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;\Iicll, fl natural material, hali loug 
been the outstflnding dicl('ctric for ra
pacil.ors ami, for many applications, 
has not been flUI)('l"$Cdcd. It is still used 
almost. IIl1ivcrmllly, for instance, for f\.-C 
standard capacitors and will tllldoubt
cdly continue to he \ll:icd in this applica
tion for :1 long time. In many rCl:ipCf'ts. 
howrvcr, some of the Ilewer syuthctic 
malcrittls ('xhibit eharnctf'!"isiics super
ior to lho~(' of mita. 
~Amollg lile maleri:!!;; available in a 
forlll ('('ollomil'ally sui lCd for capacilor 

Figu .. I . View of th e Type 910_A Ouad. Capad
lor Unit, 

mauuf;lct.Ul"e is polystyrcne. Th is ma
tcrial possesscs very ncarly UI(' ideal 
characteristics: dielectric constant and 
low dissipation factor thal are invariant 
with frcqucncy. l\ \ cnsurcIIH'n lS from de 
to at least several hundt'cd Ilwgtl.tyt"lcs 
show substantially constanl values of 
these parameters. )Iica, 011 lhe other 
hand, exhibits mlHkcd polarizutions Hi 
fl'cqllcncics belo\\' the> audio range. 
These nrc manifesterl hy ri .... iltg nducs of 
capat:itnncc and dissipalioll ratlor at 
lhe low end of the Hudiu !"allgC, The ro
la:mtiOIl t imes of these polarizations 

Fig"'. 2. VI. .... of 
Ih . Type 1419_A 

O • •• d e Copodlo. 
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~ GENERA.l 1lA.010 EX'E IlIMlNTER , 
(,'orrt':-I'0ud to fretillem:ies in the tenths 
:11ld hlludH-<iths of ('~'rlcs PCI' ~ol\(l 
tLHd aJ)lX'ar evell ill the millitytle and 
mkrof',~'dl' range, Tllt.','lC PlJhlT'il.:~j iotls 
urc 1)(.'li~'\'(>(J to be itltcrfueial. rl'sulting 
pre;llllllahly from Ih(' laminar ti tnwtun.' 
of lilt' mieli. 

.\ thorough di.;ctl~ion Ilf polarizutiotl 
III dif'lf'('1 rihl is hf'yolld t he ,;cope of j his 
urti('lp, ThciiC piWlIOtnellfl. can 1)(' d('~ 

sl'l'ihcu either iu Iht' f l'cquf>ucy dumain 
111 I('rm/i of dielcctric {'on"lant and to.'<li 
f:lf'tIW l('olnpl{'x dic·lettri!' tOl1stant) or 
ill lilt, time domain in jprms of the tlnw 

vAriation of 1'1I l'Tt'llt r(';lllltillg from 
('hnu~es in fllll>li("'f1 tI~~, voltage. Th(' d·(' 
1'{'''p01lR('- i,., oftcn cxpl'C'i5$l'cl in Icrm$ of 
"app ru 'I'llI 1'!,t<istu lIl'c," nnd ill £acL ncost. 
~hort h'rOi illliulnlioll-t't'.;i';lan,'(· /)1('1\1:'. 

lIr('tn('nl.s llTt· lu·tuzdly tlothitlg mort' 
thn.1I II IIIC:.u;tlt't' of I he dlarging {'url'elll 
Howing inlo the 111\I'-frcqlll'I1('Y poiari· 
~:Ltiof1jo;, 

Tel'lllilllllr.tf!:Y is uR yet. u(.1 \\'('11 f> land
urdized, T(>rm~ HIl'h a."; "diele('lric 1\1,· 

~orpt iOIl ," ":-;unktl!J;l', " "\'oltagc ,'l'('O\'
('1'),," :11,(1 ·'d·(,' caplIl'itlLtl(>(·" have llt'<"1 

USN!. TIlt' difflt"ulty iii lhflt sUl'h tcrms 
1'11111.(, N.'iuti,·t:ly lIletlningk'ss tllllc>iS lhe 
1l)l'lhf)(J of 1llf'il.,.Urt'nWI1I i:< spc{'ified . 
It ili til hi' hopl'd lh:d stfillda rdizatioll 
011 tf'I'minolop:y , "1"1I.'('ifi(,:1 Iioll.s, lilld 

1111'1110..1 "f n)I'al:!lll'I.'11I1'lll will ~non IX' 
rl'IH'llI'd I III Ih('b(' :tl'('as, II hi('h flPIl4':U' 
III I." Ilf growing inIN!'s!. 

('ujJal';tors t'1I1't'iully mad(' of PI'ul)~ 

('rl.\' IlrO('efko,;{"tl 1101,\')oIlyrl'lII' ('UlI hl' 
.~hf)1\1I If} bt' about two orden! of magni
tuci!' h('lIrr IbMl :In ('qlli\'l1lelllly l'lLre
full:.' IIHlde 1I1;"a t'llpIlI'itor, For '~X:lIlI
pit, . . \Ir, J{, F. Firld I>f'pOl'I~ 1 oh1'l'1'1'lI
liull" of high-qulllity. ,..ill'Ncd-mie:l {':I
p:H'itur:; that "how ri,.:;e,., ill elll)atilallt't' 

1\,.. /-(1'1':11 it" :{(J' {. whilc ,~illlilar Jlwai'un'· 
tHrill,.. /)11 till' pol~':Slyrl'llt' lIllils 11(':;(']'illl-,,1 
i:Hf'I' indir[~I(' l'i.;('s of olll,l' 11 ff'll' t"lllhs 
1}4'1' ("'lLt Tlw~l' rnl'l~ttrl'LHl'n"" of dil>i-

rhilrge current. vs. limc wcre luken O\·(.'r 
fI period of wctks and thus eom~po1td, 
in the frcquelley dOlllllin, 10 Illl':I."IH f" · 

ments in the mlc r'ocycle range. 

Earl y Applications 

Thf.' potentiAlities of polystyrf'lll> afo. :l 
cllpaeitor dielectric were rcCOglliZl't! ill 
Ihe lat.e Ihirli('s, :llId :::itlcc about 1\)1tJ 
GcrlCml Hadiu h:l,'1 cal'l'ied on I\. program 
of dC\'e!opmcul, ILllli tnHtluflH:Luril fOI' 

its 011'11 Ulit!S, of pol~'styrf'nc cupac'ilors, 
Our first cornm('r('i:11 appljcutiotL was in 
lunilt!,!: networks in t he Tn>.: 762 Vihra ... 
tioll Aoulyzcr, in the frequency mngf' 
down to 2.5 t'y,'lci$. III t bis appli !':.ltiolt 
01 her 11 vlIilubl() cnparil.OI·S were unf>lI.ti,,· 
fad or)'. ~\ I il'a 11':18 HOt. unl,'i out of IllI' 
que,'1tion becnusc of cost, !lize. find 
weight in the 1:lrge t:ilpa.l'itanec ""lueS 
rcquir{'(l, but. the poi:lriz:ltion men
lionr.><1 abO\'~' ('HlI~d anoma.lous be-
hfl\·io r :1\, Ihe low frequeneies, HuhS('
quent IISCS of li1lch cflpacitors ill{'l udl' 
the '['n'E 1till·J\ CapaeilauC'c TI'st 
Bridge. In Ihis instrumcnt, a 1-,IIf po
lystyrene l'uplicitor accurate to 0.25(1; 
IS uS(.'(] a.s fI.st:mcl:lro. Field uSC in IllflUY 
huuclreds of t hese bridges o\'er II period 
of len yenrs lma shown t hese c:q):l ciLors 
to he el oJ i I'<'ly :::at.isflH'toI'Y fmlll I he 
puill ts of "if'1I' of st:lbility find li ff' C.>:
pcd:ln('y, C:\IJ:lC'itors of this LypC 1111.\'(' 
IliUM delllonstrated their perfOl'lllnlll'c 
lind J'e1i: lbilily :llId nrc 1I0\\' olft'red for 
:;11112 in t il(' forll1 of decade unil. ... 

The>:e pol~'I;tyrenc-d iclcctri(' t'~p:lt' i· 
tOI',,>, owing to tll('i,' I'cry low diclcrlril' 
absorption, :.Ire parlicLLht1'ly u.'teful ill 
re:;czU'ch :lIld dCl'cloplllC'nt work 011 
.'omputor and integrator ciu'uit:;, tlud 
Oil 10\\'·lc\'el a-(' :lTn plifil'l's. Hcc:mFIC 
of tl1{'il' ('ollstarlf'," nf eflpnl'itllll l'(' find 
cii""ipMioll f!ll'lor wi lh frequ('tley . thl'." 

, s,.,-I"",' A Hfld (', , .. "I" .. ",""",.., XII. .HITM ('" "' , 
'''''''''' noll .,~ In,.',,,,,,..:/ on .11 .... ",It, T hf ""'''or .. ,LL 
"'~J",,,~,~ u,y f'\)"n"~"1oo ". Ih .. 1" .. ,;";, .. I,,.n of ~n~' ,.n(' 
, nl~_'flI , 

' l ' nlM.bhsh", d.",. 
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, 
IWlkc ('x('cllent component!:! for mC3Sur
iug circuiUi, filters, and lUlled ci reu il ;;, 
They Ilrc Jl('ar1r ideal ca pacitors for tJ·(, 
work, lx-ruusc of I hei r high jlll.,.I,,! ion 
rt'l)iKtanrl1 and low d ichwlric ab;;orpt ioll . 

TYPE 980 DECADE CAPACITOR S 

Dccndcs for nsscmbly into ol her 
"qU1I)11H'nl :lrC available in throo ca· 
ptwit:UI('(' rtlngcs. wilh capaci tance a l 
Ilmximu m !JclIing of 1.0,0. 1, and O.OI ~r. 

l'AWh d.x:l\dc l:oll8ists of four c:lpnl'i
to~ of mu~nitude.'l in 'he rntios 1-2-2-5. 
T lw ilwit('h Nt']!'!'!s p.:lrnllcl combillZl tion.'l 
to give iuerl'men ts O\'N zero nl.p:"l ti

tlHW(' ;n nil integral \":,Iucf! fnull I 1() 

10. 
The ;lIdividw\\ capllciLOr unit s nrc 

non-illductivcly \\'ouud and clI l'cfull.v 
hClll l rcntc<l . T he tape used is Cru!t of 
purified high-molecul:. r-wcight poly
styrene, pr~stretched only in thl' di n'c-

,.... 1 iOIl of windillg. During b('f1 t trealmelll 
tile IlII ils 1m.' Cl\rried beyond ihc Imn:;i
I iOIl It'mperatuf"(' uf the polysty rene, 
a lld the shrillkage of the jape produ ces 
rIn ('x/reme!.\" firm, stnble uni t, which iii 
inw nl! iti vc to preSllure, lind wh ich i8 
s ltl.hl(' in I·{'t rat.'e (, flpacit!lIlCC "aluc ror 
1(-'IllIK'rutul"t's u p to Gfi" C. 

Till' t!Hiti! :U'f' hermeti(,ally ~'ulcd ill 
hlllck-filli.,hed brus;; C!lIlS, having T ('flon 
kw-through insulators 10 l\S . .''lure high 

JUL Y , 1 9'6 

resistallce cvcn under :Hh crse lt umidjt,Y 
conditions. Xo im pregnant, which migh t 
jcop:u·tlize the low-frequency perform
flllec, is u&'<1. 

T hc c('l&.'(1 lInits nrc mouillro tv 
fl ncwl:\, dc,'clopctl cum-type decade 
switch. T he StlPPol'l ing dielecl..ric ma
terial of the switeh, includillg the shaft, 
is heat-resistant CI'oss--l inked polyst)'
l'ene, :,nd T e fl on spli cers support the 
rigid-wire leads. 

Low -Frequenc;y Performonc;e 

The resulting dccad(' capacitor 3:;

sclll uly has an inf:;uhltion resistt\llce 
gre:ltcr t han lOll ohm.\! under standard 
laboratory condi tiOtli'l (230 C,.50% HII ) 
when Jl)(,!l.SlLI"c<i Ill.. tOO \'011--;. Dissip:t. 
tioll factor is typic:illy of the ortler 
of 0.0001 in the Illidio freqm'Hcy range, 
and is s pccifietl 1I0t 10 cxrced .0002 at 
frcquclwics down 10 100 c.\·t!e.\!. A slighl.. 
risc occurS 1\8 frNlucue)' approllf'hefl 
zero, us flhow!l in Ih(' plot of Fig. 3. 
Theory l illdic-ates t hut the maximllln 
vflluc of dissipa tion fllctor (from die!c('
trie los.'~) CtUlil ot he greater thfln 011('
Iwlf the valuc of Ill(' risc in raplwitanc{". 
l\ lcrum remcnts indicate that this maxi
mum vuluf' is of Ilw order of 0,0005 

'Tbe .... ireul •• ·.ft .. \.1_.)' 1""1-...1 vy (" .. I" .,~t 
('<>I~. 

FI.ur. 3 . Typ ical ploll of cho .... I .. copocllo .. ~. o .. d d iuipa lian 'ador a . a 'u .. cllon of f ......... cy 'a r 
Type 9.0 Dtcad. Capacha, U .. ;II . Typ .. 9.0 . ..... 1, and · C afO paly. lyron ..... 11 . 1 Ty po. 9'O.l, . M, . H, 

.... d _f arO pope. and m ica .. nill . (apad la .. ar . adlu" ed la Ihel, ,al. d accu,acy al 1 kc . 
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~ OENIIt AL RAD I O E X I'EI IMENT ER • 
III addilioll, a.t sOllie sufliricll lly low 
frequcll('Y, the \<.'akag(' re::i:;tallce be
comt':; l'ignificfl.l1t in delermining d issi
pation factor. At 10-4 cycles. the lOIS 
011ll1b rcsistllr1("(' of one mi crofarad pro
du<.'es:1. di~i pation factor of 0.001. 

One of the most convenient means of 
ul(llumring d-c pcr{ornumce iJi by the 
voltage-recovery method. If a capaci
lor is ci.J!lrgcd for a given period of 
time and then short-6rcuited througb 
n protective resistor for a period long 
enough to diS<'hargc the high-frequency 
l'apncitullcc, the charge,; in the long
time pol:uizMiolls remaiu. ThCStl charges 
grad ually tram;fc r to Lhe high-fre
quell!'y caprlcitancc and appear ll.tI a 
rnctl.'!ufnble potential tlt the lCl'luinflts. 
If thl'.s<' capaciton; arc charged for onc 
hour and then disehargetl for JO sec
onus, 111(' ui t illlate recovered \'ohllge is 
0.1('0 or lC'sg of the original charging 
vollllge. [n conlrttst, e\,(~l1 f\ good mica 
t'apnC'itor llIay r{'CO\'N lO Co or mort', 

whi lc some impregllalcd paper captlci
tors ma.y show recoveries approaching 
the charging voltage. 

fn LCrm8 of frequent')· characteristir' 
the above pcrfon'o{loce is equivalcnt to 
J~n increase in capacitllnl'C of 0. 1 % at a 
frequency of the order of 10- 4 eye'le,;. 

Higk- Fre qu e n cy Pe rformance 

At frequencics nbove f\ few hU lldrCtI 
cycles, the d ir>sillfttion fartor of the 
matcrial seems to rcach a "floor " and 
remains constant, as docs the dielectric 
constant. Thc tcrmin:ll vlll llCS of ca
pacitance and dissipation factor, ho\\ 
ever, arc modified by the rel'liduat in
ductance and series resista llce of tile 
capacitors, switch s trIl CI.U I·c, and leads. 
The capa.citanec chn.nge illcrell~ as the 
square of the fre<luell cy, white the dissi
pation factor ehangc "flrics M the 3/ 2 
power of frequent'y. HeprcSP..lltativo 
plots of t hese vnrintions nrc shown in 
Fig 3. 

SPECifiC ATION S 

A~ ..... ~y , CRplltit.Ulte incremtntll fl rc within 
... J l'c from ZCTO position " '!,en ruOOllureU !It I 
kl'. The unite arc eherkcd wit.h t.lll' I "il.ch 1Il.,,·b· 
&nilm bigb, electrically, Rnd the common ICIld 
and cue grounded. T he uro CIIp3('it3noo is 10 
j.Ij.Of aDd mu!~ bo added to the s .... iU:h IICtlingli 
10 giw, the total C!lp&eit&nce. 

Ne' Wolllhl , 2 'lQlIl" I~, 2 ounce! . 
2 Mr6. HOLES 

DI .. I~.II ... F.d • ., LaIs tban 0.01102 !It J kc IIlId 
2:j°C, 50% Rlf 
f •• "" ••• y _Ch . ..... . i.lic. , Figllu::t 
M."lmum V.llall" 500 voIla doc (lr peak It.t fm
qllt'neit'8 below tho limit intc freqllcnciCtl t3bu
Intl'<i Ix'low. At higher frequt'ociel'l tho nllowflhlf' 
vOltngc dN'rcflSC8 and ill inverllCly IJrOjXlrt;ouill 
to the 8l)Uf.rc root of IIle freqll"""Y. Thl'll!} lim
jt" l'urN.'IIpond to IS WIDlJi!rIl.lun! ri&o of 40" 
('C'nligrll.ul' for fll'o"cr diSllil)tllio" of 3.5 "''' lla, 
101 ..... 11 ... , ,'\Iac!uue !!Crews for a t tach;n" the 
,1"C'tlcjC' 1~ a I'flncl III'l! supplied. 
DI .... .. II ..... &'(! Ilt'OOmpanying skttl'h 

r"" ('lIptldta'll£'t I)"/U/ric 
9IO·A 1.0 ,, ' I. 0 .1 p' II.pl ........ ' .IYlly.''' ' 
910. ' 0 ,1 1< ' h. 0 .01 1<' .'.pl ....... ~al~lIy . . ... 
910_C 0 .01 jJ ' In 0 .00 1 jJf "Op" . • , ..• ,..Iy.ly ..... 

"'0-» r!ll' 

FreqlM:lIl1I /"1"11/ Cw, 
in Kc-.llru. l ·olI. lI'o11l 

" A\' AST 
100 .\\,"£111' 

"00 Avom 

P rice 
$66:00 
51.00 
57.00 
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• JUlY , 195 6 ~ 

TYPE 1419-A DECADE CAPACITOR 

A Ihl'i'c-dial d('f'adc cap!\r.it.u!' hflv illg 
(\ J'Ullgc from .001 IJ. f to 1.11 jJf in steps 
of .001 j.lf is also available. T he illdi 
vidu(li T\'l' B !)SO dec/Ides :.11"0 mOllnted 
on fill aluminum panel , in fill ahlll1inutn 

(,:lbiIlCI, pl'ovidilig eOmplPll' l'it'clrt)-
stAtic sh ielding .. \ sepul'ate ground PO$\ 
is provi(]t'fl , so 1 hat Ihe cl\pa~' ito[' m:ly 1)(· 
used in either 1 w(}+tcnniuJli or lhrct'-IN
minal tlppiiefl t ioll l<, witll ('ase grolllHh'd . 

SPECIFICATION S 
Capocit"n" R"nll .: .001;,( til 1.1 IJ'f in ~tcjJ.s of 
.oOll'r. The thrllt' decndeil h",,,,"' steps of .00 1, 
,01, llild .1/ifIT'i!peetil'ply. 
Zero Ca,."<lt,,nce: ApprQximawly :l!i},J.lr. 
Ace", .. <.,: iudividuni r.tlpacitol"l! are adjust.ed to 
fin nl'cura.:w (of '* I ';~ . T he cnpllri t:wcc lit lhe 
t('rm iJlII~ , 11'0& ttw Zt:ro t;lipl!.~ltaI1Ce, is "'ithin 
,., \ Ie of indicated v"lue fOT lilly selling 
Olulpollon Foclor: Dissip:ltion f:lctor .,±\Used by 
didl·tlric lOllS is less Iha.u 0.0002::oL all frequcIJ
('ie!! "hQVl' 100 c.I'clC!!. At high fr!~I Uf>ncif>l!, !lCti(·~ 
nWl:llJil' tt·"illuwI'" incrf'lIses t he dil!!<ip:u ion 
l:"1ClQf ,1;; ShOll'" \'.1' \10 .. curves of Figure 3. 
11 .... 10110 .. Rul.lonc,: a"''Ilter than I U1cgn
rnelCoh'l1 (to" () Iuus), wh~Jl measured "\ I!~ ) 
volt!!. 23" C, ,uHI i}ij f:( HI L 

1'1I~ 
1419· " O.eod, Capocllor,." . 

Ma ~ imum Voltall' : :;00 vOlt8 ti-(' or peak. 
f,equen,y Charad, rl",es: The d·c cIIJ);\dlauCc 
is equalltJ lbt, I-kc "ll[lle within 0.1 % . At h~h 
ftt..'quencil'tl, .'lerie.. il1chIl'14UI('(: ell.uSCII ,·ll.p,'1d. 
l;;noo 10 itH:re,.i>C w:! shown by the ClJfVo.;S o r 
J~i," .. ure 3, 
Oi . t.elrle "boor pllon, &~ Vol\..age Heoovcr,'" 
Vallag, Recovery: TIl(' voUnge re\'Ovpry at 11 ... 
tl.'rmiuals i~ less thQu 0, I '10 of the origiuul 
charging \'oltnge, llfU'r n.chMgillg l)Criod of on(
hour nnd :"I Il).:SCOOIHI thschi.rgc I )rollgh n re
gi~t.llnr,(' CtIIWJ 1.0 orw obru l:>er \,Qlt or t'illHgiug. 
MOllnflnll: Ahuoil\ulU l:r.lIW 11110.1 cuhinet. 
O'm . .... o .. " (Length) 1:1 x (\\';,llh) ol ~J$ x ( II'I)tl!) 
fi inrhes, over-:llt. 
N, I Weight : S~ ~ pnuudi!. 

('ode Word 
IIlU(IT 

DECADE CAPACITORS WITH MICA AND PAPER DIELECTRICS 

'I'll(' new dccndt:' 8\\'iteh is IIO\\' aJao 

used for mien and pnper dc('ade capaci
lors. The !lew i1l!semblie" rcplace lhe 

fonnel' TYI' H 380, wit II idclltical rnOUII I.
ing diOtt.'llsions. ,\ listing of IheS!' units 

is givell, with specifications, 1)Clow, The 
10w-I088 switch, plus im pl'Ovcmcnls ill 
l h e mica capneilors t/H:! Ills<'ho es, result in 

lower dissipation fUl'to l' than thal SpC('· 
ified for the iiu pc l'scd ... 'I:i T\'t.~: 380 11Ilit~. 

SPECIFICATIONS 

AC' .. ,acy: C:lpfl( 'i t :IIH"\O in{:r(' nl{"l11~ on liD uuit~ 
1\1"<' "' itl,;n "" I c; Crom ~ero j"...,ition whcu 
Tlw:"tsuf"{'I,lu\ I h· cx~~pt l llf' Tny. lJS() ... I" which 
ia Ilreurll.W within "' 2C}. T Ill; lIuilB Ilr(O "]'(!ekeri 
I\'ith thf> swilrh mt'f'h"ni~nl high, eI~,(:lrklllJ,,,. 
iII.ld 11,0 OOlllllluu Il'lld :Iud euliC .l(rOUllded. The 
Zolro to'll)l.eill1!\('I.' of :.11 nlliUI i~ H,l ...... r alltl llIust 
h(lnd~(.'<1 I.) tlu: switrb S('~li 'Jg8 to b';VI: ti,l' lolni 
":J.p:"I(·IUtue.'. 
O; , le<l," : &>c l:lbll'. 
Dissipotion FacIo" StY> talllc, 
F" qu,ney Charae, .. I"I .. : St.'t: J·'iJ(llrtl a. 
Moalm .. ", Voltalle: 500 \'(llia pellk for nil ul\il~ 
(('."R~[lt I)80-L which is rtlted l\t aoo vn[19) at 
fl'f'tilleliries hdow lhe limiti,,!; fr<'Qllent; ic~ lx.bu-
1:lIN lIPI.} .... At higher fr(.'t llleIlCIl'l! tlmllllownblc 
voltll!(l' \ll"'~'8lllld is il1\'erscl.r prollOrtiunnl 
I" til\' !!qulin' root CI( the freqllcn("y. l'hli'St' limit.'! 
N'TI'I'lIporHf to .~ l""ljlCrnl!l1"ll rillC of 4()O C.'nii-
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~ GENERAL RADIO E X ,ER,MENTER 6 

VI.w of 'h. Ty,.. 'ID_f (I.ft ) ond Typ. 9IO-N (.Ighl) Duod. Copodlot Unit,. 

itrndc for 9. power di&8ipation of 2.5 wntlll for 
the Tn.: IlSO-F aod 3.5 IVntUl fot nil other unilll. 
Moynllng: l\llll'hinc IICrews for nttaching the 
dectldc to " pIlnei are SUI)1l1it'tl. 

Dlm.n, lon" See aceompnnying sketch. 
N.I W.lllht: Tyn: 980--1', 3 I)()unde. 12 ounces; -
TTP~ 980-1. •• I I)()und, 10 ounces; TTI'P-iI !l8Q-M 
and -N, I I)()und, 8 ounces. 

DiuipaliOJl. Fr((fl/el1qJ 
Fodor III 1 Limit ill 

" 'M Ketti' roo, 
7'IIpe ('t1p(lril(lrIce Diekt:trir !!r r Max. l oltage Jrtlrd Price 

9 10-f ". 1" In 0 . 1 " f ".p' Min lon 'lton 0 .0003 , ACl"T!,l SI21.00 
'IO_L ". 1" In 0 . 1 ", ".,. Pop •• len 'hon 0.010 • AUAGj,l 21.00 
"D.M ••• 1" h.O.OI " , ".p • Min L ... Ihon 0.00 1 .00 AOUt;R 42.00 
9IO-H 0.01 1" In 0 .001 " , .Iop' Mleo Lo .. Ihon 0 .001 .000 AVlII •• ] 26.00 
910· " Swlfeh only ••••••.•••••••••••••••.•.•••.••••••••••.....•••• s,," rn_" lIstRo 11 .00 

WESCON 1956 

The Westpr!! Elect rOllie Show alld C'oll\'ention will be held in Los Angcles, 
August 21-24. Visit us in booths DIS Ilnd DID to see the lIew G B instrument.!! 
that you have been reading ahout in the Bxperimt'llter, including: 
Tn'~: 1230-A D-C Amplifier and El('('trometer 
'1'\ PE 1605-A lmpcdance Comparator 
THE 13m-A J>ul&', Sweep, and Time-Delar Generator 
Tnt; 1603-A Z-Y Bridge 
Trp¥; 874-LHA Slotted Line, wit,h Tnt; 874-:'0 1 D :\ Iotor Drive 
TYPE 907-B [lnd !J08-B x-v Dial Dri\'cs 
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TYPE 1420 VARIABLE AIR CAPACITOR 

A NEW, HIGH-QUALITY COMPONENT fOR INSTRUMENT USE 

The (,OII('('I1t. of Ill:t.chining a parallcl
plCltc type of variable air c3pacitor 
from ,;olid nletal, 31though not. a new 
one, is utliqll~ ttlllong cont.cmpomry 
manufacturel';;. The nlllin fenlurcs of 
the new THE 1420 Capacitors (Fig. 1) 
arc dcrinxl from this tcchnique, which 
olfers advallt:lgc..;;, bot.h mcchlullcal and 
clcctric!ll. on.'1" marc convcntionalmcth-

00'. 
Certain mechanical iulnllllflgcs arc 

obviou::i. ~Ia{"hining is inherently Ii. 

mort' precilSc operulioll than rolling, 80 

t llllt. plates {,lin be bet,w l· controlled in 
t hitkness and slmightncss. Gnng llliJI
ing climillate$ the cUlllulnlivc spaciug 
errors im~ by picce tolerances on a 
.!:itllcked structure, and turning and bar· 
inl!; on a single piece illsurcs better 1:011-
cent.ricity than can be obtailH:.'d in a 
composite assembly. The intcgml-plnte 
construction makes t\ sturdy structure 
with rugh mechanical stability. 

Electrical pcrformllilce gains are 
equally apparent. The precise machin
ing produ(·cs inherently good lillcllrity 
:md {"ontrol of rupacillln<:e magnitulie. 
The homogt'llcous nature of thc con-

ductors yield:; lower llIetaJli(' rc~ist!\lI('c 
nnd induct:!J1('e than l'vell 0. soldered 
stack and provides low thermul drift. 
The l·uggoonc1I8 of thc plt~\(:~ mini mizes 
microphonic tClldencics. 

The Geneml Hadio COrllp:lII~·, in the 
light of the advnnced slale of thc :lrt:l 

of llluminulll extmsion nIl0.\'8 llnd ('ut.· 
ling t.ools, undertook the de"clopmel1l 
of :1. practical capacitor iucorporatiug 
the foregoing ndvunt3ge~ .. \lthouJ.!h thc 
improved l.>Cnormallec for thi:; COII
ISlruction in nil instl"unwllt-grudc cu
pll{"itor- would wurmnt It ('ost premiulll, 
it wns discovered that thc proper com
bination of free-machining aluminum 
ulloy with tungstcn-cnruide lool:! in :l 

Spccilll machine (Fig. 3 ) produced su
perior· ollc-picce plate a>lii('llIl)lics at less 
cost than the conventiOllal punching, 
stacking ami l<oldcring met hoos. 

The design of rhe TYf>t~ 1420 Yuri:!
ble Air Capncit.or, deliuenled ill Fig. 2, 
I·akes furthel" Ild vanutge of the machin
ing prOCCK'! 10 proyide a number of 
extra fellturcs. Because the stator ( I) 
is 1)lungc cuI, the re:oulting plates arc 
completcly joiucd on lhl'ir outer P<'--
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GENERAL RADIO tX,ERIMENTER • 
rip]writ';;, ']'hi,o! l'IimirLatc~ irn.'gularitil's 
in the c'apllt'itall('l.'-\'S,-I'OULI ion ('urvc 
which mip;ht olherwi~' Itt.' ('IHlSPcl when 
the rotor pfl. ... ,-cs tlte vic'inity (If :t stator 
l-upporting POl.t or ,.;;trut, Iwlps to mill
irnizc rc.~iijtnllcc &mJ iudu('talltc, and 
ILlUk('s the purl rigid enough 10 s('rv{' 
fl.S the sLlpportill1( £1'IU1U.' fnl' tht, whole 
t'tllmciwr. rH' of thl' 1;l!llor lUI a fmnH' 
j1; lH'l'omplislwd hy {'on('(' niril'llll~' hor
ing f)U~ all hul I :j2 ill. nf tht· foul' plnt('.:
on ('fiCO rllll of tht, pit'I'e. Pn:!(·iwly filted 
polystyrrlle iHsu1alors (2) al'(' m:ltdwd 
10 the:;c hol'ro cnds and held by ('lam ps 
(3). The \'(',,1 igial platt'S ill both "lillor 
and (,lamp" Irwk t lJ{' in"ulzllors a..xiatl,\'. 

l'oly:-;tyn'Jlf' i~ lin id!'a1 di('Il'I·tric ma
lt'riul for t he illijulalOrs of all air caplwi
lor. l)C{:allSC of 11$ loll' di('I('t'tric t'OIl
l'it:lut Ilnd cxlr(,lllely 10\\ 10,-;."1('", .• \ 1-
I hnu(!h it is tllI'rrnnllr and 1lll'l'lw.nit'ii.lly 
lIHsuit:lb1(' ill lIl()l;t strlletllrj'~. the in:;:u
lato"," in the T\ I'~; 1420 OJ'(' nmrhiru,d 
from a en:-;t htlr of et·o. .... ,,-liukN! polyst,r
I1.'UC for tlu:rllla! adcljlt:ll'Y lind :Ir!' 

... tmsse<! elLtirrly ill compre.~,...iotl o\'e,' a 
II iii!' ar('a II) {'Iimillni{' l'mziul( ur uthel' 
st ru(·tural failurj'. 

ThI'5(' itlsuilitoni hrn'c lHPI)('(1 tcntcr 
hol('~ and ut'!' ~lit. to mal(' with lind to 
I'lomp on to, thrcad('(1 hrllt'itlp: cap;e:-l 
(-I) /tnd ( ;») . thereby pl.'rtllilting mi-

('rorneter adjUisttllCllt uLld :-;llh~quen~ 

locking of til(' ball bearings ( 10), wh ich 
8upport ,he :ol hafL (6). The shaft is of 
gl:tR-;-reinfflre('(/ polyester, filled with long 
axial fi lwrs ... imilnr to a modern fishing 
rod, nnd if; of l'xeeptionnl st rength and 
stabili ty :t~ 111('11 us being good eleetri
I'!llly. The Il:ol{' of an insuln.ti Jlg foIhaft 
i;;;olntel! till' rotor for three-termin,.1 
l'OIlIle<·tioIlS and takes the ball bearin~ 
out of any cleetrical pnth. It is w{'11 
known Ihat t he erratic cond ucth'i ty (If 
ball bearings procilll'ei:I ('If'('trienl noi.~E' 
/'\'£'n whell well 8h ullt('<.1 h.r pamllf'l 
sliding con tntt ... 

Thc rotor (7) i.s .. imply and firmly 
altal'hed to the Shllft by setscrewI'! 
tt·all~vc t·sc to a closel,\' li t.tro through 
hol(,. The concen tricity or the rOlor ilS 
in<.:uroo, l)('l'oul"C the pIatt'S arc milled 
lind tUn\c<1 011 :I c('nt('rcd arbor held hy 
t he ~lstrf' II'li {'xlletly a'" ~hc shaf~ is 
!;('t'1Jfl.>d in u .... ~l'tnbly. T h{' front end 
hearing CRgC (4) has a flong!' hy whirh 
the I'npaeitor is tnOll llt('(l, and the rear 
('llge (5) hns Ii thin-waited, perforated 
cxtension to whid. 0 rotor eonneetiotl 
tllay be soldC'I'('{I. Elec' t l'i('ul eOlLllC<'tiOtl 
to the 8t1lt\ll' is normally nmdc by a 
.~old<'r lltg (!l) whit'h i.~ :lmx('(l lldjae<:nt to 
Ihe rotor trrminal 10 aid itt prO\'iding 
short Icads 10 n ..... ·wdatc'(l l·ireuilry. 

filII" '.I, hplod.d .. I ..... of ° Typ. 14'.10 "od"bl. Air C"p"ct,or with . 1. m."lo Id.n,tfl . d . tn o,d. r 1o 
.h ..... th. Ipllt-I,,'nl 'Inl c"nlod, Ih. rolor I ......... d In ,hi ..... w . 
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• 
.,\ l'OiIl 4 sih'cr, split-spring ring (8) 

"... is tlllnrhcd permanently to the rOlor 
with dri ve pins and has two independ
ent. sliding COI1!:1.ct.s brushing the rear 
bcal'Lng cage. 111 the General Radio 
TY1'~; 1606-A H-F' Bridge, a spceiu l 
rc\'crscd version is used, in which the 
rotor brush makes contact with the 
front bearing housi ng to provide :1. 

grounded rotor. 
The rotor, stator, and clamp blnnks 

arc cut. off from shaped extruded 1'0<18 

(F ig. 4). Tbe aluminum alloy is idell
tical in these parts to eliminal.e difTl'r
cntial expansions and conscquent thN
mol capacitance drift. The bearing 
cuges are of bruss, bright-alloy plated , 
11I1d the full size (standfLrd inch sericlS 
%") ball bearinb'S are double shielded, 
packed with widc-temperaturc-rallgc lu
bricant. nnd arc suitable for con tinuous 
motor drive. In the TYPE l606-A R-F 
Bridge these capacitors have passed al1 
the environmental tests of 1\ 11 L-T-
945-A. 

An illtcrcsliug application of t.he 
TYI'~; 1420 Capacitor is shown ill Fig. 5. 
This small, plug-ill , general-purpose 
variable capacitor is shielded and 
equipped wit.h a coaxial connector. The 
design takes ad\·lI.ntagc of the good 
high-frequency characteristics of the 
TYPE 1420, as well AS its compactness, 

JULY , 1 9 $ 6 ~ 

"-1, ... " 3 . O .. I,n,d "Old b .. 1II In G ' n ... 1 R.dlo ' , 
1001 d ' po'I ... , n' , Ih l . .... ch ln" " .. Io ... olloally ",m, 
Ih . "'0" and dolo .. , .... th' ,,1 ..... 101 ..... "xl ... . 

11"011 . ho w n In Fl ..... 4. 

ruggedness and reliabil ity. 
The GCllcml Jbdio Comptony has had 

scveral years experience in the manu
facture a nd usc of thc:Se milled plate 
capacitors in proprietary illl~trumcnt.s. 

They arc now being offered for sale as 
n catalog campanellI. in the belief lhat 
many customers will have applications 
ideally suited to their many f('a turcs. 

- II. ~l. \VU.SON 

(e , low) FI, .... 4 . ," "I ... ded ,,1 ..... 101 ..... I Io<~ f,o ... wh ich ,010, and 11010. " .. 
mlUed . (. I,hl) FI,,,, •• $ . VI,w of 'h ' type 1 1 4 . \lC \I ... lobl. C .. po<llo . . .. 
• h l" ld.d .. ,,11,1 Ib, 1420·1\"I.e, .... d 01.1 .... 1,,' . 1" ... " ", 1" . ... "1.1 <I .... UI. 
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GENERAL R AD I O E X PERIMENTER " 
SP ECIF I CATIONS 

c .. p .. tit .. .... R .... g.: 

.Vom!",,1 
.\fax . . lli", 

II 250 IIj 
(: 1:JO 14 
F iU l:l 

/l11T1jJ~ I"r 
l.inN/I' '~Ir;I, 'illr' 

216 *' S""f 
108 "" 5"l'f 

5·1 ""- 51'I'f 

TIlt' rol0r-lo-groUIJd C(lll:tdlnn~'(' is 'Ihnll~ 
2"",f, llild thc ~tntor-IQ-!::rOUJld t'II'p:lci1nr.IC!1! i~ 
Ilhou\ Ol'l'f, for nil si?M!. The dnln III II\(' llooVl' 
table (lrC for the c{lpa<'itor uf;I . .'d "i' n two-Iertui_ 
nill dt:vit'c, wilh rotQr ):rGullded. II ~t!llor i~ 
~roullded, mn. .. x.imum and minimum Cllp;lciblnce 
v" luell willl.K' dC(,I"CIU'I,1 by "bou~ 4p,uf.. 
lin.orit, : T it., VlU"illtioll of cll lmdtllu('c with 
nll!!:l.., of rotation is guamnlt"l.'< Iin(,1Ir within 
"" (1 .. 2% of full ~l""a le. T he (lngllbr !':lug,· of 
lill.'ur variations is 100° .. 

Typil":llliuCllfity i8 octlcr limn'" 0.1 %. 
DI, lod.i ~ lou .. : For the !roundt'(! .. rolor eon
!let'lion, the dic~lric iOSSffl rorl"Cli]Jond 1.0 :. 
Doc.. product of ICM tluUl .01 x 10-". T be rolor
t.fI-gWll lld C8ptu'itun~ hns II Doc.. product uf 
0 .. 1 x Io-I!, T bill 108>' oomponent i~ in p'Jr:o..Ilel 
with th" muin ('uplicitUII{:C only for Iht, I/;rtlullo..I
~I:llur (1lIllI!'('\ion .. 
t ... uloti .. n R .. iUone.: Cn-nlt-r 1han lO" ollma 

l.h'pth 
behiu(1 p;uwl 

F 1 ~~ 
(i2h 
11 2 1 ... 

"",., 
! 

ulldtlr stmldllrd M,T "\I ]')]!(,r'ltory '''lIuili(01l1l 
(23° C, 50% H II) .. 
hmpe ... tu,e C .. , Wet , n' of Cop .. cilonco: Appro:o.:
inUilcly + .. 003~ ~ per dl'gr«J C .. 
Shock .... d Vlb ... tlon : Will pits!! shock :mu \libra· 
lioll tests of ..\1l J..·T .. 9~5-A, 
Ma Xi mum Volloll . : 70 yoJUl pcnk .. 
Induct .. nco: Approximately O .. (X)(; micro-henry .. 
Torque: 2 ouocc--inchf'el mllxilllllm .. 
Not We'lIhl: Tn'tl 14zo...F, ·1 U~; .. 0, 4 I"".! oz; _II, 
5j...lOZ, 
Dlmen.lo .. ., Sec ~kctch .. 

__ --,~Typr 
1420 .. f 
1420 .. G 
14 20 · H 

L'od~ Word Prire 
------.' O"',c'.',cmOOo.:-.-.. -.-.-.-.. -,-,-,-.-.. -.-.------~,c, ''~" '~"~'---------"~'~O~.OO---

130 I'P1, m .. ",. ..... . .. ......... .\1"1'1" 21 .. 50 
250 """, m .. " ." ....... ". .\I .. \XUI 22,50 

CL OSE -OUT SALE OF TYPE 1702-M MOTOR 
CONTROL 

¥4· hp, push-button . controlled mode l 

\V C htl \'e Oil hano [I. numher of ou r :1 4-
hI', 'J'YI'~: 1702-:\1 \ 'Miac'"Ii Speed Con
trois, com plete with plltlh-hllllOll cOtltl'ol 

statiot1l<. This model, whi(!h ol" igin:llly 
Hold for S350,OO, ha:; been (lis('ollti1H1(-d 
as [I. result, of 1 he introduction of the new 
TYI'~: 1702-BW, which call lie \llled 
111I1h :\ drum-type eOlltrollcr to accom
pli "il liu- Slllll(' purpose at. n. 1011'('1' 
price .. 

T h( .. ~ ('olllrul;.: UI1' IIrand new and 
(":ury Ollr st31l(illnj llCw-!'<!uipmellt. 
gll:lt"antN'. To dO:'ll' out Oil\" sto('k .. they 

:lrc now olrered :\t 8175.00 e nc h , just 
ollc-hulf the original price .. Circuit :wd 
chamci ('ristics :l.rC iden1ical with Ih ose 
c urrently 8uppliecl on ncwer Illudels, 
flnd the unit il; an exceptional bnrg:)in 
fi t t his pri(.;c, which is well helow that of 
current modeLs. 

T his cOntl'ol will operat.e [I. 115-\,0It, 
doc, shunt 01"" compound mot.or from a 
115-volt, GO-eyc!e, a-t line. l\ rotor speed 
is l'ontinuoIIsly adjustable and is COIl
trolled by a Variac '" autotmnSfOl""nler. 
A descri ption will be found ou page 3 
of tho EX1)Crimcnlcr for December, 1053 .. 
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" 

Vlow of tho Ty p . 
1702.'" V.,loc Molo . 
Spud Con,.ol. Th 
...... II conlr.1 ,,"It 
,how" at tho 10U .. , n 
btl ",ollnlod In a ny 
10.011 ............. ' . "1 
'0 tho op • • "lo,. 

JULY , 19$6 ~ 

SPECIFICATION S 

H., .. p.wo.: !'!i and U. 
Inp .. " 10510 125 volt"" f,() ('yr!CfI, or 10.5 to 120 
volli!, 50 rvcll'!!, 10 :lmpl'rC!!. 
InplII 'ow;" 1150 wlltts, (ull loud; G5 "tltUl, 
standby. 
EI .. trlcal OIl'plIl , Arm,uurc luppl.\', 0 to 115 
yolt ... 6.5 flmperee, de; field 1I111>1)ly, 115 01' 
75 \-0118, 0.4 nmpere. 

RE CORDER COUPLING FOR THE BEAT 
- FREQUENCY AUDIO GENERATOR 

The Sound Apparatus Company, 
Stirliug, l'ew Jersc)', hns r(,cently com
pleted thc dm'clopment of its !>.Iodc\ 
HIr4 Hccorder. It is del)igned for the 
ploUing of frequency responS(' curvcs of 
elcetro-uCollstical app:lratll~. With it, 
r&!pon~ curves of loud-speakers, mi
crophoncs, filters, equalizers. tr:t1I!i

forlll(,11I ('all be lmtollla ti l'lI11y piott('(1 
in n vcry short lime. A UeHeml HlIdio 
Type 130·1- B ileaL-Frequency Audio 
(;cnemtor is especially rC('ommendcd by 
the mnnufacturer as t il(> gell('rat.or for 
dri\'ing the equipment undcr test. I hi 
frrquen('y (·ontrol dial is f1tt:whed by a 
low-hiu'kl!ll'<h c\min drive to the lllotOI' 

in the 1'('('order which operates the pl\per 
drive. Complete informlltioll about the 
rrf'order ('an be obtllin('(1 from it." Ilumu-

MOlo. Spud 101lgo : 0 to ruled or 0 to 1.15 .11.\00. 
Dyn . ... I. Bra~lnl : Autoll\nt ic illlliop l)OIIilion. 
A, ,,,,,,, ... O".,lo.d ',o, •• ,lon , Cir("uit hrf'nkcr 
fl.t 7.5 to!l flllllX'n"ll. 
C.III.ol S'"lIo .. , Hemote. 
Mol" Co blno' 01 ...... ,10 "" 13_1~ X 15x (jl ~ iucil('ll. 
Cod. W'mJ: WI~ 
"In: 1175.00. 

fllur. I . Vi.w of Ih. Soulld ApporolU, C.",pOIIY', 
Mod.1 n.4 Record.r coupl.d 10 th. G .... rol Rad io 

T.,p. 1304·8 Beat fr.qu.ncy Audio G .... ralor. 
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GENERAL RADIO E X PERIMENTER " 
Figur. 2 . Th . r.corde. coupled 10 the Generol 

Rodlo T.,pe 760.8 Sound A .. ol., .... 

facturer. l ie is equipped to provide the 
coupling men.us between the recorder 
drive and t he oscillator. 

lI c["(' is Hllother application in which 
the beal-frequeney type of oscilhtor is 
ideal bemuse the entire audio spcctrum 
may bo swept with one rolation of t he 
frequency control dial, eliminatiug the 
need for the freqllclley multiplier 00-
justment)! ueccs: .. a ry with TI-C type 
oscillators. 

Figure 1 shows the 1'ioulld ApPllmtlls 
l\ lodcl SL-4 Recorder coupled to the 
Type 1304-B Bcat-Frcquf'lIcy and Fig
me 2 Sh Ull'S th e SiUllC r('cordcr :lrmngt.'C! 

to d l·jl·C the Type i 60-B Sound .\ naly-

"". 
TilE Ge"cmf UlHfio Ii;X I'I-:UlMt." 'Tt:U is mnilcfl witholll. c/wrge ouch 

mo"II, 10 ell~i"cer., . . ~cic"t.isls. I.eclt"icifIllS. (/rid or.h ers i,,'ere'~'ed 

ill cfef'troll;c lcclH,iqu cs if! measure",e"t. 1f'lICn sendi,,/! re(l"cs ts for 
.~ lIllscr;pr;o"s /HI.<I uddress-clw"ge Ill/I ices , p l f'Ose supply 'hc foffolVi,lg 
illforlllll' ;011: II/"/H'. com !Jl" IY (ultlress, ty pe of I" , .~ ;"css COI/I pI/tty i.~ ctt gllged 
ill. wltf ,;/1(> or po:<itiotl oj i/ul il"iduflf. 

GENERAL RADIO COMPANY 
27.5 MASSACHUSETTS AVENUE 

CAM8RIOGI 39 MASSACHUSETTS 
TELEI'HONE : TRowbridg. 6-4400 

BRANC H ENGINEERING O FFIC E S 
NEW ¥ Oll( 6 , NEW 1'OIIC 

'0 WIST STIHT 
TEl. _ WO. t . 4 . 2122 

lOS ANGElES 3 • • CALIfOINIA 
1000 NOUH SEWAIIO STun 

TEl. _ HOI I1'w •• ~ ' .6 201 

c~ .. c "co " IHINOIS 
920 S OUTH MICHIC",N "VENUE 
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IET LABS, Inc in the GenRad tradition

534 Main Street, Westbury, NY 11590 
www.ietlabs.com

TEL:  (516) 334-5959  • (800) 899-8438 • FAX: (516) 334-5988
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