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HOW TO ORDER 

SUGGESTIONS FOR ORDERING 

ORDER BY TYPE NUMBER 

Always order by c.:'ltalog type number 
and whenever possible mention ranges or 
other significant specifications as pro­
tection against misunderstanding. 

n1ake sure that you have ordered any 
necessary extras (such as calibrations, 
accessories, tubes, etc.) . 

SHIPPING INSTRUCTIONS 

Unless specific instructions accompany 
the order we shall use our best judgment 
as to the method of shipment. 

All prices arcF.O.B. Cambridge, i\1assa­
chusetts. There is no domestic packing 
charge and no charge ror shipping cases. 

TERMS 

Net 30 days or fl pcr cent discount (or 
pay ment wilhin 10 days from the date of 
shipment. nJess credit hitS already been 
est..'lblished we make all shipments C .O.D. 

\"hen cash accompanies tile order, we 
pay t ransportation cha rges to any point 
in Canada and the continental United 
States (except Alaska) in place of allowing 
the cash di scount. 

REMITTANCES 

Should be made payable at par 11\ 

Boston or New York funds. 

QUANTITY DISCOUNTS 

\Vhen 10 or more identical items are 
ordered at the same time for a single ship­
ment, the following quantity discounts 
are allowed: 

HH9. 
20- 99 .. 

100 or more 

5 per cent 
. . .. 10 per cent 
... Special d iscounts 

quoted on request . 

NO TRADE OR EDUCATIONAL DISCOUNTS 
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Our prices are made on a direct-to­
consumer basis which permits of no dis­
counts except cash and qU<lnli l,Y di scounts. 

PRICE CHANGES 

All prices are subject to cha_nge withoul 
notice. Formal quotations remain open 
for 30 days, 

TAXES 

As the apparatus and parts furni shed 
by us, as sold by us, are not subject to the 
manufacturer's excise t..'l-X imposed on 
certain radio items under Section 607 of 
T itle IV of the Reven ue Act of 1932, no 
tax has been included in t.he price . rr any 
of these component parts are used by a 
"manufacturer, producer, or importer" 
and in a taxable manner, as defined in this 
Revenue Act, such " manufacturer, pro­
ducer, or impor ter" must see that t he 
requisite tax is paid on them. Tubes on 
which a tax is payable have had this tax 
paid and the prices given include this tax. 
Prices are subject to revision as to any 
sales or excise taxes, either Federal or 
local, which may hereafter be imposed. 

SHIPMENTS TO GENERAL RADIO 

' Vhen returning inst ru ments for repair, 
rccalibration, or for any other reason, 
p lease ask our Service Department for 
shipping instructions and our R F; T URNED 

APPARATUS tags. 

REPAIR PARTS 

\:Vhen ordering repa ir parts, be sure to 
describe carefully the parts req uired and 
give the type number and serial number 
f rom the panel of the instrument. 

TELEGR A PH AND CABLE ORDERS 

\Ve have direct telegraph printer con­
nections with Postal and ' Vestern Union 
for the prompt handling of telegraph, 
cable, and radio messages. 

l"oreign customers will find itconvenient 
to use Ben tley' s code a nd the code word ... 
accompanying each catalog description. 
Our cable address is CF;~'RADCO n osl'Ox. 



 

SALES AGENCIES 

Thcitcms li sted in this <!..'ltalog are of such 
a nature that they are best distributed on 
a dircct-Crom-manuCacturer- to- consumer 
basis. Therefore. with the exception of the 
distribution of certain instruments in 
particular fields through the Central I 

Scientific Company in Chicago, Illinois, 
and of a stock of parts for local distribu­
lion in ::\ew York City carried by Leeds 
Hadio Company of .J.5 Vesey St reet, our 
instruments are not sold by dc .. tlers 01' 

broke rs. Our own San F rancisco office is I 
located at 274 Brannan Streel. 

Although our domestic sa les are made ! 
0 11 a. direct-to-thc-consumer basis. we 
have arranged with numerous foreign 
agents fOl" the distribution of our products 
outside of t he United S tntes. 

EDITORS AND AUTHORS 

We are a lways glad to co-operate with 
editors and authors by supplying photo­
graphs, electrotypes, and descriptive datal 
Permission to reprint material from thi~ 
Cilt'liog or from t he General R adi (J 
l:Jxperimenler ca n be secured on request. 

OTHER GENERAL RADIO PUBLICATIONS 

In addition to th is catalog: we publisi 
a monthly magazine, the General Radi ~ 
Ex per i11l.enler, fo r (rcc dis tribution amon: 
intcrested persons, It cont..'lins tecbnica 
and semi-tecllllicid engineering article 
which are contributed , (or the most part 
by ou r engineering s tafl'. Since the choio 
of subjects is inevitilbly conditioncd b~ 
the trend or new dC\'c1opments, those wb 
are already users o( Gencral Radio instr · 
mcnts shou ld be pa rticularly interested, 

There is no subscription fcc. T o be 
placed on the mailing list merely address 
a request to us con tain ing your name, 
mailing address, and business affi liation. 

BRITISH & EUROPEAN ORDERS 
As we f-I nllOllne~ o pposite. we ha , ·c 

a,.nlllgcd with ll UIlJcrOU" fon~igll " .!.rcnt:., 
r~)I' I he d istrihu t ion of Our products out ­
Side of the Cn ited Sltltcs, Throuuhout 
Brit ish Ten·itor~· . and also in °SO I1W 

1·; lII·op<.·a n COtill t riCS, o ur cxcl lI~i\'c AgcllG 
.lllt l TCt-hlli('a l H cprcs(' n lutives 31·C: 

CLAUDE LYONS liMITED 
76, O ldhall Street 
liverpool, England 

T id .... fi nn llIain ta ins tl spc(' in l I·h ·an(·h 
O ffice. d e,·oted a lmost cxclus ive lv to thc 
sn le of CE:\EfV\L H .\DIO ;wd othcr 
I-'I·c(·i .. ion Ll.loo'·atory ' \ PP<I,·allls. at: 

40, Buck ingham Cate 
Westminster 

london, S.W .I, Engla nd 
tl u·il' ' I'el c,!!ra p hi(' Addrcss hf·i llg · ' :\11:\ , 
:.\ IE'I'1\:I-:.\1. SOWEST. 1.0:\1)0:\. " and 
t he i,· T elephonc ':\um hN \ ' ICtol'ili i59:'). 
At t h('$;c o ffi ccs i<; filcd a m ore 0 1· I c~:-. 
complcte specia l t ech nic'a l in fo n nut ioll 
~cn- icc Oil 011 1' l ill (· . 

'\if.~S I ·S. Clautl e ] ,\'O ' h 1.1 d. 11'-1 ,·c 
~·~"p,·(' .... cnt('d H~ 1'01' ~'·C l' cighl ycul' ..... 
I hey ha ve U WIde k nowlcclgl' of ou r cnli l·c 
linc. ;lIld ,-II'C in a pos it ion 10 g-ivc a ch ' jec 
II po n I hc sclc(·tio n , jus t .lliat iu n lIud OPCI"I:I ­
li o n or 0 111' illstnllll c ll ts. ,\ 11 ordc r~. 
I c(; hlli c~d enq ui ries or othcr cOlTcspolld­
(' 11<:(' :-.holi ld he c1i rcptcd to t he m . a .... 

wcll ItS rcq uests II I 
connection wit h our 

" Exper imenter " 
m o n l hl " 1l l:l[! l1 z in c·. 
,,-hic h is' ma il c~1 g rat. i:­
:.Ind post fl'c(' . rc,!!u ­
lar"·. fr om t h e ir 
LOllcion Onicc ... 

COMPANY 
30 State Street « « Cambridge, Mass. 
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RESISTANCE DEVICES 
R esistors may be of the precision type, ca l_ibratcd (or many different kinds of 

laborutory measurements, or they may be used simply for the control of yoltage ~lI1d 

(·I II' I'cnl. General R adio ma nufactures a. wide variety in both chtsscs. These include 
decade resis tance boxes. attenuat ion networks, voltage dividers, volume controls, 
and rheos tats and poLentiometers ro r use with vacuum tubes. 

Type 

602 

510 

500 

133 

PRECISION TYPE RESISTORS 

D -c a nd high-rrequency meas­
ureme nts - Bridge a rms ­
Laboratory standards 

Where decade precision resistors 
are to be buill into other equil)­
ment 

Specia l measuring and testing 
equipment- Artificial line termi· 
nations 

Laboratory standards of resist· 
an« 

I dlmlijyi"!J F,wh",." 

Yery slllull changes in r(!..'I is lllll (.'C 
with increasi ng {requelle.\,­
Shie lding - sub m o ull te d 
switches 

Ex(:ellenl frequency character. 
istic - E. ... sy mounting IIl1i t as· 
sembly 

Drown llllkclite case, sealed, a nd 
filt ed with screw or plug termi· 
nals 

Res istors like d iose lIsc(1 io 
Typ", 6M Dectde · R csistan<'e 
Boxes 

AITENUATJON NETWORK AND VOLTAGE DIVIDERS 

T y1" 

--~ 
~. _ H 

249 , -
329 

Partieil/ar Application. 

Audio· a nd earrier·frequency 
a ltcnuation measurements 

Audio· and ca rrier-frequency 
a ttenuntion measurements 

Idelltlfyillg Feature$ 

K ey switches - Halan.;cd-ll and 
T-seetion modeb 

Ilot.ary switchcs- n ala llc:cd-ll 
sectioll models 



 

RESISTORS 

ATTENU A TION NETWORK AND VOLTAGE DIVIDERS (co nt. ) 

Type 

.29 

529 

654 

Type 

552 

553 

6S2 

642-0 

Pnrlicufcu A'ppJic(llioll~ 

Alldio- IIl1d ca rrier-CnxluclICY 
a ttenllation Illcasurement~ 

.\ udio- and c.'lrrier.frC(llIc ncy 

nttelluat io n meaSlirements 

A three--stftgc deca{ic "oltagc 
divider 

V OLUME CONTROLS 

Mas ter gain CQlllrol - ) l ixer 
control - atten uat ion measure­
ments 

Fader in public address and 
broadcast electrical tra nscrip­
t ion systems 

Compact. inexpensive Inl xer 
control 

Gain control working into the 
grid of :l , rncuum·tube - :'I'l ut· 
tiplier fo r vacu um-tube votl­
meter 

IdcfI/ihli1l9 Fcalli rcs 

Uota ry switches - 'I'-scclion 
model 

notnr~' switches - L-scct ion 
models 

The electrical cqui \' ;dcnt or two 
Tn"~: 6O~ DC<.~lfk ... n esistalU..'C 
Boxes in serie.$ 

Idtmlijyi1lg Fea/ llres 

S ICIl-by-step switch 

S tep-by-slel> switch 

Prncticn lly OOllshtnt impedance 
in both directions for all settings 
- Qne s liding (.'On tncl 

S tep-by-step, switch to switch 
contacts 

RHEO STATS AND POTENTIOMETERS 

Typ' 

4 7 1 

P ortiClIi(lr A policoliOlM 

Gain control - General-purpose 
current :tltd voltage control 

T"'lrge rorm - 4-finger oontact­
P rotected winding - !':me! :lIld 
I:thle moun ting 
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RHEOSTATS AND POTENTIOMETERS (cont.) 

Type 

314 

371 

214 

301 

410 

Type 

340 

125 

Particular Appliccllimu 

Gniu (:ontrol-Gcller:l.l.purpo~ 

current and voltage control 

Gain contro)- Gcnernl-purpose 
current and voltllge control 

Gllill con trol- General-purpose 
current and voll:lgc control 

Control for vacuulIl-lube oper­
ating voltages 

Control {or \"nClIuHI-Iube OI>CT­
(lti ng '"oh:lges 

MISCELLANEOUS RESISTORS 

Partietl/ur Application. 

l~or operat ing a low-impedance 
galvanometer from a Iligh­
,"olt,age source 

DUIlIIIl)' a ntenna resistor Cor 
transmitters a nd power osdl­
Inlors 

Like Tn'£ 471 hut a smaller 
form 

Large form-Single sli(iing COIl­

tact-Panel nnd table mounting 

Like Tn'!:: 571 but a smaller 
form 

Small size - S-hole panel or 
table mounting 

5alUc as T YPE SOl but wi th 
s ingle-hole IXlllci mounting fca­
ture 

I dr:.IIU/yillg F r:.uturu 

Cabinet mounted -9 steps 

Large power dissipation 



 

RESISTORS 

GENERAL INFORMATION ON PRECISION RESISTORS 

General R adio precision resistors arc 
built up around several types o f units 
which have been developed in the course 
of the company's fifteen years of experi­
ence in this field. These units hayc no 
considerable change in resis tance oyer 
ordinary tcmpera.ture ranges, and the 
ctl libra.tion chunges only slowly with time. 

P ermanence of original cltlibraled \"alues 
is assured by the use of low-lemperatwoc­
cocf[icient malc"ials and careful aging in 
order to relicyc s trains set lip in winding. 
\\' inding forms are designed for perma­
nence so as to resist any ddormation which 
would impose s tresses in the windings. 

Pcnnanenc;:e of calibration with t imcnnd 
lc rnperature is not suffic ient, howcycr. for 
res is tors which are to be used at high fre­
qucncies. ']' he General Radio Company 
Iws designed unils ,vhich ~Ire to a large 
degrce free from reactance effects :md 
whose resistance is independent of fre­
quency between wide limils . All of thcse 
unils may be used throughout the audio­
frC<luency range (0 to 10 kilocycles) WiUl­
out regard to fl'eq ueney crfects, a nd tho.se 
of smaJlel' resi s tance va lues are free from 
serious errors wcll into the radio-frequency 
region. 

Thescdesirable results come from the use 
ofseveral lypesof winding described below. 

(a) Agnoll-Perry J/l'fltod. (Used 011 low-resistance 
precision cll rds. ) On a thin bakelite strip a single 

wire is wound. ICIl\'ing a spa(."C between turns equa l 
to the d iameter of the wire. A sc(.'Ond wire is wound 
in the space betwcen turns. Ilamlld with lhe first 
wire but in the opposite direction. so that units 
wound by this mcthod are nearly non-i nducti\·e. 
Uulike the usua l nOll-inductive hi6lar winding, tbeir 
distributed cap.1.ci tancc is also '"cry smull. because 
udju(''Clit wires are ltL nearly the SiUlle potential. 

(b) ]tiell-Card M et"od. ( T.:sed on high-rcsistance 
precision cllrds. ) The wire is c losely wound in a 
single layer 011 a thin mica form, tllc ends of which 
urc reinforced by (.'Opper termina l strips. The f> llluU 
wire and tbe tbin rorm give units Illude by this 
method an excel>tionall.r low phasc lingle at high 
frequeflcies. :\lodi{iell tiofls or tbis design llfC used 
successfully on the allClluation networks used in 
our standard-signal generators fit frectl1cllcics as 
high a~ 25 meglu:ycies. 

(c) Bifilur .llel"od. ( Cscd ollly 011 O. I-ohm preci­
sion llnit~ . ) This method of winding consists of a. 
short length of ribbon bent s harply b:H:k upon itself. 
An nsscmbly of re~islors using this method is shown 
at lh~ left · hand side of thc illu r-tration Oil page 11. 

« I ) Fi1f"- I,ill~ M elluxi. ( Uscd on the Iligh-resistance 
element!'; of voltage dividers and nttenuation net­
works. ) Tilc resistance wire is wound on a sma ll 
core of treated sil k and the.' resulting "6sh linc" is 
wound on cylindrical forms. II igh resistances can be 
obtained in a s mall space und the phase-angle 
characteristics n rc entirely salisfaclor:-' for these 
uses. 

These res is tallce units are assembled in 
single dials, unci in boxes of severn I dial 
combinations as well as ,-ol luge di"iclers, 
allenuation networks, and similar devices. 
OUI" bridge:,; also lise the same type 01" 
resistors. 

:\yrlon- Perr:-' :\lica-Cllrd F'ish-Une 

Principal typL"S of (."Ollstruction uSCfI in General Hadio Precision Hcsistors 
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TYPE 602 DECADE-RESISTANCE BOX 

The 1'YP"F. ~ DccRd<.:-Tl eoistance n ox is buill in ~-, S-. 4-, IIn(1 5-dinl models 

A convenient assembly of resistance 
cards wilh switches in a single unit is a 
laboratory staple. Such boxes are in con­
stant use ill circ uits where a wide range of 
rcsistan(:e values is requi red. They arc 
used as lubora tory standards, bridge arms, 
and loads. All General Radio boxes are 
equally useful on direct or alternating 
current and maintain theil' userulncss for 
many applicn.tions in to the high radio 
frequencies . 

The methods of nsscmbly of the indi ­
vidua l units into a resisUlIlcC box are of as 
much imporlance as the characteristics of 
lhe units the mselves. (or the unit char­
acteristics may be greatl y a ffected by the 
mounting. 

The TYI'E 602 D ecade-R csistnnce Box 
has been designed to provide a ('''Ollvcnienl 
assembly of resis tnnce units, to pt'otect 
the uni ts and switching contacts, a nd to 
avoid alteration of the characteris t ics of 
the indi\' idual units. 

'1'\"\'0-, three-, four-, and fh'e-dial decade 
asscmblies nrc provided. El.I ch decadc has 
clc\'en contact studs and ten resistance 
units so that dial s o\·erlap. A detent as­
sists in se lting square ly on the contncts. 

:\Iechalli ca l and electrical protection of 
the units is provided by tile shielded 

walnut box and aluminum panel whieh 
completely enclose both units and switch 
contacts. 

Quadr uplc-Ieaf switch blades running 
over large contacts insure a low and (:on­
s tnnt contac t resistance. The arrangement 
of cards ~ltld wiring is such as to keep at a 
minimum the added resistallcc and react­
a nce which are unavoidable in assembling 
units into a hox. 

These resistors a rc adjusted to have 
lheir specified values at tileir own tenni­
nals and no t at the terminals of the box. 
The resis ta nce measured al the box 
terminals will, therefore, be high by the 
switch contact and wiring resistance, 
which amounts to nbout 0.002 ohm per 
dial. This method of adjustment has been 
adopted primarily because no me thod in 
which the switch resisLance is absorbed in 
some one uni t of a decade can give lhe 
<.'Orrect value of the to tal resis tance for all 
sellings of the various decades . There arc 
also many types of meaSurcmenl (voltuge 
di\' idcr measurcments, for example) in 
wh ich the difrercnce in two settings of II 

resistance box is s ignificant. This diffe r­
ence is givcn correctly only when the 
individual rC$istors have b l.>C1I adjusted 
independently of switch resisbnce. Thc 
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The unique construclionli l features of these new boxes arc shown in th is interior "iew of a TYPE 6O:l-J. 
4·dial box. :'\otc t he ll. luminum panel. t he large contact surrat:c Oil lhe switches, ;\11<1 t.he de ten t device 

wiring a lso adds a small inciuct..'1llce. about 
0.1 microhenry per decade. 

\Vhen lhe boxes arc used on al le rna ling 
curren ts, purticula rly as the frequency is 
raised. the box wiring and the switch ca­
pacit..'UlccS affect the value of resistance 
between the box termina ls by adding to 
the freq uency effect in the cards them­
seh"es. These effects vary ,,,ith f rc(p.lcncy 
and arc generally greater for the la rger 
dials . They do not appea r at audio frc­
<Iuencics but do a ffect resistance "allies at 
carrier and radio frequencies. l 

Genera lly speaking, t he 1-, 10-, a nd 100-
ohm dinls arc mos t satisfactory at high 
frequencies_ 

'Vhen the boxcs are uscd in tuned 
circui ts o nly changes in resistance due to 
skin effect and, ill some high-resisL."l.llcc 
cards, to effec ti,-e capacitance need be 
considered. 'Vllcn the boxesareuscdasdrop 
wires. the reactance of wiring and cards at 
h igh frequencies will affect the apparen t 
impeda nce of UIC box. Data on those 
effects will be found in the s pecifications 
lLUder «Frequency Characteristics ." 

I See ti,e General 1t(t,lio e'1'pe,jPflellt" for February, 1 9S~, for data on lhe p.erforl1l1wee of these loox". III high fre'l,"!nciC$. 

SPECIFICATIONS 

Type o f \Vinding : The non-rcactivc precis ion re­
sistors, dC3crihed on page 6, nre used: Bifilar type 
011 the O.I-ohm units; Ayrton- Perryon 1-. 10-, and 
lOO-ohm dccadc~; a nd the unifila r mica type o n t he 
1000- and 10,ooo-ohl11 decades. 

S witc hes: Qundrupl c-Iea f, phosphor-bronzc 
switches be..'lr o u oonlact studs 7i inch in diametcr. 
Switch brushes arc bent so as not to be t."tugenl to 
the a rc of travel. t hus avoiding cutting. A ca m-type 
detent is provided . There a re cleven '-'Qntact points 
(0 to 10 inclusi\·c) . 

Temperaturc Coefficien t: The temperature c0-

efficient is ± 0.002% per dcgree C . excep t 011 

t he 10,OOO-ohm cards where it is ± O.Ol % per 
degree C. 

l\'l aximurn C u rren t : T he uppcr limit of tempera­
ture ri:sc is 40 deb'I"ees C . Values o f currcnt for 20 
degrees C. lind 40 deb'I"ces C. rises fo llow. 

TARI. t~ r 
Curre n t fo r T e mpe rature Ri~e 

of ~Oo c. nnd 400 c. 
W" C. W ., C. 

Drende Ri8e Hi8e 

O. I-ohm steps a 1.5 a 
1 -oh m steps 600 rna a 

10 -ohm steps 170 rna 250 rna 
100 -o hm steps 50 ma 80 lila 

1000 -o hm steps 5 ma 23 ma 
10,000 -o hm steps .-; lil a 7 roa 

Accura cy o f Adjus tme nt: All cards lire ad­
justed to withi n 0. 1% of Ihe sta led value between 
cu rd tcrminals, except the I-ohm cu rds which are 
adj usted to within 0.25% and the 0.I-01lm cards 
which are ndjusted to within 1 %. Where lleCt."ssnry, 
IIdd 0.002 ohm for ench dia l to a llow for contact and 
wiring relSistnllce. 
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T.-\uu : Il 
l 'ercentnge Error in Resistance for ~Iaximum 

Setting of Each Decade as a F unction of .Frequency 

Dccode Frequ /J1/cy til kc 

50 100 '00 500 1000 :WOO 5000 

a.l-ohm steps 0 0.1 % 0.2 % 1.5% ., % 
I -o hm steps 0 0 0.1 % 0.3% I % 4 % -

10 -o hm steps 0 0 0 0.1 % 0.5% • % 1 1% 

100 -ohm steps 0 0 0 0.1 % 0.3 % 0.8% 4 % 
1000 -ohm steps 0 0 0 0.3% I % 4 % -

10,000 -ohm steps 0 0.2% • % 6 % - - -

TAn I.}; III 
Impedance (as a pcn:cn lagc of nominal rcsiSlall(;c ) for ::\Iaximum 

Setting of Enell Dcc3lle as a Function of Frequency 

'0 100 

a.l-oilln steps 0. 2% 0.7 % 
I -Oh".l s te ps 0.1 % 0.2 % 

10 -oh m ste ps 0 0 
100 -ohm steps 0 0 

1000 -ohm steps 0 0. 1% 
10,000 -ohm steps 5 % '0 % 

Frequency Characteristics: There is no serious 
frequene,\' error below 50 kc. At higher freqnencies 
lhe error results from changes in resistance and the 
appeamnce of reactanee in t he c.:a rds, and trom the 
induetanee of the box wiri ng (aboutO.1 j..<h per dial ) . 
T able 11 lisls dl1ingcs in resis tanCe for s ingletle<:ades, 
as a pen..-cnlagc error of the sta ted value of resistance 
11S a funclion of fn.'<I\lellcy. 

Table J II lists high-frequency impedance for single 
dials as a percen tage error of the stated resistance as 
a fUllc tion of frequency. 

TV", R esu((l tlCt! 

602-0 11 ohUls, total, in steps of 
602-E 110 ohms, total, in steps of 
602·F 111 o hms, total, in steps of 
602-G 1110 o hms, total , in steps of 
602·K 1111 OhDlS, total, in steps of 
602-J 11,110 ohm s, total, in steps o f 
602~N 11 , 111 ohms, total, in s teps of 
602·M 111,110 ohDls , total, in steps of 

Frequellc!I ill kc 

.00 .')00 1000 2000 5000 

• % - - - -
1 % , % - - -
0.1 % 0.2 % • % - -
0 0. 1% 0.3% 1% 5% 
0 .5 % • % 6 % - -
- - - - -

Mounting.: A copper-li ned wnlnul Cllhinet , with 
aluminum panel, completely encloses switches and 
resis tancc units. The panel finish is black c racklc 
laCt"llicr. 

D im e n s io n s: P anel length depends 011 the number 
of dials (see price list), being 7;.:( for !i-dial, IOYs for 
3. dial. 13 for 4.dial, and 1:;% inches for ,oj-dial boxes. 
I~anel width . .5 inches. O"er-all height, 5 inches. 

Net Weig.ht : 3 ]4" fOf ~-dial, 4}4 tor 3-dial, 5 fo r 
4-dial, and 6]4" pounds for .oj-d ial boxes. 

No of V i(lls Code Word Price 

0.1 ohm • DEC OY S25.00 
I ohm • DECII Y 25.00 
0.1 oh m 5 DE·LT,I. 35.00 
1 o hm 5 DIGIT 35.00 
0.1 ohm 4 1)t;F~;ft 45.00 
1 ohm 4 DEBIT 50.00 
0. 1 o hm 5 n~::l.fOX 62.00 
I o hm .; n,.; UIT 70.00 

602- L 111 ,100 OhDlS, tot a l , in steps o f 10 ohms 4 nF.CA Y 58.00 



 

RESISTORS 

TYPE 510 DECADE-RESISTA NCE UNIT 

J 
T lm .. 'C tYlliciti 'l'n'E 510 Units with t he s hields remo,oed. The small panels are wooden 

blocks used as a protection in s hipping 

One or mOre deC~lde- l-es i s la nce d ials ,-He 
freq uently incorporated in a permanent 
assembly with other apparatus when t he 
cabine t aod panel of a T YPE 602 D ecade­
Resistance 130x cannot be used. The in­
d ividual decades used in these boxes acc 
anlilablc, lis ted as the TYPE .5 10 D ecade-

R esistance Units. The resistance dials are 
enclosed in an aluminum shield and etched 
dia l plates a re included. 

The following specifications show the 
details in which a TYI>E 510 U ni t differs 
from the TYPE 602 Decade-R esis tance 
B ox pl'cyiotlsly described. 

SPECIFICA liONS 

Mounting: The units <I re designed for pallel Dimensions : Shield, (dia meter) ~H{6 x (length) 
mounting with an aluminum !Shield. A combination 3h6 inches. 
dia l plate a nd drilling tem phlte Me provided. The.'--
11111." be mounted on a J<i'-incb or % . inch paneL Net \Ve ig ht: II ounces. 

TY/M Resistallce Code W ord Price 

510-A 1 o hm, total, in step s o f 0 . 1 o hm F.I.ATE $8 .50 
510-B 10 o hms, total, in step s o f 1 ohm F.1. Il ER 8.50 
510·C 100 ohms, [o[al , in steps of 10 o hn1S E I. EGY 8.50 
5 10-D 1000 ohms, tota l, in step s o f 100 OhlllS EI.BOW 8.50 
510-E 10,000 o hms , tota l , in step s of 1000 o hms E U :CT 13.00 
SIO-F 100,000 ohn1s , total, in s t e p s of 10,000 o hms E L \-AX 16.00 

11 
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TYPE 500 RESISTOR 

Scrcw-tcrmilml 
model 

This un it contains a non-inducti\'c cftl'd 
s imilar in conslru<.:lion Lo those llsed on 
l he TYPE 602 D CClHlc-R esis lancc Boxes 
a nd Ule T YPE 510 D ecillle-U c:-; isLancc 
U lli ts. Ench resisto r is cont:li ned wi th in a 
moulded b:lkelile case 6 11ed with nn illl ­
p regn:'l ting WtlX, thus assuring t he sta­
bi li ty or U1C electrica l chamclcris lics of 
t he element. 

1l may be mounted in either permanent 
o r temporary equ ipment. I t is pari ieli larl .... 
lIseful in spe<:i:.d IIICI.lSlITillg or tcslin~ 

Plug·termina l 
model 

eq ui p men t. rt will also be noted th:'IL lhc 
resis to rs have yalues snitable for usc a s 
lerm ilHI Ling impedances in lines havi ng: 
a ny of t he commonly used dwra<:teris tic 
imped a nces. 

The .... nrc :l\'a ilable WiUl either screw or 
plug termina ls. The laLLcr can he Slacked 
in orde r lo put un ils in I)ara llcl. 

\Y ith the eXL"eplio ns Hole(1 hclow, all 
specificat ion!' one iden l ic<l l with those of 
the Tn'E 602 D c"Cucie·R csislancc B oxes. 

SPECIFICA liONS 

1\ laxinlU m Curre n t: All unils will dissil'xile I wfltt. Accunlcy: .\ 11 Imils arc fldjusted 101)(' wilhin O,J% 
<. ... )rreSI)(mdill/l' 10 maximum currenl 'IS rollows: or I he s ta lcd '·lllue. 

Ue"j,~I""ce ('lIrre"t 

1 ohm " 10 ohms 300 ma 
JO ohms I ~o nUl 

100 ohms 100 IILlI 

S!OO ohms 70 llUl 

'>00 ohms 4,"i lUll 

600 ollms 40111'1 

1000 oh lll.~ SO Im l 

10.000 ohms 10 ma 

:;CH E\\"_T1': 10 11 :\ .\ I. :\IO D ELS 

T!lpe R~lfisf(/ll~ COt.lr lI'or/{ 

500-A l o hm Itt;,,;I;;TJ)IIID 

500 - B 10 o hm s IIt;,,"IT IH:SK 

500-C 50 o hm s l. t :>; I"Tt·OUI) 

500-0 100 o hm s IIt:>lli'lTt'IIO<l 

500-E 200 o hm s 11l:", ISTG I IIL 

500 - F 500 o hms IIt:SI8T<.lOA1· 

500 -G 600 o hms Itt;SI>;TG <.)I'I) 

500- H 1000 ohms 1l.;:';I>; T II \,)'~ 

500-J 10. 000 o hm s It.;~IST)t ll." 

T l;! rnlin a ls: L' nit s arc a\'"ibble fillell cililcr wit II 
i«'rcl\" terminaJ..s or willa plug-ami-j:U'k t(' rminals on 
the s tnlldnrd Gcneral Ha(lio sp:H'ing of % inch. 

:\ l ount i l1~ : 1-::1(·11 n:sistor is sc:I lell ill :I moulded 
t'asc or brow n l)llkdil c with 1l1l impregnaling WI\X. 

O imen ~ i on s ; ( Length) ::!}4 x ( width) I Yt x(height) 
I inch. o\"er-a IL 

Kc[ \Ve ig ht : -! Ollm ..... s. 

TYII>e Uc"i" la,wc ('OI.le ,, 'ord 

500-A P l o hm IIESIST)IO .\T 

500 - BI' 10 o hms II }:,,; I ST~I I . '" II 

500-C I~ 50 o hm s IO~S ISTr'.\I.)1 

500 - 1>1' 100 oh m s U t:SISTI"'Olo:l; 

500 -1-: 1' 200 oh m s IIt:SISTn .\ C K 

500- F P 500 oh m s U};SISTS};,\T 

500 -G P (.00 o hm s It};SI"T,,1I0t: 

500 - IIP 1000 ohm~ U }:SISTSI.O}: 

500 -JP 10. 000 ohms 1'}:SIS "I""ro.\ I) 

PRI CES . ALL SIZES, BOTH ~ 1 0DELS . 52.00 



 

RESISTORS 

TYPE 133 STANDARD RESISTANCE 

A Tl"I'~; W3-K Standard R esistllll(:c IlIIving iL 

resistance or 25.000 o hms l:tJlPcd nt the four, 
5000-ohm I>oints 

This resis tor is simila r in cons truction 
to individual uni ts of the TYPE 602 Dec­
ade-Hesis tancc Boxes and uJi specifica­
tions nrc identical with those boxes except 
as not.ed helow. 

TYPE 133- K irs l<tppcd at fOllr points . 

glYlng .I)OOO-ohm slcp~. This cover s the 
usual nmgc of the plnte res istance: oC 
vacuum Luhcs. Olher combinations be­
tween ]000 ohms and 25.000 ohms ilia:, be 
outai ned by suitable series and panlJlel 
connect ions. 

SPECiFICA n ONS 

Range: Tllcsc resistors IIrc made in the eight s ingle­
rt.'Sistnnce s howu ill the pri l.'C list :IS well as in the 
tnpllCd .:!.;,OOO·oilm unit showil ill the :U .. "l,."OIIII)lI!l ;." ing 
illust ration. 

Accuracy of Adjustment! 0.1 %, 

.\ I;lxinllllll Curren t: \'allics (:o rrcspoudi ng to il. 

empcmturc risc of :10 dcgrees C. a li(I 40 dcgn..-es C. 
are givcn ill the pri<."C lisl. 

.\ I Ountin~: Unit s are enclosed in moulded bakelite 
case. ... 

Dimension s: Dia meter, S):l indles; dcpth, 2J4 
inches.o,·cr-all . 

Set \ Veig h t: M pounc l for 1111 units except T n'l:: 
1:lg- f...': whid. weighs % !)Qund, 

J[(lximllm Cllrre" t 
Ty pe llu iJJ(ollce 20 0 C, ~Oo r. ('O//e W ord Price 

133-A l ohm 900 Illa 1.3J a Ilt:C l ' l( S6.00 
133-B 5011lns 380 nul. 500 UJ::F~; I\ 6.00 
133- C 10 o hms 270 ma "00 ma 11 t; t;A L 6.00 
133-)) 50 o hlns 1'.!5 ma 190 !tEI. AX 6.00 
133- E 100 o hms 90 ma 170 It t.(. I(; 6.00 
133-F 500 o hms .JO ma (;5 II EP.\ Y 6.00 
133-G 1000 o hms :10 ma 50 ma II t; I' I~ L 7.00 
133-11 10,000 o hms 10 lila I ii ma l't;T.~ 1. 8.00 

133-K 25.000 o hms 10 rna 15 lila 1',-\-SIIA 15.00 
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TYPES 249, 329, and 429 A TTENUA TION BOXES 

Bli lanc:cd-If alld T -section precision attenuution networks a rc made in 3 types. 
l. rft 10 riyllt: TYN: 249.'1', TYI'~: :.leO·,I, and 'l'YI'E '~Q9- 1'1 

General B adia munufacllll'cs precision 
attenuation networks under t hree ty pe 
numbers; di stingui shed by t he type of 
section (T 01' bl.llanccd-lI ) fi nd by t he 
switching mechanism. T H E Q.j.9 has key 
switches, Tn'Es 329 and 45W h:n"c rOlary 
switches. T he laUer s tyle is usually pre­
ferred, llJthough many engineers make 
lhe claim tha t the key switdl is fas ter to 
opcmlc . 

. \ n attenuation network is a combina­
lion of resistance elements so arranged 
Lllal it introduces a definite and known 
alllOLInt of power loss when put into a 
circuit bchn .. 'ell (!crLuin specified ,"alues of 
external input and output impedance, 
The.se three fa ctors completely specify ils 
performn nee at all frequencies for wh ich 
the elrec ls of reactance in the resistors a nd 
spurious admittances between them can 
ue considered negligible. 

These networks, when cons tructed with 
a switching mt..'challism for cha nging the 
alllount of attenuation, tIre called " l1tlen­
uation boxes" and ha\'e long been in com-

mon use throughout the communication 
engiueering industries for making all kinds 
of trails ill ission-cfficicncy and power-level 
measurements. Their value is now becom­
ing well known in other fields as acces­
sories of the yucuum-tube voltmeter and 
amplifier. They permit the li se of substi ­
tu tio n methods which eliminate Lhe need 
for cal ibratcd low-mnge- indicating instru ­
men ts, dif:ficult things to oblain for high­
frequency work. 

In one scnse they are simila.' in lise to 
the shun ts and mu ltipliers lI scd wi tJI gal­
\'anometers, ammeters, and volt meters. 
but it is mOre CO lllmon practice to trea t 
thcm as nOll-reactive, artificia l trans, 
mi .",sion lines. In fact., most of t he tenni , 
nolosy for allenuation networks is the 
same as fo r telephonc transmission lines 
Accurate measuremcnts of ga in or loss ill 
a mplifiers, fil lers, [l nd s imilar dC\'ices rc­
quire nelworks whose loss can be adj usted 
ovc r wide limits without changing l h( 
impcclnn<..'C across cither the input or oul, 
put termill.t ls of the instrulIlcnts. 



 

ATTENUATION NETWORKS 
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BALANCED - H SECTION T-SECTION 

Bnllllll'cd-H section networks nre use<! wilen illl llCdll nccs IlII1J!t be Illulched in bolh d irc<:tions nlld balalll'Cd 
10 ground. T-type seclions maintain collstltlll impedance in bot.h d irl'(;liOlls. but they arc IIOt bnlanced to 

ground . Both ilre use<1 ill Tn'~: 5M2 VOIUlIlc Controls us well as in precision attenuution boxes 

SPECIFICA TIONS 

Attenua tjon Rnn~e : Boxcs h/wing a Illaximuill 
attenua tion ra nge of 22 lib, 55 db, nnd 1 JO db llfC 

lislCtI in Ihc price list. Oliler ranges can be buill to 
ordcr. 

Type o f Section : T-section nud h:alanced-H-sec­
lion models arc 8,·nilable. Botll present a constant 
impedance in bolh directions. but the bala nced- H 
should be used where both sides of the circui t must 
be b:lllInced to ground . 

Type of Windincs: All resistoN arc of thc l>reci­
sion lype described 011 l):Ige i : A,\' rIOIl-Perry for the 
low·resislll,llCC e1cul<:nL,; miCA cnnls for the medium­
resistn nee clements; and ' ;fish·line-type" for the 
high·resistance clements. 

Termin a l Impedance : Boxes 10 opemle between 
GOO-()hm impcIIIIIlCCS are liSlctl. Iloxes ror other im· 
pedance vnlucs elill be mnde 011 spceilll order. 

Accur:tcy of Adju s tmen t: Eneh indi\'idua l rc-­
sistor is adjusted to within 0.25% of its correct ,'niue, 
so thnllhe entire box is aC<:lIrnle to within O.S% at 
rrequencies up to alleast 50 kc. 

Switchin l,1,: T\'I'~~ Nfl has S key swi lches 10 (-Ull­

Irol t he 8 network sections. 

'1'\'1>£5 :;129 nnd 4'29 have multiple blade switches 
and a posith·e detenl which centers the switch 
blades on the coolnct poi nts at each slep. 

Mountin g : T1"J>ES 249-1-1 and 249·T nrc IlIOllnted 
io walnut cabinets. willi nluillinuill p:lIlcls finished 
in black cra ckle Incqucr. 

The T n'}; S29 and '('n ·t: 'l29 Iloxes ha'·e wn lnut 
cabinets wilh cngrn\"cd bakelite 1);lIIcis. 

DimensionS: T \"I,t: 2-'9: P:lIiel, ( length) IG x 
( width) SJ4 in. C:lbinet. (depth ) 514 in .• over·all . 

T YPE S29: Panel, ( length) 16J..) x ( width) lOr.&" 
inches. C:lbinct. (depth) 6 illelies. over-n il. 

'L'Y I)~: 429 : Pa nel, ( length) H x ( width) 7 inches. 
Cabinet. (depth) 5 inches, o\·er-all. 

Net W e ight': 'I'\"I'E 2-19, 7~ pounds ; TI.'pt: 320, II! 
I>ouods; Tn F. 4'ln, II J.1' pOUlJds, approximately. 

Type AlltmuotiOl! ROIlge Impedance Type of Sectiol/ Code Word Price 

249- 11 110 db in s t ep s of 1.0 db GOO o hms l3alallccd- 1I ~ I::TWOR"1l 0U SI20.00 
249·T 110 db in steps of 1.0 d b 600 o hms T ~ t;T\\"OR"TOl' 100.00 

329-J 55 db in steps of 0.5 db 600 011 illS Bala nced-IT Tt; SliTORPI G 155.00 
329-N 22 db in steps of 0 .2 db 000 ohms Balan ced- II "~:~UTOR IlO '· 165.00 

429- 11 55 db in s teps of 0 .5 db GOO ohms T .... O)IIT 150.00 
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TYPE 529 ATTENUATION BOX 
OR A UDIBILITY METER 

3 

z 4 

Til" T l' f'E 5'.!f) AltcnuMioll 130:-: is made as nn L-lypc seclion 
w),iclt IIwinlnin~ constant illlpcdan<'C ;It the 1- 2 Icrm;n'lls 

Audibili ly is comlll onl~' m<'n~mcd h~' 

reducing tbe rccci\'cd sou nd un ti l i t ca n be 
barely hcnrd. The amoun t of I'eduction rc­
qui.'cd to reac.h this "threshold" Yfllu c is 
laken <IS a IllClI Slire of the audibility of the 
sound . .A cali brated Shlllll is required 

which will no t affect circuit conditions a ~ 
it is Yaried. The Tn'~: .1j~D Altcllualion 
llox is cul ibralcd in decibels, the now 
generally accepted unit of audibility, and 
I'cplaces the arbiLrarily-cali brnled '!'YJ'E 

164 Audibility :i\leler. 

SPECIFIC A TIONs 

nnngc: tlO (Ib in steps of 2 db. 

T ype of Section: Available in the I.. type section 
\\'11icll maintaius constant impedance in one direct ion 
oul,Y. 

Type of Winding: Handom winding 011 lmkelit.c 
eanls. 

Accumcy of Adju s tment: ±0.\!5%. 

F requency Error : An ru.'curn cy of J?% is rnnin· 
laincd up to n frcljllcl1cy of to kc. 

J\'lounting: Mounted in hand rubbed will nul cabi­
net with cngra\'cd bakelite panel. 

Dime ns ion s : P anel , ( lcngth ) 8 x ( widt h) 8 inelles. 
Cabinel, (<lel)l h) 4 indies. ovcr-,.u. 

Net Weight: 2% I>ounds. 

Type of 
Ty pe Allt/lIll1liol' Rallge Im]>r.(/rlllce S«liOli Code Word Price 

529-1\ 60 db in s t e ps of 2 db GOO 011 illS [. ADU I.T S34.00 
529-B 60 db in steps of 2 db GOOO oh ms L An'lX 34.00 

TYPE 654·A DECADE-VOLT AGE DIVIDER 

This precision, dcc:lde-vollage di vider 
y ields r:1.t ios or 0,001 Lo 1.000 in steps or 
0.001. The resis lance across lhe input. 
lcnuillll.l s is consla nl aL 10,000 ohms fo t, 
all seltings or the dial s. The instrulIl cnl is 

!<i imilar in general ehll.. l'n.clcl'is Lics Lo the 
'.1" -1'1': 602 D ccade-Rcsistance Boxes , 

The specifications i\t"C idenlical in e\'cl'Y 
t'espccl wilh lbose fo r the T YPE 602 n ce­
Il..de-Rcsislanee Boxes, except.:1. s noled. 



 

VOLTAGE DIVIDERS 

Thi~ \'"lIn~e di\'idcr is the eq ui \'u-
1('111 of twu dl"('nrie-resi,~ t n n C't ll(,xe~ 
('OntwdcJ ill ~I'ril'.~ 1'1:[1111" ' \\' 11 b\· the 
di:l l\rMlI where II I fi nd R'l; a rc'kept 

C(l llrd to I O,OllO obms 

01 >- j , 
• 
~ 

R, .. R2-1OOOOJ\ 

I • 
I ", 
I 

SPEC lf lCA l iO NS 

Range : ' -ullage ra tios or 0.001 to 1.000 in I' I('ps or 
0,001 <'Un he oblui ucd h.r selling ILl' thl' dcsirl'{j 
res-n il Oil l lie t.hree switches. 

654-A 

I)im cn s lon~ : Pancl, (Ieng! II) 13 x (widl II) 7 ill(·hcs, 
CniJiud, (tlcJl l h) ~;U iudlc~. O\'CI' -all, 

Ncr Wci~ IH: 8U ])OUlH l s. 

('OIlc W ord Prit:e 

,\IU I ' Ii: 885.00 

TYPE 552 VOLUME CONTROL 

MASTER GAIN CONTROL 

This ullit has been dcsigned pr'itlla ri iy 
as 11 master ga in conLrol iu hig-h-grade 
broadcas t t r:l ns lUission, sou lld -I'cconling 
ami projec tion, and pllb lic-.addrcss sys­
Lems. \\,hcl'c l hc \-c ry finesL CCl lli plllcut is 
being ills talJcd ils lise is a lso rccom mendcd 
ill mi xer ci rcui ls. llccll use of ils accuracy, 
cxcc il cill frcquency chu mctcl'islic. tlll t l 

tolllpactnc.<;s, it will ue fOllnd useful in 
mCll.SlIl'ing circuits where Lite expense o/' 
01 11' ltighl y precisc :'tltcilualion netwo rks 
is lIot justified. 

The dc.s ig n of the ind i,·id ual resis to rs 

lll;)I.; cs a VCI'Y ri gid mec.han ic/Ii constl-uc­
lion. The whole assembly is Imilt Lo with­
s tiuld the most severcscn -iee I·eqllirements. 
A me tal shi cld which co\'el's t he lcnninllis 
lllinilUi;r.cs eleclrica l d.istul'bIlJ1 Ces. 

No slid c~wi re eoubtcts tll'C used: t he 
action is cnlir't:':ly slep by s tep. This in­
Crcases the reliability of the unit. al the 
sallie t ime making cXllcl d uplicillion of 
a llcllu rti ion selti ngs easily possible. T he 
s lcp~b,v- ::i lcp conl:JCt.'i lIseu in thi~ "olurne 
control :t1so h:1VC a lower noise level t itan 
any type of slidjng contact. Con ll\cls ha \·c 

0 

>-, 
• >-, 
0 
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TYPE .:i ;i2 Volume Cunlrols arc rl'gulnrl,Y supplied 
with 20 .~leps of 1.5 db each 

been run for 200,000 opera-l ions without 
showing signs of appreciable wea r. 

The 1I0 ise level is extremely low a nd 

T his phologr1t1>h of a T nt: 5,52-HB Volu1I1e Control 
with the shield removed shows the construction of 

the '1'1'1'.: 552 and 'J'~· P F. 553 Volume Controls 

th is unit may be lI sed at power levels as 
low as - 80 Lo - 90 decibels without. intro­
ducing objectionable noise. 

SPECIFICA TlONS 

Range : One range, 0 db to:1O db, in steps of 1..~ db 
is carried in slock, but special ranges can be built to 
order. 

T ype of Sec tion: T-seclioll alld bal:III('Cu· H-scc­
lion models aTC available. Both mainlnin coustant 
impedance in both directions, hut the b:lklnced·n · 
section is used where tbe transmission circuit must 
bc balanced to ground. 

T ype of Winding: Unifilnr winding all bakelite 
strips as shown in tile accompanying illustration. 

Term ina l hnpcda n ce : Units for working in 200· 
ohm and 500-ohm circuits are cnrriC(i in stock, bllt 
others can be built to order. 

Accuracy: All resistors arc :ltljusted to within 2%. 
wlJich makes thc erl"Qr in nUenuntion less than 1 lib 
at all settings lip to 20 kc. 

l\'[ux imulll Cu r ren t: Any of thc~c units ca ll be 
IIsell at l)owcr levels up to +20 db. 

Switch : A multiplc blnde sll' ilclJ is used. 

Moun t ing : The entire unit is supported on n 
square aluminum sub paneilhnL can be mounted on 
a panel by means of the same four nlnehine screws 
that hold tbe elched-metnl dial plates. 

Termina ls: A terminal strip mounted with solder· 
ing lugs is mounted beilind the sub panel. 

Dimen sion s : Sub panel, 4 x 4 indies; deplh be· 
hind panel: 3, for T-seet.ion models; 57.\' inches fo r 
balaneed-H-seclion models. 

Net Weigh t: 2 pounds for T-seetioll, 3 ponnds for 
balanced-JI·section 1ll001els. 

Type Allulllatiol! lmpedallcc Sectiolt COlle IV ord Price 

552-'1'8 30 d b in steps of 1.5 db 200 ohms 'I' ,\ 1.1 .. to.' $34.00 
552-T C 30 db i n s te ps of 1.5 db ;'iOO ohms 'I' '\I.AR~I 34.00 
552·HB 30 db in s t eps of 1.5 db 200 ohms Balanced- II .\I,UU~1 48.00 
552· HC 30 db in s te ps of 1.5 db 500 ohms Balalleed-l 1 AGAI)<; 48. 00 

TYPE 553 VOLUME CONTROL 
FA DER 

T his is a. fader of the same general 
consll"llction as the T YPE 552 Volume 
Control previously described . It is de­
signed for trnnsferring an amplifier sys· 
tem, 0 1· fadi ng, between two microphones 
or phonogra.ph pickup units, at the samc 

Li mc provid ing a volume control fo r til e 
unit in usc. 

All design detai ls al'e essentiall y simila r 
to those mentioned in the I)!"eecding 
descri ption of the Tl.'PE 5Ml Volull1 l? 
Control. 



 

VOLUME CONTROLS 

fAOER:MOOIFIEO-T SECTION 

The 'l'Y I'~' 553 Volume Control is a fndcr. L('jl, the <Iia l pl(ltc; righi, the schematic diagram 

SPE(IFI(A TIO NS 

Ra nge! One range, 0 db to 30 db, in steps of 2 do is 
tarried in stock, but special ranges CHII be built to 
order. 

Type of Sect ion : l\!odi6ed.'1'.type shown ill the 
;u:t:ompa nyiDg diagram. With this network tile out­
put iml>edance varies between 30% low nnd 20% 
high from the specified im l)cdance \'H lue whell going 
from minimum to maximulIl attenuation. At the 

s..'1 IllC time tile internal input impc(lancc in the cli­
reetion of the pickup or microphone vlIrics from 0% 
to 27% low. Tllcsc errors, unavoidable in lhis type 
of network. are us ually not sufficient to in terrere 
with the perlOrllUIIK"e or tllC syslcm. 

Dimen s io ns: Sub panel, 4 x 4 indies; depth behind 
I)anel, 3% illches. 

Net Weif!. h t: 2 !)(lu nds. 

Typ' A ltenllatiOll I mpedance Section Code Word Price 

553-FB 
553-FC 

30 db in steps of 2 db 
30 db in steps of :2 db 

200 ohms 
500 ohms 

i'l lodified-T 
) fodificd-'J' 

A I.DEn 

.-\u:nT 
S28.00 

28.00 

TYPE 652 VOLUME CONTROL 
MICROPHONE MIXER 

This is a. compact un it cmploying ~111 

cnlil'ely lIew ci rcui t and mechanical CO ll ­

stl'llction which makes it httve cxcellenL 
electrical meclHlnical pl'opcrties aL a. vcry 
low price. 

Both input and output impedances are 
approxinmLeiy constant over the entire 
range of nLlcnuation between 0 ~llld 45 
decibels. There is only onc sliding conLact, 

0 

0 

thereby reducing, by one-half, noise and 
conl ft.ct t roubles. 

Anothcr fea ture of this unit is the grad­
ua l incrcase in attenuation to infinity 
beyond thc 45-dccibei poinl, lhus pro­
viding a mcans for cull ing off Ule circuit 
noiselessly. 

The TYPE 652 Volume Conlrol may be 
uscd in any \'oice circu it but is pnrticu-

... tN~ON""'N(C e"A~"'(T( fI ,.sT'(.s 

T .... t 'H- .. 8 vOL u .. e CONTflOL 

Lt(;.tNO 

The TYJ> E 052 Volum e 
Control has only one sliding 
contact, yet the impedances 
are practically CQnstant Ilnd 
the nttenuntioll curvc is 
Iinc(lr Ilntil OOlDlJlclc cut-off 
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• · 2 • • , 0 
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~ 
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larly recommended for uses in microphone 
mixer circuits . T he noise level is exlrem ely 
low and it may be used in circuits a l leve!s 
[IS low [IS - no Lo - 70 decibels without 
introducing objectionable noise. 

SPECI FICATIONS 

Range: 0 db to jufiuity. The "ilriat.iOIl ill a tle"u,. ­
tion with poin ter seuing' is iiucur from 0 to ~5 db. 
Beyond 45 db the alkuuat;oH in~rt:ascs rapidly to 
iufiuilY. Altenuation i~ continuously adjust"bk . 

Type of Scclio ll : A ladder-type structure g;"cs 
this unit iL~ cxcrllcllt impud,,"cc d'araclcristic and 
freedolll frolll !I"ise. 

T yp e of Wi n din g: Unifi lar winding on bakelite 
st.rips. 

Term ina l Im pedan ce: 50·, 200-, or 500-0),11\ units 
arc carried in stock, hut. ot hers can be buill to order. 
T he sll.,!t is electrical ly dead. 

Shield ing: A black j'lJ)anned aluminum cover is 
provided as a proteelion against dust and dirt and as 
an electrostatic shield . T he windings arc pro tected 
against damage when the outer 8bield is remo'"ed by 
a concentric altunimllll tube surrounding them. 

Switch: The slider conlacL is made from Advance 
metal, the 8a1\1e material used to wind t he resistors. 
T his removes the noise due to difference of contact 
potential. 

The '1' ,.,>,; (jii\! Volume Control is compact and 
T(:,tui res liule panel spa(.'e 

with these units are long enough to permit mount ing 
them on panels np to % inch in t.hickness. I-Ioles aT(: 
spaced lY2 inches "p.lrt. 

-''! ounting; T he !luil i~ "rranged ror panel !1l(}l(J(l- Dimensions; Shield, (diameter) \!}{ x (back-of-
iug, by meanS of the two screwS hold ing the dche,l- panel depth) . ~ inches, o\"er-all. 

Net W eight: 2Y2 pounds. 

T!JI'(; ["'pet/wICe Code I/' Old I'rice 

652-1\1 A 50 oh m s CA ;>;TO $12.50 
652-1\113 200 o hms C" "t:'l 12.50 
652-1\IC 500 oh m s CA POX 12.50 

A rour-cl",,,nel mixcr panel assembled fro'" T ,.p,~ (j.')i! rohwlc Controls 



 

VOLUME CONTROLS 

TYPE 642-D VOLUME CONTROL 

3 
l r---¢ 
I .-L. 
I fOb\ 
Lt-'V'.',V ..... } 

\:.."::-r' 
I ' 

0--...1---0-- --1-----0 
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VOLTAG E DIVIDER 

T llis high-i mpedance \"olt.lgc divider is sui tahle ror liSC liS a n illtcrslnge Yolu11Ie control or as a 
mulli l)licr for a \'ucllum-luoo \'ollruclcr 

'fh i.:; h igh -impedance voltage di videl' 
Call be used .IS a gai n-control poten t iom­
eler it. the grid circuit of voice-frequency 
:l lllpli£iers Or as n multiplier' fOl' vacuum­
lube voltmeters. It is compact, ruggedly 

cons tructed , and is free from con la d 
noise . I n normal usc i t is accura te to 
with in 0.1 decibel at all rrcquclH.!ies up to 
~O.OOO cycles. SpCCi<l l sizes call he b ui lt 
to order. 

SPECIFIC A liONS 

Ra n ge: One ra nge. 0 db to :;0 db. in steps of 3 db is 
carril:d ill st.ock. bul oUler sizes CIl Il be buill to order. 

Type of Sec t ion : Voltage di vider for working in to 
a high-impeda nce circui t such as t he grid of a lube. 

Ty pe of Winding : I nd i\' idual random-wound, 
llon-i nducti\'c resistors are uscd . 

Tcrmimll Im ped a n ce : Whcn COll llccted Hsshown 
in the Uc.:co lllp:lnying {Iiagra m, t llc input impeda nce 
is 'W(J,OOO ohms. 

Accu r a cy : All resis tors areadjllslcd to wi thin 1%. 
which makes : ~ tlellua tiOIl ratios accurate lo within 
0. 1 db . If c[lIl[tcita nce of tube, sockcl, lind wiring 
:Ire less lllll !! 20 Illlf, as is usua lly the case, t he rated 
~1I:curacy limi t of 0. 1 db holds to 'lI>proxima tcly 
20,000 cycles. 

:'I. laxi m u m C u rrent: Al lhough norm:.I!y used in 
eiN.!uits drawing no current, n curren t of 4. ma will 
Mt caUse (I tempcrature risc su flicienl to affccl the 
raled a<.'Curacy . 

Swit c h : The switch afllt is construetcd of fouf-Icaf 
phosphor broll1.c, which provides for long wcar Il nd 
eXCeI)tiomdly loll' <:onta<:t noise. T he cam-lYJ:~ de­
tent may be cnsi ly removed if s lllootll swi tcll action 
is rC(luiretl. 

Moun t ing: T ll is \luil is similar ill construetion 10 
tile 'l'n'£ 5 10 DL',(:mlc- Hesis t:tlK'C Units. T ile fo rm 
sU PI>orl ing Ilic N.!sislors and IIIC swilcll is madc or 
moultled bnkdilc, .u u l l his is altllch<.-c.1 to 11 pll uci by 
thc same two screws which hold UIC etdlcd lucla! 
d i:li p!ale. 

T el'Dlinals : Tllree soldering lugs :l rc pl:l t'Cd at t he 
end of lhe lIuiL ror making eOllllcctions. :I ud !l Ie 
sh ield has a small opelling tor l.~Jl lU Cclillg wirl~s. 

Dime n s io ns: Sll ic\(led diamet er. :~J...i6 inehes: depth 
behind pand, S!16 inehes. 

Net ' Veig h t: 11 OUUl.'CS. 

T!JJle of 
Typc Allc/ow/ioll {{(wgc I mpedQlwe Sec/iolt ( 'mlc JVvr(/ Price 

30 db in s teps o f 3 db flO,OOO ohms Voltagc D i\' idcr t:X.-\ I: l· S25.00 
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RHEOSTATS AND POTENTIOMETERS 
The control oC current and Yolt.'lgc 

requires a compnct rugged un it co nsc rya~ 

l ively ra ted, with adequa te conLact sur­
faces. T he Gener.'! 1 R ad io COInpany oll'ers 
a laq;::c group of wi re-wound resistance 
devices of this class. T hree waUagc mtings 
and resistances from 0.5 ohm to 100,000 
ohms are listed. 

L isted in t his catalog, for lhe fil's t lime, 
is a. new group of bigh-resisl<lllcc unils in 
which a wide q uadruple-wiper contact 
ann is used. Another cOIlYeniCIlL ty pe COl" 
m,tIl ,}' <'lppl icl.llions is that ha.y ing :llapered 
form , givi ng It non-linear rclalioll between 
ro tation a nd resistance. 

All these resist a nce unilS arc wOllnd 
0 11 thin bakeli te duck cards mounted on 
moulded bakelite fo rms. 

POTENTIOME TER IIH[OSlAT I'I.HEOSTAT 
INCREASE R INCREASE R 

:\ potcntiometer can also hc uiiL ... 1 as a rheosta t for 
either (Iin.'<;tioll of ro\;l tioll . All Genel"lll il;ldio rilL '<I. 
stilts and potentiometers lire, unless otherwisc noted, 

1Il1ldc only :IS ])(I1Cni iolllclcrs 

All I'C!; isLors :ll'C wound to wiLhi n 10 
pCI' ccnL of specified Willl CS, Sizes listed 
arc car ri ed in stock; olhers can be built 
to order. 

TYPE 471-A RHEOSTAT AND POTENTIOMETER 

T he TnE 411-A Polentiometer is disiinguisl'C.J by the 1arb'C winding form, ".fill~'i.'!r wiping contact, 
protec1ing bakelite L<ISC, and t he bakelite shaft 

T he t'e is a wide lise for ~l wire-wou nd 
high resistance as a. yoltagc COli Lrol in 
vacuum- tube ci l'cuits. 

Since the volume control is cOllllllonly 
connec ted in the illPut side of an ampli fie r, 
nny noises origillilLing in it al'e liable Lo 
cons iderable am pli fjcaLion . A high-resis t­
:t IlCC uni t IIsing \'cry small wit'e I'cqui res 
parti cular attention lo contacts. 

T YPE 471-A (as \\'cll as T HE 314-:\ 
dcse!'ihecl in Lhe nexL section) hns a wide, 
(Iuad ruplc cont:'lcL. wiping the inside 
surfflce of the uui t. A smooth worki ng, 
(Iuict control is Lhus assured. An insulated 
sha ft p l'cnnts any introduction of hu m 
into t he circuiL from Lhe hand of Lite 
opera Lor. To pl'olecL lit e fine wire, a bake­
lite protecting strip surrounds Lhe unit. 



 

RHEOSTATS 

SPECIFICA n ONS 

'>Qwer R ati ng: \2 watts. T he va lues or tIl;o. imUIll 

current (.'orrcsponding to this rating nrc g iven in the 
price list. 

.\Iounting: Supplied for thrt.-e-hole pallel mOllnt­

ing. bUI ctl n ensi ly be <.'OlwcrtOO for bllse-board 
mount ing. Machi ne screws, nuls, and drilli ll!; t.em­
plate furn ished. 

Dltncll s lOlis : Over-all radi us, illdudiug h,: rllJiuab, 
\ lJ.{6 indIes; depth behind panet, 2% indIes; slwfl , 
% iudl. 

Angle of Rotation : 3~O°, No ofT posit ion is pro­
vide<L 

Kn ob : T n.!'; 537-K. 

Nct Weig ht :!) ou nces. 

TYIIe Nellis/alice J / uximllm Current C()(/e Word Price 

47 1-A 50 ,000 ohms 14.7 nUL .; U OI) ~: S6.00 
471 - A 100,000 ohms lOA Illa U W PT 6.00 
47 1-A 200,000 o hms 7 .3 mil ESKER 6.00 

TYPE 314-A RHEOSTAT AND POTENTIOMETER 

\ T n'E 3 1 ~ -A Po te n tiomet e r is idcnti(>:ll with a 
TI'I't; ~ 7 1 -A Potentiomcter eX( '('pt fur th(: s llOrtc r 

winding form 

Th is unit is simila r in general coni::i lruc­
tion to the T YPE .J.71-A P o lc llliome ter. 
prc\'iously descl'i bed , bu t it ha s a na n'owe r 

All GCllcral lhHlio potentiomete rs (cx(:(>pL Tn~;.~ IU ) 
ca n be cOlwertcd into tnblc· mou ut ing models br a 

moment's work with:1 IWrcW (Irivcr 

winding (onn and.therefo re.a lowcr power 
t· ll ling. I I has thc (ollt"-fingc t'conl;) ct a nd 
tlt e ba kelite shnfL 

SPECIFICATIONS 

I'ower Rating: (j watt s. \' :ll lIe.~ of m:LxilllIHIl ('ur­
rent corresponding to this ratillg arc gil'ell in tile 

price list. 

\ Iount in g: Supplied for thl"(."e·hole Ilanel 1II0ll nt­
ing, but ca n easity be convcrted for basc-ooard 
mounting. Machine screws, nuts. :lIu l dri llillg telll­
plate furnished. 

Dimen s ions : O l"f~ r·a!l radi us. includ ing tcrmi nals. 
IN inches: dCI)lh behind panel, 1M inches: slwft, 
h inch. 

Ang le o f R o t a ti on: 3 1.;". :\0 off position is pro­
,·ided. 

Kn ob: ' I'Y I'.: .j3i-K . 

Net Weig h t: (j OUIKtS. 

'l'ype Uelli~I(lIICe J[(t.rimlllll Currellt Code Word Price 

314-A 200 ohms 10;; lila ~;:-:"<n: $4.00 
314-A 600 ohms !,I.'j lila t ::-.-DOW 4.00 
314·/\ 2000 ohms ;; '2 ma .::-'-f:~f1' 4 .00 
314-A 6000 o h m s 30 IIHI E :-'-JOY 4 .00 
314·A 20,000 oh m s I G lila E:-'- UOL 4 .00 
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TYPE 371-A RHEOSTAT AND POTENTIOMETER 

T he 1'y".; 371 Pot(~l\ liolllctcr USI;S Llle large winding rorm. 
I.rft: T HE :311-'1', tllpered mOllcl: Tight, '1''' 1'.: :37 1-:\, linear model 

E xcept when used in a high-impedance 
circuit follo\\'cd by ampl ification, a poten­
tiomete r lIsing t he conventional single 
mntact on the edge of the winding is 
pe rfectly sat isfactoty fo r most p lll'))OSCS . 

This polcnt.iomclcl' hns the greatest pO \\'C I' 

ra ling of [t IlY of om s ingle contact units. 
This un it is a lso manufactured wi th :1 

lapered winding fo rm which gives an ap­
pmximnt.e square law vari at.ion of resist­
:lI1CC with ftnglc ot' seLLing. I t is known ;'"I S 
TYPE 371 -'1'. 

SPECIFICA TIONS 

P ower R~lt ing: 25 watts, cxecpl for the Lar~c rC{1 

model (THE 371-'1') wh ich is 15 watls. 

Mounl i n ~: Sllpplied for three-II::! le mounting, bul 
Clln easil~' be conve rted for ba se-board mounti ng. 
:\ blclline screws, nuts. and drilling tcmplate rnr­
nislux l. Tile Tl'I'~; ~I l f; Dial Plate{ctcllcd metnl sCllle) 
will fit tllis llnit. 

Dim en s io n s : Q\'cr-:tll radius, inciu{ling terminals, 
jll16 inches; depth beh ind punel, 2% inches; shafl. 
,!1 inch. 

Angle of Rotat ion : ~WOQ . ::\0 off posit ion . 

Knob: T\"I'f~ 537-C. 

Net Weigh t: G oUllces. 

Ty pe n e;;isfllllCC Jl/ uxilll llln Cllrrent Code Word Price 

371-/\ l ohm , 
" nA 1.1. Y $4.00 

371 -A 5 o hm s 2.11 n nt;I .. '!.Y 4.00 
37 1-A 1000 o hm s 150 mn In;!).'\.!"; 4 .00 
37 1-1\ 2500 o h m s 100 ma In;t' I T 4 .00 
37 1-1\ 5000 ohms 70 ma lIo"rOl{ 4.00 
371- /\ 10,000 o h m s ;;0 ma JIOWIJ \ ' 4.00 
371-A 18,000 o h m s 37 m a !! Uu;n 4 .00 
371 -/\ 50 ,000 oh m s 22 mil. i:;..\TYII 4.00 

37 1-T 10,000 ohms ... 0 ma S I} I. 1. Y 5.00 



 

RHEOSTATS 

TYPE 214-A RHEOSTAT AND POTENTIOMETER 

T HE 2 1 '~ ·A is similnr to '1\ " '.; 371· :\, CXt"Cpt t ha t it has the short wi nding rorm 

This is ;t ull i t vcry simi lar in construc­
tion to Lhe '!' YI'i": 371-A Potentiomeler, 
prcyiollsly descrihed, except lhat lhe 

windi ng (or lll is narrower a nd the mnxi­
mU1ll power dissipation is, accordingly . 
snwlier. 

SPECIFICA l iONS 

Power Ra rin g : J2 wa lts. The va lues or current 
oorresl)Qlltiing to this rating arc given in IIle price 
list. 

Mountin g: SUPI>licd ror three-hole panel mount­
ing, but it can be cllsily converted into a l:tulc­
mounting model by lhe customer. i\JlIcltinc ~c rcl\'s . 

nuts, and dri lling lcml)btc rurn ished. 

Dime n s io n s : Over-all muills, inciliding lermin;tls. 
Ir.! inches; depth hd.ind pand, IX inches: s lm rt 
)4 inch. 

A n gle o f Rotat io n : 315".:\"0 ofT 1>osition. 

Kno b: T n": 137-D with poin ter. 

Ne t We ight : 5 ounces. 

TyfJC Resistance I/l/ximulI/ Currellt Code IV or(/ Price 

214·/\ 0 .75 ohm , , S llIS Y $1.50 
214-/\ 2 ohms 2.5 , HUDO\' 1.50 
214-/\ 7 ohm s 1.3 , /t u n Al. 1.50 
214· /\ 20 ohm s 0.7:; 11. nAzon 1.50 
214-A 50 ohms 0.50 II IUl'lD 1.50 
214-A 400 ohms 175 11111 1I0SI !': 1.50 
214-A 2500 ohms 70 ru ll S,' IlU I' 1.50 
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TYPE 301-A RHEOSTAT AND POTENTIOMETER 

T ypt: 301 ·:\ (lrfl ) Im. l T rp.: 410-:\ ( rigid) Bl I<..'OslaLs ami 
l 'ot ctl 1iollLclcr~ :Ire ~mal1 siz(~ IUlits madc as rheos tats ,lIld 

as potentiometers 

This i.'l another unit much smaller ill 
size Lhftl1 either of the two single contact 
models l)I'cyioll5\Y descrihed. It occupies 
lillie SpflCC on the panel OJ' base board 
llnd is milch in dcmnnd whel'c a power 
ril.ling of six watts is Sllfficient. Quantities 

arc used in General R adio inslruments 
as fi lament conti'o\s fo r small vacuum 
tubes. 

Three sizes :Irc made as rheostats, the 
fourth aS:I potentiomeLer as shown in lhe 
price li st. 

SPECIFICA TIONS 

P ower Di ssipatio n: {; wat Is. The v(llucs of cur­
rent eorrespollding to this rating arc given in the 
price list. 

:\'IOU lltill g: It is supplied for lwo-llole !mllcl 
mounting. but it (nn ensily be CO Il VIlrtt!11 for 
bllse-bOllrd mounting_ l\faeilinl! screws anti nUls 
furuislll::f l. 

Type Ue$istall ce 

3{)1 -.'\ 60hlns Rheostat 
3{)I·A 12 ohms Rheosta t 
301-A 25 ohms Rheostat 
301-A 2{){) ohms Poten tiOOleter 

Dimensions: Ovcr-all raoius, including tcrminals, 
H{6 inches; (!cpUL behind punel, lYs inllhcs: shaft, 
J4 inch. 

Angle of Rotation:: 255°. No ofT position on 
pOlentiometer. 

Knob: T\'pF. 1:37-.1 wit.h IKlinlc r. 

Net We ight: 2: ounces. 

Mllxi lllum Curr('.I!l Code Word 

, l''''L~ Y 

0.7 a H 1::::~(]1" 

0.5 a H~; l'\t; W 

175 ma lo;nus 

P rice 

S I.{){) 

l.{){) 

l.{){) 

1.0{) 

TYPE 410-A RHEOSTAT AND POTENTIOMETER 

These arc exaclly ]ike Lhe TYPE 301 
Potentiomelers, except Lh;"tt they arc 

designed for a single-hole moun t ing by 
means of a threaded bushing. 

SPECIFICATIONS 

I~ower Diss ipat ion: (l \\·aUs. The \'(I]ues of cur­

rent corresponding to this rating arc given in the 
priee Jisl. 

Mllun ting: Single-hole p:lllcl-mouilting type. Out-

Type Ilc~i$limce 

410-A 6 0hms Rheos tnt 
410·A 12 ohms Rheostat 
410-A 25 ohms Rheostat 
4 10·A 200 ohms Potentiometer 

side diameter of bushing, % inch. Maximum t.hick­
ness of pancl, % inch. 

Dimension s: Sallie as for T \'PE 301-A. 

Net Weight: !l OIlUceS. 

;l fllX illlUIII Currcnt Code Word 

" S All OT 

0.7 a SALON 

0.5 'l SALTY 

175 rna SATI N 

Price 

St.{)O 
1.0{) 
1.00 
1.00 



 

RESISTORS 

TYPE 340 RHEOSTAT 

This rheostat is useful in connecting a 
low-impedance instrument, such as the 
THE 338 String Oscillograph 01' Vibration 
Galvanometer, to a high-voltage SOlll'ce, 

in cases where the lISC of a step-dowll 
tra nsformer wou ld in tl'Oducc wavcfonu 
di stortion, or where the SOUl'CC is direct­
current voltage. 

SPECIF ICA liONS 

Rall~c: Totn! rcsistullI.:c 100,000 ohms; tnpped al 
30,100,300, 1000,3000, 10,000,30,000, and 100,000 
ohms as well as opel! circlliL 

Type of Winding: 10,000 oh ms and less, unifilar 
winding on cards; 30,000 li nd 100,000 ohms, iavile 
spool (graphite moulded into (\ spiral groove cut in 
a poredai!! cylinder), 

Accuracy of Adjustmen t: Not particularly im­
portHill {or uses specified. Wire-wound units, about 
L %; lavite, about 10% . 

Type 

340 I 

i\'iaximum Curren t: Below 1000 ohms, .,0 Ina; 
1000-3000 ohrns, 20 rna ; above 3000 ohms, 10 mao 

F inis h: Switch and resistanL"Cs mOlillt cd on bHke­
lit e p:rncl arrd c lldosc(1 in Iraru"i-ruhbed walnnt cabi­
net. Alt mela l parts (l:xl:cpl faL"CS of ('"Olltad. points) 
nickel plalcd. 

Dimensions: ( Width) 3M x ( Ieng llr) 3!1 x ( depllr ) 
3~ inches, over-ilil. 

Net Weigh t : 1% pounds. 

Code II' Qrd Price 

SUlH.Y S20.00 

TYPE 125 PHANTOM-ANTENNA RESISTOR 

The TYJ)E 125 Phantolll-Antenna Re­
sislor is lIseful for tests on radio trans-
millers where il is desired lo replace t he 
anlellllil by n local circui t whose constants 
are more easi ly determined. By this means 
interference WiUl other stations is prc­
\·ented. This instrument is also useful 
about the laboratory WhCl'C a reasonably 
accurate resistor of high current-carrying 
('apacity is required. 

'" 

,~ , 
....... ' ... _, .... _, .,.,.,., 
n.~~eo 

OHUS 

• • 
i 

. .,. '" 0 0 

... 

.. 
1. ~ 0, 

SPECI FICA liONS 

l\"l aximulU Power Dissipat ion : 400 watts, total, 
for T YPE 125-:\ ; 900 walls, total, for T \'PE JQS-G. 

Accuracy o f Adjustment: 0.5%. 

No. of Resistal!ce Current 
Type Sectio /!s l)er Sec/ioll 1/(ir Sectioll 

125·A , '1 ollffiS Sa 
t25-G 2 2 ohms 15 a 

Temperature Coe ffi cien t : ± 0.00.2% per (Jc. 
grce C. 

:Molll1tin g.: Hibbon wOllnd on asbeslos-UO;lrd cnrds 
held vertic,,]]), between bakelit.e end plates. 

Net Cod, 
Dimc/!:tioI/8 Wright IV ord IJricc 

7;!ix 6 x 4}4 ill. !l}4l b. nA ,' },g S18.00 
10% x 7% x 5}2 in. 7 10. nnn;(. 28.00 
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CONDENSERS 

Gencl'a l Radio manufactures condensc.'s to meet:t wide variety of needs in ck'Ct .. ical 
cOllllllun icl.llions and gcncrn i experiment.)1 work. The following table classifies the 
stalldard stock designs and .serves as a summary of the dftta present.ed on succccdin~ 
pages. 

VARIABLE AIR CONDENSERS 

222·F 
222-L 

246 

539 

247 

33. 
335 

Impctlunre bridges - Jie\ero­
(lyr\c.flX!qucllcy meters - Oscil­
laturs. :\ nywhcrc tilal precision 
and stability of culibratiQll are 
p:tr:rmounl 

The above. but e.specitll1y in the 
bridge method of cnpncitnnt'C 
measurement by suhslilntioll 

Gener:.1 laboratory measure­
IllCIlIs 

Gcncrnl labornt ory mc:lSurc­
IlIcnls fllld CXpcrilllcntalusc 

E,;periment.d usc 

E xpcrimellhll 1IIId :l1lI:llcur 
transmitler use 

Micrometer l]ri,'C 

i'l l i(.TQlllctcr drive wiliJ direct­
readiu/-{ calibration 

r.ike Tn·.; 2:2'! but without 
micrometer drive 

Di rL'Cl dril'e - espedully well 
(HluptCll to lI lIUSUill and Sl>cci(tl 

plate shapes 

'-fnrd rubber end pl:,lcs. 
Mounted models Illi \'t' :m ap­
proximate Ilirt.'CI-ceadiug C;I I)."\­

cit;IIIL'C calibration 

) Ictal cud platcs_ SoIlIC 1Il()[ lds 
lm\'c wide plate spa(-illg for 
l,igh-voltage circuits 

I'AT~;:\T NO'l'lC~;_ GC I\i:.,,1 Ita"io Conden.., ..... hid, ;DC(>'PQrale 11M:: '()lIo ... ;n~ $pecial fe~tll~ ~n:= man"f"d"l"r<l "n.l~r 
Unil~ SI"tes I '.ttnt".~ tlC>le<l : 5oId.,,,,d pI. les, No_ 1.(;I'l,99~; I'I"I~ otl~r thaD of -'Cwiri...,..IDr ,hall". No_ l,il8.H3: IlIat". " 'illl 
.. ide anlCk of rotation, ~.,. 1,;SU,778. 



 

CONDENSERS 

VARIABLE A IR CONDENSERS (cont. ) 

568 

368 

PlirticuillT A 11plicClfiQlllt 

Ult.ra high-freque ncy trans­
mitters alii] rCl.1!i\'crs 

Balancing or vernier lise ill ex­

perimental cin:uils 

Idclltij!Jilig Fea!llrC$ 

Sma ll s ize, isolanl ite enll plates, 
rClHo\'ublc insulated shaft 

Small size 

CONDENSERS WITH PAPER AN D MICA DIELECTRIC 

380 

219 

Pur/iel/itIT ApplicatiQlIs 

For use where Tn'~: <.! 19 Con­
densers [Ire rC(luireu in a panel­
mounted (lssembly 

Laboratory uses req uiring nd­
juSlllblc calibntlcd condcuscrs 
of large ca pacitance 

Idel/lifllill!! FCO/MClJ 

SePII ra tcdccndc condenser 1111 it 5 

from whid! T rI>.~ 2 lfJ Cun­
densers arc assembled 

Condcllscr~ ,uljuiilaLlc ill dec­
ade steps 

SPECIAL CONDENSERS FOR SPECIAL NEEDS 

We can design and bui ld to order 
('ondcnscrs ha\'i ng special pla te shapes 
or different capacilance nlnges lh:.tn lhe 
<:toek models described here. Many dc-

'f\,I'~ !?'.!'.? Precision Conden.;,ers c~m bt! huillltJ order 
fur special purposes. Xole the tandem drive. Special 

plate sl1Hpes can also be obtained 

signs nrc nlready on file , especia lly in aecu­
rale str.:l ighl-line-freque ncy plale shapes. 
Illquiries arc im·iled. 
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TYPE 222-F and TYPE 222-L PRECISION CONDENSERS 

Tn')'; 2'l!l Precision Condensers lla ve the worm-type micromet<: r drive opcrall:d by the knob 
fit tlw rigil t. T he main sellie aud micrometer dri \'C a fC observed through the two windo \\"~ in 

Ille pand 

Th is condenser is for use ill IUC<tsurc­

mcnts where the very highes t order of 
calio"alion stabi lity, precision of setting, 
and electrical performance arc esscnti:ll. 
Yet it. is rugged enough for gcncral labora­
tory work by students. It is lI sed as a. 
reference standard of ca pacilance, as the 
calibrated variable in bridge circuits. in 
oscillalors, wavcmclcrs, a nd heterodyne­
frequency melers, I elc. 

The losses are low tlIld conslant with 
selling, and calibrations c:.t n be relied on 
for long periods of time. Any selting can , 
willi care, lJe dupli cated to within one 
part in 10,000. 

I.-ow and constant losses arc secured by 
using as little supporting dielectric as pos­
sible (consistent with mechanical rigidit.y) 
and by placing it in a weak nnd unvary ing 
field whose in tensity is independen t of 
rotor position. This featu re is especi l.dly 
important when the condenser is to be 
used for determining dielectric loss by the 
bridge-substitution method. 2 

The excellent precision of setting is 
mude possible by the micrometer-ty pe 
drive. The worm is lapped into place and 

held against the wheel by a. spring, II 

method used in precision di viding engines 
fo[' reduci ng ba.cklash. 

A T YPE 222 Precision Condense r will 
hold its calibration over long pe['iods of 
t ime to better than 1 part in 1500. The 
plates are of thick aluminum, widely sepa­
rated by accurately turned (not cast) 
spacers. They are cla mped on the stator 
rods nnd rotor shaft, and the dead weight 
of the enti['e asse mbly is carried by the 
three support ing pillars a ttached to boll[ 
end pla tes. 

The efl'cclivencss of th is construction 
in main laining s tabil ity of calibration is 
shown by the performance record of :I 

TYPE 22Q-L Precision Condenser thttt has 
been in illmostdaily tlse iu our htboratories. 
This condenser has been submitted to the 
U. S. Bureau of Slanda.rds for calibrat ion 
at regular intervals and at no time in the 
last six years has the calibration changed 
by more than one micromicrofarad. Per­
forma nce of thi s same high order is not 
uncommon. 

The following paragraphs give the morc 
important detailed specifica tions. 

'Se. ![,~ (! i '~IIS:!;o" of e<;orHitnsc. I(}ss<:$ in the A[,[IC",Ji. alld tL( 
""clion nn impc, [nn<)<! bri,[ge.i. 
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SPECIFICATIONS 

Ca l)aci ta nce Ran/itc : Two sizes, 1500 1J.lJ.r and r 
500 pp'r, nominal maximum capacililllct arc carried 
in slO<.:k, bUl other ranges can be built to order. 

Roto r J' late S h a pe: Scmicircul:tr, lo give linear 
variation in cnpacil:llll.:c wilh angle of rotation. 

(sollm l ite S upports: Six hll rs or isoinnlilc. spc· 
ciaity treated to l)revcnL absorption of moisture, 
5U[lport the stator asscmbly. 

Low Losses: H",C2 is approximlltcly O.OGx IO- IZ 

hllscd 011 measurements at. 1000 cycles. thc exact 
\"Illue being gi\'clI on the ca lilJmtioll charlo (St.>e the 

Ap]lCndix for a discussion of nwC2 as a figure of 
merit for \'uri:Lblc air (.'OlItlcllscrs.) 

Drh'C: GeM and spring"prcsscd worlil lapped ;n 
position to relllO\'C backlMh. Thc micrometer (IrUlll 
is engraved with 100 di\'isilll1S spiu:ed ap]lroxi~ 

malely J.1'6th inell apart, 25 tllrn~ of which turn 
the rotor through 180°. SeUings Call be duplicated 
to withi n one part in 10,000 by estimating to U of 
olle division. 

Backlash is less than U of one di"ision. 1t should 
he us small as possible for operating convenicnce, 
bllt if the desired setting is always appmaclicil in 
the direction of incrcasing SClllc reading, till ca libra­
tion error will result. 

C •• li bration : A mounted ('hMt gh'ing the C1lpaci­
tance to the neares t }J.}Jf for the twenty-six 100-
division points is supplied with e.lch t;llndCliscr . 
The capaci tance difference for each pair of adjllccnt 
settings is a lso given on tile chart to facilitate 
inteq>olntioll . 

l\ louI11in g,: Each condenser is mountcd 011 all 

aluminulIl P;1IIe1 finished in blllck crackle ].u:t!ucr 
alltl is enclosed in a walnut cabinet. 

Shieldin g, : The aluminum p:lnel :lnd a copper 
lining in the cabinet arc an effective electrostatic 
shield. T he rotor is grounded to tile ~ll i cld. 

Type .11 axilllll'/l J} illim!11II 

222- L 1500 }J.lJ.f .50 ppf 

222- F 500 }J}Jf 40 pJ.'r I 

A Tn'l:: 2~2 Precision Condcnscr witllout the panel 
and cabinet 

T ermin a ls: Two binding I)Osts are provided. T he 
stator (high potential) terminal is brought out 
through a mi~u window, and the rotor tcrminal is 
in <."Oulad with the grounded pa nel. 

Mllxi mum Voltage: This condenser is not in­
tended for high-voltllgc service, but it can be safely 
used at 800 volts, pea k. 

S t o rage Ca se: ~:aeh condenser is supplied willi a 
wooden storage case fitted with 11 lock and eilrrying 
hilndlc. 

Dime n s io n s: Panel, (lengt.h ) 9Yli " (wid th) 8M 
inches. Cabinet, (height) 9% inches. over-all. Stor­
age case, (length) 11% x (width) 10 x (lleiglit) 12% 
inches, over-all. 

Net We i ~h t : 15 I)()umls for the moun ted condenser 
only; 25 1)()lIll(is with s torage case and cal ibration 
charL 

Code Word I'r irt 

COPAL 590.00 . . . . . . . . I 
.. . ... . -. . COII,\L 85.00 
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TYPE 222-M PRECISION CONDENSER 

This condellser has been designed 1.0 
Jlrovide a direcL-reading, adjust::tble s land­
anI of capacil:ll1(;c (O!" use in the substitu ­
l ion rnCaSlIl'C m CllLi of cap:lcilancc. 

In this method, which is ideal ror small 
values or cap:'lcila llce. lhccalibrulcd stand­
arcl is cOllucctcd ill parallel with the 1111-

known. Two balallces arc rc<Juircd, t.he 
unknown ca pacilatlce being gi,'cn by t.he 
difference bclweCl1 tile \'aiuesor the s land­
Mel whe n the unknown is cOllllected and 
whe n it is discollllcclt.'<.I . 

The '1'\'I 'E 222-M Precision Condense r 
is arranged so that the capacillUlcc difrcr­
cncc may be rend directly fro l1l t he en­
graved scale, thus eliminating Lhe usc of a. 
cn lihratioll dlarl :Iud the computation of 
the unknown capacil<\Ilce by subtraction. 
Zero scale reading co .... esponds to nea rly 
maximum cllpacitll llce (aboul 1200 mic .. o­
microfa rads) . the fi rst bridge balance 
being ta ken wit h this setting. The sca le 

l'Cllding fo r tJle second bala nce may extend 
to a, maximum difl'erell(!c capacitallce of 
1000 micl'omicrofarads, co rres ponding to 
ftll ftctllal eftpM:itaneeof about 200 micro­
mic .. orft .. ads. 

The micrometer drum is didded into 
100 divisions, each correspondi ng to ft 
change in cn pacita nce of 1 lIlicromicro­
farad. T en turns of tlte drum covel' the 
ran ge (1000 micromicrofarads). 

T he me<:hftllica l cons t ruction or the 
condense .. is similll r to tlmt of tIle TY1' E 

222 P recision Condenser,described on the 
preceding pftge. The di ffe rences consis t in 
the lise of a 25 : 1 worm, a red lIccd Ill i m bel' 
of plates, and means fo .. the adjustmen t 
(in our labomto .. ,r) of lwo of these plfttes 
to give the desired cl.l lib ration. 

The following spccif.icalions list the 
detftil s in which TYPE 222-M differs from 
the T Yl't:s 222-F and 222-L Precision Con­
dense .. desc ribed on lhe preced ing page. 

SPECIFICATIONS 

C:I I)acita n ce Ra l\~e: T otal changc in cll paci tllncc 
1000 ........ f; capacitallcc nt zero scnle reading ( mll .~ i. 

mu m ClI l)acitauce) about 1200 ........ f, the exact val ue 
being given lI'itu each instrument. 

I)ri" C: Ten turns oC the worm cover the entire range 
or the (,:ondcnscr, IIholil 144°. Backlash is less than 
.lA.! oC one division, For other drive details consult 

CflJlacitflnce 

TYJlc ('Iwuye 

the prc<:eding description of Tn'ES 222- 1. lind 
222·F. 

Ca li bration: Ench of the 100 divisions on the 
micrometer drlUll corresponds 1.0 I ........ r. & tch COll­
deuser is individually adjusted in our laooralory SO 
that all v(ll ues or increment:t l c;tp:H.:i tanl"C :tre :tccu· 
rate to within 1 ........ r or 0,1 % or tilt! llIux imum . 

Gode WQrd Price 

222- 1\ 1 1000 p.p.f I .... . .... .1 COUIU SIOO.OO 
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TYPE 246 VARIABLE AIR CONDENSER 

The '1'1'I'E 246 Condcn.s<: r is like lile '1\' I'E 222 Prt:~isioJl Condenser bUl it has 110 micrometer drh'C 

This condenser is for usc in measuring 
and experimental circuits rcquil'ing a high­
grade uuit in wbich extreme precision of 
setling and accumcy of ca libt'aLion a rc not 
required: as the "bala ncing condenser" in 
the subslilu lion melLod or capaci lance 
mcasm cment,l for example. 

Electrica lly it is identical will. Lite TYPE 

'S« the te<:tioll on im(lCdance bridl.'Ci for de tailJ. 

222 Precision Condenser, the micrometer 
drive of the !alter being replaced by a 
SJJ UI'-gC:ll' slow-motion drive. It cannot be 
sct with as great precision, but once set it 
should hold a setti llg almost as well . 

Thc following deb1 iled specifications 
show thc points on whieh this condenser 
difrers Cram TYPES 222-1? and 222-1.. 

SPECIFICATIONS 

C:lpadtance Ran~e: Three sizes, 1500 PlA f, :'1000 
",,..r, Hiltl 5000 IAP-C, arc carried in stock. 

IJrive : A spllr-geM slow-motion drive having a 
ra tio of 10: 1 is a n auxiliary conlrol for the large 
knob lind diillmounled 011 the rotor shufl. 

Calibration: No calibralion is supplied wilh this 
condenser, bul a mounted ealibrnt ion CIlf\'C 'Iccurate 
to within 0.5% of full-senlc or ll lllolllltcd calibration 
tllble ror 11 I>oints, accurate to 0.5% of full-se.lic, 
l~lIl IJC prepared to onler. See t he price list. 

Nominlll CIIJlflcifll /lCC 

Type M flXi/ltllm M inim!lln 

· 246-1.- 1500 p.p. f ,1)5 p.p! 

t246-M 3000 p.p. f 70 p.p! 
· 246-p 5000 p.p.f 72 p.p.{ 

) founte<\ Calibrat ion Curve ... 

.Maximum VolhlgC: ' 1 '," I·l:: q·~ 6-L:llld TnE 2·W-l\1 
are conscn'a ti\'cly rated at 800 \"olts, I>c:\k ; TnE 
2<1G-l>, 500 volls, peak. 

Storage C ase: No storage case is supplied. 

Dimensio ns : Pnnci, 7)1 x 77'2 inches. Cahinet, 
( height) ror T\'I' I:: 2.<16-L, S% inchcs; for 'l'\'I'ES 
~IG-)l and 'l4G-P, 11 % inches, o\'er-a.II. 

Net Weight : TnE ~Hj-L, 11M pou nds; Tn'~-:S 

246-1[ allti 2·16-P, I '; I>ounds. 

COile Word Price 

C};])A n 838 .00 
CIIAOS 45.00 
CHARY 54.00 
cultn;; 4.00 

)lo11nll'( l II -I)()inl Cal ilJra.tioli Tab!!! .. c nAnT 3.50 
·CaJilor~lion s i UI,plied only " 'hen or.kred. 11K' compound code " 'Qrds , t.(J., CI;DAII('11.IRT, cn.'~II.\RT, tlc. 
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TYPE 539 VARIABLE AIR CONDENSER 

T he sl;ltor slack iu a 1'l"1'~; .'>:.,19 Condenser i$ slipporlc .. 1 by Iwo blocks or treated isoluti li Lc 

This condenser is for' usc in labor'a lal'Y 
mCllsul'cltlc n ls where the design refine­
ments or TYP E 222 ftlld TYP E 246 Con­
densers a re not req uired. It has lowe[' 
losses llHln either of our other laboraLory­
ty pe condensers, but the losses (RwC2) do 
not re tnain so nClnly constan t with seLting 
nor is t be sLabili Ly of ca libn\ lion qu ite so 
good. For a grea t many purposes thi s is 
no drawback and one can profit by tile 
lower price. 

Thl'p.c brass rods, exlell sions of which 
se rve fl S moun t ing pillars, rigidly support 
llie two end pla.tes on c:lch of which is :t 

block of isolanti te c:Hl'yi ng t he two rods 
Lo which the stator IS aUnched. This 

method insures low losses and faeililatc.<; 
the lise of special plate shapes, li ke t hose 
in t hc T YPE539-T (straight-line frequency, 
2700 angle of rObttion) Condense r and the 
ones lIsed as tuning contl'Ols in t he General 
lbdio TYPE :313-B and T YPE 6'13-/\ Bmt· 
Freq uency Oseilla tors. 

The 'fHE ,')39 Condenser is supplicd 
ci t her unmoun tcd or mounted in It cab· 
inet and with str:ligh t-linc capacita.nce 
or straigh t.line-frequency p lates , The 
s traigh t-line-frequency model can <lh.o be 
suppli ed wi th :l rotor that is insulated 
from the end plates and ground. 

The fo llowillg speci fi cal iolls describe 
the principal fea.tures . 

SPECIFICATIONS 

C apacitance Range: Four capacitance ranges the condenser. T hey are assembled on the shaH so 
a re HVll ilahle in stock. 

Rotor Plate Sh ape: Semici rcula r rotor Illat<.:s 
giving a linear (~n pHcilance varia tion with setting 
arc uscd on the following 0 Illo,lcls : T YI'ES 539-:\, 
,,39- 11 , 5::I!}·C, 539·J, 539·K, a nd 539-1.. 

H utur plates for '1'1'l'ES 531)·'1' a nd (31)-'1' .. \ are cut 
tu givc a linear fre<luelwy varia t ion wit h setting 
(>\" ~r 2500 of a Jlossible 2700 angle of rotatiOIl when a 

C;IIIilCiLan('(: of 25 ~~f is con nected in para llel wi th 

I hat countcr-elock \\' isc rotation p roduces an incr<.'ase 
in frequency. T he result ing freq uency rat io is 3 : I 
sta rting from a ~ett ing corresponding to a (;ondenser 
capacitance of !l~; ~~f , approximately. 

Isoiantitc Suppor ts: T wo bars of isolan lite, 
treated to prevent absorption of moisture, su pporl 
t he st~l tor assembly . 

Low Losses: HwC'2 is a pprox imllLcly 0.03 x 1O-ll 
based on measurements a t 1000 cyclcs. &-c the 
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Appendix for a discussion of RwC'! as a figure of 
merit for variable air condensers. 

Drivc: The thrcecabinet models havea 100-divi.5ion, 
Tr .. ~; r.03-F (friction drive) Dial attached to tile 
rotor shaft. 

Dials are not slipplie(1 with the five unmounted 
models. Suitnble knobs nnd dials are described in 
another section of this catalog. Note that all Tl"I'~; 
,j39 Condensers hrwe %-inch shafts and that T\"I' ~:s 

539-T and 539-'.1'/\ require a scale spread over 270°. 

Ca libration: T he maximum (tnl! minimulIl values 
of capacitance accurate to with in 0.5 % of fu ll-sca le 
are engraved on the nameplate of each mounted 
model. If desired, a c.."l libratioll, accurate to within 
0.5% of full-scnle can be supplied fo r the eleven 
lO-division points between 0 and 100 divisions. An 
' xtra charge (see price list) is made for th is work. 

Calibrat.ions cannot be supplied for the unmounted 
models, becnuse the absence of a sh ield lllllkes the 
capacitance variable with respect to t he position of 
nearby objects . 

""l ollntin ~ : TYPES 539-A, 5:19-11, and 539-C arc 
mounted in a polished walnut cnbincl OIL an alumi­
num panel fin ished in black crackle lacqucr. 

The remaining four models are unmountell. 

Shield ing: T he aluminum panel and a copper 
lining in the cabinet are an effective electrosbttic 
shield for all mounted models. The rotor is grounlled 
to this shield. 

Termina ls: T wo binding posts are provided on all 
cabinet models. The stalor ( high potential term inal) 
is brought out through un isobnlile bushing, and 
the rotor terminal is in cont~tct with the grounded 
panel. 

NomillCll CClpucitClIICC 

Ty p' !If(lximllm Minimum 

T he T n'E 539-'1'A Condenser has straight-line­
frequency rolor plates insulated from bol.h the 

shaft and cud plates 

Soldering lugs for connections nre mounlell 011 

the lowcr isobntitc dielectric support of .,11 Ull­

mountcd models cx'-~pt T rl'~; 539-TA. The rotor 
connection for Ulis I.:ondenscr is brought out Ulrough 
:111 isolantitc bushing in thc back end plate. 

ro.'faximum Voltage: T n.; 5S9-A and T YI'E 5:19-.1 
arc eonscrvat.ivcl.y rated at 1100 volts, peak; TnE 
5:-19-B and Tn'!'; i:;39-K , at SOO volts, peak; T\'PES 
539-C, 539-1" .539-T , and 5:5!J-TA at 550 volts, peak . 

Dlnlells io Tl S: For all mounted mOllels : Panel, G}"2 x 
G}1 inehcs. Cabinet, (height) S% inches, over-all. 

UnmOllllted models, when mountell on a panel , 
occupy it spat'C 4L ~(6 inches in diameter. The sh:tft 
protrudcs I J12 inch and the condenser extends 51~6' 
both dimensions measured from the back face of 
the panel. 

Net Wcigh t: Mounted models weigh aPI)roximatc­
l~t oU p()ulld~; unmouuted models, approximately 
27,i pounlls. 

/}e!Jcriplioll Cmle Word Priee 

·539·A 
*539-B 
$539· C 

500 p.p. f 

1000 p.p. f 
2000 p.p. f 

.')0 p.p.f Straigllt-linc capacitance, cabinet ASSAY S22,OO 

539-J 
539-K 
539-L 

539-'1' 
539-TA 

500 p.p. f 
1000 p.p. f 
2000 p.p.f 

500 p.p. f 
500 J-Ip.f 

55 p.p.f 

00 p.p.f 

50 p.p.f 

5r; p.p.f 

GO p.p.f 

30 p.p.f 

30 p.p.f 

Straight-line capacitance, ca binet 
Straight-line ca pacitance, cabinet 

Straight-Hue cll l)acitllnce, unmounted 
Straight-line capacitance, unmounted 
Straight-li ne capacitance, unmounted 

Straight-line frequency, unmoLlntcd 
Straight-line frequency, Ullmollntcll, 

insulated rotor 
I1 -poinl Calihration Chart (for mounted models) 

ASSET 

ASTER 

.... TL .... S 

""1'0:'''': 
.... 1'1'IC 

CLOSE 

CI.OTII 

CIURT 

·Cnlibrat;otl. supplied ouly ,..heu ordered. 0."", .,..,mvoutld ~-ode ,..ords, """"YCIl"KT, AlI.""TCU-,,'T, or A~Tr.IICH"RT'. 

23 .00 
24. 00 

10.00 
11 .00 
12.00 

12.00 

IS.00 
3.50 
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TYPE 247 VARIABLE AIR CONDENSER 

'1'\'1'1': 247-G (tefl ) lias n {Iial calibrated dirc<:Uy in micromicrofarads ,til,! inlernal construction like Tn'I: 
N7-P 1;110\\"11 al the right 

This is .HI incxpcIIsi,'c condenser with 
a num ber of feaLures thal ha ve made it 
Ycry popular in lahoratories where experi­
mental apparatus (radio rccci,·cl's. t.esting 
c'quipmcnt, etc. ) is under dc,-c1 opmcn L. 
This is pa rticularly so for the mounted 
model wh ich has a direct- reading c;di . 
hl'nlcd senie, a di sti nct cOllveni ence in 

design work H oles llIay be drilled lhrougil 
lhe haltom or the C:ISC for fastening it LO :l 
basc boa rd. This COl . denser is consll'l lclcd 
with bmss plates, soldered La mAke n 
rugged a nd low-resistance unit. I.oss('~ 

arc kepliow by t he li se of a yet'.\' small 
amount of Pl'Opcriy placed h igh~grnd(> 

hard rubber. 

SPECIFICA TlONS 

Ralll,tc: ;>. lodcl5 having a norninal nm xinlllnl ca iUL C­
itance of .500 IJ.lJ.f are a\·ailable. 

Rotor Plate S h ape: T n'£ ~47-G has scuril·jrcular 
(straiglrl-linc capacitance) pla tes. TYI'F: 24i-P 11115 
approximately slraiglr l-line lI'u\'clcngth plntes. 

"lard Rubber Dielectri c: Two plates of first 
Illlalily liard rubber ~upport Ihe rotor nnd stn lor 
plates. 

Low Losses: Losses :Ire loll'. RfIlf;2 being nbout 
0.08 x 10- 12• 

Dri vc: 'I' \'I'E ~-i7-G has i'ln allxi lii'lry s low-motion. 
pinion-gear drive. Knobs and dial i'lre inchltlcd. 
'1' 1'1'1: ~H-F i~ supplied without a dial or knob bUl 
any Gener:11 Hadio dia l and knob made to fit a M­
inch ~hdt i~ suitable. 

Calibmtio n: T he <Iii'll of the Tn·£ ~·~7-G has a 
direct-rc(l(ling calibration, accuri'lte to within 4%. 115 

'l'!JptJ 

247-G 
247~F 

)1111.£imliln 

500 p.p. f 
500 pp.f 

Miuimllm 

30 IJ.lJ.f 

20 IJ.lJ.f 

shown in t.he i1tIl~t.ra t ioll. TH o. 24i-F is lIot cali· 
hrnlcd. 

Mountinll: '1'1'1'0. N 7-G is mounted on a 1li'lr~ 

rubber pand in a drall'n s teel case. '1' \ ' 1'£ 2 17- 1-' hIlS 
3 Lhrendcd slll(ls fo r HUaching to a pi'lnel. S~ illus­
tration . .:\1acllillC scrcws a nd drilling template nre 
sUI)plied. 

Terminals : See i11l1strntions. 

l\'l aximu m Vol tal,te: BollI mO<.lcls will s.nrd~ 

witllsland a peak voltage or .500 \·olts. 

Dimcns ions: T YPE ~41-G: P:lllcl. (di:llIlclcr) S 

inches. O\'cr-ull heil,llll. 4% inche.'!. Tn.,: ~47-F. 

when mountl!(l on II p:lllcl. ol.'(!upics all :lreH 4h 
inchcs in diameter alld ex tcllds !I~ inches bcllind 
p.'I.ncl. 

Net Wei~h t: T\'I'~: 24 7-G. 'l;X J)O\lIlds. '1'1'1'.; ~'17.F, 

1% pounds. 

Descriptio//. 

Cnse mOllntct1 
Lnmou nted 

Code Word 

COI.I C 

COCOA 

Price 

S5.75 
3.00 



 

CONDENSERS 

TYPES 334 and 335 VARIABLE AIR CONDENSER 

Lcft 10 right: TYi'E 334-V. Tn't; 335-Z, 'l\'PE a:u -Il, and T nI': 3!H-Z 

This is another inexpensiyc condenser, 
~im ila .. ill construction to Tn'£ 247 pre­
yiollsly descrihc(i, except that it has hrass 
instend of hard I'ubber end pla tes. Il Cfln 

be suppli ed with wide spncing between 
the pl<:IlCS for high vollagc wor k (ama leur 
lra nsmillcrs, power oscillators, clc.) as 

well as with the normallow-vollagc ~pac­
ing rol' ordi llary experimental wo rk. 

T YPE ~J~l.'} - ;t, has a tota l capacilnncc 
change of 1100 llli cl'omicl'of,nads so that 
it can be II sed for inlcl')lOla lion J)mposcs 
wilh T YPE ~J80 or TYPE 2H) Decade CO Il ­
densers on the smallest decade. 

SPECIFICATIONS 

Rotor Phtte Shape: Approximately straight-li ne 
lI'lwtlength for nil el'eepl T n·.: 335-Z which has 
strllighl-line ca pacita ncc plates. 

li ard Rubber Di elec tric: T wo small .~(-,clions of 
first Cjua lit.\· l!:l rd rubber supporlt ile s tator. 

Low Losses: Losses are low, R w(;2 being aoout 
0.07 x 10 I~ (from meaSllrements a t 1000 e;rcles). 

Drh'e: When mouutcrl on a panel the shaft of lilly 

of lhes<: condensers will prolrtilic 2J1t inch, mens­
H!'tl l from the back face of the pa nel. All have II. 

U-inch slw ft. 
t\ ('Ouuterwcighl to balau('c the torque, due to thc 

rotor slack. is supplierl with all except '1'1'1'.; 33-1-Z 
nnd TYI'E 3:,I.'i-Z, which 11:I\'c bain.n('Cd rotors. 

NOlllitwl CII}Xlcif(ulce 

T!IIIC ,1(rl.£;IIIUIll Minimum 

Mounting.: Thr('C tHPI>ed inserts lILLacllcrl 10 onc 
clUl platc on a Ys-inch ra(lius arc pro\'ided for 
mounting 1 he condenser nil II panel of allY lhick ness 
between ~ and ~6 indio Drilling template a nd three 
Aat Ile:\J screws are furnis lled. Sec the illustmtioll . 

four removable fcet for UJouliting the condenser 
on a btlSc board arc furnishctl with each of tllc 
dOllhle-spaccll or high-\'olt:tge mOllels. 

Jl,hlximum Voltage: High-voltage motlcls wi ll 
safc!y withstand 3500 \'o!ts, I)eak, before brenkdowlI. 
Low-\'oltage models arc ra ted a.t 500 \'0115. 

Dimensio ns : All of tl tesc condensers occupy ~ I 

panel sp:t('C :1I)proxilllatcly .l% inches in tliameter. 

J)(;Jllh Nct Weigh! Co<ie Word Price 

335-Z 1150 IJp f :jO Il/.'f Low-voltage model 57:( in. 2.l1 lb. nocus 56.00 

334-1" 500 J-IJ-I f 20 /.'/.' f Low-voltage mOllel 3;{, ill. 1-'4 lb. DEm!" 3.25 
334-N 350 J-IJ-I f 20 IJ.llf Low-voltage 1Il1I(l cl 3YS in. 1% lb. BESET 3,00 
334-K 250 J-IJ-I f 15 IJ.llf Low- \'oltagc model 2% ill. I lb. D~~ r.OW 2.75 

334-Z 500 IJ.J-I f 35 IJ./.'f lligh-\'oltage model 10 }1 in. 3;% lb. DOGEY 10 .00 
334·R 250 J-IJ-I f 30 IJ.llr Il igb- voltage model OM in. , lb. IJIS0X 5.50 
334 -'1' 100 IJ.lJ. f 15 /.'/.'f High-voltage Ulodel :ly'( in. J ,!.il h . UlLLY 2.75 
334- V 50 J-IlJ. f III IllJ. f lI igh-\'oltage model 2% in. % lh. 1111'1;;1) 2.50 
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CONDENSERS 

TYPE 568 VARIABLE AIR CONDENSER 
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This is II condenser of rugged construc­
lion (or lise as a luning element. in shor t­
wave receivers, transmi tters, <.lIld waxe­
meters. Tl is designed ( 0 \' tandem 1ll011llt­

ing, a hollow shuft pel'milling the use of 
a single long bllkcl ite or mclni shaft for 
dl'iving severa l units. The isoianlilc end 
plates help to keep the iosSeS;ll l.\ minimum. 

SPECIFICATIONS 

ct\ pacitancc Ibnge : Two SilCS. 175,.~ and aO 
J.'"f, maximulll, nre aVi'lilable. Eneh condenser has 
actual values grculer thall the nominal maximum 
and Ic~~ than the nominnl minimum given in lhe 
price list. 

Ro tor Plate S ha pe: Strnighl-linc cap:lcitance for 
the T.'P£ 568-0 and stnl ight-li nc frequency for the 
T VPE 50S-K \ 'nriable (\ ir COIlllcnsers. 

(\n g, lc of Ro tati on; T\"l'~; :';CS·D requires a dial 
with a S('file spread over 1800

; Tn>.: 5GS· K requires a 
dial with a scale spread over 5?70°. 

Isolantite End Plates: End plate!; arc of isolan· 
tite , t rea ted to prevent moisture nosorption. 

Low Losses: Los.ses are low, RwC2 being npprox i. 
maldy 0.03 x lO- lt b .. scd on Ineasurements nt 1000 
cycles. 

Drive: The rotor i!; attnehed to a hollow shaft 
through whicll a % · inch insulating (lr eomlucling 

Nomi""l Cllp!lcifam:e 

1'ype ;lloximlwt M il/illllwt 

568-D 175 Jl.jJJ 12 ""r 
568-K 50 Jl.JI. f 12 ",,( I 

sllart IIIHy be sliPI)ed (lnd rastc[J(~1 wilh two 
screws. This permits dril'ing scveral units wI. 
hal'e been Illounted in tan{lern with the same sb 
A bakelite sh:lft ext.ending it maximum of 1% illt 
from rear f:ltt of mounting panel is slipplied • 
each condenser. Suitable dials :lre dr..'lCribcd iI 
later scdion. 

Mounting: T hree lapl)C(i inserts aUnehed to 
end plate on n Ji. inch ralliusare provided for lllO' 

ins the condenser Oli a panel of any thicknC3!! 
tween Va and ~ inch. Drilling tetnpl;tlc ;md II 
Oat head machine screws are furnished. 

Dimension s : Pand space, 2U x 2% inehes. 0 
nil depth bcllind :I p.'1nd (exclusive of the shaft), 
inches. 

Net Weight: 7:1 pouud. 

... . 

Code Word Price 

I 
CI.on: $4.00 

. . . . CI.OUI) 4.00 

An ama(eur short·wal'C rt.'(;ei\'er \I> 

two Tl'I'f: 50S Cowlenscrs dri\'e~ 
the long bakelite shan wit h the k> 
at the left.- CollrLcsy QST Mugu: 



 

CONDENSERS 

TYPE 368 VARIABLE AIR CONDENSER 

T he T YrE 3GB Condenser i", well ada pled for usc in high-freqllency recei"ers 

This condenser is useful as a balancing 
or ycrnicr condenser in v:ll'ioll s vacuum­
lube circui ls, :llld muny alllllleurs usc it 
as a luning (''O udenser ill recci" crs fo r Lhe 
high- r requeuey (short-wa ,-c) bands. I t has 

a. single, Lard ru bber end pla te, single 
bearing, Hnd can be used for single-hole 
panel Iliounting as well as for mounting 
on n base boa rd by mea ns of Lhe angle 
bracket. 

SPECIFICA liONS 

CUI);lcitall ce Ranl1c : T hree sizes, 15 p.",f, 50 "",r, 
Ilnd 100 IJIJf, are regulnrly carried in stock. Each <''011 -

denser has actual values grealer Ulan maximu m and 
less than t he minilll \11l1 nominal values given ill the 
pril'e list. 

Roror Plate S hape : St raight-lim: c(lpacilancc. 

~I(l.rd Rubber OielectTic : A si llgle. hard rubber 
fOlld plate SII N K)r(.o; the entire assembly. 

Low Losses : Losses arc I'cry low, tlue to lhe 
~mall a1ll0ulll of solid dielectric in t he field. RwC2 

Nomjll(ll C(ljXlCill,"ce 

Type M aximlllll J/illilllllllt 

368·/\ 15 }.I}.I. ( 4 1'1'£ 

368-8 50 •• 1 4 },I},If 

368-C 100 J.lJ.l. f ,~ ,..,..r 

being appTUxinmtcly O.O(H x 10- 12 based 011 meas· 
(irelllcnts lit 1000 cycles. 

Drive: A TYPE 137·J K nob (sec a later scct ion ) is 
s lIl)pliefl lI'itll each condensc.r. 

Mounting: The condcliscr Illily he mounted ou a 
!)iillcl using the sillgle·iu) le busll illg or on a bilSC 
hoard usi ng thc br<tckct SIIO\\'1I in the illust rat ion. 

Dimensions: Pand spa(.'C. approximately 2 illches 
in diallleter. £aeh condenser extends behind a panel 
approximately 2M inches. 

N et We ig ht: Approximatel)' 3 OIUlct'JI . 

Cod~ Word PriC6 

. .. ..... BU I, I.'· SO.75 
nU lu~ 1.00 

.... " .. A1.UlU : 1.75 
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CONDENSERS 
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TYPE 380 DECADE CONDENSER UNIT 

Air condensers for the large vlllucs of 
ca pl.lcitn ncc arc so bulky that tJlCy would 
be of lilli e lI SC in the average labora.lory 
enn if it were possible to find all economi ­
c,'d solution rot· the Uledl/wical prob lems 
In \'ol\'OO . TYPE ~J80 Decade Condensers, 
l!Jade up of c:lt'cfully cousl rucled paper 
and mica. condense r's, ofl'cI" a sa.Lisfaclol'Y 
<.:ompromisc ror most needs. 

The T YPE 380 Decade Condenser is an 
assembly of individual paper' or mic;l COI1 -

deusel's and fl seleelor switch arranged so 
thal anyone of 10 decade "" lucs Illay Ix 
chosen. I t is made ill lh ree indi,-idual 
cl<..'Cade series, each with 10 sleps of 0.001 , 
0.01, or 0.1 microfarads respect ively. 

The excellence of these uni ts is due, in 
large IlICl.lsurc, to care in manufacture a nd 
aging. T he mica is carefully selecled and 
the condenser is buil llo hold it,.; calibra­
tion Ove r long periods of limf'. :\l ica con· 
densers a re moulded ill bakeli te to helJl 
prese rve t.heir char:tclcris lics. T he paper 
condensers ;.lre thoroughly imprc~nalcd 

wit h molten par:lffin duri ng the windilL~ 
process. Succeeding laycr.s of I he conduct­
ing fo il make contact, LIlliS ;I\-oi ding the 
increase in power faelo r wil h frequency 
which occu rs when cO lll lcclions arc ItllldC' 
only at the ends of a wind ing. T hey .we 
~lIhjecled to heat treatment which lIIa k~ 
them praclicall y free frolll aging eff(.>(;L$ 
at normal temperatures. 

SPECIFIC ATIO NS 

Ca l>acita n ce: T llrce si1.es lire IIvnihlhl,~ willi decnde 

skps or 1000 ""r, 10,000 ""r. arll l 100,000 J.<"f I>cr 
sil'p. &:c the price list. T he d,'sirc,1 valuc of capnc­
il:lllL"(! is sccurC{1 by vurious L"Umili n::tIiolls of fo ur 
nJlLlleilscrs hn\' ing \'(Lliles or 1, 2, 3, and 'I, respec­
lively. 

Dielectri c: :\li ('11 is u.'\(.'(1 for the two Sllwller si1.es 
;.ud parllffin p:ll )('r for the largest one. 

l\ l l1xi nlUnl Volt~l ge : The m;lximum pe;,k lI ller· 
IInlin!;-curr'~nl \"oliuge should never be "lIowe.:1 to 
I'XI."t!(;d tire ratell direct-current voltage, i.e., 300 
' ·olls. T he losses in nllY L"(J rHknscr with the solid 
dil'1eet ric nrc a function of Ilu: applied freQ ucncy 
aru l it is necessnry to L'Qnsider frequency when pillc­
iug n mnximum voltHge limit. sin(."C excessive heat 
('UIl C:Hlse temperature iucreu.iClI that are dis.1Sll"(llls 
in a ca librntoo Imit. The peak \"ollage mny be kept 
at the 3OO-\"olt IlIn ximUIll fur frL'<juencies below 1000 
ke for thc O.OOI-"f dec:ule, below 100 ke for the 
O.OI-l'f deC'-Ide, /tnd below 1 kc for the O. I-I'f dccn.:I..,. 

Type 

380·A 
380· ll 
380-C 

1.0 p f 10 1" :1 1, in steps o f 0.1 p f 
0.10 p f to t nl , i n sreps o f 0,01 p f 
0.010 pC total , in SU!PS o f 0.001 p f 

At higher rn '(]uencit's the \"oltal,;"(" should he redun.·11 
in dired prtlporlion 10 the ir]("n~ase in fre(llu'u(·.\', 

Power Fact o r : RwC, the powl'r factor, is O.OO'l. 
o.lUll. nml 0.010 for the O.OOt-"f. O.O I-.uf.ll nd O.I-.ul 
units , reSI)L'eli\"cly. 

C:llibr:lt io n : T he shaft of e:1("11 urrit is pro\"ided 
with 11 Jelent (Iel'iee to m(lke .h·fillile the position 
of the switt"h for e;lch setting. T Ile l."olIllenlicrs 'lfC so 
A, ljusted Ilml the capueitlllU"(! for each setting i· 
lIecurnte I,) within 1% for the O.OOt-"f Ami O.Ot -,uf 
lwits :lInl to within '2% for Ihe O. I-"f dCl"ad\:~. 

M o un ting: J lldiddll;l l (IL'eudes are I\lounted iD 
bmss calis wi t h a bHkclilc panel. 

Dim e nsion s: Panel spnt~', beight, :IV! inches; 
width, :ll1j; inches execpt e:H:h unill'xt cnds :qlpro~i· 

mMcly ~IU inc.hes behind the panel. T nE 380-C 
which is :J){6 inches, ovcr-nll. Ench unit will extend 
3}8 inchL's behind the back fnee of tile ]land on 
which it is mounted. 

Nct \Vci~ht: Appro..:;",,, If'I.\· 1% 1>Olllld~. ,,11 si'l.'" 

ell/Ill Word 

,1.l.lAGt; 

,\ 1.l1.l~;11 

AI)!)I,]:: 

Price 

$10 .00 
20 .00 
10.00 



 

CONDENSERS 

TYPE 219 DECADE CONDENSER 

The 'l'n'f: (!l!) DI."Cadc COlldenser 0a n lie SUPI)iied in 2- and 3-lI ial sizes 

This consists of TYP E 380 Condenser 
Uni ts mounted on it panel in a. cabinet for 
convenience ill l lle iaboraLot'Y' EllCh one 
is direct reading in capacitance. They arc 
usefu l as capacilance s tandards w] lcrc 

work of ordina.ry commcl'cia l accuracy is 
being done. 

TJle following specifications show the 
p ri ncipal fentures of the instrument . III 
addition, see the opposi te page. 

SPECIFICATIONS 

Ca llacitance: T hree si7.cS arc nvailablc in stock as 
shown in the price list. 

Calibration: The ca pacitance allhe terminals of 
tho; unit is accurate to within the same limits as tile 
individual T HE 380 Decade Condenser Units after 
sUowllnce is made for the "7.ero capacitance" of 
4(ll'l'f. Soo pnge 40, "Calibration." 

rower Fac{or: See the descril>l ion of tlte T~'PE 380 
Decndc Condenser Units . When all sll"ilche.<s are set 
at zero, the power fac tor is 0.05. 

Type Capacitance 

219-F 1.10 J..I. f t oUt!, in steps o f 0.01 
219-G 1.110 J..I. f total, in steps of 0.001 
219-J 0.110 p f total, in steps of 0.001 

:i'o'i oullting,: Units arc assembled on nn engraved 
bnkc1ite pnllcl lllld mount.ed in a polished walnut 
cabinet. 

Dimens ions: Plmcl width, 5 inches. "I eight of 
cabinet, induding knob. G inches. over-HI!. Panel 
length: fo r 'l'H'ES 219·F and 219-J . 97"2 inches; for 
T\'I'~: 2W-G, 12y! inches. 

Net Weig,h t : I·'or l\n:s 219-F awl 2 19-.J, S)..i 
l'olllJ(ls; for 'J'n'~: 21 9-G, 8 pounds. 

N(). of Dirds Code Word Price 

2 con~1( S32.00 
S ll!U ~:It 50.00 
2 c no~ \'" 32.00 
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INDUCTORS 
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INDUCTORS 
The Illcasurcment labora lory requi res both fixed and yariab lc induclancc stalldard~ 

fO I' bri dge work. The fixed stnndards permit a somewhat higher degree of precision 
and are recommended where the highes t precision of measurement is desired. Th(' 
fi xed sta llchu'ds, however, require a bridge wilh continuously adjustable ratio arms. 
A variable slancia rd must. of course, be used when the bridge docs nol have conlin· 
llOIlSly <ldjusl.llble rat io arms. 

TUlle 

107 

106 

268 

269 

'77 

ParliCII/or A ppiicflliQl1 

For all laboratory uses re­
(Iuiring an accurate, :t<ljustllblc 
inductor. 

Laboratory ~ta nd')nl or in­
duct:w(:e. 

Gencral-pUrl)()se coupl ing in­
ductor. 

General-puq>osc variable in­
ductor, 

GClleml-pUI'JlvSC fix!.:d illtludor, 

Y:lriometcr in wllieh rotor au~ 
stator can be used SCI)''lr .. tcl~· 01 
connected in series or parallel. 

Accllratcl.\' udjus ted - sma] 
ex ternal field. 

('Ollipacl, inc.'l:pensi\·c. 

CUIIII>ucI , inexp'e""j,·c, plug-in 

TYPE 107 VARIABLE INDUCTOR 

This inductor has been completely re~ 

designed. I t pro\'ides l.l high-grade variable 
labol'll.lory inductor, Permanence, low 
high-frequeucy resista llce, an increased 
nmgc, and an unusua lly high currellt~ 

carrying capacity have been obtained, 
Separate terminals a rc brought ouL fol' 

l'oLor and stl.llor so that Lhey may be con­
nec ted in series or in pamllcl as a self-in-

ductor, or ll sed separately as a mulual 
induclol', The inductances or rotor and 
statol' IHt\·c been carefu lly equalized lc 
eliminate losses due to circulating current 
when the parallel connection is used. 

The inductance Hl l'ialion with scale 
reading is approxilll:tLely linear. lL ii 
nearly cons tant over a wide frequency 
range. 



 

INDUCTORS 

The new T YPE 10i 
Inductors have a n 
increased range and 
greater pCrIn:lncncc 

of c:Jiibralion 

SPE( IFICA TIONS 

i ndu ct:lnce Range: rive si1A's :Irc n \'ailable in 
stock covering a lolal range of approximately 1.31-111 
to 500 mh by tlie usc of bolli Ihe series and para llel 
connect ions. Tlie price lis t sho ws lIominal maximum 
;,alues for the series co nnccliolllllld minimulll values 
for Ihe pllTa llel l'oUlH!clioli in ca (;h size. Actual v:llues 
I\'ill be great.er than the nominal maximum and less 
than the nominaiminimum, respccti\·ely . 

:\ range of approx imately 10 to I is covered with 
eilher l"OlIncctioll alone. T he ind uctance with the 
o.·mlllcl oollneclioll is one-q ua rter that for t he series 
(.'onnedion. 

Ca li b ra li on : Values or maximum and minimum 
U1duela ncc for the series connedion accura te to 
within 1% at 1000 cycles arc engra\'ed on the name· 
plate of each iustrumenl. 

A motlnted cal ibration curve for the series conncc· 
tion (Sl'C l)I"i t.'C lis t) acc ura te to wi thin 1% at 1000 
cycles can be obtained on special order. I nductance 
values ror the parallel conncction are one-Il uartcr 
the va lues for the series (.'()nnect ion to witiliu 1% at 
all setlings. Thc mut ual indlicta ll t.'C between rotor 
Ilnd stator (or ally setting is l'<lua l to one·ha lr the 
ditTcrcl1(."C betwcen thc series-connect ion self-indue· 
lances ror that setting anti fo r the selling where Ihe 
nlUlunl iruluct:ulec is zero (approximately 50 scale 
divisions). 

Low L osses: The excellent high-frequency clrar­
Reteris ties of t his inductor are best cx pressed by its 
mtio of reaetancc to resistance (or Q) nt a given 
frequency. Q is the re<.:iprol"lll of l)Ower faclor. 

l ml llcfllllce 

Type Maximum jll illill/ lI lll 

' 1D7 -.I 0 .05 mit 0.001 3 mil 
' 107·K 0.5 Inlt 0.0 13 mh 
' I07-L 5 mh 0.1 3 mh 

n epresenl nli ve \'a lllc.~ fo r the series conncction arc 
given in the table. nex !. p,a ragra ph . 

Natura l F req u e n cy: See the following tllLle. 

Typc 

lO7·J 
10i-K 
lOi-L 
107-1U 
107-N 

M a;dlll /l lll 
/ ;I(fllcfll ll ce 

0.05 mh 
0.5 mlr 
5 Illh 

50 mh 
500 mh 

Q at f 

110 400 kc 
140 200 kc 
125 00 kc 

G5 20 kc 

'0 7 ke 

N all/ral 
F reql/ency 

5000 ke 
1500 kl: 
500 kc 
150 ke 
30 kc 

Hesis tance : D-c resist.'l nce for lileseries connect ion 
of c..'lch unit at room tempemlure is engravcd on i t.~ 

namepla te. Apilroxi ma tc values arc gi\'cn 011 the 
price list. D-c resista ll(.'C of rotor and slnla r arc 
approximately equal. 

i\-laxhnul1) C urre n t: T he maximum allowable 
current for a dissipa tioll of 15 walts :uhl tellll>cra ture 
fisc of -wo C. (series connection) is engraved on each 
nameplate. See price list fo r a lis t of \·alues. 

Drive: All sizes lla ve a 100-di\' i5ion, 4.incll, Tn'l:: 
503-1-' «(rietion drivc) Dia l directly 1..'O lIIlecled to the 
rotor shaft. 

iVl ou n t ln g: All units arc mounted on bakcli tc 
1)'"ll1els and enclosed in walnut eaoincls . 

Dime n s iOnS: Pa nel. G~ x G.J1 inches. Cuhinet, 
( height) 8M inches, o\·er-::.11. 

Net We ight: 5 pounds, all ranges. 

D-C IUaxill1 llm Cod, 
Resis/allce Current Word Price 

0. 17 ohm 8.5 a 1I ,\lH, :>'1 530.00 
0.7 ohm 'to a nAlU'Y 30.00 
4 ohms 1.7 a nAnny 30.00 

' t07':\1 50 mh 1.3 mh 40 oh illS .00 a nOTE I, 30.00 
· I07· N 500 mit 13 mh 64 ohms .14 a n OYEn 40.00 

!\lounted Calibration Curve .. CUR Y!:: 5.00 
*C. tiLr~ li/)O,.' ~"I'I.ticd onl)' when o .... le~. U"" <v rnpOun,j ~"O<Ie "·Ol"lt . , 11.\1I1;)I ("UI(\"I;, U.IKPrCVRn:. ctc. 
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TYPE 1 06 STANDARD INDUCTANCE 

T his fixed inductor is IH'cnratc1x udjustcd 

T his fixed st.nnclard is :lcclt raleiy ad­
justed a.t 1000 cycles. Low and nen !"ly <:0 11-

stan t resistance at audio frequencies is 
insured by the usc or s t ra nded wire having 
the separate strands insulated from each 
ot.her. 

Jntcraclion be tween the field of nil in-

du cLol' and ex tel'n:1 1 fields is prltclicall ,' 
eliminated by the usc of an astatic form 
of wi nding in which the fields of two-coi l 
scetions ncull'alize each othe]', 

Coi ls arc form wound, bound with t.ape, 
and imprcgnlltcd with wax. There is 110 

metal in the concen t rated fi eld of the coil. 

SPEC lflCA TIONS 

Inductance Calibration : T he 0.1 mh size is ad­
jusle<:1 to within 1%; a ll other sir.es are adjus ted to 
witilin 0.1 % of t1lcir labeled va lues at 1000 cycles. 

Res istance: Resislal1(.'C al 1000 cycles is the sn me 
as the d·c re~i~tall('e, ti,e vallie or which, measured 
at room temperature, is entered Oil a ('ertiflcnte 
mounted on the bottom of the cabinet. Sec price list 
for approx imate values. 

T!/pe I nrlue/allce /{c"i!l/fH/ce 

I 06·L 0.1 mh O. 180h m 
106·G [ mh 1.80 ohms 
106· J 10 mh 12.2 olillis 
106·K 100 mh 85.3 011 illS 

106· 1\'1 henry 5·15 ohms 

Maximum Current: See price list. 

Moun ting : All units nrc assembled ill wall1llt en bi· 
nets with bakelite panels. 

Din~en sions: l" lIlci. fi YS x .. ;ys inches. Cabinet , 
(lieigl lt) 3Y2 inches, ovcl'·:.l1. except T n>t: 106·1\1 
wllich is .s% inehes, over·all. 

Net" Weig'Il t: Approximately 2% ])ounds, cxcept 
T HE 10(\..\1 which is 5 pounds. 

.If!lxill/llm Cllrrc,,1 Cmlc Word Price 

3 .5 a 1:-:::,-'; 11 $25.00 
1.0 a l:-:: t:I.T 25 .00 
0.5 a lilA u: 25.00 

250 !UU ISLET 25 .00 
J 50 ilia ISSUE 36 .00 

TYPE 268 V ARIOCOUPLER 
This coupling uni t, for labo ratory Il nu 

cxperimclIlaluse, can be adaptcd rOJ' hnse 
boa rd as \\'ell ns pnnci mounting by 
intcl'chn nging the front and back mount-

ing brackets . The ro tor anu statol' fOl' lll l'. 

nre rcadil y dismountcd for rewinding to 
mcet special l'equit'cments and many la b­
ora lori cs kecp u stock for lhis purposc. 

SPECIFICA TIONS 

Inductance : Stator, 380 pil ; roLor, Ion ph. 

S h aft I)i;l nl eter: VI inti,. 

1'!lP" 

. . . . . . . [ 

Dimension s: ,~ x '~ x 2Yz incllcs. 

Net \ VeiQ,ht: (l OUlH.'eS. 

Code Word Pr ice 

$2.75 
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Tn!:: ~G9 Yariomclcr 

TYPE 269 VARIOMETER 
'l' hi ~ uni t IS intended for IlSC as a 

vtui[lb lc inductol', but iL can he used to 
vary Lite coup li ng between two circuits. 

The coefficient of coupling .Iud the mutua l 
inductance is much grealer Lhan in lhe 
TYPE 268 Variocouplcl'. 

SPECIFICATIONS 
Inducta n ce: WiU. rotor and sla ior connected in 
series the maximum iudllt:l~II1 {!C is IlPPl'oxima tcly 
8110 ",h; the minimulU, 100 /.th . 

T!Jpe 

269 I 

Shaft Diameter: U inch. 
Dime n s ions: 47.1 x 3 x I%" incbes. 

Net '''eigh t : 7 OIHl (."CS. 

Code Word 

V.\}, ID 

Price 

S4.00 

TYPE 577 INDUCTOR 

These inductors flrc intcr­
dmngcnole in a TYI'~: ~74-I-:J 
Jack Base, 51.own ll)wer 
center. Sec the sect ion on 
"lugs lind jacks for n com-

plete description 

This is ava.ilable in lh ,'cc si1.cS to meet for lhe labOl'atol'Y. T he unwound coil 
a need for convenient tu ning indueLors form is al so avai lable. 

SPECIFIC A TI O NS 
j\'loun t in!l: Holes provided for Tn'~; 274- P Plugs 
, not rurni;;hcl l wit.h indllcl.ors) . Drillcd lo III ' l'yl' l:.: 

t7·I·CJ or T H E .274-E.J l\ loullting Ba ses. 

't ype I miur:la ll cc T un ing Hllnoc· 

577-A 16 mh GOOO~2000 kc 
577- 13 60 mh 3000~ I 000 kc 
577-C 190 mh 1500- IjOO kc 

577- U Unwound Coil Fo rm ... 
' Wi th .. 500 ,..,..r ronden ~eT . 

Dime n sio n s : 3Y.i x 3Y.i x 2Y.i inches. 

Net We ig h t: :3 ounces. 

T urn.;; C~le Word 

1·' N A llo n 

27 NAnm 

55 N;\ IYF: 

NATAl. 

Prier. 

St.50 
1.50 
1.50 

.70 
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FREQUENCY- AND TIME-MEASURING DEVICES 

CONSULT BULLETIN A 

(or detn iled desc riptions and uscs (or General Radio 
precision time- and frequency-measuring C(luipmcnl: 

Primary s tandards 
Secondary standards 
H eterodyne frequen cy meters 
Interpolation equipment 
FI'Cfjuenc,Y monitors 

Evcr;.,thillg is li s ted in t.he following pages, but when 
yon want detail ed da tH ask us to mai l YOII a copy of 
Bullet in At now in prcp;:n-alion and 3,-aiiable after No­
vember 30, 1932. 

Your copy of Bulle tin A will be sent by pal'eel post 
the SHme day your request is I'ccc i,·cd. If, howc\'cr, you r 
need is urgent, we' ll send it special handlin g, on request. 

Several ,Years ago the General lhdio 
Com pilny began:t ('om pl'chc' lsivc resc:i rcll 
progwlll for Llle Jlul'Jlose of developing 
high precision s tnndnrds of frequ ency and 
apparaLus fo\' the mensUl'ement or fre­
queuc.)' . S ince frequency and lilllc :\I'C 

fundamenlnlly reluted, it follows Uwt fre­
qucney standards and frcqucncy-me:tsur­
ing devices h:wc many O:lpp lications in the 
11ieaSlirement of ti me interval s. The sland­
nrd-frequcney assemhly is an ex:un ple of 
Ulis ide.a. 

The dc,'clopment of lhe sland:nd-fre­
queue.',' assembly has opellcd up the wide 
field of frequency mensul'cmcnL by hetel'O­
flyne methods, lending to the deHlopmenL 
of many kinds of tlllxiiiary equipment in 
orde r to provide means fo r the accurate 
IUC.lsurcmcnt of frequency over the ent ire 
communica tion spect rum . 

In addition, monitoring equ ipment for 

mdio channels between 50 a nd 25,000 
kil ocycles has been IIltHlUfaetured. The 
uppa J'atus is in lise in uroade:lst, eOI11 ' 
lllel'einl, und go,'c rnrllcnt transmitting 
stations. 

In the prec ise mCas\lrement of time <1nd 
time in telTals, deyelopmenls h<tve been 
more speciali zed, tending tOWIlI'd solu­
tions of specific problems. Among lhese 
nre measurements of the ycloci ty of lighl. 
of the speed of rifle hullets, and the uccu­
rale transmission or r<1(lio time signals, 

Laboralor ics :H1d olhers interested ill 
particular pl l<l ses or fl'equency or lime 
metlsure ments arc reminded thn.t work on 
new methods and equipment is cont inu­
ally in progress and that we a rc prepared 
to devcloJ> a nd manufuclure speeial­
pmposc equipmcnt to order. Specific in­
quiries on a.1I phases of frequency and 
lime measure ment li re im·ited. 



 

PRIMARY STANDARD 

PRIMARY STANDARD OF FREQUENCY 

The Class C-21-J-T Standa rd-Frequency 
Assembly is a complet.e p l'jllla ry standard 
of high precision. It is proyided with a 
mea ns for measu ring the frequency of its 
crysttd in terms of standard lime without 
reference to any other s landard of fre­
quency. In add ition it is a rranged so that 
harmonic se ri es of 1. 10, and 50 kilocycles 
arc ava ila ble to ru rnish ca libl'1lling points 

spectrum. From it can also be obtained 
onc-second pulses and sta ndard t ime. 

The crystnl Oscill lllo r in thi s asselllbly 
has a g'tl ul'nntecd accur:lcy of one pa rl in 

a million hut afte r the equipment has 

OV:I:;,I I':~;;:;;l~;;';~:~;;~~';'~;':~~~:':~::~:: / 
clo<:k (or counter) for comparing the frequt~ ru:.r of 
the cr~'shd wi th stU lldllrd time. It consists of Ull 
input aml)1ifier, a lOOO-cycie sy nchronous mo tor­
rlri\'cn clock and an output amplifier tor dis l ributing 
.. slantbrd lOOO-c,rclc signa l to various parts of a 
llibonl iory. The clock en rries H mechanism tor gener­
ating onc-St.'(.'Oud pulses and tor compn ring clock 
timc with ra(lio timc signn ls 10 witllin 0.01 secoml. 

Type 592-A Multivibrators 
'1\\'0 or these units are used as fre<luellCY dividt"rs 

to reduce the 50-kilocycle crystal frequency to 1000-
t,,\'cles for driving the l iming uuit. Ther a lso generate 
harmonic series of 1000 cycles nud 10 kilocycles; a 
third unit gencral,es 50-ki !oeycle harmonics. All of 
these frequencies ure enti rely L1H1trollcd by tile 

fretllLcncy of the crysta l osci llator. 

Type 590-A Piezo-Eledric Oscillato r, 
Type 576-A Quartz Bar, and 

Ty pe 591-A Temperature-Control Unit 
The temperature of tlte frequency determining 

elements of t.he assembly is held to withi" lIa rrow 
lilll its by means of a lwo-stllge temperature-e;onlro! 
box. The inner box houses the 50-kilocycle quart z 
bAr lind heps its tenll)erttture witbin O.O loC. The 
outo.:r box conln.ins the other oS(:illator cir<:u il de-
mt:nt$ and controls their tempcrnlure to witllin 
(I.l°C. T he pieza-elect ric oscil/a tor is des igned rur 

~dreme frequency sUlbil ity anJ its frc(p lo.:ncy IS / 

adjustable over II. sma ll rll nge 

Typ. 594-A H •• t-Control P.n.1 
This p.'\nel contai ns tile nceess..'\Ty controls for the 

(7:..,. till oscillator and llie lemperature box. 

Typ. 595-A Pow.r-Supply Un; t .x 
The recliners, filters, nnd controls for tr ick!e "/ 

Charging the bnlte r ie$ lire mounted in this IIl1it. It 
t'!,lOuins It G-\·olt. ;;-alllpcre Tungar rect ifier lind 
• 180-\"0It rcdificr for Ihe plate baUery. 

47 



 

SECONDARY STANDARD 

been ins talled and aged {or some lime an 
accuracy five Limes bellcrcall of len be ob­
tained. Each of the harmonic freq uencies 
is known with the same nccurncy so that 
measurements made anywhere oyer the 
entire .-angc will ha ve an accuracy far 
in excess of present-day l'cquircments. 

Origin:.\Jly dC\'cloped {or usc in our OWl 

calibration work this assembly has gina 
bt."e ll insl:.lllcd oy more t han fi fteen uni 
Ycrsilics, communication companies, IIn( 
government agencies ill the United Stah~ 
<l ud abroad. 

P,;cc, SI860.00. 

SECONDARY STANDARD OF FREQUENCY 
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A good secondary standard of frequency 
is sa t isfactory for UlallY lISCS where the 
reliabi li ty and extreme precision of n 
primary standard are not absolutely 
essent ial. II call be cclui ppcd with one or 
more Illulli vibralol's to yicld a wide ran ge 
of harmonic frequencies, a nd lhc rcliabi lity 
or its frequ ency cun bc of a fairly high 
order, especially if the standard is checked 
al frequent intervals against thc standard­
frequency t l'ansmissions of lhe United 
Stales Bureau of Standards or some other 
accurate!:lOlll'Ce, 

A suitable secondary standard is a 
Class ColO Standard-Frequency Assembly 
which utili zes II temperature-controlled 
quartz crystal and a crysta l osci lla tor 
operating at 100 kilocycles and is capable 
of maintaining its frequency to beller 
than 20 parts in n. million for long periods 
of time, The oscillator controls one mul t i­
vibrator lLt a fundamental frequency of 
either 10 kilocycles or 100 kilocycles, as 
desired, so that harmonic series of both 
are obtllinable, each known to better lhrlll 
!?O parts pCI' million, The range is, thus, 
from 10 kilocycles to 13000 kilocycles or 

morc, and ench of the output frequencies 
can be utilized by thc usc of heterodyne 
mclhods. 

This standard is particularly recom­
mended for the needs of the small college 
laboratory and of communication com­
panies furn ishing a limi ted class of serv ice. 
Used in conjunction with either a '!'YI'E 

615-A or a TYPE 1316-A Heterodyne 
Frequency ui eter, measurements to better 
than 0.01 per cent can be made on lra mi­
millers and on received signals from 

below HIO k ilocycles to 30,000 kilocycle, 
T he price of 5450.00 is fOl' the cryslal 

lhe oscillator, and one multi"ibralor, bl! 
it. does not include the TYi'~ 480-B R ela.t 
R ack, the blank panel, or lhe 'fyp 

616-A It H eterodyne Frequency Mele 
shown in the aceompanying illustration. 

CompJrl, /)rxripiiQlt ;11 Bwlleli .. ,I 

A Cbss C- lO Standard-l'Te<Jllcllcy As­
sembly wilh a Tn'.: oW-AR lIctcrotiyuc 
Frequency Meter (upper ]>lIuel) mnkcs u 
frequcncy·measuring equipment tllUl is 
complete. exctllt fOf. the lIecessnry radio 

reCClver 



 

MONITORS 

FREOUENCY MONITORING EQUIPMENT 
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::-' Iorc limn 150 U. S. brondcasting sl:ttiolls 
rety 0 11 this monitor to keep their lrallsmilt~rs 

with in the 50-cycle tolerance 

These two monitors arc typical or those bu ill 
ror multiple-challllel service. Ally one of 8 or 
IO different crystals can be selected at will 

Frequency monitoring, wh ile employ­
ing meLhods a nd equipment as used in 
I'requency slandarcii z[ttion and measure­
ment, is specialized in t hat monitoring 
dC<lis with the mnintcnancc of sUlLion 
frequencies at presct-ibcd v<llues. o r Lhe 
rou t ine meaSlll'cmcnt of the freq uencies of 
groups of stations. T he apparatus a nd 
methods consequently a rc mod ified Lo 
emphasize automatic or direct-read ing 
features, or to shorten to a minimum Ute 
time required to make an observation. 

For u!;c in radio broadcas ting a nd police 
rad io stations, we oll'el' a visual-type 
moni tor consisLi ng of the rollowing units. 

Ile1n Price 

TYPE 575-D P iczo- Eledrie 
Oscill ato r . . . . . . . . $21;; 

TY PE 31G-J (~lI<Htz Plate . . 85 
1 'YI'I-; 581-:\ Frcquency-Dc\"ia-

tion Meter.. . . 250 

Total. 5550 

The use of t his monitoring equipmen t 
wi ll cnablc a station to maintain its fre­
quency withi n a very few cycles of its 
assigned chan nel. complying with t he 
50-cycle monitoring tolerance required by 
thc Federal Radio Commission. It is 
simple, easily installed, und shows both 
the magnitude and direction of a (requcncy 
drift. It has been approved by the l;'edera l 
R adio Commission, Appl'oval No. 1452. 

OTHER TYPES OF MONITORS 

' Vhile we have built several other types 
or monitors, thcse have all been designed 
to meet the specific needs of the individual 
USCI'. Photographs or two of t hese are 
shown on this page. 

'We arc preparcd to build equipment (or 
monitoring all types of radio-communica­
tion channels. I nqu iries conccl'lling any 
special problems are solicited. 

Cumpie/, DelCri¢iun in /Julltlin A 
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FREQUENCY METERS 

TYPES 615-A and 616-A HETERODYNE FREQUENCY METERS 

50 

The heterodyne fl'cq lIcncy meter is one 
of the most useful instrumellts in :my 
frequency-measuring system. It hns several 
:'ldvantages over the ~tbso rplioll type of 
wfivcmeler. By using heterodyne methods. 
seUings Cill} be made with much better 
precision, and measurements Ctll1 be made 
at frequencies above llnd below the funda ­
mental range through the use of harmonic 
methods. I t can be llsed as a calibrated 
frequency-measuring instrument in tile 
same way that a wavemeler is commonly 
used und it can also be used Lo interpolate 
between sblUdard harmonic frequencies. 

The TYl'E 616-A Heterodyne Frequency 
l\fclcl' is a high ly stable osci ll ating fre­
quency meLe r using a lIew type of circuit. 
Its outsLanding features arc voltage 
stabi lization, straight. line·fl'eqllcncy pre· 
cision condenser and complete altcl'11l1ting. 
current operation. II includes a detector 

l\'PE OIG-AIt HclcTmlyne Frequency !'o lctcr 

'1'\"I't; 61 ::;·;\ Uctcrod.rnc 
FtoXtl!Cllcy Meter 

a nd a.udio amplifier for list.ening to heler 
dyne beats. It is designed for mounting 
:L standard In-indl ('1'Y1>E 480) ,"clay me 
Its fundamental frequency range is It 
ki locycles to 5000 kilocycles. 

The TYPE 615·A llelerodyne Frequel]( 
"Meter is a portable battery-operated il 
strulUent simi lar in its operating char:l 

terislics to the T1' f' E (j 10-
H eterodyne Frequency j\Jel 
described in tbepreceding pur 
gra.ph. A detecLor is include 
II is supplied in a covered :II 
minum case with a carryiJ 
handle and has space for tl 
necessary batteries. Its fund 
mentul frequency range is fro 
275 to 5000 kilocycles. 

Prices: 'l'yp~; 6 15·A B eter 
dyne Freque n cy Mete 
$375.00, complete with cit 

bra l ions and tubes, 
T YPE: 616·AR H e terodYI 

Frequ e n cy :Meler, $500 .0 
com plete wilh cn libm.lions:11 
Lubes. 

Comp/de Due,iplum i~ /tul/din II 



 

INTERPOLATION INSTRUMENTS 

TYPE 617-A INTERPOLATION OSCILLATOR 

This is a direct-rending beat-frequency 
oscillator for rapidly and accurately 
measuri ng the bent between a standard 
harmonic nnd a frequency under measure­
ment. Oscillato rs of exceptional frequency 
stabili ty arc used . The freq uency control 
is a straight-line-frequency precision con­
denser, ca li brated di rectly in frequen cy, 
one cycle per scale d ivision. l\1cl:lI1s arc 
provided fo r int.roducing sta ndard cali-

brating frequencies, either from n sLand'lrd 
frequency assembly or some other reliable 
source, such as a 60-cycle line. A visual 
beat indicator is included. 

1L is designed for nlLernaLing-clirren L 
operat ion a nd for mounting upon a 
standard 19-inch (Tn • .,; 480) relay rack. 

P rice: 5500.00, complete with tubcs 
and calib ration. 

TYPE 618-A HARMONIC OSCILLATOR 
This is intended primarily to assist in 

uti lizing t ransmissions oC the United 
StRtes Bureau of Standards or the signa l 
from :lny radio transm itter whose fre­
quency is accurately known. ] t consists 
o( a 50-kilocycle oscillator, adjustablc 
over a narrow range oC Crequency and a. 
multivibrutor operut ing at a Cundamental 
frequency of either 10 or 50 kilocycles, ~lS 
selected by 0, switch. l Vhen used with 
5-megacyde transm issions the I OOth har­
moni<'- of the 50-kilocycle fundamental is 

synchronized with t.he standard-frequency 
signa l by adjusting t he osci ll ator, and the 
lllu iti vibra tor harmonics <l rc then used for 
frequency measurement il nd cn libration. 
The frequency of a broadcasting stntion 
can be checked in th is manner. 

Price: T}'p ~: GI8-AIt Harmonic Oscil­
lator (or rclay-rack mou nting, $120.00, 
without tubes. 

T Y PE GJ8-Al\1 H armonic Oscillator, 
cabinet mounted, $135.00, without. t ubes. 

COrllpide DtlCripiiOIi ill B"I/d;" .1 
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TYPE 61 2·A CONTROL PANEL 
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T his panel cnrries Lhe swi tches, volume 
controls, elc., which are necessary for the 
operation of a comple te frequency measur· 
ing system . T he outputs of the various 
units, heterodyne-frequency meler, inter­
polation oscillator, hete rodyne detector, 

? 
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"" 0 
@ -.... ' ...... -, - 1,;;\- 0 - 0 

and frequency standard are brought l. 
this panel and controlled from a singl{ 
position. 

It is designed fo r relay-rack mount ing. 

P rice: $65 .00. 
Complclt DucnpliOlt in 8"lItl;1t II 

TYPE 619·A HETERODYNE DETECTOR 

T his insLnnllcn t consists of a tuned 
rcgencralivc dclcctOl' :1I1c1 a two-stage 
audio amplifie r cO\'cring a frequency 
range of from 90 to Goon kilocycles. I t is 
designed fo r usc as 11 local receiver in a 
frequency-measuri ng system to produce 
beats between standa rd harmonic fre­
quencies nnd frequencies under measure­
ment. Plug- in coils are llsed and a rack 

fol' holdi ng the coils when not III use i ~ 

provided. It is designed for rday-rad 
mounting and is available ill either a-c 
01' baltery operated models. 

Prices : T YPE 61D-AR , a,-c opemled. 
5250.00 ; T YP E OlO-DR, baUery operateo, 
$225.00. 

Comp/do DrlCriplio" ill Uul/di .. A 



 

PIEZO-ELECTRIC OSCILLATOR 

TYPE 575-D PIEZO-ELECTRIC OSCILLATOR 
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This instrument is a temperature­
controlled r iczo-electric oscillator for usc 
as a secondary frequency standard or for 
moni toring purposes. It has a greater 
accuracy and a better stability than any 
other secondary sta ndard thus far avai l­
able. The new oscillator circuit used is a 
modified fOfm of the tuned-grid circuit 
using a screen-gr id lube. and it is so de­
signed that the frequency change due Lo 
wide variations in operating voltages and 
tubes is only a few PllTts in a. mill ion. The 
quartz plate is housed in a temperature­
controlled chamber, which controls to 
within 0.1 °c. 

The use of this circuit permi ts a higher 
Pllllra.ntee of accuracy than has previously 
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been possible in a secondary standard and 
enables LIS to use it in our freqllcn cy 
monitor for broadcasting stations and 
in the Class C-IO Standard-Frequency 
Assembly. 

This osci llator is intended to be used 
with TYPE 376-.T and TYPE 376-K Quartz 
l">lates. ' Villi TYPE 376-J the guaranleed 
aecurllCY is 0.002 per cent or 20 parts in 
onc million; wi th '1'1'1'£ 376-K, 0.003 per 
cent or 30 parts in one million. 

Price: $215.00, for relay-rack mounting, 
complete with thermostat, lhermometer, 
plug-in inductor, and hea l-control indi­
cator lamp, but without tube or crystal. 

Complele Dt«riptioll ill /I"IIe1ill A 
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TYPE 376 QUARTZ PLATES 

These are piezo-clectric quartz crysta ls 
for operation with General R ad io piezo­
electric oscillators as standards of fre­
quency in labo l'atory measurements and 
in frequency monitoring installations. 
Since the high order of frequency stabi lity 
required in such scrvk'cs is nol compatible 
with high (lowel' output (rom the oscilla­
tor, the frequencies of nll plates are guar­
anteed (or operation ut a low power level 
equivalent to that of it. receiv ing Lube with 
] 35 voll.s on its plate. The type of oscill a­
lor in which the plate should be operated 
is also specified because this allows liS Lo 
make a much closer accuracy guarantee 
thull would otherwise be possible. 

The frequencies o( 'j'YI'E 376-J-J, 'l'" .... : 
376-J , and THE 376-K arc adjusted vcry 
closely to thc ordered frcquency, ilnd they 
are guaranteed to bc accUl'ate to with in a 
\'cry few parts in n. million. They fire 
recommended for monitoring radio trans­
mitters and liS laboratory frequcncy 
standards. TYPE 376-H aod T YPE 376-K 
arc suitable for lI SC in monitors for eom-

mercial radio telegraph channels. Fo' 
monitoring a broadcast frequency a highe 
accuracy is required and the TYPE S70.J 
Quartz Phte is intended for th is scrv iCt 

TYPE 376-C and TYPJ:: 376-D Quarb 
Plates fire not adjusted so closely to th( 
ordered frequency a nd for that rea sO! 
they requirc less grinding and a rc lower 
in price. They a re recommended for us 
in laboratories requiring an accuratf 
standal'd, the frequency of which docs no, 
need to have a definite preAssigned value 
These plates operate at room tempera 
ture . 

All plates are manufactured Irom higl 
gradc piezo-electric quartz, free Cron 
twinning. The plates are cut by moden 
optica l manuCacturing methods and tw 
parallelism o[ the surfaces and their ori 
entation:) with respect to Lhe crystallo 
graphic axes are held to extremely small 
lolel·ances. T J1C holders are des igned (01 

permanence of cal ibration and for a rapi~ 

transfer of heat from the surroundinr 
spaee 1.0 the qUllrLz. 

SPECI FICA TlONS 

Frequen cy Ran~e : All plaLd (except T1'I'~; 

376-J) call be mnde for uny frequency in the rnnge 
hetween ] 00 kc nnd 2000 ke; except thnl. between 
200 kc nnd 400 kc, pilltes call1lOt be ll(.·{·oillmodllted 
in the standard holder because o( their dimensions, 
and special prices apply. TnI': S76-J is SUPI)lied only 
for frC<l ucllcics which aTe multiples of I kc. 

Accuracy of Adjustment: The frequency of lit 
plate is n(ljusted, until it diffcrg in onr laborator 
(rom the ordered frequency by an H1l101lllt less thl! 
the amount given in the (.'()l umn hcadc(I · "Adju.st~ 

Within" in the t:thle. 

Accuracy of Calibration: After the frequellf 
of the plate hilS been adjusted as described in It 
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pr~'(:cdillg paragraph. tbe frclltlcney is accurately 
.nC:<lslIrc(1 in terms of sland;1f(1 fre(IUCllcics from 1\ 

Genera l Ha(l io ChlSS C-21-1I Stamlard-Frt'(lue/lcy 
,\ sscmblr and the result of this mcaSuremcnt is 
entered in lhe ctllibrtltion CC!1·tilicate. 

Certified Accuracy: The certificate mentioned in 
thcprceeding pllragraph Illso st.a les t hc limits to with­
in II"b ich the frequency is gunrnnteed to be, as spcci­
Sed in the third (.'() lulIln of the table. tIle olle headed 
" Maximurn DevillliolJ from Certificd F re(luency." 
This column g ives the maximum lIe\" iflliou of the 
cQ·stn l. frorn the certifled frequency liS measured by 
us, when I he 1)I:ltc and oscillator are opera ted within 
the h:lllpCrHturc Ilnd other opcrllting limits specifled 
by us. 

Frequ ency T o le ran ce: To find the IlmOUllt by 
\\"bieh the 1lett!:!1 frequeue,)' of the plate Illay differ 
rrom the freque ncy ordered. add t he figures in the 
sewud and third colulllns ("Adjusted 'iVithin" and 
"Maximum Devia t ion" ). For example, if a. T\'PE 

S76-D QUILrtz Plate is ordered, the uscr ClUJ rely 011 
its frequency's being within 0. 13% of the frequency 
"'hich he specified whell onlering and within 0.1 % 
of the frC(IUency cntered ill the certiflcate of 
CIIlihra tion. 

Oscillator: Contrary to the common ILssumption, 
the frequene,\' and the fre<luency stability of a piezo­
eledric fre(luency standard del)Cnd upon the design 

and construction of !.he osci llator. Hence, the l)Cr­
iOrnlILIl(.-e of ,til General Radio qnart? phltes is 
Sl)ecified in a given lype of oscillator. 

'1'YI' ~; S7G-C and '1'\.1'1:: 376- 0 lire calibrated in and 
intended for use with the TYPE Q75 or TypE 37:; 

Piezo- Ele<:tric Oscilkltor which hll\'(: 11 0 temperat llre 
control. T hese instruments are d('scrihed ill previous 
cnta logs. 

T YI't; 376-1-1 is ordina rily c.'l libralcd in tile oscil· 
lator Ilnd tempcrature control box in which it is 
intended to be used, whicll shou ld be of General 
lladio manufacture. 

'1'\'1' 1:: 376·J MId TYPE 37G-K q llart? platcs IIrC 
sold for use only in a TYPE 575-0 Piezo-Elcclrie 
Oscillator. This oscillator uses a new type of (;ireuil 
in which the crysta l operates IlCilrer its resonant 
frc(tllcne,\' than in the conventional type of piezo­
cled.rie os('i llator. 

i\'l o untin~: T he erysb\ l llOl{ler consists of It hake­
lite base carr~'ing a chromium plal~l lJrass (:ap with 
a Illeans for adjust ing, lock ing, and sCHling til(: air 
ga p. It is practica lly dllst proof and is fiucd with 
plugs for usc in Gelleral Ihdio pie7.0-elect.ric 
oscillators. 

Dimen ~ions : Bllse, (width) 'lU x ({lepth ) 2 x 
(lll~ i g lll.) I},{ ill{·hc.~, over_n il 

Ne t Wei ~h t: I I>DUm!. 

M aximum Dcviation 
from. Code 

Word Type 

"376-C 
"376- D 
-376- H 

-376-J 

'376- K 

Adjl,slcd Within 

5 % o f freq u e n cy ord e r ed 
0.03 % of fr equ e n cy orde re d 
0.001 % of freq u e n cy o rde re d 
1 cps o f freq u ency o rd e red 
0.001 % of f r equ e n cy o rd e r e d 

Certified Frequency 

0.1 % 
0.1 % 
0.009% 
0.002% 
0.002% 

Credit allowance for returned '1' \"1'1:: 376 quart? 
Ilnd h ighcr. 

'J'emper(lfllre 

18"-32"C. 
IS"-3<2"C. 
50" ± O.:U QC. 

50"± O.I Q C. 

1,,\ I' ~: I . 

LAIl\' 1\. 

I.E\·f:l. 

AGAPE 

A."OIH. :;0" ± 0. 1 °C . 
Plates, Serial No. 2000 

Pricc 

$45.00 
60 .00 
85. 00 
85 .00 
85 .00 

15.00 

' Ilefore o rd er ing q uartz pl a l'cs, read ca refully thc abovc specifications. Our Engi ncering Snles 
Department will be glad to make suggestio ns reganling tile ty pe of quartz plate require(1 for :l 

speciiie purpose. 
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TYPE 547.A TEMPERA TURE.CONTROL BOX 
(NOT DESCRIBED IN BULLETIN A ) 

The increasing need for improved 
frequency stability in piczo-clectric oscil­
lators makes i t necessary Lo control the 
temperature of the quart .... pla te. The 
Typ£ M7-A T emperature-Control Uox is 
particula rly recommended for usc in 
composite rad io transmiLLers where the 
crystal operates a t 10\\.' power level . but 
it is by no means restricted to th is usc. 
A terminal plate carrying jacks for two 
T YPE 376 Quartz Plates (or any device, 
such as small resistors or condensers whose 
performance under con trolled-temperature 
conditions is desired) is provided wi thin 
the temperature-controlled space. Choice 
of the quartz plate which is in ci rcuit is 
made by a switch moun ted on the panel. 

Within the cab inet are placed a billsa~ 

wood insuhting layer, distributed heaters 
(placed on all six faces of the interior 
assembly), an aluminum distributing 
layer, an asbestos attenua.tion layer, and 
a, second aluminum distribu ting layer 
wh ich fo rms the wall of the tempemture~ 

controlled space. A Ulermomeler, gradu~ 

ittcd in t~degree C. divi.5ion.5, reading from 

40° to 60°C. and moun ted behind a sit 
in the panel, ind ica tes the ail' temperatw 
in the inner space. A rheosta t is includt 
for heat regulation nnd a heat-contro 
ind icator Imnp fo r signaling the operati{ 
of the thennostats. Plugs amI cords fc 
connection of the heatcr circuits to tl 
115-volt al ternati n g~curl'ent 0 1' direr 
eUl'rent mains are providcd, 

The thermostat is of the adjustab 
mercury type, operating through a reb 
mounted on front panel to control U 
current through the heaters, The reb 
circuit is so arranged that fai lure of tl 
6-volt rela.y battery supply causes It 
heater circuits to remain open. 

T he uni t will control thc tcmperatU' 
of the inner space to within ± O,lOt 
a.gainst changes in room temperature 
± ll oC. (20°F.) . If the amount of heat 
regulated by adjustment of the hc~ 

control rheostat, to maintain tile san 
ratio of ON to OJ.'I' t ime in the operat ion 
the thermostat, somewhat hetter conti 
and a wider ambient temperatu re ran, 
may be obtained. 
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SPECIFICATIONS 

Accuracy of Temperature Contro l : Tile unit 
will control the tCIll I)CrnlUrc or the inlier SP:I(,'e to 
.ithin ±O.loC. for cha nges in room temperature ()f 
t WC. (20°F.). Where the crysl;li is OPCf111Cd at a 

power level so high t hat it gcncmlcs heal, the 
temperature CH.n be held to within the same limits 
if the heat generated by the crystal remains constant. 

Mounting: The instrument is mounted on a bake­
lite p:l.Ilcl ill It w;tillut cabinet. 

• 
Dimensio n s : Panel, (width) l 'l x (heigh t) 10 inches . 
Cabinct,(dcpth) 1 0 incites, over-all . T he temperature­
oontrollcd ill ller chamber is a cube 4Ys inches 011 

t'ath side. The effect ive dCptil is red uccd to 3% 
irlches by the SJl~lCC occupied by the termi nal plate. 

Nct Weight: 18 pounds. 

Type 

547-A 

(Jodi; IVrm/ Price 

Hlm!.Y $150 .00 

TYPE 547-P2 THERMOSTAT AND TYPE 547-P3 THERMOMETER 

This thermostat and thermometer are 
listed so that the users may replace them 
in case of breakage. They are for use in 

lVlercury -Type Thermosta t 

the TYPE 547-A T emperature-Control 
llox or in the TY PE :")7:")-0 P iezo-Elecll'ic 
Oscilbtor. 

Code W ord Price 

547-P2 
547-P3 Thermo m eter, 40"- 60"C., graduated in 0.5" steps 

LIBEl. 

LJr.. ,\ C 

$20.00 
4.00 

TYPE 591 -P REPLACEMENTS 

These are provided so th~tt Llsers may 
replace them in case or breakage. They 
are for use in t he TYPE 591 Ternpel'a ture-

Control Unit, a component oC the Class 
C-21-H primary standard of freq uency. 

Typ6 

591-Pl 
591- P2 
591-P3 

Outer Thermometer, 40°_60°C ., graduated in 0.5" steps. 
Inner Thermometer, 46°_54°C., graduated in 0.1° steps 
Mercury-Type Thermosta t (same as Type 547-P2) .... .. . . . 

Cod, 
JVord Price 

L O U tn" S4.00 
LOCAL 4.00 
LIlII:: t. 20.00 
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TYPE 224 PRECISION W AVEMETER 
(NOT DESCRIBED IN BULLETIN A) 

T YPE 224-L Precision Wuvcmctcr. l\·p~: Q'H-A is simih,r 
in ""PI>earance, but it requires ;j inductors to COVl:r its 

runge 

'fhis WIl\"cmctcl' is nil ahsorption-type 
inst rumen t made in two ranges for the 
accurate measurement of frequency and 
wftnlcngth. Its accuntcy (0.25 per cent) 
is very good considering the extremely 
wide range of frequency it covel's. Where 
fairly accurate meaStll'cmcnts a rc to be 
1Il,:Lcie in ~l number of frequency bands, one 
or the T YPE ~24 P recision W;lvcmclcl's is 
suggested. F or the uILra-pt'ccisc f"cq llcney 
Il1CaSlIrClnenls requi red in present-day 

commercia l a lld labol'atory service, \I 

recommend the use of the helerociym 
freq uency meters and pic7.o-clccLric asciI 
littors described in p receding pages and il 
Bulleliu A. 

The condenser is of the IlI'ceision worln 
drive ly pe a nd the induetors nrc ca reru l1~ 

designed fo r the ideal IVlaxwcliian sha.p(' 
The resona nce indicator is a. lhermo 
galvanomctcr. 

SPECifiCATIONS 

Frequency Ran~e: This W1lVCJtlctCT is 1Il:t<!e ill 
two si7.e.<; : '1" '1'.: 2(!4-A. <,-'Overing from 4290 k(: 1.0 
12.;> kc (70 to 2·~ .OOO llIc1.c r~): and THE 224-L, fro m 
20,000 kc to 500 kc ( 15 to GOO meters). 

Conden ser: T he WH\'emeter Ilses 11 precision <'-'OIl­
denser similar to T\'I'~: 2'22. It liaS sem icircular 
plates giving n. li ncar \'ariatioll in cllpllcitllnce with 
scale reading. 

Inductors: T\'PE 224-A is su!)!)licd with fivc (111(1 
T YPE 224-L with six inductors to cover the ranges 
gh'en in Frequency Hauge. Extra inductors can be 
SUPI)tied to ex tend the range of eaeh instrument by 

sma ll aJllounts hut the aHem pt to gre/ltly inerenSil 
Ihe range by this method is 1I0t recommended 
Inductors arc mounted in individual wHlnul C.1~ 
with terminals, The connections betwC<:11 induct.:. 

fi nd <'-'()ndcnscr arc tlltl(ic by thc rigid <'-'()J1 llccling stral' 
shown in the photograph, 

Cl-I l ibration: Endl inductor is c.'llibrated at • 
lJ umber of points ill terms of II Class C21-H Siandnnl 
Fre(!ucncy Assembly. The calibrat ion (or cach ill­
d uctor is ploued on a ehart which relates boll 
frequency and wavelength to sc.1le reading, TIk 
wavelength cal ibration is obtained from the fre. 
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quelley ealibr:llioll hy the usc of 299.82 meLers per 
second as 11 eouversion farloT. 

The cap:lrita llcc ca libration for t he condenser 
similllT to tha t supplied with tlte TYI'~~ 22'1 P recision 
Condenser (see page 31 ) is furnisllcd. 

;'ccuracy: T he (re(IUellcy calihratiolllllay be relied 
llpon to lI'ithin 0.25% of the true frequency fOT oue 
yC>lr frolll the date of purchase. At the end of that 
l.eri()(1 the instrmnent shou ld be returned to OUT 

tll!>oratory for check ing and possib le recalibration. 
The capacilance calibration is accurate to within 

J JlPt. 

Resonance Indication: A therrnoga ll'anomeler 
is used rlS rI reSOIlHnt"e indicator. Heaclion methods 
can also be IIsed without altcring tile gnaranteed 
:t t'Cl :ra('y of tile (;,Ililmltion. 

Mounting: A woodell storage case, fitted with tock 
and carrying handle, is furnished and th is has par ti­
tions for holding the condenser unit, the iuductors , 
awl the calibrntion charts. 

Dimens ions: Cn Tl","ing C<lse, (Icngth ) '10 x ( width) 
1'1 x «( ll-pIIL) II indlt:s, o,·cr-a ll. 

Net \Vei~ht ! gO POlllHls including stora)!!' cast:. 

T!Jpe frl'que llcN 1'·(l vcllJ lIlJll/ Code W ord 

224-A 
224- L 

4290- 12.5 kc 
20,000- 500 kc 

70- 'U,OOO melers 
15- 600 melers 

" ''\ GJ:;II 

l l "'llE.H 

8190.00 
200. 00 

TYPE 624 PRECISION W A VEMETER 
(NOT DESCRIBED IN BULLETIN A) 

This inslrumenl is a high-/'requency 
WH\·emet.cr inlended for use under service 
conditions where lhe greates t accuracy 
oblliinable wilh cOUllllereial tuned-circuil 
WIH'cmelers is required. I t covers Ule 
range (rom ;Z5,OOO t o ;:;670 kilocycles (I~ 
to 53 mctcI's) . 

Sellings are made by lhe incl'emenlal 
capacitance me thod which allows settings 
to be made ,vith high precision. Operat ion 

'I'he TnE G~4-A P recision 
Wavemeter is grounded when 
tile operator grasps the dri'·e­
knob shield II·it,1t his left. haull. 
De operates the !lUsl: bu!lon 
wilh littlc finger of same hand 

of it "push buLlon " lhrows in OJ' on t or 
circuit a s lllall condenser in para llel with 
the ma in tun ing condense r. The main 
condenser is adjus ted unlil opera tion of 
Ute push button causes 110 cha.nge in Lhe 
d efiecliol l of Lhe Lherill oga lvn nomclcr. 
" ' it.h lhis melhod, a p reeisio ll of se t ling 
of lhe order o r one parL ill 20,000 CH n be 
obLained. 

The conde nse I' is of lit e precis ion worlll-
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drive type and has plates shaped to give a 
stra ight-line-frequency va riation. The in­
ductors combine low losses with extremely 
rugged construction. 

A thermometer is mounted on t he panel 
to indic~lle the temperature of the waYC-

meler when used. Data afC provided £0 

correcting the calibration fo r the effect (; 
temperature changes. 

The guaranteed accuracy is 0.1 per eel 
for a period of olle year from date ( 
purchase. 

SPEClflCA nONS 

Freque n cy Ran ge: ~I'liis WHvclllclcr (:(lvers It 

frequency range of from 25,000 kc to 5670 kc (l2:lo 
53 meters). 

Condenser: A I)rccision condenser is used similar 
in construction to 1'y".; 2.22. The rotor plates arc 
s!mped to gh'c a linear "[tria lion in freque ncy wilh 
scale reading. 

Inductors: T YPE 6~ Precision Wnvcmctcr is 
supplied with 5 indUclors to cover the range gi\'clI 
ahovc. }:xtra inductors can be Sll l)pl ied on special 
ordcr to extend the range to !H meters. The in­
ductors are lIIouute(1 in indi\'idunl walnull':ISCS with 
termina ls. Thc ('VIIIlcctiuJ\S hc tw(.'CII inductor and 
condenscr arc ma(lc lJy IIlCilIlS of a rigid t."O IUII!cl­
ing strap similar to that used in the 1'1"1'1:: 224 - :\ 
Precision 'Ya\·cmetcr. 

Calibration: Each inductor is (:a lihratcd ill n 
numbcrof poi nts in terms of a Class C21-I1 StullIlanl 
Frequcncy Asscmbly. T hc cHlilJrllt ion for each in­
ductor is !)IOlled on a chart of standard erOS!Ht.'(!t ioll 
paper. Ca librations arc su pplied in frequency only. 
WII\'c1englh \"lI lues ma,Y be determined b~' use of a 
('~lIl\'crsiOI1 factor. 2!)9.8'l rllelcr.~ per sccond. A c;tpae­
it,uK"e ealiLrat iol! CH I! be su pplied if desired. Sec 
l>ri t."e list IIdow. 

Accu racy : The e:tlibration ma,}' be relied upon to 
wilhin 0. 1% of the true frequency for one year from 
Ihe ,laic of purchase. At tile cnd or Ihllt period the 

checking and I)()ssible reealibration. Since the Cli l 
bration is guaranteed to so close 11 tolerance, 
eorrection must Lc made for the effcct of teml)erat ur 
on the hmed eireu it. For this purpose a Lllcrm0111ct ~ 
is mOllnled on the instrument and an expression fo 
usc in making this correction is furnished in Ih 
instruction book. 

Increm ental Capacitan ce : $tale scllin!,'!! ar 
made by the incremental eap:lci!lIllCC method whiel 
permits an extremely high oTller of precision. Opera 
lion of a push buUon throws in or out of circuit , 
small condenser in parallel with the muin tunin, 
eOlldenscr. T he main (.'Oll(lens~r is adjusted UI11 

operation or tile push button causes 110 change ill II!­
(Idleelion of the thermogal\'1lnomcter. This mean 
Ihnt the incremental eapacilance has spanned lit 
rcson:lJK'C peak. With the push !,uHon open, Ill. 
circuit is 1 uned to a frC<llIeney Irigher Limn resonan(\ 
while with the UUtlOIl depressed, the (:ircuit is de 
luned 011 the low side by an equal amount. This give. 
a differential effect in rending the gn lvanomctcr an 
!!Hows a precision of Ule order of one p:lrt in 20,000 
The resonance indicator is It thcrmogah':lllorllelcr 

M ounting: A wooden SloTHge elise fitted with lod 
lind carrying handle is furnish(.<Q a nd t his hns corn 
pilrlmcnts for holdillg t he (.'Ondenser units, inductors 
:till) calibntlion chart. 

Dimensions: Carrying Cllse, (length) 20 x ( widtb 
1'2 x (depth) II iuehes. 

instrument should be rclllrned 10 onr laboratory for Net \Vcil6h t: SO pounds in("lllding carrying easc. 

Eqll icaicll f 
Type Frcq llcncll Woce/c lryt" Gode 1I'0rd Pricc 

*624·A 1 25, 006-5670 kc I 1'l-53 meters I .\(; ,\Tt; 

:-"founted Capacitance C:llibration Cu rve CCI! \· .~ 
·C"Po .... ';I,,,,.,,, aliar"liQl1 sUI.plied only when ordered. UM: compound eode word: ,,".IT>:(:url\·F_ 

TYPE 624-P INDUCTORS 
(NOT DESCRIBED IN BULLETIN A) 

$275.00 
6,00 

These a re in t.cnded (or use wiLh the 
T YPE 624 PI'ccision \Vavcmclcr to extend 

its range lo lower fl-cque ncies, Pl'iecs Ill· 

elude calibral ion. 

Type 

5670-4270 k c 
4270- 3200 k c 

EquivlIlcllt 
IVuvdcl!yfJ, 

.53- 70 meters 
70-94 Dieters 

Codc Word 

1 
ALI\,f; I 
M.'.'" 

" ,iC(' 

S25.00 
25.00 

*Wa\'emetn with ... hich iDduclors lite 10 be used must be supplied with oroer so that c31 ibrutioll elm be madc. 
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TYPE 419-A RECTIFIER-TYPE WAYEMETER 
(NOT DESCRIBED IN BULLETIN A) 

The TYPE 419-A R ectifier-T ype " 'ave­
meter is a luned-circuit instrument for 
/Zencral use in experimental work ill the 
short-wave band between 1 and 15 meters. 
PrO\"i sion is made for indica ling resonance 

by means of a self-contained vacuum-lube 
recti fier which may be used in conjunction 
with either its micro-ammeter or a pa ir of 
telephone receivers . Anyone of the nu­
merous r'caclion methods mlty be used. 

SPECIFIC A TIONS 

Frequ ency Rance: 300 Me to 20 i\l c or I meter 
to 15 meters by lIsi ng the four plug-in inductors 
supplied with the instru ment. 

Calibration: Ench inductor is individually cali­
brated with the gretl.lest possible lU.:<,:UTllCr at several 
points ill terms of the Genera l Radio Com pnny's 
primary slnndard of frequency. Each one is sllpplied 
.. ilh an individually mounted calibra tion CLlrve which 
Itlates condeuser scll ie divis ions ami freqllency in 
Il\('gaeycles I>cr s(.'(.'Ond. Ench chart also dlrries an 
.u.~i lillry eUr\'e which pcrmit s the rapid com'crsion 
olfrc<lliclley into wavelength in meters. 

Accuracy: Tilc (.'Onstmction (Ind cn librntion of this 
wavemeter nrc sudl tlmt measurements, if carefully 
made, can be relicti llllOn to within 1% of the in­
dicated frequen cy. 

Condenser: A unit s imilar in construction to the 
'l'Yl'E 568 , 'n rinhle Air Condenser and having 1\ 

straight-line·frequeney "Ilriation is used. This is 
operated by n IOO-division, 'I' Y1'~: 503-G Dial of the 
friction-dri ve type. 

Inductors : Any olle of the four plug-i n inductors 
may be mountcd in position at the side of the 
coLbinet b:-" menns of a plug Hnd jaek arrangement. 
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Storage spm:c is pro\' idcd in thcoouomofthccabincl 
for them when t lley arc not in usc. The nominal 
frequency range of each is shown in the following 
lable. A sullicicnl a1ll0unl. or oq:'rlnp is nllo\\"cd 011 
cnch inductor. 

f m/llc(or frCllllclICfj I I 'w'c/cllylh 

D 'l0- 40 ;\Ic 1/; - 7.,; meters 
C -10- 7,; "Je 7.5- 4 meters 

II 75- I:}O Me ·1- 2 mcters 
A 150-300 "Ie 2- I meter 

Resonance Indicator : A 230-1ypc Ilibe with 
])Ialc and grid l'OlIlIcctcd together is used HS 1\ d iode 
rect ifier. T his rcdificr, in series wit h a high rcsishu lce 
for swamping out va rililions in its inlernal rcsislnncc 
wllcn t ubes are changed, is conncete<1 in pamlld 
'1';11, the l uning condenser. Current is intiit'l.ltcd 011 

tile IOO.micronmpere gnivanolllctcr or, if dcsirl'tl, 11 
pair of lcicpiloncs Illay be inserted in the circui t fo r 
nl;) king aura l uh.'\Cr\'lIlions on modulnted oscillators. 

Heaclion methods nllt.)" :llso be usc,] wit II the 
.'<ame calibrations sUllplicd with tile inst rumcnt so 
luug as the lube is ill its sockct. 

T u bes : One 'l30-t~' 1 1C tube. not furnishe(1 \\"ilh III 
instrulllent. is required. Tile \'ariatioll in intl'l'. 
eledrode capacitance umong differenllubt:s of thi 
Iy pe wilt 1I0t affect the calihrat ion. 

P o wer S upply: I~ilumen t currcn t tor the l ube i 
taken from a L5-volt, No. 0 (I ry edl. mountilll 
spacc for which is mntaincd in thc oottom of II. 
cabincL It is not supplied with the ins trument. 

1\'l o u n ti n ~: All Cfluipment is ('llrried 011 an tl lum~ 

1111111 punel finished in billek crackle 1a('( llicr. wlli~ 

in tmll is moullted Oil n polishc(1 walnut. (;abincl 
Space is provided in the bottom for s toring the (I f! 

('(:11. thc four inductors, a nd the four cn liltratiOi 
curVe charts. 

Accessories: T he dry cell a lHI the OIlC lube Me lit! 
onl,\' uccessorics rt.'<luired to put t.he wavclllctcr il 
opem tioll after i t is retcived. 

Dime n s io n s : ( l.cngth ) 10 s(wi( lth) iJ;:ls (dcpth)' 
inches. over-all . 

Net Weigh t: 13-;1 I>ouuds without Lube or haller:.· 

T ype Freque/lcy II' flrl:/Cllyllt Code 1I'0rd Price 

41 9-A 300- 20 Me 1- 15 meters 5100.00 

TYPE 574 W A VEMETER 
(NOT DESCRIBED IN BULLETIN A ) 

This direcL-rending luned-circu it wave­
meter is well adapted for genera l purpose 
work in cOlllmcrcia l, experimcntal, nnd 
educalional lahOl"atories. It is unusunlly 
compacl , and its wide frequency range 
a nd di rect-rend ing feature make it usefu l 
for determining quickly UIC frequencies of 
translil illers, receivers, and oscillntors. 

Its precision is adequate (or most rou· 
line frequency mC.lsurcmen ts. Even i~ 

high precision 'vo rk the t.ime-wasting and 
bothersome processofloca ting an un know~ 
(requeuey on a. precision w;wemcter ca~ 
often be s im pli fied by firs t clct.ennining 
lhe a pproximate frequency with the THE 
571' \Vavemeler. 

SPECIFICA TIO NS 

Frequ e n cy R a n ge: lUG kc 10 iO,OOO kc ( 1800 
meters 10 4 .~1 meters), cont inuously, by using lhe 
fi,'c plug-in iu(\uclors supplied with Ihe instrument. 

ACCUTitcy : The construction am.l calibration of this 
wa\'emctc r arc such that, if carefu lly made. meaSllTC­
mellts Cim be relied Ur)()n to within 1% or the indi­
cated frequency. 

Calibration : ~;uch im\uclor is individually cali­
bratCt\ at. five IlOints in terms of Ihe Generul Hadio 
COml)any's Jlrilllflr~' sta ndard of fre<luclicy. and 
intertUCt..lialc IlOillt8 ure sc..'Curcd by intcrlwi:ttion. 

T he sCll les thems;dves IIrc engw\"eJ on the ill(luci.ors. 
thus making the instrument direct-reading. Cuil A 
a nd Coil i3 ate engraved in units or megacycles pcr 
second. others ill kil(~ycles I>cr second. 

f:qui~(tlclll 
I m/'Iclor Frc'll/rlle!} 1Vocc/ellg/1i 

.; 16!i- ;j00 kc 1800- 000 meters 
I) 500- I iOO kc GOO- 1 i(j lIIeters 
(' 1700- GOOO ke l iC ... ;j0 Il leters 
II 0000-1 fI,OOO kc ."0-1 G.G meters 
A 18,000-70,000 ke lG.6- 4.3 metcrs 



 

Condenser: A special T\'J't: 3:H Vnri:lble Air 
Condenser mOllified hy a reduction gear is used to 
611l"eKd I he clll ihra t ion sC:llc over llpproximately 345°. 
This fHcilitates precise sellill~'S. T he t"OlIdellser is 
driven b.l· a slow-motion knob gcared to the {."On­
drnscr Sillift. 

lnductors: Anyone of tlte live plug-in inductors 
OlftY be mounted in position hy means of two pin­
type plugs. wllile the four not in lise lire storcd in 11 

oollIpartment. They lire wound 011 moulded bnkelite 
fOfms. ,~ inchcs ill dillmetcr ;lnd 1 ineh long. T he 
uuminnl frequen cy range of eflch is ShOWlL ill tile 
aCOOtll])'1nying table. A sufficient amount. of ol"crl;lp 

is providcd on CHeh inductor. 

RcsomU1ce Indicator: Because of t hc necessity 
for light weight and compactness and because 
resonance between a tuned-circuit wavemetcr and a 
vacuum·tube oscilla tor is most easily nnd I)reeisel~' 
determined by a ny onc of sc\·ern l reaction methods, 
neither rcsonuncc indica tor nor high.frcqueney 
gt!lIcrntor is included. HeHdion methods nrc si mple 
lIud fC( luire only plale or grid llIet ers in t he oscillator 
beiug measured or 1111 illixiliary oscillating rec:civer. 

MoulI t in lJ,: Thc condcnscr is mountcd on a bnke· 
lite pllllci aUuc!lcll to lhe polishcd w"luIII ca~e at 
one end of which is the storage compil rt ment for 
spare inductors which are lIc1tl ilL pla{."C hy :I spring 

damp. 

Dimen sio ns: ( Length ) 11 x ( width) 5 x ( heigh t) 
5}i inches, over-all. 

NI!l WCight: 4% pounds. 

TYJK Frcqllcncy 

514 166- 10,000 kc 

Eqllir:oltmt 
II 'or:c1e1lyll, 

1800- ·L3 meters 

WAVEMETERS 

('mit lVord /'rice 

CAnny $50.00 
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TYPE 358 
WAVEMETER 

.. ".,,,.,, 
,~::. 

This is an inexpensive general-purpose 
device covering a wide frequency range. 
It is compact and is easily held in lhe 
ha.nd while making mem;ul'cmcnls. In 
certain cases, the usefulness of the wave-

meter may be increased lhrough tile addi. 
lion of two inductors to extend the wave· 
length range. These inductors areava ilable 
on special ord er and details will be sup· 
plied on request. 

SPECI FICA Tr ONS 

Calibration: In wavelength; accuracy. 1% . 

Condenser: T YI'F, 247 Condenser ill shielded CIlSC. 

I nd uctors: F Ollr, all bakelite fOfms. filled with 
pins to fit condenser terminals. 

Resonance Indicator: Small A,l shlighL bulb in 
SpCCiili socket which closes circuit 011 relJloval of 
bulb. 

Carryi n~ Case: Spa(:c provided in woo(len box rO! 

inductors, condenser, and calibration cimrt. 

D imen sions: Carryi ng case, ll U x 77.i x 53i 
inches. 

Net Weight: ,~ Y2 pounds. 

Type F:quicalcllt f'reqtumcy Wm;cle1l911t Code Word Price 

358 20, 000- 1364 kc 15- 220 meters l1 Ppr.n S15.00 

TYPE 434-8 FREOUENCY METER 
(NOT DESCRIBED IN BU LLETI N A) 

The Typt: 434-B Frequency 1\1et.cr has 
been developed to provide a means for 
measuring, with an accuracy of 0.5 per 
cent, audio frequencies in the range from 
20 to 20,000 cycles. It makes use of the 

Wien bridge, which contains only resist· 
::lllces and capacitances. This eliminates 
the magnetic pickup which exists i.n all 
frequencymetersconblining seH- or mutual 
inductance. 



 

The meter is direct-reading with a.n 
extremely long sen Ie. The meter has th ree 
frequency ranges difl'crillg by ratios of 
10:1, obl:.lined by varying lhe condensers 
by ralios of 10:1. Thus the same scnle is 
used for nil three frequency ranges with 
decimal multiplying factors. The d ifferent 
frequencies arc distributed along the scale 
logarithmically, i.e., equal frequency ratios 
occupy equal scale lengths. This makes 
lhe fractional accuracy constant over t he 
entire scale. Th is very desirable feature is 
obtained by a suitable shaping of the 
tapered resistors, which arc the va riable 
units in the meter. The inductors used in 
olher types of frequency melers cunnol be 
shaped to yield tilly desired frequency 
distribution. 

The resislance balance o( lhe bridge is 
approximately nw.intained for nil scale 
sellings. Exact balnnee is made by means 
of ,), suitable potentiometer. The selling 

FREOUENCY BRIDGE 

of the frequency dial is not changed by lack 
of resisla.nce balance, but merely dulled. 

The null detector is usually a pair of 
higb-resistnnee head lelephones. 'fhcy are 
sufficiently sensitive lo enable the dia l to 
be sel to 5 per cent with 2 volts applied to 
lhe bridge within the freq uency rangc300-
3000 cycles, if the waveform is pure. The 
dial may be set to 0.1 per cent by applying 
a higher voll.age to the bridge or by lIsing 
an nmplifier such as the TYPE 514~A 

Ampli6er betw(''C1l t he bridge and the 
telephones. When the harmon ic contcnt of 
thc supply is large, a 10W-PiISS filter, such 
as T Y PE 330 Filter Seclions, or a. luned 
circuit may be used for frequencies less 
Llllln the na.tural frcquency of the tele­
phones (about 900 cycles). 'rhe TYPE 

4S8-Dl\rI Allcrnaling Current Voltmele r, 
preceded by the TYPE 514-A Amplifier 
and a. T Y PE 330 Filler Section, may a lso 
be used as a null detector. 
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SPECIFICA liONS 

Frequency Range : 'lO- 20.f)OO cycles ;n tilr(.'C 
t:ongc~ by lIl("fl n !J of II. seleetor $witck 'i!(I-'lno t·Y'·lt~~, 

200-2000 cycles. 'lOO0-20,OOO c~·cle.~. 

Calibratio n : Elich instrument. is ;ndh'idlm JI)' t"ll li· 

hnlled willI more tlHIII sufliciclIlll C<!UrIICY ill terlllS 
of the General Hndio ('ollll»tny's prilllllry sliul<lnrd 
of frc<lucnc;r. Ench din I is then indi\'idually engrn veri. 

Accur~lcy: The lJull poilll is uarrow t)1I0ll11h so 
thal. with ll' lIfficicnL SIJI>pl.v voltage or suflicicnl 
:lmpiificnliolllJll tile null detector nnd with n fnir ty 
pu re waveform, lIle dial 1IlllY be set to 0.1 'ft . T he 
clililmLlion 011 t he dialma,Y be relied IIPOlllow;l.h;1I 
0.5% lit all positions. 

Drhe: The G-inch dial turns through 1m (l1lg\c of 
:1'20" whiclt givcs II 8ClI le lengtll of about 17 iliches. 
It is tlriw:n by u slow-motion knob, 

Impedances: Input. :1 III kilohm:;: oull)tll. 1 -~ 

kilolllllS, lIle smu ller ""lues corre>;ponding to the 
Iligller fre<lucllcies, 

Inpu t Volta$le: 11 0 'lollS, ma ximum, 

Accesso ries: A null <ieteetor will he rt:quired II 
ol>crate the instrument. This 11m,\' be hcnd tdeJlllOUO 
snch as the Western Electric Type 1002-C or u 
nmpli(icr+lllcter <..'()mbinnlioll SUell :IS" T YPE 511-j 
Amplifier nud a '1,-.,.: 4SS. Dl\J Aile-muting CUrrelll' 
Voltmel£"r or (I TYPf: ,~'.!tJ-A or TYI'~: (i:ZG-A Tllernlll 
ollic Voltmeter, uscd in con junction with '!'Y"E 3:11 
Fitter Sectioll$, E,'en wit It hetHI tclephollc.i:I n Ulllllh~ 

fiCf nlld filler .sect ions IllIlY J)fOVe useful, 

Con t rols : Frequeue;,>' .Iinl, rlmge .selector swil.-It 
rcsisliUlce balance knob, 

Mou ll tin$l: t\lulIIinum pllnel. Minch thid 
finished in black crackle laC(IUer, moullted ill coppet 
lined wulnut C:lbinel. 

Dimens io n s: (Lenj!1I1 ) 1<1).: (widlb) Sy!).: (height 
Ny! inches, over-aH, 

Net We ight: 15M pounds. 

(',~dr 1I'0rd PriCl' 

20- 20,000 cycles I ..... ............... 1 <':UI.o 11 5125,00 

TYPE 511 SYNCRO-CLOCKS 

'1\'1'.: 511- 11 S.'·lIcro+CIt~k, TOile gCll('ra­
tors :U1d 01 hef IIlludllllcnls\:aJl he lJuJUlllcd 
ill UIC spat.-e al the right of the sub pauel 

The de\'elopment or highl,,, slable "<lel 
LIm-tube oscillaLul' cit'cui ls htt ,':; made iL po 
~iblc fol' labol'a.lot'il.'s to secure elcci ril'. 
lind electro-mechanic:.] .syslems whie 
havc pl'actic:llly constant frequency, aUg! 

lar \'elocity. 01' I'otllliollni pe riod. For II 
measlirement of t.he~e qtt:lIll.il.ies. ther 
fore, many of Ihe dcvkcs tL ~ed for dete 
mining frequency f[I'C useC .. \. 

l ''(w cxam ple. H f.yndll'onotti'-moto 
driven do('k 111ft,}' he II s('d :1 :- l'I sour'cc 
precisely del.ermined time intcl'\'als wit. 
drivcn by II st::L ILdnrd-frcqltcll('Y oscillate 
a nd , convcrscl,\', it. ma," hc used (or dele 
milling frequcllcy wilt'll ('Ompa r'cd wilh 
sl.andard lime iutcJ'\'aJ. This dual pttrpo 
1l;l,t.lII'ally offers a ",ioe ficlo of lIscfulne 
rol' such a device, Accurate liming is d 
mundt'd not on!.)' by lahomlol'if.:'s bul 
cO ll1l11er<.:ial pntclice. 

~rhe sync:hrollolts-molor-driyen clod 
01' Syncro~Clucks. described in lhis s( 
tion may have) in addit.ion to the clo 



 

SYNCRO-CLOCKS 

lllcc'h:lnislfI, a !lumber of other accessories. 
Thl" onl.v one here l i~led is Lhe " micro­
Ilial" hy means of which time inlcr,,: t1 s, a s 
rt'co rdcd by lIle SytWl'o-Clock, lIIay he 
cO lllpared with l ill ie int C: l'vu is dcLcrlll ined 
b," ,';OIllC otlWI' s~·slcm. Among' the olhcl's 
,In:- seconds and I cnLh-sc(;oucls <:onlncto l's 
for supplying neclll'HLdy cleLcl'mim.'{i cleC'­
lril..'.t1 impulses. On any olle of L1H: Syncro­
Clo(;k shaft s may be lIlouutcd iron a,'n11l ­
lu re discs which, when I'olated in the field 
or a magnet, may hc made to generat.e 
l-Icclrical imJlu l ~("s. Since lilt! fl'f.."(llIcncy of 
lhese imJlu lses is enl irely dependent 0 1) 

lhe fl'equency of Lite standard -frequency 
source, :t COIl\'cuient means for ~ccUl'in g 

low-f.'cqucnc.Y impulses i;.; \lro\' idc'd, 

'1' ''1'1:: fi ll -V S~'llcru.Ctu('k. T ILt,) 1L1;('L'o-llinl 
is lllij uslcd by t ILe knuth.al wth;d at. LiLe right 

Clock.s al'e nOI'ln;ln~, supplied lo keep 
l!'uc li me when suppl ied wilh vollage of 
cXl.wlly 1000 c~'cles. 'rhey are ~l v:.t i I Hble 
ro r p,mclmounting Ot' moulIleu in a walnut 
('a se. 

CI)~ ."'11 I/ul/.lin , I 

COIlr Word P,iu 

· S I1 -A 
511 -H 

-5 11 -C 
511 - 0 

1':'\ lI e l m ou llting without nlicro-dia l . 
Tab le m ou TH ing without micro-dial. . 

$\':>:1.' 111 11'0 1111 

SYl\('HQFIIQO 

S \',st:IU'IClOO II 

Sl'SCROTO.\O 

$ 160.00 
160 .00 
220.00 
225 .00 

P a n el mou nting with mic ro-dia l .. ',."., . . 
Table m Oti lltinl1. wit h micro-diaL "., 

This slx:cial Syncro·Clock WILS bnilllo lransmit lime siJJnals in the sla ndard NAA sequence, II Ol>crolcs 
rrom u Cla~ C21-11 Slandard- l~rCfJLlency AssemLly 
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OSCILLATORS 

Oscillators arc requjred for measurement with bridges and other apparat us and fOf 
obscrv:ltion of Ch:tfUCt.cl'ist ics and behavior of np)):1rntus ovcr .l runge of freq uencies 
A TllUllbcr suitable for speci6c purposes and frequency ranges urc described in tilt 
following section. Although .tll are designed for a maximum of freq uency st.nbility 
none of them arc intended for li se ;}5 frequency standards; osci ll ators for that pu rpoSl! 
nre listed in Hie preceding sect ion on frequency standards. 

Ty~ 

513- 8 

6t3-A 

377- B 

508-A 

241 

213 

384 

Par/ie/liar App/ic(liio//$ 

Alirlio O1CrlsurCllw nls requiring 
n (:ontinll()us l ~' adjust:! blc I .... C 
opt·ra ted oscillntor. 

Aud io 1lIt!:lsurcmcnls reC"l uiring 
rt continuously luljustnbl~ hul­
lery-operated uscil ln tor. 

AuJio- lind carrier-frequcnt:y 
mea.!lUrcmcllts requiri nJ.!" cxcep­
t iOnltl frc(lucncy s tabi li ly a nd 
t lH! bell i wH \·cform. 

Audio 1I1CHsurCIIlcn is where 10 
sclectCfI f requencies are su it­
uble. 

Bridge sourl'c - l\ Icasu remen Is 
requiring an inexpensive low 
power source. 

Brid !;c circuits, transmission 
line tests. ele., where a signal of 
6xed frequcney nod fair wave­
for m is re(luired. 

JJlILoratory melisurclllenis rc­
quiring a low-power radio­
frequency drive r. 

Br-nl· rrequcncy- A-c opcrnl« 
-Ii to IO,ono I:Yclcs. 

Bcal-(rcrIUCIICY - Batlcry OIl 
cr;t tc\l - 5 10 10,000 cycles. 

Tuned-ci rcui t O5(.:i1Ii11 0 r - Bal· 
I.ery opcrtlled - !:!(I to 70,000 
t:ydes. 

TunCfl-circuit - A-c opcnlled 
- 10 selede{1 frCfltuwt:ies l)to 
I Wl'ClI !:!OO nnd 4000 cycles. 

Recti-type eleelro-meclmnical 
osci llator opera ting from di­
volt ballery. 

EIc<:l ro - mccil;lnicll l l).<;cillalOl 
stubili7-ccl by tuni ng fork, op­
erating from 6-\'0It ballery. 

Tuned-circuit oscilla tor, with 
interchangeable plug - in iD 
duetors - Battery ol>erated. 



 

OSCILLATORS 

TYPE 513-B BEAT-FREOUENCY OSCILLATOR 
A-C OPERA TED 

This is un al ternating-current operated 
oscill alor of the beat-frequency type 
covc!'i.ng lhe audio-frequency range be­
tween:) cycles ami 10,000 cycles. 

The distinguishing charactcristie of a. 
beal·I,'cqucllcy oscillator is its ability to 
to\'cr con tinuously a wide frequency 
ra.nge WitJl one control and, at the same 
time, to main tuiu approximately constant 
output. This resul ts (!'Om t he use of two 
high-f.'cqucucy oscilla.tors, one of fixed 
and the other of adjustl.lblc frequency. 
The filtered difference frequency resul ting 
from the deteclion of the combined out-

p uls of the two oscilla.tors is amplified to 
~L useful power level. By men us of SUell a 
circuit, t he entire aud io-frequency range 
may be covered by the rota I:ion of n 
single djaL This feature renders the bea.l· 
frcquency type of oscillator useful fo r the 
rapid study of all types of equipmcnt. 

The design of the inst rument is such 
that the waveform and power output arc 
adequate fo r genera l use, and when it is 
llsed in accordance with the operating 
instructions t he reliab ility or the fre· 
quency calibration is excellent. Doth 
osci llators operate ncar 100 kilocycles, 
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a .. ncl the circuits nrc :ldjust.cd so Lh~ll the 
difference frequency Illay he reduced to 
1 cyele wiLi loul t heir "pulling into s tep" 
with each ollier. 

Fi ltering and circuit design hnvc cHmi· 
na.ted heats between harmonics or cilhcl 
os(!iII al.o r and the fllnclam cnt:d frequency 
of the other. 

SPECIFICA liONS 
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Frequency Range : Calibrated betWI.'CIl .1 
eycles and IO,OOtl ('ydes. it wilt Ildlmlly deli\'cr 
I)(JIVer at frCtj llcncics ,Ii~hll~' lower nwJ higher. 
respectively. than lhese. 

Frequency Ca librat io n : A tUlled rL'e11 ndjllsled 
L" 11:1\'., i ~ rl~;;ou ll ul frcclllclICY nt:;lr 100 cycles is 
provided us Ii rdcl '(!II('e standard of frequency. The 
main luning con trol on the instrument is sel to a 
lille nlh rke..1 ltU!O find then n compensating con­
denser is adjusted until the output frc<plcncy tllld 
the reed arc in agrccment a!J showl! hy malCililurn 
(idleetion of the fl:CII. The REELI mark i.s corrcdly 
piuCl.'(1 to within Olle cycle. 

Each inslrUlllcnt is indi vidually calibrated ill 
terllls of the C encml Iludin Company's primary 
s LandRr<1 of freq ucncy nw l tile dill I of th l! milill lUll· 
ing control is elljl:nl \'cll nllmilable intervals over the 
(;lItirc r:t llge. The Jilll is 8 iuciles in (Iiamett!r nnd 1In.s 
:1 s lIreati of !nOo 110 tlml the $cHIe is s pread oliL ovcr 
1IIIIIost 18 inchtl. 

For one year from the dnl,eor plirChlisc. the cali· 
brntion can be rcliell UpOR 10 within :!% when the 
oscillntor htu! been n.ljusLc. l to the rctod frequency 
at the n(:F.O p()inl. 

Frequency Stability: t il order to reduce the fre· 
queuey drift, due to telllpcrnture changes, coi ls IlIIfI 
(:ollucnscrii of lhe Luned circuits h:\\'e been phlcell ill 
bnl~l·wood boxes to reduce lempernture ell/mgel!. 
Tilt! output frequency mar driH () cycles to I:. cyelcll 
in the fi rsll"'o hours due lo internnl ilealing, bllt 
this effect is sliJ{hl lherellher in Ille nbsenro of a 
marked change in room tempemtllrc. A I$·\,oll 
dlll.nge in the Slillply yulla!!e Clllises 2 o r :\ cycles 
s hift in the Oillpul fr(.'tIIl(,ll c.\·. rr lhe m,:curacy of the 
work justifies ~lidl a prCclLlltioll, the o:willalDr fl't­
{IUcncy n\:'l.y, a t a.ny lilile. ue checked against the 
tuned reed, 

Output: The open circuit voltage vnries helwceu 
I:} lind il \'olls over the Clil ire rangc lind is !It le~L~l 

'to volts with t1 ± 1 \'Olt \'lIri;tt ioll ahove SO cycle!!. 
The output control i" lin IS,OOO-()hm mltuge di\·idcr. 
:\ O-:IO-volt rect ifier type \'ollmelcr is l)Crmancutly 
t'(l IUl(."Ctcd ncros."I the OUTPUT tcrmiua[s. 

Tbe IIluximulll I)OWer output fll 1000 c~·c1es is: 
30 IlIW for II 10:ld illllKldanteof 3iiOO ollms: 'i:i IllW fo r 
a loau imp(.'<.i:uH."C of [0,000 oh ms. 

Interna l Output Impedan ce : 3500 ohlll.<; nl 
m:u imum outjlut. 

Type 

513·8 I. .........1 

Waveform : Harmonics (chiefl~' seoond)omount to 
5% 1.0 10% of the fundlllUentu llllllplitudcahuve IIX 
eycles del)Cnding Ul)On the lund illll}CIlnm:e. Aho\"! 
100 cycles and wilh a I O.OOo·oh III [,,:ttl tile harlllonit 
conlent.. is n\)OIlL 5%. Bclow [00 cyclc!4 il increase!. 
reaching 20% Ilt 10 cycles. 

'I'hc nmplitude of the ·'power supply ripplc" t' 
approximately 0.25%. Ca rrier.frc.l uc llcy \·oltflgtl 

fro m both oscillators have been e liminnlc(1 b~' suit· 
lIble rillcMi. 

Controls: On thc panel arc lIlountc(l. in aJditiOl. 
to lhe main rrequenc~· cont rol Jilll , un m;·on· swilct 
ror the power supply. lin O"'·O~T lIwitch ror the I.lIn Cll 
recd. a ll IUlxiliary fre(IIICllcy·:tCljllstiug" kIlOl!, :lUd 
the OUlput \'(J (t:tge I:Mltrol. 

VUfialiOl\s in O\ltput \\"ith lillc \"olLtlge an 
Hppreciablc ;tud, for lhut reasoll, It linc voHrlg, 
r lrt.'t)stat is included so thnt large f.luetuutiolls 111111 

be compenSlted for. 

Meters : On tue panel are Illowlled a liul! \·oltmeter 
alld a 0-30·Yolt oxide·reetifier voltmeter connected 
di reetlr across t he OUTPUT terminals. 

T ubes: One ( RCA or et"!uiva]e.nt) i~O-I~l>e lube i.! 
used ns a rectifier nnd Jj\'C i27.I.ype tnbes a.re 1IS(~ 
flS oscillators a nd nmplifiers. 

Po wer S upply : tOO· 120 volt. .~O·OO c,l"de line. T ire 
totnl drain is ab(lll150 WllUs. 

T e.r mi l1 a ls : The power s UJl])I.I· connccts 1011 sl:md· 

ard receptacle ins.idel heenbinet .:\ , . .'fOllnd terminal 
nnd the Ot;TI'~ 'T termilHlls nrc 1II00111ted (I II the Imud 

Mounting: All 3.1)paratus is mounted on the en· 
graved pall!'l which ill fini.dlo..>d in hlll ek cr:)cklt 
!a(.'(juer. The panel i~ IIIflUlllc.l in II henvy onk t'ISt 
with brOls.~ ca rrying hllulilcli n.nd l()ck. It ma)' lit 
hulled Lo the 1\'1111, hinges alll)\\'illg tile ellbinct tQ 

s wing out for replacing tubes. ele. 

Accessories: Thl..' illslrunwu l ill 801)lIlil-'(l without 
tub(~~ huL \\' ilh a 7·£001 cord for milking connection 
to tile power stJ l)pJy. . 

Dime n s ions: Panel. (wi,lth) 10 x ( height) !H~~ 

inches. O\'cr·alJ Cllbincl ~iZ(~, inc:luding handles. 
(\\' i(lllI ) '20~ x ( height) 't:j:\ (delllll ) II inches. 

'reI\' holes in the panel ure the standard s pacing 
fur mounting the instrument in 1\ T\"l'~: 4f10 (stllllli . 
!lrd 19-inch) Relny HlI.ck. 

Net Weight: 7I}2 pounds. 

Price 

N.\TT'l'" $450.00 



 

OSCILLA TORS 

TYPE 613-A BEA T-FREOUENCY OSCILLATOR 
SA HERY OPERATED 

This is a. battcl'y-opcraLeoillstrument 
which possesses the desirable features of 
good waveform. frequency stability, and 
opell scale which characterize the T YPE 
!HS·B Deat-FreCjuency Oscillator IlI"cvi. 
ously described. 

Thjs osciIJator is adjusled lo Ole cali-

br~tlcd condi tions by selling to 7.oro beal 
by means of a plale-cUI'rcnl meter. T he 
dial of each instrument is individu.l lly 
caliomled nnd engraved . 

The outpu t has becn c~\I'efu ll 'y filt.ered 
so llUlL spurious high r,'cq\lcncies a rc noL 
present. 

SPECIFIC A nONS 

Frequency Range : Clllibmlcd hcLween r, cycles 
ijud 10,000 cycles. it will 1ll::luull.\· ,Icli ver powcr 
at (rr,<luelicies slightly lower and higher. respec­
Ih'c1y, limn these. 

Freq u e n cy Calibration: t\ rderence ('ulihrnt ion 
is secnred by seUing the two (:omponent OScill:i lur;; 
to 1.("ro bea l. using the plute-current meter as au 

iUliictlt.or. The mai n lu ning con lrul is set to tl line 
rlla rk~!(1 "0" lInd lhen lhe compensa ting condenser is 
~tljust(.'(1 lin til the plll.te current meier ("cnoSe!> to 
\'ihrale, thus indicating zero beat. 

Each inslrument is ind i\'iliuully C<l libmted in 
!erm~ of the General UMlio Company's standard of 
rrCt IUel1cy nnd the &d of lhe main tuning control is 
lheu cugnwed. The d illl is U indieS in diameter :lIId 
ha" Il sllre:,d of 2700 so that the sca le is sJlf'CRd out 
O\'er IIlmost 14 inehcs. 

For olle year rrom the dale of purch:li!c, Ule cali­
urution ean be relied uJlon to within !t% atlcr the 
oseillfltor has heen ch(.'Ckcd Ht the 7.ero beat poinl. 

Frequen cy Stability: Tilt! rMlio-frcquency os­
cillators nre stable lUlU under uuiform tt:!lIIpt:!TIIlure 
(:onditions the heat rrC<luclicy wilt stay within II few 
cycles over II period of scvcrnl houTs. Cha nh'es in 
amhicnt tcmperature will CIlUse sligh l changes in 
rrl!{lUCIiCY d uc to the temperature coefficient or tl~ e 

luned circtlit.s. WIICIlIl ,Irift ill frequeucy is OQscn'cd 
it CUll be corrected by rcsetting the l.cro bcu t 
adjU5tlllenl. 

Outpu t: Thc opcn-circuit output \'oltage does not 
dcpart from n 13- \'0It Il\'crnge by more tlr:lIl 20% 
ovcr tlit:! entire frequency mngc. 

Interna l Ourput Imped:Ulce: SOOO ohms. 

W~lvcf()rm : On open circuit t he lolal harmonic 
wntent is less than 'Z% of the fundamCIIl!ll Ilbo\'c 
100 cycles. With a 5000-0111 11 lond it is less than 5% 
Iloove 100 cycles; below 100 cycles it iucrcaSCloi 
rapidly liS t he frequcllcy is rcdtl(.'Cd. reaching 10% 
at 20 cycles, 
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Contro ls : In !uldiliou lo the Ilmin lUlling oontrol 
:lIIcI the auxiliary l:ontrol for ndjllsting to the zero 
reference frequency, there i,; the output \,tllIugc 
oivider oml an ox·on' switch. 

i\lelers: A filaruent voltmeter an,1 a tlclcclor plate­
current meler arc mounted 011 lhe panel. 

Tubes: Three 230.trpc nnr! olle 231-type (HCA or 
C(lui\'alcnL) tubes lite rC<luirctl. l'\OIlC Ute sUllplicd 
wilh tile instrument. 

Power Supply: Spal'C for mounting three 4,-;·\'olt 
. "lale batteries nnd two No. G dry cells for filame nt 
supply is pro\' idc(I inside the cabinet. 

7'Y/,lJ 

613-A I·· .... ........... ..... 1 

Terminals: '1'11'0 binding pos t ~ 0 11 l ile pand uri 
provided for making ('(I IUiL'Ct iou8 10 I he oscillator. 

Mountin~: The ins trument is mOlllltccl on at 

alumil1U1U I,.mel finis hcli ill black crackle hi.(:q ll!! 
nnt! (;Onhlilled in n IKllis lle.-1 walnut l!lIUi.lld wiU 
carrying handle-s. 

Dimensions: Pallel. (widlh) J!I x (licighl) 8" 
inches. Cnuincl, ( widlh) (H x (Ilcigllt) 1!l,l1 x (deptb 
9 inches, over-nil. 

Net Wei.ltht: S:lY.l llUullds lI'ithoul Lallcrics . 

Code Word P,ice 

$210 .00 

TYPE 377-8 LOW·FREQUENCY OSCILLATOR 
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In the cOllllllunication la.bomto ry a. 
gencral purpose osci ll uto:r is an extremely 
useful instru ment. An oscil latorforgcne ra l 
usc must meet mOrc rigid specifications 
limn any oLher type hecfllIse of the wide 

range of lI ses to which it is put. The 'i'n[ 
377-13 Low-Frequency O~ci ll:ltor is de­
signed to Illeell.hc dClHl.lnd (or an instru­
ment of this sarlo ILs frequency range 
extends from the low audio to low radio 
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frequencies. Frequency stability and low 
ha rmonic conten t are oUle.r importa.nt 
characlerisLics. Among its uscs arc hridge 
me:um remcnts of all kinds, studies of the 
response curves of transformers and loud­
speakers, the study of fil ter chn.raclcr­
istics, and the study of ca.ble and olher 
diclcclric behayior. Since t he frequ ency 
goes to 70 kilocycles, power level and 

ultenu:tlion measuremeuts on lines :1I1d 
networks c all be made at c •• rrier :lS well 
as <ludio frequencies. 

This type of oseillRtor is useful in 
general scientific work as well as in Lhe 
morC special.ized problems or dccll'ieul 
commllllication and is recommended fo r 
genera l usc In college :lIld indust ri al 
1.tboratories , 

SPECIFICA liONS 

Frequen cy Range: Any (requeney bel\I'(:eu 25 
cycles a nd 70,000 cycles enn be obtained. The ruuge 
CIIn be extended down wA rd to 10 cycles ror 1'1 small 
I1ddi tionlll charge. 

Power Ou t put : 50 milHwatts with one nmillifier 
tube: 100 mill iwntL, witll tl\'O amplifier tubes, It is 
. dju5table by mennll of voltage divider. The interna l 
output illlpcdlillL'C with the \·oltage Il i \' ider sel for 
maximum ou tput is a pprox imately 3000 ohms. 

W:\\'eform: T he Olnxi(llu lIl hntwOnie cont.c.nt is 
nbc)!!!. 3% of fun dn mentnl a mplitUtle. Most of it is 
introduced by the amplifier. 

This may be reduced to about 1 % ror 1 ~t(ls of 
8000 ohms or more by reducing the signal le\'eI 
aplllicc:l to the amplifier. The method of doing this 
io\'ol\'el! cLallging b iasing r(:8i.slurs and is dcscrihed 
in the inst ructions !I(.'(.:om pnllyi ng lhe iUIlt.rume.nL 

C:ll ibration: A calibration for 50 points accurate 
to within 1 % is mnde iu terms of the General n adio 
primllry sta.ndard of frequene~' for each instrulllent. 
The corresponding scltings of the con\lensers nnd 
the inductor switches II. re entered on two chnrls. One 
is mounted inside t he back cover, the. olher in an 
alum inum chart holder. 

Fre<lu e ncyStubllity: Cha nges in t ubes andoper­
Ilting \'oltnges have a millor effect on 1 he freq(lcncy, 
a change of 25% in plute. \·olt.lge. for example. pro­
duciog about 0. 1% changc iu frequem:y. Chnngi ng 
tubes ('lIuses about the same nllloullt uf lIi1ifl . T his is 
unusually good performance for n power uscillator 
or so ..... ide II frequency range. 

Type 

377-8 

Con t r o ls : All (.'OIlLruls a re locatetl 011 L1,c !lIllie!' 

T hey nre : ilHlucLor selector switches. c<mdeli5Cr 
switches, variable conueUlier, Iced-back aujustment., 
outpu t power adjustment, lint! ri1a ll1ent. rheostal. 

Mete rs: Meters are provided (or reading o~cilla tor 
grid cu rrent os Ill! index to corred tccrl-Imek ndjllst­
ment, filamen t a nd plnte voitage. and osci lla tor nnd 
ampli liC'r 1)lnte current. 

~'lountln~: All parts nre mounted on 1111 engr:t\'cd 
bnkclile puuel in II hcavy (luk eOlsc willi ca rryi ng 
ha ndles anti II cover. The CII.!'Ie Illuy lJe boiled to the 
wall. hinges allowing the cabinet to slI'ing out for 
replacing tubes, etc. 

T erminals : :\ 11 battery allli uil i putl.erminals arc 
inside the easc, which hus holes in its si\le for lhc 
(!Olllu:(:ting wires. 

Tubes : '1'11'0 or thrcc 11 <2-A-typc ( HeA or cquivlI­
Icnl) l Ubes nre used. Onl! as 11II oscillator nlld cititrr 
One ur two Its nmplifiers. 'rubes ure not supplied witl l 
the iustrument. 

P o wer S upply: 135 volts, 16 mn (plal e) 11111 1 G 
volts, 0.7.1 a (filamen t) fire required to operale S 
luhes i n addit ion to the grid-billsing battery mOUllted 
inside t.he CliSC. Onl,\' the lilltcr is included in the 
p riL'C or the inst.rument.. 

Dimension S: C;lbiucl with cover. ( width) 19}/s x 
( height) 18 x (deplll) 10M indll's, o\·cr-a ll. 

Net Wel~ht: 57 pou mlli. 

( '()li t IV ord 

O~l.:GA 

f:X'rUA 

/', ir,tl 

S350.0() 
35.00 

l 'S{' lhC' compolUl\1 (.'Ode II'ord O.lfEG .n::'X1' IIA when ordering:m oscillfltor wit ll lite ulteratioTl. 
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TYPE 508-A OSCILLATOR 

Operated enLi rel~' fm lll the II O-vull uilernn ting-clI rrcll t Illlljns. the 
T YPE 5og.. t\ Oscilblor lleli\'crs 10 frequcneiCI he twccu !IOO cydes 

nnd 4000 cydcs. Th is illuslrntion shows T I"pr, 50S-AM Oscilla tor 

This is all allcnmli ug-cun-c nt opera l(:d 
instrument of mediulIl power, y ield in g 10 
fn .. 'q ucncics scpnrnt.ed by approxim:ltel.\" 
equa l pe rcentage in ter" ,d s Lo conI' the 
more coull nonly Ll sed porlion of tJ1C aud io 
r:Ulge. I t is intended fo r lise in bridge 
mCllsurcmcn l s <l nd ill IIl ca ~lIrel1lCllts on 
elec t ri c:'ll cOllllllunic<llion It llpa rahls Hlld 
syste lJls where i t is II C(;~'8sal'y thal Illeas­
urement.s be mude ILL a nu m her" of d ifl'en::nl 
fn.'quencics. 

III many measuJC ments considcmblc 
amounts or power arC req uired; t he T VPE 
liOS-A Osci it nl.or, therefo,·c. operatcs ulll 

high pow!',. Ic\"('I. Jl is cnli rely flit c rna l ing. 
currenl np!' ral cd. ns in this way thc po wel 
req uiretl is ohtained n l 1.\ min imu m ex· 

pense. a uti the necessi ly (o r tlln in tn in· 
ing: all cx lc rn;l l I)OWervs ll ppJ,y ~'ystC l1l i ~ 

:t.\"oi tlcJ . 
Bolli frCflllcncy !:il a b ili!..)" a nd \Ya H~rOrJll 

::I rc exlrcmely good fo r nn osci ll a to r tie· 
live"i ng ;. high p OWel' outpu t. There is nQ 
direct CllITtmL i ll the outpu t. eil·cui t. 

I t is norma lly supp lied , llloun lt.'<.i in ~ 
cabi ne t. bill a. model ada p ted fo r IlIuu" t 

iug in 11 sl:lIIdard H)-i nch relay rack i, 
n vtlila blc. 

SPECIFICA l iONS 

F reque n cy Range: The 10 ft e"ucncies ll l'll il­
ub!e a re ~OO. ~OO. ,~OO. GOO. 81)0. 1000. 1000, 5WO(I. 
:/01)n. li nd 4000 cycles. Seleclill ll is made by 11 si n,t:!e 
1U-llOi nl swilc11. Freql lencics hc tIH."C1] t hese \"II hlCS 
e~11 1 he SL'Cured b.\· the 1I.'Ie flf all cdcrna l conrIClIs;'r 
wllidl C'.l ll I.J.e pl ugged inlo lile j.l\~k termina ls 0 11 lhc 
pa ud at t he lefl. For f l'(,'( I II '~!lde5 belween 2.'i0 Cyrll'S 

ulI<l ,WOO t::~'(: l c.~ n T\'I'~: 2 tfj · (,; Decade ('..olu le llser 
with a Tn ·., a~i ·Z , 'a riablc Air (',o(:mdcnscr is 
~u i t : l b le. nehn~1i WO (;~'des nnd .250 cy dl!!! li n 
a ddi tiuna l 0.5 ~f OOIHJcnscr is rt!(luired. These con­
(I('nsers ure not SI1Jlplici i wilh the instr umen t. 

Frequen cy C a libra tio n : 1::lIdl iustr llll1tnt is 
IIdjus tcd in our lubora tory to wilhin 5% of l he 
fre<IIICllcies engrlw c<i 011 Ihc p1Jllci . 

Freq ue n cy S t~l biU ty: Any rrC(lllenc::y of t his D6 
(' il1utor eM) he rdie,1 upon to rcm:li u <'~lIIs l1i ll l [, 
wi thin 10/0 Ol'er a period of ~e\'erll l hour;'! in spite d 
ch :ln ge.~ ill 111:111 or li llt voltilgl". 

Ou t p u t : ,\ pproxilll ilicly 0.:; wa lt in to 11 lo.·ltl d 
2QOO ohms. T his maxi mu m l'0 WI't uUlput " lui!'!' 
helw(>{'11 ul>J1f1)x iuJatdy U.:I \\'~1 1t nnd O.S II'lI tt tiS Ihf 
frequem::y i ~ d mnged. A high.imllCdHllcc \'o l! ag+ 
dh ·i\lcr fot :., lj us Li l1g the WIII'cr uutput is included 

I n terrm ! O u t pu t Imped a n cc: WOO OllillS ;a\ 

maximum outpu t. 

\Vn vefor Ol : On \lI mn l:ircuiL the lolnl Im rmlJ ll i, 
,,'OI l ten! or the output "';lI'C is less !.lUl U 8'fo of tllf 
fundumental am pli t ude. T his illcrell.S(:S ~IJ lilt! I~ 
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im pt.'l i:mce is reduo:;ctl, nppro(l.ching a lI)UXimUlll of 
11 % when the output. terminu ls nfC short-circuited. 
The maximullI open-circuit 11\1111 voltage acros.;; the 
krl1l innls is 0.:) vult . 

Con tr ols: An o.'(-on- switdl ior llle l)Ower suppl .v 
IJ the only wnlfol except for the frequency seleclor 
and Ihe \'OI. tl M g COz., .. flIOL volhtge divider. 

Tubes: One Nli-t.yl'c lube and olle ~O.I.\' IJt: n.-cti-
6 .... r tuhc ( il eA 01' C<jui vlllcnl ) nrc requiN:.'t1. Ncil1ler 
is ind llile(1 in the p1'i<.'C of tltt: inJi trUllleltt. 

Power S u pply: 100 III HW-\'(,II , ;i{l lu GO-c.rde linl'. 
The po wer drnin is about 4() \\'(tUs. 

Terminals: T he I){Jwcr s lIpp l,\' COIllI.:!:!S tn :t 

.IUtnd:lrd reccplndc insi.lt .. l.1lc ell binel, '1'111: Icrlllillais 
for 1!()nl1ccling the output and for alladlillg 1111 
el:terllal (,'OntlenSf!f (sec " Frequency Hnngc" ) arc 
lil(lllHle,! (,n the I):md, 

,\Iou ntjng: All IIPI);Ir,ttus L~ mounted on a metal 

~"cl f secllred to the :t!ull1i1lllnt front p:ntel. Tile eir­
tlli l i ,~ entirely encl~)scd in II melallie s(licld lo pre­
\'en t pickup lQ (lssodaLed aIlP(lra!"wi, As lIorulally 
!IIlppli.-:d, the !;hic!rlcd oscillalor IInit. is mounlc\! ill 
l hillld-ruuJ,cd \\'Hlnul cabinet: TillS is known as 
Tn'.: ,;OR-. \!\L 

T!JJl IJ I)c#ripfum 

50S- A!,') Cnbinet mounting 

The Tn-t:: 50S-A It Oseill ll lor lils a s tanclanl I!)-ineh 
relay rllck 

WIlen fI mod el mounted in :l s tandard J!)·inell 
relay rack is rcqnirc(1. the llnil ca n be removed from 
t.he ellhinct and provided wiLh PiJud c:d(:us iu ll platts 
to secure Lin: 911lmbrd wi tltll, Au oscillator so Illolli· 
fi ed is known HS Tn.J ;;mk \ H . 
Accessories: {mlrulIlclll is supplicil wililvul tubes, 
Lilt lI'iUI 10 7-fool <,'Or!! ror waking eon n<.'<.! tiotl to tht: 
power supply. 

Dinlens io lls: For T HE 508-AlI: P:luci, ( width) 
Iii x ( height) S~ inelles. Cnbind, ( width) 18 x 
( Ileight ) 10 ,'\ ( Ilepth ) 112M inc hes. over-nil, 

I'or '1'\'1'.: ;;IIH-A B. : (Widlh) I!I x ( height.) S:y. x 
(11£!plil hehi n,] IUIle!) tu indlC';. over-nIl. 

Net \Ve i~h t : :i:IN pounds for T\'I· .~ 508-:\1\1 :t11l1 
SOXi' Imunds for T\'I ' ~; ;iOS-Ail. 

Code Word Price 

... twOW $120.00 
508·AR For r elay-rack mounting ... n:)(}~ 105 .00 

TYPE 241 MICROPHONE HU MMER 

This is an dccl ro-mecltnn.ical osci llat o r 
in \dli ch lhe (I'cqucncy is delermined by:t. 
tuned I·ced. It is in tendcd ror use as n. 
low-powcr, alternal.ing-t ul'l'cllt source 1'01' 
bricl~c and olher m caSUI'CIllCl lls whc l'e the 
purity or waycfonn, frequcncy st:l hilit:v, 
and othcr I'Catul'CS of the T YP E 218 Audio 
Oscilla.tor ,ll'C !lot essential. 

SPECIFICA nONS - - ....... _--'-_J 
Frequency: Approximaldy 1000 cycles, 

Outpu t: :\bout ~ milliwatts, 1Il:tl:i1lJUIl1, 

Internal Output 'mped~' nce: Two models nre 
I1V,liktblc : Tl'1'Je '241-A has an interna ! impcdnncc of 
'130 OIIlIIS: Tn'E '241- B, ·Lj ohms. 

Power S upply: Thi,~ oseilhllor is intem!ed lo 
opero.l.-: froUl a 4}1-vull bnUery or the type used !IS 
a grir.l-uias bllllCry ill \'3ClllHn-tube eifCllits. 

'/'11 JI' / mpcdllllcfI. 

24 L·A 250 o hms I. 24 1-B 4 .50bms 

Mo u nting: Supplil:d ulIlJIutmLed JlS sltown in tit !'! 

illHslrrltion with t\\'o No. 25 Ilolcs COl' :lltllching 10 a 
huse board. 

Dim~nsions: ( Length) 2]1 x (height ) % x ( width ) 
1J16 inc hes, over-all. 

Net We ight: I ]Jound, 

Code II 'IJrd Price-

"'1'1I1.S $10.00 
... l'J S Jl 10 .00 
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TYPE 213 AUDIO OSCILLATOR 

The TYPE ~ 1 3 Audio Oscill ato.· is ft 

battery-operated. elect ro-mechanical os­
l"!iIla Lor in which the rl'e<lIlcncy is stabilized 
by a tuning fork. I t ifii intended for de­
live ring small amounts or power in bl'idgc 
me:tsuremelll~ and t.e1ephone line tests. 
The 400-cyclc model when used wi th 11 

T't'I'E 530 11llnd-Pass Filter is rceommend­
ctl for lise in broadcasting stations where H 

test signal or good wlwefo rm is requ ired 
for mea.suri ng modulation pCI'centage, dis· 
tortian ractor, and spccclHlll1plifier ga in. 

Because of its reliability this oscillator 
has been used in police radio systems and 
airplane beacon tr:lIlsmittcrs to furnish :l 

lest signal. 
The freq uency is dctcl'nlineci by the 

frequency of the lllning fork which dri\"~ 
a microphone button. The ad\'anluges 01 
this oscillator rLre si mpli city. rel iahle oper­
ation, :md I'l lgget! cous t.ruc t.io rl. 

SPECIFICA TiONS 

F requ e n cy: 1'"'0 moods, one operating at 1000 
eyeh.'!! aod one nt 400 cycles, nrt' cnrried in stock. but 
speeinl instruments CliO be constructed for any 100-
cycle multiple betwccn 400 cycld alill 1500 cycles. 
I)esign~ nrc on file; Ilrit.'es 011 rL'quesL 

Calibration: T he netu!!1 frequency will be less tlnUl 
t,he rnted value by .. bout 0.5% due 10 the lonciillg of 
lIlc fork by the microphone bultou. 

Frcqu en cy Stabilit y: T he mnximll m change in 
frC<lucncy with lond is about 0. 1%. This and varin­
lionli introduced by temperoture tire entjrely negli­
gible for prncticalJy till Ilurposcs for wl.kh Ihis 
lI:reillalor is likely to Le UliCe!. 

Output: A maximum of 50 milliwatts can be 
ohlained. 

IntcTlHll Output hn pcdance : The powc:r oul­
pill is delivered through a transformer-filler. Three 
IIIJls arc pro\'ided permitt ing lhe IISC of loRds from 
.20 \.0 10.000 ohms. 

Tv". Frequenc!I 

1000 cycles 
400 cycles 

\\'avefor m: The harmonic content \'aries with the 
load iOlpe(!nncc. Wi th lIorwul resistive 10ntIs it will 
vary from Rbout:1 10 80/0-

Tu bes: This is nn eledro-wedmlliCll1 os<:iJ1ulor 300 
re11 ll ires no Luhcs of :UlY kind. 

Power Supply: Nornmll.\· ohlailiCiI from 3 0-\'011 
d-e source such as a stor:lge !Jullcry or ury ce[J~ 
Drain a pproxiwatdy 125 lOa. 

Tertnina ls: T wo bindius posts for the powel 
5upply fllltl tllrcc "iu{ling' posts fo r lhe output cit 
cuil nre mounled 011 the panet. 

Mounting: .. \ 11 paris lire 1II01l1ltC(1 on II bakelit. 
!lllllel ill II pulishcll wain lit cabinet. 

Dimensions : Panel. (width) 0"",, x (length) 4;~ 

inches. The over-ull height of the itlstrumClll uel>end! 
upon tile fn.'(lucncy, being 5 inches for frequcncie; 
bel\\'L~n 1000 :1IIt! 1500 cycles and 6"",, inches be· 
tween ·,uo lind f100 cycles. 

Net Wei~ht: Allproxillltll.ci,\' .)M I>oumls . 

Code Word 

ANGEl. 

Pr;« 

$34.00 
42.00 

-S"eril)' 11t<1"cnq .... ,"'cll ... tn'" nuwb .. Wb~D O, o.IUiD,II. I',in:~ for otb~t f...,qucnfi cs will bc: ... pplj~ on '«1,,""'1. 



 

OSCILLATORS 

TYPE 384 PORTABLE RADIO-FREOUENCY OSCILLATOR 

This oscilla tor is a low-power rad io­
frequency d rive l' (orlaboralol'Y lise. It Ims 
a wide frequency n\nge nlld is easily port­
able. A pa ir of termi uals is provided fo r 

in trod ucing a modub l iug freq uency. a nd 
a nother pa ir for telephones when i t is 
desi red Lo lise Ute osci lln.t or as a hete ro­
dyne delector. 

SPECIFICA nONS 
Frequency Range : 10 kc Lo 20,000 kc depenu­
ing on t ile illlluctor used. A list of t he TYPE 38,1 
ilu.luctors, tugether with t he frequency range 
oo \'cred by each, is g in :!l lido\\'. :\iol1e a TC incl uded 
in price of instrnmenl. 

Power Ou tpu t: K 0 (hdinile fig ure call he ~ i \'ClL fur 
the power out.put w hid . \'aries oollSidcraIJly 0" 1:1' tllC 

fn.'quclle,)' ra nge. T he fact that a Hl9-lypc t ube is 
u:;t:d .'I llould gi\'c a rough idea of the power oulpuL 

Waveform: Harmonics of considerable magnitude 
are prCSClll ill the oUlput, an ndvnntnge when i t 
is used us a gCllcra l-puqmse instrument. 

384 

Calibra t ion: No cIL li1H1l tions can be supplied . ' j'he 
i a ~trllmellt is intended 10 be fI general-pu rpose 
lahora lory oscillator, not a frequN\cy standard. 

Tubes: One of the 19!1-lype ( not illdude(l in t he 
pril'C) i~ required. 

Powe r Supply : l'laUery space is providt.,<i insille 
cabinet. 

l\'I oun[in~: Ibkelit.e panel mounted iu II lVu lu u l 
cabiucl with a baitery oompurlment. n rack. for 
holding spare illiluclors, and carr,viag ha nJ les. 

Dimension s : Pand, (length) 18" (width) 9)1 
inches. Cabinet. (depth) 9}i iudws, (l\'cr-alJ. 

Net \Vcight: 13 pouuds. 

C()(/e W ord Price 

0 1)1 U~I 590.00 

TYPE 384 INDUCTORS 
These are 

TYPE 384 
Oscillato r, as 

7'u~ 

384-A 
384 -8 
384-C 
384-0 
384-£ 
384-F 
384- G 
384-1-1 

-384-08 

intended for usc ''li t h t.h e 
l'orlable Rad io-Frequency 
specified in the description 

f' requwcy Runge 

20,000-10,000 kc 
10,000- 3150 kc 

4290- 1500 kc 
1579- 522 kc 
531 - 176 kc 
176- 68 kc 
68- 25 kc 
25- 10 kc 

1500- 500 kc 

of Lhis instrument. See the illusll'alion 
accom panying l he T YPE 384 P orL."lble 
R adio-l"requency Oscilla to .·. 

Gode IFord 

II AZ~:'. 

il EA \ ' y 

!lELOT 

IIEno!' 

IIlL!..Y 

IIIN N\" 

110AIlY 

1101..1..1· 

H OUMY 

Prier, 

$3.00 
3.00 
3 .00 
3.00 
4.00 
4.00 
5.00 
8.50 
4.50 

''I'hi~ h ...... It flgllre·R \\"i"cI;n~. clcs;g,1«I to bll. '·" D minimum CXlcrn~t field . 
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AMPLIFIERS 

TYPE 514-A AMPLIFIER 
As methods for lJIaking electrical lIleil S­

urcments at vu r iolls frcqucncicg incrcil ~c 

in 3.CCU1'ac,)' . there has ari sen a demand for 
a n amplifier sOlllewhat difl'c rc ll l in pcr­
fOl'lllllm.:c fro m t.h ose generally :wailahlc. 
For work il l connection with precision 
mcasu.l'clllcnL". s lI ch [t n amplifier must be 
capa.ble oj' oper:\ling on signals of ex­
t remely low intensity a nd should cover 
a. wide rangl; 01' rreque ncies with fairly 
uniform cfliticlH;Y. It. wi!1 be recogn ized 
that tilc.')c opcn"tLing clHtl'actcl'islics Me 
essentia l where lin fl.lllJll ificr is to be used 
iJJ deLcrrnining t he null point in hridge 
I1IcttSlI l'Clllcn ts and in simi lar work. It is 

:llso nccCSSfl r'y that tllc ampl ifica t ion be 
s ta.ble in or'del' that the ampli fier Illay 
be u!;cd for com purison methods. T hese 
ii-tUllC I'cquil'C'Tllcnt.s must. a lso be llIel when 
lhe ;;trnplificr i.<:: to he used wit.h photo­
clccll'i c cells und wi t h micl'ophoncs. 

The 'fy p!:: 51-1--A Ampli£erl designed to 
meet t.hcsc opcrating req uirements. em­
ploys Il. t.hree-s lage resistance-eapacihulce­
coupled ci rcu it operated eu tirely by (h'Y 
ballerics. T he inpuL impedance IlWY' be 
"nried Lo mee l externa l cireLlit conclitiolls 

lInd may have values su mcicntiy high lo 
perm iL t.he :.tmplifiel' La be used fo r obser· 
vaLions of volLage across h igh imped· 
a llces. T he outpuL is designed to work 
into load impedances or 20,000 ohms. It 
is, lhcrdore. suitab le for use WitJl hcnd, 
phones Q I' with a copper-oxide-reclificr 
voltmctel', W hen Ll scd \\'ith t.he lilllC't 
inslrument i t fllncl i on~ admirabl,v M 

a high-impedall cc high-sensiLiyit.y voll · 
meter. By means of a volume conlrol 
ha.ving R numbcrcd scale) it is possib le 10 

ad just t he ~cn s i li Yity to some p red eter· 
mincd ca li bmtion, 

A multi-contact plug receptacle is 
mounted in stich a way that exlcl'llnl cir· 
cuits, such as condenser transmitters. 
p hoto-electric cell s, and si mi b [' dcvices, 
together with their associtll.ed nmplif:ying 
tu hes, ll1a.y he connected to the amplifier 
by mcam; of a si_ngle c:'lble. W here stich 
auxi liary eq uipment is used, the entire 
power supply may be obLained from the 
oatLel'ies associated wiLh t he 'fVl'E 514-A 
Amplifier through connections to lhe 
lllu ILi-conl;"tct receptacle by means or ;) 
T \'P£ 5U -P t 7-Conb\cL P lug Unit. 

A T n'E 5 1 ,~-:\:\1 :\ mpli­
fier lUlU U Tn'E 488·D]\1 
Mder mllke II sc rl.~ i ­
li ve high-irn l)cun nce 

\'oltmcler 



 

AMPLIFIERS 

SPECIFICA liONS 
Freq uency Ra nge: The gain o{ this amplifier 
is pra.clically con.!lullt over the frequency btuld 
beh .. ecn 50 cycles ami 50 kc nlthough the actual 
upper limils are determined to n inrgc extent br the 
tube and value of load r~ist!lnce usc!1. l\ lore specific 
dalll aT!: available 011 request. 

Amplificatio n : Wi th 11 230-lypc lube nnd. an 
o:ternnlloo.d of 20,000 ohllls the voltage nmpli6c:t­
lion is in excess of 200 to 1. With n 2S I- type tube. 
Ind an external loot! of 50(1) ohms UIC vollo.l.'1! 
anlJllilicatioll is in excess of 50 to 1. Ampli[k~ttion is 
Bdjustnble by means of II poicill iorneter ill the grid 
cireu;t of the set-und lube. 

Interna l Output Circuit: 'Wi th It 2S0·type lube 
12 \'0115 may be oblnincd across an externnl load of 
~,OOOohms. Willi tl IlS I-type lube 15 volls may be 
obtained llcross lUI cxtcrnnlload of 5000 ohms. 

Input r mpedance: Onc megohm. I ntcrchang(:llhlc 
coupling units lIluy be used to I::i,'c other v/tlucs as 
i'«lllircd. Complete information is given ill the 
instruction book nccompan.\' ing the instrument. 

Tubes: Thn:c iSO-lype luOes, or two 230-1YI)e nud 
one ~I -type lulws, nre required . Tubes nre 1I0t 

included in tue pr ice of the amlllific.r . 

Power Supply: Two l .a-volt ~10. G Ilry (.'1::119. three 
H-'·lIlt. block bnlLcrics. li nd one 4.5-volt or o ne 

Descriplion 

2i.5-,·011 block battery with tDop al 4.5 volts are 
rlXJuircd for filalllcni-. plnte-. and I,;l'id-eircuil sup­
plies. reSJ>ccti\'(:ly. The filullIent-currenldrain is 180 
11m ut 2: volt s; 250 ma lit i volts, if the iSI -type lube 
be usC(1. T he total plate Cllrrent is !lA rna nt IS5 
vults; or 3.-1 ma, if tllC 23 \- type tube be used . 
Ballerics nre not illclulltd in thc price of thf!' 
a mplifier. 

l\'l oun(jn~ : The IIppllratllS is mounted on Ii melnl 
sllclf sccured to au a luminum front panel itllU ill 
entirely e nclosed in a mdu.l sllicld to preTent pickup 
from ns~ociah.'d app:lrat.us. 

T he unit may be furni shed 1l1Ouutcd ill ,~ wl'Ilnut 
cnbinet having space tor balleries (TYPE 5\4-A:\I ) 
or it ca n be supplied filled with panel e.dcnsions for 
mounting in It slundnrd JlI·inch Cf YrE 480) relay 
rack. The rnek mounting model is known as TYPE 
514-A R 

Dimensions: Pnnel si~~, (widlh) l!l )( ( hcijj:hl.) 7 
inchcs. Cubinclsi1.e for TYI'E 5 14-,.\ i'l. (width ) 15 :l 

(height) 87.( x ( depth) l iU inches. ovcr-:.n. S ize for 
TYP.l 514-AH , ( widUI) 10 ::r ( height) 7 x (1IepU.) G 
iucllC1l, over-all. 

Net Weight: T "PE aU-AM . J 5~ pounds: '1'\"1'.: 
51 4-A H. 10M pounds. T he nC(:cSS:lry bUllI.'ric! 
wcigh npproxinmtcl.\· 14M pounds. 

Code Word Price 

514-A~ .. 1 
51 4.-AR 
514-P l 

Cabinet m ou n tlng, .... . .......... . AnGUS 

.... l!MOl! 

... .aRAT 

576.00 
65 .00 

1.00 
For relay-rack moullting, . . 
'-Contact Plug Unit ... 

A 'l'YJ'E SI·l-A!\1 Alll llJifier, T n'E .'i8G-C!\1 r owcr- Level Indicator, and a microphone cau bc 
use(1 to measure: lhe increase in uoise level caused by 1113chinery 
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BRIDGES AND ACCESSORIES 
The simplicity and accuracy of bridge IllculOds ha"c led to lheir genera l nciopliO! 

for the measurement of resistance, inclucbuwc, capacita nce, und VfiCUUlIl-lubc p:lfamt 

lers . Cencl"lli R<ldio makes bridges fo r n.ll o( these needs. 

7'y~ 

293 

2 16 

383 

2<. 

TVi>' 

561 

210 

229 

IMPEDANCE BRIDGES 
Parlicular A pplication, 

HcsisLau<.'t. inductnnce, nnrl 
cUlmc.itnnce IllCaSLlrcrm~llt for 
direct - Clirrent, ttuJio· and 
Cllrricr-f re<1 ucncics 

Precision measurement of en­
p ncit:lll c:C and power fnctor be­
tweell 200 and 10,000 (:.rdcs 

Mcm;urcmcnl of clIpacitance <If 
vucuuru tubes and I;ondcnscrs 
up to GOO IllAr (Il 1000 cycles 

i\ l c:tSlltcmcnt of large t~l paei­
tunccll ( 1000 IJlJr to 11.1 $oLf)at 
1000 cycles 

VACUUM· TUBE BRIDGE 
Parliclilor t l pJllicalio", 

M.CflSUrc.mCllt or a ll inter­
elcctrode p:nnmcters for nil 
lubcs 

BRIDGE ACCESSORIES 
Parlicular Appliea/wll' 

Audio-frequency h ridge mens­
mcmcnU! of all kinds 

A galvanometer shunt Iinving 
s hunt ratio inl lcJlt~ndcllt of 
Kutvanollletcr resisllUlcc 

/cIc7rfifyillg Fealllre., 

All lerminnls :lrc lI\'uilnble ~ 
thnt IW Y hridge circuit ('flIl I 
:ret up 

E(l ual ratio arms, sIJiddill. 
sdf-oon tai ncd dCClUlc resistor 

Porlable unit. sclr-contnill' 
except for lLull indicator 

Portnble unit, oolllpictely ~ 
contained 

ldelltifyillg F ealllrtl/ 

A-c filnment supply (fro 
1 iO-\'olt wains) ror all tub< 
included. Sockels for 4-, 6-. f 
IIl1d 7-prong bnses 

I dell/lfyiTlg Ftal llrtl 

'/1)t1l arms adjustable. 7 $tc~ 

.Fiye "nluc.s of sllunt rnHo f 
encll .~izc 



 

BRIDGES 

TYPE 293-A UNIVERSAL BRIDGE 

The T Y PE !W8-A Uninrsal 13ridge is 
designed to present a fundamen ta l ci_rcuit 
which may be connected to produce a wide 
vllriety of standa rd di recl- nnd allcrnnling­
current bridges. The instrumen t consists 
of three resistance :trills and a. terminal 
board by mell_ns or which the YaI'joli s cir­
cuils can be set lip wilh plugs and jacks. 
The bridge ar rnngcmcnlpctmils the m eltS­

urcmcnl of inductance, capacitance, and 
resistance over fi wide frequency range 
(0-50,000 cydcs) . 1 L can also be set up as 
a frequency rueter. The inslnUllcnt hns, 
therefore, u much wider general usefulness 

in a college or measurement laboratory 
Ulan t.he usual form of pe rmanently COI)­

nected bridge circuit. 
The resistance arms of lhe bridge con­

sist of lwo si mila r itrms, each hav ing a 
lotal rcsist.n. ncc or 1.1 , 110 ohms in four 
decade dia ls (1, 10, ]00, ~lIId 1000 ohms), 
and a lhird arm httving resislances of I , 
10, 100, 1000, and 10,000 oluus. 

The bridge clements are shown eli.t­
gl'tlmllHlLically in the accompanying draw­
ing, which iII ustrales t.he poinls in the 
circui ts wliere terminals <t.re locall"d. The 
bridge circuit is shown connecled for lhe 
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M' , , • 
,., ... --" 

h 
Schematic diagram of n T"PE 293-A UlLivcrs..'1i 

liridge set up for Illca.'luring resistnnt'(l 

SlRnda rd Wheatstone bridge. The dotted 
lines arc connections made by means of 
tile plug connectors on the terminal bORrd. 
The plugs arc arranged in two groups, 
each group terminating elements of one 
side of the bridge. The plug arrangement 
permits the connection of addi tional ele­
ments in seri es with any of U1C bl'idge 
<trms. Tbe input and output (power and 
null detector) ci rcuits can be b rought out 
di rectly QL' through transformers. Jacks 
are provided to fillransformers which can 
be supplied [or the bridge. 

When used for resistance measurements 
no additional standard is requi red, the 
S arm of t he bridge being used as a stand­
ard. I,'ol' inductance and capacitance meas­
uI·ements. an cxlcrllul standard is requi red . 

The bridge does not include a null detectOl 
or power supply. 

A p:.uticu larly useful fealure or lht 
bridge is its high accuracy with very hig! 
ralios. Tests on the bridge arranged in thl 

standard Wheatstone bridge circuit haw 
shown that it is possible to usc ratios at 
high as 1000: 1 with cxcellent accuracy il 
making resistance measurements. 'Whe!, 
substitut ion methods are used. extrcmel)' 
high accuracy of comparison is possible 
This can be of the order of onc part in 
10,000 with the bridge as norma lly sup­
plied. Using the T YPE 293-P3 Slide-Wire 
Resistor, an extra signific.'iut f'igurc ma) 

be obtained. This uni t lllay be micd 10 
e.xtend the decade arms from 1 ohm to 
approximately 7.ero rcsistance. 

The absolute accuracy of lhc measure­
ment, of course, depends upon that of lilr 
shmdard . Inductances as h igh as ]000 
henrys can be measured with a. ] -henr;. 
standard. Capacity unba lance of the order 
of 0.01 micromicrofa rad can be observed 
The shielding and arrangement of til( 
bridge arc such tha.t accurate resul ts caD 
bc obta ined iLt fre<luencies as high :I, 

50,000 cycles when properly eonsLructcu 
input and output transformers arc used 
Impedances of lhe order of 10 ohms Lo 100( 
ohms cao be measured.'it th is (-rcquency. 

SPECIFICATIONS 
Bridge Arms : T he A nnd /J :lTIllS each consist or 
four decadc fC1listol'$ covering I~ rauge of 1 ohm to 
11.110 ohms ill l-ohm steps. T he S arm is a rc.,>is lor 
eoulaining:) I, 10,100. 1000, :lud 10,000 ohm unit. 
'rue elmracleristics nrc similar to those of OIC TYI ' ~: 
(;02 i)ooI<Je·Hcsist;lnce Box. 

Accuracy: 1\ II resistors arc adjusted 1.0 within 0. 1 % 
of the specified vllllie cXL'C p l the l -ohlll uuils which 
are aJjusted to wi th in 0.25% . 

The absolule UCCUnlCY of measure ment, of (:()lIrse, 
\\'ill tlel>C lld upon the accuracy or the s tandard. 

Freq u en cy R;\n~e: The bridge L'IUI be used nt 
llil r requencies [rOil! direct current up to 50,000 cycles. 

S h ielding: 'fhe cnhinct is copper linc.1 nud the A. 
8 , and S arms life sLielded froUi each o ther. The 
panel is s hielded over the A and B urms. 

Accessories: To facilitate mat-ing the, connectioru 
rC(luired by this fiex ible bridge, there are slipplitIJ 
wi t.h end l instrument 10 double plugs. Ii! doubl 
shielded connector L'Ords, and 2 single couneew 
Ulrds. 

f or suggeslions lUi to the choice or suitabk 
stllndunls, SOur(.~5 of powcr, and !lull indicatoN 
coliloult the sedion on bridge acccs.'Wries, page 91 

Shielded input and o utput transformers and the 
Tn>E 293- l'S Slide-Wire Hes is tor llrt: described it 
the following .'>cclio n. 

Oime n s io n s : L~Rnci. (width) 15.!1 x (depth) I6~, 
indlCS. Cabinct. ( heigh t ) S% incites. o ver·all . 

Nct Weight: 22j,{ !)()ulltbl. 

Code Word Price 

I . .. ....... .. . .. .. . ...... 1 BACON $140.00 



 

BRIDGES 

TYPE 293-P ACCESSORIES 

In using the TYPE fl03-A Bridge fo r al­
ternating-current measurements, sllielded 
input and output transformers are desir­
able. The following transfo rmers Hre avail­
able and arc satisfactory for measurements 
in the audio-f requency range. Doth t rans­
formers can be used with either coil as 
input or output and nre grounded in either 
posilion when plugged inlo the bridge. 

When the impeda nce under measure· 
ment is 1o,,,, it is desimhle Lo clI.1:end tJle 
range of t llc bridge arID.!; downward. This 
UlaJ' be done by the use of one or two 
TYPE 293-P9 Slide-Wire Resistors. The 
T YPE ~W3-P3 Slide-Wire Resistor is a 
shielded resistor ca li bl'ated di.rectly and 

1'/1111 11 l /1rillct(lllC6 FrC1J1161H;Y 
TYJ! v J?(I/ill lI iyh Sid~ IlI/Tl UII 

2t)3_P I 3 :1 

I 
2.5 II 

I 
50- 5000 cycleli 

2fJ3- P2 2.55 :1 2.5 II 50-1>000 cycles 

haying tl range of 0- 1.3 olun. The slide­
wire calibmLion is accurate to 0.02 ohm at 
any setting. The lIn it is a lTang-ed for plug 
mOllnting all the bridge terminal bOl'lrd. 

Cirr.uit , m,peil(lllcc N et Colio 
fliyk Side Lo w Side Wdflht Word PriCII 

I 
2700 

I 
300 21b. DAOGE SI2.00 

25,000 4000 21b. DAl"~'Y 12.00 

293 ·P3 SliJe- Wire .Resistor ... ...... ............... ........... S 07., DAGGY 20,00 

TYPE 216 CAPACITY BRIDGE 

TIle 1)I'ecise mcasurcmentof small values 
of cnpacitance ami power factor requ ires 
IL bridge circuit that is carefully .wd tho r­
oughly shielded. The TYPE 216 Capacity 
Bridge is ~lIited for precision measure­
ments of this type at audio frequencies. 

This bridge is n.ll equnl-a rm shielded 
bridge designed primarily for the mcasure­
ment of small capacitances over a. range 
of audio frequencies from 200 to 10,000 
cycles. The ratio anus arc 5000 ohms ench, 
A third resi sta.nce variable up to 11 ,110 
ohms by I-ohm steps rua.y be connected 
into ei ther of the other two arms, thus 
providi ng the resistance adjustment nec­
essary for a. complete ba lance. 

This bridge is not seH-eonL.'lined, in thc 
sense Lhat t he powcr source, null indica­
tOI', find standa rds of capacil<tnce must 
be provided and connected ex ternally. 

The ratio arms arc made equal wilhiu 
0.05 per cent. Erl'ors due to capacitances 
to ground of the various a rms of the 
bridge, the power source, and the null 
indicator a re minimi7.cd by the symmetry 
of the bridge ftnd by tbe use of sh ielded 
input H.ud output t.r:Ulsformers which arc 
themselves symmetrical with respect to 
their cores and shields, th us making them 
astatic to external fields. These traus· 
formers are completely shielded from Ule 
rest of the bridge, llS is also the added re­
sistance. Such pree:lOtions enable cnpac i­
tUllces placed in adjacent arms to be COlll­

pared with a mlL"Xi mulll erl'or of 0.2 per 
cent or one microruicrofarad, whichevcr is 
the hugcr, 

Using a substitution meLhod in which 
two capacitances are used alternately in 
the same arm of t he bridge, so th<\.t errors 
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in the adjustment of lhe mtio a rms and 
those due to ground capacitances do not 
enLer directly, the two captlcitnnccs may 
be compared wi t.h an error of 0 .05 per 
cent or O.O:j micromicrofarad. whichever is 
lhe larger. \"i th a power sou rce of 100 
volls at a frequency of 1 k ilocycle Ilnd 
using a !lAs tage a mplifier a nd telephones 
as It null ind ica tor, the cH pacitance bal­
ance can be adjusted to one part in a 
million. 

The equivalent series resistance of a. 
condenser may be determined wi LL lhi.'i 
bridge. using a substitu t ion method und a 
TYPE 222-M Precision Condenser us Ule 
standard capaciLance. Expressing this re­
sista nce as the power fnctor or Ule COll-

denser, its error is about 2 per cent or 
0.00005, wh ichever is the larger. 

T he T YPI:: 222~ l\'l Precision Condenser 
(1000 micromicrof:u:tds) is usua lly used 
:tS the s la ndard capacitance for this bridgc. 
Its range 111<1y be extended to bOlh hl rge 
aud smull capacila nces by the use of the 
extra I'c!;is tor s provided , which allow lhe 
rat io urllls lo diffcr fl'om unity by 0.1, 1, 
and 10 per cenl. 

This bridge llIay also he uscd fo l' t.he 
compari son of inductances a nd as Lhe 
basis fo r the Ande l'son, H cnvisidc, Wiell, 
and I'csonance hridges. I ts lISC for these 
b ri dgf',s is somewhat limited to the com­
pa l'i son of la l'ge reactances by Lhe size 
(5000 ohms) of its ratio a. l'ms. 

SPECIFICATIONS 

84 

Ratio Arms: 5000 ohms. 3 lultlitionnl resistors or 
5, 50, Hncl 500 UIIIllS, Alluwing thc rat io or these flrms 
to tlifTer rrollluni ty by 0.1, I, fmu 10 % . 

St~'ndard ResiStor : ·I-dc(:ndc resistancc I- II , I 10 
oluus, \'ariahlc by 1-(111111 steps. Gan be collncc:te(l 
ill eilhcr flrlU h;r illellns of lIwilch motLnlct1 011 sid!! 
or cab inet. 

Accuracy of Adju s tmen t : 0.1%. Ratio urlUiI 
arc equal to 0.05% . 

T y pe of Wind lug: Unifilflr for ratio Il rtns. Ayrton. 
Perry fo r st.wdard resistance. which Ims cll1Irllc~ 

teristics identiC'11 with t110se gi\'cn for T VFF. 60l 
Oee:ule· Hcsistnnoc 1l0XC$ (page 7). 

Transforme rs: l npul : sllicldccl, nstnlic, ratio 1 to 
2.5, stcl)-uP. working between 1600 ant! 1O,0000hnu. 
Ou1llUl : shielded, Ilsll'llie, rallo 2.8 to I, step·dowD 
working between 200,000 and 25,000 ohm5. 

Ran~e : Capacitance I J.lJ.I r to 10 J.lf. Frequency. 200 
to 10,000 cyclL'S per second . 

ShIe lding: CoPIM!r lining ill <:abillct. separate com· 
partments ror lrnllsrurmcrs, ra lio (trillS, nnd standard 
rcsi~tlllH:C. 
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Mou nting: Resistances mounted on bakelite and 
enclosed in n llnnd-rubhe<! walnut ('abinet willI 
h illS~1 cover. Alllerminnls mo unted 011 hard rubber 
inserts in Ilifles of cabinet. All expost.'d metal 1,;'Irts 
(e:wepl conlncl bees) nickel plated. 

Accessories Req uired : Power SOUrL"C. null indi­
eaIOT. stn ndnrds of capacitnDt'C. and bnlnncing 
OOllllemlCr. Sec list of bridge aCCC55()ries ( page 91 ). 

Dimens io ns: Top, 14 !II 15 inches: depth. '1 inch e_~. 

Ne t Weigh t: 19M pounds. 

Type 

216 I . .• . ... ... •. ...•. •.. . •... 1 

Price 

(;1 n e $1 i5.00 

i\ ']'YPt:: 210 Cnpacil,v Oriflgc lind Ilu;tilinry apparatns for till: measuremenl of dielectric constnnt and power 
(arlor of li<luids. I.cfl Co , igllt 011 t"~ benell: Unlanc in~ conclensu. Tn.: 216 Cnpncity Bridge. tes t cell. 'rY'PE 
'111-1\1 Precision Condenser (cnlibr:lted ,·nriable). Tlte power SOUT(.'C is n 'I'n'£ tiOS-A 1'I1 Oscillntor at the 
e:c:treme right of the bench. nud on the shelf i5 U T n·t:: 514-AM Amplifier usc<1 with either tile meter o r 

telephone receivers as n uull imlicalor 
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TYPE 383 PORTABLE CAPACITY BRIDGE 

TYl'E SSS·A Porw.ble Capacity Brillge 

This bridge is a n equa l-arm, partially 
shielded bridge designed tor the measure­
ment or slllali ca p:.u::ila nccs at a. frequency 
of 1000 cycles. The TYPE 383-A Portable 
Capacity Bridge has :.\. maximulll range 
of 30 micromicrof:.trads suitable fo r the 
measurement of tile inLcr-c1eclrodccapaci­
la nces of vacuu m lubes. The 'j'yl' }O; 383·B 
Porl;tb le Capacity Bridge bas a maximum 
range of 600 micromicrofanl.ds. su itable 
for the measurement and comparison of 
the luning condensers of radio recci \'crs. 

The power source and standard of ca­
pacitance nrc supplied with these bridges, 
which :Irc portable and self-conta ined. 
Only l he null indicalor , a head telephone, 
Illllst be provided and connected ex­
ternally. 

The power source, l\. microphone hum­
mcr, is collnected to the bridge th rough a 
shielded . gY IU.U1ctrical input transformer. 
.'\. substitution method of meHsuring the 
unknown condenser if; employed, in which 
the bridge is initia lly bnlanct..'(1 with the 
standa rd condenser set at zcro (actually 

its maximum) by adj U!iti ng a pa rallel 
vern ier condense r. The unknowlI can· 
densel' is then connec ted ,l nd the sta ndard 
adjusted to rebalance the hridge. Th is 
method minimizes allY erro r due to in­
cC)uality of the ratio a rms and groll nd 
capaci tances. 

'I'he three inter-eit.'Clrocle eapaci lancc~ 

of a vacuum tuhe arc della-connected. 
The ord i na ry IlIc a Sli r Clllcn l of a 11y OIlC 

ineludes lhe captlcitalH.:c of the oUler two 
in series. A direct measurement of any 
one Illily be made by collnecting the t hi rd 
terminal of the delta to the common 
junc tion of the rtltio arlllS. This places one 
of the two ex tra. capl.lcitanccs across one 
of the ratio arms, leavi ng the desi red 
capacilance ,l.cross the staudard condenser 
only. T wo c::ou vc nient socket adapte rs are 
p rovided as :l cces!So rics whic.h make this 
connection by t he mcre Ret or plug-giug 
one into the termi nals on t.he bridge panel. 
I ts own capacitance is el imina ted by in­
cluding it in lhe circuit during the ini tial 
bal:tllcillg of the bridge. 

SPECIFICATiONS 

Capacitan ce Ran ~e: 'I'hi.'l bridg~ is mnuc ill t'wo 
ranges: 1'rI'~: 583-1\ , 0 lo 30 ~~r anti Tn.: SSg· H, 
o to 600 ~~f. 

Power-Factor Ran~e: ' I'he mcthod or Sf!(:urillg 
the rcsistnnce bnlnn<.:e in this hridge prevents a 
Jla tisfnctory ca pncitnncc bahlu<:cfrom being obtained 
for conde-liters wilh wry lllrgc losses. All ni r con­
denters nnd VIl CLILIm lubes ordinnrily cnco1l ntered 
cnn be measu rcd without diUicHlly_ Thi~ limit 011 

power fnclor is in\'crsely prol)()rtiollHI to the ca' 
pncitance undcr tcst, being 'l% power fador at 30 ~~f 
for '1' \'1'.: a83-A nnd 2% at 600 ~Jlf for Tn); 383-1J. 

A CCUTficy: The hrirlgc is aCCllrate to within 5% or 
full·JK!1Ilc for T YPE gS,'J-A and lo within 'l% of full · 
scnlc fo r TYPE S8S· B. 

It ca ll be bnlu llI;cd t.u wit.hin O .l~% for T Yf'E 383·:\ 
and 10 within 1% of ful1-5clLlc for Tn.: 38.'I-B. 
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rra nsformcrs: Input; shielded, 8~lalic. ratio 'I to 
8.7 slcll·U p. w(lrking Ix:tween 1300 ami 100,000 
OIUllil. Output: TYPE 285· 0 ratio 2.7 to 1 slepo{iown. 
working between 150,000 nnd 20,000 ohms. 

Power SOli rce: Tn'~: 24 1· A Microphone Hummer. 
frequency 1000 cycles. 4 .5·\'0Il dry battery SUPI)1ied. 

Accessories : A null indicator (sec page 91 for 
wggcstions) is the on ly bridge nC<.oessory thut ill Dot 
furnished with the bridge. 

Type Utlllfjl! 

Two socket adnpters ror l i·');:· Rnd UY-bnsc luhcs 
nrc supplied wilh ULe Tnt: 383-1\ Bridge. 

Mounting: UnilmounlcJ on aluminum p:Lnc1uDu 
ellc1 o.'~ed in hand·rubhed walnuL cnbinet. All ler­
mint.llI mounted (HI lumJ rubber plalcs. All exposed 
IUct:t! p':lrls: nickel plated. 

Dimen s ions; Po,llc1. (Ie.ngth) 18 x ( width) ax 
inches. Cubil1et. (depth) O,!t2 inches, over-all. 

Net Weight: 14M pounds, both types. 

COlIc If' ord ('rice 

383-A 
383-H 

o to 30 p.J.l.f •• . • . .••• • ••••••••• 1 

o to 600 pop.r. . . • • . • • • • • • •• • ••• 
llU li lN 

II UGI.E 

S80 .00 
80.00 

TYPE 240 CAPACITY METER 

This bl'idgc is a va riable ra.Lia-arm, un­
shielded bl'idge, designed for the measure­
ment. of Ito'gc capaci tances at. a. s ingle frc­
(Iucney of nhout 1000 cycles pCI' second. 
Its range is from 0.001 to 11.1 microfarads 
wil h nil accuracy of 0.3 per cent of t.he 
Illaximum reading of its three dials, Or, to 
lhree lUlils on its smallest dial; minimum 
reading, 10 micromicrofarads. 

This bridge is pOltablc and completely 
self-cou t.a ill ed. The power source, n micro­
I)hone hummer, is connected direcUy to 
the bridge between the junction of the 
rat io arms and the jlmclion of the con­
dens-ers . The standard capacilance is a 
fixed mien. condenser. The added re­
sislance providing the resistance balance 
is a TYPE 21j~ R.heostat, calibrated directly 
ill power faeLor up to 4 per cent. The 

power-raetor setting may be in error by 
0.5 per cent (power faclor expressed in 
per cent, not rracLiollfl l ern)!' expressed in 
pcr ccnl). The reading of the power.faelor 
dial Ulust be considered merely as an 
indication of high or low losses. 

SPECI FICA liONS 

Ran~c : Ca pacitance. 1000 ",,.r to 11.1 ",f. l~owcr 
(uetor,O to 4% . 

Accuracy: Cnpncitnnl'C UlCllsurcmenls are a CC\Lratc 
to within 0.30/0 of maxil.llum reading. Power f:H.: lor 
measurements fire IIl'Curll!e to wjUlin 0.6% power 
(;lctor. 

Power SOllr ce: TYI'E 2.-lI·A Microphone Humlllcr. 
frequency 1 UOO cydcs. 4 .. i-volt dry baltery supplied. 

Typf! 

N ull Indicator: i\.Iurtlock head telepllone, approxi­
mately 10,000 ohms irnpedanee at 1000 cycles. 

l\'l oun tin~: Hcsi"lanccs nre mounted on hard 
rubber panel lind endosed in h:lIld-rubbed wlllnul 
cabinet with hinged CO\'er anti leather handle. 

Dimensions: Top. 7 x 14M inchC$; Ileplll. (j iueiH!lI. 

Nct Wcig,ht : JoJ.i pounds. 

GOIlc W or(l P rice 

240 1000 J.l.p.f to 11.1 p.r. ... ........ . J $85.00 
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TYPE 561-A VACUUM-TUBE BRIDGE 

P~mel view of a Tn!:;. 501-:\ \ "acuuw-Tuhc II rirlge wilh a 57-type lube in positioll for mellsurement 

A.ll important ,t!1'OUp of measlIrements 

ordinarily Lflkcll b~' II1C;.ttlS of bridge 
methods is that of the dynamic cha rader­
ist ics of vacuum lubes. T hese parameters, 
amplification constant, mutual caneluc-

lnllc:c. and plate rcsis tnl1cc. change under 
lhe inUuence of e1ectJ'odc potentials, ;\11(.1 

Lhe 1,lHlIlIIc r in \yhidl I hese clHwges take 
piucc determines the usefulness of the 
lube for many applications. A knowledge 



 

of the behavior of these parameters is of 
particular importance in the case of tho 
new Il1llltiple~e1ement tubes where au to~ 

ma.tic volume contl'Ol, silent tuning, and 
.,imilar dcvices depend (01' thcir efTccLj \·e~ 

ness on tube characterist.ics. 130tb the 
tube and se t mal1uiactUl'ers requ i_re a 
simple and accurate meaus of obtaining 
data HS to these clulfacte ristics. 

The cbaractel'isti cs of new tubes in tro~ 
uueed wiUlln the l:.tst few years cover so 
wide a range of values that an entirely 
new approach to tlle problem has had lo 
be worked out to produce an instrument 
tha.t wOllld measure a ll or them. The 
TY PE 5(H-A. VaCllum-'l'ube B ridge is 
properly speaking not a bridge circuit :tl 
all bu t an adap ta tion of gain measure­
ments in which a decade atLeowllor is 
made to read the :unplif.ication factor 'lIH.l ) 

by a suitablc combirmtion or circuits, 
mu tual conductance and plll.le resisl;lrlCe 
as well. Thcsc three parameters are 
lllcasm cd indcpcndenlly, 'i"e., nOtle of 
the balances depends in ally way on allY 
other so th[Lt independent cross checks 
(:..111 be oblained from the circuit equa­
Lions. 

The bridge embodies ncw mCILS11I·ing 
circuiL<; ,-tnl! a. more so:d..isbLctOI'Y method of 
balancing out the effects of the lube in ler­
electrode capacitances tha.n has hel·eto­
rore been available. Not ollly is the 
accuntcy or measurement cOl1sidentbly 
improved, bu t :'Ill three of the us u<tl param­
eters may be independenLly measurcd 
over very wide Jjmits. 

The procedure in making Illef~surelllents 

is simple and straightfOi'ward, and is 
exactly tile s;wle fOl" the three coeffi cients: 
amplification factor, plate resislance, and 
transconducltLnce. A th.ree·position switch 
is tumed Lo whichever quanti ty is desired, 
multiplier switches are set at the :lppro­
priate value for the tube being tested, and 
balance is obtained by adjusting a three­
decade a ttenua tor and a vari able COIl-

BRIDGES 

denser. A t balance t.he decades read 
directly, lo three significant figures, tbe 
quantity bei ng meaS1I red. 

Negative values of t.hc tube coefficiell ts 
may be measu red as rcadily as posit.ive 
values, except in regious whcl·e dynatroll 
oscillations canllot be preventcd . 

The meas uring circui ts and the lube­
control circuits ma.y be separated by 
opening link connectors on tbe top of lhc 
panel. This not only facilitates lhe testing 
of lubes associated with other control 
apparatus, out also makes it poss ible by 
changing t he cross cOllnectjons in a ve ry 
simple manner to measure grid-circuit 
pn.l·nmctcrs, 0 1" panul1c ters referred to any 
pair of elec trodes. 

A double-range nltel'llnting-cllrrcnt and 
direct-current f:ilament volt.meter ami it 

source of aJ ler/lating-current healer power 
a re included. No ex ternal filament con­
nections need be made for al ternating­
CUrt·cut t ubes. except lo lhe IlO-volt !.ine. 

l;'our- , fi ve·, six-, and seven-prong 
sockets are built iuto the instrmnen t. nlld 
a s \vilch is provided for swildJ ing the 
control-grid connection from the base 1.0 
the cap. Pl"<lctically all standard receiving 
tubes, therefore, call be very conveniently 
mCilSlll'ed. Tubes h1tviug special base con­
nections such as pentode ou tput tubes not 
employing 1t separalely lleateci CiLlhode 
call be tested by mea.ns of the adapler 
supplied with the bridge 01' cOlUlected 
externally. 

The tube circuit..<; have l:u·ge enough 
current-carrying capacity and sufficient 
insulation so that low-power t ra.nsmi tting 
t ubes ma.y be tesled in addition to receiv­
ing tubes. 

By means of a 110vel method of balanc­
lug out t ube capacitances, their effect 
upon the measured coefficients is rendered 
negligible. For instance, the plate rcsistance 
of :l t ube having a high value of plale-to­
fi lament capacitance can be measured 
wi thou t 1'my el"ror due to this capacitance. 
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SPECIFICA liONS 

Ra ll!.!c: Amplification factor ( "'); 0.001 to ]0,000. 
DXfHlmic internal pla te rc.~is tllnt.'<! ('p) ; 50 ohms 

to 20 megohrus. 
~ l lItul\l conduc\,1nce (S",); 0.0210 ~O,OOO microUl-

110$ ( \'olts per micro-umpcrc). 
Under prOI'ler conditions, the above rnnges CU ll be 

c);ccl"(lcd . The various rmrnmctcrs call Illso be 
measured WiUl respect to vnrioliS clemenls, sllch ns 
screen grids, etc. ';"lcgll t.i\·c. as well as positive, vnlues 
can be measured. 

Ran~e of T ubes Cove red : All standard [our-, 
five-, six-, lind seven-prong receiving lubes can be 
measured on lids ins lru lnent without the use of 
Ildaptcr~, ~l'Cpt thnl five- or six-prong lubes not 
hRving separate henters require the Ilse of II single 
adapter furnisLed with the bridge. A switch is 
I>ro\'icled for switching the t'olltro[-grid 1!OIHICdioli 

from the ba~e to the c~p. 
T uhes having speda! ha~es can be testoo b~' means 

or ,HI i1dapter or c.:onnccted cxternally. 
T he lubc circuits lun'C large cnough cmrent­

carrying capacity und sul1kicnt insulnlion so tli;lt 
[OW-p<lWt'T trallsmilling luhe. .. mny he tested . in 
;lddition to receh' ing luix."S. MlI.ximulil ullowable 
plate current is 150 milliluupef(:s lUll! mnximum 
plate \'oltage is 1.500 volts. 

F ila m ent S upply Circuit s: A double-range 
reelilicr-lype allernating-current nnd direcl-curre-llt 
Iilamcnl \'oltmcler fi nd a SOllrc.-e of alternating­
currenl healer power ure contained ill the instru­
ment. No extemtl.1 lillllllcnL oonnectiulI~ need be 
made for a[tertl~tillg-eurrcllt tubcs, unl(:!!. .. voltage 
greater than 8 volts or eurrell t .brrciiter lIlan :1.5 
utllf'ere~ is requ ired. The lil:tmenlrbcoslat for dirc<:t­
("ltrrcnt filament supply has a capacity of 750 
millinmperes. 

When toca~uring rl!lernat iug-currell! he,tied tuues. 
the bridge requires (';Q Hneclioll to a ~our(.'e of 115-
volt GO-cycle a.itl,rnatiug current. 

E lectrod e Vo ltage Supply: Batteries or suitahle 
powcr supplies rue t1e(.'CSsar~' for providing the 
various \'olLllgcs req uired by the tube unJel" lcst. 

Type 

Power S u p ply: t\ sonrce of 1000 ('ydes is required. 
T he 'l''''J'~: 213-13 Audio Oscillator is suitahle for this 
pltrpose. 

N ull Ind icatOr: A slti tllh!e \Iu t! indica tor is 
rl.'qlti rcci. T he T nI': 514-:\ Amplifier used in con· 
junction with a stnsiti\'e pair of telephones is 
recommended for this purpose. 

Cons t r u ct ion a l Featu res: The lowc.r half of lite 
front I)anel of the instrumen t conta ins the sl>ccial 
bridge circuit used ill IliclIsuri ng the (.'()effidcnls. 
T he upper half of ULC plU\d c()lI tain~ tube sockets. 
ahernating-current filament supply. filn.mcnt voll­
meter. rheostats. terminals for \'ariou~ voltages. and 
terminals for direct (X)nneclioll of an cxtcrllnl lube 
to the bridge circuit. T his arrangement provides lhe 
greatest flexibi lity for general \IS~. 

1\'1 OUll t ing : The inslrument is moutlted on n bInd.: 
cfuckJc [ncqucrCiluluminum p:lnel a lld is fttrt1i~hed 
in It polished walnut c;(binel. A lcnlherclte dw;! 
cover is supplied to (.'()vcr the instrulllent when not 
in use. 

Dime ns ion s : ( Lenglh) l S~ inches x (width) 15% 
inches x (height) 11 inches. 

Net We ight : 45 pouuds. 

Code JVurd Priee 

561-A I ....... ............ .... .. . 1 BEIGE $345.00 
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BRIDGE ACCESSORIES 

All bridges require for their operation a. 
power source, a null indicator, li nd com­
parison standards. Other accessories arc 
transformers (or matching the impedance 
of the power source nnd nuB indi<.;.tLor 
to the bridge. ampti fiers, fille rs, Waguer 

ground, galvanometer shunt, and separate 
ratio arms. These accessori es arc listed 
in Ulis section with a brjeJ discussion of 
their relative merits and a rderence 
to the sec t.ion where they al'(~ flllly de­
scribed. 

POWER SOURCES 

The Tn'E 213 Audio Oscillators are snlisfa.ctQry 
as single-rrequency power solln:es. They nmy be 
ohta.ined for nny IOO-cycle mulUple in the range 
from 400 to 1500 cycles. The 'ITrJ:: U I lIfk'rol>hollc 
Uurnmer has R higher harmonicoontenliu itsolliput 
and is less stable in frequency. II is, howt:\'cr. sntis4 
ractory fo r rouliue bridge measuremenl:5 nlHl is used 
in 'r y".; 383 Porltlble CRpllCil.y Oridgcs and the 
Tn>.: 2-10 Capacity ~.1eter. 

The TVPE S77·H Low •. Frequcncy Osdllutor is 
saLi.~fllclory as 11 varinble·rreqllcncy power sauree. 

I nllrltm(Jnl 

TYPE iIS·D Audio Oscillator .................. . 
'!\'PF, 213·C Allflio Oscillator ................... . 
l\'pE i ·.1 l\ficrophone Hummer .. . 
'fypE 877·[1 Low·Frequency Oscilla tor .......... . 

THE 60S·A Oscillator . . •••.. " . . 

'rVpE 5 13· 13 HC:II.FrequeDcy Oscillator ... . ...... . 
'J'vn,613·:\ DC:II.l" reqllcncy Oscillator ........... . 

TYl'E 613·A Ocal •. f're(IUcney Oscillator hns :1 SIlIB lIer 
power nnd is less slable in frccluency, but it is easier 
to set at u given fn.'.qucltcy. Til t"! T n.; .51:'1· [1 Bellt· 
Frequcncy OS('illator will be found espccinlly con· 
venient hceaulle it is apemlct! entirely from the 
commcrcial 11O·\,0It ulicmating·currclit power 
s upply. Where the frcclueucy uoes fl ot IICCt.l to be 
continuollsly adjustahle. lIle use of Lhe Tn'£ 508·.\ 
Oseillll.tor is suggesle<1. Tt hilS good wU\'cCorm and i., 
nltc tlluting·current operated. 

Frequency 

1000 cycles 
400 cycles 

1000 cycles 
25- 70,000 cycles 

(
iOO, 300, 400, 000, 800, 1000, 
1000, \WOO, 8000 aDd 4000 cycles 

5- 10.000 cycles 
6- 10,000 cycles 

7. 
70 

7' 
7. 

GO 
71 

Priel' 

$a·tOO 
42.00 

10.00 
350.00 

120.00 

·~50.00 

2' 10.00 

STANDARDS AND BALANCING REACTANCES 

The T YI,t:l 602' Ot.-c.acle·n esislllncc Boxes, T HE other rcacl,IIIIC4:lI listed helow nmy be calibraled 
188 Standard Resistances, Tv»F. 500 Resistors, TVpE in terms or these standards or used ns balancing 
100 Standard I nductances, anti TYPE :t12 Precision renelnnl'CS in substitution melhods. 
Condensers may be used as primary standards. The 

l nnrumellt Page Price 

TYPE 60i Decade· ltCliistance Box ..... . . • 825.00-$70.00 
'J'Yl>.: I!lS St.·mdn rd Resistance .... , . ..... . . ' . ...... • , .... .. . 13 13.00- 15.00 
TYPE 500 Resistor .... . ..... ........ . . , ...........• •. .. . .. . '" 2.00 
TYPE 106 Standard Inductances .. '" . ................... ... . " 25.00- 86.00 
l'TPE 107 Variomelcrs .. .. .... . .......••..•....•....... .... .. SO.OC>- '0.00 
TYPE 219 Decade Condensers ..... , ........................ . " 82.00- 50.00 
TYPE i2~ l~recision Condensers .... •... ' •.. . . , '0 85.00- 100.00 
TYPE U6 CondCnllCNI . ... ....... .•.. , ... , .•...•• , ..•...•.. . . OS 88.00- 64.00 
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NULL INDICA TORS 

Heud lc.lcllhones ure the most satisfactory null 
iudi(;fltOrs, bolh because of their grellt sensilh'ity 
and because of the abili ty of the human eRr to d is~ 

criminate between" fundalHentailollc. its harmonics. 
nnd lIoise. T hey 11re highly selective, willi,. resonant 
frequcncy around 1 kc. This preven t.s til<Ji r II SC 

below 200-400 cycles. Below these frequencies nnd 
,I"wn to 50 cycles, tile 'J'YI'E 338-G Vibration Gal­
Ynnonleter provides u tu ned null inrlicator. TIle 
TYI-!': ·1/oW-A nnd Tvl'I> 626-A 'I'hermionie Voltmeters 
llIuy be IIsed over the whulcfllngeof aud io frequencies 
allll UII to l)Crhap~ 1:;00 kc, hut nre IllIH:h less sensiti ve 
tlmn either of the other null indicatol'll IIlId IIrl! not 
selccli,·c. T he 'f\' I'1:! Oi!(j·A V,IC,:umn-Tubc Voltmeter 

II1$lTIIlncnt 

Western F:lectric n ead T elephones ( W. E. T.YI>C 
:-..tumbcr l002-C) .. . . ......... . 

T,·p.; 338·G Vibration Galv3nomcler . 
T}'P.: 4fO-A Thermionic Voltmeter . 
'1" ' 1'1': GiW·A Vlleuum-Tube Voltmeter . ... . 
'J' \'f'fl 483-C Output Meter , . .......... . 
'l'n·£ .nJ·A~r Alllplifier . ... .............. ' .... . 

operates ill the sallie way ns the T YPE 42:6-A hut it is 
altemnting.eurrcnlol)Crated. 

O:tide rectifier \'oltmeters may Uc UliC(1 AS null 
detectors o\'er the ent ire audio-frequency range. 
The Tn.: ·UJ3-C (~O,OOO oilln) Ou l llUl Meter is 
parLiculnrl.\· rCCOllnllcll\lcd. 

An llUllllifier is generally 1lt.'Cdcd to incrensc ULC 
t;ensitivi ty when using any Corm of \'isunl null 
indicator. and the L1SC of nil amplifier is lulviscd for 
I>rc('ise mensuremeULs C\'en whcn !Ising telephones. 
T ile T YI' .l Ii ' ·' ·A1\1 .1~.U)Jllili(: r hus been desiglLed for 
this purpose. It gi \'e~ a sellsitivity with the TYPE 

'~83-C OulJlut i\ lelcr that is nlxmt C(!llh':dcnl 10 that 
obtaillablc with telephones without nil nm l>lificr. 

l~al1!Jc 

'100 cyc!es- 10,000 cycl c..'1 
50 cycles- 1000 cycles 
10 eYc\e5- 1500 ke 
10 cyclcs- 1500 ke 
10 cydes- 10,000 cycles 
50 cycles- 50,000 cycles 

Pa!J(1 

113 
129 

128 
13 1 
78 

$ 12.00 
175.00 
160.00 
100.00 
54.00 
76.00 

TR ANSFORMERS AND FILTER SECTIONS 

Tile T YPE 359 and 1'Yp!,; 660 Variable-Ratio 
Trans{ormers arc specially designed {or matching 
the power souree tlnd null detcctor to a bridge. The 
TYI'}; 166 Telephone Transformer is a less e:tpensive 
transformer of narrower mnge in both ratio nlld 
{re<!lleney. T \'I'£ 585 Transformers tile fixed · rnt io 
trll.nlJformers, designed primarily as tube-coupling 
ltuosforrucrs. hut suitable for use with IlliLny bridges. 

[ ,IBlrrlmenl 

T YI'E 330 .Filler Sections may be conneded betl\·et>n 
the bridge antI null detector to suppress Jutrlnonics 
and ground noise. 'fhe combination of high. and 
10w-p:Iss sections of suitable eut-off frequencies 
provides a hAnd-pass niter. The TYpt: 53 <1. Dand­
Pass Filter is II. single unit for filtering in either the 
generator or the null indie-ator. It is made for 400· 
cycle and for lOOO-cycle operation. 

Pag6 PrictJ 

TYI'g 359 V!l riable-Hutio T rnnsformers ......... ' •... " . ..... . . 144 
144 
W 

144 
120 
125 

$20,00 

7.00 
12.5'0 

7.00-12.00 
l i.OO 

18,00-24.00 

TYPE 166 Tclephone Trll.ll.d'ormer ..... . 
TyPE 666 VariAble-Hatio Trallsformer ,. 
TYPE 585 T ransformers. , . , .............. , . .. , ........... . 
TYi"E S30 Filler Sections ... , . 
'l'l'I'E 5H Band·Puss «'ilter . . .. _. 
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WAG NER GROUNDS 

Since n Wllgncr groulIll of the rcsi~lalll'C type is 
merely :1 fucJ rcsist.:luce with n vllrilkblc t;lI). the 
Tn'~ HI. 3H , 371. 21<1. 410, ami SO l Potenti­
orneters may be used us Wilgucr grounds. 13.1' remo\'-

l u~lrllmtnt 

TrPE ·~1 1 Hht.'OslAt /llld Potc.lItiometcr .. 
TYPE 814 Uheosl:ll ami PotentiolJleter . 
TTPE 371 Uheos llllllllli P otentiometer 
Tn'!; 214 H1100sLat a nd l'otentiomder ..... 
'I'rl'!: ·no Rhcoslut [1.1\(1 l'otentiometer 
TrI'.~ ~JO I Hln . .'ostfli and " olcntiomdcr 
TYn: 33'~ Condenscrs .. 
Tl'P£ 335 Colld(,llscr 

ing the l'OlIue<:lion belween the two sectiolls of a lly 
of the Tn');;s 33·~ or 335 Condensers ha \-iug balanced 
scclion ~, these condensers 1)I.:(.'O!Ilc sntisfaclory 
W:lgncr grounds or the cnpncitll uc.:C type. 

22 

" ~I 

2:; 

20 
2G 

"' 37 

Price 

$6.00 
4.00 

·l.O(}-S.OO 
\..50 

LUU 
1.00 

2.50- 10.00 
6.00 

TYPE 210 RATIO-ARM BOX 

The nuclcus of a bridge IS the ratio 
arms. This box provides a set of ratio 

arms giving ratios from unil y to 1000 by 
factor steps of about threc. 

SPECIFICATIONS 

Res istan ces: Enell arm. I ,~. to, 30, lOO, 300, 1000 
ohms. 
Accuracy of Adj ustm ent: 0.1 %. 
Type of Windin& : Ayrlon-Pcrry, m:mganin wire., 
having chnracte.ristics idcnlieal with those lislCfI 
under TYI't: 002 Decade-Resistance. UOllOes. 

Switches: TYI'~: 202, 7-poiuLS. 

1'ypt. 

Finish : Resistances nnd terminals mounted on 
bakelile [>Illlel and enclosed in hand-rubbed walnut 
cabi net. All exposed mcblJ parts (except contact 
f:lccs) nickel plated. 

Dimensions: Pand, 5 x 731 iuehes;deplh,4 inches. 

Net Wei)!ht: 2% pounds. 

Code Wo rd Pric~ 

210 I .. . . . . . . . . . . . . . . . . . . . . . . $28.00 
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TYPE 229 GALVANOMETER SHUNT 

Tilis galvanometer shunt is of Ule 
Ayrton-Mather "Universal" type, which 
provides an amount of shunting (rnlio of 
gah'anomcter current :It finy selling to 
tha t at maximulll setting) which is inde­
pendent of the resistance of lhe glt lva­
nOUleler. F or other reasons, however, the 
shunt must be mn,tchcd to the galva­
nometer. The lotal resista nce of the shunt 
mllst be large compared to Lhal of the 
gnln tnomctcr, SO that the sensilivity of 
the galvanometer is lIot appreciubly re­
duced when the slum!. is connected and 
sct at unity. This lotnl shun t res istance 
shou ld be apprOXill1:Lleiy lhe external 
critic:li damping resislalH.'i! of tbc ga lva.-

nomclcr. l\i ost galvanometers tire so de­
signed that both these conditiOlls may be 
ful filled. This instrument c;an also be IIsed 
as a voltage diyiucr. 

SPECI FICATIONS 

Total Resistance: &.-C: pril."C list. 

Shu n t Ratios: 0.000; 0.001; 0.01; 0.1; 1.0. 

Acc uracy of Adjustment: 0.1% _ 

T y pe of Winding : Unifilar, mangnnin wire for nil 
resistances except Ule !lOOO-ohm uni t of 'fn't~ i?2!l- H 
which is of "6sh-line" type wiUI nichrome wire. 

Switch : 1YrE 202, 5-poi nts. 

Type !?a-i,llI/lce 

Fini sh: Rcsista n('ClI a nd terminals mounted on 
bakelite ptlnel nnd enclosed in h:tlld-ruLtx .. d walnut 
cabinet. All exposed Ulct;t\ parts (elwelll contact 
faces) nickel pla.teJ. 

Dlmcns ions:Pnnel, 3}<;! x tiM inches; depth. 3M 
inchCll. 

Net Weight : 1 pounl!. 

Code Word Price 

229-L 1000 ohms I·· ·1 G A YOT $15.00 
229-H 10,000 ohms . . . . -. . . . . . . . . . . . . . . . . . . . . C1A:-<"T 18.00 
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STANDARD.SIGNAL GENERATORS 

General R adio introduced Ule first commercially practicable standard-signal 
generator or " microvolter" to the radio industry in the summer of 1928. Since then, 
the leading manufacturers of America a nd Europe hnve designed find tested Lb ei r 
products with General R <1d io st:lIldard-sigunJ gCllcmlors. 

Improvements have been mftde from time to lime ftS the resu lts of research showed 
us how 1I1e 3.cclIfncies could be bettered and the lIsefulness of the instrument enhanced. 
Broadcast engineers have, for example, found t hat fie ld-intensity surveys, mndc with 
the standard-signal generator, plly big dividcnds in sLowing the wuy to a m Ol'c profit­
able covernge of their radio n.udience. P ower c:ompanies concerned wil h induc t. ive 
interference a nd co-ordination problems have used it to measure radio interference 
quantitatively. 

lmpro\'ements IltlVe had to do with the bettering or allenualors. reducing leabgc, 
li nd perfecting the modulating system. Design problems encountered in doing this 
have sometimes seemed insurmountab le to the engineer faced with the ne(:essity for 
maki ng one in strument do many jobs, for keepi ng down Ule Ilumber of t ubes nnd 
battery drain, for worki ng at low power levels to prevent leakage, and for avoiding, 
if possible, the use of multistage tuning (.'Q lttrol s. 

l\Iodulat ion difficulties never drcllmed of by the broadcast engineer arc met when 
it becomes necessflry to design for it minimum of frequency modulation and fly-wheel 
effect. for a high perl.!cntnge Illodubtion without. distor tion, and for maximuill power 
ou tput, all at. power le\'els that cn ll he efl'ectively shielded. 

T hree new types of signal generat.or have been designed wi thin the inst year. All 
types of laborutorics wi ll find one of lhese types to meet their lesting requirements 
S<ltisfactorily. These are described in the foUowiug pnges. 

" 
... . . . 

T ypo 

603 

601 

600 

4 18 

Particular Applicationt 

High precision. sclI!lili"ily, se­
lectivity, an,1 fidelity measure­
ments on radio recei"ers nnd 
field-intensity measurements 

Sensitivity mellSUrCfl1ents OIL 
radio receivers, dpccillHy on 
the production liD!! and airway 
maintenance sen -ire - Also 
field intensity tests 

Checking on rc(.ocivers in the 
U. S. broadcast band when 
high speed and precision a re 
essential 

Dummy antenna for slnndard 
11U: tests on radio receivers 

Idtlltifllillg ft/lf'lrc~ 

Wide frequency rlUl~e nnd higll 
preei!lion - Low leakage even 
lit 25 Me 

MOllerale precision. portnbility 
and low (:ost - Wide frCIIUCnC.V 
range 

Five·channel freque ncy sc\lx:tor 
- step-by-slep nUcnllulor ­
Ex(.'C llent modulation chu rnt:­
teristics 

Reactive type for U. S. brond­
CMt hund. rcsisti\'e type for 
higher frequencies 
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TYPE 603-A STANDARD-SIGNAL GENERATOR 
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The development of radio receivers fOl" 
operation at high fn ... ·queneies has had its 
corollary in a demand for a satisfactory 
standard-signal generato r to go to vcry 
high frequ encies. A c:ucful study of t he 
problem has indicated t ha t generators 
similar ill general construction to t.110SC 

now employed can be used with suititble 
design modifica tion at frequencies as high 
as 25 megacycles. Il is believed Uwt work 
at higher frequencies will require a ralher 
differelll design of signal generator and 
atlenualor system from that now used . 

The General Radio Company has had 
under development for the last year a­
new st andard-signal generator designed 
to Dleet the need fo r dependable behavior 
at high frequencies. The TYPE 603-A 
Standard-Signal Generator is the result of 
this developmcn t. 

This inst ru ment Illay be used over a. 
frequency range extending from 100 kilo­
cycles to 25 megacycles. Over this range 
ils performa,nce is well ,vithill the limits 
of accuracy which we have become ac­
cuslomed lo expect from standard-signal 
generators in l1le broadcast-fJ'equency 
range. I t is capable of modulation up to 

90 per ct-!llt lit brondcast and IJ.igher fre­
qucncies. In lernal modulation at400 cycles 
i!) provided tlnd provision is made for 
exle rna l modulation as well. 

The !lew standard-signal generalor will 
be used for the usual fidelity, sensitivity, 
;:lIld selectivity tests on receivers Uu ough­
out Ule very 'wide frequ ency range for 
which it is adap led. I t is a lso suitable fo r 
field-strength mcnsUl'cments throughout 
this wide range, since it is semi-porta.ble 
and can easily be transferred in an 
a.utomobile. 

The new standard-signal generator has 
a. number of interesting design features. 
The shield has been so modified without 
increase of leakage that it is not necessary 
to remove any screws in order to change 
coils. I mmediate access to the coil com­
partment is obt:1incd by rai sing the lid 011 

the cabinet. Space for the extension coils 
is al so provided inside of the cabinet. 
Leakage around the lid is avoided by a 
refrigcmtor-door type of construction in 
the shielding. 

An inlerest ing new type of attenuator 
and shield has beell evolved. The usual 
resistance type of aUenuator has been 



 

used with a. modified cOlls lruclion as made 
necessary by the much higher frequencies 
involved. The atlelllmtor is enclosed in a. 
sectionized shield which makes possible 
vcry la rgeattelluatiollseven at frequencies 
aL 25 megacycles without serious e ITOI·S. 

The conlrols M C shown on the fmnl of 
the panel. Those ;, t lhe right govern the 
radio-frequency circuit, those at the left 
the modulation circu it. The carrier fre­
quency is con Lroll ed by a. la rge dia l wilh 
slow-motion adjustment. This dial ca n'ie!; 
an ltcclIrn.Lely engra ved settle of 600 divi­
sions, spread around 2700 of its circurl'l­
fe renee. 'fhe use of this dial ill coujuuclion 
wiLh It coil spread of app roximately 2 to 1 
in frequency makcs possible a direct use 
of lhe lllaiJ) freq uency scale for use in 
selectivity und band-width determination. 
Calibralion charts arc p rovided and t hey 
are of such si:r.e as to be read to the same 
IlccUritcy as the di al scale. 

T wo additiona l con venience features 
will be noted on Ul is d inl : The magnifying 
glass over the main index grcatly assists 
in setting and reading the scale. The 

STANDARD·SIGNAL GENERA TORS 

secondary index, togctllcr ",iUI the space 
on the dia l ri m for exlra sCidcs. pcrmits 
ca li bration of U1C ins trumcnt a l special 
points to suit lhe user's requirements. 

The ca rrier-frequency out puL volLage is 
con lrolled hy the tlut.'e adj ustmcllts in 
the lower right section of the panel. The 
c:ul'icr :I!nplitudc is ncijust cci, by meting 
of t he middle control, to a reference line 
on t he dght-hand melel'. Mnintnining 
th is ad justment conslnnt, the output is 
adjusted by mC<lllS of OlC :-lidc wire lilbcled 
:"IIICllO\'OI/r s und the multiplier. C ontinu­

Oil S variation from one volt. Lo }4 micro­
volt is pro\·ided. The output is taken off 
rrom the sh ielded plug terminals in lhe 
lower right edge of t he cabinet. 

The modulation-control system issbown 
a t the left. The meler indicates the modu­
la tion vo ltage and is set by means of the 
modulation amplitude co'ntrol to a refer­
ence line. With the per cent moduhltion 
dial set a t t he desi red modulation per­
centage, external mod ulation ma.y be COLl­

nected at the termioals indicated and 
controlled in the same manner. 

SPECIFICATIONS 

Carrier-Frequency Range: Inductors arc Ilvail­
able for n range of 100 ke to 'l5,000 ke. 

Modu lation: An internal (plug-in type) modulator 
provides 4 frequency of 400 cycles. Units for other 
freq uencies c.'l.1l be provided. !\fodulntion charac­
teristics change somcwhat o\'er the wide operating 
range of the inst.rumcnt. Modulation up to 00% 
may be obtained under most conditions of operation 
without.e:.:cceding 10% hnrmonie. Provision is made 
for exterulll modulution. The input impedance at the 
e:.:ternal modulation termina ls is approximately 
5000 ohms and a power of about 60 miJliwntts will 
modulate the instrument to 50% throughout its 
runge. The Tn»; Gl:J-B (a-e operated) or the TYI'E 
u13-A (battery-operatcd) Bent-Frequency Oscillator 
or the T\'I'E 377-0 U>w-FrequcJI(:.v Oscillator are 
suitable sources of modulatioll voltage. Oue stage of 
amplificat ion, using a power tube. is requircd for 
high modulation percentages when using the.~e 

o.'>Ciliator~ . Low mooulntionsare measured by mc.'l.ns 
of a voltmetcr in the audio-frequency circuit. lligh 
Illodulutioll percentages are read on the output. 

meter, using t.he ehange in Clmicr amplitude as a 
measure of modulation percentage. 

Freque n cy Calibration: Cal ibr.l.lion curves are 
ayailable. accurate to 0.5% . The dial spread and 
chart interval ure SUeil that fr equency intervals for 
selecti \'ity curves may be read directly from thc 
main dial which is provided with a magn ifying glass. 
In the broadc.1st range intervals of 200 eycles mlly 
be set. The dial has GOO divisions. 

Ou tpu t System: The input circuit to the attCntUl­
tor is adjusted to standard value, using a reference 
line on t he radio-frequency currcnt meter. A non­
reactive rheostat is used for this adjustment. The 
nltenuator CQllsists of a slide wire at the inp ut end 
followed by a step-by-step multiplier. This arrange­
ment permits the use of It sturdy sl ide· wire con­
struction. Thc output is continuously adjustable. 
Tbe output impcdance is 10 ohms up to t he 10,000 
miCl'ovolt selling. 57.5 uhms at 10,000, and 120 al 
100,000. 

Ou t put - Voltage Range: 'fhe output voltage is 
conlinuously udju.5tnhle from 0.5 microvolt to 1 volt. 
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Output Voltal1e Accuracy : At br08dcnsl nnd 
lower freqnencicsllie error is that im'olved in meter 
calibration Rnd adjustment of the canis. This nggre­
gale.!li 3% All micl'Qyolt output. There is no fre­
quency errOr at lIH).~ frequencies. At 10 IIlcgncycies 
l he error at 1 micro,'olt becomes 10% nnd nt 15 
mcgilcycles it is 12% . At 25 megacycles it i.'l 20%. 

Freque n cy l\'lodulalion : FrequcDcy modulation 
is n (unction of frc<lucncy Rlld of the inductor used . 
I n t he brondcast band it will not exceed 'l00 cycles 
tolnl swing at any point IIIHI is lc.'U t han 50 cyde! !l t 
the litnndtt rd test freq uencies for 30% modulation. 
H the 'I'YI' F. 603·1'11. ] Ilductor is u.~(:d frequency 
111I)<llIlatiOIl will be about 500 cycles at 1500 kc. 

S ITay F ields: There is no tlctcctable stmy field a t 
n distance of a inches from the instrument. e,'en at 
2'5 Me. 

Con ~ tru et'ion Fe:ltures : The rn tl io · f l'C(luency 

ollCitlntor is isolated in 1\ shielded. COinplutment . T he 
ntlcnun tor i ~ divided into se"crnl sC(:tions. shielded 
from c.1ch other. 

A rcfrigcrato~rloor type of shielding liftS been 
worked ont for thc shielding nbout the lid which 
mukes II tight sh ielll without screws. Coils can be 
c1uwged by simply Ji(ting the cover. 

'I'up~ FrrqlU:I!cy Ru ngt: 

Accessories : T he instrument is supplied with 
calibrated TYPE H03·P5 nnd TYPE 603- P6 fnducton 
covering the uI'().1deast utllld, wit.h n TYI'E 41 8-1:1 
and TYPE 41 S-C Dummy Antellnn but wit houl 
lubes or ba lleries. 

Termh131s: The OUtl)ul. ,'ollnge is brought oul 
through a shiel(led plug nntl lest. lend . Terminals 

are also provided on tbe )lll.ucl for the extcrnal 
modulation !lOurce. 

Tubes: T \vo tubes (one !!SO·typc lind one ~3 1 .tyPf 

of stuntlnrtl chnraeteristit-s) Ilre required nnd nrc not 
included ill the price of lIle illstrnmcnt. 

Power S upply : Four 45·yolt blo<:ks ror plate 
b.'1ltcry Rud S "olls for filnmcnt are required. Spact 
i! provided in t he cabinct ror two 6-illch dry cells 
and four 45·volt blocks of the Burges.i 5308 ~i~e. 

Batteries are not included iu tIle price. 

Mou n ting : 'fhe instru ment is enclosed in II walnut 
cnbillct witb b llu:~k.III('''(I Uel'C(llI l umillum panel . 

Dimen sio n s : Cnbinet, (height) I~U x (dcpth) 
I I %' x (length) ~9 inches, OYer·lin. 

Net Wel~ht: 63 POUlll!.'l. 

Outpul Ua nge ('(j{1c Word Pricil 

tOO k c--25,OOO kc 0.5 nlicr o\'olts to 1 volt EXACT $600.00 

-1'n« indud~. i rGIil,tated inducton for bro/ldCMl ~ntl H'i!O kc to 1000 kc). 

TYPE 603-P INDUCTORS 

These are intcndcd for use with the 
TYPE GOS-A S tandard-Signal Gencmtor . 
We particuln rly recommend that, if cali­
hrn tcd inductors ;\I'e requ ired , thcy be 
ordered with the standard-signal genera-

Type Fre91HlIlcll Rangll 

' 603·P1 15- 25 j\'fc 
' 603-P2 10- 15 JI.'Ic 
· 603-P3 4.4-fO JI,'l c 
· 603·P4 1.9-4.4 M e 
·603·P5 850- 1900 kc 
· 603-P 6 420-850 k c 
· 603- P7 210-420 kc 
'"603-P8 100- 210 kc 
*603-PII 556-1500 kc 

Frequellcy Calibration (per I.nductor) .. 

tor with which they arc to be used. The 
TYPE 603·P Inductors arc stocked with­
out cnl ibralion, but a calibration eurvc 
can be made to order. The calibration IS 

accurate to plus Or minus 0.5 per cent. 

Code Word P riCIl 

8 10l'.-I.RTAXT $15.00 
8W l'AnTDID 15.00 
81Gl' AnTDO Y 10 .00 
8101'A-nTCAT 10.00 
SI(lPARTCtiP 10.00 
SI(lI'ARTDOO 10.00 
8 10l'ARTEYE 12.00 
8 IGPAnTFI.Y 12.00 
8IGPATtTO .~M 10.00 

GtJR\'E 5.00 
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TYPE 601 -A STANDARD-SIGNAL GENERATOR 

This instrument is designed Lo prov ide 
a gcuer:ttor of radio frcq lIcllcies for use in 
lhe frequency fange rrom 100 kilocycles to 
6000 kilocycles Lo be calSily portable, a.nd 
Lo delivCl' either a lllothLlated or ullmodu· 
bled s ignnl having an amplitude adjust­
able from one to 150,000 microvolts. 

Since it is oflCtl desimble to covet' two 
frequency bands iu oue instrument with­
out. Lhe Lime delay and inconvenience 
usually involved in c.hanging inductors. 
the TYPE 601-A Standard-Signal Genera­
tor is provided wilh internal moun t ings 
for two inductors and a convenient. switc.h 
for transfer ring from onc to the olher. 
Any two inductor camhi.nations may be 
used ; for example j the intermediate­
frequency and broa.dcas t bands (150- 200 
kiJocydes and 550- 1500 kilocycles), or 
tile broadcast and ;:ti rcmrL ba_nds (.550-
1,}00 kilocycles and 1400-4000 kilocycles) . 
All inductors <lrc mounted on plug bases 
and are easily removable, if other com· 
binaLions are required. 

The inductors ;He toroidal in form, 
which redu ces lheir external field to :l. 

negli gihlc amount. :lntl t.he whole unit is 
enrdlllty shielded so that it lIlay be lIsed 
to test t he most sensitive unshielded 
receivcl·s . 

The TYPE 601·1\ SUlIldard.Signal Gen· 
crator mlly he used for making aCCurate 
sensiti vity tests ou ~tll types of receivers, 
either regenerative or non.rcgenerativc, 
operating within its fl·equency range. I t 
may be used for lining and adjustment 
tests for superhcterodyne intermediate 
freq uency amplifiers. Because of its fda· 
lively low price, simplicity of operation 
and ruggedness, it is quile sui table for 
production testing work of nldio recei \'e rs. 
The particular value of t he TYPE 601.·A 
Sta.nclarcl·Sigll<ll Generator is for portable 
work, such itS the periodical testing of 
receiver.~ already installed on police ca rs, 
ships, airplanes, and other places where 
receivers are apt to get severe lIsage which 
nUly gradually put them outor adjustment. 
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SPECIFICA liONS 
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Carrier·Frequ cncy R:\n1te: 100 kc to 6000 kc 
covered by !.lIe U.';C of tile s i;.; Tn'l:: GOt-P [nductors, 
lmy two of which milY he p\ugget.l into the instru­
men t a.nd selected hy fUellns of n switch. Th~ mny 
be supplic<i either \\'ith or without calibrations. 
None a.rc inciuI\etl ill the price or this instrumeul. 

Frequency Ca libnttlon : ~c descript ion or 1'VPp. 

(JU1- P I nduelors. 

Modulation: Int.crnul 400 cycle vncuum-lube 
oscillator, wit.h good \VII vcform (uljuslcd to g; \"e 30% 
modulation, ;s pru\·jded. Circuit mny be ;Idjush:d 
for :;0% modulation On s)l~inl order at no nddiliOnlll 
dmrgc. Exlcrnal modulatioll sources ~rlllol be uscd. 

Output System: Input to the attctl\l3tor is rend 
by vacuum-lube voltmeler wl.iclJ is cali brated tlt 

two poi nts to provide R lIIulliplyin~ fador of 1 o r 1.5 
for the attcnualor rending. T he altenllllLor which 
lUIs n resistive ladder structu re is C/l libraled direclly 
in microvolts. T he rcsistnncc units :Ire wound on 
very sm(lll, thin miClI enrdK IU\\' il1g cSSClltially no 
relletimce. The internal rc~isLllncc of Ule output. 
circuit is c:onstunt at 10 OlllllS, C)(ct!pt. at the 10M, 
201\1, ancll00;\1 points, where it is 20, 40, lind 200 
ohms respectively. 

The IIttenulitor is tappe<i ncnr the high rotcnlial 
cncl and :t separule "high outpu t" tcrmirUl1 hrought 
out on the panel abo" e the nttelluator control kuob. 

O u tpu t Voltage Range : The attcnuator is Cllli­

brnted in lhe following steps which oorrespoml to :I 
meter sell ing of I ; O-l -2-,"i-l 0-20-50- 1 00-200-500- J M-
2:M-5l\1-1Oi\1-2:0i\L 

The voltmeter mllitiplying factor of 1.5 makes 
a\'ailahle microvolt readings betweell these points 
from 1.5 to 30,000 microvolts. The "high outl)llt. 
tap" gives an output of 100,000 or 150,000 micro­
\'olls depending U))(HI the \'oltmeter reading, The 
output of the nttcnu:ttor when setnt zero is never 
as lnrge as one-tenth of the one-m icrovolt outpul. 

Output Vol tage Accuracy: Outllllt \'ollnge cali­
uralion for out I)llls hdow 10 microvolts and through 
the rrC<lucllcy rnngc f rom 100 kc-1500 kc is gMd to 
within nboul 10% between ndjneent nUcnuntor 
rlltiOll. For Ute same output voltage rfluge lllld 
tIlrougll its rrequency rtlnge from 1500 kc-6000 kc 
about, iO% between adjacent. nllcnuntor rlltios. At 
output abo\'e 10 microvolls the errors arc less tllall 
5% and 10% respectively for the above-mentioned 
fn.'quency ranges. The accuracy o f comparison, that 
ill, UH~ ability of the instrument to repeat readings 
wllell 110 tubes hn ,·c 111 . .'ell cballged, is a bout 1 %. The 
o(;curncy of comparison is tht: Ugmc of mcrit which 
mllst be (.'onsidcre,\ wli£,11 receivers are to he tcstcd 
against 0. nomillal output volta~e or /l. stnndard 
receiver. Thc absolu te value of output vollo.ge (Ie­
pc.uds upon adjustment of vacu um tube vollmeter. 

Frequency ]\.·l odulation: Vnrieswith theinduetor 

n nd frequency I1cljustmenl. Lt. is tess at frequencies 
nbO'o·e 1500 kc. For 30% modulation it is alwllyslcs.< 
limn 0 .03% :It more than half scnle on tuning con­
denser; at highest. frequellc;y on nn)' induclOl" nol 

more lhull O.l %_ l~or 50% modulation, figures urc 
prol>ortionnl1y higher. 

Stray Fields: The usc of 10roidal inductors am! 
c:\T(~flll s hielding re(III1::es SlTU." fields 1,0 II negligible 
l!mou uL 

Cons t'ruction Features; Bndilrrrequeuey cir· 
cuils ill separately s hielded compnrtment on lIIelal 
~he!f. Entire asscmbly mOllllted in coPl>cr-lined (Ink 
cabin1..'t. Attemmtor divided intu thrce shil"lded 
scctions, to reduce stray cffecls. 

Cou1tt_oclion Lo tile sct uncler tCllt ill !tuule by means 
of the flexible shieldi'(llend pro\'i<led, which con nects 
to the output. of the signa l generato r through :I 

lIpecially constructed plug and submountcd j:lck. 
This collstruction elim inates binding posts :\11<1 

provides n completely shielded paUl rrom the re­
ceiver 10 the nltcmml.or ()lItplll.. All high-fre<tuency 
wiriug which is not floublc ~lliclded is rUIl in COII­
L-clltric shicldcfl cuble. 

All 101\' fn.'qIlCIIC·Y, ballery, and mele.r circuits are 
conut.'Cte..1 through choke nnd bypass condenser 
fillers. eliminaLing practica lly all of tile radio frc­
quencie.!l in these \mils. All of Ihe low-frequency 
l"'irCll ils nnd balleriC!! are cllf·loSt.'t1 in the t."Opper­
lined cabinel ror addilimml prolt.octioll against 
icltk;lge, 

COntro ls : Carrier amplitude con lrol. filament 
rheostat. voltmeter selector swi tcl l, inductor selector 
!I\\'itch, frequency cont rol, nnd nltClluutor. 

Terminals; Tt.(: u!tcnllnlor out put anti Ule "high 
outpul" termillals are plugs 10(:Att.'t.i behind t~ 
pnllcl to which (:oulI locljollS arc IIln(ie by means of a 
shicld{'tl plug aucl lest Icnd . ' rile lll.tler is utled with 
lerll1imt ls for making (.'onncelions to A. dummy 
n nlt~nna or directly to 11 circuit under test.. 

Mctcr::\ meler, (.'Ortllt!ctcd LO it rnulli-IXl inl switch, 
is provided Lo reud liI:uMnt alill plate voltngcs 115 

well 115 rudio-rrL,«UCnC>, oulput amplitude, 

Tubes: Three 230.trpe lubes. not included in the 
price or tbe instrument, nre required. 

Power Supp1y : F rom flry battt:rics 1,laceJ insitlt 
shielded cnbi uf,:l. For plute, bloek batteries. 45 nod 
1)7.6 volts, 2: ma. For fila.menl, two No.6 dry cells. 
180 rna. Only n 4.5-\'0Il C battery is supplied. 

Accessories; A shieldL'ti plug IIl1filcst.lend. but no 
dummy antenna, nrc furnillhed as regular equipment. 
A 'J' n'.~ 41 8- R or Tn'E418-Cl)ummy Antenna must 
be ordered scparutdy, 



 

STANDARD-SIGNAL GENERATORS 

~lountinl1: Aluminum panel, U illch, finished in 
blnck crackle Ittcquer, mounted ill nftlurai fi nish oak 
cabinet. wit h fhre-ply veneer hinged onk co\'er nnd 
carrying h:mdles. I'nnel is slightly recessed inlo the 
cabinet for protection. 

TyT" 

Dime n s io n S: Pa nel. (widUI) 15 x ( height) I ~ 

iudlc!. Over·all. (widt h) 10 r (height) t3M x (depth ) 
1~J1 hlclzes. 

Net Weight : 50.11 pounds wiLh lmt tcries. ·lO pOlliH ls 
wit hout hnllerie",. 

COUll Wf>r(1 Pril·tJ 

601-A 100- 6000 kc· 1 1- 150,000 microvolts [. . ..1 JUROII I S210.00 

TYPE 601-P INDUCTORS 

These tlt'C intended Cor use wilh thc 
TYPE 60] -A Slandard-Signal Gl!nera:lor. 
No induclors arc supplied wilh the instru­
ment a nd we particularly r'ccommend 
thllt, if (' .. 'llibrated inductors a rc rcquired. 
thcy bc ordcl'ed with the s lundard-signal 
gencrato r, since they musl ue calibrated 

in thc generat or wi th which the: .. are to 
be used. The TY PE OOl-!'> Inductors arc 
c;:trricd in stock witbout caJihralions, bUl 
a continuous ca libra.lion curve can be 
suppl ied on O1'dcl·. 

Type 

· nO I- P I 
· 601-P2 
· 601-P3 
"60I-P4 

·t601-P5 
'"(,01-P6 

f 're'll/fmC!! Rall !}1! 

2500- 6000 kc 
1400-4000 kc 
550- 1500 ke 
200- 550 kc 
150- 200 kc 
100- 200 k c 

The curve gives data. accu rale 1.0 wil.hin 
± 1 per cent. 

C(}rJl! 1I'0rd Price 

. . . . . . . . . . . . . ......... i;l ' AXStOTO P $7.00 

...................... t;l'A~swnlD 7.00 

.......................... . STAN'SIO II UM 7.00 

. . . . . . . . . . . . . . . . . . . ST'A,s'S tClSUX 7.00 

.......................... STA~SIGSIS 9.00 

.................... ST'ASSI(lO .... S 12.00 
Freq uency CaliuratiOIl Curve (pcr inductor) .... . CUJl VE 5.00 

· t·rcq"~nc.,· " .. Iibrlttiou~ Jupplk-d only "I~" ,mlrn~1. Wh,-" ()rd~ri n.l: ""ribrntl~ 1 irul".-t!Jr~ b.~ tell·graph. u~e oompoo,,,,d C'Otlc "'!JT' !" 
'.9 .. nAS~r(;rOI'COH'· r~ ell'. 

t Uas a fin,1 ~I",nt ~~ I»-citnn~ ill <I. d .. ., to Sl",:~ d {<ul II,,, ".Jit.rnt ion through I.IK- s u!k".h<;:l e ....... I)'TI1,· inlerm"dint".r,..,'lucncY r~n"e. 

A hlillcry of TYPE ool-A Stflndard·Siglud Generators 
used for finn l inspection te.sI.OIl KoJillcr nssembly linc 
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TYPE 600-A STANDARD-SIGNAL GENERATOR 
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This instrument is designed primari ly 
{Ol' rnC~lsurcments on radio hro:\dcasl 
receivers. r adicular nUentioll has been 
give n Lo Ule mechanical armngemcnt in 
order to facilitate rouLinc observations of 
the fUlldamclllul pcrfo rma.ncc chlLrac­
t.eri slics. The choice of frequencies and 
ranges covered ha ve been chosen to agree 
will i the recommendations of the Ins titute 
of H'Hi io Engineers and of lhe Slambrdi-
1.alion Committee of the Radio l\tla,nura.c­
t.ufcrs· Association. 

Anyone of fi ve frequencies may be 
selected by a frcqllcncY-L'Ontro\ switch. 
At three of these frequencies there is 
connected iuLo t he circuit a condenser 
having stra ight-l ine frequency plates and 
covering a frequency ba,.nd of ± 50 kilo­
cycles. This a rrangement facili tates the 
taking of selectivity curves . 

In ordel' to provide for LL c measure­
ment of very sensitive receivers, specia l 
precautions have been taken agai nst stray 
elcctrical and magnetic fie lds. In ;'ldditioll 

Lo lhe usual cJectros tatic shicldi_ug, tile 
oscill ating circui t has been enclosed in It 

hCt)"vy aluminum casting which makes 
st ray nHlgnctic fields cnlil'cIy negligible. 
The outpu t vollagc is controlled by an 
:ttlcmmtor adjusLable in increments of 
6 per cent and covering the range from 0.1 
Lo 316,000 microvolts. 

On the attenuatar conl rols there is 
lna rkcd a supplementary scale which 
gives the outpu t level directly in decibels 
above it zero level of one micro volt. This 
bLLer scnie wi ll be found most convenient 
for routine measu rements in the develop­

ment labomtory ttlld on the production 
line. 

The use of a special type of oscillating 
circuit minimizes frequency modulation 
and permi ts linear am plitude IllOdulation 
up to 100 per cent. A direct.- rcnding 
modulation meter is included 0 11 the panel. 
The calibration of this meter is i.nclepen­
dent of Lhe oscillator battery voltage, and 
fi ll internal 400+cyele audio oscill ator is 



 

provided. I n addition. a swi tch permits 
t.he use of an externa l modulalion of 
other frequencics, if desired, for taking 
fidelity clwracteris tics . 

STANDARD-SIGNAL GENERA TORS 

So effective is the shielding systcm lhat. 
absolutely no error cl ue to in terference 
could be found when mC:'lsllring a. receiver 
capable of detecting 0.03 microvolts. 

SPECIFI CATIONS 

Carrier-Frequ e n cy R:mge : 1<'or sensilivit.y aml 
fidelity tests fivc ch:lIlnds are available: (l00. SOIl. 
1000, II.!OO. Hnrl 1400 kc. Selectivity tests can be 
made ill GOO. 1000, <lnd H OD kc, a control c!.'Ilibrated 
directly in kilocyclcs enabling ± 50·ke deviations to 
be obtlliu(.. .. L 

I<~rcqucncy Calibr at ion: Accurt\-Ie 10 O.ti % a5 
shipped. T rimillers permit aujusting earl. dmlllH:I 
rrequeney more closely, if desired. Varin lions in 
battery \'oll~lgcs havea negligible effed Oil freq ucncy. 
T he calibrii t illli of the "off ch(lI1nc\" diul is :i.f:curate 
to within ± 5% . 

iVlodulation : I\ n inLcrnal400-cycJe v:\cuulll·tubc 
oseillalor providcs lincar ulllplitutlc 1ll0JuJation lip 
to 100%. Its total harmuuic coutcnt is less thall 3% 
of the fllndamcnl:ll voJtnge. 

Mouulating \'ull:lges for fidelit.y tcsts mllst. (.-ome 
from lin external sOllrce, which for 100% modnlaLiOtl 

should be able to {Jeliver M \'olls II cross 5000 ohms. 
T ile '1'I'PE 513· 11 llcat·Fr('t111Cllcy Oscillator or the 
T YPE 377·n Low-r'reqllcney Oscillillor is recom­
mended. T he follow ing maximulll \'!llllcs of per· 
(:ellluge Ulodulntion arc f'i'()ssib!efor lhe corresponding 
lllllr\ululing frcf(ue ndes : 400 eydes, LOO% ; 1 ke, 
95% ; (j kc. 50% ; 10 kc. 30% . 

A dircct·rclldill~ I!lodutltion meter. whose rcnd ing 
is indcpendent of buttery voltage, illdic:\lcs per-

centage luoduliliiou for both intcrlm! and extermtl 
modllla tioll. 

Output System: By means of a vl\euII !Jl·hlbe 
voltrnl'lt!r, a collst,llIl \'oltuge is IllHinlnined across 
the input to a two-st:lgC resist..llncc nllcnuator con­
sistingofa 120·db to-ohm lllddccm:twork,ndjllsiable 
in lO·db steps. followed by It 10·du JO·ohm T.typc 
network, adjustable ill 0.5-tlb s teps. T he nllcnuutor 
SC<Iles Me direct·reading in microvolts and in dccibels 
referred to one micro\'olt as zero levd. The internal 
01l11)Ut resistance is 10 ohms al all set tings, whiell, 
wilh the dummy antcoD(t furnished , makes Ule 
resistance \lero as far as tht! receivcr ull(ler test ill 
colleerned . 

Output-Vol tage Range : 0. 1 to 316,000 miCro· 

volts or - 20 db to +1 10 db referred to olle micro­
\'olt ns zero le\'e1. 

Output Voltage Accuracy: The ealihrnl ioll of 
lIlI: atlclllmlor has lin absolute nccurncy or hdler 
UHUI 10% Ht a II settings; 11(lja(''I.:Il L atlcllull Lor rlLlios, 
to within ± 0.5% . The input to tll(~ ailc.uuutor Cll.ll 
be he).! tu within t 3% pro\·id(.~1 tile vacuum·lube 
voltmeter is lld justeJ for the !>art..icular tubes uSt!d. 
Otherwise it will be correct Lo ± 10% . 

Frequency Modula t ion : Less tilan 150 cycles 
(total swing) up to 50% lIIiHJululioll. 

f i nterior view of n 'f \'J'~: 
600-A Stundnrd-Siglllli 

Generator 
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A laboratory Sl,:t-up for testing nu experiment.al chassis with n 
TYPE 000-/\ Standard-Signtll Gencrator 

Str ay F ie ld s: All external points 011 UIC panel 
(meters, binding pusts, etc.) flrc t..'q uipolentini to 
within one microvolt. i\ \ugnclic fi eld is less thlUL 
two microvolts I>cr meter at nil ex lernal points. 

Construction l~ea turcs : The <;arricr-rrec:luency 
oscillator is 1.'Q1up!clcly enclosed ill UII aluminum 
cnsting; n smuH (:overed hand hole in this rncilitn!c~ 
Ch:L llging tubes. Leulls to the attcnuntor nrc doubly 
shielded (:ollcentric conductors. T he liO-db a ttenu­
ator is huil l in three seclions, ench housed ill an 
:lillmirunn casting and operated by an im;uial<:d 
shafl.. Tn addition to the inner shil'lds, t he outer 
CHbincl is completely sbielrlcd, d ed ro-magnetically. 

Cont rols: C hUIWd selector, ± 50-kc tuning control 
for .o;elecLivily tests, internnl-external lllo<iulfilioll 
switch, Uloduintion yoltage Hmpliluuecontrol, carrier 
on-off switch, currier :uilpliluue control, fihmcul 
rheostu L and switch, and two-din I 3Uenualor. 

"'Ic tcr s: Fibmcnl-plnte volt.melcr, pcreentuge 
modulation meter, and micro-ummclcr for vacuum­
tube ' ·oltmeler 

Terminals: The Ollt.put volLagt! is brought out 
through n ddfiehnble plug and shieldeJ lest lend 

Type Frcql1cncU Runge 

with termim!l.~ fur ronnect ing to the dummy antenna. 
Tt!rminnls ure. also provided on tile piwel for the 
filament bnttery and for the c:..:Icrllai modulntion 
SOUTce. 

Tubes: Two 111-A-type an(\ two 2.'!7-tYI)e t\lbe~, 
included in the prke of the instrulilent, are Te<luircd. 

P ower Supply : For plate, sclf-COIJI...'lined block 
bilLteries, ISO volts, 12 milliamperes. SPliCC proviued 
illsille cabinet of instrument. For filament. e:..:lernal 
storage battery, 6 volts, I .S amperes. leads provided. 
Balleries are lu)l included in the pril.-e of lhe ins tru­

ment. 

Accessories : .... T YPE "'I s-n Dummy Antell lla, 
ou tput te.~l lend filamenl-supr,l,r cable, Il!lll t.ubes 
i\Te furnished as regubr equipment. 

l\-!ount in g,: AluminuIIl puncl finish.:.'(i III bluck 
(!Tackle \lIcquer. 1Il001llt.C(1 ill h:lOd-mbbed waLnut 

cabinet. 

Dimensio ns: l'tlntl. (widlh) l!l x (lu:: ighl) l5%' x 
( lhickncss) M inches. Over-all, including hundles. 
(width ) 20 x ( height.) 16Ya x (depth) 15% inches. 

Net Wei l1.ht : 85 pounds wi th plllte bnlleries, 75 
I}()unds wil hout batteries. 

OIl/put R (wgc Code W orcl Price 

600-;\ 600, 800, 1000, 1200, 1400 kc 0.1 to 316,{l{l0 microvolts AS"t;\\' $885.00 



 

DUMMY ANTENNAS 

TYPE 418 DUMMY ANTENNA 

Tests on radio receivers with the slano­
ard-signa l generator requ ire the usc of it 

dummy antenna connected between the 
generator and the receiver under test. 
The two dummy antennas listed below 
arc made in accordance with the specifi­
cations of the Institute of lladio Engi­
neers. 

T YPE 41S-B is for work in the broadcast 
range (550 kc to BOO kc) and consists of 
a resistor, inductor, and condenser COIl­

nected in series. The cfl'ecti vc height is 
taken as ,~ meters. 

L eJI:T \'PE 41S-B, for lhe 
U. S. broadcast band. 
Ri9M: TYl'E ·U S·C, for 

higllcr frequencies 

T enL'ltive standard specifications of the 
I . R . E. for a dummy anten.na operating at 
frequencies above 1500 kc ca ll for a nOll­

reactive resistor having a total resista.nce 
of 400 ohms. The TYrE 418-C Dummy 
Antenna has been designed to meet this 
specific:,ltion and is intended primari ly fOl' 
use witJl the T YPE 603-A Sta ndard-Signal 
Generator. I t consists of n scries resis tor 
adjustable by taps so tLat the tot .... 1 rc­
sistance of the st .... ndard-signal generator 
and dummy antenna can a lways be kept 
at 400 ohms. 

SPECIFICATIONS 

Resistance: Tn>t: .J1 8- 13 h:ls II. resistnnce of 15 
ohms at bro;tl\ellsL frt.'<lucncics which, wit.h the 
10'011111 internal oulput impedUllt'C of General Undio 
standard g(!l1ef:ltors, makes UI) the 25 ohms eulled 
for by the I.U.K specifications. 

Three output connect ions ure I)rO\' ided on 'l'YPB 
41S·C: one ut 280 ohms for usc wilh the 100.000 
Illultiplier setting, one of 362.6 ohms ror the 10,000 
mulliplier setti ng. n.nd one of !)!)O ohms for nil olher 
multiplier sct.l.in/,'S of the Tn'~l 60S-A Sta ndard­
Signal Gcncrntor. T he 390-ohll1 1.'OlInecliol1 may be 
used wilh o ther stlllldard-siglial generators having 
nn int ernal output iropedam:e of 10 ohms. 

Inducmncc: TYl'E 418-8 , '?O ,uu; TYPE 4 IS-C, 
none. 

Type 

Capacitance: TrJ't; 41S-8, 200 ,u,ur; T\"N: ·H S-C. 
none. 

1'\"l o unting: T YPE 4IS-D is mounted in the moulded 
bllkclile elise shown ill the fi,~mpan.Ying illustration 
and is fitted with input nnd output binding posts 
IIrrallged to aC<.'Qmmodale Ii TYPE 274-i\J Plug. 

'l'YP~ 41 8-C is mounted ill the mouldeJ base 
shown in the illustration. Conneetions to it nrc 
made by means of a TYPE 27'~M J))ug. 

D imensions: TYl'E ,u S- B, ( length) 278 x ( wi(H h) 

1%:0: ( height) '2 indlel!, over-nil. 
'I'\' .. ~; ·l IS-C. (length) Sr.f s: ( width) 1 Y2 x (height) 

y. inchcs, over-all. 

Net Weight: 5 ounl.'Cs. 

P'ric/! 

41 S-B 
4 1S-C 1

·· · ······· · · ·· ·· · · · ···· .. ·1 . ....... .. ........ .. , . ... . 
EPflOD 
DEUCE 

$6.00 
5.50 
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106 

OSCILLOGRAPHS, MODULATION AND DISTORTION 
MEASUREMENTS, AND FILTERS 

This section describes our liJle of oscillographs and nccessories together wi th 1Il­

sLrulllcnts (or the measurement of modulation percentage and distortion factor. 
A vllriety of electric wave filters is also described. 

530 

Type 

General Radio 
Cathod e-Ray 
Oscil lo~raph 

534 
FILTERS 

506 

338 

408 

457 

536 

330 

ParliClIlllr Alip/icatw//$ 

ObservatiOIl lUIII recordiug tlf 
transient. or recurrenl high­
frequency phenomena 

Linear time axis for cnthode­
rny oscillograph - Used for 
obscn 'lI,l.ioll and recording of 
recurrent \\'a.Vcfortnli in l-ruc 
nmplitude-time relationship 

Observa tion of It)w-~r~d re­
current phenomeoa - Cn ll he 
used flS a clironoj:,'raph with 
T yv}; 40S 

High-speW recording of tran­
sient phenomena with the 
cathode-ray or string oscillo­
graphs 

i\'1 e/tSureUlcnl of percentage 
modulation distor tion ill broad­
ens! transmitters 

Qwmtitntive mcasurement of 
Imrmonic distortion in ampli­
fiers, radio transmillers. cl:c. 

r or eliminating harmonics in 
bridge circuits, etc., ami for 
scpllfllting one band of frc­
(luencies from another 

I d(mlij,llillg PtM/l f C8 

Brilliant, inmgc-(.'Q(Ilplclc 
IIltcrnatillg-cllrrcnl ollCr:L lion 

Accum tel,Y linear - eotnllicte 
IIl lc.rnlllinl;-currcntol)crlI I;on­
"'rC<tuency con trolled by voll­
nge under observation 

Low cost - i\loving clements 
rugged nnd cllsity rcphu:cd 

Hand- or molor-driw~-Com­
pactness and unusual high 
spced 

Dircct- rcading - high l)recision 
- No direct connection to 
trnnsmiUcr 

Dirt.'C1 T(!adillg - A<.:cural.e ­
S~dy operation 

l-1 igh-pas.s, tow-pass, and b;"lIld­
pnss sect ions are :\vaihlble 



 

CATHODE.RAY OSCILLOGRAPH 

GENERAL RADIO CATHODE.RAY OSCILLOGRAPH 

The cathode-my oscillograph has jusliy 
become a popular and widely used labo ra­
lory instrument becauseof its adaptability 
to a great number of uses . 

Because the "moving element" in this 
type of oscillograph is a beam of electrons, 
the cathode-ray oscillograph is inherently 
well suited for use where high (requencics 
,uId wide frequency ranges are involved. 
Since the beam may be deBected simu.lta­
neollsly in lwodirections, two-dimensional 
plLLlerns lllUY be (ormed lIpon the fluo­
rescent !'Icrecll. When the beam is deflected 
hori7.ontally with a constant velocity (by 
means of a sweep circuit, for cxftlnp!c), 
complica ted wt\verorill s may be direc tly 
observed. 

A few examples of the many uses of the 
catilOdc-ray osci llogrnph arc: I'I·cquency 
comparison by means oJ Lissajou's figures, 
direct visual obse rvation of recurrent 
waveforms and transient.s, and high-speed 

photographic recording of complex elec­
trical phenomena. 

A gre.lt advantage of the new Gencrlll 
R.t(lio cathode-ray oscillograph tube is 
the way in which the spot is focused. 
Instead of focusing by a magneLi e field or 
a change in filament currenlo an add itional 
focusing electrodc has becn inserted in the 
lube and focusing is accompli shed by 
varying the potential flpplied Lo it. 

Due to the dc.c; ign of the tube tlnd to 
tJle kind of fluorescent material used on 
the screen, the patterns obt.ained with ti le 
TYPE 418-A Ca lhode-Ray Oscillograph 
Tube :tre uuusually bright aud easily 
visible ill daylight. Photographs may be 
laken oC lhe patterns as they appear on 
the fluorescent screen. 

The General Radio C:l thode-Ray Oscil­
lograpll is a. comple tely self-contained and 
alternating-currcnt operated unit. Termi­
llals arc provided for appli ca.tion of de-

Brilliancy is nn important feat ure of the General n udio Cltho(!e-Hay Oscillograph. T his I>hotogra l>h 
(ullfelulH:hcd cx(;ept in the background) wns token ill a brightly liglitc(1 ruom using the TYI>F. SO(i-A 

Bedell Swccp Cin:uit and Lhe oseil logrnph to show the wa~·efQrw of all oscillator 

107 



 

CATHODE.RAY OSCILLOGRAPH 

108 

The lube used in the Genernl 
Ha dio Cathode-Bay 

O~cillogr:"lph 

o. 

"'L ...... E .. T 

CVLINOER 

.-CUII 

Pl"T"" 

, 

Arrangement or electrodes 
in the t.uhe 

Oeeting voltages to hOl'izonbLi and vertical 
deflect.ing pin tes and for iuscrLioll of '-Ill 
ailcrtlt'tling voltllgc i.n scrieswith thedirecl 
pla.le for modulating the cathode·ray 
bea m. 

Controls a.re provided for separate 
adj uslme nt of bril liancy or sensitivity and 
focus. 

The complete General Radio CntllOdc­
Ray Oscillograph consists of tluee lUlits, 
the TY1'E 478-A Cathode-Ray Oscillo­
graph Tube. lhe'!'YPE 497·ATllbe Mollllt­
iug, and the TYI'I:: 496-13 Power-Supply 
Unit. 

Tbe operating princ iple of the cathode­
ray oscillograph lube.is si mple. Electrons 

A 
Clf~L"CTI"'" 
~L"T IU 

B 

emilted by the oxidc-(;(la lcd filament are 
drawn loward the high.polentia l anode, 
thus acquiring a velocity suUieicnt Lo pass 
lhrougb a hole ill it tll1tistrikeafluorescent 
serecu OLl which :t spot of ligbt appea rs. 
A nega tively clwrged cylinder aro und lhe 
filament serves toeoneenLrnle llleclecLrolls 
illto it small beml1. 

Between the allOde Itlld tIle fluorescent 
licreen, the electron benm passes between 
the plates of two vcry slll:'l ll condensers, 
so arranged thRt an electric field between 
one pa.ir causes a deflection of the beam 
(and the spot) in a direction pCl'penclicular 
to the d eflection caused by a field belween 
the other pai r . These are tJIC deHeetiug 

c o 
Fundamcntul clltLodc-ray oscillograph patterns. Alternating \'oltages mlly be applied lo the vertic.11 or 
horizontal dcllect ing plates as in A and JJ . I'altern C re~uIL'i wIlen E. Hntl Eh IHC applicd ~itnultaneousl.\' 
lhe rreqlleucies h and I" being the Slime. It E" is derived from a General Badio !lwet>p circuil uml l!.'r is 
derived from an (Lhernuling voltage, lhc IYjLve shape of E r apPt:.'LrS in Paltern D. Tbe true wave shape of 

E'~ can also I.H! obtained from Pattern A with a moving film camera or a rotating mirror 
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T he General Hildio Cnlhol!C'-HflY Osdllogrlll)h for ( lIhJe mounting. AI the left 
is the '1'\'I' ~~ ·~l)t)·lnl Powcr-Supply Unit; at the right. the 1'\'11.: ·W7- .\ 'rube 

Mounting contnining the tube 

plates t\<.:rosS which the yoltngcs to be 
observed are impressed. When altcillttling 
vol tages arc :'lppl ied, the spo t t races figu res 
like those represented in the nccompa.ny-

iug sketches. These are the fundamenta l 
patterns upon which more complicated 
uses of the cathode-ray oscillograph are 
b scJ. 

SPECIFICA nONS 

Urilliance: P;lti erns :lre brillinul amI Cll5iiy \' isiblc 
even in broad da;r1igh l. 

I'holo!,'Tnphs mny be taken of single t.n\ll.!lils of the 
lIl)!)! HCfOSS the screell fit. velocities up to ,100 inches 
per second wit.h lU I j -l.6 lens, n plnle (IS fast tiS the 
E .. 'lStmaD nyper-prc.'l~ IIml (:oDtroili set for maximum 
brillianey. Thii lenllulld plale wou\fl, Cor illsla!l(:e. 
record one transit of a spot moving {:lsi ellough to 
complele n i-inc:h ( dinmeler) circle in I / GOth of n 
second. 1\ fUller lens or plate would inc:rc;l!;c the 
IJCrmi.Sl;iblc vclocity corres l>omlingly. PilotogrllJll ls 
at mud. grellier velocities lIlay be oLtuined by 
ullowing llie-spol to rt~llC!'lliLe pnttern !Cvcroi limcs. 

Diameter of Screen: 6 UJ(~ICS. 

Voltage Sen s lrh' i ty: Over the normnl ra llge of 
Ilnooe voltllges, 600-2500 volts. the ,"oltnge S(-lLsi ti\'­
ity is a linClit function of Ilnodc \'oll:lgc. Scns i ti\' i t~· 
k~ Ilbout one volt per millimeL!!/' will. ~f::';Sn' I\'1TY 

control set nt maximum and about 5 \'C.U.~ per milli­
metcr will. S.:S!SITII·ITY control sc.t III Irtinimum. 
Increusing thc sensit ivity reduces tile brilli:U1<:e, Ilnd 
vi<:e \"CI"$/I. 

Impedan ce of Deflecting System: The c3 pnci­
tanee of either pair of \lellecLillg plLlles is less (haJJ 
1.5 $'I'f. Whcn the oscillograph tube is ins tnlled in 
lile '1' \' 1'.: 497-1\ Tube ~I ounting, the net c!lpncitlllH.!e 

or each " ai r of plale.'; nnd its associllted terminal! 
nnd wiring b: about 15 I'I'L T he resiswnce between 
the deOccting condenser plnte.'; (lue to the glls content 
depends on the voltage applie(1 :J.Ild varies betwccn 
106 lind \07 ohOls. 

Magnetic DeHcctlon : If d('sired, magnetic de­
fll.~d ion nmy be used with the General Ibdio 
ClI.UL()(h:-Hay Oscillogra ph. 

Power-Supply Unit: Thc Tn'!'; 4!lG-ll Power­
SUIJply Linit supplic!1 ull vollnges needed for the 
OIJerLLtion of Ule e3IiJodc-rll.l· oscillo~:raph (5uu-2uoo 
,"olts for plnte. 5 (}-->~ OO ,"oils for focllsing electrode, 
ami lidjustablc fiI:UDcut \'oltllge). Th is unil is 
regulLirly supplied in II. poliJsiJ(.'(1 walnut cnhinel 
(TYi'E "'DG-13M ), but enD be furuisij(.'(1 for relny­
ruck mounting on order. 

Tube Moun ting: 'I'ILe T n'v. '~91-A Tultt: JloulIl­
ing is :1 U/l i\'crsal mounting for holding the tuoe in 
nny (lesireJ pusitiun nnd for making connections 
between the tube IUld the 'I'\, ,,.~ 49G-B l'o\\'er-Supply 
Cni!. It has a number of Cenlures which fncilittl.te 
lhc use of the oscillograph. make for convenience in 
opemting, and prolong the life of the tube by mini­
mizing the d3nger of u(.'Cidcnllll hurnout or brc~lknge. 
Tcrlllinnis are J)f{t\'itlcd for t.'O ll ne<.:ting the vOltllgCS 
to i.Je lI11nl~'zed. A suitnh1c p;llId for adupl.ing liL<l 
inslnlJlleli l to rack mountiug l;l1U be builllu onler. 
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The cathode-ray oscillogfl(!)h en f1 nlso he supplied 
for mounting in n lO·i1lch rdny rll ck. T he photo. 
graph shows. in audition, n Tn!: 5 14-AR 

Amplifier for use wiUL lllc oscillogrnph 

Cable: All pow('r-sul'pl,v wiring between the Inbc 
a nd tile l)oWcr'lI11I)j1iy u uit is (~Hrr i cd ill n fi·fool 
flexible sllicldcd I'Hb[(:, on Olle end of which is the 
luhe socket llnd 011 the other the irllt.'Ciu i plug uusc. 
which fil s the ".'orrt'SpolHling j:l ck plilte in the l}Ower· 
supply unit. T his cubic is supplied liS regulnr 
C(luipmcnl. 

Ter mina ls: Diulling I)Osts lire nlounl ed :11 tile lop 
nnd sille of the lube moulliing. tu \\' hi("11 th(~ \'ollnges 
to be nnaiyu."tl may be connectetl by Iileans of 
standard TH'!': 274·i\j Plugs. Adjuslltulc links tire 
IHoI·idcd fo r shorl·circuitiuJ; either or b()lh pfli rs of 
deflecting pllltt$ nnd for using them either witJl or 
wi thout grounded terminnls. 

Fur some puq>oscs it is uften desicnblc tu inlro­
Ilu(:e llll a llernntinl; \'(,lluge in series willa the power 
su ppl.\·to the IUlOde. To facil itute th is. two termill :ll ~ 

:lre provided lit the bottom of the unit. T hesc :Ift: 

norma lly short-circuited, allli at ground potential. 

Tu be Life: 1:;:I('h T n.: .J.7S-A Cat hod(.~RayOscillo. 
grapl. Tube is gunrn ntecd for thn'C months from the 
,11Llc of our shipping it or filr lifty hOllr~ of operat ion, 
whidlc\'cr shall come fir;;\. Alljustmcnls lIilIler Ih is 
gUllrlLUh.'C will ue made o n the hllsi! of 11 new lube at 
ImU price. When the mUlO<le-rnr (w:illograph tube 
is operated cn reflllly. its normul life will generally 
exceed 1o'TCntl.r thc guarnntee. 

Ceneral Rad io Cathode- Ray Osci llograph 

The guara ntee is void if the tllbe is abused, 
handled carelessly, operated !It yoltngcs gren ler than 
t hose recommended in tIle in struction book. or used 
in nny other t han n General Uadio ))ower·Supply 
Unit. 

Rec tifier T u bes Requi red: One 280·lypc alld 
olle 800· tYI)e are requireJ for t ILe power-supply 
unit. Neither is su pplied with UIC unit. 

P ower Consumpt ion : T he power-SUI)ply wlit 
r<:tluires (''OllIleetion to a source of 105- 11 5 volts. 
So-oo cycle alternating current. Power consumpt ion 
is npproximately 40 watts. 

Power -Su pply Cord: A 7-fool (.'Ord. fitted with 
nUnehment pluSli for milking connections to the 
power su pply, is furn LdJ(.'f1. 

Dime nsions: TYPE 497·A Tube M ou nting (sec 
:ux'Olllpanying sketdl) : '1' \'1' ''; 49G-Bi'.:1 Power-Supply 
Unit: Panel. 15 x 831 inches. Over-all cnbinet size, 
exclusive of carrying IUllld les, width 157.(. height 
9%, depth 9}Ai incites, 

Net We ight : THE 478·A Cathode-Hay Oscillo­
gr;l llh Tubc : I fKmlld; TYI,t, 497-A T ube l'Il ount ing: 
l i }f poun!Js; '1'1"1' .: 1!)()..BM I'ower-Supply Unit: !to 
pounds: Total: ·ISj1 pounds. 

/1' ..• 

---1 
' .. , 

1 r:;::=~~==;;j·'l--
1----- ,,~' ----.1 

Dimcnsions for the Tnt! .J.!)7·A T ube 
l\ IOliutillg 

DtlCripiion Code Word P rice 

Table i\ lounling COUP.T 5280.00 



 

SWEEP CIRCUIT 

COMPONENT PARTS FOR CATHODE-RAY OSCILLOGRAPH 

The lhl'cc uni ts arc also sold sep:wllely. 
Cathode-ray oscillogra ph tubcs arc gual'· 

Type DCM"rip/ioll 

fl llLecd , howevel', only when used with t he 
T YPE 496- B Power-Su pply Uui t. 

rnril W arl/ f~rice 

"7B-A C(lt hOde.Ray Osci llograph Tube APPI.Y $95.00 
497- A Tu be j" 'ounting Annon 75,00 
4?6-B ~ 1 Power- S upply Unil "noo!' 110 .00 

TYPE 506-A BEDELL SWEEP CIRCUIT 

This inst rument supplies a linear l ime 
axis fo r lhe ca thode-ray oscillograph so 
that waveforms mny be obscn 'oo upon 
the fluorescent sc reen in thei r t rue ampli­
tude-Lime relationship. II perfol'lll s lhe 
sa mc fu nction as the convenlional ro­
tating mirror or moving film camera, bUL 
it has the adv~lIltagc that i t is entirely 
elect rical in opel'aLian and has no movi ng 
parts. A fu rther ndnlll tagc of lhe sweep 

circuit is its fr'equency s tab ili zation, by 
means or which s tationary paltems a rc 
fo rmed on the oscill ogr:lp h screen. 

The sweep ci rcui t is entirely sclf­
conta ined a nd altcl'lla ting-clIl'l'cnt OP CI'­

Il Lcd . It is regula rly supplied in a waln u L 
cub Lnet identi cal in size :tnd shape with 
Lh:d .. of t he T lT'E 496-B:\I Power-Supply 
Unit. I t can ft 1.')0 be supplied ror reJay-rack 
rnoull t ing on specia l ()nl<~ \' . 

T his SII'CCP d rcui l8upplics II linear l ime uxis for thc c:tt houe-ray (lilci llngm ph, Linea rity, widc frC(ILlCncy 
range, a nd :t-C opcr:llioll nrc its pri nci pal re:.l turcs 
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S weep Frequen cy: CUll lm\'c nil)' \'allLl:: between 
about 10 cycles and 8000 cycle!>. hilt to secure a 
s tationary pattern it is conlrolJ.,.·d or "slubili:ted" by 
Ule voltage under olJkr\'litioll nlllLe same ot" tI. suh· 
tlIuilil)le U'!i.}it M. etc.) frequency. Wheu theswcc!1 

"" .... / ./././ ./ ) 
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. . / ' , ", .. ,. ~""I' .\ 
'I r I " .. 
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I , , I 

" \, 
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' " ; , \' VV \"1 v. 

., 

t. 

O~i llo/,,'1'::tms of lIustained notes from a 8 \1 
cla ri net (left) oud n C-melody sa:lWllhone (n'ght) 
using Ole T\'I'~ 506-A Sweep Circuit. Exposure: 

0.1 second for each of lhe 18 reeQf(ls 

frequeucy is equal to the "obsen'cd fn,'<luency" the 
pattern shows one complete cycle; for 11 frequency 
ratio of j.i. the pattern shows two coml>\ete cycles. 
etc. Dence. with Ii s.cycle patlern, for example, 
frequencies as high as i·~.OOO cycles enn be ob­
served. 

Length of Sweep : T hi! tlcllCnds upon the ampli­
tude of the sweep voltage. It i! sufficient (approxi­
mately SOO volts) to sweep the enlire width of the 
oscillograpb screen at sweep frequencies 1111 to !WOO 
cyclC!S, falliug olf to nbout !4 of thi~ III 8000 
cycles. These dnLl} are for the oscillogrnph oper­
ated at minimulll sensitivity ( masilllum brilliance). 
A control fo r adjusting tile length of sweep is 
provided. 

Frequ en cy Sta bilizat io n : SilU:C the control 
circuit presents a high impe<.lullt'C (approximntely 
200,000 olul1l) IInti is proteded by a filter find 
shielded tr~mdormer agninslinterferencefrom wit hin 
the sweep circuit, control voltage is usually obtained 
from the v('rt icnl deflection terminals of the oscillo­
graph. ApllToxima1.ely S volts, r.m.s., nre neccssury 
for conlrol of sweep freclueocies up to 4000 cycles 
find approximately 10 volts, r.m.s., up to SOOO cyclcs. 
A potentiometer is provided $0 that the lamount 
of control voltage may he udjusted for best 
results. 

Con t r ols: Controls li re provided on the sweep 
circuit for \'arying each of the following chnrnctcr~ 
ist ics: (rC<luency of sweep, length of lill'C:CP, amount 
of Wll lrol vol tage a llpl iecl to discharge tube. hori-
1.onlal position of p:tttern on fiu()ccsccnt screen . 

S h ield ing: Tile instrument is l."ompletely shicltlt.-d 
lo winimi1.e interrcrellte nod to s tabilize the operat­
ing tempemture or the mercury-vapor discimrge 
lube. 

Tubes: One General Radio TVI'J:: 506-1-' 1 Mercury 
Vapor Oi~cilarge Tubc, supplied with the 8l\'~p 

circuit, and one cadi or lhe follow ing UeA (or 
equi\,u]ClIL) tubes arc rL'<lui red: 281-lypc. 22-1.-A or 
29:4-lype. und 227-lype. T he latter arc nol included 
in the price of the instrumcul.. 

Po wer S upply: The instrument is entirely operated 
from I 05- I I~-volL, GO-cycle puwer mains. 

Po wer Con sumpt io n : 35 "·lItts. 

Mou nting: The instrumcnt is t'()wtrucled 011 an 
aluwinum panel "nishcll in blnck crackle laL"quer 
lind mounted in II polished wn lnu t cabinet. A model 
to mount on It Ifl-inch relay rack Clln he built to 
order, details on request. 
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Accessorics: A 7-(oot cord, fiued with attachment 
plugs for makillg connections to the powcr mains, 
and a 'fl'".: 500·PI Mercury. Vapor Di,;cilllfge Tube 
arc furnishcd. 

Type IJrttripliol! 

Dimensions : Punel, 15 1: 8;{ iDches, Ovcr·nll 
Cllhinct si~. e,;clusive of carrying handles, widlh 
JSU. height 9%. deplh 9J.i indlCS. 
Nct Weig ht: 35 poun.ls, 

Price 

50b-Al\'1 I Cabi net mounting . .......... , .. , • •. . , ... , ,I ADIEU $170.00 

TYPE 506-P1 MERCURY-VAPOR DISCHARGE TUBE 

One of these tubes is supplied with each here for replacement purposes. 
T YI'E 506-A Sweep Circuit. It is listed Nct Weight : " ounces. 

Typ e 

SOb- P I 

Code Word 

I. . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .1 

TYPE 338-L STRING OSCILLOGRAPH AND 
TYPE 338-G STRING GALVANOMETER 

Price 

$10.00 

In many lincs of work and experimen ta­
lion with altel'nating currents, lhe need is 
frequently fell for a simple, sens itive, 
portable. and inexpensive o:scillogrnph, 
with which one lUay view willi ease e ither 
sustai ncd waveforms or t l'illlsieut cllrrents 

and voltages existing at any point in an 
electric ci rcuit or network . To mect these 
requirements, the General R..'\dio Com­
pany hns designed a. compact and mode r­
ately pric.:ed instrument. T he instrument 
is especially vnlunble ~IS n chronograpll. 

Tnt. 33S-L String Oscillograph. The cotatin!: micror and screcn nrc housed in 
the boll: illlhc left 
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TrN; :138-G String GulvanolJlctcr 

A liming line Illay be prov ided by means 
of a two-clement stlspclIsion, or by Illeans 
of a TYPE 407 Synchronous Shutter. 

The vibrating clement of the oscillo­
graph is a fine lu ngstcu wire fixed in a 
magnetic fie ld suppl ied by pe rma nent 
magnets. The CUfrent under observation 
passes through this stri ng lind is de.flec ted 
by t he in lcmcLion of its own fie ld with 
that supplied by the permanent magnet. 
The stri ng. being suspended in the beam 
of II powerful incandescent la mp, cast s 
a shadow upon a suitable screen, thus 
furnish ing It means of observing the 
amount of deflection. 

Equipped wiLh n· lens system fi nd a 
fixed screen, the instrument is useful as a 
vibration galvanometer, since the string 
may be tuned to f,rive a good degree of 
sensitivity at any desired frequency over 
a considerable rangc. 

H, instead of a fi.'\:cd screen, the shadow 
of L1le st ring is cast upon a rotating mirror, 
the speed or which is adjustable, the wave 
of e ither current or voltngc can be traced 
oul. For many kinds of work, thc porta­
bilily, rugged ness, and low eas t of th is 
oscillograph milkc it especia lly desirahle. 
The strings llrc inexpensive :md etl!lily 

replaced, all advantage when the oscil ­
lograph is to be u!lcd by !l Ludents in 
laboratory classes. 

The TYI'E 338-L S tring Oscillograph 
cOll sisls of lhree parts, thc galvanometer 
uu it, the viewing box which contnins Lhe 
rotaLing mi rror. and n. w:.Llnut cabinet bttsc 
upon which the two are mountcd. The 
latter carries all t he necessary controls. 
An eddy-cu rrent type of motor (non­
synchronous) dri ves l he octagonal rotat­
ing mirror. Its speed may be adjus ted so 
as to synchronize with any desired im­
pressed frequency Lo p roduce a s lation­
ary image of any recurrent w:\.\"cform. 
The observed waveform consists of ft 

sluldow line p rojected upon all illulllina t.ed 
Held . 

Thc TYPE 338~G S tring Galva.uometer 
omi ts the rotaLing mi rror box and sub­
stitutes for it a projec:tioll lubc l %, inches 
in diameter, terminl1ting in a circular 
translucent screen. A vibr:tLion gah-a-
1I0ll1cter is obtnined which is very useful as 
n null-Inllance indicator for bridge mea· 
surements at 60 cycles or other low Fre­
qll encies where telephone receivers arc 
insufficiently sensiLi ve, or aL higher fre­
quencies whcre a visual de tector is desired. 

SPECIFICA n O NS 

Rotll ting, ~ l lrror a nd Optical System : A 
single stnligilllungsten wire is vibrated in the foca l 
pl:llle or (Ill easily nd justcd lind rocIJ.o;cd optical sys­
lem. Tile slul.llow imuge or this wire. lifter reAection 
rrom tLe rotat ing mirror whidl prm·iJes the time 

axis, is focused d ire<:lIy Opo!1 thc observing scrccn 
Ponderous nntl lruublesome mirrurs arc th lJ.~fI"oiJed . 

The tTilnSI UL"ellt screen . arnlllgeJ in the liTe or n 
circle. is llpproximntely 1) inches long by 'l >-"2 inchCli 
wide, Hnd is printed with rectangullLr (..'O-orJ innles 
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for convenient reference. Stable speed mnge of mirror 
equivalent lo senle length of frmn SO to 1!50 inches 
per second. 

\'o[t, GO-cycle power supply. delivers 8 mIls for 
lighting stnndllrd Hulmllohile III!lldlight lUml). 

Ga lVa l\Onle ter n nd String: The galvanometer 
uuit is scnsitizt.'(] b.\· two permanent magnels which 
("Iimiuatc the need far direct-current el!:citaliou. The 
cllflrndcristics of the strings nrc described hclow 
llndcr 'l'YPt; 338 Accessories. T wo TYPE 33S-Pl 
Single SLring- Holders are s llpplied. 

M Ountinp,: Gul\'a.nomcicr IlDd lamp housiug. \·jew­
ing box containing rotaling mirror, and at! cont rols 
mounted on cabinet base. Whi lewood carrying enSe 
(SO x 18 x II inches) supplied . 
Power Supply: 110 va1ts, flO cycles. About 40 
w:t!.l.s required. 
Di m ensions: T"hle space required. 24 x 8 indtC!!. 
O\·cr·nI! height, 14 inches. Freq u ency Ran ge : Optimum. a to .200 or 300 

cycles. Usa.hle. 0 10 3000 cycles. 
Li~h t SourCe: Tra.nsrurmer apemlcd from 110· 

Net Weig ht: ~8!4" poundli wiLltQut clltryiug Case; 
56 pOllncl~ wi t ll tarrying tHSC. 

Typo DcltCripliOl1 Code Word Price 

338-1. String Oscillograph ... . . . ... . . . . . . . . . . . I Ot'n:1t S250.00 
338-G S t r ing Galvanometer. . ..... . .... Ot'TJ;:S 175.00 

TYPE 338-P ACCESSORIES AND REPLACEM ENTS 

These consist of t he single and double 
s tring-holders, replacement strings, a 
transformer, and a rheostat. The two 

la tter arc espeeially usefu l for nd aptillg 
the impedance or the str ing to the impe­
dance of t he c irc ui t under measurement. 

TYPE SS8-P i 
Double 

String- Holder 

The 'fY I'/!: 338-1'1 Single S tring-H older contRins onc 
stt·ing mounted upon it metal rocker arm which ill turn 
is n,ttacbed to a bakeli te strip, P rovision is made for 
damping the vibration of the string, if desired. by meall s 
of a. drop of oil. 

It is 'Illi te simple La replace broken strings in this 
uilit by menns of It small soldering iron. For this pu rpose, 
t he '}'v 1'1~ 338-1'3 String R eplacement, whidl is stre lcJwd 
in a convenient mounting frame of cou rse copper wi.re, 
IllRy be ordercd . or if desired. the s t['ing~bolder may be 
returned to the fnclory for repair. 

The TYPE 338-1'2 Double Slring~Holdet' is designed 
to carry two electrically independent lUIl¥stcn 61:l.men ts. 
giving thus two simulta.neous wnvefol"llls upon the 
obsci\'ing screell. The use of two illdependent st ri ngs 
oll'ers It wide rnnge of ap11lication. Jt is somewha t more 
di fficult to replace strings in this TYPE 338-P .2 D ouhle 
String~Holder, and it is recommended that holdet's be 
returned to Ute fa.ctory for rcstring ing when necessary. 

T YP E 33S-Pl 
Sing[c 

String-Holder 
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SPECIFICA nONS 

Material: T ungsten wire, o.ooo.a, inch diameter. 

Len gth : 372 inches. 

Resistance: 45 ohms. 

Maximum Current: Direct curn::nt, 200 Il1il1i· 
amperes ; alternating current. 300 milliamperes. 

Sensitivity: With t he stTing undamped nnd tuned 
to therundnmcn t~11 of Ihenpplied alternating-current 
frequency. the following amounts of power tire re­
quired to produ(;c II waveform hnving nn amplitude 
of onc millimeter on Ute screen. 

Type DelcrlptioJt 

At 60 cycles 0.001 micrown tl 

At 250 cycles 0.025 microwatt 

At 500 cycles O.H4- microwall 
At 1000 cycles 1.8 micrownl l.! 

The di rcct-curre.nl sensiti .... ity or the sllIDe string 
when tuneJ to various rrcquencics is !K.'Cn rrom the 
following data which gives the I>otcniiai re<jl linxl to 
produce a steady deflection or one millimc.ter on the 
screen. 

At 00 cycles 
At 250 cycles 
At 600 cycles 
At 1000 cycles 

5 millivolls 
OS millivolts 

300 mill i,'olts 
1300 millivolts 

Code Word 

338-PI 
338- P2 
338-P3 
585-N 
340 

S ingle String-Holder . ........ ...... ......... .. . . OCCUR 

OLIVE 

AGREE 

$10.00 
35.00 

1.00 
Double String-Holder ................... _ .. ... _ . 
Single Replacement String, in ?\:Iounting Frame . . 
Transformer. see page 141 ............. . .. . .. . 
Rheostat. see page 27 ... ' ............. . .......... . 
Restringing T YPE SS8-P l (including string) .... . 
Restringing T YPE SS8-Pi (including slrings) .... . 

TYPE 408-A CAMERA 

1.25 
3.00 

The usefulness of many inst ruments 
used. in the laborato ry (or the observation 
of wavcIorms isgreally increascd by a suit­
able high-speed cont inuous-fi lm camera.. 
It not only furnishes a. permanent record 
but in addition supplies a time axis fo r the 
recording of transient phenomena. The 
T:fPE 408-A Camera with its acc.:essories is 
suitable for photo!,>'taphy with any oscillo­
graph , but it is adapted (or use wi th the 
TYPE 338-L String Oscil lograph or the 
General Radio Col thode-Ray Oscillograph. 

409~A C.:unera. Shelf. The adjustable sli t 
supplied with the camera can be removed, 
if desired , and repln.ccd with a lens so that 
the camera bccomcs a.vnilable for photog­
rapby with the General Radio Cathode­
R ay Oscillograph. 

The eamera as listed is dri ven by hand 
and film speeds li p to SO inches per second 
can be obtained. A motoNlri\'c flllfich­
Illcnt is availitble by mCRns of which film 
speeds up to S feel pcr second. This corre­
sponds to a wavelength of approximately 
' /loth of an inch fo r a lOOO-cycle trace. 

Por use with the T Y I'E 388-L String 
Oscillograph the camera requires no lell s 
sincc one is alread y mounted on the TYPE 

T he camera with a 
T\'PE 407-A S~' n­
chronousShullc.r and 
a TVPE409-t\ Cnmc.1"II 
Shelr mounted 011 the 

string oscillogrul'h 
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SPECIFICATIONS 

FUm Feed Mechani sm: The camera consists of 
II. rectangular a luminum casting with two sep:nalc 
ooml-'arlmcnL~. One i!l the m~lgllzine for unexposed 
1.ilm, the other is for exposed fil m. They IlTC designed 
to hold 100-fool reels so that c. ... IJOSurcS of nlly leng:lh 
up to that amount may OC obtained. :\ resctlublc 
counter measures UIC amollnt L1mllms been exposed. 
The film passes from the first magazine o\'er n 
driving sprocket and thelll:e through a light-tight 
slot into the second magazine. While Oil the sprocket 
it is momentarily exposed through n horizontal 
transverse slit mounted on the face of the carnert!. 

Optical System : T he sli t tllrollgh which the RIm 
is exposed is 1% illch in length . i.e., the useful widUt 
of 35 mm fi lm. The amount of the opell ing is ad­
justablt!. T his slit. is ust!d when the CIIIllt!ra opcrntcs 
with lbt! TYPE SS8-L String Oscillograph. 

Wilen the e<lmt!rn is to be used wiUI the culhode­
Tay oscillograph a THE 408-1'S Lens Assembly is 
re<luired. 

Film Da ta : T he use of IOO-foot reels of East.ma.n 
No. 607. 35 rum reoording pllper is recommended, 
1111 pcr[orulILlI(."C dala for Ll le ell lllerli bei ng hnsed on 
the lise of this paper. It is much C<lsier to hnlll ilc 
Ulli n ordinary film and when oe\'dopct! with &st­
IIln n X-Tny Developer produces!l. contrusty tl DO very 
satisfactory reconL Paper an d developing powder 

Type Dtlcri1'tion 

can be obtained from the General Hadio Company 
(s(''C the description below) , if it is not available 
from local stocks of tIle Ea~tman Kodak Compa ny. 

Rc{''Ords less Ullin 100 feel long C<H1 be unloaded 
in UIC dnrkroolll w;l.h no hill of Iillll, or in daylight 
with the loss of only a fcw inches, it cnrc is IIsed. 

Drive: T he T 1'rE 408-:\ CurncTH i~ c(luiPI>cd with a 
hand crank. The drive suaft.runs ill ball bcarings and 
provision is madc for atlnc!lillg n THE 408- P,,; Motor­
Drive Assembly. 

Fini sh: The aluminum camera case is finis hed in 
black crl1ckle Incquer. All other exposed pnrt" ure 
finished in either black or while nickel plate. 

Accessor ies: Tbe c.'\mertl is SUPI)lied with one 
blnnk reel but with no recording pnper. Recording 
paper, devdopingpowder. lensnssembly. and motor­
drive att."lchment are described on page 11 8. 

Mountin g : T he enmern is supplied withou t the 
wooden bnse shown in the accompanying iIluslmtion . 
T his base is supplied with lhe TypF. 408-P3 Lens 
Assembly. T hcre arc t\\'o lnppcd holes ill the bllse 
of Ule Ctllllcrll for mounting it on this or nny o ther 
sui tnb!e mounting base. 

Dime n s iOn S: ( llcigUt)!l x (depth) (j x ( width) .J}2 
inches. including tile dr ive hnnt!le. 

Net Weigh t: 10 pounds. 

Colic W ord Price 

40S-A Ha nd -Driven Camera .. . .. , . . . . . . . . . . . . .. 1 AXGER $175.00 

A motor-driven cawera (wiLlJ lens) set up tor making high·speed records wit b the General n ll.(lio Cathode­
Ray Oscillograpb. T he sweep circuit (lower cabinet) is not connected 
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TYPE 408-P3 LENS ASSEMBLY 

The TYPE 40S·A C:uner:.1 is provided 
with /l, slit aperture ollly. 'When it is to be 
lI sed with the Geneml R adio C[tlhodc­
Ray Oscillograph a fast (wide aperture) 
lens is required. The TYPE 408·P3 Lens 

,A_ssembl.v incorporales an j'l.5 lens in a 
su itable mounting for nttaching it to lhe 
front fil ee: of the TYP E 4-0S-A Camera. 

This also includes the camera-mounting 
base shown in the illustration. 

SPECIFICA l iONS 

Le ns Speed; f~.5. Net Wel!;1h t: UIOUIlL'CS. 

T ype /J('Icripl ion ('mie JII(JflI P,iCt; 

I Lens Assembly .... ,. . . . . . . . . . . .. . . ....... 1 OS<.' I,LOI":S1. $65.00 

TYPE 408-PS MOTOR-DRIVE ASSEMBLY 

This attachment consists of n. small 
higlHlpccd univcrsaimolor OpCnl ting from 
n ] l O-voll POWCI' supply . either ullcl'llnling 
ell lTent or direct current. II fils the 'j'yP .. ; 
408·A Camera. as shown in tllcaccompuny· 
ing illustraLion nnd with it film speed~ up 

Tllpe I)clCriplioll 

to 8 feel per second cnn be oblained. II is 
parlicularly usefu l when high.frequCJlcy 
transients a.re lo be recorded by meallS 
of the camera and t.he General Radio 
Cnthodc·Ray Oscillograph. It weighs 10 
pounds. 

Code Jl"ord Price 

40S· P5 I JI,·lotor·Drive ASsem bly .......... • ... .. ..... 1 O~CJJ,(')JlIlJ\' $50.00 

TYPE 408-P2 DEVELOPING POWDER AND 
TYPE 408-P4 RECORDING PAPER 

We recommend the lise of Eas tman No. 
607 recording pnper in the T YPE 408·A 
Oscil logmph C.\mcra. and maintain lL small 
st.ock made up wit.h perforated lenders 011 

lOO·foot reel s. It can nIso be obtaincd from 
lhe Eastman Kodak Company lhl'Ough 
any of lhe I:lUcr's own retuil slores, but 
we understand that il is made up Lo OI·der 

only. A user who has need of a sufficient 
qlllmtity may be able lo persuade h is 1000al 
dea ler to ca rry t~ slack. 

The lise of K lstma.1I X·ray developing 
powders is I·ccommended. 'Ve curry these 
in s lack in ca rtons of six pairs of packages. 
" l 'l-ounce size." 

Type De$criplio1l Wcighl Coda Word Pricu 

408-Pl tOO-ft. ree l of Eastman No. 697 paper . 16 oz. 
40S-P2 Car tOll of X-ray dc\'cloping powders .. . . IU oz. 

O~CII.OFI L~I 

O!:;(:I I.o OOI'E 
$3.25 

1.00 
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TYPE 409 CAMERA SHELF 
T he camera shelf SlIPPOIts the TYI'E 

·W8·A Camera on t.he base of the TYPE 
~38- L String Osci ll ograph Rnd keeps the 
optical system in alignment.. 

The shel f is made of lliumiullt ll and is 
properly drilled for aligning the se"eral 
pnrls. It is easily alluchcd 1"0 t he o$ci!lo­
graph equ ipment under the gal \'anomelcr . 
As par l of the shelf.;t lwo-positiorl mirror' 
amI mounting arc supp lied . This operates 
like the "iew finder in a graflcx camera, 
tl turn of the wrist serving to throw the 
stri ng image from UtC rohlting mirror box 
into lile CUl ncl';'~ ftnd vice VCI'S;)" 'i multanc­
ous \'isun l obscnta tions :tnd photogl'aphic 

records arc nol possihle. but one may 
closely follow the olher. 

Another' pnrt of the shelf equipment 
consists of II mounliug carrying a cy lintJri . 
cul lcns having a horizonlal axis. This; lens 
is fOl' the same purpose ;l S that in the 
rotating mirror box: lhnl is Lo say, it 
condenses a pencil of rilys inlo a narl'O\\' 
hori7.olll.tl beall1 focused along lhc slit. 
thcl'chy increasing the intensity of illu· 
minalioll nnwy raid. 

The illuslmlions show the (lrrange· 
menl of the condensing lens. Only a 
comel' of the mi "I'ol' is visihle belwccn 
\' iewing hox ~UH.I synchronous; shuttcr. 

$PEClFlCA lIONS 

Fini sh: Tile I!IH:!Ir is fjuished in blllck crllckle lacqllcr. Nel Weig h t: 5 U pUlI1u.ls. 

Dimensions: 15:0: I:; inches. over-all. 

Ty pe Code W ord Price 

409 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 AXNQY S30.()() 

TYPE 407 SYNCHRONOUS SHUTTER 
By means of lhi s dcvice narrow trails· 

verse time lines can be marked upon the 
osci llogram. Thesc liming lines arc spaced 
ttt intcrntls of 1! 50th of a second, wilh 
add it iona-I idenlifying ma rks at every 
O.l·s("'(:ood a nd III cvcry l ·seoond interval. 

The TYPE :J38·L String Oscillograph 
makes a.n accurate ch l'ollograph wllcn used 
wilh Ulis unit. 

T he synchronous shutter is.t manllallyw 
stfl rted synchronous motor, operating 

Cram lhe 60·cycle power supply, The 
shutter consists or a. whccl of five spokes. 
mounted on the shaft. It is UlCI'CUIJ'­

damped, <llId t he a.ccu racy of t iming is 
lhcl'cfore substantially cqual to lhe 
accuracy with which the fl'(..'(luency or lhe 
power supply is maintaincd al 60 cycles. 
Thc unit is mounled on t he camera shclf, 
whcrc the shutlcr wheel wi ll inte«:epl thc 
light rrolll Uleoscillograph, t hereby making 
a white trace 01.1 thc mO\'ing film or paper. 

SPECIFICATIONS 

Shu tter : The unit i!I supplied "·ill! It !iv(. .... spoke 
wheel. hut if tilliing lines, spu(.'Cd at O.O I-5e(!Ou(1 
inter vILis, lire uesired, the uSl~r lIIay onlcr 11 ten­
spoke s.butter, the Tn-): -l01-P I Shutter Wheel. t1.'t 

allllitionaJ «=quipment. 

Power Su pply: 105 to 115 volts, 60 cycles. Ashorl. 
jKlrUl!llIclltly attached cubIc iM Jlr()"ide~l for making 
ooll llcctions to the power-supply terminul5 on the 
TYPE g38-'f~ String Oscillograph. 

Typo 

Finis h : ' I'he IIlIit is finished in blllcx crackle 11l1..'<llIcr. 

Accessories: 'J\vo IIIlIchiliC I!crcws for :llIachilig the 
IInit to holes in the TYPE 409 Cumem Shelf Are 
provilk'tl. 

Dimensions:":.: Sj.i" x 0 inches. 

Net Weigh t:.5H pounds. 

Code Word. Prict: 

.07 I ........ . . . .. ............ . . ...... ....... 1 AMISS $60.00 
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TYPE 407-P1 SHUTTER WHEEL 

A ten-spoke shuller wheel is available 
for lIsers who wish limin g: lines at inte rvals 

7'ype DtllCriplioll 

of 0.01 second . It is easily allachcd Lo the 
drive shaft of the synchronous mo tor. 

Il'i'igll/ ('we W ord P rice 

407-PI I Shu t t er Wheel (10 s pokes) . .......•... . 7 oz. $10.00 

TYPE 457-A MODULATION METER 

P roper opcrilliou of a broadcast trans­
mi ller requi res mOre knowledge aboul lhc 
performance of U. c modulation system 
than the opera ting engineer has been uule 
t.o obtain read ily. M easu remen ts of the 
pe rcen tage of modulation and t he l.Idjusl­
mcnl Df the transmi tter fo r the IUto.: illlum 
amount oC undisto rlccl modulation lin \'C 

been d ifficult , involving as they have a 
well -developed, experimentni technique 
and rela tively complex equipment. The 
ad vantages of a. simple and accura te 
modu latio n meter wi ll he apparen t to 
every broadc:lst engi neer. 

T he TYPE 457-A M odula tion Meter is n 
di rect-reading instrument fo r the accurate 
measurement of pcrccnt:l.ge modulation. 
It has a nu mber of imporlant uses, D e­
terminations can be made while a program 
is in p rogress so lha t illlHiY be used by 
the Ulon.i toring opem tor to ind ica te when 
the DlnxUnum allowable percentage modu­
lation is being exceeded , This rnodula-

lion metel' is no more d iflic:::ultto opera te 
l hnll II power-level indien to r. 

The maximu m allowab le percen tage of 
lIIodulution fo r any given adjustment of 
t he transmitt er C;i ll be de te rmined by in­
creasing the audio-frequeucy input voltage 
uutil ru rther increases lIO longer pro­
duce proportional increases in perc:enlage 
modulation , G reater values or perccnUtge 
modulation ind icate that the trans mi tter 
is being overloaded wi Lh resulting dis tor­
tion. Since the percen tage lIl odu lfition can 
be measlIl'ccl on t he negative pCllks of the 
audio-frequency wavc as well as on the 
positi\'e pcaks, lack or symmetry in t.be 
modulalion or shifls in the average value 
or t he carrier voltage d uring modula t ion 
can be detected and steps tuken to correct 
the maladj ustment . 

Abou t 75 vol ts or modulated carrier 
voltage may conveniently be introduced 
into the modulation mcter from a pickup 
inductor coupled to the ou tpu t circuit of 
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lhe transmitter. The power required to 
operate it (approximately 0.5 watt) is 
negligible even in low-power t ra nsmit­
ters. 

The inst.rument consists csscnti:'llly of a 
li,wl r reclifier for obtain ing a. Wlwe identi­
cal ill form with the envelope of the modu­
lated rfldio-frcqueney wave and a means, 

including 3. vacuum-lube peak voltmeter, 
for cxamining the max imum and minimum 
vnlues of the rectified wan. The circuit is 
urrtlnged so that, after II preliminary ad­
justment or the radio-frequency vollage 
:.tpplied to t he rectifier, percentage Illodu­
lation for either positive or ncgn liyc pea k .. 
is given directly by a dial rending. 

SPECI FICATJONS 

Accuracy : [ n ortlinllr.v use the error is leS!! than 5% 
ill modulal ioll at uudio frequencies UI) to noout 3000 
cycles. T he illherent error or the inst.rulll('nt is con­
sillerllbly Icss: than this. /Ind. if sufficient care is uscd 
in sclling ilup and in ta.kinS obser\"ut ion8. the error 
rnny be red1lced 10 below '1% in mudllintion. For 
{·xnmple. when Ihe mlJdulllli!l1l IlIdl'r reud!! 75% 
lIlo,lullilion. thc Lrue vll lue will be belll"l'l:1I 7::1% alld 
77%_ 

T he n l'(.'tlr.ll.C>' is greater :'It high modulation lX'r­
c<:ntllgc.<! than at low and is grenler lit low modu la.tion 
fn.'<luellcies th~11 lit hig". 

Range: T ile IIbo\·c \"nIIlC~ of n('CIJ rlley lIl11y be 
cspccted for corrier frequencies in the runge helwctn 
100 kc nlHJ ·\000 k(' (750 Im:tcu-75 metcrs. nppruxi­
m~ h:I>· ) . T Ile inslrunu.:ut CoIlil he modi(jl~1 to permit 
its use 0 11 curricr frequcnci.,s a5 high :IS 15.000 kc 
(20 lUelers). iulotllmlion aoout which will besuppl ied 
on requesL 

Tubes: Twu IjY.227 tubes or equivalen t are 
required. 

l'ower Supply : T wo Burgess No. 5308 block 
buttcries or Ct"tuh·u lcnt 90-\'olt bnltery /Ire required 
to deliver IIbout i nla. A baUery compartment is 
Ilro \·ided inside thc cahinct. F illlDlen t-heatcr power 
i!I supplied (rom the 10.5-115 volt , 50-00 cyclc line. 

Terminals: A receptacle for plugging in the 11 0-
I·ol t sUI)ply is provided on Ihe righi-Iullld s ide of t1LC 

Dc¥uiplion 

cabinet. Hatler>· ronnect ions lire made 10 flr-xi lile 
leads. On tlie front p'lIIclllnd on terminal Illates at 
the bllc-k. duplicate p~irs of binding posts nrl' P"'­
vidcd for the rllllio·frt'(i1ICII ( ~.)· input alld for !I,e 
flut(lut of thc linear rectifier. so til3t ill'lUI he used 
with otl,cr analyzing equil'l1ll:lIl if {lesir~ 1. 

S h ic lding : A shi('h! of nichl.plah:d brH.'I ])rlJl\o('h 
the cirCllit from slmy ck'Ctric fi eltill. 

1\1 Ollf) ring: All partllllTC lIIollnteJ 011 fin nltLIll;num 
I~nd finish ed in black cr:ickle lacqucr. T he in· 
s trument elln be supplied mounh:d in 11 poli.~h~1 

WAlnut Cltbillcl or wilh pa ncl C:rcICllsions suitnhlc ror 
moun l ing it ill n slauJllrJ Hl-inch (Tn.; -&.80) relay 

ruck. 
T he cnllinct mounting lIlollcl is known 'IS T n'!': 

-&.57-Ai\J ; tllO! rack moun ling model is known as 
T ' ·PE 457·:\ 1{. 

Acccssories: The ilLSlrument is supplied wilh a 
7-foot cord fo r mnking conncctions to the 11O-\"oll 
linc but witllout lubes, bAU cr.I·, or pickup inductor. 

Dlmcn s ions: Panel size, ( length) 15 s: ( height) 
7 inchcs. Gnbiuct si7.c for Tn.: "'57-:\~ I , ( length) 
18~ x ( I,cight) 73..4 x (depth) 10% inches. over-all. 
including h:lndles. Pnnel size for 'fyl' P. "57·:\.U, 
(leogUI) 19 x ( beight) 7:1" (dcpth) 10 inches. over-n il . 

Ne t Weight: i5 pouutls for Tn>.: 457·A1\ 1; 19 
pound8 for 1'l'PF. 457-An, 

Cod6 Word Prict! 

457-AM 
457·AR 

Cabinet Mounting . . . ... _ . .......•.•. ... _ .. 1 

Relay-Rack Mounting . .• . .. .. .. _ ....... . . 
lUNGE 

MANGY 

$125.00 
11 0.00 
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The TYP E 5SG-A Di s tor t ion-Factor 
M eter meits ur('s tlte lolal ha rmonic COIl­

tent of the aiterncHing-cUl'l'cnl wave under 
test and gives di]'ccLly the I'flLio hetween 
the squ.tre roo t or the sum of the squares 
of the amp liL1Jdc of a ll hft rmon ics and the 
:ulIpli t udc of lhe rundamcnt::tI. This is tJIe 
di stortion faclor, an excellent measure of 
the objec lionab leness of lhe distortion 
iulroduced by a mplifiers, lines, 01' other 
circuit elements. 

Most of the methods of measuring har­
monic distortion UHtt ha vc been employed 
either have been ill.borious, or have in­
vol ved elaborate equipment. The TYPE 

536-A Distortion-Factor 1\!{ctCl' has been 
developed La enable di storlion measure­
ments to be made accura tely and ]'apidly. 
This instrum ent has a rurLher important 
advantage over earl ier apparatus in that 
its input impedance is very bigh. [t may. 
therefore. be connected almost anywhere 
without ca.using appreciable d is turbance 
of the circuit under test . 

In order that these ends might be 
ach ieved. two imporl.ant simplificat ions of 
nl e problem have been made at the out· 
set. Only it s ingle fundamental frequency 

is employed, and only the toLlll harmonic 
dis tortion is mca:o;ureu. 

The first or these lilnital.ions is noL 
serious becau iic harmonic produd ion is 
essentially (l/1 amplitude phenomenon. 
Frequency USU:1lly enters into the problem 
only seconda rily . For this reason a. stud~7 
at a single frequency of the ha rmonic 
production in it given piece of a pparatus 
LInd er various operatillg conditions y ields 
valuable in fo rmation. The technique of 
measurement is simplified to such an 
extenL tha t the required data may be ver~' 
rapidly obbtillcd. 

T he measurement of total harmonic 
conten t is for most purposes preferable 
Lo lhe mcasu I'cmen t of the sevcral com· 
ponents separtttely . \Ve obta in in this 
way a single qua.ntity as a measure of 
the impurity of the voltage source. The 
"Distortion Factor" mea sured by the 
instrument is 

D ~ VBl+ Bl+ Ei + . . 
E, 

This is the raLio to the fundamenta l of the 
effective value of the combined harmonics. 
This quantity is au excellent measure of 



 

t he objectionableness of the d is tortion 
pl'escn t in the t ru ll smissioll of speech or 
mosic. F or exam ple, fI second harmo nic 
of 5 per CCl.l l with n. thi rd harmonic of 
.5 p CI' cent is sccn to g ivc a s lll a lier di s-
1000tion factor limn a single harmon ic of 
10 per cent. und is l.'orrc~pondingly less 
ohjccLiollable. 

Thc pre..o;ell l genernl usc of t he pe n lode 
output t ube makes tl dependable means 
of study ing t he output ca pa bilit ies or 
an ampli,fier especia lly desirable. Ou lput 
measuremeots WitJlOut some indication 
of H,e distortion present ,Ire of dou bHul 
significance. The lIse of the T YPE 536-A 
D istort.ion-F acto r M eter in (.'ollj uuclioll 
WitJl the T YPE 483 Output M eter in 
nUlking these measurements gin~ t ruly 
rel iable da ta for the comparison of v,lrio lis 
ty pes of a mplif.iers. 

IF It su itable tin e1Jr rect ifier is ~l\'rt i l abl e 

for demod ulHtion , the T ypE. 536-;\ D is­
tortion-F actor Mete r provides ,t means of 
measuri ng Ule im pllI·it.y or the modu lnlcd 
output of II rildio-tclcphone tnlllsmiller. 
Such II high-quali ty li near reclifier is (.'On­
t:tined i ll the Tn).: 457-A M od ulatioll 
?ll e ter. a nd te rminals a re prov ided for 
cO llllecLioli to the d is to rt ion-facto r meter. 

DISTORTION.FACTOR METER 

The use of these two instrumen L>,; in 
eonjunetioll, there fo re, mnkes possible the 
d irect de termin a t ion or mod uln ted di s­
tortion. 

T he pri ncipa l elements of t he instru­
ment. are an ex(:ellcnt high-p:Hls filter 
and a (,alilmtled resistance ne lwOT'k hy 
mea ns of wbjch Ule fil ler outpu t. is (:Qm­
pa red wit h the input vollnge. A d ial is 
rota led un til t be same ind icntioll is 
ob ta ined for two posil ions of a. switch . 
The di stortioll flLctor is lhe n gi\'en d irectly 
hy t he d ial reading. ~J \\'o ra nges a re pro­
vided giving 3 per cen t tl nd 30 pel' cent, 
rcspcctin ly, at tbe max imum dial setti ll~. 

T he characteristics of t he fil ler arc such 
lhat the fundamcn l:., l is altcllual'ed about 
75 deeihels more t h"ll t he ha rmonics. 
Powel'-supply hum voltages arc likewise 
suppressed. All Imrmonics up to t he 
fifteenth are t r:tnsmi lled eq1la lly withi n 
o . ,~ decibel. The filler is .. ;0 desig'ned tha t 
no appreciable ha rm oni c d ist.ort ion is 
prod uced by t he induelors. e"en whcli 
large in put voltages 11re appl ied . A re­
sislno('e Jlad is provided nhend of t he 
HIler so l hat tile cali bratio n is noL <t ltered 
by l he impedance out of whieh lhe in­
strument works. 

SPECIFICA l IO NS 

Ran~e and Sensi t ivi ty : With the recommended 
8uxilinry equipment. 10 "olls IlCroSS Ihe input 
terminllls mnkes possible lhe mt'tl5uremenlo{ distor­
tio l1 fncl.ors nslow as O.O~. H In rger distortion ractors 
Are to be measuretl, the input voltage mll~' be reduced 
in UIC !lamc proportion. Simihlrlr. ir IRrger input 
voltages ure avai lable. propor liollllicly sl\U\.lIcr 
distortion fllctors mny be mClIsured. 

' :'or ~pcc i a l ll~cs. t hc rangc lind sensiti vi t~· maJ' be 
\'cr.y greatly extcud~ 1 by cmplo.ring more AllIpli6ca-
1.1011. U (lcsiretl, two Tnt: .5 14·A Am plifiers fill)' be 
uscd ill tnndem for spedn l work. 

F req u ency Ra nge: SSO-·~~O c~·c1es. 

Inpu t Impedance: Ahout 175,000 ohms. 

Accu racy: " lien the T nt: ·~S8- H ~ 1 AlterlluulIg­
('urrcnt GAI\'IlJIometer is used liS iudil.'tItor. the 
error is less than 5% fo r distortion fllct.urs liS loll' lIS 
0.00.5. H necessary, grenler nl;i.:llrncy ('1111 he obtained 
by subst ituting an instrumelll of the lhermooouple 

1J1~. /IS this i!ldil..1lles more uccllrnt,el~' the elTerlivc 
\'/llue of n (''OlIIpositc \·oltage. Inasmuch ;15 llll: 
thermOl'OuJlle instrument is 1('.'15 sensit.i,·c. lII!)re 
sluggish. nnd has n much smnller overload cllp:leil,\'. 
the TnI': 4S8-n~j }\ Iterllllting-Current Galva­
nOllleter is ulIun!!y to be prefc rred. 

AuxU lary Eq u ipm en t: T he distor tion-fuctor 
metcr must he used with II su iluhle amplifier anll 
indicRling instru men t. The TnE 5 1 '~-A Aml)lilicr 
and '1',(,-..: 4S!l- U i\1 Allt!l'IHt I,ing-Currtnt Glllwl­
nomeler /l rc rCI'Olllloendetl for generll1 1I.'Ie. T he 
ulllplificr II1I1St hUI'c 11. flllt characteristic. vuriuble 
gRill. allli all input impedance greater than half a 
megohm. The indicating instrulllent SllOUIt! be 
st:nsilive unll have n squllre-Inw ciHlMlderistie ill 
order to indicate thl;l effedivc value of the L'Omhinell 
hurmollicll. 

Where n .IOO-cycle voltflge is ll\lplicd to the up­
l)nrnlUS under tes t.. it must usunlly ue filtered 10 
obtnin sufficient purily. The e.-.;tell t to which lhi~ is 
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IlCl,'('ssary Jepentk of cou rse, on lhe magnitudes of 
tJu: (lislorlion fucttJl'lIi to he me."Is ured. 

Qlle or more T n ' .: gSO·:\ or '!'n'E 330·C Filter 
St!1.! IiIlI1~ m3.r be cmploye<1 if ex treme pu rity is nul 
reqll in:IL A spedn l btl nd- pas.'! filler T n'.) 5S0·A IUlI l 
T 1'I't: 5:IO-C has beeu dC\'c],)pcd for lise wit h tile 

Type 

'PyrE 53G-A Distort ion-Factor i\ leter. This fil ter i.! 
described below. 

Dimens ion s: l'aoe1, ( length) 1'l x (height ) 7 inches. 
Cubinet, (length) 1!i x ( height) 8~)( (depth) l 'lM 
inches,o\·cT-Hll. 

Ncr Wei~h t: riO pounds. 

Codl! 11'0,11 

536-'\ I. . . .. ........ ....... ... ......1 un.\ FT 5140 .00 

TYPE 530 BAND-PASS FILTER 

This filler is designed primarily for lI SC 

wi lh the Tl.'}>E 5H6-A Distortion-Factor 
Meter Lo purify the voltage applied Lo 
apparatus under test . It is uscCu! in <lily 
oLl ter cases where an extrcmc,ly pu re 400-
cycle voltage is des ired. The use of Oll e of 
lhese filters reduces the harmonic conleut 
hy allctl st 50 decihels. They ma.y be usetl 
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WiUl a fundnmenlal frequency of f!'O lll 
375 to 421; cycles. Sufficient attenuat.ion is 
provided at t he low-frequency end to 
remove any power-supply hum voltage 
whieh may be present. The two type,.; 
differ only in characteris lic impeda.nce. 
These fillers il re not clll'l'ied in stock bUl 
are supplied on order. 

SPECI FICA nONS 

Moun t ing : .'\.11 nre IllUunleti in Model D cnsP$. Net Weig h t: S pQunds. 
dilllcn~ i nn5 ror which arc gi \'f'.n on page 140. 

T YIIC , mpedallce Paif~ BUill/ Code W ard Price 

"530-.0\ 600 ohms 37;;-4~5 cydcs POCAL 537.50 
"530-C 6000 ohms :175- 425 cydcs FIjJUO' 37.50 

' 11,,111 h" "...-"".--nol rnrri~1 in _hl<'k . 



 

TYPE 534 BAND-PASS FILTER 
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Tills fiJter contains in <L single unit an 

entire band-pass filter. 
This filter is designed primarily {or use 

ill (''Ollllcction with bridge mc.'lsu rcments 
in order to suppress harmonics, and also 
any hum wh ich may be present in the 
genera tor. Jt ma.y be used either ill the 
generator Olilput or in the det.ector input. 

The tra nsmission characteristic is simi­
lar to that of II. simple resonant circuit. 

e.xccpt that it offers apprecia bly higher 
di scriminatio n La frC<luencies outside t he 
Lntnsmittecl region . T he minimulll t ra m;­
mission loss is approximately S decibels. 
Discrimi nation aga inst the second har­
monicis norma.iJy 33 decibels. For the 400-
cycle filler the d iscrimination agaiusl low­
frequency hum is in exec of 16 decibels. 
for l he lOOO-cycie filler it is in exC<'ss of 
2:j decibels. 

SPECIFICATIONS 

Attenuatio n C h:tnlc teris i-ic: See accolllpnnying 
curve. 

Imped~\ncc: T he Iillers listecl urc designed on the 
basis of generator nnd load impe<i:mccs of 2000 ohms. 
Formulae are "\'"illlble for computing fillers for 
olher impcdllnces. 

It should be noted that the fliscrimilla t ion of the 
fi lter and its minimum transmission point are de­
pendent upon the terminal impefiltllt"eS. A t the 
liCoond harmonic. for cltample. the tliseriminal ion is 
increase..1 12 db when working between fOLi r timc~ 
normal tcrminnl impt.'tiull t"eS, and dcercnsed G db 
when working belw(.'Cu one-qllarter nnruuLi lerlllinai 
impedances. Di~erimillation IIgninst low-treqllenc.\, 
hum may vary liS much as ll~ db lIS the generator nnd 

Typ8 f' rtflutmc!J 

lond ill1p(.'(lunces lire varied bctwe~ 1 four times the 
nOioimu value and one-(Iunrler Ille nominal vallie. 
Over this Sllme rllll!,'!! tile lllini tnllm nlienuutiull 
point Illay vtlry IIPPTOxinmtely 10% in frCfjllcnc,Y 
nnd 5 db in attenuation. 

C:\ lI b ratlon: J'ilters ure :uljusled by selecti ng 
condcnsers of t he series rC.'j()wml circuit SO that the 
mini lliUm attenulltion point i.~ within I % of the 
"alue shown in the mUllcphlle. 

~'I ounting : The filter is Hllnched to n bllkelile 
punet and enc1o~cd in II \\'1,ll\ut enbinet. 

Dimensions: ( J.e ngt h) 7M x ( wi(lth) {; x ( height) 
S% illche~. over-nil. 

Net Weight: 4 lwunds. 

[>,iee 

*534-,0\ 
534-B 1 

400 cycl es 
1000 cycl es I· .. .......... ·········· ···1 .. ........... .. ........ ... 

Y.XCt; l. 

t;X t: I, 'r 

524.00 
18.00 

" Nol ~nrri ed in ~1(lCk_I~li\·~ry two ..... h. 
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TYPE 330 FILTER SECTION 

This series of simple high-pass and 
Iow-pass ... fiJler 'sections includes high-pass 
T -typc s'&tiOns. and the low-pass filters 
1f-lypc sections. These indi" idll ai sec lions 
a rc hui ll into shielded metal cans including 
laminated iron-core induclop. with two 
condense rs. Any number oT similar 0 1' 

diA'c rcnt sections Ill:l.Y, of course. be joined 
in ser ies Lv pl'Udll~c ;1 JJ1ui Lisccliun GlLcr. 

The accolllpanying cu rves give an idea 
of their lrausmissioll cha racteristics. The 
important iuflucllc:c of the te rminating 
im pedance 011 shOll'plless of cut-off shou ld 
be noted . 

A group of fi llers with convenient val lies 
of impcdnnccs :U'Id cut-off frequency is 
listed below. The General R adio Company 
spccini i1,cs in eq ui pment of this sort, and 
simibu' sections hayillg uny desired e1ectri­
CRl constn.nts may be ob tained on special 
order. '['he thcoreLica l cul-oft· frequency 
In nnd the itcfillive impedance should 
JJ\:! spl,'ciu\:!d wilell orderiug s lich special 
sections. Low-pass and liigli -pass seetions 
may be combined. to make hand-pass a nd 
b:lnd-c1iminaLion filters. 

SPECIFICA TIONS 

Mountil1~: All Are mnlllli Cl1 in ~ I (l<lcl C c:tscs, 
dimcu.~ion s for wl,;ell lire g;\'cn Qn page 143. 

Type f. ! mpcdl,,, cr 

330-A 500 cycles 6000bms 
330-C 500 cycles 6000 o hms 
330- E 1000 cycles 600 o hms 
330-G 1000 cycles 6000 oh m s 
330-J 2000 cycl es 600 oh m s 
330-L 2000 cycles 6000 ohm s 

330-8 500 cycles 600 ohm s 
330- D 500 cycles 6000 ohms 
330-F 1000 cycles 600 o hms 
330·H 1000 cycles 6000 ohms 
330·K 2000 cycles 600 ohms 
330·;'\'1 2000 cycles 6000 ohms 
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Nc t Wei~ht : t\ ppro:-.:imalcl.\' 3% pounds ror nll 
sizl:s. 

C()(/~ WON! 

Low Pass }'i1.T EIlGOAT 

1.0w Pass nl.TEIiSIIOt: 

Low l'as51 . · ILTEnTOAD 

Low I'ass n LTERS IG:-: 

Low Pass PII .Tt: nlly.AU 

I.ow P:1SS FII .T~: n U.; I.I . 

II lg h Pass . · ILT£nGIIIL 

JIi~ h Pass FII; rElt!I £ " 1' 

IIig h Pass ~' lLT EIUI US II 

II illh Pass f· lL.T.;Ul'II'£ 

High Pass I"II.T!:R.'OOT 
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METERS 

METERS 

The mete rs described in Ulis secLioll include "Hellum-lube voltmeters, oxide-rectifier 
voltmelers nnd thermocouples, together with various specia l combinnlions ror ~pccial 

needs. By lheir use voltages ill the aucl.io- alld mdio-frcqncllcy spcclruUls eMl be 
measured. 

T'T< 

626 

.26 

483 

583 

586 

492 
493 

' 88 
588 
298 

Voltage measuremenLs lit audio 
nnd mdio frequencies where the 
meter UUlsl 1m vc It high impel.!­
Ilncc 

Voltage menSllrelllcnts Itt. !lIIdio 
and radio (1"C(llICncics where the 
meter must MVC a Iligh impcd-

"'" 

Output voltage aud power 
measurement!! at audio f l'1.­
(llIcncies ror one impednn<:e 

Output power measurements lit 
lImlio frequencies for a wide 
variely of dilferent impClklllLOCl! 

i\lonitoring and signal-level 
IIlcAsuremcnls on hrondCtlst 
31)(1 re<:ordiug uu(lio clmnncls 

Oxide rectifiers: Audio·fre­
quency voltage mClIsurelllenls 
- Tltcrm(}(."Oupk~: Cli rrent 
measurements al audio. carrier, 
HllI l radio frequencies 

Experimental Inboralor~' meas· 
urelllents where a mounted 
meter is a (.'() II \·cnil'lI00 - Meter 
mounting fits nnv,r-t.ypc Uil'ter~ 

U-~J l'olls - C<.mpletc (ilternal­
ing-curren l '\pcra t illu 

(j. :J yolt. - OllefJlted from 1,,11-
Icrics 

Con"tunl impcdulU't: Q\'cr all 
volt"".: rnll~s 

Dired.reading in milliwulh ­
Widt. rnnge in power and 
impedll llcc 

No hullcrics, lubc.~, or oUler 
replacemcnL ruilis rC(luire<i 

Compact. convenient. mount­
ing-Therlrlocoup lc~, boUI I.'()II* 
lact- a rlll sep1H1\Ie-hcaler types 
mounted in vnello 

l\ leler mounting made of 
moulded btlkelitc - CUll be 
nttoo wiOI jock!! to ('()nnect 
1.'()IJplcs, rectifiers. shunts, etc. 
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TYPE 626·A VACUUM·TUBE VOLTMETER 

ALTERNA lING·CU RRENT OPERATED 

The wide applicability of the thermionic 
type of alternating-current voltmeter ill­
troduced the need for stich :m instrument 
designed to be oper:l.ted wholly by (\0 
cycles. 1 to-volt nlleroating current. 

The TypE; 6Q6-A Voltmeler is a direct­
I'cading, serviceable. moderately precise 
instrument of lhe compens:1 ten , rlf'.prf~,,~d­
zero type. The filaments of the tubes used 
are run at subnormal voltages SO that 
their normal li fe is considerably increased. 
A rugged d'ArsoDva! type of meter ha ving 
n full -scale deflection of 300 microamperes 
is lhe indicating device. 

The design of t.he circuits und the type 
of tubes used resu lt in a minimum wauder­
ing of the zero point from aging, the chief 
source of error heing OuctuaLions in t.he 
line \'ollnge (sec below). A rheoslnl is pro-

vicled on the p illlel for adjusting lhe in­
st.rUlllent so thut all values of line volt,age 
bet.ween 100 and 120 volts Illlty be used. 
Sudden erratic changes in line voltage ore 
not in ge neral detrimental , owiJlg to the 
large thermal capacity of the c'llhode of 
t.he thermionic lube. 

SPEClFICA nONS 

RAnge: 0 lo:'l WIltS. rool-mean-square. 

Power Supply: Allcfuatinj; cLirrellt, 50-GO cyclu, 
1000liO volts. The inslfUlIlcut draws n current of 
opproximatcly 0.15 IUIlPCrcll from the power supply. 
:\ pilot lamp and "oll..()rr" switch are mounted on 
the panel. 

Tubes: One 22:7-lypc fOf the lhcrmiouic \'oltmeter, 
one l71-type for the l'(..'C'tificr unit. and one 8H-type 
ballast tuhe for stabilizing the plnte voltllgc IITC 
re(luired. Tllese are supplied with the in.~lrUlllcnl. 

In the event of fRilure of the voltlDeter tube, the 
instrument should bereturne<1 to us fOTTeealibration. 

Calibratio n: ":ach inJltrument is inilividulllly cali­
brllted lind is accurate to within 1% of fulI .seale 
vRlue. 

Llnc-Voltal1.e Error: A Grop of one volt in thc 
power supply will reduce the reudiug of the meter 
Illllny given point on the sCKle by 0.015 \·olt!l (0.5% 
(If full-~{~de ). This error i~ linear. The meter i! ad­
ju~tc<1 for different values of line voltage by a control 
rheostat wlticb restores the needle to 1.ero. 

TYPf! 

Frequ('ncy .:rror : Helow 1600 kc, this error ill 
negligihle. At SOOO kc, tltC f!'t.'<lucncy error is I('ss 
than 2%, lind ul ·~ooo kc. it is leu than oi%. 
Waveform Error: T he inslrilinent is calibruted in 
tcrm.~ rI r.nu. values of a pure Minusoidul WII\·C. 
Since most thermionic voltlllet er~ n,:ad averagc 
ralltcr limn r.m.s. \·:tIIlCS, any (ICI);lrture from a 
sinusoidnl \\'I\\·e due to the pr('SCU("C of harmoniC'S 
will inuodure I\n appreciable error. 

Input Impedance: 10 megohms. No e:l:tcruul 
dircc t-curr(,nt 1.l."ith is reqllire/I. 

Ground: It. i~ dcsiruhle 10 ground the low 1>oIentini 
iOI)lIt terminili. 

Mounting: Aluluinum pnne1. polished wnlnut ca!<e. 

Accessories: A lIix-fool nlt=u~hmcllt cord and t.he 
three IIlbet! fire 511pl'l;ell wilb the ins lrllilwilt. 

Dimen sio n s: ( Length) II x (width) H,k; x ( height) 
Sl", incl:es. over-all. 

Net Weight: 14'4 po unlis . 

Code Word 

0- 3 vo lts, r.m.S. 1 ..... . . , ... . .... , ... .. ,.1 l.."TDJC SIOO,OO 



 

VACUUM. TUBE VOLTMETERS 

TYPE 426·A THERMIONIC VOLTMETER 

The vacuum tube lends itself particu­
larly well to usc as a voltmeter where no 
current may be taken by the instrument. 
rn the T ne 42u-:\ T hermionic Yoltmcter 
ail exte rnal circuits have been elirni nftted . 

The platc-to-fi htmcnt resistance of the 
t hree-elemenllube is used ns one m'm of It 
bridge circuit. Cha nges in the gr id poLen­
l itll caused by the measured voltage cause 
changes in the vullle of this resistance, 
which unbahnce lhe br idge. The amount 
of unbala.ncc is indicated by a. hand­
ca librated micl'o-:unmclcl', t hcl'cby meas­
uring the potential impressed. 

SPECIFICATIONS 

Ran~e; 0 to 3 volts. ront-Olp.Hn-sqUMc. 

Power S upply : 2~,5-"oll blllll:ry whi.;!! supplies 
filament, grid. Hlld plntc potentia ls. Sp:H.:e is Ino­
"i(I<."(1 in instrument (,,1St! to uccomm()(!ate two 
22.5-voIL Imlterics connected in parallel. External 
ballt!ry recommcnded, however, and conneclions 
lire provided. 

C a libra tion : The. rueter is CldibraLed llgainst root­
WCllll-s(luare lIaluc.J! of a sinusoidal wave. 

Accu racy of Ca librat ion: Wtlbin 1% up to 
1000 hours, al which l ime the instrument should be 
rclllm(~d to lhe fllclory for a new tube and ca1ibnl­
lion. See price list. 

Freq ue ncy Error : Le.<!s than 2% of futl sculc al 
~O kc; less titan :1% :.t 300 kc. Allhough cnlibmlion 
is !luI a <."t urule to lhis order of magnitude al brOil/I-

Ty]J(I 

426-A 0- 3 vol t s , r ,m.S . .. 

cast and lligher radio frequencies, the instrument 
m<"ty be used for makiug voltage compari~ulIs ill UmL 
rnnge. 

Wavefo rm Error : Vcry slight wllell due to third 
harmonic. ApPrI..'<!iable when due to second harmonie. 
Second harmonicerrorc,\11 bealmosl whollycorrccted 
by reversing the leads to the IlIcter aud averaging 
t he two readings obtained. 

Adjustment : With voltmeter terminnls short­
circuited, the meter poilltl'f is set at zero by means 
of n r!.eostnt mounted in lhe cilse. 

Sca le : I ndividuully calibrnted. Mirror bnck for nnli­
pllrHllax rendings wilh the knife edge pointer. 

Dimen s ion s : ( Length) lOki' x (width ) 1) x (dej)th) 
1%" inches, o \'CT-nl1. 

Net Weigh t: I I pounds. 

Code IFord P rice 

81m U~I 

Uecalibration, indml ing replacemelJt t ube . 
$ 160 .00 

20 .00 

TYPE 488·BM and TYPE 488·DM ALTERNATING.CURRENT METERS 

OXIDE·RECTIFIER TYPE 

T hese imitrumcnts a.re designed for t he 
meaSliremcn t of alternating-cur rent volt­
ages at hequencics from 10 to 20,000 
cycles per second. The indicating element 
consists of four small copper-oxide un it s 

arranged in t he (orm of a bridge (or 
obtaining fu ll-wave rectification. T he 
alternating-current voltage applied to the 
inpu t term inals of th is type of struclU I'C 
resul ts in a direct current through a 
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d'Arsonval galvanometer proportional Lo 
the root-Illean-squ~tre value of the alter­
nating voltage. 

A change of impedance with applied 
voltage is a characteri stic of all coppcr­
oxide rectifiers, a nd hence it is desirable 
that some mc'.tlls be provided for main­
ta ining the inpu t impedance Lo this type 
of instrument at a. constant vnlue. In the 
types listed below, the proper choice of 
resistances external to the indicating ele­
ment has provided a satisfactory means 
for meeting this problem . 

Lejl: Bolh TypE 4SS- BM nllli Twe 4S8-Dl\'J h:w t' 
this ~ - \'o !t scille. night; T Yf'.: 4SS-lIM 

SPECIFICATIONS 
Voltage Ra nge: 0 to 2 volls. 

lmpcdance Ran~c: Impedances of 4000 nnd 
20,000 ohms tl.re availahle. 

Impedance Characteristic: Samc 115 for TYI'~: 

483 Oulput Meter. see opposilc P:lgC'. 

Accuracy o f Calibr:\ rion: SnmC !l ~ ror T\'I 'F. 4S:l 
Output l\.Ieler. see opposite pnge. 

T!J pe Ral~!1e 

I..-en~th of Sca le: 2-Yz indlcs. 

Mo unting : I~:l;(:), meler is supplied mount ed in :I 

,!,ypg 2!l!;l-A i\ leter lUounliug. 

Dimensions: Diameter, 3~ inches : depth. <;?I 
inches. oYcr-:III. i\J Qllnting hole .Ji,l lllHcr, 2!J.f inclles. 

l,\lct Weig ht: l'lOUIl('CS. 

I III prda ll (:c T' r;u 

488 ·BM 
488-DM 

0- 2 vol ts, r.m.S. 
0- 2 vol ts, r.m.s. 

4000 ohms 
20,000 ohms 

OUiOI ~;,.(;O,\T 

OV I().I~:TSIIOt: 

$20.00 
35.00 

TYPE 488-HM SQUARE-LAW GALVANOMETER 
The usual rectiJier-Lype vollmeter has a 

neHrly linear characleristic and is subject 
to some waveform erro l'. 13y carefully re­
designing the rectifier circui t it has been 
found possible to produce <l meter practi­
cally free f,'om thi s defect. The TY PE 
48B-HM AllerlH~ting-Cul'l'ent Gnlv.lnome-

LeI' was developed rol' lise wil b l he 
TYPE 536·A D istortion-Fac tor :Meler to 
rephtce the less rugged thermocouple in­
strument usmdly employed for slIch work. 
Since it is used fo r a comparison inst ru­
ment no cal ihration is l·cquil'ed. 

SPECIFICA TIONS 
Ran~e: 0 to approximulely GOO milli\'lll!s fu ll s(:ulc. 
Resistan ce: ApI)roximu tel~' 700 ohms. 
Sca lc: T he \I.5-inch s(ale ill divided into flftyequal 
d ivisions mnrkcd 0-100. 
Calibration: ' r he meter is udjuste.J so t.hat fllll­
scille deflection i~ oht/lined Ht flpprc)ximlltci,r (100 
millivolts. 
\Vavefo r m Error : Tile ~Jl I)roacll 1\) 11 .slluarc-bw 
eh!ll'ucleri.stic is sufficiently clOSi~ sO thnl evell wben 
two equal vo l Lagc.~ of (Iifr.~ rcnt fr/:quL'lleies ure sim lll­
tanoously nl)plicd Ull~ waveform error is less than 
3% . T his means that the dfedivc vlllue of the 
composite vol tage causing a C'e rtnin de[)ed ioD will 
he withiu 3% of the single fn,!(!l1eney voltage ca using 
lI le SUIllC defledion . 

1'lIpe n a ll g(J 

l~rcq ucncy Charact'c r ist ic: The meter will gil'e 
the SIIIlle deflecti (jll h' within ~% for 1I1tcrnating­
current voltagt$ "11 t .. ilOOO cycles, 1.0 within !l% up 
to 5000 ",yd",s, and within to% IIp to 10,000 (;y(·lcs. 

Adju s tmen t: A sere\\' is pro\' idCII under tile ghss 
fa ce ror making ti,e rero ildjWllruClll. The gl1!sS may 
be remO\'(·d hy lIllSerl!\\'ill /; the Lczd . 

Mountin~: Th(~ mctl:r is slIflplied mountcxl in a 
T nt: IWS-:\ t\:lclt::r )loUIl!iug. 

Dimensions: H1Ulj!C di/lluder. 3M inches; back­
or-pOInd dCI,lh. 'l,M illdu.';;, on'r·al1: hody dilunet er. 
2 2J.ti hlChcs. 

Net Weigh t : I~ OUll t"eS. 

C",iIt! Word Prif' (J 

488-HM I 0- 600 millivoltS, square law ... , .. . ..... 1 S30.00 



 

OUTPUT METERS 

TYPE 483 OUTPUT METER 

The general acceptance of the constant · 
impcd:u u:e copper-oxide l'cclifier ty pe of 
output meter, inll'oduced by l.he Geueral 
Hadia Com pany about three years ago, 
for Ule measu rement of the performall ce 
of radio receivers a nd for muny other ex­
perimental uses, has been suc.h that it is 
desirab le to extend the line ill order that 
Lhey may be available fOl' lise in conllcction 
with the varioll s types of receivers 1I0W 
avai lable. T he extremely high sens itivity 
of the Itt-lest models greatly increllscs their 
field of uscfu lness Lo lhe engineer . 

Three impedance va lues have been se­
lected as the mos t genera Uy IJsed. For 
oUler' impedances, tbe lise of impedance­
m:ttching t.ransformers is suggested. The 
General Radio Company wi ll be glad to 
quote on suiLahlc LralJsformers upon 
rcquest.. 

With endt of the va,riOliS types of re­
ceivers, it is desirable lhat the outpu t 
meter have sufficient sensi tivity to pCI'mi t 
measurements of bum volt .... l.ge. By in­
corporating the latesL improvements in 
methods of meter construction, it has been 
possible to obtain a full-scale sensitivi ty 
of 2 volts even at a characteristic impe­
dance of 20.000 ohms. This sensitivity hilS 
heen obtained withou t: loss of medntnical 
l'uggedness. 

I n or'del' to increase the util ity of these 
outpu t meters, seven multiply ing steps 
hlwe been provided. In this way the total 
range has bccn increased :.tnd the interv,li 
between steps has been decreased. 

SPECIFICA liONS 

Impedance Ran~e: Three \':tluc.~ of impedance 
:l. re /lvuilable: 4000, SOO(). [lnd 20,000 ohms. 

Impedance Character is tic : When the 1lll11tipl icr 
is set il l " 1" the impedance of Lhe inslrullIcnt is that 
due to the mclcr alolle Ilnd .hence varies sOUlcwlml 

with the applied \·olt1l.ge. The impedance of the 
MOO-ohm instrument, for iustauL'C, inercases approxi­
mately 50% Ilt.!1 full-scn.lc vollage; the 20,OOO-ohm 
instru ment inere3ses Ilpproximuldy SO% at approxi­
lIIately U full-scale \·oltnge. \Vith increuse in lIIulti­
plying setting the impedance approaches 1\ pu re 
rcsistan(:e of the rated vl\lue. T his is IJ.ccuratcly 
adjuslcdlo wiUlin ±2%. 

Sen s itivity: AI! ha\'e a fu.1l-sClI.le scnsi tivity of i 
\·olts. Sec price list. 

Accuracy of Calibnlt ion : With the multiplier at 
one. tbe accuracy of (;[Ilihra tion depends entirely 
on the properties of the COI)per-oxidc voltmeler. 
'I'111;".se are snch lhilt the instrulliCIlt is accura te to 
wilhin 4% of its full -scale reading" lIt frC(IUClJcies UJl 
to 2000 cycles. T he error increases al higher fre­
quencies at the rn.te of «bout ~ of 1% for each 1000 
cycles UI) to about 90,000 cycles. T he errors are in 
the negative direct ion, that is, Ule meter readings are 
low. 

A t It llluitiplier setti ng of two, Utere is (I.n addit.iolul l 
error in the illllicllted voltage due lo the vflrilltion in 
Weler impedanoo with voltage. For the 4000- !llltl 
8000-ohm meters, this error is 5% a t Ol.le volt and 
10% at 0 . .5 voll. For the 20,OOO-ohm metcr this crror 
is 3% at one volt and G% at 0.5 volt. T he network 
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error a l a multiplier setting of two is grealer than at 
nny other setting and decreases tnpidly as Ule UlulLi· 
plier ratio is incrc.1,scd . 

Sca le l.cn~t"h: i !1 inches. 

1\I o u n ting, : The. copper-o:l:idc-rcctifier voltmeter 
un.illic multiplier swi tch nre U\Ollulcd on a bakelile 

Voltag e 
Ty pe I mpc,ilw CC R(IIl ge 

pand which, in lUfn, is mountcd in It polished 
walnut Cilse. 

Dimens ions: ( I.ength ) !l x (wid th) 4Y.i' x (bcigh l) 
4%, inches, over-a 11. 

Net Weigh t : ~3 pounds . 

Power f or 
POlner llulf -Scalll COIle 
HallQe DcjleclilJ ll Word P'l'icc 

483-A 4000 ohms 0- 200 vol ts 0- 10 watts H.2:; IllW ,\ \" AS1' 542.00 
483 -B 8000 o h m s 0-200 vol ts 0- 5 wa tts O. I!Umw ,\ \' ~:lI'r 50.00 
483-C 20,000 ohms 0-200 vo l ts 0- 2 watts 0.05 ITIW A \ ' 0 1 f) 54.00 

TYPE 583-A OUTPUT POWER METER 

The direct measurement of power a t 
the levels usually encounlel'ed in audio­
freq uency communicalion circuits has 
previously been an impossibi lity, In the 
past, the usual method of making suc.h 
meaSlirements has been to measul'e the 
current or volt:lge in It given load resist­
ance and then to calculate the power by 
formula . This instrument reads power 
directly, Adjustments a re provided for an 
impedance range from 2,5 to 20,000 ohms 
and for a power range from 0,1 to 5000 
milIi \vaLts, 

li'undamentally, the instrument con­
sists of a multi-tapped transformer which 

couples the ci rcui t under test to a VCl'y 

sensitive copper-ox ide rectifier-type meter, 
The transformer has a tapped primary ::Lnd 
secondary, vl.u'iablc by means of switches 
on the panel. As these swit<:hes arc ad­
justed, besides varying the impedance, 
they introduce proper amo unls of com­
pensating resistnnce to keep the loss in the 
transformer constant at all impedance 
settings and to provide the exact stated 
impedance at the input binding posts, 

Tbis arrangement is, in effect, a.n ideal 
im pedance-match i I1g ll'a nsro rmer{between 
the input and the meler) followed by a 
fixed and known amount of a ttenuation, 



 

--- ..... .............. 
z - F 

z 
Schemntie diagram for lhe Tn., 5S3·A Oulput 

Powcr MeIer 

Under this condit ion, all of the power 
from Lhe input is transferred to the meter 
circuit. The meter scale is ca librated di­
reclly in power, t::lking into nccount the 
correcLi on for inherent electrical power 
loss in Lhe system. 

A multiplier is included to increase the 
power range of the meter by a lUaximum 
of 1000 to 1 in a ppropriate steps. An 
nuxiliary scale cali lmtted in decibels is 
also provided. 

Many uses fo r such nn instrument arc 
possible. For instance: 

(a) The pO\\-er thllt :.1Il audio-frequellcy 
generator will deliver to a load of a given 
impedance can be found immediately 
willi uu cltlcui atiulls. 

(b) The effect of power delivered as 
influenced by load im pedance call he 
measu red. 

(c) An importll nt application is in the 
measurement of rildio receivers. Jt will 
serve for the sLandard selectiv it.y, sensi­
t ivity, band-width, and fide lity tests. The 
auxiliary decibel stnle will be recognized 

OUTPUT POWER METER 

as being most convenient for this. Speaker 
impedances change with frcquency. Once 
the rate of this variation is determined. 
the actual power delivered by the set into 
the speaker at different frcquencies can be 
found by adjusting the power meter to 
lhe appropria te. values for each frequcncy. 

(d ) The characteristic impedance of 
telephone lines, phonograph pickups, 
vacuum-tube oscillators, etc., caD be 
determined hy adj ustment of lhe impe­
dunce of LLe power meter uu t il a maximum 
rea.di ng is obt:tinecl. This oc<:urs when the 
impedn.nce of the meter is equi,'alent to 
the. impedance of the power source undcr 
measurement. 

Care has been taken to ohtl\ in the 
widest frequency range possible and the 
limits given in the specificationsarel ibern l, 
representing worst condition~. Over cer­
tain impedance ranges, the characteristics 
are somewhaL improved. The frequency 
respouse curve, in all cases, is flat . with 
dropping response at the e.xtreme ends. 
No peRks are present. 

Al tho ugh ruTlple. accurll.cy is a.vailable 
for nearly all measurements, certttin 
iimit'l.tions mllst be set ; fo r instance. the 
metlsurement of a. good lI udio-frequcncy 
Lt'ansformer whose cllanwtcl'istics ap­
proach that of the meter itself should not 
be attempted. 

SPECIFICATIONS 

Power Range: 0.1 to 5000 milliwatls. 

Meter: Cftlibrated [rom I to 50 mill iwatts wil..b 
auxiliary sClile rending from 0 db to 17 db with 1 
milliwnll us re(erence level. 

Multiplie r : Multiplies meter power senle by 
(fLclors or 0. 1. 1.0, 10, and 100. Also n,M! - 10, 0, 
+ 10, and + 20 ,Ib to auxiliary decibel sca le. 

Frequ en cy C haracrerlstlc :Accoraey Vilrics wi tJl 
(requeuey nnd impeclall(''C setting. Maximum error 
in fu ll·scule power reading does not exceed 0.9 db 

Typ~ 

583-A I. 

between ]50 all,1 2500 cycles, nor does il exceetl Ui 
fib nt 20 nnd 10,000 cycles. The average error is 
0.3 db at 30 and 5000 cycles; nml 0.6 db at 20 and 
10,000 cycles. 

Maximum error in impedanCf: docs nol cxceed 7% 
between 150 lIud 3000 cycles, nor doe.!! it excccJ 50% 
fit 20 and 10,000 cycles. T he nverage error is 8% III 
30 and 5000 cycles; and 2O%ftl20 and 10,000 cycles. 

Size : ( Length) 10 x (width) 7 x (height) 6 incbes, 
over-nIl. 

Net Weight: 8Y.: pounds. 

Cod, Word Pric~ 

"BUSE $95.00 
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TYPE 586 POWER-LEVEL INDICA TOR 

A cabincl-IllOlllltCtI powcr-II:\'c1 indicator. T h(' ~l"J('S 011 the inslrument showu :In.: 
u~1 on '1'1'1'.; MIG-en as well as Tnt: 586-('1\1 

The importance of ma in lll in ing a c,Il'e­
ru i check upon the sigmLl amplitude at 
var ioll s points in voice-t ransmission cir­
cu its is well 1'et.'Ogni zed by acoustic engi­
neers. Too low n. level means interferclIce 
rrOln background noiscs; loo high a level 
means overlonding of a.m plifiers and re­
producers, a nd t he inlrodll{·t.ion of cross­
LoLlk in to uClnby clmnncls. 

The TYPE 58G Power- Level Indicator 
hns many :td vnnlages fo r work of th is 
ki nd. It is portable, compact, fugged, 
accurate, low in price. nnd req uires no 
biltleries or replacements. 

Th is instrument ;.llwllYS presents n. 
purely resistive load to the line, thus 
el iminati ng nil possibility of changing the 
f" cqucncy chanlcterislics of the line. 

The moving element, slighlly damped 
Lo prevent any undue over throw on sud­
den sllrges, is pl1rlicularly rugged and 
wi ll withstnnd the hard US.'lge attendant 
upon maint.'lining a conti nuous check on 
t he mpidly changi ng power level of voice 
circui ts. 

Betwccn the input terminal s ami the 
indicat ing voltmet.er is inserted an ad· 
justflble r ,-lypcattciluation nctwol'k wh ich 
serves as a multi pl ier for increasing lhe 
range while maintaining the input impe­
dance constaut reg!l.rdlcss of setting. The 
power level in decibels is oblflil.led by 
taking t he sum of the readin g of t he multi· 
plier switch ami the meter readi ng. 

The T YPE 586 Power-Level Indic.'ltor is 
made in two ranges, eadl of which cl1 n be 
supplied mounted III (\ cabinet or wi t h n 
wide panel for mounting in a I9-inch relay 
rack . 'j'YPt; 586-A aud TYPE 586-ll have 
sufficient sensitivity for the usual voice 
levels encountered in t.elcphone operat.ing 
prnclice; T YPE 586-CM and T Y1'E 58G-en 
have t.he maximum sensitivity without 
sac rifice of ruggedness or dependability. 

Unil.s of t.his sort can be used in exacLly 
the Sl1.me way us the older vacuum-tube 
operated lypes of volume indicators, and 
have the obvious ad\'nntnges of requiriJlg 
nO balteries or tubes, being lighter in weight 
and hav ing eq ual or beller accuracy. 



 

POWER-LEVEL INDICA TORS 

A [Jower-Ievel indiclltor for relay-rack mounting. T In: scales on Llu.l instrulIlcnt shown arc used on 
T,·p~~ 5811-A as well :15 TYf'~: r.HO- 1J 

SPECIFICATIONS 

Power L.evel Range: '!'YPE 580-A ana T\',,~;,'i811- B 

oo\-er the rnnge between - 10 db Hnd +gO db; Tn>.; 
581/-CI\I and Tn~. :iSG·en cover tlte rallge between 
-20 db And +~lG db. Both of these power-level 
ratings nrc for 11 7.cro level of G milliwnlts ill 1\ 500-
ulun lirle. 

Internal Input Impedance: 5000 ohms. Note 
,.hal L1lis is the iuleruai rcsistnu<:c of th(> jll.'jtrumenl 
and has exncl1r lhe Same significance ItS the "re­
sistnnce" of n voltmeter. T his high resistance mCIlIIS 

thl'll the lo~ introduced by bridging the power-level 
indicutor 1J(; roSS 11 line is very sma ll. 

Scale Reading : For T YPE 586-:\ nnd T n't: !jS6-lJ : 
Zero level al mid-scn le. This corrcspuuIIs 10 G milli­
wat.tsor 1.73 volts when connocted across a SOO-ohm 
Iinc. Il i ~ gmduatell in steps of 2: db to cover the 
range from - 10 lib to + 0 db. T he network is ad­
just:lble in slcl)S of Jl db. 

Por Tn' l:: .'RW-Ci\1 and 'J'n'E J86-CR: - 10-1111 
level at mid-scale. This corresponds to 0.0 milliwatt 
or 0.548 voll when llOn nected across a li~O-ohm line. 
Actual mcter seusiti\·ity varies rrom - '20 db to -4 
(lb. but fur l,()Il\·c.uieIiCe it is calibrated in 2-db s teps 
from - 10 db to + 0 (lb. The remaindcr of the range 
is oo\"ered b~" IUlutilllier. 

Indica ting Element: Coppcr-oxide-rectiner \'olt­
meter ca!ibr,ltel l to read power lc\"el ill dec;ibels. 

Accuracy: Slight varintion in oxide-rect ifier impe­
dance WiUl eurrenL JlHssing t.hrough inlrodl.l(,X"S a 
srnn!lerror. The e/rect isgrcnlest althe- IO-dblllark 
on mete r where lhe reading may he 0.5 db low. Tbe 

Type P OWCr-T'ffid R all(JfJ 

average error is from 0.1 db lo 0.2 db anll is entirely 
negligible. No appreciable {requeney error up to 
10,000 cycles per second. These speeific."ltions npply 
to nil models. 

Di stonion : Due to the highly resistivc impC(.lunce 
ehnrncteristics IIncl the nbsenc;e of iron, no detedable 
distortion is introcluwd into the monitored circuits 
by these PQwcr-Icvel il\diCl.ltor~. 

Uses: Monitoring the power level of 11 voit'C circuit. 
Power and vol tagl: IllClL~UrClllenls . Amplifier ga ill 
and circuit loss delerminations. E(l ua.li~nti()n mca­
surements 011 voiL'e circuits. 

Correct io n Term: When 1151'(1 ucross load$ or 
linc~ of ot.her llmn ImO-ohms imp<.'dnncc. the correct 
l)Ower level Ulay he ohtained b.y fielding Lo or ilub· 
t.racting from tIle ins trumcnt illl!icutiollS :\ constant 
correction term taken fronl a chart furnished \\"ith 
(!ll(;h illslf1lment. 

i\·loun tinl?,: T Hf; Mill-A !l ud Tn'!:: 5S0-C:\.I a fe 
moun ted on :l bnkdite p:lnel in n. ])oli~hed walnut. 
enbincl . T YPE 5S0-B and TYPE SSG-C it urI' intended 
for mounting on a shmdltrd I O-illch, TI'I,t~ 480, relay 
rilck. 

Dim en sion s: for Tn'.: 5$0-A <lnd 1"1'1'.; .SS6-GM: 
( 1.A:ngth) 10 x ( height) 5 x ( rlcpth) .~ inches, over-n il. 
For THE 580-8 uml Tn' E SSG-en : ( Length) u) x 
( height) 1) x ( back of pand Ilcpth) :1U indH~~ . OVer­
:1 11. Pa nel tilickness, !1 iucll . 

Net Weight : 2}1i pounds for c:lbillcl lllo,lcls. ,~ 

Jlounds for mck-mounling Illol lels. 

M tHl lllil!!J C()(fc Word ,',icc 

586-A - 10 db to + 36 db Ca binet io,'Iode l II,\D1T 560.00 
586-B ~]O db to + 36 db Rclay-Rack Model II,\SO" 64.00 
58b-CM - 20 db to +36 db Cabinet Model 1I 0NEY 75.00 
586-CR -20 db to +36 db Relay-Rack Model HONon 80.00 

586- PI Meter on ly for Types 586-A and 586-8 l'OWI.~:\'(.;O.\T 20.00 
58(I- P4 i\'!c lcr only for Types 586-eM and 586-CR I'OWI •• ;\,8110t: 30.00 
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• 'I J, ~ 
TYPE 493 Thermocouples 
arc mounted ill a bakelite 
case with plugll to fita TYPE 

i74-RJ Mounting Base 

In the thermocouple, the heat caused 
by the flow of current through a wire is 
applied to a junction of dissimilar metals. 
Such a junction sets up n direct-current 
voltftge whicb actuates a direct~current 

indicating meter. This type of instrument 
is a true integrating ammeter since the 
dired-currcnl-meter reading is a function 
of the average squared current in the 
heater. 

A thermocouple is. therefore. indepen­
den t of waveform. l!rcqucncy errors caD 
occur only at rrequencies so high that the 
very small shunting effect of s tr~ty capa.c­
itances in the couple mounting become 
significant (beyond ~o Mc). 

The high nccuracy and extensive fre­
quency range inherent in measurements 
made with the thermocouple have made 
this unit very popular in many types of 
audio- and radio-lrequcneymeasurement s. 

Two types of couples are described ill 
specifica.tions on page 137. One is the so­
called cont,let type, in which the heating 
element th rough which the alternating 
current flows is in direct coutact with the 
junction. The other couple is of the 
separate-heater type, in which the heating 
elemen t is separated from the ju nct.ion by 
a small glass bend whicb completely in­
sulates the alternating current from the 
direct-current part of the unit. This hllS 
mallY advantages in cer tain types of high­
freq uency measur('Jllents. The couple may 
be used with rewer precautions against 

DOOI the contact and separalc-Iu;llter 
couples nre sealed into nn c\"acllateJ glnss 

bulb 

stray capaciumces to ground and gener­
ally at somewhat higher frequencies. 

Structurally, the contact type is some­
what simpler than the separate-heater 
type and is, consequent ly, less expensive. 

The thermo-junctions used in these 
couples are mounted in an evacuated glnss 
bulb. The vacuum scrves to prcvent cou­
duction of heat rrom thc couplc and also 
reduces the effect of external temperature 
variations. The glass bulb is surrounded 
by Celt and mounted in a bakelite con­
tainer fitted with plugs for plugging into 
a 1''y1'1:~ ~74-HJ l\1ounting Base. 

The evacuation is done wi th the glass 
heated to a high temperature, thus re­
moving occluded gases from the clements, 
assuring a high vacuum and a resultant 
high stability of calibration. 

The design of bOUl Ule contact and 
separate-heilter types permits a consider­
able overload bcforc burnout. 

In earlier models the contact type was 
more sensitive than the separate-heater 
type. Due to the recent improvement in 
the design of the separate-heater type, its 
sensitiv ity is now equivalent to the con­
tact type. 

The TYPE 588·AM Direct- Current 
Meter, described on page 138, is cspc­
cil.llly designcd fo r usc with thcse couples. 

These couples are suitable fol." use 011 

either alternating or d irect current and 
may, of course, be calibrated Oil direct 
current, 



 

VACUUM THERMOCOUPLES 

SPECIFICATIONS 

T y pe of Couple : The type number "493" is used 
to designate all thcrmorouplCll described here. A 
single leller following Ule type number, e.g .. TYPE 
493-A. indiCltles a lhcrmol,:o u!)1c of the contact type; 
a double lelter. ~.g .• Tn'E 49:1-H:\., indicates a sePll­
rate-heater Ulcrmoroup]c. 

Couple R esistance: llcnters arc adjusted to 
within ± 10% of t he vaiuCJI given in the following 
t:tblc. Thenctual vullle is eugmved on the nameplate 
of lhc couple case to with in 0 .01 ohm for TTp&s493-A. 
" 9S·B, 49S-C, 498-D.A , 493-n D. and 403-HC; to 
willlin 0. 1 ohm for 'r'fl'.~ 4!>S-E and -199-lIE : IIntllo 
within 1.0 ohm ror TYI'~ 40S-II, 49S-K. 49S- HLI. 
and 4DS-HK. 

Electr ical Sensiti vity : The price list indicate! 
the current required to Ilroduce 10 millivolts on 
open circuit. Tll is \'nlue is held to within ± 10% 
for all couples. 

[J cater 

Type Reti61ane, 

T her m a l Sensit ivity : iO microvolts per degree 
Fahrenheit. 

Overload : All hc;lIer8 will withstand n continuous 
overlo.'\d of lit le:1'; t 50% of rll.u. ... 1 current to gi\'e 10 
millivolts opcn circuit. 

Coe ffi cien t of Resistance : Couple elements, 
0.00019 per degree Fahrenhei t; healer, 0.00009 l)tr 
degree Fllhrenheit. 

Me ter : The Typ}: 5SS·AM Direct-Current l\.letcT, 
d('~~cribetl on page l aS. is recommended for use \\' ilh 
these couples. 

Dimensions: Size of C.1se, exclusive of plugs, 
i }i x I~ x :J{ inches. 

Net We igh t: 4 ounces. 

Current to Gifl~ 
10 Mill iflolt .. Cod~ 
OPMI Cirellit Word Pric~ 

493-A 0 .5 ohm Contact type .... . ..... i7S rna "U~~T $12.00 
493-C 2 obms Con tact type .......... 100 lOa FOCUS 12.00 
493-E 10 ohms Con tac t t ype ..... .. . . 2S !lI n FOI.t.T 12.00 
493-11 100 ohms Contac t type ........ 7 ma pOlU.r 12.00 
493- K 450 ohms Contact type ... 4.5 DlI1. POltUM 12.00 

493-HA 0.5 ohm Separate·heater t ype .. . i7S ma EAGER 1.5.00 
493-H C 2 obms Sepa ra t e-heater t ype ... 100 rna t;OICT 1.5 .00 
493-H E 10 ohms Separate-beater type ... is rna t:AULT 1.5.00 
493-HH 100 obms Sepa ra te-b eater type ... 1 m. t:ASEL 15.00 
493· HK 450 oh m s Separate· heater ty pe .. . 4.5 1Il!1 t:UIFT 1.5 .00 
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TYPE 492-A OXIDE RECTI FIER 

The TYPE 492-1\ Oxide Rectifier is 
provided for use with relays :.tnd direct­
current indicating instruments On aller­
nOlting-current serv ice. The uuit is at 
present offered primarily for experimental 
use and the fo llowing specifica.tiolHi al'e 
indicat.ive rather than positive. 

J unctions of cer tain forms of cappel" 
oxide ha.ve a characteristic of uoi-latera l 
conductivity to electric current. In the 
TYPE 49fl-A units fOllr copper-oxide 
rectifiers arc tlrr:ulgcd in the form of n. 
bridge providing full-wave rectification of 
applied alternating current. 

I t must be realized th~lt the copper­
oxide type of rectifier is subject to changes 
in both sensiti\7ity and frequency charac­
teristics with output load. The sensitivity 
also varies wilh impressed voltage. The 
vallles given below approximate those 

A TnE 49i-A Oxide fie<:lifier :md n TYPE 27'~- l tJ 
Mounting BlISC 

obtained under usual conditions of voltage 
and load. 

As used in meter circu its, fixed resistors 
a re inserted in series or shun t with the 
rectifiers to reduce the apparent variations 
due to the copper-oxide rectifiers. The 
TYp~; 500 or TYP,.; ,'j I 0 Resistors nre 
recommended for this purpose. 

SPECIFICATIONS 

Frequency Err ()r: The redifier uluy be UBell 
without apl) reciable frc<plcll<:y error at frequen cies 
below 5000 cycles per ;wcOnt!' 

Tem perature Er ror : Temperature errors of about. 
5% may he expecteci bel\\'I~t'n normal extreme 
tempcrnlurell. i'lbxilllLlIll sensitivity is obtoine<l 
with a 10lltl of {;OOO to 7000 ohms. T his I'alile should 
be IIscd when the instrument is operating II rehy. 
I f II l-Iuilliampcre IlH:te rof 4000r 500-ohms resistance 
is uS(!d. full-scale ucfit'Clioll will be obtained at nboul 
2 volts across the rectifier input. 

Type 

The maximum current output from the rectifier 
should not exceeQ 15 rna, nor should tile impressed 
vollage e"L'eed 3 volls. 

Obviollsly, lhe Ilppllrent chung€) or impeda nce 
with resislllllce C.'lll be great.ly rcdue<:d by prop·er use 
of series am! shun t 1'C5istlln(~ 011 the inpu l side. 

Dimension s: Size of elise. exclusi\'e of pluf:s. 
2,\1 x I % x % iucllcs. 

Net Weight : 4ounoes. 

Code Word Price 

I ... ............................... ···· ··· .1 .-1.011,1. $7 _00 

TYPE S88-AM DIRECT-CURRENT METER 

This is a direct-current galvanometer 
having full-scale sensitivity of 500 micro­
ampcres ::\nd a. resistance of 10.0 ohms 
(5 millivolts) wh ich adapts it for use in 
(.'onj uDction with Ty pe 493 Thermo­
couples. Since each thermocouple mu~t be 
individually calibraLed, the seale is la id 
out with 50 equal divisions marked from 

o to 50, thus m:tking easy the preparation 
,wei reading of c:'llibrat ioll curves. Thc 
meter is supplied with the T YI'E 298-B 
Meter l\iollnting which has jacks for 
plugging in the thcrmOeOUI)le. 

This meter may also be used with the 
TYPE 492-A Oxide R ectifieJ-, described 
above_ 



 

METER MOUNTINGS 
dio Co. 

1.1'11: .-\ T n.: ~!JH-:\ i\ lHcr )'Jollnling sllOwiTlIt dilllt'nsions. ('rllli'r 111111 r/(JM: A Tn'.: 588·:\;\1 
Di rcd·C'urrenl :\I('ler showing hUI\' It T"r.: 493 'I'hcrlll{I(."OupJe (lr :\ T YI'.; ·~UCl-A Oxide Hecti li('f 

call be plugg!!li ill 

SPECIFICATIONS 

Range: 0 to 500 tllicronmperes full 8eul<:. 

Resistan ce; ApI)ro:.:i ltlflLciy 10 .ohm!!. 

Salle: The 2 J1;-inch S<:IJe is di\'ide<l ill11l 50 equal 
liivisiolJS mnrked 0 to 50. 

Calibratio n : r ull-salle defledioli i~ luljusted to 
within 2% .of lIle sl>ecified v;lluc or 500 micro­
amperes. Ollier I>oints II fC net culibruled but de-

Type RII/IUe 

58S-Al\1 0- 500 microa mperes 

Rcclioll is appro:dmately proportional to current 
over UU~ entire range. 

Adju s tment:.-\ sereI\' is Ill"(wide<l ill l hcglflS! f :lL'\! 

fer making tile zero :u.ljustmcnl. 

Dimension s: Sec Ut't.'Owl){lllying photogr:tph . 

Net Weigh t: l~ I)()Uflll~. 

Cm16 Word P,ice 

OUliMt;TM usn $21.00 

TYPE 298 METER MOUNTINGS 
During the last few years, the General 

Radio Company hus m:tde extensh'e use 
of i1ush-type meters mounted in the 
standard 3 Yz-inch na vy-lypc bakelite case. 
These have been developed (or usc in 
power-lc"el indicators, in output meters, 
and as galvanometers associated with 
rect iJi er elements and with thermo<..'Ou ples . 

To meet the growi.ng demand for in­
dividua l meters used apart from complete 
instruments, the General Radio Company 
lI:ts devcio l>cd the TYPE 298 Meter 
Mounting. T his is u. moulded bakelite 
C':'Lse supPOl'li l1g t.he meteJ' ILL all angle of 
,~pproxi nHlI e ly 300 from the horizontal. 

Two of ou r T YPE 188-V Jack-Top Bind­
i.ng 1)osts a rc mounted at the lower IC£t­
hand corner. lil t he Typ~; 298-ll model , 
four T YPE 274-J J :u:ks arc mounted in 
ilccordancc with shllldard spacing, These 
jacks, thcrefore. permit. the use of lhe 
TYPE 492 Rectifiers or of the Typ~~ 499 
TheJ'mocQuples with lhe meter. Tt is alsu 
possible to usc multipliers or allcnualiou 
networks mounled in the same kind of 
bllkclite cases. 

This unit 61s all n:l.vy~lype melers 
having short studs. Dimensions arc givcn 
in the tLccomp~1nying pholograph. 

SPECIFICATIONS 

Dimen sio ns: ( Height) 2M inehes lC ( widlh) !:IU Net We ight : I pounJ, 
inches x ( Iengt.h) G iudlcs. 

Type 

298-A 
298-8 ~~: ::~O;:.~~~~~~, ,': : .. , .. . ::::::: ::::::: ", ::1 

Code Word 

I'Alll.E 

} ' ACJ,JT 

[',ict 

$2.00 
2,25 
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AUDIO-FREQUENCY TRANSFORMERS 

The following pages present Lhe General Radio Company's line of a.udio-frequency 
t ransformers, including models for input, interstage, output, and im pcdancc-mRtching 
use. 

All oC these transformers h~tve cores made of the bes t grade of silicon steel, ,vhich 
results in unusually good frequency ch~lracteristics and high avel'load point. Due 
to the high saturation point it is not necessary, under normal opcratillg conditions, 
to lise pamllel plate feed. The accompanying curve shows the frequency charac­
lCl'istic of the new General Radio TYPE 541-J Transformer, which may be coo­
sidcl'cd as represen tative of the li ne. 

uF=--- -+-- ---+---+---+--+=-i 
»~------~------~------~~----~~~--~ 

I 
I 

". >0. ,~oo >ow - ' 0<100 

The transformers are practically unaffected by mechanica l shock and heavy diJ·ect 
current through the windings will not magnetize the cores permanently. This means 
that the transformers will retain their characteristics fo r years of use. These are im­
portant factors which should be considered in choosing transformers for high-quality 
audio-frequency transmission and ampli.fier systems. 

Detailed specifications for each group of transformers are preceded by charts which 
summarize important uses of each for ready refe rence. They will help the designer of 
audio-frequency eqllipmcnt to select the correct transformer for a particul a r purpose. 
Under each of the various uses to wh ich the transformers may be applied arc listed 
the correct t ransformers for the purpose, together with schematic: diagrams and 
information concerning the voltage ratios, impedances. clc. I t will be noted that several 
transromlCrs ha,'-c tapped windings allowing usc in either balan(:ed or unbalanced 
circuits, which is of great value in laboratory or experimental work. 

SPECIAL TRANSFORMERS 

Specia l transformers ean be built to slock models show n in t he eharts. Prices 
mcct requirements not covered by lhe will be quoted on request. 

Gcneenl IlHdio transformers ure mounted in the three sizes of cases sholVn in the samples above. 
lAJjt to right: Model B, Model C. and Model O. See pnge B3 for dime.nsious 
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VACUUM-TUBE OUTPUT TRANSFORMERS 
TUBE· TO-LINE, TUBE-TO-SPEAKER, ETC. 

TYr1' u'o. 
r-1>hr""'''''~:---- A Single lube to line. 

~ ti[ -"~ 
Single tube to striog oscillo­
grapl.J vibrator. (For use with 
TYPESSSStringOscillograllh.) 

A 

DU ~'-~ 
'" - , <-c 

C Single power output tuhe 
to dynamic (low-impeJauce) 
~ pcll.kc r. 

Balunced (push-pull) stuse to 0 
line. 

E D",lnDeed ( push-pull) Qutput 
stage to wagnetic (high impc. 
dan(:e) speaker. 

Balanced (push-pull) output F 
stage to onc o r more dynamic 
( low-impeJance) speakers. 

G Output of Class n stage using 
two lel O- type tube!; to modu­
In tc SO-watt (or smaller) trans­
mitter. 

SPECIFICATI ONS 

Voltage Rnlio : Consult the Ilfcccciing charts 
where lile vollngc mli() applying Lo the pllrticuiuf 
u~c i~ givell hCllcnlh the graphiC/II symbol (or the 
lruDsforlUcr (.'ore. 

Prim ary W indin g : 'rhe v«lue of prilllnfY induct­
Hllt"e in henrys is t.;iven ill the tahle rOf the rated 
maximum di rect current listed in the «djacent 
column . T he doc rcsilllnnce of the primary is 111~o 
s tatCtI. 

F req uency Runge: 'rile following table shows 
the frequency range in cycles per second over which 
the votlnge ratio lies within ±2 db of its value over 
the Oat portion of the characterist ic. 

I mpedance Ranl1e: 'rhe values given in the table 
are for the internal output impedance of the circuit 
out of which the transformer opemtes within II 

voltage rat io of 2 db o,'er the frequency mnge. 

NIIlIge 

~·I oll n t i ng: All trnnsformers Itfe mounted in Ule 
sbwdnrd drtiwn-steei, wax·filled clIse8l1hown on page 
140. AI] U$C Model B ClI5CS cX(."C]l l·.rYl'~ 541 -D whieh 
is mouuteu in It Model C casco 

Dimensio n s: See the dimensioned drawing on 
pagc 143. 

Net Weight : Approximnteiy 2],.i pounds (or all 
except Trp.; .')41· 11 which weighs S 1)()IJU(is. 

Primary· Cod, T, ,,, f'rcqulWcJl I nI pella l1I:e I lIdllet/lliee Jjar. D- C 1l~lIi'lII"ce Word Price 

292·B 20-6000 6000-10,000 150 h SO mn 460 oh ms T O UOR $ 10.00 

541- 0 50-10,000 2500-15,000 6011 50 ma 750 oh ms TOIlSO 10 .00 
5-U -C 30-10,000 2500-15,000 76 h 50 ma 750 ohms '1',\1'.:11 6.00 
541 -P SO- II,OOO 5000-25,000 100 h 2S mn 750ollma: ,\1111)£ 12.00 

585-N Ulh5000 5000-15,000 40 h 10 ma 500 oh ms ODESl: 8 .00 
585-0 Ga-HOOO 2000-6000 20 II f>5 ma 4(H ohm~ T1TL J:: 7 .00 

.. I)M~ ~"' lor M· h"l~ "1.,,l il or ttlp;xd wi ll.Jiulti. 
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VACUUM.TUBE INPUT TRANSFORMERS 
TUBE-IO-TUBE, MICROPHONE.lO.TUBE, LlNE-lO-TUBE, ETC. 

A 

n~[ "'-J 

A R igll-impcd:ml'e Rmplifier in­
pul, (oropc:rntion from II pick­
up. detecto r t uite, nmplillcr 
t ube. etc. 

Higl.i-impcdllll<.'e input to B 
balnnced ( push-pull) stllge. 

"~~"'" -;:::;-h . 
~ .. 

. " .. ~ .. . . ~ 

~·-·- ·Ja 
.. 'L. 
B 

---$ Hft1£ 
C Amplifier inlcrslagn ror opera­

t ion (rom lriOl.\e (such AS 199, 
iOl-A. Ji ll-A, 220, 227, m. 
23'7. aG, e lc.) into amplifier 
or power ou tput tube. 

TYK"'-" 

c 

Input to b(t lanct.-tl (push-pull) 
amplifier or ]}Ower output 
slugc fro m triode (such liS 1!l9, 
!lO I-A. 220, 227, 290, 237, 50, 
etc.,. 

~
~~.-'-'. f 

~I'~UO--' -t:'-=--
." 

E llulullcc<1 ( pIlsh-pull ) inter­
stage. Push-I)ldl triodes into 
push-pull amplifier or power 
output !l lllgc. 

Input to CIIISS D sInge lIsing 
two 210-lype lubes. '1'wo 245-
type lubes us drivers. 

F ... ~.. "~·Et···· .. 

-.-... 

-_. 

E . - . .: " .~ 

F 
1~"f. .... ~ 

EI' E2£::" G Mediuw-imped:lU<:'e illpUt. 
~ . .--. ~ 
~~ .. ~ 

G MlXIium-illlpt,'1.lnncc input to H c-~-;;:=3. .. : 
ortlnnced ( push-pull) stage. ....: 

,.~ ....... 
:Iff 

I 

n" 101.· ... 

~ 
K 

n~t . .. ·r 

Line to tube. 

Line to balnnceJ ( IJtlsit-1JUII ) 
sl;,I,'e. 

K Single or.!ouhle lwl lon micro-
r hone. mediulll impednl1!'c 
inc. dc., to lube. 

Single bullon microphone. 
100- or 200-olull tinc, ell'" to 
lube. 

M Tuned for maximum sdedive 
respolI~ Ilt 1000 <:ydes. I~or 
usc in heterooYl1c rc<,'Cption £If 
<.'ooe signals. I t works out 
or a sl Hmhmllriode. 

H 

.:oo.~ J .. -. -
J 

''''1: , ... ... 

L "'::" JJ~ 
l 



 

VACUUM-TUBE INPUT TRANSFORMERS 

SPECIFICATI O NS 

Voltage Ratio : COllsllll the l)f(:cetiing churts 
II'llcrc the \'ollagc ratio p.1'I)lying to the pllrliculuT 
use is given III;ncath the graphical symbol for the 
Lrullsformcr (.'Ore. 

Frequency Ra nge: The following tublc shows 
tile frctlucncy range ill cycles per second O\'cr which 
till: voltage ralio tiC!! witllin ± 2 db of its v;Llue over 
t1H~ flat porlion of tile Chll_l'ftclcristic. 

I m ped a nce Ran ge: The values gil'en ill the tub]c 
urc for the intcrulll outJlut im,)cduncc of lhe ('ircu it 
out of which the trllnsfurmer operlltes within Ii 

l'ollllgc mLio £If 2 db over the frc<luem::y rlmgc. 

Pr im a ry \Vindln g: The I'alm) of primory induct· 
Anoo in henrys is given ill the tnbte for the rated 

RIJIIJI" 

mAximu m dirC!<:L I:urrcut listed iu the ildjaecul 
column. T he d_e rcsistalH,:e of the primM)' i ~ Illso 
.stlltCJ . 

Mou n t ing: All transformers eX(.'t;pl TYPE S·U-'!' 
nn: mOllulCfI in the shllldnrd dn'l"'n·s lccl, wlC(·fi llcd 
CD.ses . howli Oil page BO. All use MoJd n CRSCl!. 

TYI'I:: S l5·T is mounted in n sl>ecinl swull-size 
s(/unre cnse. 

Dimensio n s: Sec the JiulcniliorlO::.1 drrlll'ing helow 
f(lr nil cx('(·pl 'I'n'.: 34:'i·T whidr is 2% ,,( ] I%; X 'l l!.i'f 
i nehc~, 

Net Weight : 2M pounds, npproximatciy, for nil 
except Tn!:: :H5--T wbich II'eighs 1}iI.H)Un,ls. 

Primary· Cod. 
TYlid Frcqutmc!J Im1JcdollCtI IlIdl/cluJlce Mux. D·C RClJi$l(rIl C~ 1I"0rd I'rire 

292-A 20-11,000 2500-4500 70 h 3U 1Il11 (ifiO ohms TUN IC $7,00 

t 345-T 1000 10 lUU S ohm~ /1. 111.101' 5 .00 

541-A 4(}-f)OOO 2500- 15,000 45 II 10 mu 1750 0lll l1S TAU.\· 6.00 
541-G SO- I I,OOO ·~Oo-GOO 8 h 5f) mH 80 ohms ,\nE.\ ~1 12.00 
541-J SO-IO,OOO '1000- 20,000 150 h 16 mil 2300 UillllS "DlU')11 7.50 

585- 1-1 ·10- 8000 500(}-15,OOO 50 h 12 lUll 20000lrms TII'S\' 6,00 
585-(\1 40-5000 50-200 O,G,} II 100 mil 20 ohms TAI\VY 10.00 
585- 1\'12 '~O- 1 0,OOO 150-400 Vlh 100 111 :1 32 ohms T .\ 1111 Y 10.00 

• n .. tll Mfe rur ,,'I, ... ~ ar sl>lil Or lar>~ "indingi, 
t TYI' t: .'H.'i.'r i~ itll~t"k<.1 to work out of Q tMode like" 'iSO" n., or 30,typc t,,~, At 500 cyd~1 "ad 2000 (')'dc:l it~ rl!SporlM' i, 

d"w" nppro~im"tdy IS dh rronl tl,e "ftl,, ~ rot 1001) (!Jo'd._, 

E I 

"11 
r 

1 
=0 

A 

• 
C , 
C , 
G 

MOOEL , 1,' ., 
" Z~; , 
" 

• t.400P:L C t.40DEL , 
,'. ,,. 
" .-., " , • ". ., , ., 
" , 

DilJl(:lIsious f(lr stn ndard GClIcrjl! Hadio lrJlusformcrolllollllling cnsClI. Photogruphs 
urc shown on Pllb'l! I,IU 
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IMPEDANCE·MATCHING TRANSFORMERS 

111 a g rcallllflny circu its it is necessary 
lo couple two elemen ts of different impc· 
dances together in such a way thllt Ulcrc 
is no impedance mismatch at the junclion. 
This impedance a.djustment is necessa ry 
in order to minimize reBection loss at the 
junction and in order to provide co rrect 
lCl'minaling impedances for calibrated 
networks. 

1-'0[' impedance ma.tchi ng or circuit iso· 
Itt l ion in c..xlrclllcly high quality voice und 
lIIusic tra nsmission circuits TYPE 585-C 

and T YPE 585-R Transformers nrc recom­
mended . On the other haud, where it is 
elesit'able to have l he impedance ratio 
variable ovel' a wide range by means of a 
switch or plug arrangement at some sacri­
fice in frequency characteristics, the TYPE 
259 and 'l'Yl>£ 666-A VariubleRatioTrans. 
formers are recommended. For use in 
connec tion with bridges and similar equip· 
menl where a flat f requelLcy cha racleristic 
is not necessary, the TYPE 166 Trans­
former may be used. 

~-c-=­
~~ 

A 

TT~r ... ·11 

--' .~---" 
E 

. -.-~ . '. -.. . ~ - o!!.= ~~ . 
I 

A H igh <Ilud ily im peda n ce 
mntchiug. Approximately 500 
olma to !lOU ob ms ( balanced 
or unbnL'mced). 

H igh quality impcllnnce 8 
mntclling. :\ pproximlltely 500 
()hUl~ to 50 o hms ( bnlnm.'Cd or 
unbn lanced). 

Ili g h (jludity impedunce 
ma t,ching. Approximately H!5 
ohms to 200 ohms ( bala nced 
or lIul.)HItlllCl:d). 

U ir,:h <tua lity illlpcdall ce 0 
matching. Approximately lin 
ohlla to 50 ohms. 

E HigllllUlIlity circuit isolatioll. 
For 11.'«: bet ween bnln/H..'c<1 l llld 
unbai:lllced drClli ts or 500 10 
7000111118. tlcc;lro-silltie shicld 
betwccil tllc windings. 

Vuriable- ralio imJlednnce.! F 
mlltcilhlg tr-J.lIsrormer_ Hnt.io G 
vari\..'tl hy switch mOlln ted on H 
tral1s(ormer case. 

Va r in ble- rn t io i UJ Jlcdu lice­
malching tnlllsforUlcr. Illl iio 
varied 0)' plug and jack 
nrrllllgcmcnt . 

i\ l ul t i·rlltioiUlpct!o nce..nwtcl1 · J 
ing 1r:l1Isrofmer ror 11 5(l in 
(.,(JIlII(.-etioll with brid.ll!c.\t, ell'. 
Dinding posts nrc provided 
for lhe vnri o11S lops. 

~
: ... "~".': -... . .... -,.... . : .. ~.-

B 

--=-r:5:~ -=uw= 
D 

.. toe ... 

~-'~Ef§= 
J 



 

IMPEDANCE.MA TCHING TRANSFORMERS 

SPECIFICA nONS 

Volmge Ra t io: Consult lhe preceding chart~ 

where lhe voltage mtlo or the tu ml ratio for each 
lnul.'iforlller is giVen. 

T nt: :l59 'l'r:ms(ormen 111\\'(': l\ Inrr>ed secondary 
nml u ,wild. for quickly chnnging Ole turns ratio. 

Till! TYI'.: (il)(i Vllfiable T r:msl'ormer hnli plug tnps 
011 boll! l)ril1lnry rind !ICCOlId!lry. T l1lls nre brought 
out to bin/ling fIOsllI 011 the Icrwiuul plate of the 
T YJ·t: H,G T runsfuTlUcT. See tile uCt.'OllIpll llyiug 

illusl rll liun . 

""rCCIUCII CY R unge : T ho: following tnule shows 
tIll: (J'(."qu<: l1cy rflnge in cycles per sc(."Ond over which 
lJn: \'ollngc nLtio lie~ within :t 2 db of its mIlle over 
the flnll>orl ion of Ihe chnrnclcrislic. 

Impedan ce Il,llnge: T he "/lIlies given in lhe 11Ibic 
ure for Ule iulcrlll"lJ output impci.lnl1(.."C of tile cit(:lIit. 
out of wilic.h the trunsforillcr opcrates within u 
voltllgc r,ltio of 2 db O\'er the frequency Tll nge. 

Runge 

Pr imary 'Vind ing: T Ile \'lIlue or Ilrilllary induct­
alICe in Ilcnrys is given in the table for the rated 
lI1uximum direct current listed ill the adjllcent 
cu]umo. T he doc resis tance of the I)rimary is Also 
stilted. 

i\l ounting: All Tn>E 585 and T nE 359 'J'rllus, 
formers nre mounted in the slnntl:ml llrnwn·st(!(!l 
CRSCS slw\\'n on I)l.lgc 140. T Tl'.; r.S;; T rnllsformer, 
usc l\ lodel B CAseS; '1'\, ,>1-1 :Iii!) TrAnsforlllers, i\ lodel 
C cases. 

T he lIlcthml or mou nting lin) T n'£ 066·A ami 
'I'n> ~: !GO T ru,nsformcrs is shown ill the illustralioll. 

Oim en s lon s: For 1'n'l: 585 HUU Tn'.: S5!I, see the 
tlimcnsiounl druwillj{ 011 p:lgC HS. 

Net Weig ht : 'I'\'I't;58,i: 2.l1' IlOWlds, :,pproximaldy. 
1'rl"£ 359: 3>-2 pountls, 3pproxillllllcly. Tn.; (iOU·A: 
Sj1 pouuds. T rl"!: !GO: i! pounds. 

Primary- Code 
7'ype f'rt:qllell cy l mptd(lllce { 'Idllc/allce M llz. I)-C Ut:~jnllllce Word Price 

' 66 15()-oiOOO .......... TOI"IC $5.00 

359-A 'W- 4000 5000--20,000 10.3 Ii 15 mn 700 ohms I"LOT 20.00 
351' _H :10-5000 5000-~0,OOO 10 .3 Ii 15 rnn 70001lffiil l'I OU8 20.00 
351',1o~ :10-4000 500- 000 0 .7 h 40 ma 21:1 olullt ]'ULAI{ 20.00 

585-C :llI-lO,OOCl ~ ' OO- 15°1 
,~ OlJ-fj()O 

G ,. 10 Illa ·~ o oJ.lIIg A.UODt: 7.50 

5S5- 1t '~O- 11 .0UO ;;OIl- iO(l 2.5 II 15 ma 2:1 ohms .\1)0 .\ ] .\ 7.50 

66()-A no-oooo I-sao . . . . . . . . "1I00l'1 12.50 

' Ih t. ~ .~ fo. ,,'hu l~ of ~ l>lil (If 1 ~ IJ] ,,-~J "' i,,<lj"!I~. 

'!'YPE (lG6-t\ 
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POWER TRANSFORMERS, FILTERS, 
AND ACCESSORIES 

Power transrormers, rectifier filters, cenler· tap resistors, radio-frequency chokes, 
:Hld voltage dividers (01' the adjus tment of output voltages arc listed below. 

TYPE 565-8 TRANSFORMER 
This is designed fo r lise in fu ll -wave 

rectification systems, using two 281-typc 
tubes Lo supply plate currenl lo 210-typc, 
250-typc, nnd similar tubes. l"iiamcnt 
windings a re provided for operation of Lhc 
recLi.{icr and amplifi er tubes. 1t has a 
power rating of 200 walls alill is mounted 
in a "Model D elise. Jt should be operated 

SecQllflariclf 
Sewndflry 1 II IIlIIi III 

__ --:1r-'_'_PE ~'5 -& E e ," I:: 
III JESE 

from 105- 115 volt, 1;0 60 cycle ttl lc rnllting 
current lilies. 

TIIPtJ V 011, /i /lip. Voff, .'I "'JI. Pou:rr 
Coda 
IIII'm' P rice 

565-B 600- 0- 600 J 0.1l· I 7.5 1 2.5 I 200 W(ltts T.\CIT I S13,50 
• ~'()r ~II ' ~r tnll".,.! "illding'" uled "'illl r"Il· .. ny~ re~ti lier. 

TYPE 540 FILAMENT TRANSFORMER 
The healer-fi lament voltage for the TYPE 540 

i1 lterna li llg-eurrent 227-type and 245- ---:r-- ~~c,--~--<o I.' 
,n: ~~,~,~:r~:n:~:"~a;:;;~~'C:lt l:5 S~;::I:; III J~? :0 I' ".", 
sufficient filament power for auy number --~"---

,---",-" -o----L-
up to ten or these tubes in parallcl. T wo -
cenler lapped 61:ullenl wind ings arc 
pI'ov ided. 

It has :~ powel' ra.ling of 70 walls and is 
S etOl/durin I alld J J 

Type Voll~ A mp, 

designed ror operat ion 011 105- to 115-vol t. 
50- to 60-cycle lines. "1 l is mounted in :l 

Model C cnsc. 

Cod, 
IV ant 

_ 2~ I ,. II Hnlli .;; lb. TUIAf) S10.00 
.. !;:"d. teoD"dllr)'. TotAl for lra ll.,rornl("r Hi AIUI'f!!"\$. 

TYPE 527-A RECTIFIER FILTER 
T YPE S27-A 

1:5" 1:5 h 

This is a two-section "If-type 
filter, suitable for usc ;lS a 
smoothing fillc r in It higlt­
voltage, h.igh-power rcdifier, 
All rn lings nre conserva.tive, 
IlSSlI ri ng cfficielll perform a Il ce. 

o>--~I----'~ I ~~Ir---o 

14i'-f I2iA; T4)1o( 
o~------~------~----~-----~o 

SPECfFJCA TlONS 
Inducto rs per Section: l ;i henrys. 175 ohms, 
100 m il.. 

Condensers: 1000 "olts, 4·!!··~ pr. 
I I'II/uctor L 

Dimensions : Model 1) cusc. &:e lllblt" Jluges I ·~U 
lind !·IS. 

Net Weight: 9,!t2 pounds. 

COllllCllffcr C 

I lId!lcta/U:e Mu~. Currellt RClfillla nce Cllpacilul! CIl .V ax. Vol/age Word 

15 h I 100 rna I 175 oh ms 1000 \'o l t8 . ·,\·M'Y I S17.50 



 

POWER-SUPPLY A CCESSORIES 

Tnf: !l7!) 

TYPE 379 RADIO-FREOUENCY CHOKES 
1'110 '!'y p }-; S79 R adio-Frequcncy Chokes 

arc ltvailnhlc in two models. one of low 
induclflllcc to C~\I"ry :l heavy curren t . and 
one of high inductam.!c to carry :L lower 

current. The specifications below give tile 
detni ls of the two models . T he wimJj ngs 
arc !)ect ionn li zed and li lc ('frective cllpncity 
doc!) not exceed -l microlllicrofarmls. 

SPECIFICATIO NS 

Dimen sion s: Q x I~ ~ I V! inches. Net Weig h t: Ii Ollnre.~. 

Typ' 

379-T 
37f)-R 

AllolClIb/" ('IIIrt:./lt 1)- C 
.tuelunce Intermit, 

8 m h 1 300 nm 
60 m h 9001 a 

e lllllillllOW' Fnqu l:nc.'1 f{ (lItg 8 f{u htul!c' lI'eiyM 

140 1113 \aOo- I5,OOO kc 1 35 oh ms 10 ounces 1 
65 m il 41}()-2000 kc HO ohms Oonlll'C5 

TYPE 446 VOLTAGE DIVIDER 

COI.I" 
JII orJ l' rictJ 

JnIM\' SI .25 
JEWEL 1.25 

The output of ,L plale-power supply for 
experimenta.l work musl be adju!;table to 
meet II wide variety of lube conditions. 
T he Typ ~: 4.J.O Vollage Di vider pl'ovides 

three aujust:Lble voltages ill the plale­
supply sections. and one grid-bias voltage. 
Extra slider!; may he Jlurchased. 

SPECIFICATIONS 

Hcsistn nce : Plntc Sect ion, 1.",000 ohms; Grill Dimen sio ns: 7M .~ ·Hi's x J.!.1 inches. 
:;eelion. 1.500 ohms. Net Wcigh t: ;) ounces. 

TY11f: Tot(ll flt!iri~/ullrt; ;1/ ll.('imlllll CIITrclI1 ( '(Hlc W",il PTier 

446 15,000- 0- 1500 ohms 20 milli(HlIpCrC~ 

1 

\' IST'" S2.75 
446-P J Extra S lider .. .... .. . .10 

TYPE 437 and TYPE 439 CENTER-TAP RESISTANCE UNITS 
T he TYPE 43i and TYf'F; 439 Center­

'l'np R esistnncc Units, designed For mount­
ing directly ou the filament tel'minals or 
the tube socket, offer I.t con\'cnicntmcans 
of connection to thc mid-potential point of 

Tot(ll 

the filament. The position of thc tap On 

the TnI-: 437 Center-Tap H.esis lance Unit 
is adjustable, penllilling the balallcing out 
of hUIll hy this means. 

T'IPC Crllier Tllp Utti~/lllI ce J/ox imurli Clint,,' W eil/ht Code Word P"'rt; 

437 Adj ustahle GO ohms 200 lIIillium]lcrc~ 

1 

1 OUIII'C l 'ETlI l SO.50 
439 Fixed 60 ohnl~ 200 milJiullIllcrcs I Ull11 /;e I'ASTY .35 
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SWITCHES, DIALS, AND OTHER ACCESSORIES 

Carefully designed :'I ud wel1-m~tde accessories arc esscnli,tl in a ll kinds of cxperi­
mCllt:li work around the laboratory. The items descr ibed in the followin g pages include 
switches, dittls, bind ing Jlosts, rel ay racks, aod u \·;triely or piug-an(H :lck comhinntions 
b~lil l up from Lhe well-known General Radio plugs and jllCks. 

~ 

~l _ ::----,= ' 
d' 

~ 

ltadi u s : 1% indies. 

Type 

202-A 
202·11 

?Ii to Mi nch 
M to % iucil 

TYPE 202 SWITCH 

This switch, shown approxillltllcly one­
half size in the acc;ompanyi llg phoLogmph, 
lIns four phosphor-bronze bhldcs wh ich 
make :t wiping ("Oulad wilh the bushing 
as well as witi) the switch contncts. T YPES 
138-.13 or 138-C Switch Contacts nre 
recollJrnended for usc with thi s switch. 
The knob is of moulded bakeli te . 

SPECIFICATIONS 

O\'er-all /hhil Length : 2 inches, 

:} ounces 
:I ounces 

Code Word 

,,;lI'l'rCflTOA Il 

;,\\'ITCIiGOOI) 

SO .75 
.75 

TYPE 337 SWITCH 

Type Dncriplion 

337-A 2· Po le Dou ble Throw 
337-B 4· Po le Dou b le Th row 
337-C 6- Po lc ])ouble Th l'Ow 

Thcsc swi tches are most. COlwcnicnt ror 
qu ick change-over circui ts, Their ru gged 
construction gUlUanlt..oes long lirc; and the 
switches have la rge cQlIlact UI'C:'I fot· low 
resistance and high current-carrying ca­
paciLy. 

Trpv. 3:i7-,\ . 2-polc 
double. throw swilch 

",dahl Pei/ltl Size emfr Worn I' rice 

J1! lb. 
" in. '" 2~ in, SWITC"~'ltoG $3.00 

Ib, uU in, x;j ," , S\\'ITCHGO,l.T 7.00 
l ,!.1 IIJ , (J~ in, ... oM in, SWITCI I IJIItIl 10,00 



 

DIALS 

TYPE 339 SWITCH 

This swilch consists of n. moulded 
bakelite bracket, which carries the bushing 
for the switch shaft. The moving poles of 
the switch nrc conb'olleo by the wat'tn, 
ouc-quarter of n t.urn of which will make 
U1C contacts close. The fixed poles can be 
bent to make contact in <:euler position 
also, making a wide number or circuit 
combinations possible. 

TILe Tn'E SS9 Switch enn he 
supplied liS It 2.polc IIliit in­
stead of tile " ·pole unit shown 

SPE(lFI(A liONS 

1\'1 ou n tl nC: Enl ire o.sscmbly supported from single 
}i-inch panel hole. l'nncl lIJickucsses up 10 % inch 
mlly be u;\(. .. I. 

Electrical Capacity: l nsuh\ted fQT 2M \'01111. 
CoutncLi will safely break it nrnpcres. 

Net Weight: G 01L11~. 

Type DtlCrip,iO,1 DiIM,uion., 

339-A 
339-8 

<I-Pole Double Thr ow 
2-Polc Double Throw 

2M ~ 1% )(!!% int:hC$ 
I Ys ~ 1% )( 2% inches 

TYPE 318-A DIAL PLATE 

The Tnt: :nS-A Dial Platc is a photo­
etched mctal sca le witb raised niekel-silvcr 
mark ings on II .. Bat black background. It 
carrics twen ty divisions (.'{lunJly spaced 
around an arc of 303°, one inch in radius, 
and it is intended ror usc with General 
Badio TYPE 214 and TYPE 371 Rheostats 
lwd Potentiometers. 'rhc snme th rcc 
rnuchine SC I'CWS which hold tJte rbeos l~lt 
or potentiometer to the pa.nel will hold the 
Typ.!:: :-n S-A Dial Pla te in position. The 
accompanying illust rat ion show~ the dill I 
p lute and a TYI'E 214 Rheos tat mounted 
011 a panel. 

SPECIFICA liO NS 

Dimen sio ns: Oillmetcr, 3 iudle>!. Net We ight : I ounce. 

Code IV,ml 

ru rt'¥ 
I'UTTY 

Type COlle Ward 

318·A . . . . . . . . . . . . . . . . . . . . . . . . . . . . I 

Pritt: 

52.50 
2.00 

Prie~ 

50,35 
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TYrE 50:i! and Tn.: 50S (rriclion.Jrive) Dinls. T he dial in I.he center of the panel lit Ule lert hllslx.'CD cut 
nwn~' to 5110"' the friction-uri\'e dc\,ice 



 

DIALS 

TYPE 310 and TYPE 317 DIALS 
T hese dia ls meet the most rigid requi re­

ments fo r :w inexpensive dial by means of 
which settings may be duplicated with 
pl'ccision. Fine markings racililate accu­
ra le settings. and, since indica tor ,Uld diu\ 
a rc both in the stunc plnne. there is flO 

parallax. 
)[(trkings are etched in pemulIlcnl 

bhu:.:k on the dull pol ished surface of the 

~-inch nickel-siher d ial pla le. Individual 
graduations equally spaced a round an arc 
of 1800 or 2700 as specified in lhe following 
da ta table. 

The indicator rides the edge of lhe dial 
even if the shaft be sligh tly ollL of true. 
An indicnlor, fI machine screw and lIu t for 
rasteni ng il. and a drilling template ;HC 

packed with each dial. 

Din! Shift COIifl 

u Wei!!1 t W01/1 , P 'C' '" 
310-A 2M in. 1800 100 U in. ,!+-%, ill . .......... 201.. DlZ.ZY SO.80 
310-F 2t.f in . 1 80~ 100 Ys in . *~ in . · . .. .. .. . 2 oz. D.:~I IJ1l .80 
3 10-G 2U in . 2700 100 % in . .M--H in . ..... ...... 2 oz. I)ITTY .80 

3 17-A 4 in . 1800 100 U in . %-.J.i in. ....... 4 OZ. DOl"OI( 1.50 
3 1 'i - 8 4 in. 2700 20. U in. Ys-7( iu. · . . . . . . . . . . . .~ 01.. DOWUY 1.50 
3 17- F 4 i ll . 1800 100 Ys in . %-7( in. ......... .. . 407.. llOln:l • 1.50 
3 17-0 4 i n . 2700 20' % i ll . %-on in. ....... .. . 4oo?. O!l:\MA L50 

TYPES 502 and 503 DIALS 
Thesc new dials have ctched di visiolls 

fi ll ed with black on a poli shed nickel sur­
fa<.oc. T he markings :ue di sLinct and easily 
rendablc, making close se tting possible. 
The vernier or slow-motion control is 
simple and smooth in operation. 

fL WflS originally designed for use on our 
line of lnboratory Illcaslu'ing instrumen ts, 
hil t we are offering it fOI' gencml use in l.he 
belief that its ruggedness nud simplicity 
wi ll appeal to laboratory workers and 
:unatcurs . It is easy to mount, l.t center 
punch and a %i-inch dri ll being the only 
tools required. It is so designed that it in 
no wny interferes wilh the mounting of 
the dial. Adjust mcnlson lhe friclioll drive 
cn n be made ,,' itlJout d is lurb ing the cali-

bl'{llion of the instrument t o whidl lhe dial 
is jl.Unched. 

Benealh ti le face of t he dial is moun ted 
a disc of slightly smaller diame ter which is 
gripped by a friction wheel attached to the 
slow-mot ion drive knoh. T he rriction­
d rive shafl is c:l rried in :t bushillg' illscrted 
in l he puneL T he shaft hole in the bush­
ing is sli ghtly eeceu tric with I'cspect lo the 
cenler of t he hole holding t he bushing. 
lhus :t!rording a simple means or ;Illjusl­
ing lhe tllllOHnt of friction uClw(''C 1l the 
friction wheel and the disc bchil lU the dial. 

The TrrE 50~ fwd TYlJE 503 Dia ls ure 
sup plied complete with fr iclion drive, ill­
dicatol', ind i('(l,tor fastening ,screw and 
nut. und d rill ing template. 

Dilll S/lUft D ial /l educ/iall Cod. 
7'ype lJiame:lt:,. Il rc Diamefer Type il lltio IVcigM Word ('riCII 

502· A 2U iu. 1800 J4 in. S IO·A 1:3.S ........ ... . 30T.. DnulO $1.50 
502-F 2M in . 1800 % In. 310-F J :3.5 · . .. · . 3 oz. oVisa 1.50 
502-G 1%' in . 2700 % In . 310-G 1 :3.5 · ... ' ... · . 3 Oil . D:\ILY 1.50 

503-A 4 in . 1800 M in . SI 7-A 1 :1) · . .. . . . . . .. 6 or.. 1)1(1"AO 2.00 
503- 1-' 4 in. 1800 % In . S17-P I :.'; · . U 07.. IHH:AT 2.00 
503-C 4 in . 2700 % In. 317-G 1:5 ....... ..... {i 07.. O U ~IMY 2.00 

1I,;cI;on dri,'" 1;l.'(:n .. d uno.:r U. S. Palcroh 1,?lS.1 HI ." " I 1.1«.B'l'5 
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..l b.-me: Tn't; 100·.'\ (fi· inch) 
Precision Di,d showing II Tyl'F. 
;j]!l-A Dill ! Lens !lnd n '1\ '1'1:: 

5'20-:\ Dial Lock in place 

(fi!}ld: T y1'E 70.!-B (4-inch) 
Precision Dilli. It. loo. C~1l be 
\Iscd wilh ;l TYI'E 519·A Diul 
Lens lind a Tn'", 520-A Diul 

Lock if desired 



 

DIALS 

TYPES 704 and 706 PRECISION DIALS 

T hese arC for usc wherever t he dial 
se lling must be determinerl with 3. high 
uegree of a<.:cumcy. T he sCfl lcs .He en­
gra ved by a new process, which resul ts in 
highly precise spacing of the graduat ions. 

The slmy mo tion is of Lhe fri ction-d ri ve 
type 11l1d openl.tcs in such n manner t.hat 
tl1.c scal e tums in lhe same dil'celiol l as the 
control kllob. The con t l'oJ knob projects 
fro m a sta tionary bakelite pla te ~l round 

which Llle large seRle revolves. 

T he TYPE 704 and T YP E 706 P,'ccisioll 
D ials arC unusually ca s,)' to mOlmt. re­
quiring Ule d rill ing of only one extra. hole 
in lhe pUllei. The only tools requ ired urc a 
t euter punch nnd 1t Yi6-in c.h drill. Adjus l­
mculs can he made on 11l C fric tion d ri ve 
without removing the d ia l from the Sb1l fl. 

E:H:h dini is supplied complele wi th in­
dica tor, drilling tcmpio.t.c, and an itd,lpLcr , 
allowi ng installation on eil.hc l· a Va- inch or 
a % -inch shalt. 

Dilll 

l' !l jJr D ' Hllnt' cr .- rc 
SCI/Ie 

I)" .. 
" 'I.tlMl.t , 

'" 
Oil/mdt r 

"K b 
RcdlltliQ ll 

R " 1110 Ir . It e.g I 
Code 
IV I '" 1" flce 

704-A 4 in. 1800 200 lYz in. 1:6 10 oz. u,\I~u r $7.50 
704 - B 4 in . 2700 300 l yz in, 1:6 10 oz. I)AflO' 7.50 

706-A 6 in. Hmo 300 • iu. 1:8 IS 0 7.. n AS I!Y 8.00 
7!1o- B 6 in . 2700 450 , in. 1:8 IS Q1. . DAT U M 8.00 

TYPE 519·A DIAL LENS 

This consists of a SIll:l1I lens wi lh a ll 
adj uslable holder for mou n ting on <t ptlnci 
over a t.liai indicll tOl'. I t makes possible the 
reading or the T Yl' E 704 a.nd T,rpE 700 

I, , , , , " ,_ " ," _ , _ , 

Dials wi t h fin llllllsun ily high degree of 
precis ion. The ,trill can be swung ouL of 
Ule way when not in u"c. A % -incl. hole 
is required in t he pallel. 

Code Word Price 

SI .50 

TYPE 520·A DIAL LOCK 

This Ill<tkes it possible to lock any 
General n~ld io dial6rmly in posit ion wilen 
desired. It holds the dial tigh tly , prevent· 
ing it from t urning, but exerts no appreci-

able force on the shaft on which Lh e dial is 
moun ted . 

The Tn}>: 520 Dia l l .ock requjres two 
holes (No. 28 drill) for mou nting. 

Code Word Price 

, -, -, , , , , I $0.75 
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1i 
274-P 274-E 274-0 274-G 

PLUGS 

Z74-J 

JACKS B INDING POST ASSEMBLIES 

274 -AP 274-8P 

274-BJ 

MOUNT ING BASES 

274-CP 274-EP 

274- EJ 

274-CJ 

TRANSFORME R MOUNTING BASES 

'l'n:.~; 274 P[uJ:s, ,!:'cks. IUld Mounling Du:>cs (illustra lion 7!i si1.c). T ilt: Lran!IIorlllcr mounting 
plug bases, T\'pl::s 274-CI" S!74-EP, mid 274- HP (nol illuslratel!) ilre filled with locating pins 



 

PLUGS AND JACKS 

TYPE 214 PLUGS, JACKS, AND MOUNTING BASES 

.\11 of the devices Ii ''' lcd in this section and modifi cll Lions of thl! TYPE Q7·~ - P Plllg 
art.! 1111;11 lip rrOm ";11';0111'1 combinations rlml lhe T n'I'; ~U-.r Jack. 

274-P 
274 · £ 
274-D 
274-G 
274- i\1 

274-J 
274 -T 

274-AV 
274 -:\J 
274-BP 
274- 8J 

*274-C P 
*274-C.J 
"' 274· I~ P 

- 274- EJ 
t 274· I-lP 
t 2i4· 11.J 
t 274·RJ 

274-0 

PLUGS 

J)('~{'ripli() 11 

Sin!?l !! Plug {Basic Uni t: ) .............. . 
Sing le 1>lug with .Iack S hank . . .. .. " ... 
Sln~le Ins ulated Plu g w ith J ;lc k Shank 
Ope n -Type I)ouhlc Plug with Jac k Sh:lIl ks 
I ns uhHed Doubl e P lug witb J ack S hanks .. , 

Single Jack (Bus ic Uni t ) .. 
Do uble Adjlls rnble Jac k 

JACKS 

MOUNTING BASES 

IJc.oc ripljllli 

2-G\\n~ Plu~ Bllse 
2-Gan~ Jack B:l$C , , . , , , " 
3-Can~ Plu g Base , 
3-Ga nA Jn ck Base 
4-G:\II g Plug Rase , .,. ,"" ""', ' _ ..... _ . 
4-CanA .T ack Ba ~e , 

. .. 

4-G'\IIg Trans formc r M o untin g Plu g Base . 
4-Ga ng Transformcr Mountin g .lack Base .. 
6 - Gan~ Transformer M o un t ing Plug Base ,. 
(,-Ga n g Transformer !\'I oun t ing Jil ek R:Ise", 
4-Gang Transformer Mou nting Juck Base , . 

Loc.'lting Pin . , .... 

I 

emlc Word 

STA:>il ' ,\11CAT 

STA~ " "IWOG 

STAN .' .\tll;Y', 

STAX"PA11PiG 

~TANI',\IlB UG 

Codtl W ord 

liTA:':P,\ RTQ I' 

!!'rAX"T'.\ UTI I' 

Codc Jl' Qri! 

I;T,\l'(I',\ niHil 

S1'.\~l'.\n ltl:~1 

ST.\:S- I',\ IISt,;~ 

STA"'-" ,\ 111011' 

ST'\~ !''\I(i;VM 

ST.'\~ I'.'\ II C:I~ 

STA~ I ''\ Jl G,Hj 

ST,\l'(I ' ,\Ut-,11) 

1ST ... XI' ,\ UDI: O 

::<T.\~I',\ R~OT 

STA:'" 1',1 III' li l' 

$l'A~ I',\ 111'.\11 

I' r;('I' 

$0 .06 
.20 
.25 
.50 
040 

P,ire 

SO.05 
.50 

r ricc 

SO,50 
,50 
,110 
.M. 
.60 
,(,0 

.75 

.75 

.90 

.90 
1.00 

,05 

- '),ill.-d 10 """,,,,modale 1"'01 II ..,.." 'I',. ... ~ iii ... " 1""Kl! and 'o'7 1_J J~ ck~ f ........ n,·",lihK "¥,~"g ha ...... inl.-. '· .... nll' b.~~ .. 
t l·k-nlio,,1 "illl Tn"" :l7 1-EI' hllli ;/j. .. EJ 1.~nnJl IIrLieJ t~IJ\ lh.llhe Il-g" 'lg l,allH nl'll fi tkd "',Ilt 6 \l1,,~. hrllll~rk. •. 
:0-.'1: lln~ I llS, 

BINDING POST ASSEMBLIES 

Ducriplioll 

Wirh Type 138- V Binding Posts , 
, ·\lith T y pe 138- X Binding Pos t s , , 

. . . . . .. .... I 
"", .. ' .... . 

8TAS I'.I!lU.IG 

i'\'r .ISI',1 UT,\G 

I'riet 

SO .(15 
.65 
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TYPE 674 PLUGS AND JACKS 

'j \ ' I'£ OU-D 

Similar in gcncl'nl design and nppca l'­
anee to the T n E !27-! PlL lgs and J acks, 
UlCse new un i l .. arc btl'ger in s ize a nd ha ve 
much greater contact :tl'ca. T hey arc for 

TYPE GU·.' 

llSC where heavy (: llIT('nts are to he ca rried . 
or low contact rcsistam:c is impcra t iyc. 

Made in lh ree models shown (0/ 7 .s ize) . 
CurrenL-c,m 'y ing capacity , 50 am peres. 

Price 

674-P 
674 -J 
674 -D 

S ing le Plu !:\ (BaSic Uni t ) . 5TANI'AR,\I'~; 80.35 
.25 
.50 

S ill!:tle Jack (Bas ic Unit).. !;1'A~ I'Au '\n; 

Sillc,le InsutHed Plug wit h Jack Shank ... _. _. . ST,\1\ I'AU AIIK 

TYPE 274-NC SHIELDED CONDUCTOR 

:\ 1' \'l' t: !?74·NC Shielded Conductor wilh a sccti(~n cut !lInl.y to sholl' the arrange!l)cut or conullctors 
anti insulation 

I n most high-[rcqw.::tIcy laboratory and 
expcl'imcntal set-ups good shieldi ng is 
rCfJui red for the longer leads. The TYI'k: 
2.i.J.-NC Shielded Conducto l' consists or ft 

ccnl n tl conductor made up of 41 s trands of 
No. !14 tinHed copper wire, twis ted. T hi s 

is covered wi t.h collon and ru bLer insu\ il­
tio n, ovel' which is a tigh tly woven cop­
per shield and black colton insula lion. 

Ea.ch end is t erminu ted in tl T Y1'E 
271~ -\f Pl ll g for eOl1venience. A white spot 
denoles the inner or high- potenl ial cable. 

SPECIFICATIONS 
Lengt:h : a reel. 
Capac ita nce : 100 J.'J.' f pCI' fool.. 

Type 

Im pedan ce : About ~IO " hms. 
Ou tside Ubmetcr: ;.(6 inch. 

Code W ord 

1." ... •. "., ...... " .. , ..... , ... . . .. .. ... ... 1 ST.~ ,.I'.t\RZOO 
P riCt' 

$1.50 



 

BINDING POSTS 

TYPE 138 BINDING POSTS, SWITCH CONTACTS, 
AND SWITCH STOPS 

13 8 - C 138- 6 138-0 13 8-Q 

SWI TCH CONTACT S SWITCH STOPS 

138-A 
' 138- V 
f 1J8-X 
138-Y 
138-Z 

TUJlI! 

138-B 
138-(; 
138-D 

138 - A 138- X 138-V 13 e-y J3 B- Z 

BINDING POS TS 

Uukdite and :\. P. UrnS<! 
Nickel- Plated Brnss. 
Kickel- Pla lccl Brass 
J'\kkcl- Plnlcd Brass 
Nkkd- Pla ted Bru~$ . . 

JI ll/erial 

Ni<:kcl-Plated Bro nze. 
Nid;.d- I~I:lted II rullll;e .. . 
:-"ickel-I' ln lcd Brollze . .. 

BINDIN G POSTS 

.Ii ruimlll/1 
/>Olftl 

/J iflllltfa fl 6f)h/ Thirlilu:~.$ T lrrC(I(/ tlld ' JIIr/rll , 

" . ... " In. % ill. ~, in. 

% in. II", ill. H ill. 
J1 in. ll..{, in. % 111. 
.!1 i ll. % in. Min. 
;'8 in. ~ in. " . , 4 In . 

SWITCH CONTA CTS 

,\!IJxitlWIII 

POliti 

I O- 3!:! ST,\"I 'AIII,:I.I' 

I O-3~ ST.\ ""AK,\S,. 

IO- S-2 STASI'.\IIU('IY 

10- 92 ST.\ S 1',\ lU ll K 

(J -3~ !iTAS!'A IIII IT 

Pritr 

$0. 18 
.20 
.2' 
.14 
.07 

/) ;ume/er Heigl,( Tliick"c,,~ T/trcad COIl", Wortl ['rice 

Y.i i u. 0. 190 in. 
416 in. O. 11l0 in. 

'" in. O. H,M ill, 

SWITCH STOPS 

h6 iu. 
~ in. 
l1& ill. 

:l/ lIzirn"U! 
p (Uld 

G- :J2 
(l - S\! 

(;O)oiTACTA!'T 

COXT,\CTHUG 

CO!'T,\(;TCA'r 

50 ,04 
.04 
.03 

D t:llf11e1cr IIciy/d Thir!' /t/:NIf Tllfl'fH/ (',lfle /I'(lfIl I 'rirr 

% in. I ~(G in. I li- :J2 ! ST.\ :\"t',\ lotl. l, $0.04 
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TYPE 537 KNOBS 

TYI't:s 5S7-D nnd 5:17·L - Tl'I'p.s 5::17-C nlltl 537·K - 'I' YI'F.!S SS1-I! a nd 5!li-J - Tnt; 537.:\ 

All T n '.; 537 Knobs hnve while tcJlIlJoid l)(Ii llt ers whidl fUlly be remO\'co-l if lle:sired 
(iIluslrnlion J.i size) 

In order tha t experimenters asscmbling 
lhe;[' own appar:llus from our component 
p:1I'l l\ may have knous La correspond with 
the s \.;"\l1cl;ud knobs uscJ 0 11 t he majority 
of OUt' equi pmenl , lhe sl;tndftl'd knobs flrc 
lis led b('i ow. These comprise lhe new <Iud 
uniform series lhat nre hcing used on our 

Itlhorutory instrulIlents ;'I S well as lhe 
('omponenl parls. 

Type J)i! / Illclu 8JUljl 

537-A. l Ys in ches VI inch 
537-B I J4 in ches Y.i inch 
537-C 2 In ches ,Y.( inch 
537-0 2% inches J4 inch 
537-J I J1 in ches % in ch 
537-K 2 In ches % in ch 
537-L 2% in ches ~ iI in ch 

TYPE 137 KNOBS 

These nrc show II ill the ill ustration fl i 
lhe right of th e page. They fire made of 
mou lded b,ikelile with IJI'tl ss ill !o;crls for 
.y.Hndt shufts. Each is supplied witl! ,I 

SCl$CI'CW tlnd a polished me tal poinlcr. 

/J illmt/er 

The knob i!; of moulded bakeli te wiLh 
metal inse rls to «.:nrry th e shaft. T he 
point.er is of insulating maLt rial , so lhat 
the cnlil'c knob is elec tri cally dead. and is 
3. f1a.t while color to show d e;n ly aga.insl 
a hl1o"t llny background. The pointer mfly 
be ensi ly rcmo\"cd if lIot required. 

.V,·/ Wc;g'" Code W ord Prictl 

ounce ST,\ :oiXOBAI'P. $0.20 
Ol1 l1ce ",TANNOUUlll .3' 

1)1 ()lI nce~ l;TASSOUCUI' .4 ' , ounces "1'",S,\,O IlO\·1':: .50 
OIlUl;C S1' .\ :oiSO IJJ Oll .3D 

1!1 O llncc ~ ';1'.\;01;0.,:0 1'1\ IT .40 , QII I/ t·es ST.\ SSOIll.AI' .50 

Trl>£ l:3i-O T n'.! 137-J 
Holh h,IVC meta! pointer" ( illnstrllt ioll % size) 

S}wjl IY e/ Wciyh/, CllIic W llrd Price 

137- 0 (wi t h poinlc r) 
137-J ( with pointer) 

1% iJ1Ches 
1Y1! inches 

M inch <l Olill ces s 'rAS NO I;IA KT 

I 
$0,30 

Y.I inch I (lun!'e w r ,\;o.,:S O IJlJOO .20 



 

VA CUUM-TUBE SOCKETS 

GENERAL RADIO VACUUM-TUBE SOCKETS 

A /Hire: Tn.: lMi 

Uduu': T nt.: 050 

TnE 4:J8 

T YPE 057 

T n t: ~II 

Thclie soekc ls arc uesig llcd for long 
flnd 1IlI I'd usage. The co nLacts are spring 
tempered find will make linn connection 
with the lube prongs arter long periods of 
operation. Connection Lo Llle sockets may 
be nHlde by either lhe screw terminals or 
I tH'ge~size sold ering lul,"S pro\·idcd. 

Sockcls are ,tv,.ilable with bakelite and 
wilh glu 7.cd isolall!:ile hases. Vo. most 
work lil t"' bakelite bases Il1'e prc£clTed he~ 

B Uitt! 

TUpr .11 uteri.1i Tupe of T llbe 

caLIse o f t heir lowel' pl'icc. hut II,her l:! !(IW 
high.frcqucnc,v losses anti high slIrra<.-c 
resistivity 11I'C dcsimblc. isoiantilc bases 
arc I'CCOllllIlClided. T he latter is a desirable 
fcn tm e ill soe;kel<:.lhaL 1I1'C to he Il ~cd wilh 
photo-electric cells :lnd their ns~oc:i ll t<.'(1 

.ampl ifiers. 
The nel wc ighl of all socke ts is 20IlnCl's, 

c.'i:ccpl 'I'Yl't; 15G Ilnd Tn·t: 6:3G whic.h 
weigh'" Ollnces. 

Code 
I) io ll/c/u Iltig1!/ Word /' riC(I 

15(. I.lak clit c UV, UX, West.Elec.ETube <21{a inches 1)(6 int hes SOl,,:!! SO.75 
34" Ihkclltc UX- Small 4-prong I J1i ill che.s ~ i llch In:u., 'I .35 ." Ilakclitc UY-Sm:l Jl5.pron ~ tJ.i in ch~ % incl. .. Turn ' .35 
444 Bakelitc Sm a U 6-prong la inchc~ ~:f ind . :>0\' .11, .50 

656 l:ioJilntl tc UV , UX. Wes t. Elee. E Tube 2:..t& illches I t~f ill cl l C~ S OUIl 1.50 
657 ISOlllntitc UX-4.pron~ 1]1 illd .es 1% inch "~I"ZE 1.50 
658 Isolflntit e UY- 5-prQng I Ys iudle! 1~6 inch " ,\1 0~G 1.50 
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TYPE 738-A INSERT TERMINAL 

A most convenient new t ermi na l for usc 
where only limited S]1:tce is :wailable. 
Shank is li nned fOl' soldering. T he other 
end is threaded fOl' n U- 32 machine screw 
under wh ich any ty pe of soldering lug lila.)' 
be nttached. 1l is moullted by driving iL 
into!t dJ'illed hole as Sl lOWtl in illustralion. 

SPECIFICA nONS 

l\'1axim u m Pa nel T hickness: Ys ill('h. 

Over-all Hcig.ht (less screw) : Uu illch. 

Type 

M o un t ing. Ho le: 0.187 inell ( No. IU .!rill). 

Col/(1 Word I'rice 

738-A Idd ................ .... . d. d. d dl 1;:':11' ,\ wr ,\ I'~; SIJ.04 

TYPE 260 PORCELAIN INSULA TOR 

This lead-in or stand-ofT insula tor is 
equipped wi th a tb readed brass rod at its 
upper end, so t hat it may be used fo r 
supporting wiring of -instruments as well 
as lead-in or ground wires. 

SPECIFICA Tl O NS 
Over-all Height: 2,Vs inches. 

Dia m ctcr:lt ll:'lse: ~H inches. 

Type ('m!c Word f' rice 

260 I.. .. ....... . .......... · 1 CON I(,: SO. 2() 

TYPE 480 RELAY RACK 

This rack i!; in tended for mounting 
s t.andard ]9-incL panels whose heigh ts arc 
in tegral mul tiples of l~ inches. Racks of 
t.h is typc have been ill use ill Lelephone 
plants for many years, and t hey a re fast 
becoming s tandard prnct ice in labol'a t:ories 
for mounLing appflJ"a.tIlS. 

T wo sizes arc aV(liJablc. TV!'E 480-A is 
the la l·gc rack having mOlUlli ng space for 
the equivalent of ~3 (i , ]~-illch panels . 
T ), I'E 480-ll is suil'<lble for USc on the 
hlbm·[t t.ory hellch and pt"ovides space for 
mounting the cqui\'a]cnt of ~;), .1 %,-inch 
unit. !)fwe.is. 



 

SPECIFICA nONS 

Construction: Steel frllme with welded j"ints. 
Both models have pruvision for bolting them to the 
floor fir table, but Ihey are shlble enolL.!;h 10 slaml 
without fnstening for all ordinary SeT\·if~(:. 

Drillin g : 5t.1n{llLrd drilling for HI-im·11 rela~'-rnck 

1)ll llcb is employed. 1101('5 arc lIlPI)( ... 1 :lnd deall(."(1 
for ~I 10- 32 pnncl-moullliul; ~crew. 

Accessories: Plt ncl-Illounting screws. panel-pro­
lCi!l ing wushers. nnd bridle rings for cnhk·t! wirinJ; 
nrc supplied. 

Dimensio ns: Tn' ~; 4S0-A: FtIlT1lC. ( lu:igh t) Gi.! Yi )( 
( \\'idth) W x (11t'1'1 11 ) ::S incllCs, ovcr-all. Bllse. ( "'iMh) 
20)( (depth) 15 indIes. Panel llIounting 51'acc, (jg 
im.:hes or:lG "unit rucks," 

T Hy. 480-D: l<"rnlllC, (beigh t) ,g x (width ) 20 x 
(d('Jllh) 1M inches, over-all. Base, (wirlul) '!O x 
(dept h) 15 inchcs. I'll/Icl-mou nting spn(.'{:, 43%, inchC8 
or 2;; ;'uuil rncks. " 

Net We ight: TVI'): ·lSO- i\ , 100 l)(mnJs. '1'YI·~>ISO-B. 
\!O poulld ~_ 

'(vpc Codr. !Viml 

480·A 
480-B 

63 inches or 36 "Rack UnitS" . 
43%' inc h es or 25 "nack Units" 

XEED l' 

XEGUO 

NOTES ON LAYING OUT RELAY·RACK PANELS 

I . Make plUlpl height II 
multiple of 1 Vi illches lc-~s .If 
ilit'L for clenr:1I1L"CS. 

2. nuth 1(1) !lwl uollom 
cdb'C$ or a properly mounted 
!>Ilncl will, ueglcl'ting clea r­
ances, ulwuy.!lj fil II Imlf w'ly 
hclwL'<'lllt pair of hole! spliced 
M iudl npart on lIt1: rack. 

3. Il is ~cldo lll IIC(.'\.'i'IS;lry to 
clI lnll lhc l>ossiblc mounting­
scrcw 510Ls in n !luncl, Lul it. 
Clln he done if {iesirCII. 

4. Any p:tIlcllaid oul to lit 
Lile rack will also lit, if the 
Ila.ucI is turned cnd-for-end or 
hucL:-ror-frolit. 

TOP 

, , , , 
BA~: 

I , , 

f.r f i --~l----ifl-r-
, ,I.... . I : L~~ '. 

~ ;t- f--t --- -~----!j .::: 
.-!-j. 1 
~.1r--: ---------- -- ----

"'«--1: l~~ - -----:::..<-~.- -----------
i. --1-:-- '0_31: t~pp.d 1101 • • 

rt"te: CI •• H,,.,,.:," .... t ... e .. v .. ~t", .. , 
''',port .. 0" ,. ... ck 171 ... d' ..... 

RELAY RACK. 

" rice 

540.00 
15.00 
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APPENDIX 

LOSSES IN AIR CONDENSERS 

The energy losses in an air (!onocnscr 
arc due to los~es in the solid dielectric used 
in t he :'lII)POl't.';.* I.ow losses a rC', of COIlI".<:C, 
desirllble blll they cannot he redu ced in­
definitely wilholll. Sll.Cl'ificing mcclillnical 
rigidit y und the a.bility of the condenser 
lo hold a calilwat.ion. Fod.lI nalcly , practi­
('a lly all of the lahoratory mC;1 S\lrCmcnts 

in which the lo.;;:g of til(> condenser nHlst be 
known can be arranged so Lh:it it is n) cl'cly 
nC(.i!SSil ry to know how they clHlIlgc as I he 
co nd enser cnpflcitnncc is varied. 

The highel'-grade lahoratory condensers 
manllrnctlll'cd by the Gene1'al Rndio 
Company [l1'C des igned so t.hat the sm:l ll 
amoll nt of solid dielectric IIsed is placed 
in an clcct.l'ic field t hat is IlnnHyi ng wit h 
respecL Lo rotor Jlosition. ] lence lhe lo.;;ses 
arc constn llt. with seLling. I t. is Lhen 
possible t.o nsslIme that l he conden:-el' 
hehll\"cs as a loss-free vnrinhle condenser 
in pa l'ullcl with n fixed condense r htiyi ng 
(.l Ithe los!)cs . T his mea ns t.hat. when using 
one of lhe!)e condensers to menSlIl'e \.he 
loss in sO llle ot.hel' condenser the loss in­
troduced hy tlt e s tnndfl.rd condenser, sincc 
it uoes not. change wit.h roto r se lling, ClllI 

he eliminat.ed from the mensllrcmenL by 
lhe choice of a suitable melhod. 

T hi)) quality of haxin g constant losses 
willi cbanges in l'Ot01' setting is approxi­
ma tely t r lle fot· all General R adio con­
densers and t.his leads us to Olli' choice of 
Lhe qUflnLit.y nwe"!. as t he fi gm'c of mel'it 
for exprcssing t.he enCI'I,,"Y loss i n an air 
t:oIHJenSC I' . It t.u rns out t hat RwC2 is con­
s t:wl for a ll va lues of w lwd C. HwC2 is 
therefore prefe rrcd to powe r ractor Rwe 
as 11 figurc of mcrit fo r the condcll.';cr . 

T he Ctlu ivalcn t. scries I'csis lanc::e R. of an 

ail' co ndenser Jl)HY he ea1cul:tted fo r ftlly 

frequc ncy when tlH' figu re of mel'i t RW('2 

is knowll. T hus for' :1 fi gure of mcrit of 
OJ){) X 10 12 t he rcsis llll1 cc of a. condenser 
of HlOO /J/Jf eapaC"it<HlcC al ,L frequency of 
1000 cycles is 10 ohms. 

T Ile dtflit·c of nwC~ liS Ihe figure of llI~ril is has<:d 
1Ipon Ill!! Followi ng cOllsiderat ions: Any air (:O tltictl"cr 

C II(lvinS all (:(luindcnt serics rcsislilnce R tllfly be 
represented b.l· n (,.· .. II{'ell~er Co (Inc to t he solid di­
electric ci rcu its and supports nlld h:1\'ing ;1 11 t he 
Im:s"s. Ho. in pMullcl willi a l os.~- frcc 1.'OlHlenscr C' 
( sec lIll' .1t'f..'QrnpnnyiTlg d ingrmn) . 

';; ~ C <;,= = 

RO =; ~ 
I Fe' 

R 

(aJ (b) 

By II'orkingout the ellergy relntions in ( II) nnd in 
( /I) on the nSSl1tll l)tion tll:lt nil Ihe losses nrc very 
.~m;tl1. it. is found t iw t 

11 

lind 

H"w(!J.o 
w( C' + Co)~ 

H IIH' cnt~rg'y IOSSl'S in lhe Condellscr arc t'On"lan l 
wilh ~elli ll l!', Lhcn Co is a fhcd C'O ndcllser wilh "n 
i>ioiJJlltitc or hnrd~rubbcr dic.le('tric, depclldiug upon 
l l u:~ lIctu,ll conslruct ion of the (;Qnocnser C. ]·'or 
dilfere.nl frequenci es the power fnctur of this solid 
dic.leci ric is essentiftl l~' ''OllstuUt. hcnce the qUllnlit.\· 
Ilw(} is constant for nil ord innry vnlnes of wand C. 
and is ft ch"wcteristie of the condenser. 

The S:llllC rcnsoll inl; i~ npllruxirnnlf'ly lrue when. 
bcc:lIlse Ihe in .... 'l<:s dmngl: willl ro tor ~(: l.IilJg. C'u is 
no t H fixed ~~JJ\denser. 

~ ~:~\'tI,1 "I h')(b "otl~g<!~ ... h~rc thte ftte joniut.o" 1"'''>':11 .,. Ihe u' r ,tided';,· and M h'~h frt:flllcntic.. (~bol'C: 5 )I t', prrhDJ») ",h,'rc 
~drlr· ror"""t )0....,3 in Ih~ melllllll~lc~ s"d Ih .. ~1T~el~ of , .. ",on~n,,,! ill Ih~ ro"de"",r lJ."';,, I" UI'l"'Kr. 



 

FREQUENCY-WAVELENGTH CHA RT 

FREOUENCY-WAVELENGTH CONVERSION CH ART 
Note that both the frequency and the wa.velength scales are logarithmic and lJIHJ 

toe fr<:q llcncy sC(Lle is in different units in t he left-hand and r igh t-hand secLiolls. 

100 :3 100000 3 
90 90000 

BO 
4 

80000 
4 

70 70 000 

.0 S c..o 000 S 

50 ~ SO 000 ~ 

4O 7 
40000 

7 
e B 

• • 30 10 3 0 000 10 

20 20000 

20 2 0 

10 30 10000 30 
~ 9000 

B 
40 8000 

40 
7 ~ 7000 

~ 
~ 

w 
~ -' w 

~ Ii> 50 v ~ " 0'00 50 -' w ,.. w V 
~ ~ ,.. 
w 5 ",0 V w 5000 Go u 
}2 < }2 0 7 0 '" 70 
Z 4 w Z 4000 -' So }2 8 0 S< 
I '0 I '0 Z ~ • 100 z ~ 

3000 100 '" '" Z ,.. Z 
,.. 
v w u w Z -' Z -' w w w w 

> 2 ::> > 2000 ::> 

< 0 < 0 

" w " 
w 
~ 

200 ~ '00 ~ 
~ 

I 300 1000 '00 
•• '00 
. B .00 
.7 

+00 
100 400 

... 5 0 0 ~oo 500 

.5 "'00 500 "'00 

.4 
1 0 0 

400 700 
8.0 Boo 
'.0 ••• 

•• 1000 300 1000 

. 2 200 

2000 2000 

_I 3000 100 3000 
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DECIBEL CONVERSIONHABLES 

DECIBEL CONVERSION TABLES 

164 

I t is cOllvenient in measu reme.nts and 
calcul a tions on cOllllUuniclltiollS s,ysLems 
Lo express t he 1';)tio between any two 
amounts of elect-ric 01' acoustic power in 
uni ts on a loga ri thmic senlc. The decibel 
(I / 10lh of the bel) on the bl'i ggsiau or 
base- IO scale and lhenepcr iu the napierian 
or bfl !-lc-e scal e [irc in a lmost universal use 
for thi s purpose. 

Since Yoi tngc nnc! cu rrent are re.laletl 
to power by impedance, both the dec£bcl 
:.l.Ild the 1/eper c.ln be used to express 
voltage and current ralios, if care is taken 

Decibel - Th e number or decibels N ub 
corresponding to the I'ulio between two 
<lmOu ll t s of power P I and P2 is 

I \ 
Nub = 10 10g1O P 2 (1 ) 

WLen two voll:tges E I and 1':2 0 1' two 
currents I I alld 1 2 operate in the srUllC 01' 

cqual impedauces, 

Na" = 20 IOg UI 
El 
E'l 

;"wel Nil" "" '10 loglo 
I , 
I , 

II' 1';1 find 1-;2 01' I , and i , opera te 
ul1 equal irnpl~diln(;CS, 

11,1 20 I ".\ 1 db - OgHI - + 
F "' 

+ 1 0 10« 
I,' ~ 

0" kl 

I,' J + 10 loglo 
kt 

Z~ 
10 IO("I~ -=: 

Q h, 

I 
Z , 

10 oglO -:­
Z~ 

(2) 

('I) 

Ul 

(4) 

(5) 

where Z, "l.nd Z~ al'e the absolute l1lagni ~ 
tudes of the corresponding impedances 
and 1.:1 ,and kz a rC lhe villucs of powedaclor 
for the impedances. Note that Table I and 
T able II can be used to evaluate the im­
pedance and power factor terms, since 
both are simiJar to the expression for 
power ratio, equation (1) , 

La account for the impedances associated 
wi th them. In a similar manner the CQITC­

spond ing acoustical quantities can be 
compared. 

Table I alld Table II on the following 
pages have been prepared to faci.li tate 
making conversions in cililcl' direclion 
between the number or decibels and lhe 
corresponding power, vol tage, anti current. 
ratios. IJolh lables CIUI also be uscd for 
ncpers and the m"ile of .,'lalldllrd cCLUie 

by app lyin g the conversion factors frolll 
the table on the opposite page, 

Neper - The numbel' of nepers Nucp 

l\ 
corresponding to a power ['(Ilia is 

1'2 

lV ,I £/1 = (U) 

P OI" voltage ralios Cllt'l'c n l 

" i , k" " t l I nllOS war -lI1 g III l(! same or eqU:l 
< ' • 12 

impcdnnecs, 

lV "ql = loge 
I~I (7) 
£2 

amI Nmp = loge 
l, 

I, 

When EI und E2 or T land 12 operate ill 
unequal impedances, 

1'.\ 1 /.2 1 k~ N,up= logt -+- log~- + - log~ - (8) 
i'.'2 2 Z l 2 ~ 1.: . 

and 

(9) 

where Z l and Z2 and I" l and h are as in 
equations (4) and (5). 



 

DECIBEL CONVERSION TABLES 

RELA nONS BETW EEN DECIBELS, NEPERS, AND MILES OF STANDARD CA BLE 
J/ ufljp/y HI! To Fi"d 

tk-cibdll .115 I IIcpcrJ 
deeihclll ... 1.05G miles or sliulIl3rd (llute 

,niles or standard b lhle: .9 ... 7 Jet'ibds 
miles of slnnllnrtl cable . 100 neperll 

nepers .. 8 .G86 decibd~ 
nepers .. . .. 9. 175 miles of stllno;mJ {'(,ble 

TO FIND VALUES OUTSIDE THE RA NGE OF CONVERSION TA BLES 

Val ues outs ide lite range of either Table 
or T ab le n Oil the fo llowing pngc~ ca ll 

TABLE I: DECIBELS TO VO LTAGE AND 
POWER RATIOS 

N u mber of d eci be ls posi tive (+) : 
Subtract + ClO decibels successively from 
the g:ivcn numher of dt.,'c ihels until t he 
remainder r;tl ls within rnngc of Table T. 
1'0 jilld the l'OUtlge 'ratio, multiply l he 
co rresponding value from the right-hand 
voltage-rat io COIUIlUl hy 10 for each lime 

yOIl subLracted ~o db. To find lite power 
ralio, mullipi", the corresponding "alne 
rrom the right-hand power- ratio coilimn 
by 100 fO I' cadI time you subtracted QO db. 

Exa m ple- Cire,,: 49.2 db 
49.2 db - 20 db 20 db - 0.2 d b 
" olloye Tolio: !).~ db - t 

2.884 X 10 X 10 - 288.4 
POII:(lr 'ralio: 0.2 dh - . 

8.318 X 100 X 100 - 83 180 

Nu mber of d eci bels n ega t ive (-) : 
Add +20 decibels s lIcccssi\'e!y lo the 
givcn nnmber of decibels unlil the su m 
faits within the range of Table I . For fhe 
I'Oltagc ralio, divide t.he v:l lue from the 
left-hand voltage-ratio column by 10 for 
eaeh lime you added 20 db. For tlte 7)()wcr 
ratio, divide lhe value from the lefl-hand 
powcr-fllLio colulIIll by 100 for each time 
you added 20 db. 

Example -GiL'en: -·~!).2 dh 
- 40.2 db + 20 db + 20 db ~ -9.2 db 
Vol/age 'Tolin: - 9.2 db -+ 

.3467 X 1/ 10 X 1/ 10 ~ .003467 

Power 'r"lio: - D.2 db -+ 

.1202 X 1/ 100 X 1/ 100 - .00001202 

be readily foun d wit h the help of the 
rol!owing ."imple ru les. 

TABLE II : V OLTAGE RATIOS 
TO DECIBELS 

For n ltioS sm a ller t han th ose in 
ta ble-Multiply the given ratio by 10 
successively until the product ean be 
found in the l:lhlc. From the number of 
decibels thus founcl, subtract +20 dL'Cibels 
for each Limcyou multiplied by 10. 

Exam ple-Gil'cn: Voltage ratio .... Ol ~ l 

.0 131 X 10 - . I ~n X 10 - I.~n 

F I'om Tahle n, 1.~J1 -'> 

2.345 db - 20 db - '20 db = - 37.055 db 

For ratios Jlrca tcr than those in 
tab le - Divide the given ralio by 10 
successi\·c1y unlil l he rCI1Hlinder C<ln be 
fouud in the Lable. F roll] Lhe number of 
decibels UIUS found , add + 20 db fo r each 
time you divided by 10. 

Example -GicclI: Yollage mLio _ 712 
71 ~ X 1/ 10 _ 7 1.2 X 1/ 10 _ 7. 1 ~ 

F rom Table n. 7. 12-

17.050 db + 20 til> + 20 db - 57.050 db 
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DB TO POWER AND VOLTAGE RATIOS 

166 

TABLE I 

GIVEN: Decibels TO FIN D: P d fVollage} R . ower an '\ C I alios 
\ urren 

TO ACCOUNT FOR THE SIGN OF THE DECIBEL 
For posItive (+) va lues o f the dccibe l - Bfllh 
\'oltngc lind power rntios (lrc grentcr than unily. 
Usc the two right-hand columns. 

EX:;\lnp le- GircII: ± 9.1 dh. Filld: 

For negath'c (-) val u es o f I he declbcl - Both 
voltage Rnd power ratini; nrc Ics,; thlln unity. r '~c 
tlu:: t"'O Ictt-h:unt colulIIlls. 

[ ' /IIr.er " flltll'lt 
Halio Il/llio 

+ ",1 till 8.1.28 ~ . 8,jl 

- 9.1 db 0.' 1130 O.~:iOH 

- db+ - db+ ... ... ... ..... 
Vof/I/ge PfIIl;cr 

db 
I' ol/Ilge Pfl!~er Vo/illyll Puu;er 

db " (>ill/gc f'OIl:~ r 

Ilillio Holio lljl/io llulio n t/lio Ilulio Ilrllio Rulio 
. 

1.0000 t .0000 • 1.000 1.000 .5623 .3162 5.0 1.778 3.162 
. 9880 .97H .1 1.012 1.023 .5559 .S090 5.1 1.7!.m !U30 
.9772 .!J550 ., I. O~:{ 1.o·n ,:,)4% .3020 5.2 I .MO :.UI11 
,1)60 I .9:1:13 .3 1.035 1.072 .543:1 .295 1 5.S I. S-I.1 9.3SS 
.95 .. 0 .!)I20 A 1.o·n 1.09G .5370 .2SS;~ 504 I .S62 SAO; 

.9HI .891$ .5 1.0~i9 1.1 22 .MJOO .2S18 5.5 1. 884 3.'l48 

.!l33S .S71O .(; I.OH I.HIl .5248 .27.-;-1. ~ .. (; 1.!10.':; 8.GS I 

.9'l~(; .R.'. II .7 1.08 ~ 1. 175 .:; 188 .2092 5.7 1. 028 S.i 15 
.IH20 .tl.3 IS ., 1.t1!J0 l .1lM .5 129 .'WSO 5.8 1.9S0 :i.80i 
.9016 .S l i8 .0 1. 100 1.2SIJ .5070 .'i570 '.0 1.972 8.890 

.8913 .7943 I.' t . 122 1.259 .5012 .2512 6 .• 1.995 3.981 

.88 10 .77(ii l.l 1.1 35 I. ill!! .40.-;5 .2-155 G. I i.0 18 4.07·~ 

.S71O .7586 I. , I.H~ I.S IR .4898 .'i3!)!) G.2 2.0·~ 2 -1. . 100 

.8G l (1 .HI :I 1.3 \.Illi I .:U!) A8·~2 .2344 G.3 2.1)0:i 4.'~GO 

.85 1 1 .124+ 104 1.1 15 I. SSt) .4786 .'HO I GA 2.089 ·~ .3G5 

.lN H .70ill I.ii I.I~!) I AI3 .4732 .'l'l:l9 G.5 2. 113 '~ .4U7 
.83 18 .001 8 Ui UW.2 1.4+;; .-1677 .2188 G.G 2.1 ~16 4 .57 1 
.8f.!li!-! .G7111 1.7 1.21G 1.471) .-1.(;2+ .2 1:'18 G.7 2.IGS ·Ujj7 

.l-l 12R .GGOi I. ' 1.230 1.5 14 .+.571 .20S9 0.8 '2. 188 ·~ .78a 

.8035 .(H.i7 1.0 1.24;; I .(W) A:,l!) .20 ... 2 G.!I 2.~H3 ·tR!)S 

.7943 .6310 2 .• 1.259 1.585 .4467 . 1995 7 •• 2.231) 5.0 12 

.71l:''Z .0 1(iO '. 1 ].'!7-1. U\<l2 .+-1](; .] 050 7. 1 VWS 5. ]29 

.77(;2: .Gu:?(; I!.'l ].'i!R8 1.(1(;0 A:.IG:; . J flO:; 7.' Vlll1 5 .2 ~S 

.7GH .58'38 2.:3 1.:i!l3 l.(l!))J .... ~!U .1fW! 7.:! 2.::1 17 5.370 

.75Sli .57iH 2.-1 I .SI8 J.7~8 A 'iWG .IS2:0 7.4 2.3 ·~ '~ il.'lO.~ 

.N!)O .5 1;\.13 'l.5 I .!l:i ·~ ].77S A2: 17 . 1771'1 7..'i 2.$71 :j,(i2::! 

.7-11:1 .:H% '.6 1.:H!J I.s20 .UGfJ .17SS i.G 2.3{Hl 5.i 5·1 

.73:;l}; .5370 '.7 1.30;; I.R{; 'l AI'll .109S i.7 !i!,427 5.886 

.7'Z'l1 .5'HS 2.8 1.3sU 1.!1n5 A01+ .]OGO 7.S .2A55 O.O!W 

.7 Hl l .5129 'l.9 1.39(} 1.950 04027 .IGft2 7 .• 2,48:1 a.lliO 

. 7079 .5012 3 .• 1.4 13 1.1J95 .3981 .1585 8 .• 2.512 (, .310 

.G01l8 .4898 :1.I 1.-I ,!9 'Z.O ~ 2 .:i!)SG . 15 '~!) '. 1 2.5+ 1 0.457 

.(iUIS Ai8(; S.Il IA-I.1 i.OSO .SSOO . 1514 8.2 2.570 (I.G01 

.GSS9 AIli7 !Ul IAG2 '!. ISH .:IS·Ui . H7!l '.3 'l.GOO G.7Gl 

.OiGI .4571 H IA79 2.H!S .:1802 . 1++5 SA 2.GSO G.918 

.GOSS A ·Hi7 .. , IA!)G '1.'i!3!) .S7M; . 1·11 3 S.5 2.66 1 i.07!1 

.(i(i07 A:)lj;; 3.0 1.5 14 'U!J1 .37 15 .1380 8.G 2.G02 7.i4+ 

.0.5$ 1 .... 26G 3.7 1.:;31 2.3H .3673 .13·m 8.7 'i!.72S 7.413 

.G'J.51 A16!) 3.8 1.5+9 2.309 .$(j!'ll . 1318 '.R 2.154 7.58fi 
.G883 .407-1 ••• 1.567 'lAM .85S9 .1.'l88 S.9 2.180 7.'iG'l 

.63,10 .3981 4 .• 1.585 2.512 .3548 .1259 9 .• 2.818 7.943 

.G1137 .SBOO .... 1 1. 003 2.r.7() .350!:! .1~30 9.1 2.85 1 8. 128 

.G166 .3802 4.2 1.622: 2.G30 .34G7 . 1'lO2 !l.2 2.81:14 8.918 

.0095 .371.-; 'k 3 1.0 ~ 1 2.G!)1l .~WlS .1175 9.3 2.0 11 S.1l 11 

.6026 .SG3 1 ·1,4 1.660 2.75-1. .S~188 .1148 '.4 2.951 8.710 

.fJ!J57 .95;IS 'k S 1.67!) 2.818 .3350 . 1122 !l,:; 2.985 8 .913 

.58~8 .3467 '1. 0 1.698 !l.S!:I'l .3311 .IO!Hi '.G 3.020 11.\ 20 

.. ~R21 .3388 ·J.i 1.718 2.951 .3:!7!S . 1072 9.7 3.055 0.333 

.57,M .3311 4.8 1.738 3.020 .~236 .1047 !).8 3.090 9.551) 

.5GB!! .S2SG 4.9 1.1M~ s.ono .3190 .102S 9.0 3. 12G 0.772 



 

I' ollllgC 
n"tio 

.3 162 

.:II~G 

.~O!JI) 

.~055 

.30'10 

.2985 

.!.?!),'ji 

.it!)! 7 

.'?SS'l 

.285 1 

.28 18 
3n80 
.'2754 
.27'23 
• ;?ijl)l! 

• 'lOG 1 
.'~1;3tl 
.iWOO 
.~J70 
,ft.HI 

.2512 

.2-183 
· 'l455 
.24'11 
.2399 

.237 1 

.29.J4 

.1l!'17 

.IEW I 

.2:Wii 

.2239 

.~~ 1 3 

.'!18Ji 

.'lW3 

.21 38 

.2 11 :J 

.'1080 

. '2005 

.20n: 

.:lU 1S 

.199:; 

. 1072 

. 1950 

. I !J~R 

. 1!J03 

. I H~ ·I 

. 180'l 

. HHI 

. IR'lH 

. 1700 

.1778 

. 1758 

.17:18 

. 17 18 

. 109M 

. 1(170 
.1(1(1.,) 
. 10.1 1 
. 1022 
. l liO:; 

DB TO POWER AND VOLTAGE RATIOS 

- tlb+ ..... TABLE I 

/Jowrr 
db 

II oIlll!1c Power 
Ilulio Rflfio /latio 

.1000 10.0 3. Hll 10.000 

.O!l77~ 10. 1 :1.199 JO . ~3 

.O!):i1iU 10.2 lU!SO I n.·r; 

.U!J!ISS 10.3 :1.-.17:1 I O.7;l 

.00JI;lO 10.4 !J.311 I O.flG 

.089 1:J 10.5 3.~:iO J I. 'l'? 

.087 10 ] 0.(; 3.388 liAS 

.O!5,j ll 10.7 3 .4'28 11.75 

.08:11 8 10.8 3.·~Oi 1 fl.O!? 

.Utl l 'ltl I\J.H 3.:iOt\ I V,lO 

.07943 11.0 3.548 12 .59 

.01762 11.1 :U;811 1'l.8S 

.or,iS!) I l. 'l 3.03 1 13.18 
,OU 13 I U $ .(i73 1:1A9 
.07XH 11.4 3.71.j lS.HO 

.07071 l Ui 3.75R I ·U:) 

.O(i!H 8 l Ui :J.HO'! HA:j 

.0HiO I 11.7 3.846 14.79 

.OOG07 l Ui ~UHJ(I 1~.1 '~ 
.OO IJ7 11.9 3.93() 1 .. >.49 

.06310 12.0 3.981 15.85 

.00 ]00 1'2. 1 4.027 10,'12 

.0002(1 Fl. 'l 4 .07~ 10.60 

.05888 I \l.~l ,u sn t 6.flR 

.057.j ' I o? ~ ~ . IOf) 17.38 

.050:Z:J lS!.:'i 't 2 17 17.7R 

.(j.HfJ!i 1i:.G 4.~()G IR.20 

.05970 IIl.7 I .S I5 I H.G'l 

.05:NS H .S 4.305 19.05 

.O;j l-l!) l iU) 4.i 1G 1!).50 

.050 12 13.0 4.467 19.95 

.u·H!!lR 13.1 4.510 20.4'l 

.o·mlo 13.<l ·}.Im 20.SH 

.0·H)17 1::1.3 ·~.6fB 'l1.38 

.Ooki7 1 13,4 i.on 2 1.88 

. 04407 13.5 4.732 (N .SO 

.001.305 W.U ·~.780 22.01 

.04'206 1:1.7 01..842 113.H 

.0411)0 ]3.8 4.898 '23.99 

.O·WN ]3.9 4.9;j;; 24.5!i 

.039!U 14.0 5.0 12 2:;. 12 

.03890 14 .1 5.070 25.70 

.OSSO\! 14.'2 5. H!9 26.30 

.0:1; 15 14 .:1 3. 188 20.!12 

. 03031 14A 5.':!U:I 27.54 

.09548 I".r, 5.309 28. 18 

.084(;7 14.0 5.~70 28.84 

.0338:8 14.7 5A33 2\1.51 

.0:13 11 14.R :;AlI.; 30.20 

.O:I~3ti I ·U) 5.559 30.UO 

.03 162 15.0 5.(,23 3 1.b2 

.03000 \ 5. 1 5.089 32.30 

.03020 15.2 :; .7.;4 SS. 11 

.0~!'5 1 15.3 :'i.8i l 33.88 

.02884 15.4 .5.888 3.J.1)7 

.0~R 1 !:1 U.S 5.057 ~:j .48 

.027.~ ~ 1:; .0 (;'0,2:0 sn.31 

.0'lO!l2 15.7 f) .Otl ;; 37. 15 

.U9;OSO 15.8 1i. ItHi 38.0.2: 

.02570 lo.t! 6.237 :;\S.!JO 

(continued) 

-db+ ... .. 
Vo/tllf/6 IJo~tr 

,/b 
(lof/IIY#) P OI()U 

Ratio /(11/;0 /( atia llal'iu 

.1 585 .02512 Ib.O 6.310 39.81 

. 15(i7 .(tIlU.'; lli.1 6.383 iO.74 

.15·10 .OQSO!) IG.Q 6..1.57 ·~ l.G!l 

. I Mil .O'll! ~ ·I 1 fi.:l 0.:i31 " '!l.GO 

. 15 1·1 . O~~U I 16,4 (i.flO7 ·IS. liS 

. li!"lG .O(,!I!:.W I (l .5 fl. (iSS 4'U17 

. H70 .()<.!! RI'! 1(j,(; 0.76 1 'lS.7 1 

. 1 ·Hi~ .02 13R IG.7 6.~3D ·W .77 

. IU 5 .OI.Wlln IG.R (j.!lIH 47.S6 

. 1129 .0 'lOi '2 lit O 0.90S ·HU.lS 

. 14 13 .0 1995 17.0 7.079 50. 12 

.13t/0 .(1 1)[10 17. 1 7.101 51 .'l!.I 

. 1380 .01!)O;i 17.ft 7.':!"' ·1 5'?AS 

. 1305 .O DW-2 17.8 7.:"NR 53.70 

.1;:\ IU .U1f1)W 17.4 7A I:J 5 U J5 

. ISS" .01 778 17 .. '1 7.49!) -'Hi.':!·:; 

. 1:S1 S .01788 17.0 7.5S0 51..;4 

. 1:103 .01008 17.7 7.(iH 58.aS 

.1288 .0 1(100 17.S 7.76-2 GO.\ZII 

.H~74 .01G2'l 17.9 7 .S.5~ 61.G6 

.1259 ,0 1585 18 .0 7.14.3 63. \ 0 

. 1'M5 .01M9 \8.1 8.03.'; G-I. .57 

. 1230 .01:') 1-1. Ul .'l 8. 128 GO.07 

.HI(; .OI ·H O IIt3 S.'l'N G7.6 1 

. 1'lUi .0 101.4:; 18.'1 8.:! 1!:! 69. 18 

. 11 811 .0 141 3 18.5 !lA 1-1 70.79 

. 11 75 .0 1 ~SO HUi 8.5 11 7I!A·. 

. II Gl .0 1:HO 18.7 8.010 H. I ~1 

. IUS .0 1:)1:'1 18.8 8.7 10 75.86 

.1135 .OI~S8 UUl K8 1 t 77.02 

.11 22 .0 1259 19.0 8.913 79.43 

.l lon .0 12g0 19. 1 9.0 10 a U!8 

. 10!Hi .0 120'2 10.2 9. 120 s~us 

. IOfH ,fn 17:j 10 .a !J. 'l'l(j 8.1. 11 

.107:2 .01 1·. 8 II) .... 9.333 87. 10 

.10.'iD .0 1122 10.5 0 .... -1 1 89. 1 ~I 

.10'17 .01000 Ill.1i 9.!i.jU 91.<20 

. 1035 .010H JiJ.7 0.601 93.33 

.IO~3 .0 1OH 19.8 D.77ft \15.50 

. 101:l .0 Iu'13 I ~,. 9 D.SRo 97.U 

. 1000 .01000 20.0 10.000 100.00 

J7 oI/a{Je 
Ulll io 

3. l b2 X 10- 1 
10- 1 

~. H;-2X IO-! 

10-1 

S. 1 6~X I 0-J 
10-3 

3. 162X IO"" 
10' 

S. 162X IO-~ 

10- 1 

- db+ ..... 
J>Olrtr ,/b " o/fflg() 
Ufllio U rlljt) 

--
10- 1 10 3. 162 
10-1 '0 10 
10-3 BO 3. I{;~X 10 
10' '0 I O~ 

IO-~ ,. !l. J(lIl X 101 
10- & 00 10' 
11)-'7 70 3. 16itX IOS "'-. 80 10· 
10-9 !IO :Uti2 X IO~ 

10- 10 100 10' 

PalJ;rf 
RII/ ;'I 

10 
10' 
JO' 
10' 

I O~ 

10& 
10' 
10' 
10' 

1010 

T o find d eci bel va ll/Clio o u tsi d e t he range o f th is table, see pilgC 165 
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VOLTAGE RATIOS TO DB 

V oll(l!lc 
[(lIli() 

1.0 
1.1 
U! 
1.3 
1.4 

J. ,:'i 
!.Ii 
1. 7 
1.8 
1.0 

2.0 
' .1 ••• 2.3 
' .4 .. , 
'.0 
'.7 
'.8 
2.0 

3.0 
3.1 
!U 
S.S 
3.4 

3.' 
!Ul 
3.7 
:1 .8 
S., 

4.0 
4. 1 
'~ .li! 
'l .3 
4. 4-

".5 
'k6 
4- .7 
4.S 
4.' 

5.0 
6.1 
.U 
'.3 
5A 

5.S 
5.6 
:;.7 
5.8 
:j.n 

168 

TABLE II 

GIVEN, {Vc 0Ita9
t' } Ratios TO FIND, Decib,ls 

urren 
POWER RATIOS 

')'0 find the number of d eci be ls 
cQr res ponding, to ;l given power 
ratio - Assume the gi\'cu power ratio 
to be tl voltage ratio uod find lhe 
L'() rrc;;polld ing number of decibels from 
the lablc. Th e , lc,irCII result i~ c'>:l\{:tlv 

.on .0 ) .O'.! .OS 

.000 .086 .In .257 

.S;!S .901; .!IS·' I.06~ 

1.5S '~ L{;5G \ .7'.17 1.798 
2.279 2 .345 itA II 'ZAn 
'l.9'l3 2.08·, 3.0-HI 3. 107 

3.5'2'2 :URO 3.637 S. O!H 
4.08'2 4. 137 'l.\9U ·l .<;! ·H 
·J- .60!) 4. GOO ·l .711 'klUI 
5 .10;' iUM 5.20 1 ~;. Q·lfl 
6};75 5.0'21 5.G6G 5.7 11 

6.021 6.064 6. 107 6.150 
C.H · ... 6.186 6.527 6.:;68 
6.848 6.SSS G.!J27 (LOGO 
7.235 7.'2·7'2 7.310 7.3 -1- 7 
7.604 7.IHO 7.076 7.7 1'2 

7.050 7.993 8.028 8.002 
8.'209 8.3!~3 8.360 8.3!)!) 
Ii.{;'l; S.GMJ 8 .601 S.7'23 
S.94!j 8 .nH n.oo.-; f1.03(i 
l).NS !l.27S 9.308 9.:137 

9.542 (1.571 9.600 9.629 
fUH7 0.S55 !U~H~1 9.fl ll 

10. lOS 10.130 10.157 10.1 8·1 
10.370 10.397 10.4:23 IOA'H) 
10.630 10.655 10.681 10.700 

10.88 1 10.!)O(l 10.031 10.055 
11.l!l6 11. 150 11.174 11.1 98 
11.31B 11.3S7 1\.4.11 lIA:H 
11 .1.i!l6 11.01 8 11.641 11.6M 
11.Si l Il .SH 11.866 11 .8S8 

12 .041 12 .063 12.085 12 .106 
\i.fl.'i6 1V277 I Vl!)8 12.3 19 
12.465 12.48(; 12.506 12 . .527 
12.66n 12.6!)0 1'2. 71 0 12.7:10 
12.SGO 12.SS!J 12.fWS 12.028 

13.064 1:1.011 -1 13. 103 13. 122 
13.25.'i 1:l.'274 13.'W3 13.3 12 
13.442 I.'L4GO IS. ·171l 13Al:I7 
13 . ()~:j 1 3.6·~3 IS.G(j! 13.G79 
W.804 13.Si2 13.839 13.857 

13.979 13.997 14 .014 14.031 
H.I!; I l -U 6B 14.18:; 14. 202. 
14.~1'20 14.S87 14.:I.'iB B.37!1 
14.486 14.502 14 .:; IS H.5:1.~ 

1·1-.(;48 1,1-.66-1 14.680 t ·t6!lG 

14.807 14.823 l ·k8S0 14.85:, 
14.06'1 14.01!J 1"'.9% 15.0\0 
15.117 \:U!.IS 15. 14S IS.W3 
15.2m) 1." .284- 15.2(IS 15.31 :1 
Il.iA I7 15.432 15.446 1;'; .461 

on~llId r nf the number of ([cr:ibe l.~ Lhus 
f()ulld . 

Exa mple - Oitt ll: a p(!wer rutin of :l A l. 
P'ind: 3.011 in the Lnble: 

SA I- 'W.ij':;':; db X Yz ... 5.328 db 

.04 .05 .06 .07 .OS 

.341 .424 .50(1 .588 .668 
1. 1:.18 Ul14 1. 281) 1.3(H l.o1:1k 
U~(jS Ul38 2..001 'l .071i ~. I 'H 
2.5H !Ui07 i! .G71 '.!.7~H 2.7HS 
3.w7 3.227 3.287 :I.:HG 3.405 

:1.7:iO ~J.8()7 3.S0\!: 3.018 a.f)T:l 
·U!07 4.~150 " 0402 4.4:j·l 4.501l 
4 .81 1 4.S01 ·I- .!)!O ·kOMI 5.008 
5.2% 5.~H3 :i.3{)0 5. ·137 5.·183 
5.75li 5.801 5.8·' 5 5.S89 5.!)33 

6.193 6.235 6.277 6.319 6.3(,1 
U.60S (;.(H~) 6.6S{) 6.729 6.TO!) 
7.008 i.OU 7.082 7. l!t I 7.15!) 
7.38·1- 7.4'i!:1 7A58 7AO.'i 7':;32 
7.748 7.783 7.8 1!) 7.854 7.889 

8.007 8.13 1 S.·11l5 S. I!H} S.'l3'l 
8 .43'2 8.4G!i 8AOS 8.:i3U $.;j Oj 

8 .755 8.787 8.8 18 8.SjO 8.881 
O.OG(j 9.007 !.I.lil7 9. 158 tU8S 
9.3ur 9.3% !)A'lG 9.·' ·:;:') O.·HH 

9.657 9.686 9.7 14 9.743 C).771 
9.0:.l0 9.!IGG 9.0!H 10,021 10.049 

10. '2 11 lO. '!S8 10. !W ·~ 10.'?!l1 IO.:H7 
IOA75 10 . .501 IO.M!7 10.553 10.;;78 
10.73 1 10.7M; 10.782 10.807 10.832 

10.080 11 .005 I LO:;!!) 11.053 11.078 
11.!l'N 11.2-l(i 11.270 II.Q!) ~I 11.317 
11,-1;i7 11048 1 I 1 .50 ·~ 11. .527 11 .550 
I LElS7 II. 70!) 11.73'2 11.7:H I\. 777 
II. 9 I () 11 .!):12 11.(I.H 11.076 II.!>MI 

12. 128 12 .149 12.171 12.192 12.213 
12.!HO 1.2.:$01 1'?382 HUOS 12.-1'B 
12.547 12.5GB 12.588 I ~.GOO le.GeD 
12.7.iO 1'2. 770 12.700 12.~10 1 '2.8'20 
1 2.9 ·~ S 1'2.1W7 l 'l.mn JiU106 13.01W 

13. 141 I ::UGO 13. 179 13.198 13.2 17 
13.3S0 13. !H9 1::U I(iK 13.380 13.405 
13.:; I G 13 . 53·~ 1 :!.!i.'iil 13.:;70 13.5S9 
13.697 13.7 1il \ :1.733 13.7 .~ I 13.768 
13.87;; 13.802 13.9 10 l:'l.!l!l7 13.!H :' 

14.049 14 .066 14.083 14 .100 14.117 
14.210 14.236 \<I .ll;;:1 14.210 14 .287 
14.357 1 ·~A03 14.420 14A36 14A53 
14.55 1 1·'-''>(;7 14 .583 14.599 \<1.(;16 
14.7i<l I ·I.nS 1·L7H 14.760 1'l.776 

1!l.S70 1''-886 14.902 14 .0 11 14.!)33 
15.026 1:) .04 1 15.056 15.012 15 .087 
H .17S 15. HIS 15.208 1:;. 224 1.5.289 
l :i.328 15 .S·lS 15.358 1:;.373 15.S88 
\.'1.47(; J,'iAOO 1:';. :,0.5 lii .5 19 1 5 . 53 '~ 

.O!l 

.749 
1 • .'i11 
V21'l 
2.860 
3.J.v-l 

4.028 
4.5.'i8 
5.0;ii 
:;.:;20 
5.1)77 

().4-03 
li.SU9 
7.ln 
7.5G8 
7.tlj., 

S.26E! 
8.505 
8.f1 1.\! 
9.218 
n.5 1 ~J 

9.799 
1O.07Ci 
IO.34-l 
10.tiO·' 
10.857 

11.1 02 
11.341 
11.573 
] I.TfI!) 
1'2.0Hl 

12.234 
1'2. ·' ·H 
1'!.EHfl 
HUH!) 
13.()-l .'i 

13.'236 
I:U'l:1 
1:1.(;01 
1:1.780 
13.9G2 

14.1 34 
j'Uf;03 
14.460 
14.632 
H.T!) I 

14.948 
15.10'2 
15.25-1 
15.40'2 
I ;L'i40 



 

VOLTAGE RATIOS TO DB 

TABLE II (continued) 

I' of/ago 
.00 IIlIlio .01 .02 .03 . O ,~ .0'1 .00 .07 .OS .00 

6.0 15.563 15.577 15.592 15.606 15 .621 15.635 15 .6"-9 15.(,64 15 .678 15.692 
G. l 15.707 15.721 1t.,735 15.7~9 15.703 15.i78 15.7!!:2 15 .S0G 15.820 \ 5.IJ:H 
G.' l ii.S-IS 15.SGi 15.876 15.890 1 5.00 '~ 1.s.!Il S 1:.,03 1 1.5.9-15 15.U5!1 B.!)7!l 
6.!J 15.!)S ' 1(1.001 1(l.0 JoI 1(1.028 ! O,OH IGJl55 11i.OOO 16.083 16.096 10. 11 0 
(;.4 I G. '12.&. I U.137 l(1.I51 10, ](14 10. 178 ltU OI 1(1. 20;; 10.218 1fi.232 l G.:2 ·ki 

O •• i 10.258 I G.272 1G.'!!=!5 16.298 10.312 10.325 1 G'::J!IR I G.35 1 10.305 10.378 
(Ui 16.S!)1 16AO·l 16A17 IGA30 16.4 ' 8 16.4:i6 !nAG9 IGA83 I GA!)G 16.509 
U,7 10.62 1 16.534 16.M7 16.560 HUii3 ! (i.MiG 16.599 16.(112 16.625 10.637 
(l.R 16.650 10.(;03 1Ii,676 10.088 Hi.iO t 16.714 I U.7'lO I O.iS!) 16.752 \(;.704 
(J.n 16.777 IU.7!J0 10.80i 16.I:I IS W.S:l7 Iti .8 ·~0 lti. 85~ Hi$OS \G.877 1(;.890 

7.0 16 .902 16.9 14 16.927 16.9~9 16.951 16.9M 16.976 16.988 17.001 17.013 
7. 1 17.0~,'i 17.0:17 11.050 17.0612 17.0n 17.08G 11.098 17. 110 17. 122 11. I!J5 
- 0 17. l ol1 17. IM) 17.]71 17.183 17. 195 11.1207 11.2 19 17 .23 1 17.12·~ 3 17.'l55 ' .-
7.3 17.'t00 17.'l7S 17.290 17.30~ 17 .:n~ 17.32G 17.338 17.349 17.301 17.:ns 
7.4 17.385 17.396 17AOS 17A20 17.'131 17A·~3 I7A Mi 17AGn 17A7S 17-"!)O 

7.5 1i. 50 1 17./i 13 17.ii'H 11.5;:16 17 . .'>47 17 .ri.'i ~) 17.:i70 17 .. 'iS2 17.59:1 17.(;05 
7.6 17.G16 17.G1!8 17.6$9 1 7.G.~U 17 .1;(;2 17.67$ 17.085 17. (;96 17.707 17.7 HI 
1.1 17.730 17.74 1 17.75~ 17.16ol 17.775 17.780 17.797 17.808 17.820 17.831 
7.S 17.8ol2 17.85:1 17.86ol 17.875 17.880 17.81l7 17.1l08 17.9 1!.1 17 .9$ 1 17.!W~ 
1.' 17.953 17.96ol 17.(175 17.985 17.996 18.007 18.018 18.0>!1I 18.0ol0 1 8.U.~ 1 

'.0 18 .062 18.073 1 8.08~ 18.094 18.105 IS. 1J6 I S.l27 18. 137 IS .148 IS, 159 
8. 1 18. 170 18. 180 13. 19 1 18.202 18.2 12 IS.I!'23 18.234 IS.2U I S.2.~5 IS.260 
8 .' IS.1!76 1 8.'~87 1 8 . ~!l7 18.308 18.319 18.329 IS.3 10 18.350 IS.36 1 18.37 1 
8.3 HU l82 18.S9.'i! 18A02 1804 13 1 BAllS ISASol ISAH 18.455 18.465 18.475 
SA 18 .486 ISA!)G 18.50G I S.5 17 18.527 18.587 18.5 47 18.558 18 .5G8 18.578 

lUi 18.588 18 .. ~!1O lS.GO!l HI.GIO 18.029 18 .639 IS.6·19 18.660 18.670 18.680 
S. o 18.600 18.700 IS.710 18.720 18. 780 18.740 18.750 18.76U 18.77U 18.780 
8.1 18. 790 18.800 IR.S IO IS.820 18.830 18.8<lO IS.85\) 18.8G\) 11:1.870 IS.S811 
S.S 18.890 IS.flOO lfUIQfl 18.9 19 I S.!l~!) 18.USf! IS.!J4!) HU)i".i8 Ill.9GB 18.!17H .. , IS. 988 18.n98 19.007 HI.Ol7 1 9.0~7 1!1.036 19.046 19.050 1U.066 HI.07;; 

9.0 19 .085 19 .094 19 . 104 19 . 114 19. 123 19.133 19. 143 19 . 152 19.162 19 .171 
'. 1 19. 18 1 19. 11l0 19.2:00 19.209 19.219 19.22S 19.238 19. 'H7 19.257 10.'206 
9.' 19.2711 19.2S5 I!Ul:95 19.30'1 19.3 1:1 1!).S23 19.332 l!J .~H 11I.:l!; 1 19.:160 
9.3 I!L370 1!).37!) 19.388 19.398 19.407 Hl.410 19.426 I !JAS.} IUA ·~4 19A :i3 
11.·1 19.463 lilAiit 19.-181 10.490 I O"'DIl 10.5UU 19.5 1S 10.527 HU30 HJ.5ol S 

'.5 1O.,~54 19.564 19.573 19.582 19. 591 19.600 19.009 10.G18 19.027 19.636 
'.G lfUI·~5 11l.0M 10.60·1 IIUl73 19.(;82 19.69 1 10.700 IIl.7U!) 10.11S IU.HO 
'.1 19.735 IU.744 19.753 19.76i 19.71 1 10.7S0 \ 9.789 Hl.7!IS H).S07 W.8Hi 
9.8 19.825 19.833 I!UW~ 19.85 1 10.800 19.809 19.57S IlI.HtIG 19.9ll:; \ !).()n·~ 
IU) 19.913 I !).!)~l I fl . flan I D.!1519 ID .IH I'I 19.!)"fl I 1).Il(;:; U).!lH 1!).!IH3 I 9.l1() 1 

V I)/t(/~ t 
R illio 0 I • , 

'. 5 Ii 1 S " 
10 20.000 20.828 21.584 22.279 22,923 23.522 24,082 24.1109 25.105 25 .575 .. 26.021 1!6.""4- iG.8·lS 27.235 i7.G04 27.959 28.299 28.G27 28.943 i!U48 
SO 29.54i 29.S27 30. 103 30.370 30.630 30.88 1 S l.I i!) 31.364 31.596 31.8!l1 .. S2.0·U Si.i5G SI!A65 32.609 Sit.SO!) S~J.06" 35.255 33.·B 2 33.025 33.80 ·~ 

50 33.979 54.15 1 34.320 S '~AS () 3·1.G'l8 3·1. 807 34.9G ·~ 30. 11 7 35.209 ~t'i .'ll i 
GO 35.508 35.707 35.8'~ 8 35.987 36. 11M 36.~58 30.391 :l0.5ill 3G.650 30.177 
70 S6.902 37.025 37. 141 37,260 37.385 37.50 1 37.0 In S7.730 37.842 37.953 
80 38.062 38.170 S8.276 38.3R2 S8A80 38.588 3S.090 3S.790 58.890 38.988 O. 39.085 39. 18 1 $9.276 39.370 S9A63 39.554 39.645 39.73:; S!l.8'B :19.913 

100 40 .MO - - - - - - - -
To fi nd rat ios outs ide the mnge of t hi s tab le , see page 165 
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170 

T,1" 
lOG 
107 
HJ 
U13 
1:17 
138 
15() 
I {](I 

202 
2 10 
213 
2H- A 
2W 
219 

241 
24{i 

268 

I tem 

SLumlunllnduclanec 
Vl.Iriable induclor 
PhanloU}·AnLellJlll B csislor 
Stantlar(1 Rcsislum.:c 
Knobs 
Binding Posts 
Socket 
Tc.lcphollc T ransformer . 
Switch 
Hatio-Arm Hox 
Audio Oscil lators 
llil coslul [11111 P otentiometer 
Cupacit.', Bridge . 
Dcc,ulc COlldcnscr 
Precision Conde'lsor 
Prec.ision W a \'Clllclcr 
GW\':llIomelcr Shunt 
Capucity ~lclcr 
l\Iicropl lollC Il ummcr 
Variable Air Coutlcuscr . 
\'nriablc Air CoudclIser . 
Attelluation llox 
Porcelain Insu lalor 
\ 'arioconpler 
Vnriollleter 

Page 

44 
.~ 'l 

27 
IS 

1:;8 
1.57 
159 
H5 
148 

03 
76 
25 
8S 
'II 

nO.32 
1;8 
0 1 
A7 
75 
33 
S6 
1·1 

160 
4+ 4. 

1'lugs. J acks. a nd 
Bases 

1\Lnlluling 

2U-:SC Shielded Conductor 
155 
I ;jll 

2 {l;.! A\ldio-FreqUc.tlC~' Transformers 

293-:\ 
.20:1. P 
298 
301-A 
3 10 
3 1'l-A 
:H7 
:lIS 
329 
330 
&'Q4 
335-Z 
337 
338 

~J!l8- P 

339 
:HO 

HI, J4S 
UlliYcrsal IJ ridge 81 
ACCClisories 83 
i\lctcr l\ioulltings IS9 
Hheostllt aml1'otl!ntiomdcr 20 
Dials I .. j l 
Rheost;lL ami J'olentiOTllcter 23 
Dials l .. iI 
Di al Pl ut(: H9 
Attenuation Box 14 
Filter Section 120 
Variahle Air Condenser . $7 
\ 'u riuble Air Condenser 37 
Switch H8 
String Oscillognq>h IUlll ribra._ 

t-ioll GulnUlOlIlcter 113 
Accessories ami HCJl lllCCUleIlL~ . I I:; 
Switch H!J 
Rheostat l.!7 

!H:; Auriio- Frc{plCllcy Transfurmer . ).1.3 
:l'Hl Socket 159 
3:i8 Wavemctcr 6·~ 

359 
3G8 
S71·A 
SiG 

Vnrillblc-Hatio Trnnsformcr 
Variable Air Condellser . 
R heostal a mi l'otentiollleter 
QUitrlz Plales 

I'l .. i 
39 
~·I 

rY1~ 

977.B 
37!) 
380 
383 
384 

low-F re<IU C_IlCY Oscillator 
Haclio-Frequellcy Chokt..'S 
D ecade COl1ucnscr I 'nit 
llortable Capacity Bridge 
Portable Rad io-F rL,</uency Osei I· 

lalor . 
~J84 luducLors . 
40'7 Synchronous Shutler 
407_1l1 Shutter Wheel 
-~08-A Camera 
'JOR- P Accessories 
409 Camera Shelf 
·~IO-A ]~hcostat and l'ol.Clltioll1et.el' 
-us DUIIIIUY Antenna 
419-A RccWlcr-Type WlI\"cmclcr . 
420-1\ Thermionic Yoltmelcr 
' ~ 29 Attellll1tlion Box 
·~JJ4_B Frequency M eter 
"J37 Center.'I'ap R esista nce Units 
.JoSS Sockct 
439 Center-Tap R esistrulec Units 
4·H Socket 
440 Voltage Di\"ider 
4-57.A ModulatiOIl Mcler 
471_:\ RhL'OsLal <I ud Potentiomeler 
" i '8-A Calhode-R ay Oscillograph ' I'uhe 
480 R elay Hack 
'~83 Outpul Meters 
4RB l\l ternating-CurrclLL ~I cters 
492_A Oxide R eetiner 
493 Vacuum T hermocollplc.s 
'H)6·HM 1l ower_Supply Un it 
4H7· A 
500 
;j02 
;jO!J 
50ti_A 
SUO-PI 
:;08-A 
.;10 
.j II 
51:1.B 
.j I'l -A 
5 19·A 
5'lO-A 
5-27·A 
529 
5 ~.I0 

5:14 
536-A 
.1:17 
539 
MO 
.HI 

Tu be M Ollnting 
llcsislor 
Dials 
Di als 
Bedel l Sweep Circuit 
) ferCIl ry-Yapor Discharge 'I'uuc 
Oscillator " 
Decade-R.esistance linit 
Synct"o-Clocks 
Ueal.1"rC(lliency Oscillntor 
Amplifier 
Diili LcItS 

Dial Lock 
R ecLif'ie r Filter 
Attenuation Box 
lland·Pass }~i1tcr 
Band-Pass Filler 
Distortion-Pador Meler 
Kuohs 
Variable A_ir Condenscr . 
Filament Transformer 
A II(lio-Frcqlle1lcy Trl! nsf orUlcr 

l'llge 

"' Hi 
·10 
80 

n 
77 

119 
120 
ll(i 
liB 
Il!) 
20 

10:') 
6 1 

129 
\4 
G4 

147 
1M) 
147 
i ll!) 
147 
120 
2. 

107 
100 
I :JI 
I21l 
138 
130 
107 
107 

10 
15 1 
151 
III 

II 
(i{j 

09 
78 

1 5~J 

153 
140 

16 
124 
1 Q:i 

122 
1.')8 
:H 

140 

141, H fJ 
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TYJM /(elll PUflt: Type I le llt PU!Je 
,547-A Temperature·Control nox .'j6 001-1') InJuclors 101 
,Hi_P R(:I ,]w.:cmcl1ts .\7 llOQ D ecade-R esistallce Oox 8 
;;:;2 Volume Control 17 003·;\ Standard-Signu l GCJlcralor , 90 
;i:'):1 Volume Control 18 003- 1') Inductors 9S 
:H3 1-L\ VacuIIOl-'l'uLc Bridge SS GI2-A Control Paud ' 0 •• 
56,j-ll Trunsformer 1",0 613-A Ucal-l"r(!{IUcIlCY Oscillator 7 1 
50S Yarillblc Air Condenser . '" fj I Ii-A I [clcrodync--Frc(juency Meter 50 
574 Wtlsemeler W? {j 10-A n ctcrodyne-Frcquellc:" .Meter 48. /iO 
;ii.'i_D J)iew-Eh..'Ctrie Oscillator . ·~8, ,,·n,.53 Uli. A I nterpolation OsciUutor :i I 
5iG-A 41111rtl. Bar -17 018-A Harmonic Oscillator 5 1 
5;7 l rtducLor ..J.:i {j 19-A HelerO<1~' I'c Dck'Ctor :j~ 

";8]-:\ Frcql lclIcy· Dc"iatioll .i\1.clcr ·W GU J'ft.'Cisio ll \\'uvcmetcr ,;0 
583-.'\ Output Power M eter 132 {l~4-J:' I mJuclors 00 
585 Audio-Frccluency Truusrorilicr OSW-A Vacuum-Tuhe Voltmeter 1'28 

1 ~ 1. 143 O .... ~-D Volume Control ., 
586 Power-l.evel In dicator 134 G5'il Volume Control 10 
:iSS-AM D ircd-CurrclI ll\'fctcr 138 (l;H-A D ecade-Vollage Di vider 10 
590 r'iczo-Ek>(:lric OscillaLOI' 47 G:jO &!cket 15!.! 
591 TempcmLu re-Control Unit . .n 057 Socket IJ9 
,;91-P R eplacements :j7 GJ8 Socket l,j!) 

l)!J2-A i\Iultidbrators '~7 6{i6-A Variable Ratio T rllllsformcr I .... ;j 
;i93-A T iming Ullit 47 67 .... Plugs and Jaek.-i l:i6 
504-A li ed-Control Unit 47 70·~ VrccisiOIl D ial Li3 
:jU5-A P ower-Supply Unit 47 706 P recision Dilll 153 
tiOO-A Stlind/Ird-Sigllil t Generat.or . IOQ 7gS-.'\ Insert'I\ :rlllillfli 100 
GO-I-A Sland:m!-Signll l Gencrlllor . nn 

LabQral.()ric8, General Offices, and Factory of GenCflli Harlio Company at Cambridge, Massachusetts 
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Page Page. 
Air (;ondcnscrs. ~cc COl(Jel!StT8 Decade resistance boxes . S 
Ammeters. lr Arso!\\'ul 1S8 resistant..: uni ts 11 

direct-Clirrenl ' 38 Detector, heterodyne 52 
thermocouple 1!10 Dinl. rriclioll-11 ri\'C 151 - 153 

Amplifier . 78 I",,, 15:) 
trt\.nsformers 140-145 lock ISS 

,\ nlenn;l, dummy 105 plilin 151 
phantom, resistor " plntc 149 

Anti-capacity switch 14' precision . 15S 
A~embtics, hili{ling'lx1s1 155 Didcclric-luss measurelllent !JO, 32, 83, 16i 

sl1lnJI,rJ- r teq UCllCY '17- ·18 Uistortion-factor meter 1" 
A Ucnunlion bOXC5 1 '~1G Divider. volt-1gt: 1Ii, 2 1, 2.'iHW. B 7 

networks 14-1G Dummy Ilntenna 105 
Audihillly meter . IG Fu(ler .. ... 18 
Audio oscillator 7G Field-strength mensurement 06,99 
Hand-paS!; fillers. 124, 125 Filament tm.nsformer 1'1(; 
nnr, (Iunrt...: , " Filter, \mnd-poss ' 124, 125 
Bll5es, moun ling 1,.5 electric-wave. 12-l--1 20 
Beat-frequency on'iIIalor 51,00.71 recl ifier 14(; 
1le<lell gll'CCP circuit III section I" 
Binuing.post assemblies 155 Frequency me~su~em~nt 40- 61 
Binding posts 157 meter 50,58, SD, Ol - llij 
Ro);, al tCllualion . 14-10 monitor " decaue-resistance 8 stan clords 47,48,5S 

decnde-CQndcnser " Friction-drive dbls 151. 159 
nri rlge ;I(.'f,"essories 91 Gain control. maslcr 17,21 

capacity S3 U1i:":cr 18,I D 
decode 8' Galvallo meter. d';\~II \'~ 1 138 
frequency "4 direct-current 138 
impcda.lll'C 81 squurc,!uw l:l0 
indudh!ll'e 81 string li S 
unh'ersnl ' I vibration Il3 
vacuum-lube SS Gencrator, sec 08cill~ lor 
Wlrcutslollc ' I standard-signal DO, !I!I, 102 
WiclI , 81. 83 U:mnOllic oscillator 'I 

C,tblc, Sllicidcr'[ 156 Hca L-('(lll( rui unit 47, S::;,50 
Cal ihrlltcJ oonucnsc.rs 90, lJ2- S-k 30 Heterodyne frequency meler " inductors '~2 , 44 detector ,. 

resistors 8-1!J U Ulll-b:lllt.ncing resistors 147 
CHlllcm , ()~cill~gr>;p'" , II G Hummer, micft)piJouc 75,76 
Cnpncitancc, see {:apacily I.ncl icato r, power-lc\'cl 134 
Co p.'lcitors, see Condell$f:n fn dllctllnee. standards of 44 
Cllpndt.y bridges . SS inciuctor s, fixcG 44, 45 

meler S7 variahle , "2, 45 
Cathode-ray o~dliogr~,pl; 107,1 12.1 17 Insert termiDnls IGO 
Center-ta p resistors 147 In5111l1toTs, porcelll in 160 
Chllke. radio-fn..'Il\Jel\(:~' H 7 111 I<:rpoilit illll oscillil tor '1 
Clock, St:c SYllcro-(Jlod' Jacks . , . 155, 150 
Condenser.!, calibmted :sO, !W- :H, 30 Knobs, moulded 158 

dl;Clldc 40, 41 Luboralor~' a Ulpl ifier 78 
high-voUnge , 37 Le ns, dia l 153 
loss-Illeasurement of 30. !i2, 8~1, 162 Lock, dil, 1 . 1:; 3 
miCll-rliclect.rie 40. 4 1 l..ow-frequcll c,}: o5~ilIulor U 
micro SS, S9 iIlaster gnin eonl rol 1'1',21 
l)aper-diek-cl ric , ,~(). -~ 1 i'\ l et.er mountings 139 
precision. :30,32 Mc ters, ammeters 1::;0,136,1::;8 
silorl-wa \'c 38,S!) uu(l ibiiity. ~ee A~Jibilily ..Ii elc~ 
lilmighL-liuc-frcqucllc,\' , 1m, g-l, 3!1 c.'lpacily 87 

Contact-type lhcr1l)(H~OIlI)lcs I j(j distortion-factor 1" 
Contacts, switch 157 frequcncy 50,58, 5f), GI-65 
Contr,,1 pllnd 52 modulation 1" 

tc.mpcrlJ lurc. ' 47, 53,56 output power 131. 132 
volume 17-2~ oxide-reclifier 130-1 $;i, W8 

COI)per-{,lxi dc-~ecti fie; 138 power-le vel intlic(ltor 134 
vollmeter 129, ISO squllre-lnw , 130 

C()up1ing devices : 1-10- 145 thermocouple 136 
Crysta ls, quartz 41, 5" vucuum-tube 128, J29 
Deca(lc bridge 81 volt.meters 1 2~. HW, 131. 13-t 138 

condensers 40, 41 1l'jl\'Cmcters 58, 59,61 , (;2, IH 
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INDEX BY TITLE 

INDEX BY TITLE (continued) 

i\ l icrophone amplifier 
hummer , 
Oliling I:outrois 
transformer . . . . .. . 

Page 
7. 
70 
19 

H3 
i\1iCfl)vultcr, see Standard-Signal GtlU;rulor 
i\lixing controls 19 ,.. 
M odulation meter 
J\J onitor, frequency 
j\l ouMeJ knobs 
M ounting buses 

meter . . 
Multiplier. voltmeter 
1\1 ultivibnllou 
1\'1 ululll-incluctance sta ndard 
Networks. IlUcnunlion 
Oscillator, lLutlio . 

bcal-fn.'<!uenc,)' 
Imrmonic 
interpotnlion 
]ow-(rC(luency • • 
lllicropbone-buLton . 
Ulitrophonc-h u miner 
pic1.o-eiedric . 
portllhlc radio-frequency 
reetl.tn~ . . . . 
stanrlanl-signal generator!! 
tuning-Cork 

Oscillograph. slring 
camera 
CIlthode-I'IIY 

Output pot>.'er meter 
OKiJf...'-reetifier . 

voltmeters 
Plmllloni antennll 

relIis\or 
Photocell aillplifier _ 
Piezo .. dt:dric o$cill:llor 
PlaLe, dial 

C]uurtz 
PIIII;-ill resistors 
Plugs , _ 
Porcel:. in iU$ulalort . 
Port:thle CIlpacity bridge 

rluJio-frequc ncyoscillators 
PotenLiomeLel'$ 
POWN, level in,JJ(111or 

supply lin it 
Power meters 
I'rf...,,<:isic)n ct>n.1cnser 

di"ls 
wavcmelcrs 

Push-pull lmusrormcrs 
Quartz bar 

plate , 
!tack. relay 
HluJio-frequency choke~ 

oscillators 
n lltio-arm bo;( 
R(!(.'tifier fill.er 

" 158 
1;,5 
1S9 

!G, 'll 
47,48 

•• 14-'11 
7G 

51 .09,71 
51 
51 ,. 

75,76 
75 

'l7, 41:1, '~9, 53, 54 
77 
75 

!)O, 99, JO~ 
76 

li S 
110 

107, il l!, 1] 1 
131, 132 

1S8 
]30- 134, 1 3~ 

105 

'7 
78 

n. ,~S, 49, fiS, 54 
149 
54 

" 15:), 15G 
HiO 
.11 
77 

IG, iJ, 22~U 
l ~'l 
47 

131, l!i'! 
30,:12 

153 
58, a9, 61 -64 

141 , WI 
47 

" 161 
H1 

47, ,lS, 50, 5 1. 53. 77 
99 

oxide , _. . , 
Bfi 
138 

llcilll:atiou oseillulor, see ;l/ ulti~ibr(1IQr 
Hclur raek 101 

13 
147 

ltdisttm<:e, $tllllflunl 
<:euler-mp. unit , 

Hcsiston, Ay rton-Perry . 
C;1.libraled 
decade 
plmulom-uutennn 

I1 heostuts , 

7 
8-IS 
8-11 

" 111,21. 22-26, 21 

See! iuns. filter 
SCpuralt. ... hcater thermocouples 
Shielded contiud()r 
Shunts, !;aiVIlDometer 
Shutler. synchronous 
Socket. vacuum-tube 
Squnre.]aw gsh"llllolUeter . 
Standard-frequencyassemhly 
Stn ndllrd inductance 

umt unl-ind L1Ct.:. nee 
resistnnces 
~ignlll b'Cnerntor 

String holders 
String oliCillogrnph 
SweCIJ circuit. Bedell 
Switch contacts . 

stops 
Switches . . 
Synchl'Onou~ luotor 

shutter 
SYllcro·Clock.s 
T elephone tmnsrormcr , , 
']'empernlurc·oon lrol hoxcs . 
'fermillnls . 
Thermionic voltmeter 
']' l'erlllocoupies 
Thcnuometer . ".. 

Page 
liO 
130 
luG 

" 119 
159 

"'" 47,48 
42,44 .. 

" 90,99, IM 
115 
"S 
III 
157 
157 

W:I.14!l 
GO 

"9 
66 

145 
511 

157, 1@ 
l'l!!, H9 

ISG 
57 

Thermo-rl'gl,lator, see 7'emjlCfulllrto-Collirolllo.rtl 
Thermostat 57 
T ime mel\surement 40, '~7, 61 
'l'imin~ unit , .n, 6G 
'fmllsrurUlI!I'S, amplifier , 1"\1,1"\3, 145 

fiJI,ment.heatillg HG 
impe(/nfl<:c-Illatching I '~r, 
intcrstuge coupling _ 143 
mouuting bases . 155 
plate-supply, 146 
power-supply 14G 
push-pull 141,143 
telephone 145 
vllcuum-lubf..."-input 143 
vl\cuum-tube-oulpul In 
vnriuhle mtio .. l'l5 

T ube, cllthodc-rny osrillogrnph 101 
sockcl.!! , 159 
... af...·\wm- hri,lgc 58 
,'aculInI-\'oltmder 1'18, I I!!) 

V(,cuum thcrllltX'Ouplcs 9~1 
Vncuum-lul.H; hriJge 88 

oscillaton 00. 71. 7~, H. 71 
voltmeter 1'28,1'29 

' -Ilritlble nir t'OI1<Jcnseu IItH.19 
illdudors H-I5 
ratio-transformer 145 

VnriO(.'(Iup1er H 
, 'nriometer 42,45 
Vcrnler ooudcul!l!r 3!) 
\ 'ihTlltiou gal"allometer 1 t~1 
VolI!lge ,Ih'idcr 10, '::! 1.IIit~26, 1 '~1 
, 'olt llleLcr. oxide-rectifier 1!lO- 134, 138 

thermionic t'l8, 12!) 
\'ncmml-lubc 128,Ii9 

Volume controls li- ilS 
Wnll insulutors 100 
\\'11\"e Iillers I'M- I \! U 
WnvcfOrm11ltMUremenl 107, JlJ, 11 3,11(i,120,1'l'l 
Wa Vemeter, precision 59, 5!), 0 1- 64 

rectifier-type 61 
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VISIT OUR LABORATORIES AND FACTORY 

We cordially invite YOli Lo visit our 
engineering laboratories :md fnclory the 
next lime t hat yOli are in the vici nity of 
Cumbridge. 

Our phlnt is localeu in Cambridge 
(across lhe Charles River fr'om Boston) 
allhc co rner of Windsor Street lllld StaLe 
Sl reet, just off Massachuscll'i Avenue. 
1 L is half way between Central S<tUltrc n.nd 

HOW TO REACH 

GENERAL RADIO COMPANY 

11!J oS ub/{·(I.1} r rolll lJos lon or 11 fil'vard 
Sqmll'c. C,unbridg:c: As k yOtll' \\';ly to the 
" Camhridge Subw:lY" and take'l lnli n for 
Ccntrnl Sq ll are. Walk down .Ma.:;,iiHChu­
scLls Avenue to S lrtle St reet 01' take ally 

Bos ton-hauud sUI·race C,U' on l\Ia ssuch u­
set.Ls !\\'Cll liC :.Iml get. off at '\Vi ndJ;or 
Sireet. No te the loculion or your SUbWHY 

Ule mnin educational group of the Massa­
chusetts Institute of T eclillology. 

T he acco mpanying mnp gi\'cs uclaik'ti 
ins tructions for reaching the planl f;om 
the subwltY station in Central Squa re, 
Cambridge. This can be reached directly 
from Boslon or from H arvard Square. 

R oumi: 9 :00 a.m. to 5 :00 p .m .. every dllY 
except Slilurday. Sunday, and H olidays. 

exit on the acc:ompillly ing Illap as;:\ guide 
to direction. 

By Aufomobile: FoUow l\,bl ssadluselt .. " 
A,.\'cl1 l1c. C'lI11 bridge, (mm eit her' i\1. I. 'II. 
(l-Iat'\'ard .13r'idge from Doston) or from 
Cen tral Stluare. Turn ofr al Wi ndsor 
Street, at the "l'\ccco Plant:' 

If you luwc ciijJicllity fi1ldillYll8, call PORler 1760, Gur leiepllOllo 
o])emtor 1.I)ill be ylad to y'h'e YOll further directions 



  


