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A VOLTAGE MULTIPLIER 

FOR THE VACUUM-TUBE VOLTMETER 
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eA 10 : 1 VOLTAGE MULTIPLIER 
is now availl\hll' to ext cud the n\tl~'"(' of 
voltage mcnl"llt't'lllcn\ of the Tn'E tSOO·A 
Vacuum-Tube Voltmoter to a ll1!lxilllUIll 

of 1500 volt,:;, 
This multiplier is a capaeitive voltage 

divider which provides a 10:1 rcductioll 
bel ween the voltt\gc applicd to the Illulti
plier and the voltage appcat'ing aCI'O!l;1'; the 
voltmctol' tCl1l1innls. The mult [piiel' E<\'n'WS 

on to the end of the voltmeter probe, adding !lbout. t.wo inches to its 
length. 

Since the input capacitances of the voltmeters difTel' slightly, an 
('1'1'01' in multiplier ratio of ±2% is pOl'siblc. but an adjustment. is PI'O
vided by IllCrulS of which the ratio can be.adjusted to ±l% for any 
TYl'E l800-.o\ Vacuum-Tube \'OltlllctN. When a multiplier and a. 
\'oltmcter are ordered together, this adju::.lmcnt is made at the f:lctory. 

The CfFCf:lll'C {J.?rtlJlcJ iNput rcsist:mcc of thc muJ1jpJj['T j: .. of 1nl' onJrr 
of tOO times that of the voltmeter probe alone, and the effective 
parallel capacitallce is 1.5 p.p.f. When the cap and center plug arc lIsed, 
npproximateiy 0.5 
/J/Jf i~ added. 

The n::SOIl~/lIt fr0-
quencyof t he probe, 
1050 Me, is not 
changed by the acl-

Figu.e I. Exploded ylew 
of p<obe, m"ltlpll • • , and 

("p. 
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G ENERAL RAD I O EXPER IM ENTER 
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f ig .... 2. Piol of low.f,. q uenc y . rror 10. Ih. Ty p<t 
II00-P2 M .. lllpU ... Th. hi" ......... q ... ncy correctlOl' lor 
Ihe ,.oltm.I •• II un chol'e-d by Ih. oddillol' of lite 

mumpli ... 

, 
ditioll of thc multiplier. T hc multiplier 
frequency error iii plott<.'d ill Figure 2. 
The multiplier is not rc<.'ommended for 
use at freq ucncies below 100 kc. 

SPECIFICA liONS 
Multiplier Ita'u, 10 to l. 
Dlme nllon tl (Length) 2" ll" (diameter) H~ 
ineh($, over-all. 
N. , WeIgh" 4 OUtlCCl'l. 

Typ' PM 
" 00-P2 [ Multlpll . , $1'.00 

NEW STANDARD PARTS 
'I'll[' !lCW look that hM lalely been 

cvidf'nt on GUlIe.ml Radio inatrumentll 
reflects the impro\'ement in appc!U'llncc 
of our f<tandtlrd parts . Def<igncd to lx' 
a l tr:lclivc tl."! well as useful, th('!<f' knobs 
and diuls arc 3lso a\'ailabtc separately 
to those who make their own lahor:ltory 
{'quipment. 

KNOBS 
TnB 1\:1\' Knobs , which rt'plul.:e the 

TYJ'E ()37 series , nrc uniform in b"Cne.·ul 
llppCllrance and application and wen:' 
d igned primarily for use 011 Genoml 
Badio instruments. All arc s imillU'ly 
fluted llIld have matching uarrow s kirt;;, 
so that a unity of design is achic\'('(l 
when different types are used on the 
SRme pane\. Pointcr model .. 11Iwe Inrb'C 
white , '-f!hapcd iJldicators for good vi;;i
bility , 

KNB_l 

KNB- 2 

l\vo IlCW typcs are now available, 
the ba r 100obs, K N B- l ami KNB-2, 
which are c:;pceiully cOll\'eniellt for 
Ul<e on rOla l')' switches, :Uld the spin
ner knob, J(NU-3, for r:tpid rotat ion 
of the control sbaft. 011 slow motion 
drives. 

Each 1000b is made of blfLek phenolic '" 
rc:; in wit h a molded-in brass in"ert, and 
is fitted with two !Octscrcws, 00° apart, 
which are th]'CIl(k-d t hl'ough the metal 
insert. The boring of t he shaft hole is 
performed us a Hllal operation on II pre
cis ion machine, csJlccially set tip for the 
purpose, so as to insure an accurately 
si~ed hole which il< concentric with and 
perpendicular to the molded portion. 
Holes arc bored to fit a J'fi-ineh diameter 
shaft and arc equ ipped with removnblc 
bUl<hings to adapt to >{-ineh diameter 
shafts, 

l -INCH DIAMETER-WITH BAR 
Net Weight Package Package 

Ty~ for 6 Code Word oj 6 of ro 
ItN'_1 13 '% o~. ) liA""NOUON':1 $3. S0! $13.00 

1 ¥I-INCH DIAMETER - WITH BAR 
Net lI'eigll/ {'Ilckage Pocko(Je ...-... 

Type for [, Code II' ord of fi of 20 

KNI-2 16 o~. IIIAIIKNOUTWO! $3,7S [ $14.00 
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, 
2-INCH DIAMETER 

Nel Weight Package Package 
Type jor 5 Code Word oJ.5 0/ £0 

KNSP.' I. 0%. INUHLsollAn: I $4.2,1 $16.00 

2-INCH DIAMETER - WITH SPINNER 
N. 

Type Weight Code Word 

13/s-INCH DIAMETER 

Unit 
Price 

$3.00 

Net Weight p(lcJ,:age />uckagc 
Type lor /j Code Ward of fj of f!O 

I(N5P.6 15 'h OE. )NUULNOliSIX I $3.001 $11.00 

2%-INCH DIAMETER 
Net Weight Package Package 

Type for Ii Cf)I/c Word oj 5 of f!() 

KNSP-l0 1,2v" o".!SuIlLsolln:;';! U.50[$2 1.00 

r 2 %-INCH DIAMETER-WITHOUT 
POINTER 

Nel W eight 
Type for .5 Code IV ord 

Package Pack(lgIJ 
oj" 0/20 

KNS.12 i l7oz. j XUI!LNOBDOZ. 1 $5.75 / $22.00 

The T n'E KN Fluted J~nobs fire shown 111>
prol(imatcly one-hnlf actual size in the Blustr:l
tion. 

MAY, 1948 

KNSP-8 

ZKNU-3 

KNSP-l0 

KNS-12 

KNOB AND DIAL ASSEMBLIES 

.-\ new line of photo-<;tchcd dial ;; with 
frostcd--ehrome surfaces I'eplac('s the 
oldcr nickel-s ilver ll1odel~ . The ' ['nEs 

001 , 002, and 90·f dials are ayailable 
with 01' without friction drives anci in 
two or morc scale lellp:f.hii. Thc:<c cii:,\s 
were desib>11ed for applicat ions requiring 
simple, dirc(.1. shaft positioning of mod
erate preeision. Dials arc lU;semblc<1 on 
standard TYPE KN" k-nobs and therefore 

r .mount on the salllC si ze of shaft. 
The punched brass dial is accurately 

located 011 the knob~ hy bu",",ps, frOIll 
whi(·h t he iihaft hole is ('OII N'lltriea]]y 
bored, and is al."o insubted from the 
shaft inser t by the phcllolic material 
of the kHOh. 

Each dial is photo-ctchcd and fin
i"hed with blaek liups on a fro.<:.ted
chrome plated buekgrollnd. T his back
ground fini"h hUJ:! a s il very white 
color, fUl"1li"hing cxcdlcnt contrast 
with the black lilies, and has ditTufle 
reflcct illg properties, making it possi-
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GE N ERAL RAOI O E X PERIMENT E R 

hit' to vicw or iIllllninatc thc dial 
frow lIUY angle without objet-tionablc 
gillf{'. 

The pamllax-frcc indil'ator, which i:
de:- igned to hug the rim of the dial and 
to r{'main flll~h with its i! \Irf~l c(" is fin
i!olhcd in mMching frostcd-chromc plnte 
with !1 black index line. 

rridion-drivc models are intended for 
11,..(' when the accuracy of 11 photo-

2-INCH DIAMETER - TYPE 901 DIALS 
l>W 

• 
et ched dial is :;atisfacto ry, bu!' when 
settings must be made more precisely 
than can be dOlle with a direct drive. 
T ho speed-reducing drive grips the rim 
of a separate disc behind the dial, so 
t hat the dial sUI'face is not marred , and 
t he driving Sh tlft is mounted on the 
panel in an ect:onidc bushing which per
m its later:llndj uslmcn t to the smoothest 
operating position. 

N. Cod, 
Type An Dilluio1ll Dritoe lI'eill'lil Word Price 

901 . HO , . 00 ... D irect. 2 o~ . 1111.00 $2.7S 
901 · JD 270~ ... Oll'oct 2 Oil . 1)!I~ 1' 2 .75 
901 - LD 3600 ••• Din.'l:t 2 0t. D!LID 2 .7S 

2=V4-INCH DIAMETER - TYPE 902 DIALS 
902 . HD IIO~ ... Direct 21 11 oz. Il UIAI' $2.75 
902_JD 270" ... D ire<: l 2 1'l O~. I.>UIIIl 2.75 
902_HF 110" ... FrirtiOIl, 3.3:1 4 oz . 1) 1)1011 3.75 
902 . JF 270" ... l~rictiOIl. 3.3:1 4 oz . OI.\IUO 3.75 

4-INCH DIAMETER - TYPE 904 DIALS 
904.HO I 1100 ... Direct. 5 oz . mrAU $3. 25 
9 04· JO 270" 2 .. Di ror t 5 oz. 1)11'01) 3 . 25 
9 04_H' 110" ... Friction, 5:1 80t. IH"t:N 4 .25 
9 0 4.J' 270" 2" Friction, 5:1 8 oz. IlIrUT 4.25 

FRICTION-DRIVE PRECISION DIALS 

'1'\ I'I';~ tlo:) :Iud ~6 Pt'('ti"ion Dial>! 
1"f'pl:It'f' tilt' 'i'lI'ES iQ.1 and i06. They 
han' finc black linN' {'xl1ctly I)()!<itiolled , 
hY:1I1 automatic prcciF'ioll (>nj.; l'a"ing IUa· 
I'hin<.', on a frO-"tro-cilromc backgrolilld. 
The ~pal'in~ of Ihe lin('s is ('hOO{'n to give 
\ h<.' tnllxinHlI1l accuracy of ~('tting (·on· 
:,j .. l(,lIt with readability. 

Earh dilll has a lathe-turned rim \0 
ill:'uJ'C' cOlleentricity, lind is :lttachcd to 

a machined ura;;:< hub, which i ~ f:"U;tclIcd 
to the shaft by two !'et:-CN'w:-, :leee:"s i
hlc from the rront of till' dial. The 
frictioll drivc, which is fully adju;,tahlp, 
operates on the outer edb'C of a horse
Sh()(,~}lfl.ped ~lot in the di:.I, so that 
the SIOW-SpNXI knob turnfl in the ~nULe 
di rcction as thc dinl :\nd P-O that the 
(lJ·jvc mcchuniSlll al\ comes within the 
dinl proper. 

4-INCH DIAMETER - TYPE 90S PRECISION DIALS 
905·HF 110" I 2 .. I r: rklion, 6:1 I !l O~. nll!l.'G $10.00 
905.JF 270" ••• l~riClion, 6:1 o o~ . 1)1111)1 10.00 

6.INCH DIAMETER - TYPE 906 PRECISION DIALS 
906-H' 110" ... Frietion, 8:1 15 oz. IlIIiOT $12.00 
906· J ' 270" ••• FrictiOil,8:1 15 oz . 1)11lA" 12 ,00 

..-., 
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GENERA.l RA.DIO EXPERIMENTER • 
GEAR· DRIVE PRECISION DIALS 

Two ('ntiN'ly new unils, thc Tn'ES 
!lO7 rwd 008 GC:lr-Drive »l'l'ci,.ioll Dinl!', 
Wt'n' dc:;igll{'d ror the Illo.<it ('x:U'tin" ap
plic:alioml tUlti coruhine til(' fil1('-lirw 
!llTumc:y of a mach il1l'-(,lIgl':lvcd dinl 
with 1\ po>:ilivc. fixcd·rHtio reduction 
th·ivt'. The' diul if< funl~hl'd in fro..Rtt'd· 
chrome piatt' with contra..'!tin" b\twk 
lin('!'I, ami itl! hub is uttached directly to 
thC' ,..hnft by two scU;creW!l. 

TIl(' ppM ha.'"l internal let'th, "0 t hat 
th{' knoh, driving [I stainlc:<S !;t<'C1 pinioll, 
turll~ in thc same direction us til(' dilli. 
Thc pinioll ill held in a collet ill the knob 
~o thal it Itlay be readily adjusted to 
projt'c:t throuV;h :my panel, up to ~16 
indl Ih it'knC"R, by s imply looflcll ing thl:' 
~t't"CI'('\\"i'! in tbe knoh. This driw us
scmbl)' rllJll! in a floating bronzf' bUl'lhillg 

that i::; !lpring guidt·tl to hold the gearll ' 
in propel' IlIC"'!r wil hout back la:,;h and 
that abo olwilll{'t; Ow nt' ('(\ for preci~(' 

pallf'l drillin". 
The pinion IUlti I-Il'tlr h :t'! h are ('tip!'· 

ciully dcsigned 10 nw ~lIIoothly tugether 
rlml are cut on a pr'cc:iI:ion P;('ll!' shll lK'1" 
to insure un iformity, The 10:1 nitio 
PCl11lil1l cnlibrating t h(' J..'l1ob as:t "crni('r, 

The front"f·pall('1 a."f"cmbly require!:' 
onl .... two G-32 pnne] hole,; for mounting, 
sod the I:uge holes for the window and 
drh-e of the bnek-of-pnocl model art' 
round. so tha!' they tnll be readily put 
in with :l. punch , holo-f'llW, or flycuttt'l". 

The ant i-pflnlllnx floating indicator i~ 
!:!upplicd with Il. dull·bluck bill'k·up 
plate, which fills the window on the 
back-of-pan('1 I yP(,!" 

4-INCH DIAMETER GEAR· DRIVE PRECISION DIALS 
0'pl __ (jear· 

7'yPf!._ _~\I ?...unti'~ Arc J)itUWM J)ril"~ Ratio 
907.LA f ront.of.ponet ---3600

- -1'- 360-1 10: 1 

N rl 
Wright 

1~1 
907.LI I lock.of.ponel 3600 360 lOll 

6-INCH DIAMETER GEAR·DRIVE PRECISION DIALS 
901·LA 1 f.ont·of.panel 1 360

0 
360 1 lOll 

901.LI lock.of.panel 3600 360 1011 

II oz. 

1 
21 oz. 
10 ox. 

Code 
JI'<,Ird Priu 

"---,--:-::'':--
,l IT\!! $ 9.'0 
UITQP 9 . '0 

UI\" AT 

un'us 
$ 11 .00 

11 .00 

-
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VARIAC OPERATION WITH FIXED BRUSH SETTING 
V:u'iac ucljustnblo lmllsfOI"llICI1l arc 

dC'vicCi> fOr obtaining ml)' required volt
age within their mnb"e, quickly, rOIl

venienti)" :lnd efficiently. Variac volt
age output is Hlbstulllially independent 
of load current, as ('ontrasted wi th re
sistive controls. Usually, \':1I'la05 :\rO fre
quently adjustrcl to meet changing 
rcquirelllcnts of s peed, illum ill fltioJl, 1100 
voitag(', etc. 

Occu.<.;ion:llly, Vnrincs urc req uired to 
aci ilS fixed uutotmllsfornlcrs, a !;cl'vi(:c 
for wh ich l ile latter arc mor"e properly 
suited. UncleI' these conditions, the 
Vnrine l)I'll;;h srtting remains fixed for 
long periods undt'I' load, and the t. lI rllR 

nncle!' I he bmsh arc ~\Ibj.'dcd to pro
longed Olx'rat ion at high temperature. 

At this point a brief discw!sioll of the 
hmction of and need fo r' "carboll" 
(adufilly :l. midul'C of carbon, gmph it.c, 
nnd, sometimcs, metal) brushes in 
V:triaes i!l ill ol'dcl'. The ol'u$h is l he 
scrret of successful Ynriac design, To 
pennit adjustmcnt (i.e., switch ing) undcr 
load \\·ilhoul interruption of current, t he 
contacting devicc 1I1l1st est.ablish COllt act 

with Illl adjacent t.m!l of wire before 
breaking the (!onttlct already estab
lished. Th is means that the contacting 
device IUlIst, perforce, sholt cit'cuit. one 
or more lul'l1!! in celtain positions. In 
order to limit. t he short-circuit CUtTent. 
to a fl;afe and reasonable vttlue, t he con
tact must huve It certuin minimum 
rcsi~taIH.'c. Since th is resist.uIH.:e is t l'll V
ersed by the load current as well as by 
short cil·cuit. CUI'I'lJlltS. it mllst not be too 
high. In effect, we have a tug-of-war 
hct.ween shOlt-{'ir'cuil losses, wh ich call 
for fI high rcsis tance, find load loss0!, 
which call fo r a low t'cl' ist,lillcc. The 
compromi;:e ig best effected ",hell the 
two losses at'O equal. C'arbOllaccow! 
Illatrl'iuls meet j bc resistance rcquire-

mentH niedy and h:lve lubricating ali(I 
wear {'harlletoris-tic's lh:\t :\I'C excellent 
lignins! tlte copper ~ul'fuc(' of the cx
IXlse<:1 brul$h tt'uck. 

Bccalli"C of the load losses wh ieh arc 
unavoidably iutrodllce<1 by the brush 
l'{'qlljremcl lt~, t he hottest spot on a 
Val'iac will nlways be dil'Cctiy under the 
brush. Th is localized hent ;:otlroo is ill 
add it ion to the uHirol'lll ly distributed 
hettting of core and coppel' losscs. These 
laUer arc muint!liued at cOllscn'ative 
levels in VUl'iac design, but the brush 
heat, even with b'CJlCI'OUS heat ffld iatol' 
pl'Ovisions, if'. st ill sufficient 10 raise t.he 
tempe/,ature of the turns ill t hc inlltlcdi
ate vicinity of the brush to tl point where 
t hc btue copper oxidizcs rnpidly. 

Copper oxide, uTlfort,unately, is a poor 
clectriCftl cond~lctor, and its fOI'lHalion 
in t he vicinity of the b/'ush further in
C!,(,:lSl'S the brush heating undcr 10:ld, 

T hu!' heat IC:l(ls to oxide which lead,,, to 
marC' hcn!. in fill cxtrcllwly vicions cil'cle, 
H fnilul'C is to be avoided, t he ci t'c1e 
lllUSt. be broken. 

T wo good method ... llfl\'e so fnr been 
found 1.0 pl'Cvent oxide accumu latioil. 
One is obvious. Keep the brush tmck 
clcan, using the fine crocus cloth nnd 
rtlrbon tetnlchlQl'ide clcaning tcclmique 
outlined in the Vnriac instruction shL-'Ct., 
3t. frequelll (semi-weekly) intcrwls. 
The other is to ])l'Cvcni or slow down 
oxidation by excluding air from the 
vicinity of the brush by the ~\ppl ictl lion 
of a thin layer of heat. I'Csist:.Ult, inert 
grease to the brush tra<:k. Dow-Coming 
D-C-4-1 Sil icone Grease ha.s been found 
to be excellent. for this purpo:;e. A COnl
bination of the two methods,;l thorough 
cleaning llnd l'cgt'ca.singc\·ery two weeks, 
will pct'mit indefinit.e opel'ntion of Vari
!l.cs with fixf'd Iwush setling. 

- G II,D~, n'I' SMI LEY 
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GENERAL RADIO EX PERIMENTER 

HONORS- Awarded to Melville East
ham, Chief Engineer and former Presi
dent of tbe General Radio Com pany, the 
1948 New Englund Award, at the anll uul 
meeting of the Enginccring Socicties of 
New England, at Boston, April 29. A 
scroll of illuminated parchment suitably 
inscribed, the New England Award is 
given each year to "a living engineer, 
resident in New England, who, by out
standing achievement, shall merit reeog
!lition of his accomplished work as well 
u.s of his character, by his fellow en
gineers of New England." 

RECENT VISITORS -

From Poland: Przemyslaw, J. Jaros, 
Gencral Superintendent of Communica
lions, Polish State Railways, Warsaw. 

From Brazil: Captain Aldo V. da Rosa, 
Chief of Technical Oi\'is ioIl , Brazilian 
Air Forcc. 

From Chile: William Feick, Professor 
of Communication Engineering, Univer
sidad Tecnica Federico Santa l\'1aria, 
Valparaiso. 

From Holland: :'1r. O. Goodhart and 
Mr. W. \Y. Storm of N. V. Philips Tele
comm\lllication Industries, H ilversum. 

• 

M,lvlll' Eastham. 

PAPERS prcscnted at the 1. R. E. Na
tional COJlvcntion, New York, l\farch ~ 
21-24, 1948 - by If . B. Hichmond , 
Chairman of the Board, "An Enginccr 
in the Electronics fndustr)' - Prospects, 
Preparation, Pay"; by W. N. Tuttle, 
Engineer, "Use of Diode Rectifiers with 
Adjustable Transfonncrs for Motor 
Speed Control"; by R. F. Field, En
gineer, "Losses in Ai r-Cored Induc
tors"; by J. K. Clapp, Engineer, " Fre
quency Measurement by Sliding 1 far
monics." 

GENERAL RADIO COMPANY 
215 MASSACHUSETTS AVENUE 

CAN.RIDGE 39 MASSACHUSETT S 

IlEW YGU ., IlEW YGU 
.. WElT stlUT 

TU.-WOITII I·un 

TELEPHONE: TROWBRIDGE HOO 

BRANCH ENGINEERING 
lOS ANCElES H . CAllfOANU 

UI 1101111 HIIHlUD AVEMUE 
TH,-HGlLYWGOG 1111 

OFFICES 
CHICAIG J, IlliNGIS 

nD sonH MICHIUM AYENU[ 
TH .-WUUII JUD 
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