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PEBIMENTEB 
I Rad io Compo"", 

V-20 SERIES VARIACS-NEW, STANDARD MODELS 
REPLACE 100 SERIES - RATINGS INCREASED 

IN T HIS ISS U E 
P", 

A VDlC- FREQUENCY D1.8-

TORTlOS ASD NOlSlil 

.\IEASUREloI.ENTS •••• 5 

.\hSCELI.ASY .•••.••.• 8 

eTHE TREND lowllrds incrcuscd watLs 
per pound already noticed in the pl"Cviously 
announced V-5 and V-1O Series Variacs· is 
even more pronounced in the V-2O Series. 
Where tbe V-lO:\IT delivers 112 PCI' ccnt 
more power per pound than tbe lOO-Q, the 
V-2O:\1 (n cased model) delivers 143 per 
cent more power per pound than the lOO-Q. 
Once again the usc of new materials and 

design formulae have mudc possible a marked improvement. 
Hulings of V-2O Series Variacs double those of the V-I0 Series, just 

ns the latter doubled \'-5 ratings. V-2O is rated :lL 20 amperes, with a 
30-ampere maximum. V-20I-J rates at 8 amperes; 10 umperes maximum . 
These ratings necessitate 11 departure from the terminal practice of the 
previously announced V-5's and \'-10's. Heavier, barricrcd t.enninals 
are provided in !l. box designed ror BX or conduit attachment., since 
V-20 capacities cxoocd those or ordulary plugs, corWr, and outlets 
(Figure 2) . 

V-20's, nevertheless, bear a 
marked resemblance to V-5's and 
V-lO's, being designed 011 til{' 
same general principles. The two 
brushes are of t.he new unit eOIl-

fill .... I . IIlew Df the 
TVI"' V-20M II." ID< • 
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Fig",", 2. Vi .... 0' lhe V.2DM ... ilh Itrmlnot bolt cO ... r 
.. mo ... d. No" rh. "po .... , 01 br", . h .. ollo.h.eI 10 

Ih. co ... . . 

struction , and, in addition, spare brushes 
are mounted in the terminal box. The 
case lllay be removed by loosening two 
screws; the tennLllal covel' by olle. Low
loss scroll core construct ion is standard. 
Aluminum base, dial, and enclosing 
parts contribute strength with light 
weight. 

The control knob is a newly de
signed combination knob and hand
wheel, which is greatly improved in 
both appearance and utility over the 
earlier bandwheeL 

Rounded contours and compressible 
rubber feet minimize damage to adja
(:ent objects. Corrosion-resistant ma
terials with a durable baked fin ish pre
serve appearance. Every effort hus been 
made to incorporate in V-20 Series 
Variacs all possible convenience, relia
bility, and efficiency. 

Like the V-lO's, V-20's arc wound on 
a new cOllcentrie toroidal winding ma
chine with great gains in both wind ing 
speed and accuracy. The V-W winder, 
like the V-lO winding machine, wus pro
duced from our OW]} designs in our own 

, 
tool room. Figure 3 shows a winding in 
process. "' 

Sin ce the outstanding feature of the 
V-20 is its truly remarkable output per 
pound of weight, some further expan
sion of this subject seems warranted. 
Thirty amperes at 115 volts is 3.45 
I<VA, the V-20 rating. Completely 
cased, the V·20 weighs but 20)1' pounds. 
Oue V-20 in single-phase service will 
deliver .166 KVA per pound. Contrast 
this figu re with a tabulation of older 
models: 

V(lrioc 

200-Cl\'r 
1000Q 

KVA / lb. 

.090' 

.0684 

1'·20 Gain 

83% 
143% 

When standard Varines, V-20's in
cluded, are operated in a three·phase 
wyc connection, the power output is 
still further increased because the over
voitab'C portion of the winding allows the 
units to be operated at double their 
normal single-phase line voltage. Three 
V-20?\1 units in a tbree-phase wye 
deliver 12 KVA, corresponding to 0.192 
KV A per pound. 

Open delta (Figure 5) and overvoltage 
circuits (}~ igure 6) do not increase 
1(VA per pound but do extend useful
ness. Figure 6 is especially interesting ill 

Fig u •• 3. A V.20 ... Indingln prouu. 
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that two V-20's so connected will deliver 
0-270 volts from a 230-volt line at 20 
amperes rated, whereas two V-2OH's 
in parallel would cover the same range 
at but 16 amperes rn.tcd . T wo V-20B 's 
connected according to Figure 6 will 
cover 0-540 volts from a 460-\"0It line 
at 8 amperes rated . 

Figure 9 shows a V-20 used with Ii 

supplementary trnna fonner to cover a 
limited voltage range. Suppose, for 
example, t hat a range of 0-10 volts is 
required. The ratio of tbe supplementary 
transfonncr is 115/10.,11.5. Since cur
rent is in inverse ratio to voltage, the 
current step-up is 11.5/1. Thus, with 
the supplementary transfonncr, the 
V-20 wil1suppiy 20 Xll .5 =230 amperes 
over the 0-10-volt range. Furtbcnnore, 
the entire Variac range will be used in 
going from zero to ten volts, fi ner adjust
ment of load is possible, and wear is 
distributed evenly over the Variac 
winding. 

Figure 10 shows f\. V-2O and supple
mentary t ransfonner operated to secure 
Jine-" oltagc regu1:ltion. As 8hoWll, the 
rnnge i~ from 105 to 125 volt~, with 
11 5 \'olt."! out. The trausfonller ratio 
is 5.75/ 1. The aVflilttble current is 

OECEM8IIt , 1947 ~ 

--------1-.......... 

Fill .... 4 . Th ... · II .. nll.d V ... I .. n In .. wy .... nn.ctl .. n . 
LI",. v .. lt .. 1I' ~an be da .. bl. th. "' ......... 1 .1",III .. ph .... 

Un. v.llall' .f Ito. V .. rlac. 

FIll""" S. Th ..... n dolla, a ~.nv.",I.nt th .... ph ... 
•• ",,,,acll.,,, ... 1"'11 .",Iy twa Va.lact. 

FIll .... 6 . Tw. V •• I •• s I", .. rI .. wlrh 11"'111. ~ .. n, .. 1 
... ", be ..... a,.d ar 01 ... 101. rho v'''''1I' of ... 1"'111 . .. n;'. 

Fill .... 7. Th. ",. w Ty ... V.2OM ,h .. wn b,,1do Ito ,...01 ........ , Typo 100-0. Fill ...... ... Ih .... lla",11 al_ 
O. lIv";"'1I 66% "' ... paW", th. V_lO il ...... h ..... 11... • .... bly.f V_20 V .... I.u. 
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QINIRAL RADIO fX'lkIMINTUl 

FI,ur. 9 . Co .... utlo .. . of Vllrloc lI .. d Ivppl . ...... Io'l' 
... p-dllwn II"lInd .......... 

• I,v,. 10. VorIlIC lI .. d .... ppl.,.. ... tory "" .. .,or ...... f .... 
II.,.. ",,110,. c"mocll" .. . 

• 
115 mnperes (5.75 x 20), yielding a KVA 
capacity of 13.2 over the entire regula~ " 
tion range. Note again that regulation 
is close and that wcar is reduced by 
working the whole Vnriac winding. 
When the brush is below the tap, volt.age 
is subtracted from the line voltage; 
when above, added to it. 

Thus in Figures 9 aud 10 are shown 
ways of still furthcr increasing the 
effectivenC88 of t he V-20's high output. 
These supplcmentary transfonner cir
cuits arc equnlly effecti ve with all 
new Variacs having taps 6 and 7 
to permit the usc of the circuit of 
Figure 10 . 

-GILBERT S~I1LT.," 

SP EC IFI CATIONS 
MII"""'''1t1 All modelit o.re supplied with cue IUld 
tenninal box cover. Terminal box is designed 
for use with BX or oonduit. 
DI.I • • Dials IU'8 engraved for overvolt.age oon
nection (135 or 270 volta mRJtimum). Special 
dial! are available fOf liS- and 230-volt maxi
mum output Dial i9 revel'8ible, O ILO lIide for 
"",ble Inounting, the other for IIp.nel mOIUlting. 

r----i- I _curlr~_L 

r 
-----F 1-1 

b f----r 
~ 

--~ 
~M' 

~-~ _rr_ 
m«_ 
SXArt 

L-,. 

P 
I - J L-

Curr""' R",I",II In the following table, Raltd 
CIU'Tm.! is the current that CIUl be wely drawn 
at lUly dlnJ position and ill determined by the 
1088 in the winding; maximum turrent can be 
safely drawn at. volt.agel!l clOl!C to input line 
voltage or At low output voltagCIJ and is de
termined by brush 10M. A load drS-wing maxi· 
mum current at line voltage will not. O\'crlooo 
the Variae at lower voltages. 
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_ Load Rating (l{VA) ............•.... , . . ...•..•............... 
Input Voltllge ........................ . ....... . •... _._ ..• " ...• . 
Output Voit&ge (Zero to ) .............•......... .. ..•.. 
Rated Current (Alnperea) ..................................... . 
Mnximum Current (Amperes) .......................... .. •...... 
No--Load LoISII ..... 60 (Watta) ........................ . ......... • 
Over-all Height rot Table Mounting (Inches) ......... • ........ _ .. 
Maximum Panel Thickness (Incbes) .................•...•.•. _ .•• 
Depth bebind Pl'lnci (Inches) ........................•.......... 
Oiameter of Vuille Cylinder (Inches) ........•... • ....•....•..... 
Add for Tenninal Box anches) .....•......•............ .... .... 
Net \Veigbt (Pounda) .................. ..... ........ ... ..... .. . 
Code 'Vord .............. . ........... ........ ........ . ....... . 
Price ... . .........•...................................... . .... 

GANGED MODELS 

V-toM 

3.45 
lIS 

115 or 135 
20 
30 
27 

5~ 

" .~ 

7~ 

I" 22,{ 
JEW£L 

$U.OO 

Dump/ion COIh Word 

V.20. 02 
V. '10·03 
V. 20M· 02 
V.20M.03 

2.0111"11 Typ. V· 20.... ..... ... .. ........ . JEWELO~DU 
3 -0.". Typ. V. 20 . ... . ....... .... ....... JEW£LOAJ<.'TJ 
2.0.". Typ. V.20M . ........• .. •....•... J' .... "TOAN"DU 
3 _00". Typ. V.20M . ........•... ... . . ... JnUnGA~'TY' 

AUDIO-FREQUENCY DISTORTION AND 
NOISE MEASUREMENTS 

V·toIlM 

2.3· 
23001" 115 

270 ur 230 

8' 
!O 
27 
5~ 

" .~ 

'" I" 21j-i 
JQlMT 

$u.oo 

$126.00 
,n,oo 
126.00 
In.OO 

Just before the war, when the reo 
quirements of national defense began to 
take up more and more of our facilities, 
it became necessary to discontinue the 
manufacture of some instnunents be
ca.use they were used primarily for 
civilian puq>oscs. Among these W88 the 
TYPE 732-B Distortion a.nd Noise Meter 
and the TYPE 732·Pl Range Extension 
Filter. These very popular instruments 
had found wide use throughout the 
broadcast indust.ry, both here and 
abroad, and ill a great number of sound 
recording and motion p icture studios. 

makes possible the measurement of 
harmonic content of any fUllda.
mental frequency in the bruld from 
15 to 15,000 cycles WiUl harmonies up 
to 45,000 cycles. 

Particularly for the broadcast and 
communicatioJls laboratory applications, 
a new type of distortion find noise 
meter* was developed just /Lfter the 
war and introduced in 10-16. It 

There are some applications, however, 
where a sharply selective tuning clemellt 
is not desirable. This is particularly true 
when making distortion measurements 
of sound on film or Oil disk recordings 
where the fundll.mcntai frequency is not 
consll:Ult. Variations in the fundamental 
frequency, sHch liS "wows" and other 
irregularities, will cause dctuniug of the 
highly selective singlc-frequ(>Jlcy R·C 
filter used in the TypE 1932-A Distor. 
tion and Noise Meter. Thi~ difficulty is 
completely overcome with the TYPE 
732-B Distortion and Noise 1o.1eter. It 
is equipped with a 400-cycle high-pass 
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L-C filter, 80 that measurements of the 
hannonic content of a 400-eyclc s ignal 
can be rapidly made. Jf the 400-cycle 
signal is 80mewhat UJlsteady, the ac
curacy of the mea.'lUfCment is not 
affected, because of the width of the 
pa.."5 bund. As an auxiliary unit for usc 
with the di!ltortion meter, the 'll:PE 
732-1)1 nnngc Extension Filters arc 
available, so that di.'Itortioll measure
ments at additional fundamental fre
quencies of 50, 100, 1000, 5000, and 
7500 cycles can be mnde. 

The simplicity of this distortion 
meter and its speed of operation make 
it a most u!'eful instrument for produc
tion testa on radio trnnsmitters and 
receivers. Among the measurements that 
enn be made with this instrument arc: 
( I) Signal-to-noise rntio; (2) distortion 
Wo. power, r-f level, frequency, and per
centage modulationj (3) audio fre
quency rt'Sponse; (4) noise vs. carricr 
le,·cl; and (5) hum modulation and hum 
Ic,·c1. Other measurements that can be 

1">'1'( In·,, 
~_ 0 1 [/0_ l1,lOtI' 

T 
TYl'(fJ.l.I 

DlSTOIITIOfI .. fOI)I~ .. n il! 

• 

_ .. 
'I,vre 2. Fu .. ctll .. '" bl.ck dl'erl'" ,hlwl .. tI c .... 
.. ldI ... s be'WH" ' hi di".rlll .. I .. d "Ilso "'Ito. I .. d 

thl ron,o- Ixto .. ,r ... fllton . 

made on receivers include (1) distortion 
and noise as a function of audio output; 
(2) wh istle output at 2nd and 3rc! har-

fl,,, .. 1. ...... 1 "I.w .f th. Typo 732-B Ollllrtl .... nd N.r,. Mill. 
w ith T,po132-.. 1 R ... ,o-Exto .. sl ... FUt .... . 
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, 
monics of the intermediate rrequency; 
and (3) tWCH!ignal cross talk. 

There has been 11 !'teady and continu
ing demand for the TYPE 732-B Distor
tion 6nd Noise Meter with the Rrulge 

Dt Cf MBfR . 1 947 

Exteusion Filter, lUld we have been glad 
to meet it by the resu mption of pro
duction ilL this time. Dcllt'f!T'iC8 can />f 
1Ilade promptly. Detailed flpccificatioll:; 
arc gi\'en below. - A. E. THJESSES 

SPEC I FICATIO NS FOR TYPE 732-8 DISTORTION AND NOISE METER 
Dlitortlo" Ronvo. OiBtortion is read directl)' 
from a llU'ge meter. Full·scale valu(!3 of 307(l, 
100/0. 3 %, and I ~v.re provided, alld areseloot.ed 
by & Dlultiptier switch. Tbe mllge for C>lrrier
noise meWlUrement is from 30 to 70 db below 
100% modulallon or 65 db below an audio
frequency lIigrutJ of zero level. 
Input! A hUisble r-f input cir(:uit and a 5()().. 
ohm audio-frequency input circuit. are provided. 
... ",dlo-'roq"oncr .0n,.1 3SO to 420 l'ycJes for 
distortIon me8l!urcmenta; 30 to 24,000 cycles 
for noise or hwn melUlurementa. for extendiug 
the distortion IlIellllurements fll.nge, iICC l '\'p tJ 
732-PI Hange-Extension ~'i1tent. 
Cor.i •• f •• qu.n,)' lton".1 The l'YJ'1!l 7::J2-U 
Distortion IUld Noise Meter is deaigncd to 
operate lit Ilily currier frequency between 0.5 
and 60 megoo,c1es. This range iii ooven:d by 
two coil!!. A lungle coil (either fOf the 0.6- to 
8-Mc rallge or for the 3- to 6()..Mc rtUlgu) ill 
8upplied ..... ith the instrument unlC!18 both ooils 
IU"e RpedficaUy ordered. The ooils are readily 
interchanged. (See price list. ) 
... u ..... ,)'. The over-sl.l &«uraey of mea.sure
menlo of euch ~tortioo mllge is better than 
±5% of full scrue ±O.I% dilltortJon. 
M.f.'1 A Wef!lon !\'Iodel 6-1.3 Meter, cllolibrntcd 
directly in per oont distortiOll aud detliheht 
noiae level, l~ provided. Zero ndjustment of the 

1'ype Ducripliofl. 

meter iii made by a kllob projecti.ng from the 
meter fate. 
Controlll A carrier control is provided for tun
iug tbe inJlut circuit of the iIL'ltrumen~ to 
I"e!IOn!UIOO \\'ith the ellTfier. A IIwitch is proVided 
for &electing the proper distortiou or no~ 
range. An amplifier gnm control ~lId lin 01'1-0" 
switch with pilot l:lmp Me MIlO provided. 
Vacuum fIlD • •• One 37, two 6C6, one I~V, and 
olleS4 are supplied . 
Ofh • • "'u.norl .. SuppU. d l SP!lr1l f\ae9 and 
pilot lamp!!. Two dummy plugs t.o be used if 
tho T n!:: 732·Pl RlI.ngo-Extelll!ion Fil«!nt aro 
not connected. One ClUTier Input ooil. 
to.mlnoll: In IIddition to the ro.d.io-frequency 
input binding posts at the fetlf, two 1l0rllUli
through Western Electric output double jaela! 
ILl"6 IJrovided 011 tile panel, one at high impCd· 
MOO for lha mooul'lted en,'elope from the 
red.ifier, and one at 500 ohlUll for use ill :ludio
frequency I.e5ting. 
IIo .... r SlIp"I,. 115 or 230 volta, 40 to 60 cycles. 
Mounfln,, : The i11!.trument ill rel:J.y~rsek 
moWltOO. The p'mel Is lIlumUllun with the 
st.andru-d Geneml R3dio bJadr.-crnckle ltuXluer 
fini8h. 
Dlm. n.l.na. Panel, 19 :'I[ SU inches; depth 
behiIld panel, 12 inches. 
N.f Welghh 40 IlUuudij. 

rode Word Priu 

732.' 
732.' 
732.116 
732. " 

fqul pp. " for 0 .5. fo I .Me Corrl. , Iton" • .•.. 
Eql,llpp . d for 3. t. 60. Mc Co •• I •• Iton • • ...• 
btro CO UI for 3 . fO 60. Mc Cornu Ion • • ... 
b .fro CO UI 'or 0 . 5 . '0 '.Mc C •• ri • • Ion •• ,. 

ZXI'j,;L 
Y.QOAL 
CYNHl 
COLE" 

$374.00 
374.00 

16,50 
16. 50 

-,~ - , .. vtlOPl: 

~,,~ J~ ~ I !: =l: , I .p[t _. :~~I I 

" 

.~-

~.-
rLlUl 

~, ". 
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~ GENERAL I.AOIO I X PERItUNTER • 
SPECIFICATIONS FOR TY PE 732_PI RANGE - EXTENSION FILTERS 

Alldlo_'r.~"'.,u" acml" 50, 100, 1000, 5000, 
IUld 7500 cycles. Flat btwd width ±5P'o
Accurac)'1 At distortions _grea.tel' than O.5p'o, 
the error is le!18 t hall 10'70 of the true value 
±O.15% distortion. 
AceUIO,loll Two shielded cables are supplied 
for oonnecting the TYPE 732-Pl Range 
Extension Filtel'!J to a TYPE 732-8 Distortion 
and NoU!e Meter. 
ro.t Volta". , The TYPE 13Ot-A Low·Distor
lion OsciUator is recommended WI the lIOuroo of 
t.eIIt \'oltage. 

T~ Dumpiion. 

(Ontroll l A single control is provided lor 
selecting the proper filter. 

Mounting' The instrument is relaY·fo.ck 
mounted. The panel is aluminum with the 
standard General Radio black-crackle lacquer 
finish. 

Dlmonllonll Panel, 19 x 53( inchos; depth 
behind plUlcl, 12 inches. 

Not Weight, 25 pound!!. 
Code Word PriN 

732-P' Ranga.lxt.nllon f\lt.,. . . ...•• • , •.•. $ 209.00 

MISCELLANY 
Recent Visitors to General Radio 

- !rMlt Holland: Dr. C. E. Maitland, 
General Board of Management, and Dr. 
R. M. M. Obermano, Chicf Engineer, 
Instrument Laboratory, State Board of 
Post and Telegraph Service; Willem A. 
Van Wuasdijk, Chief Engineer, Radio 
Division, Van Der Heem, N. V., The 
Hague; F. C. L. Van Vugt, E. Wieringa, 
M. Vader, and H. Landeweer, of N. V. 
De Bataafsche Petroleum Mij ., The 
Hague. 

- from. Switzerland: Dr. Karl Berger, 
Lecturer of High Voltage Engineering, 
Swiss Fcderal Institute of Technology, 
Zurich. 

- !rMlI Norway: E rik Julsrud, En
gineer, Broadcasting Dept., Norwegian 
Telegraph Administration, Oslo. 

- !ram I ndia: B. V. Baliga, Chief 
Engineer, M. L. Sastry, Engineer, aod 
N. N. Pai, Engineer, of All-India Radio, 
New Delbi. 

- from England: Dr. A. J . BiW, of 
tbe Research Laboratories of General 
Electric Company, Ltd., Wembley, and 
C. H . Crocker, Development Labora-
tories, General Electric Company, Ltd., 
Covcntry. 

Papers Pre sented 
- by W. N. Tuttle, Development 

Engineering, "Thyratron Control of 
A-C Motors," at the National Elec
tronics Conference, November 5, 

- by R. A. Soderman, Developmcnt 
Engineering, "A V-H-F Bridge for 
Impedance Measurements at Frequen
cies between 20 and 140 Mc," at the 
Rochester Fall Meeting, November 19. 

- by H, B. Richmond, Chairman of 
the Board, "The Value of an Engineer
ing Training in Administration," at the 
dinner preceding the joint meeting of 
the I. R. E, and the A. 1. E. E., New 
York, December 3, 

GENERAL RADIO COMPANY 
275 MASSACHUSETT S AVENUE 

CAMBRJDGE39 MASSAC HU SETTS 

IIEW YOU I. N(W YOU 
II WEn STun 

TIL.-WOUH 2·U)1 

TElEPHONE: TROWBRIDGE 4400 

BRANCH ENGINEERING OFF ICES 
lOS AIiG ElES U , CAUF ORNIA 
15' NOIlM Mlf/;HL AND AVENUE 

TH.-HOllYWO a O lUI 

CHICAGO 5, ILLIH OIS 
!20 SO UTH MICHIUN AVENUE 

TH,-WAU SH aa 
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