NUMBER 
h l8lrument Page 

Oeende-Hesistance Box . . . .. 16, U6 
Standard I nductance ....... .31, 129 
Variable Inductor . . . . . . . . .. .32, 129 
Phantom-:\ntenna Hesistor . . . ... 30 
lIot-Wire Meters.... . ........ 103 
Standnrtl Resistances....... ..... 18 
Knob. . . . . . . .. . . . . . ...... 110, Iei8 
Bind ing l 'osl.s .. . . 110, IGO 
Switch. . . . . . . 11 2 
Socket. . . . . . . . . . . .. .. .. .. . 113 
Telephone Transformcr. . . . 47 
Direct- Heading Wl\.vemeter . 70 
Galvanomctcr. . . 102 
Decade Bridgc.. 75 
Wagner Ground. . .... . _. 141 
Switch . . . . . . . . . 112 
Halio-Arm Uox..... 87 
Audio Oscillator.... ........... 41 
R lloostatsand Potcntiomcters . . /l8, 126 
Cal)acity Bridge . . . . . . . . . . . . . . .. 76 
Decade Condcnser. . . . . .. 14 
))recision Condenser. . . . . . . . 6 
Precision Wavemeter .......... 67, 140 
Galvanomctcr Shunt . . . . . .. .. . .. 86 
Variable Air Condenser ......... 8, 124 
Capacity Mctcr ...... ........ SO, IH 
Micl'Ol)honc H Ulllmcr . 41 
Variable Air Condcnser . . . 7 
Variable Air Condenser . 9 
Attenuation Box. 22 
Porccillin I nsulator ......... 114 
rllriOCOUI)lcr. . . 33 
Variotlleler......... 33 
Plugs, .lacks and Bases. . . . 114, 162 
Pie1.o-glcctric Oscillator. . . 57 
Tnductors ........ ...... ...... 58, 137 
QWlrt1. Plate.... . ..... 63 
Porcelain Insulator ..... I J.I. 
Amplificr TrHnsformcr. 43 
Direct-Hcad ing Ohmmctcr . 104 
Hheostllts nnd Potent iometcrs. 29 
Geared Dial . . . . .. .. .. .. 109 
GCflrcd Dia l . . . . . . .. .. .. . . . . . 109 
Sockct Cushion . .. .. .. 113 
Dili i. ..................... .. 109, 157 
Dinl. .. . . . . .. . . .. . .. 109, 157 
Dial Plate . . . . . . .. .. . . 157 
Artificinl-Cable Box. . . . . . . . .. 98 
A ttenuation Box . . . . . . . . . . . . 2S 
Pilter Section . . . . . . 97 
Variable ,\ ir Condenser. ......... 10 
Vllriuble Air Condcnser . I I 
Switch ............. 112 
String Oscillogmph and Yibration 

Galvanometer . 93 
Accessories. . . . . . . . . . . . . . . . . . . .. 95 

T!J~ 
93. 
340 
S4. 
356 
358 
359 
'GO 
S60-A 
361-13 
3GI-I' 
300 
SOB 
371 
374 
375-A 
S7G 
377-U 
37. 
380 

Inllrunltmt Page 
Switch . . .. . ......... 112, 160 
Rheost.).l. . . . . . . . . . . . . . . . . . . . . . 19 
SOCket. ... ..................... 11 3 
Quartz- Plnte Holder . . . . . . . 6S 
Wavemeter. . . . . . . . .. .. . . G9 
Variahle-natio Transrormcr . 46 
Tcst Oscillator ............... _. 91 
Test Oscillator . 147 
Vacuum-Tube Bridge . . . 81 
Accessories . . . . . . . . . . 84 
T"i ller Choke .... ............... 49 
Vnrillble Air Condenscr . 12 
Potentiomctcrs . . . . . . . . .. . .. 27, 126 
Vn riable Air COlldcnser . J1 
Stlltion Piezo-Ek'Ctrie Oscillator . 58, ] 37 
Quartz Plate ................. 62, 138 
Low-~'requency Osci llator .. .. .. .. 35 
Hadio-Frequency CJlOkcs. .. 50 
Dccade Switch a nd Condensers . 14, 125 
Portable Cnpacity Brid~'C .. . . .. 78, 142 
Accessories .. ... .............. 80, 142 
l'ortable Hadio-Prequenc;r Oscil-

lator . . . . . . . . . .. .. .. .. .. 38 
384 Inductors ..................... . '10 
387-A Speakcr Filter ................ _. '17 
389-13 Magnctoslriction Oseililltor .. . ... 64 
389-1' Ind uctors und Hod ~ountings .. 65, 140 
'W3-C Stantlilrd -Signal Generator .... . 89, 145 
"03-P Output Shunts . ................ 146 
,103-P } ( " C) 403-Q Inductors for I not; 'W3- . .. . 90,146 

40-1 Test-Signa I Generator . . . . . . . . . .. 148 
407 Synchronous Shutter . 153 
407-[' Accessories ..................... 153 
'IOS Oscillogrn pll Cn lllcra . . . ....... 151 
408- P AC<.'Cssories.............. 152 
409 Cnllleril Shelf ............... 152 
410 Rheostats li nd Potent iometers.... 30 
41 3-11 llell l-f're<luency Oscillator (Bat-

418 
423 
426-A 
427-F 
'2. 
437 
438 
49. 
443 
4<6 
45!l-C 

'~8 1 
·~S6 

ter;'t' Operated). . . . . . . . . . .. . .. 37 
;\lagnetostriction Hods......... 66 
Dummy Antenna . . . .. .. .. . 91 
Vncuum-Tube Oscillator ....... 40, 132 
Thermiouic Voltmeter . . . . . . . .. .. 99 
A.C. Voltmeter . . . .... 100 
Atlenuation Box. . . . . . .. .. 24 
Center-Tap Hesistnnce ....... . iO, 133 
Socket. . . . . . . .. .. .. .. . . . . . lIS 
Center-Tap Resishuu:c ........ 50, 13S 
M utuul-Contluctnncc Meter . . . 8S 
Voltage Divider . . . . . .... .49, J33 
Voltage Divider . . . . . . . . . . . ... 25 
Modulnlion ;\J eler . . . ... 14S 
Helay Hack . . . . . .. .. . . 55 
Polar Helay. . ............. lOS, 157 
Output i\ leter. . . . . . . . . . . . . . . . .. 106 
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Typ' 
488·.0\, 
489·B 
49~A 

49. 
50> 
50' 
507 
5 11 
5ll·P 
Sls·n 

527-.0\ 
529 
539 
:HO 
5<1 
545 
547 
547-P 
547-B 
55. 
558 
554 
556 
557 
55S-P 
565 
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b l, trumcllt Page 
A.C. Voltmeter . . . . . . .. .. 101 
'l 'win Magnetostrictioll Oscillator.. 65 
Oxide Rectifier. . . . . . . . . .. 154 
Thermocouples.. ......... 155 
Dials.. ..... ,........ 158 
Dials. ...... .... 158 
Non-Polar Helay . . 108 
Syncro.Clock . .. . . . . . . . . .. 71 
Heplacemcll t. . . .. . . . . . . .. . 73, ]4.0 
Beal-Frequency Oscitbtor (A.C. 

Operated). .. .. 130 
Rectifier Filter . . . . . . . . . . ·~9 
Attelluation Box. 24 
Va riable Air Condenser.5 . 123 
Pilnment T ransformer . . . . . .. . . 48 
Push-Pull T ransformer . . . . . .. 'Hi 
Transformer. . . . . . . . . . . . . . . . . .. 48 
Temperature-Control IJox. . . . . . . . 59 
Accessories amI Replacements .. GO, IS8 
Temperature-Control Un it. . 60 
Volume Chutrols.... . 126 
Volume Controls. 128 
Voltage Divider . . . . . . . . . . .. 25 
Amateur-Band Condenser. .. . 124 
Amateur-Hand Condenser .... .. 12, 124 
Frequeney Mctcr . . . . . . . . 68 
Transformer. . . . . . . . . .. 48 

Typ' 
573-.<\ 
575 
576-A 
577 
58·~ 

585 
586 
586-P 
587 
.90 
59, 
591-1' 
59!l 
59S 
59. 
595 
.598-A 
60' 
6!lo\-P 
638 
63S-PI 
.45 
• • 9 
656 
657 
658 

I /Uirumcllt Page 
Resist:mce-b n,>etlance Coupler. .. 45 
Piezo-EJectrie Osei llator ......... I ~H 
Quartz Bar (and Holder) .... . . 63, 139 
Inductors . . . . . . . . . . . . . .... . 34, 1!l9 
Alternat ing-ell r re n t llortn ble 

Radio-1i' requcllcy Oscillator . ... 39 
Amplifier TrU llsformer. . ... .43, 133 
Power-Level InJ iCil lor .. ...... 106, 154 
AC<!CSSOries . . . . . . . . . . . . . . . . . . . . . 154 
Speaker }' iller . . . . .. .. .. .. . . 47 
Piezo-Electrie Osdllator ....... 59,137 
Temperature-Control Unit ..... 61, 138 
Aecessories a nd Hcplncemcnh .. 6 1, IS8 
l\fllitivibl'lltors ............... 56, IS" 
Timing Unit. . 73 
Ileat-Control Unit .. 62 
Power-Supply Unit. . . . . . . . .. . 56 
}'ader. . . . . . . .. .. .. 26 
P recision Wnvemctcr _ ........ 68,140 
Inductors. . . . . . . . . . . . . . . . .. 68 
Sockets. ........ 160 
Socket-Mounting Hing. 161 
Laboratory Amplifier . . .. . . . . . . .. 42 
Socket............. 160 
Socket. ....... ...... ... ...... . 161 
SOCket.. ..... . ... ... .. ..... 161 
Socket. . . .. .. •. . . . . .. .. •. 161 
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Air condenscrs, see COlldtllIJtr8 

Ammeters, d'Arsolwal, 102 
hOl-wire, 103- 10·\ 

Amplifier, CQlll) ling devi(.'Cs, 43-<11, 133 
laboratory, 42 
trtl nsformers, '\3-<W, 133 

Antenna, dummy, 30, 91 
phnnlom. resistor, SO, 91 

Anti..ctlpacity switcllCS. 112-113, HiO 
Artificia l cable box, 19,98 

lines, W, 98 
Assemblies, uinding-post, 114 

sllIlHlard -frequency,51 
AttcnuHtion boxes, 19--25 

networks. l !)-25 
Audibility meter, see TvrE 529, !M 
Audio oscilintOl', 4,1 
Ayrlon- Pcrry resistors, 15-16 
Bar, quartz, 63, l S!) 
Ba ses, mounting, 11 4, HiQ 

Beal-frequency oscillator, 37- 38, 130 
Bindillg-post assemblies, 1 H 
Binding posts, 110 
Bridge, accessories, 84-87, 141-14~ 

CIlI)!lcity, 7G-71, 78- 79, 80 I 
dccnde, 75-76, 141 
impedance, 75-76 
inductance. 74- 76 
mUlull l-conductnnce, 83-84 
resonnnce,74 
vacuum-tube, 81-84, 
Wheatstone, 74 

Cablc, flrtificia l, 19,98 
Calibrated coodensers, 5-9, 13- 14, 1~3-H!5 

inductors. 31-S2, H!O 
Ca mera, oscillograph, 150-15S 
CllpHcitance, sec Capacity 
Capucitors, sec C07Iden.,cf. 
Capucity bridges, 76- 77, 78-79, 80-81, 141- 142 

meter, 80-81, 14~ 
Center-tnl> resistors, 50, ISS 
Charger, battery, 56 
Choke, filter, '~ 9 

radio-rrcqucncy,50 
Clock, see SY'lcro-Clock 
Condensers, umateur-bnnd, I ll, 124 

cnlibnLlcd, .5--9, 13-14, 123- 125 
dccadc, 14, H5 
high-\'oltugc, 10-11 
loss-measurcmcnt, 76-77 
mica-diclCdric, 13-14, 125 
micro, 12 

Condcnse rs, 1)(lpcr-dielcctric, 13- 14, 125 
precision, 6- 7 
"ariablc air. 5- 12, 123- 125 
vcrnier, 12 

Conncctor plate. 59--60 

Contacts, swi tch, 110 
Control, heal, 6~ 

temperature, 59-62 
volu mc, 2~(j, 126-128 

Copper-o:o.:idc-rectifier, '154 
voltmeter, 100- 101, 105-107, 154 

Cou plcr, resistance-illl l)edancc, ·J5 
Coupling devices, 4H7, 133 
Cushion, socket, 11 S 
Decade bridge, 75-76, HI 

condensers, 14, 125 
resistance bo:o.:es, 16-18, 126 
switch lllld condensers, 14, 125 

Dial, friction-drive, 158 
gcared, 109 
plain, 109, 157 
plate. 157 
vernier, 109, 158 

Dielectric loss measurcmcnt, 76- 77 
Direct-reading wavClllclcr, 70 
Divider. volla ge, 25, 27- 30, 49, 133 
D ummy antemlll, 30, 91 
Dy natron oscillat.or, 40, 132 
Eliminator, 1)late-ootlery, 56 
E:o.:perimcntal inductors, 33-3-', 129 

wa \'cmeters, 08-70 
Fader, 25-26, ] 28 
'Field-strength IllCMlLrelllent. 1 '~5-147 
Vi!:Hucnt t ransrormcr, '18 
Vil lcr chokc, 49 

electric wave, 97 
rectifier, '~9 
sections, 97 
speaker, 47 

l~requency mcasurement, .5 1-73, 134--140 
metcr, limilleu r-band. 68-69 
see Watemeier 
stllnt!:trd s, 51- 73 

Friction-drive dials, 1:;8 
Galvanometer, d 'Arsonval, 102 

hot-wire, 103-10-' 
I>ointer, 102 
vibrat.ion, 93-96 

Geared dials, 109 
Gencrator, stnndard-sigllal, 89, 145-149 

test-signal, 148 
see Ollci/lotorll 

lIeat-controlunit, 62 
Holder, quartz-plate. 62-63 
Hot-wire metcrs, 103 
H um-balancing resistors, 50, 133 
H ummcr, microphone, 'n 
I mpcdance-resistancc coupler, 45 
I nductance, standnrds or, 31-32, 129 
I nductors, 31- 34, 129 

fixed. 31. 34, 129 
variable, 32-33, 129 
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Insulators, porcei;\in, 11 3- 114 
.Jacks,114 
Knobs, moulded, 11 0 
Laboratory amplifier, 42 
Line, artifici:ti, 19, OS 
Low-frequency oscillalor, 35-3G, 130 
Magnctoslriction osvillator, (i -..... O(j 

rods, GG, 130 
Meters, ammelers, 102- 104 

iludibjlit~·, see A IIdibillly 
c .... lpacity, 80, 142 
frequency, sec jVul'cme{ers 
hot-wire, IOS-lO·~ 
modulation, 143-1 '~5 

mulm\!' COllductance, 83- 84 
ohmmeters, 104- 10.') 
0\ltp1lt, 10.'5- 107 
rower-level indicators, 105- 107, 1.:'1<1 
voltmeters, 99- 101, 105- 107 
' ... ave, G6- 10, 140 

Microphone hummer, 41 
mixing controls, 25- 26, 27- 30, 126- 1<28 
transformer, 44, 133 

Microvoltcr, 88- 91, 145- 141 
Mixing controls, 25- 26, 27- 30, 126- HlS 
l\lodulatioll meter, HS 
Monitor, frequency, 58- /,!), 134- 138 
Moulded knobs. 109, 110 
Mounting base~, 114, 162 
?fultivibrators, 56, 134 
Mutual-conductance meter, 83-84 
Networks, attenuat-iQn, )(1- 25, lQ6-HS 
Non-polar rclay, 108- 109 
Ohmmders, 104-10.'; 
Oscillators, itudio, 4 1 

beltl-frequency, 37- 38, 130 
dynatron , 40, IS2 
low-frequcncy, 35- 36, 130 
magnctostriction, 64- 66 
microphone-bulton, 'U 
microphone-huUlmer, 41 
piezo-electric, 57- 63, 134-139 
portnble mdio-frequency, 38-<10 
reed-type, 41 
st.'mdard-signal, 88- 91, 14;:;- 147 
station piezo-electrie, 58- 59, 134, 137 
test, 91 - 92, 147- 149 
tuning-fork,41 

Oscillograph, string, 93- 9G 
camera, 150- 153 

Output meter, lO;j- l07 
Oxide-rectifier, 1.')4 

voltmeters, 100- 101, 105- 107, 154 
Phantom antenna, 91 

resistor, sO 
Pierce magnetostriclioll oscillator, 6'}- 66 
Piezo-electric oscillator, 57- G3, 1 3'~ -139 

Plate, quartz, 62- 63, IS8 
Plugs, 114 
Polar relay, 108, 157 

Porcelain insulators, II !j - 114 
Portable cupacity bridges, 78- 81 , H~ 

radio-frequency oscillators, 38- 40 
Potentiometers, 25, 27- 30, 49, 126 
Power, factor measurement, 76- 77 

level indicHtor, 105- 107, 1.54 
supply unit, 56 

Precision condenser, 6- 7 
wavemeters, GG- G8, l 'JO 

Push-pull transformers, 4G 
q uartz bar, 63, l S9 

plate, 62- 63, 13S 
platc Iwlder, 62- 63 

Hack. relay, 55 
Uadio-frequency chokes, 50 

oscillntor.:;, :).';- 40, 132 
Rat.io-;mll box, 87 
Rcctifier filter, 'l 9 

oxide, 15l 
Hel,\xation oS('illator, see Jl llltitibra/or 
Helay, low-current, 108, 157 

non-polar, 108- 101) 
polar, lOS, U)7 
nick, 55 

n csista nce-impcdunce coupler, ,' 5 
standard, 18, 12(; 
unit , centcr-tap, 50, 133 

Resistors, Ayrtoll-Perry, 15-16 
clilibrated, 15- 19, 126 
phantom-antenna, 30 

Rheostats, 27- 30, 12G 
Rods, magnetostrictioll-oscillator, 66, 13f1 
Sections, filter, fl7 
Service-testing cquipment, 80- 81, 83-84, 91- 92, 

104- 105, 105- 101, B 7- H9 
Shunts, gah'fillometer, 86- 87 
Shutter, synchronous, 153 
Socket cushion, 113 

vacuum-tubc, 113, lGO- 16I 
Speaker filters, 47 
Standard-frequency assembly, 51-56 

inductance, SI- S!?, 129 
resistan<..'cs, 18. 126 
signal generator, 88- fll , 14(;- 147 

Station picw-electric oscillator, 58- ,59 
Strain insulators, 113- 114 
String-holders, 95- 96 

oscillograph, 93- 96 
Supply, power, 56 
Switcll contacts, 110, 160 

stops, no, HiO 
Switches, 112, 160 
Synchronous, motor, 71- 73 

shuttcr, 153 
Syncro-Clocks, 71- 78 
Telephone transformer, 47 
Temperature-control boxcs, :;0- 62, 134- 138 
Test oscillator, 1')1- 92. 147 
Test-signal gcnerator, 148 
Thermionic voltmeter, !.l9- 100 
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Thermocouples, 155 
Thermometer, 00-61 
Thermo-regula.tor, see Temper(llllre-conirol OOze& 
Thermostat, 6()-61 
Time measurement, 51- 73 
Timing unit, 73 
Transformers, amplifier. 43-46 

filament· heating, 48 
mounting bascs. 114, 16'2 
plate-supply. 48 
power-supply, 48 
push-pull. 46 
telephone, 47 
varinble ratio. 46- 17 

Tube, vacuum, bridge, 81-84 
Vacuum-lube bridge, 81- 801. 

oscillators, 35-40, 130-1 3~ 

voltmeter, 99- 100 

Variable air condensers, 5- 1i, l i3- l i5 
inductors, 52, 33, 129 
ratio t ransformer, 46- 47 

Variocoupler.53 
Variometer. 52, 83 
Vemier condenser, 12 

dial, 100, 158 
Vibration galvanometer, 93- 96 
Voltage divider, 25, 27- 30, 49, I SS 
Voltmeter, oxide-rectifier, 100-101, 105-107 

thermionic. 99-100 
vacuum-tube, 99-100 

Volume cOlltrols. 25- 26, 27- 30, 126-128 
Wall insulators, 113- 114 
Wa.ve filters, 97 
Wavemeter, 66- 70, 140 

experimental, 68- 70 
precision, 66- 68, 140 
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