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).Iutor drJ\'('~ in a wide Yariel), of 
spt'('(I", fmi lahll' for servo work lUi well 
fur remOLe positioning !lpp1iCtlt;um:, arc 
rlOW offered fOl' the rcl'clltly annOllllcc{\ 

Tnl;S Wn nnd \\,2 rariar-s. These 
r drives, together with t il{' Hf'n~ral model:; 
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an ext ren1l'iy flexible and vcrsr\.lik' 
product l ine. T he ('om p\etcllc.ss of the> 
Ii lie i,; best illustrat('d by th(' "gcllcll.l
ogy" showlI in Figure 1. C'lIrcful dCii ign 
planning l\nd extensive produetion tool
ing make it po."'sible to a:isemhle til(' 
mUIIY Vll. riutions bhown from H. limit{'(1 
number of stocked parts :\nd SlLlJ~ 

assemblies. The prires tl.f(' ('oll5('quently 
dNerminl'd on tI prQdunion Im:;i", 
rruher tilltn on the "spt'{'ial~ord('r" 

h:\..<:is that might ordirmrily 1')(' expected . 

Me chanical De 5ign 
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GENERAl RAOIO EX PEIl I MENTEIl , 
provide mot.or drive. Tho gear reducer 
motor, with fl suitable mounting plate, 
is Ilganged>l to the unit to be drivcn, 
much as another Variac would be. Thc 
construction is shown in Figure 2. 
Drive is from the base end of the 
Variac, making possible 11 rigid meehan~ 
ieal assembly and minimizing insulation 
problems. Ball bearings arc used on all 
motor-driven Variacs. 

Cear coupling between motor shaft 
and \ ':\riae shaft \\·as chosen for a 
number of rensons. 

I. The problem of alignment be
tween shafts is reduced as com pared to 
a rigid direct. ('Qupling. 

2. The problem of phase shirL in a 
flexible ("oupling is eliminated, simplify
ing the servo-drivo problem. 

3. \Vith a choico of gear mtios se\'cral 
d rive spoods ('an be pro\'ideJ from a 
ginn motor. 

;\Iounting slots in all motor plates 
permit proper motor locntion for the 
.~('le('ted gcar and close adjustment of 
lhe gear and pinion mating. :Motor 
leads arc brought out to a terminal 
;strip attached to the motor plate. 

Motor 

To make :tvailable a wide range of ~ 
drive sp(."Cds, three different motor 
speeds will be stocked. Gear redllt'Ns 
assembled to the basic motors p1"Odu ee 
output shaft rates of approximately one 
second , four seconds, and sixteen se("
onds per re\·olutioll. These speeds, in 
conjunction with the additional choi('e 
of reduction a\'ailable in the coupling 
gears, provide \'uriac traverse rates of 
2, 4,8, 16,32, or 64 seconds, full sC[lI('. 

The two fastest dri\'es (2 and 4 
seconds) arc in tended for servo opera
tion, as ill the GR THE J570-A Auto
matic VoltRge Hegulator. For such ap
plicat ions the motor chosen has low 
moment of inertia and high angular u("
celeration. The low angular momentum 
eliminates any need for lim it switches, 
ord inari ly used to de-energi;o:e the 
motor. A sim ple lllechalliCI~1 stop is 
used, a rranged 80 thllt stalled torques 
are not transmitted to the Variac. 
Enough clastic deformation is provided 
by the Variac shnft to prevent impact 
damage to the gear trai n. Both motor 
and gear train will withstand stalled 

Fig .... 2 . View 01 D motor dri ven Type WS Vo,iDe. 
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conditions indefinitely and will luke. 
without. damage, thousunds of full
impaclslops. Since, for SCTV<>-OPCT:ltion, 
it. is assumed that the proper motor 
capacit.or will be included in the servo 
amplifier, 110 capa.citor is furnis hed. 

The $.ln1(' type of low-inertia mo
tor is u!:«1 tll~o for the medium-speed 
dri\'CS (8 lind lG scconds), in who.-.e [11)
plicatiotls fIL'It. li lMting is not. ordinarily 
csscnti ld, but. fMt :,topping with mini-
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mum ov("-shoot. is desirable. \' it.1t t he 
motOI13 selected, stopping is fast enough 
80 that for most applications 110 dy
Ilnmic braking is required. 

This motor can be used for either 
1;('1' \,0 or remoi.c positioning appii('a
tions, and so !l. motor ca pacitor is fur
nished. )Iieroswitchcs for limiting tm
ver$C aT'(' optional. 

The thi rd motor, for 32- and 64-
8Ccond trl\.\·crsc and remote-posiliouillg 
appiiclltiolls. has a higher torque, ('x
('C"eCIing lhe capabilities of the mechn.ni
cal stop, 80 that micrQSwitches arc 
mandatory. :\10101' c!\pacitor is fur
nished. 

Table i sum marizes the mechanical 
specifications for the three motors. 

Endolurel 

Motor-driven assemblies nrc avail
ablc opcn or com pletely enclosed. Tho 
structuml !:!imilarity to II. ganged \'ariac 
is extended to the method of enclosure. 
Acnt, economical enclosure is pro
\'ided by making usc of already avail
able cases ani! methods. Figure 3 
~ho\H' a typical enclosed assembly. 
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GEHERA~ RADIO E X pERIMENTER • 
AILhough the IlInuy possibl(' a.'''. __ "'ClJ1-

IJIi('s and vtl.riat.iolls t\S 1< ho\\'11 ill Figure 
I nrc uot Iltockcd u.8semh1cd for imlnc
(li3t(' Rhipmcnt, invcntory will 1)(' ('31·
riL'(1 of IUi.s.ie baU-bc..'lring ruriu.l's, II!'; 

well t1.8 motor dri\'c, mil'ro-switch :Lt>. 
flcmbly and enclosure parts. LInder nor
mill conditions, therefore, any of thl' 
<'ombinlltions shown can be !Shipped , ill 
moderate quantities, within a few weeks 
of order . 

~
_CVUiK(llS"Oh.) r= Ball barlMe 

IrC.-
~"M 
FilII' ••. Two • • ompln of how Vo,lo< Iypo nil"' · 

b.,. 0'. fo,,,,.d . 

SPECIFICATIONS 

Molo" 2.ph.lU!e, I II) voluo. 00 c}cles 
Wlndlnllmpodanc. : Iltf,()c, l3UI1 + j220ll ()hl1l~, 
I'II('h ",indillg; O-<l roeis,,,uco, fi75 Oh11l8, ":I<'h 
"';lIdin,.. 
Capo.llor, 0.8 to 0.9 I'f. ui l·fillml, :300 V ,,·kg. 
Ha,mol opo.d, ,ala" 1350 TIUII 

Mo",onl of In.,Iia, .",Ior: 0 . [ ou[)('('.ill.' 
SloU.d .010. 1""'1"0: 2 OIlU('('-illC.lie;, 
Thea,ollca l aen ltrolion: i~iSO I'jldiallS >:OJ\!.1 
Va,loc Momt nt of 
Intttlo: Type \\'2. (HIS ouul'&-iu.' 

TYIl,e W5, 3.08 olllll'(loi,," 

PRICES 

H.-fer to Titbit' I for I"'KillIl)l(' m<'Mld@ 
BcfeT to Figure a for type lIumQerinj( 8)"il1('111 

Variac or Variac A nembly 
with ball bearings 
W2 BB O 
W2G2 BB o 
W2G3 BB · 
W5 BB · 
W5G2 BB O 
W5G3 BB O 
W5H BB o 
W5HG2 BB '" 
W5HG3 BB o 

Price 
$18.50 

39.00 
57.00 
23 .00 
49.00 
71 .00 
25.00 
53.00 
77.00 

MOTOR· DRIVEN ATTACHMENTS 
Unit Price 

)' l oto" Dri ve Only (D) 
C'apueito l' (t) 
:\Iicroswilclws (K) 
(' """ ( M ) 

$75.001 
n , 

7.00 
8.00 

• M'Jlor-drivell \'l1riar~ nl'!!(1 1101 ill..Ju.ic the 
HB dc~illin"liu" ill tI,e type lIurnt.x:r , 8ill00 all 
rnolOMlnven mUl iel~ KI"C equilJlX'd "dlh b311 
bellring~. 

tin lot<! of 5 or mol'!,;. For qlllln'itie~ ICIIlI than 
5, an Addi'ionnlllC.l~UIl charge of $U.UO i8 "dd(!(1 
lind il',Irorn.I('<1 over thc {IUllut ity ordtn.-d. 

NATIONAL ELECTRONICS CONfERENCE 
Holel Sherman Chicago 

O ctober 1-3, 1956 

Visit the General Radio exhibit in booths 142 and 1 43 10 see the latest in electronic 
test equipment. The molor·driven Voriacs iJ and Ihe X· Y dial drives described in 
this inue will be on display, as wi1l the new Type 1230·A D·C Amplifier and Etee· 
!romeler, the Type 1605· A Impeda nce Compara tor. the Type 1213·( Time! 
Fre quency Calibrator, the Type 1391·A Pulse, Sweep and Time·Delay Generator, 
a nd other important new instruments. 
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, 
SYNCHRONOUS DIAL DRIVES FOR 

AUTOMATIC X- Y PLOTTING 

,\utolll[\.tic s\\'cepi lll!; tcchrriqllc1; CO] I
tinue to illcrcllSe ill importance ill cic{'
Ironic m('U .. ·mrcmcnt. syslem~. The irn
pro\'cd ]'rliahiliLY of dMa and Ihe con
servation of man-hours, together with 
the dc~igl\ of new r('l'ordcrs nnd sweep
ing devices, hs ye stimu\ntoo p:1'(-alcr u;;(! 
of this test n1Nhod . B!u,ieally, the inde
penden t, vl~riablc. whether it I.e fre
qucncy. \'ullage or othel' qU:llllity, is 
varied al :I ('on trolled rntc on-r :\ fixed 
range while the 011\ pul charadt'rist ie of 
t he d('vice unci!'!' test is ol)...;(' l'vcd or 
recordetl. I n p:Ulil"ull1l', t he 1lH':I.SUI'(.'
ment of the frequclU:Y rCSI)QlIsc of a 
dC\'icc or ~ystcll1 ICllds itself I'I'adiiy to 
Ihis t('ehniquc. 

The output am plitude :\$ a. fUIiClioll 

of frequeuey ellil he uil;pl:l,\"l'{1 on :l 

ctlt hode>-ray oscillo';('ol}(J hy Ut-f' of the 
methods previously c!cs('l·i!Jed for Gcn
eral lltldio'sTn'~: 1750-A Sw!.'cp Drivc' 
ilnd T",,~ OOS- Pl ancl P2 SYUl'iltOIlOll.'S 

Dial Drives,! When pernl!lIH'nl tlucl 
1'1101'1' prel,j,.:c recordings of thl' dUHI arc 
required, howc\'er , the usc of u two flxi!:! 
plottN is desirable, A d-(' milage pro
portiollal to the indclX'udpllt \'ariahle is 
fed in 10 drive t he X axis. while lhe 
Ol1tput. ehnractcristir Il.'i fI. d-(, ",i/otlllil is 
uficd to (It i ve thc Y axis of til(' I'f't'ordillg 
pen, For most pial;;; tl :;illgle lrace j,:i 

!)llifieient. and iL is dcsira hll' 10 ll~' 

;o.,,'eeping rates consi<kmhl.\· f<l nll'e r 11\(\n 
tho"(' 1l~1 in C'HO PI'l'>j('Ill:1 Iioll. ,\ 
:-Yllrhrouous .'Sw('Cpinjt mIl' il" 1101 al
way" requ ired bUI if< ofl!.'11 \'ahwhh' he>-

't::d""rd " •• "1,,., 'A :o;~'" ")'lC'" for \"l""'M'~ IlB ... 
IMI'Lo,Y", O,..,rqJ /("d'G Bz". .. _..t", ~~,. II. \",,1, HI,,;, 
• II C. l.iltlrjo)/"" .. ~Iv!"r IJn~ ... ff>< I· ... e,.,"n ['>ia4 
.nd IJesl-i'l'f<l''''''''y 0.,..,11.,,,,,,." r,.-""./ /(a,j,o €z
..... '_", ... 2'1. U S"nml_.III:>4, 

Flg" ,e 1. Vi ..... of ' h e Type 908 _111 "4 X-V Ola l 
Orl~e in ,laned 0 .. a Type 120' _8 Un ll 0 .. 1110,10 •• 

l'IlUSC it fUl'IIi shes II t; talldard , repl'o
ducible, common time hilSC, 

The new Gencral Hlldio X-V Dial 
Drives arc designed to !Sweep sUlIJdard 
GB 4-il1('h (Tn'" 1307-\\,.'\ ) and 6-11H'h 
(TYI·.; 008-\\'.\ ) (;ear Dri\'en Prcri.~iOIl 
Dials for frol1t--or-panei moulltillg, The 
4-inch model is "hOWIl ill }~iV;IIf(.' I al1d 
the 6-il1Ch modcl ill Figurc G. Tilt, !Syn
chronous motor in the dril'C rotates 
the dial at IL uniform mh' II'bieh, ill turn, 
rotates a pOlelltiollwtl'r providing nn 
ompu t voltlll!;<' pl'Opol' tiOlHll tl/ the dial 
J>O$itioll , The 1I10tOl' (':111 Iw Imitl'hed olT 
and di:<engagl'd from the dinl to I>crmi! 
IlHIIlu:d opel'llliutl of Ill(' ill . .,lrUrllellt hy 
Jl1c!l.ns of 11 klloh moulllt'd on the pOI ('11-
I it)llleter 811MI. The potcntiometer 1'('

mnins engaged with th{' dial reglmlle."s 
of Ih(' rnethud of opcrlllion, thus ffl('il i
II1Iing adjustmcnts of zero posi tioll 
hefore tilt' r(ol'ording is 1I11l{le, 

These dril'c:I are readily mounleu in 
place of the existing malluill 'gear {h'in" 
011 the G H oseil1a lors li!Sh'(l on 11)(1 IIC»;! 
pngr. 

The dri\"l~s Ill:l.y lit, ulied with other 
equipment when lhe '1'\ I'~~ 007-\\',\ or 
TnE 908- \VA Di:11 is iustlllled.' 
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GENERAL RADIO EXPERIMENTER 6 

Typt: .Vo. 
latH-ii 

'1210-U 
1211-1l 
121~n 

'I208-H 
-1209-B 
1218-A 

I;w·at Frt'qu('ucy 
.-\udio G('nera\.or 
l 'nil Olldlbl.wr 
t 'nil {);c.-i1IalA:lr 
L"nit OI!cillator 
t'nit {McillalA:lr 
t'nit <ltK-iIIalA:lr 
t 'nit ()e('i1IlItor 

Freqllt"'fY /(Ullye 

2(l-IO,OOO (')'!'I~ 

20- 500,000 t'lf"les 
0.5--50 :'Ik 
50-250 M,' 
01)-500 :'II,' 

25O-!)2(I :'lIe 
900--2000 )1(' 

,'r"'ln'rntnlt ..... ked roq'''''' 'he Type Wo·1( U"ve 
.. hile , ..... "", ...... rked I'foIU;'" .be Tnoe 908-R I)"~e. ) 

The amplitude of l he sigllnl from the 
oSl'illator must be held constant if the 
filial re('ording is to be a direct indica
tion of r('latin' N.'tiponsc. The Cl'lll'rnl 

nadio TH'~; 1263-A Amplitude Hegu
lating POWN Supply, when IIS("(I wilh 
the '1',.,.;:-; 1211-B. 1215-B, 1209-B or 

121S-.\ l 'u ilO8('illators, will provicil' a 
('Olll:\lnnt oul put \'olt:lge, The Tnt: 
13W-B Bcnt-Frequell('Y Audio l:rll('fll-
101' nnd 1210-B l'uit H-C' (hwillator 

FIIU •• 2. Au .... · 
1011' 0' ... ulp .... nt 
1o. plolling ". •• 
.. u.ncy d.a.ac· 
to.!oU. of 0 Typ. 
174.FII5 Relo •• 
Uo.. Fill. . . Tit. 
Typ. 1215.A U .. II 
O .. lIla'o. i, drlv· 
0 .. loy ,It . Type 
9O,.R.6X·y DIal 
0.10" 1 oHlliolo. 
amplitude I, Itold 
co .. olo .. 1 loy lit. 
Typ. 1263·A 
Amplilud._R·IU _ 
lotlnl P ...... Sup. 
ply . ,It ••• cord •• 
I. ° Var;ploll .. , 
M.del ll00.A, 
... anu'ac'u<td 101' 
Eloct .... lc Anocl· ...... 

('UUlllin built-in, Ilulolllatif'-volt.agc
<'ontrol (·ircuit,.; .. \ ~y,; It'm re:;pon$(' can, 
of ('OUl'SC', Ix> r('('ord"d and ('Om pared 
with a reeord iflg of :I varying input 
signal if it is illlJlrzll'timble to mnint:lin 
a constant inpm "ignnl. 

Fig. 2 "hows a >:'C'l-up in whidl the 
regulated Oulput of a T\Tt: 1215-13 
oseilhltor is beillg :;wcpt over the range 
of 50 to 250 ~h- and fC'd int.u a T\T~: 
874-F 185 Low- PIlSli Fill e r'. The recti
fied output from the filler and the dilll 
position \'oll!\ge tire plotwd by an X- Y 
r('('ordcr with the rt'sults "howtl in F'ig. 
4. Figu re 3 I'; n block diagralll of the 
system. It IIlny lit' of inrcrClil to note 
lhaL onc C:lH prcptUOC lSuitable ealihrated 
('oordintl. lc paper 011 the recorder hy 
fin;1 manunlly po:;ilioning the diul to :\ 
spccifie frequcfley ami then tnwcrsing 

Flgur. 3, Rlo <:k diagram 10 . . .... lpm.n' sho ..... I .. Flg .. r. 2 . 

,lU· • 
• ,.,'\.tTUOE 
~(wunNQ -_. ·'·U1S SIGN .... 

I 
O(V'Ct 

I II~DEII 

TUT 

II",' • .,..·v_ 114'" u~·n.~ u.-vo ". _WII 

I 
"-. .1 UN" YOU Ii UlII I- t;OU~l'''' LOW "5$ I- V(llT .. n(~ ,~ 

~LOTT( O.CILL.ro" H~TI'([II c....OC,roll 'llTlII OfllCTOR U"IN.lTlO 

,.-
0-< r- tot·,," '~' UIS S,GNAl 

$U~'l' 
C'.l 
C~Iv[ 
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Ihl' 1)('11 ill Ihe Y dircction. ,\fler thl" 
pron'tlure has hl'~'11 ('omp\C'tcd for prin
(·jpal vnIUI!,s of frequclu'Y, Imitahle 
YlIllles of the Y axis \'ol tup:c tire fed in 
and tht p('o tran-rti('(! a\cmg t ill' X axi!\. 
If thil$ grid i.:l dr!l.WII On IrIlrillg pa per 
print.s ('UII be Illlldc to provide s~(-ill l

ized plotling paper. 
The TWJ; 13Q.1.·B Bcat,..Frcquc lI (,~' 

,.... Audio (:('Il{,flilor has been designed 
,,-itil II logarithmiC' dial. thus 1.'01\\'('11-

icndy permitting the uS(' of ('om mel'
dllil.Y f\\'H.ilubl{' lIudio-fN'qUCII('.\' scm i
log pnJ1('r. Thill feature is a !,rcat. I\d
vanl.age ill lIlilplitude freqllctH'Y t('f~ts on 
lines, all1Jl l ifi('I'~, loudspeukcl1i, filter/i, 
~(IUalizcrs , lnlllSduC'crs 3ml other IlI't· 
work~, 

.\ n inlC'f('''tlllg applil'1I1iuI1 of til(' 
ISW{.'('P techllique in the nudio fang(' i~ 

shown in Figurl' 7, ",hill· :oom(' tape 

-f-t-~- II 

'" 70 80 90 100 Ill) 140 160 

Me 
returder:; rc('ord tmcl pla,\' blwk nl the 
!<IlIllP timE', t he len knge of the hia.'I signal 
hPtWe<!1I thp two head:; may illflucnec 
the a pparent outpu t response If'vf'1. To 
ohtain thl' mo.~t reliable results, the 
illPlit signal ,,111)111£1 fir>!l he recorded and 
then played bu('k 011 a suhwquent rl'rUII, 
:-iillc~ thl' oscilla tor i8 beillg dri\'cn 
synrhronou:;ly, it ilS f}OIiSihlc to insert.!l 
frC<luelU'Y marker 011 tlw origilltlll<ignal 
fed to ,he !alX' rK'oruer, whi('h ran be 
lI:sftl to key thl' rctordcd !Swccp of the 
o~willalOr with thc output sigllal from 
the LUpe recorder, 

T o provide grclltl'r vt' r:mtilil ,Y in the 
usc of tiH'!!C d ial drivcll , 1,11'0 :;llCcds MC 
oITf'r('(1 in ('adl of the 111'0 sizes, The 
higher·:;fX"Cd mod('l~ opcrate with u 
I'df.rl'\,cr.,;ing :syuthrol1ous mOl or whilc 
til(' lower·"I)('C(1 model" IITC dri\'cn by 
(·ountcrclQ(,k\\,i,.., (iIH'J'('II"ing frcqu('lwy 

Flgu" 5 , V;ow 0111.0 Typo 1304-8 BOI._F"quo"cy Audio Go""o'or o"d X_V 0 101 O,I"e, wU h Mou'ey 
Modol60 logo,Uh", lc Ampllfl .. ond M"del 3 Autogroph X_V Rocord .. , o"o"go d 10 ",oolurotho oudio 
network Ihow" I" th ' foreground. Th , 10gorUhml. ampllli .. , wholo d _c oU'pu' I. prop".';o",,11O 'he 

10Ila,;,hm af Ihe a-c input , p" mll1tho u.o 01 on amplilud, Icol ' Ii" ' or '" db. 
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on GIl OI5ciliulor's) 1110101'';, On till'S!' 

]owcr'·spcro unilS, n fridion clu tch is 
supplicd to prc\'cnt damage if the 
motor is permit tcd to run nfler the dial 
hns rCtlt'hcd ils stop, 

To :H'{'olllmodatc the wide run)!;I' of 
d-c ,'oha!!;£' mngCli that Ilwy be desired 
from the po.-;itioll potentiometer, bind
ing postlO tU'C pro\'ided for thc insertion 
of a selcf'ted d-f' ~upply, B inding posts 
are :d.;o aVlIilahlc fo !' t he pooition signal. 
'j'he <iirert-c~,uplcd, IlUlll1Lt\I--c! ri,'e knob 
tnll be lIscd to ('cnter the pott'ntionH'lcr 
tilJ!)lIl an,\' diallirtting, 

to:' :' 
, I . 
. " 

\4 I'" , 
, 
, , 

[ 'ij-
, 

, 

r: I I ,10 
f III . j-;; : , j-

I ~ 1:-
~ I : : I ~ i 

: , , , 
,'i 

f I 
I ... 

. ' I, . 

Flgu.e 6 , Clo .. -up 
view of Ihe Type 
908-R X_Y Dial Drive 
h .. lolled a .. Ih. Type 
1304.8 Beal.Fr._ 
qu ... cy A"dia G e n 
e .olo •• Thl'g ....... la. 
It Id. ,d '0. o"dio· 
f •• qu . ... y plolling. 
b .. a .... II cov • • llh • 
• nli.e oudlo ra .. g. i .. 
.. IIngl. sw •• p 01 
,Io e diol and III oul_ 
p'" vol'ag. i. con _ 
,10 .. 1 10 "" 0.25 db. 

These dri\'cs fimi many impurtant 
applications in both laborator,Y de
vclopment and production testing, be
cause t hey otTN nch'aniliges of a mpid, 
reliable, scmi-tlutomatic test uncom
pli(,llted by the tedious task of rcading, 
loggin g alld plot.ting point. by point 
values, I t can produee an accurate 
graphic performnllce recor'd that is cas~ 
ily eomparcd with acceptallce sland
ards and one \\'hich can be reproduced 
for record files, ('crtiflcatiOIl reports und 
('u;;toll1cr's illform a lion. 

c"~ . 

:.l~ I-

I-, 
, 

. 

+'11 

-:$ 

- c .. \, C'L~;MOW 

Flgu •• 7. Gtaphlc rec· 
o.d .. f Ihe f.e quency 
.upo.... 01 a lap. 
. e cord ... Th" , •• 1 voll_ 
"g' . "u,... wo, Ih e 
8eol_F •• qu . ... y A .. dill 
G'ne ,a'or .hown I .. 
Figu •• 6. Th . v . "i"al 
Un. al 100 cycles I • 
'h. f •• q .. ' n~y "allbo-a' 

lio .... , ... ... . . 
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SPECIFICATIONS 

r"OW 'H' Supply: :\Iowr: 105 120 volts, 50-00 
cyclea, 3 watts. Pot(!uliomettJr, IlOO below. 
Olmo.lllon., \KIf-H, " (diameter) x 3% (deep) 

IIICil(,8. 

Wolgh! : 9Oi-R, onc pound,ll (lIlUCCS. 
!)08..I{, two POUIl( 8. 

NOI., D:J.ta arc for 6&eycle operation . .\ Iultiply 
l!peeds by ~ lor 5O-eyclc operation. 

T/IP< 

907_111 
907. 11144 
901-11 2 
901· 196 

907_111 
907_1144 
901 -11:12 
90. _.96 

908-n,614 (diameter) x 378 (deep) 
inchCll. 

('tnleNapped .IIUL 
l'inu;m OW, PQielltiomeler l'oltrniomtln R~ 

OW, S,..1 S,..1 RolallOIi Ruulunal ('umml 

007 !il It P," ISo/ min CCW '" kn 007 .j H PJ\! 14,, '/ mill ~If-revcr!j.ing 20 k!l 
!lOS '"1 H Pi\1 12°1 min CCW 50 kU 
908 " RPM 00· min &olf.reversing 

50 '" 

x-v 0 1 .. 1 Drl .. o ........••.............••....... 
x_v 0 1. 1 0'1"0 •.•••••••.•••.••.•••.• • ••••.•••.•• 
X_Y 0 1 .. 1 0,1 ........... .... ........... ... .... . 
X-v Dial D. I~ •••..•. . ....••.•••.••...•.••.•••.•• 

lOrna 
10 ilia 
10 11111. 
10 ma 

Codr Word 

t;,\HI. Y 

~:tl1"n: 

.:GlU:1' 
!:.Jt:(.."I' 

ftdio,~ 

OA ~ 

0.4° 
0.2" 
0.20 

$55.00 
55.00 
55.00 
55.00 

A 120-CYCLE SOURCE FOR ELECTROLYTIC 

CAPACITOR TESTING WITH THE CAPACI
TANCE TEST BRIDGE 

In most applil'ntions of electrolytic 
capacitors, a significant 120-cycle ripple 
component is superimposed 011 the ap. 
plied unidirectiOllal voltuge. For this 
reason it has betolne widely accepted 

standard practice to lest Mach cnpaci
tors at that frequcm·y rather than at 
the more readily a\'ailllble 60 cycles. To 
meet l hi:< requircment, [l. modificatioH 
of the OO-cycle 'I'll" ; !GIl-A Ca.paci-

f ig ... . I. Vi . .... 01 th . Copo.II ...... Tell Br ldS. (1. 11 ) .... lIh 120-'V.I . 0 .. 111,,'0, ( ~. n' • • ) a .. d U .. h Variabl. 
'0 ...... SupplV (.Isllt) 1o. I ..... I.hlns !he do. polo. lzl" lI ~alloll e. 
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" 
ulIlce Test Bridge has been nnl.ilable 
for some time. 1 The modification a!! 
shown in the schematic diagnun ( Figul'c 
2), com~istl> primarily of the addition of 
termillals for coun cction of an cxtcl"1l1l1 
generator and of providing 120-(')'clc 
tuning for the internal detctt.ol".l::ill'i~ch
ing is provided so that either tbe 
standard rireuit or the speeial {'OH

figuration can be used. 
Bet'au5e the input ir'lpedflllcc to thf' 

bridge variC:i between I ohm and lOOIl 
ohms. Il\ost available audio O$cilhlol"$ 
are not. capable of delivering enough 
vol tage dirc('tiy to the bridge over it" 
entire nlUge for adequate scllsit.i\"ity of 
b1l.Iarl(·c" A Illultiwinriing impeda)lce
mutching transformer is frequently 1"(. ... 

quired to deliver adequate energy to the 
bridge. particularly for the 1000 multi
plier sctting, and, in any event, a trfLll~
former i" required to ioSobte the a-!' 
sourec from the d+c polarizing voltage. 

A reCl"nt modifiClltiotl of the TYPE 
1214-.-\ l"nit Osc.:il\tl.tol", the 'l'YI'~; 
1214-AS2 J20-j'yclc Oscillator, has a 
power output approaching the mnxi
IllUIll that the bridge arills .... >ill wilh
stand " This inexpensive oscillator Pl"o
vides the 120-eycle source, t.he im
pedal1ce lllutching, and the isolation. 
An output transformel" is provided, 
tapped to provide optimum match to 
the bridge fO I" each uf the foUl" ap
plicable lHultipliers. A I)ancl switch 
selects the proper tap, and the engrav
ing corresponds to the multiplier mal"k
ings of the hridge, X t, X 10, X 100, and 
XIOOO. 

Othe r Freque ncies 

FOI' the mcaSlIl'emCllt of elc!'tI"olylie 

" 

Figu r. 2 . EI. m.n! .. . .,. H h . m .. l;c .. f !h. bridge. 

mpncitol":> OVe!' a range of 10\\" audio 
fl"eqllelH"ics, it is convenient t,o lllake 
\I~e of the impcdtU1Cc-mn/ehing trans
formel" and switching pl"o\' idcc! in t.he 
new oscillator. Accordingly, a ja.ck is 
provided on the pallel of the oseillator 
hy means of whidl an ext.ernal Souree 
call be connected. 

The bridge circuit is designed for 
optimum scnsitivity at GO cycles, amI 
!<ubstantinlly the SHme performnnce is 
outained at 120 cycles .. \ s the !J1en.'"Illr
illg frequency is raised l however, lhe 
bridge scnsitivity factor deel"cases lmd 
above abollt. 400 <"ycles is inversely pm
tional to frequell!·Y. Figul"e 3 shows the 
m riatiOIl of t he bridge sensi t i\<ity f:te
tor t S for the d iJl"erellt .,;cttings of the 
CA PAC ITA.J.\CE dial. The scnsitivity 
faetor is independent of multiplier 
setting, but the voltage applicd La Ihe 
bridgc vtlrie" with mlio m'm sCLting, :l~ 

,,, 
'D~fine.l» oS _ Z,b d. "h~", ,I i. 'h~ ~"""''';VD Qf ." I +Z~ 
""III, .. of Ih~ .... rli,.~ 1I.I_Mt· 
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" 
shown ill t he followiug table. 

Ilr,'I!/" 1("/II/lllcr 

X I 
Xli) 
X 1011 
X 1000 

Appro.c. , -uttof/" (rm.) 
.'t Pll/l~/I(l IJ ridgf! 

18 
6 
2 
0.6 

ThC' upper frequency limit for :solis
r:~ctory ovcrat ion is thus a function not 
!Jnly of tlvaihlblc dctf>(' lor S<'1l::(iti\'lt,Y 
[Ind applied \'ollage hut al!!o of the 
nwgnitudc of the c:l.pllcitancc being 
ITIcasurI .. ,d :lnd of t he IlCCUr:.t.C)· of meas
urclllclt l desired. With the in1.f'rnal d~ 
leetOr, Il1CflSU1"('mcu ts CUll be m:tdc fl.!.. I 

kilocycle 011 o \ 'el1 t he highest multiplier 
with j. ,'c801111101l of uhout 1%. If higher 
resolu t ion 1.:1 desired, :~ morc sensitive 
detetl,or ('un be connected extc rnnlly 1..0 
t,he cXh.' l"Iml-fil ter jllck of the bridge. 
For bel'l l. results the cxtcrrml detector 
should have a 2O-db di.:ICri mimltion to 
harmon ics and noi.!!C. 

Di ss ipation Factor 

The di ipation f:\ ctor runge of the 
hridge iii direct ly proportional to fre
qUClley. At. GO cycles the rnngc is O.G 
((10<'(J , at. 120 cycle.s 1.2 (120%) and at. 
100 cyclcs 4.0 (400%) . This vuriation is 
('omp:uihlc with the normal Icndt'nc-y 
of higIH':llue electrolrlir ell paci1.ors 10 
show dis..,ipalio!l factors rising wilh frt
q UCIIl"y n.s n resu lt of fixed !!Cries ro
e.l:.t:m('C. 

The effecti\'c nCt'Urtlc)' of di.".;ip:ltion 
f:lt"lor JllC'a~urcmcnL dCCt'CMCS :1I Ill\' 

high freque tleiCti. In Ildditiotl t.o the 
prob]ctll of residual phase-angle errOr.; 
with iu t he hridge , the problelll of m:tk
jug :l .s:Hi"f:wtorily low rcsistann' ~·tl l\ 

lJ!'ctiou to th ... ('apa('it.or undcr tlwa"ul"f'
weut if! a "cl·iou:> OIlC. J;>or cxump!('. at. 

Fill " '. 3. Va,lal lan af b,ldll ' Unllllva y wi'" 
f .... u . n~y 10' dl''''' n' .,,,Inll of .he CA"A . 

CITANCE dl at . 

AUGU S T, 19S6 

10,000 pf and 1000 cycles n scriCl'i re
sistance of O.lK)J ohm in lead or connec
tion produces a dissi pation factor of 0,6 
(60%). 1"01' such 311 cxtrcme CIUIC Ihl' 
li mittltion on :lcclII"rtcy is external 1.0 t he 
bridl.:e; for Ie.'i..', c,xtrcmc combinations of 
fn·queuey llnd capacitance the aceu r:l.cy 
of d issi pa tion factor is -"' 2 % of dial 
rf':ulillg ±,DOO5 (1/60), 

Applie d Voltage 

Thc a-('" "oltage applic'<I to the 1'llPZ1('i
lor under 1 C!:IL is !dwuy.'i somewhat lowf'r 
thaH the voltuge appliNI to I he bri dgl' , 
shown in the table :loon', si nce ti lt' 
ratio :lrm is in serie::; wit.h the unknown, 
The d-e pobrizing ,'ol tage shollid nor
mally be grMlcr than t he pt!nk vslue of 
u-c test vol tage, The \'olwges applied 
by t he Tn'.; 1214·,0\52 Oscillat ors are 
~ll fcly below ordinary voltage 1"i\titlgs 
for Illly givcn range. If. howc\'er, "l~ 
dllced tcst voltage is desired fo r cap:H"i
lors of "er)' low d-c rating or for uny 
Olher reason, .... n adjust:lblo resi ~tor may 
bt.' ('OIlIlt.'I.- too (in series o r shunt.) he
iwcen Ihc oscillator and the bridge tu 
.scI to :1II arbitrnriJy ,,()(:cificd lcvel. 

w 
> 

" 

- I, G. E"STON 

1.0 ,----,---,---,------, 

O. l 1--l'-----+-'>,o_-fS'<""- ---i 

O.I I--I--P. __ --t-~ 

:5 0.031--+--+----+~ 
w 
~ 

0.01 L-;'60;,--:!12;:0----:4;;OO;;;---;,OOO~ 

fRE~UENCY IN CPS 
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S PEe I F I CAT I ON S FOR TYPE 1214-A S2 UNIT OSCILLATOR 
',oquency, 120 ('\'('leI; *2<,. 
Oulpul Im","on,·. , Four imlled.IIIl('('~ 10 IImteh 
the imped.n~ of thr 'hr.: 161 1·.:\:-:2 Clil.llid-
13uce Teat Bridge at fou r mul ti l)li(' r I)()@itlolls. 
Oulput , At I(,,.,,t 200 mil!iwatU! inl() m,\wht'tl 
loo.d. 
Conlroll! Output imlJl'"dlillce switch nnd JXlwt-.r 
Ilmil.ch, 
Dlolorl;on: J.ce<I th(1.II 3 ' C iute) a /Hntched ]oad. 
Tormlnol . , T he OUlput terminlll~ 11ft' jlu:k-top 
biudin~ poeu wilh 8Utud,.rd 11-i1lCh SI)lIt'ing; a 
ground tcrrnilllli iii r.rovid()(I. IIdjll~~n t to 0 111' of 
the \)ul ]lut Icrmiua fI. J a('k is Ilrovided {or ~'On
necting ('xlt'mal uacillator. 
"ow., Suppl y, '-nlike mo~l ill ~trumenl@ of tht: 

l'lIit line, th(' l)Ower lRIlJllly i~ huih ililtl the 
illl!lrumcllt, 11 5 volu, I(HiO I'ycles ; IM"'l'r Cfln· 
~urnJllioll hI "bout 16111111". 
Aceono,lo. Suppll.d , ;:;I):I/"{' fU;!O('Ii; tht' )lower 
oord is integr!ll with thc ullit. 
Tub. , One Ili Ni-GT, whil"h iM ~Ujll ,li~·d with 
the instrun~nt. 
Mountln" , AluminUIll 1)81lf'IIlJUJ ~idl'~ fini~llI't1 ill 
bb.ck-emckle L·v'<juer. Alumillum uu,t ('('I\""r 
finighed in tiMr 1"C<Jupr. Il.d,n-fU!"k ud"lllur 
plUleluvnilnblc. . 
Dlmlnolon" (Bright) 53~ x (w[(.Ilh) 5" (df'lllh) 
{j I ~ illche~. over-ull. not inl'luding pU"'cr-liIlC 
con neclor oord. 
Nol Wo;"hl, 11'1 l)Qund". 

5 P E C I F I CAT ION S FOR TY PE 1611 -AS2 CAPACITANCE TEST BRIDGE 
Copadlonee 'ong., 0 to II.UOO "r Il~ 00 ('yde.'I. 
1 ,.I I~ 11,000 "f Ilt 120 ('ydl'f! or otiK'r externAl 
(I'\..'(tucney. 
Diulpatlon_fodo, Ron.o , 0 I.() 00('", at tiO cj't'les. 
RlingE' proportionallo fl'\..'(lucncy. (O to 120'H :Il 
120 cyrle .) Dia] rcl!,dillg~ mUff! hf'" multiplicd 

oy the ratio) ~ fOf" {n."qIll'llcics oth .. r thall 00 

"'y('Wff. 
Accu,ocy , Culltlcitlul ...... -:;:1; 1(';', Di;jl>ipIIliorl fJi.c-

tor ±(2'1. of tlin] reading + 0.115'( x-4 di~ip"
lion factor). 
Oeledor Fllte" TUlled to 60 or ]20 (.,)·flCI!. ge
lecwd by "",-itch. Jark ,)fQvidlod for I.l£If\ of lin 
external 61ter for otl~r rt'(jucncir~. 
ble,"ol G.ne,.lor: HI'(IU ir!'(1 for rf(!q \lcn cic~ 
other UUHI 00 t'ycle~. Tn,", 1214_AS2 ~iIIa t.o r 
d($:ribl'(l below ill rlo())fnnlt'nded for 12(k'ycle 
mwsurementll. 
,..10';21". Vollo.e : Tl.'rminnls are p ruvidNI for 

7'y~ 

COllllectin, 1111 external ,1-(' ])nhlri~inll: vuitug\:, 
'1K' maXllllUUJ vull:lg(' Ihal should be im
pre8SC(1 i~ 500 V<lIL~. 

Qne of thc IcrmilHllii iii IP'O,-;,uded 9() thsi IUI~ 
:1,..(' OJ>Crnted III.n,c.r SUPI)ly " 'Ith groundod nul
put Cll II he ul'Cd. Th~ terminal \!:lI)lIcit"" l'CII Ilf 
t~e po,,('r lJUI,ply du no~ KIT.·,·t tbo bri.lg" 
Cir cUlI... 
I'owe, Su pply Vello"e: 105 to 12:; (or 210 to 250) 
volte, 60 eyclCl'. I'.,.r . , InpUI: 15 Waite. 
ACnilOrlo. Supplied, T'·I'.: CA P";j.5 PU""'r 
Corti nnd 81)111'(' (U$!S. 
M.unling , PorhlO]c earrring CIU'C of IUI;gtl:r.'~ 
tyjlC oolllltruction. Ca!!e I~ I..'ompletely ~hi('1 ed 
to illsun! froodom from electl"{);llAtic pickup. 
TuIM Complom.nl , One elleh 6X5-GT C, 6SJi. 
and 6U5. 
Nel Wel"hl: W I ~ poUUd8. 
Dlmondo no: (Width) H '2 X (depth) 16 " 
(ltei(l;ht) iO inchCll. O"CNlU. including CO)v .'r IIlId 
hllndlClJ. 

('odt Won! l',.rt 

1214 _A52 
1611 _A52 

U"it O.dllolo< (lncludln. pow., owppl.,) ..... •. , I 
Capocha" .. T .. , Srl:tge ., ...••• " ••.•• .••.• • , 

AlIlIuT 

'AVO" 1 $95.00 
$.545.00 

GENERAL RADIO COMPANY 
215 MASSACHUSETTS AVENUE 

CAMBRIDGE 39 MASSA CH USETT S 
T ElEI'NONE : Tllewl .. l d •• 6 _ .... 00 

BRANCH ENGINEERING O FFICES 
HIW YO lK ' . HEW YOlK 

90 Will SlUff 
rEL_WOf!" 4 _2122 

lO' ... HOHU , • • C ... lHOIHI", 
1000 NO.lH 51W .... O I TIIE T 

TU . _ HOII ' ... .. ~ 9 _6201 

CHIC ... GO 5 , IHIHOn 
920 SOUlH MICHIG",N ... VENUJ 

Ul _ W ... ~ .. " ' ·' 12 0 

IIlV EI I~.IHG , M .... 'l ... ND 
1055 1 3'" STIEff 

TU ._ Hlft l ... .5 . 10" 

~HIl"'DfL~HI'" O",C ( 
, 150 YOlK 10"'0 

.... " .. OlON . 'EHH'YlV ... NI'" 
T' l . _ H"'ftco <k 4 _1 419 

.' :"' . ... 

I 
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