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A HIGHLY STABLE 

REFERENCE STANDARD CAPACITOR 
The tmnsf('r of til(' high u('('umty of order of 20 ppm cun occur in most capac

nWa",urc.mcnls at th(' :-';utional BUI"c:\u itors for S('\'Nt\l reasons. 
of ~hUlilil.rdS to other iahorutorirs re
qllirt'~ ;;l:md:lr<I ... of cOrl1'''II)()!ldingly high 
"tahility. For (':o.:ampiC', :\B:-; /lOll ('al i
hrall'''' ('lIp.adl:ul('(' sland:\rds of 1000 pf 
at 1000 ell:'; \\ith an tU·(·Ur:.H'Y hrttrr 
Ih:lll + O.OOlt;'{. or ±:W ppm (pllrts lX'r 
million). But , 1\IH'IlC\W:I (·ap.:u·itor ('alj· 
hml('d at XB:-i is mOH'd to lillollwr 
hhomtory, th .... UIl('Ntll intr of the !':lli
hmtion is it}('rca!«'d by the po",,;:iblc 
ch:lIlgl's in ('ap,'wilmw(' wh('11 II\{' ellpuei
tor i'i tm n"f('rl"('d to l\nd measurftl al the 
new lo('ation. C'aplwilan('C th:lIlgrs of the 

SOURCES OF INSTABILITY 
Mechanicol Shock 

Perhaps the most oin-iolls $ourcc or 
t'hangc is mct"iwnic-al di.spl:u:cm(,llt of 
Ihe capaeitor pl!lt~, n:'Ruiling from \·i
bmtion or s!u){'k iu tran~port 01' in 
h:Uldling, .\l ost (,:Ipa('ito~ mllst he 
h~lndl('d with p.'l.rti('uiar ('an' to k('('p 
such ehang<'s below 20 ppm, Even \Iith 
110 Ilftndling at all, II I'apat'itor ;oittillg 
on a shelf ('an ('hnngc in ('apa('il~\II('C 

with tim(', 1)('(':llltiC lilly stra ins lefL ill 

Figu .. I. Vi .... of Ih, l000.pf 
. o pa.i r ......... o".d f, o ... III cobi· 
n" o nd .. o l,d co nlol n", sho ... · 
Ing rh . co nsltucUo n o f Ih. p lo" 
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the !'!lp:lc·jtm m:ltt't'ia l:5 at the li m(' of 
t:Oll:-ilrUc-,iull ('an (·hunge' wilh age :ll ,d 
thlls ('hall~I' plat<' area ur scp:uatiol1. 

T emperoture 

l'aptH:ittlllt:C ,-hnngc filM) N'~lIlts fro m 
tl'lllr<'l'utll l1' (·ha ll l:!/" not (lnly li('t'au.~l' 

tilt' dilll f'u"ic;n'l at"(' d\Ullgl'd hy Ill('{' hll ll i· 

1":11 (,X I);\n~iun hut also b('C';III!>1' tbr P('r
milli\-; ty, purlit'uillrly of !'olid ditil'{'lric 
matl'rials. v:lr;ei\ wit h t('m pr,"ull1r('. Typi
c-al !:!tanuard ('ap:wihm< with nir d i
('I('('tric 111ld pl:lIes of I1m:<" m uiumillli m 
han.' teml~r:ltur(> coeffi cient!! of t.qxu:i
tUlle(' f)f tht, order of iii to :!'! ppm 0(" 

\\hil(' tht., t,o"rtki('nl I)f a mi,,:, t:tpadtm 

i~oflhCOl'd('r'lf 10 ppm 0(', ( ' lw('rtuitt

til':o; elf I Ill' ordl'l' of 20 J)~ l':l111 hcl'dorl' 
1'('''1I1t from tt.' IUIX'r.ltUn' ('h.lUgco" (If only 
UILt' d('gr('('. In fll'tll'r to :Ippl." ('Mn'!'! i'm~ 
I n rt'du('t' lh('S(' ullcc-rt:linli('<:. tw('ur:IIC 
kuO\dedg(' of bot I, l'tl P! lC'il 01" t l' IllI)(> I':.t lun.' 
{lnd tl'ml)('l"UIlll'(' ('oeftident i~ r('qui l'f'I I. 

Atmospheric Prenure o nd Humidity 

('hfiUg('i'\ of ('upa('it:tIH'(' with ltt IllO~

plwl"il' p",,,,, ... un' and humidit,\' :ln' I(,So<l 
fnrnilinr 1)('1':\Us(' l h(' f'tT,'e t" !l 1"(' u);u:d l,v 
tl('~ligihlc . 1101I"('\'(.,'r. in nn air-didctl r; (' 
mp:lC'itor thai 18 not IlI'rm('timlly 
1-<'1Ih,.I, the dt'n"it~, of the :ti r d i('lt.'!'t rie 
i)('lw{'('u ('u pllri to r plat('" will ,'hllllgC 

with tC' llllX'rnlHrt' :tnd wi th at mospheric 
pr('S8ur('. Tht' N'su1ti ng dl:\ ng(' in cn pal'i

tlUlCC is fl.hOlil -2 Dum ,0(' ill room -

20 

lempCI-atu r(' 1l1ld ± 18 ppm 1)(' 1" irl('h or 
tnt.' t'ntr,\' l l"t'~ur'(' ell,\!' :-;in('(' 1111' 
:lt nu~ph('ri(' p l'('~':;l l r(' :llld d t' l1 ,.. ity dt,
.'n:'!L.~(' wilh :\lt iludc. if ",lIt' It :1II lIn~':tll'd 
r:llllWilOr ii Ill i)\'('{i t"wm Wtl,~h illghlll 

nClir ~':l It'vel III t he mile-high :lltillH.l1' 
of Hotlld('l" , (,,, lorado, Ilw (' ILP:U'il:UW(' 

\\ill dcncl l ~' liy t h e lIo. lllllgt'r-i u("oH
~idN:l b l t, order of 100 ppm, If \\,:11('1" 

vapor is prt'!"oI'nl in the a i r, the d iclct:lri(' 
"(ltl:;tn n l i", in(" re:l :;('(1. l ind Ill(' (":l p:,wi
tlUl<"C illlTCll"" \\ il h Il I mo:;plwr;/' h\.lZl1 id

ilY i::; :l pproxi rn:tlely 2 ppm ].leI' 1)('J'{'C'n t 
rehltiw humid ity, \\'a lN Ihal t'(lIIdl'll';:('~ 

Oil f'u paeilor p ate::; 1)1' ~I:l k ... in lo .. oli(\ 

di('ict"l ri,':'\ 1':lII~" ('!l lll l(·il :1I1l'(' ,·h:lng<:'i 
Ihul urt' u:mally brger tlnd less prc ciif"t

able. 

H ystere~is 

.\nul hC'r d('fieicnc)', whk h appear!< in 
mo,..i ('u paeitIJrs when parts pN milli"n 
1)('('umC' importan t, il; lhal o f h ,vstcrl'"i", 
in II\(' relatioll hetwccn ca pllt'i t :I Il ('(' and 
If'mlX' r..l 1l1 rc. \\'h(,11 :1 ('l tplwitor is :;ul .... 
jCi'tf't! 10 rd:Hi n'ly la rge t('mpemturc 

. d lllllg('S, $1I(' h :18 I h OS(' l hnl (':\11 1'C~(lll 

f rom "hipIlWIL t. the capud l:I1W(' at rtH UIl 
te m ]X'rn t url' m:ly lUI\,(' a d ilT{'I"c nl ntJ u(' 
ltf t !'1" til(' f'U I):l('il Or Ims 1X'{'11 hot tha ll il 

has aflf'r I)('i llg {-old, all "hOWII in Fig
ure 2. In Ihi" ('xumpl(' , t h(' cn putilol' 
may starl a l Ille capar itn nc(', CUll, !It 

room tem pt' mlme, 'J'n. inerCII S(' to the 
Cll I}llc i t lUWC', CII, when hcal ed, find re-

1"UU- GEN U Iol I ADIO (O M' AN Y, Wl S T (ON ( OlD , MASS .. U. S. " . 
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- .,~ . J. 1.5"( b:: ~ 
fIIlU,. 2. Ca pelcil,,"." ".I.m~rohl'" d;o tl"Clm . h ow· 

ing hyll .. ull. 

till'l l 10 ('/III 11'11(.'11 cooled In ff}tiIn il'lll-

1X'l'aturl'. This l'ydc ('un IX' rl'lIw'('d a~ 
l!lll~ Ill, 1Iif' (,:l p:H:it lll' dO(';1 not go mlle·h 
hl'lnw room If'tn1X'raluN' . I [mwU'I', \l'hl'll 
thl' l'UPlldtor is cQnl('(1 10 tlU' low 1('111-
1){'r,\IUIi', '/',., and r('l\Jrlll'd to rllum 

tf'mrw'mturl', t he ~'apa('it:ule(> HI nx)m 
I('mlX-'l1llurc has tl new vnhll'. eNf" lower 

,... Ih:'II\ Ih(' initial CRII . ,\gain. the {'Illd 

j· .... ell· \'Hil be rctr:.ltcd fmm ('HI' to C(· if 
111£' I'ap:witor do!'!' nol go fH I' ahU\'l' 
mom tl' lllpt' nL l1lrt', \\'h, 'n 111(' t'ap:u'itor 

:11 CII" j" h c'al ('J 10 '1' 1/ lInd l\1(' 11 <:oo]c'd 

10 l'l lOrl1 t('mpcmtll l'(', t il(' "lIPlwit;IIlt'C 

mny rl'lum 10 the in iti:11 va luC', CNI/. 
l"1lf'('rl:li n li('" of thl' wdcr (If :W PPI!! 

I':~n O('('ur ill ('j!ll;ICi'Orn Ihal hu\'(' ,;twh 

hy:-;I(,I1''''";,, I1l1lc'$.;;: (I) larg(' If'mpl.'I~lt\l11' 

\':'[trmuun,o nUl he tl\'oiliNI; (:!) l'url'{'('

linll" I'~\n 1)(, nl:lde fmm n kU!lwu dlar.\C'
tf'ri,.t ie I'un'{'; or (:n t ill' {'ap,:wilur e;m be 
nl1lt hl'OlI~h :l hot ('W' (' ('al,h eali
" 'O\l{J1l 10 Jut it :It, :l know 1 m;LLI in , lC 

j'YI'I', such as Cn14 The sour('C' of Sil l' 1 
''h~r:-;t(l1i''';I,'< l,~ frir'lion h1 thc mC'I'hanie:\1 
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::IlrLwturc , whil'h 1'\''''\I'kl:; Ihl' m()lillll 
I'('!"uh ing from thc \Iwrmul ,,11'1.',.;(' ... In 
mo",' mel,h;lId,,:d '<I nll'lU1'f''' I II(' h),::I\I'[,(" 

si" l'yde is IWI "0 :-;; lIIpl{' or ::10 l'f' ir:H'(" 

:Iblc a~ :I",.umed III 1111'\ ex:\ mplc, 

Voltage cnd frequency 

.\d ditiollnl SOlII'!'('iJ of (':IJlal'ilanl·t' 
cha ng(' :m' varl:!! luns in voltagv [Iud ill 
fn.'Cjll(,Ill'Y, ('h:lIl~I'S I)f 1'lqJ:w;lal1l't' 110 

gn'u!t>r than II fc'w 1>P1n ('an IX'l'XIX','!<,d 

in sl:'Indard ai l' 1';lPIl('iIOl~ Ilith \'ultages 
in ihe wlIlal nl<'tl1i1ll'('nl<~ lIt mngc IX'IO\I, 

Nt)" IOU volt .. , lit !"i ln'r(>( I· mieu \'1\P1l(';-

101";;. su('h tt."i lilt' '1', I'L lIOn, eh:lllgl''': 

frum III 10 ~I() Pl!tIl !!illY n('eur fr.!' vult
uge {: ha llgt'~ from I Itl 100 vol(l<. ;"III,h 

1'l llInge" u..:uull,\' 1~'''ILI\ fl'o m "m(lll it-fl· 

hlled 8('(' lioll "; .If Ihe :-oiln'r lilm t hat ('(Ill· 
ned 10 I h<, m;liu hod.\' uf him ;Hld add ('a
p:H·il:Ul{:P *" I ll(' :IJlplied \'011:.11;1' in· 
('f('ll,;('~, The m:IJ!;llil lIlil' (,f I he Cil:lIlg{' 

\';\1'; (':00 lI'i lil'ly from ('ap;U' ilor to ('apn(·i· 
l ur. dl'l)('nding 1l11l)ll {II(' quality of 1111' 
" jl ver film. \\'he'll flJill'I('I ,trod<,~ :'Ire u~,.d 
ill:'<t{'aci of "ih('I'I'd mit':!, Ihe (' hang(>" 
with VOllllg<' d l.'l' l'(>aH' to Ihe ordN of :t , 
few ppm. 

In both air and mil'a ('ft pal'ilors th(> 
ral{' of ('h:tnge of l'ap:II'iltl n('(' w;lh f r£'o 

quem'.\' i,..: g<'1ll'ntlly sm:IH enough II) 

I'('quif(' no nl1us,,:ll fN'l[uent'.\' stahili ty 
to ket'p Ihe eapiW;I :lm't' IlIwf'rt:l inI Y 
sm:IH, Only \1-hC'lI the fn'qu{'Ilt'," of 
mea,sur('nwl1 t appfl tll\'11(,~ Ihe rCSOllll]l('e 
ftl'{llI(,llf',Y of , Ill' 1':1 prwitor d (X'8 at'l'untry 
of frcqu('lw,v 1)(,I'Qme imporl flnt. !Oo tllllt 
!5ll1nd:1rd freqllcnt'ics u rc r('lIl1ired. 

NBS Calibration of Type 1404 Capacitors 
A "po<! of ~olib<a.ian 0' tho di •• " capo.itanet of lhu. ~opo.U ..... . an ba ob\oin. d bam tho 

Nall .. nal a.... .... of SI .. ndotd l , A".. J .. I, I, 19",3, th. a« .... o ~' of .h ••• pol1 l. ± lO ppm, Th. f .. 
(It.m 201.1050 In T .. l F •• S .. h.d .... )I. $35.00. h . , .. "h .. 'nfo.m .. llon pia ........ il.: 11' •• Ch.II •• 
P .... l on. Chi.f. R .. illan .... nd R. a .... n .. So.lion. EI •• !rid" O ... il;on. NBS, WO l h;nlllon 25, D.C.; or 
F ... nk D. W ....... r, Adln!! ChI.f, lo ... . F .. qu.n~, Colib<alion 5 ..... 1 ... , EIa.tfo n lc Callboolion C.nt •• , 
NilS, huld. " Colorodo. 
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Connections 

'rhl' chungl's in 1':llllll'itfl lH'('S l)roOIU'l:'li 
by Ih(' ('Onn('('{iOTlll lO lhe I'up;witor ('an 

ul:<o be a :,Ollrt'I' or ('rror, Thf'-"iI,' l'OIlIlCC
liOIl PITOn! II'l'rl' de,.crilJc.d in !)O1ll£' d£'lail 
ill thr H,r1}/.'I'imNl/l'f :t fl'\\' 'y ('al'~ ago,! 
Itl ('a~\6tOl'" with un,.,hiclded plug-tmd
jal'k I·OllnCt"thr:-. tI por,iull of 11ll' ('uli
IlIll! I'd t 'ap:wi I ttl we i" :I ""lX-, i:l t ('(.I with 
the tNmilULls of hoth til{' ('ap:u'iIM and 
,Ill' hridge 011 II'hi('h it i.ol Il'wa .. .;utl'd, 
Small dl:1l1gt'l'i ill Ill{' gt'(lmelr)' Or in Iho 

('II "ironment of I h l'SC tt'l'millais muy pro
dUI'I' e1lIXu'it:LTlt'e !'h:mgl'M U-I lurg(' u.s 
0,1 pL To t'limitllllt' llllreriailuil''' of thi~ 

onh'I'. whit-II Ul'(' importllllt in lLl'I'llrale 
{, .. lilll·alion" of IOOU pf!ll' l{':-I:-I. tht' Il'rtni
nal J..,,<,omctry (·an. with {'art', be defin{'ti 
:\lul I'ontrolll'd tu 'ht, reqllirt,(\ pted ..... ifJII. 

Or, mor(' 1'1I:;il" in mtJOl!t (':1,.:('''. ,h(' '('rmt
nul (';lp:1t'ilt\nl'('~ .tnd 'heir IlIlI'Nlu inlies 
(·tlll he l'limilltltl'd hy lhl' U:;(' f)f lhl'ec
If'rminal (,:1pa('ill1rs [lild threC'-tl'l'minul 
m(':lsurl'tn('Ilt,." 

A NEW REfERENCE STANDARD 

,\ nl'\\ f'ap:wi(or ha81)('('11 d{'"i~lI('d to 
uhwin :I 81antiard ;n whil'h t'apltl'it:llwc 
ehnllgl'8 rt'Ill:lin ... mall ('ompan'(l to :W 
ppm \\ithout till' 11"(' (If IInl""al I'tlrt' in 
handling. itl ('Jl\'inmnW111:t1 I'ollll'ol. or 
i.I 1lI('U>iUI'l'llIl'111. This is th(' Ill'\\' TYp~; 

1101 Hc-f('I't'Il('{' :-:tandtml C'ap:witor. a 
,llrt't,-tl'l"minal, "miNI, drS-tiit Illgt'n-di
.. 1I't·lri!· (':lpllI'i'or I\idl din't·t {'aplll';-
1:1111'(' of I(MIO pf 01' 100 pL :-:,:dlility in 
Ihi!'> (·UPll{·;tor hfts h01'11 (IIII:,illl'lI 1101 by 
l1t1u"111l1 dl, ... ign hilt hy tht' U-I(' of II 
"';mpl(', I'Olid, hnlllop;l"n('t)u!' ~1 ttU'llln' of ;1 

,..;uglf', 10\\'-II'mlx'mtllr(Y'(wffki(,1I1 ma

tNial :;('ul('d in 11Il invariant :lImosphcrc, 

Construction 

Till' ('ulXU"ilor, u!\ shown ill Figure I, 
i~ mnde "I' of :t "'!:II·k of round Im'a.r 

plllil's. 1ll00UlIt'd on six Innll' po~t.~ allti 
~p:'l('('(1 from olle allother by II1\'u l' !<p:w

en!. The po,;t" are mount0d on a Y.-ineh
thid, IIlI'ar hu"<'plutl', tlnd im'lIiat('d 
from it by ('I'rami(' Spal·t"~. Thi,:. almost 
eompll'lc liS(' of I.Iv:l1' 1'('::Iult!'! ill il ('apaf'i-
101' \\"110;;(" tl'mp<'rat m'O l'odJki(,1l1 I)f 

t'tlll::u'i'ant"e dlN'ly upprtlximatc;; thaI 
I)f the Im'ar, ahmtt + :? ppm 0('. 

TIlt' U,.;{, uf a :-iltgl{'. IlIw-lpmpcr:tlUrC'
codlil'i('ut mC'I:l1 mit kp!l t 1)(1 I'ocftit'i('n' 
of Ih(' ('ap"-It'ltlll' lIlnt'c l'epl'Cld(I('ihle alld 
climinal(''' Ih(' diffcrential drifl that tUIl 

O<'t'ur whel1 I he I'a ptll'it()r u,.;{' . .., t\\'o met a l!" 
of higi.wr hut mU!l1:ll1y ('omp('llsa,ing 
I '(If'ffi"i, '111 i', 

Thl' ('apatiIPl' is mOUtHf'd inl' id!' tl 
hetliletil'l111y >'(':111'(1 11(,:1\'.\' 111':1-"1' ('111'1(1-

Mlrt'. ,\ nl'lel" ri('al ('O!Hl('(" iOll!'! 11 ft' madl' 
thmugh g11h,,-lIHl1('lal ";,('a ll', lk-fl)1"(' thl' 
('xhuU>il \tdll' i_~ ~'1l1('(1. til(' 1'Il("k~ ll1'e 11' 

('\'tll'uated ((( l'1'!HO\'l' \\':d('1' nqmr :tnd 
is fil1('d \Iilh thy uitroKf'1l at allllosplll'rk 
prl',,-"'III'(', Thi" IX'I'm.uwnl. po~iti\'e "<':11-

'J. F. lI ...... h. \ n""" 1 ~ .. l.1 (·{On" .... " .. " ~:f"' •• ", 
('n, .. e.\an~" " ....... , .. ,,, .. ,'\ .... (;.,.~ ... ", H",I,·, HI,....i ... ,,,t'T, 
33. ;,July, 1!J50. 

Figu.e l, Ponel vloo... of th. R.f ... n .. Stondo,d 
Cop,,';'"'' 
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Fievr. 4 , \II ..... f copocilor wilh cabln.1 r.mo .... d . 
.howl", th. ,.ol.d conla ln ... ond th. tht •• -t.tmlnol 

Itlmm.r, 

inp; in un in vul'ianl lItmm:ph('I'(' Illakl'('-
1)(\lh \'ll1)llI'il:1n('(' and di"",ip:lli'lII f:H'Ior 

"itl l1ully ind('pt.'lldl'nl of 1'1I\' inlllllWlllal 

(' 1 1!l llgt'~ iI, PI1'~.~llt'l'. al l it IId(', nt Immidit:.', 
Thl' l-{':lled t:qxu';lf!I' i~ IllI)ll llll ,d 011 :1 

.. ,llid IIhl min lllll l·u .. 1 ing, II'h i('1I j", fa."' t l"lt'd 

to lhe fronl p.allel of Ihe I'lIlIi lll'l, as 
.. hoWIi ill Figllte -I. \\'I 'h" ill till' l'a"ling 
provid{' "hil' ldillg IH'I\\'('i'1I till' 11\ 0 1('lId" 

f r(lnl Ih(' l'ap:I,·ilor. whi4.· h an' ", mlll 'I' l t'd 
10 i\\'o n.'I't'''''I'd IOI'king 1'''1'1-: f;i' l ( '(I

u .. "ial ('(J IIIW('lol'S 011 t il t' P:UIt'I. 'I'll(' 11'£1 

O t II ('OIlIl('I 'H) t j" ('ompl('I('I~' ill""I:llr([ 
frllm I h" p:lJwl 10 ('Iimina lr gl·l\lIl1d ·I(IlIP 
lmuh!!.,. wlwnlnug I('ad" ll t(' II-.('d lind to 
fat·il ilal €, Ilw II,:.{' of t h(' .'apa c·ilm :1!O :I 

(Ii~ip:llion .. fathlr ",'~ nd:ltll. Thr pmwl 
(,OIlIl('I'IOfll 1':111 1)(' ('onn' rl NI II) mo .. 1 

other ('ommon IY IX'", of ('0:\:'1:;:11 1'(Uln(' I'" 
101'" h.v ill(' 11:'1(' of Ill(' :lppropria11' 

T \'J'~; 874 ,\tiaptl)r, lin d tI", IO"king 
V('r.;IOIi of 1111' adaptor 1':111 I~' lI"'ed I II 

nlllk{' t he 1'lInl1('I' lioli ::'('mi pt'rman(,IlI, 
,\I!l(j llloUII! ('d in till' w('h I!'; :t l lm,'(''' 

I('rminal t tilllll1('r ('ll pUI'llnr H:«'(I 1011(1· 

jU:l1 (':tP;U'II:lIlC'r o\'('r VN." !:'m:Il1 mllgt's, 
Till' "11 IllU'it :1111'(' of I hi!'; I r imm('r j'l ill fC· h :l 
fl m:1I11}ntl of t hr lolul. about 0 ,0 1 o;~. I ha t 
it:.; di(,c'l nll l l \'('f·~1 1 ('-I:l h itl t y is negl igihle. 

AUGUST , 1963 

Stabilization (lod Test 

,\fle r :\>\..'«.'m hl:.· and !;I'tlling, Ctwh l'n .. 
IXltilor i" ",U hj(,l't('d 10 a lIumh!:r of hill 
a nd cold l',\'c1cs of lemlll.' 111Iur{' to fl !:lhil .. 

IZC Lho ;;1 .. HeIHr!! and 10 tll 'h.' rmirll' Ihl' 
tcm pl'l':Itllfl' codfil·it'n t lind Ilw m:l,l!:Jl i .. 
1\ld,' of Ih(' h.vSII'I'('.~i~. Tlte {,J:qllll'itot· I::' 
!tetllNI 10 :lpproxlm:II('ly Ii,j (' or 1.:;0 F 
( '1'1/ ill Figlll,(, :!), t}1t'1i cOiI1ed to a l'OOIll 
tcm pCl'fllur(', T R , of :1:! (' IIr n F :lnd 
mmsut('t} I.) del('rmillt, t ilt' ('ap:lc'iWlll'(' 
CRII uft('r a hOI I'yd€', Himihtrl~' , il i,., 
0001('(1 tn a trlllpI'ratllrt', T( , "f - IS (' 
or 0 F, Ilwl1 ml'a!<ut'rd I I ' room IcmpN:I" 

Imc 10 deli'mlille' till' I'HI)ll('ilfllU'I'. CHI" 
after a I'vld <,.\'(,1(" 'I'l l(' hoi I·.nll' j". I lwll 

1't'IX'll tNI 10 !'l' Iu l'll Ihe clIp!ll'ito t' 10 tilt' 
t·:tp:wiland' ('Nil lIl)(l to dl'l(' l'millt, till' 

!'c ll':t t'Ca h il il,\' "f Ih(' eyl'ic, The Ihuil'S 
fnr lhTf'p!ilbjli' , ' !Ire Ih:ll lhe (,),l'lP ; .. 
1I':Il'('''' wilhill ±.j ppm lind 1h:t l the 
ICll P;H'il ~l lIt 'e (' haIlKe at room 1 
t ure. ~Cl/. (1)('::' lint t'XI'('{'{1 :"'0 ppm fm:. 

; h(':;'{' hOI 'pul ('old "),1'11'''' The c·ap:ll' i • 
1111ll 'C' l'ha ngl' frum h.\'sh','e"i:, is Iypil'ally 
11';>'''' l han 10 ppm. Thl' l'hUlIgI' in ca p:wi-
11I1II'e :11 room 1t'm p(,I'ulHf(', ~C" = 
C/I/! - ('/1('. i" Iht, mru!'me of h ~'i"{t'r-

TIll' 1l'lIlpcr:l1Utl' 1'('lCfl kil' ll l is dl'll'r .. 
m ill('d f n .m nll'lli"llT'('mcnt!l of ('lIP:1l'il al".I' 

madc' during Ihi . ..; (,yt'lillg \\' hill' Ihl' 1':1" 
1)' .. u ·11tIr i,..:l1 a known leml~r..ttuJ"f' :1 1)0\'1' 

nr helow rfll'm! 1cml)('rnl lll,(," The "(!effi· 
('i1..'111 i. ... t."pif-nH.,'. ('OIl 'lI:llI t ll' it hi n ± I 
ppm ,0(' O\'el' lli(, trmpcI~ltH rt' r!lnge of 
t he,.,(' (·,n-Ie". The :l1'1'('plllhll' nlllge of 
l('mporallu'C 1',H,ftil"ielll i", from +0 to 

+ .1 ppm 0<" The Iypit':tl l'ocAlI·jell1 i,., 
+ :1 + 1)"-) ppm /°C',:....---

The lem])(' nll ll l'(' l'ydi ng i.:l also fI lef<! 
fot' If'llk;; ill t hf' hrrnwli(' scllis. \\'h (,11 

leak" arl' presen t. lhl' 1':"I'le:;: do not r('· 
Irate and t he I'uplll'it :ull'(, \' han~ciJ wit h 

ti mc, 
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Adjustment and Calibration 

\fII'r a "(,!)at,jlm !LaoS pa,.;,<;ftJ the teslS 
for <;Iuliilil,\', wmpNll.llIt'(- t'ocltieiC'lIt. 
und hysll'n',;i~, lhe l'lIpa('iltllll'e is tid· 
jUfil<·t! h,Y nwnns of Ill<' IrimnwrlO milkc 
tilt· m"al-llln'(\ I'llPfU'i!lllU'f' \'CI',\' t'I(l~f' In 
Ih(' nominal \'ailio of IoriO 1)1' 1011 pf. 
The '1', I'~; 11111 eapaeilor, unlikt, lIIosl 
1}1'f'\ iOIl~ ~tlllldani ,'apa"illlrs, nUl 1)(' 

tltijU:HI'd t':l..~il~' with all lH't'Unw,\' nlmo,;t 
('IIUlll to tht- pn'I'i~i(m flf nlf':I"'ttrClllrl I1 , 

wilil'lI i" hl'lll'I' Ilum :!: 1 ppm, The IIwas· 
IIrf-nU'1l\ i,; maul' hy ('omp:~ri"'t)n 011 !l 

'1', t'~; l{il.-"'I\ ('apa~'il:."t'e Hridgl' lI'ith 
011(' (If II group of T,,'E 1 .. 101 working 
t<1 .. tnll:lrd~ Ihal h[I\'(' hl't' ll l'lllil' ral{'d 
fmm a group of ~i millll' rcfCrl'llt'l' SInnd· 
lIl'd" pf'riudi!':dl," mf'a~lI)'('d by \hl' Xa
lionlll Ilurm ll (If HlilU{i:II'{I"" 'I'll{' :t(TU

ru!'," of 1111' \"BH ,'nlibmlinll IIf tlll';\(
I't'rt-rcncl' "tand:nd:<;;.; ±:W ppm. 

E'II'II ('UI11W;IM i~ lIdjl1:<ICtI III a r~Mlm 
tcmpl'r:lhll1.' of n ± I ( ' IUld II fl'('
qUl'lWY iIf tOOO ± to ('w f() :1 !'tLp.'lI'i
lalli'(' ,J ppm 11\)0\'(' the nominnl vldu(' 

\\ilh 1'C'til)C1'i 10 II',,· CCIl('nd Hatiiv 11'f('l'

('nce .... tandllnl.-t, Th(' :ldjU>llllll'lll In a 
valll{' flhlwl' nominal (I',g, IUUtl,OO,j pf) 

i .. made ly>~'IIIl:;(' the 1<land:lrd i":1 )jlllf' 

mOl'f' ('ollv{'nif'nl fur U:--(' ;11 Iw;dgt' 1'111;
hmlioll wlll'n it i~ ~1ighll," gl"<'l\tl'f in
~If':ld of II'AA lhun nominlll (f',g Q!J!I.Q!l,) 
pO , ,\lth!lllgh the pf('('i~ioll (If fldju<:;t
ml'1l1 f'xe('{'(i~ I ppm, the IlIlt'NtlliuliC';;I 
(}f r()OIll If'mpcrill ure :l nd (':I IliIt'ilor 
1I'mr)('mlnr(' (,~m('i{'nl !ldt! to Ihf' ad
jll"llIlt'1i1 ('rmf. "'1 Ihnl thf' ndjtt.~tm('nl 

n{'I' \1I'IH'~' flt till' alnu'd If'mpt'111!UN' j,. 

approxiuilltf'I," ±:'i p pm. 
Th£' final ndjustmcllt of ('IIP!lI'itltlll'e 

al room trmlX'mlul'C is nlways mfl(te 
uftrr till' (,Il IXlf'itor hlL<:; 1:11>1 1)('('11 Ihrough 
11 hoi ('rrl{'lo Gb g, so Ih31 the (111)flt'ilor 
i$ lit Ihe position s imil:)r 10 CRII in the 
(',\'I'I!' of Figur(- 2, -

Stability 

,\ftN adj\l~lm('1I1 :lIld /':lli\)r:.IIiOIl, tbe 
\',,!lIP of till' eapaeitol':I " a :;1 :lIul:1fI1 dt,-
1)('111\": primarily "1)()11 ils "tabililY. 

The Tn'~; 1,10 I C:l p:H'i I (j(~ shQ\\, \ 1'1'," 
!:'m:1l1 dUJl1gcf'I with I!ri{'ulutiun. In I.\'pi
('ul HlLit:; the chan:,,''i' i,. 1(' .... "1 Ihnn :, ppm 
witl'n 1Ilf' ('apal' ilOl' i" I urnI'd ilL H!.Ldu:ct.;.
IiOIL~, :uut (111\' ('lmnA:(,~·I'I .... illl(', Th., 
1;('{'-p'lIIh]e Ii~il f,f ('hllll)({' \\ilh Ol'i{'lIlu
lilll1 i,; 10 ppm, 

TIll' f'ap:lt'itOl~ :UP f('llll i,'c\." fl"N' 
from mieropholli t,:<; lli('rf'fnrl', I hr' :-;hol'\
!('rm "IahililY is df'1t'I'mi l l~'(1 lllJlinly by 
t'hulIgt,!S in Il'mpCntlul'C pnKiw'ed hy 
t'I1\'il"(lIlnU'lIt :l l tl'mlwrnllll'(' I'ha ng:{'s, 
Wjlh I he 1('lllpcralLll'c ('odfi(' ionl of 
... +:! ppm ,oC, n high dl'gn:'<' of ",wilili,.\' 
('a ll 1)(' ohl:I1I11,1\ \\ il h only m o<iC'I':.Ij{' 
It'ffiper:Hurr I'onlrol. "'Ilf'n highl 'r sta
hili!,\' i.~ 1'I'ljllir('d . thc l'ap:wilOr (':tn I,H' 
opt'r.tlf'd ill a ll :tir or oil 11:1111 wilh I,ll )"" 
tl'mp('r~ltLLrc ~'()nlro1. ~ine(' 111f' e[('('I:3 of 
{'oll nN:ti ng ('able,; ('!l ll I If' mad ... nl'gligih]1' 
wir II I hr('('-I f'1'mi ' lal 1'C>11 1lt'(' 1 i() l l:< :",11(1 

mf':I~I \l1.'m('1Lt,; . When all oil bal h L.,II"e(\ , 
Ih(, 1):\1\(,1 wil h t'O IIIH'etn l~ lind tl'immt'l' 

e:lu Ill' k{' PI abo\'(' II\(' nil by Ih(' addition 
of longl'f "P:l l'('1":< :Ind l' ilit'ld('d lead" 1)(,
t\\"{'('n p:wcl !Iud (':IP:ld lOl': !!!!!L Ih~ 
~'alt't.II'(' l1 la illl' r flf Iht, capa{·il or I:; im
~ .. rbl' modifif,:~tion {'llll he madl ' 
wilhuUI ('h:lngt' in Ihe cn lihrlllcd ('11-
(>lwi la lI<,e. 

An~' rcf('rf'III'C s tnlldll rd clI paeitlll' 
wI':\r" along \\' ilh Ihat l ill,' all impli.'it 
" I landh' with ('a\'(' '' ~ igll . Careful ha l! 
dTIng of the TnE 1101 cI'p:1.(' it ol"!' i:< 
:tlwIlY~ It \\"i"f' pr(-" ltlLtion, hut il i," not 
alwlIYs 11 neeel'."il y ht'euu;.>(' the Sll'Ilf' ll lrf' 
i~ nol del il'lItC'. Hample (':lPIH' ilors ha\'(' 
1)O('n put Ihrnugh impa('t :ohot' k 1(':'11:
of from 30 10 ,-,0 g Wil li II-milliF;('('olll l 
dtlrlllion~, Illltl Ih(' l'e!'!ul l ing ea l}:Il'i t:l lWI' 
ch:\Ilgcs Ill\\'C 1101 cxc('Cd('d 50 ppm !lml 
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hun .... in sollle ca"('s, 1N.It'1I only a fcw 
ppm, The eapa('itori! tUlI'C al"" with
"'Inod equally well Lho::w irnm('lI><urabll', 
:Lilli apJlaI'ClL1ly un:woidublc. ",h(}('k leslS 
wllil'h o('cur ill normal ~hipm(,llt. 

l)mtf!l'lillll fJ"ll m botb mcchanif'ul and 
tlif'I'mal slu)('k i:- pro\,it li>d hy t hc "hip
ping cUI!,!:'\incr \If ('xp:wdablc poIY"I.\'-
1'f'lIf'. Til£'" £'":JpfH"iwl' cun I~ kcpt in lhi" 
i1ttrnl'tiv\' pb !>li(' 1":1;;(', not on l.\' fO t" stor
ah~ and rt,,.hipmPIiI hut ul;;;o for [t~JHC

I liun flf Ihcrm:II(I"tIII"if'lIt" dm'irlg lu.boOl
IOI'Y mcu:;urt'llIcn(:;. ' ['Il(' Ilwn n:11 li me 
('OIl,~I:tll( for dlUlIgPl'! III ~lmhif'1I1 Icm p('l'

:Itli[(' I:; in<'I'Cn:'f'{1 from nboHI I hour In 
~ " j hum'S \\ 1lf'1I I h 1lItl;!.LJ.:ahitlf'1 is 
\:O\'('I"eu bv tht.' ph.!;! ii' l'a~HI ('til-Jl(>s 
un' 1'(lm'l~: e<nhrougil hul,,!:' ill (Ill' t'1I~. 

'I'll(' long-term SiiiTJilit y ( the ":1 l1ll1'i
t:tnel' chunge' will! linl(') of 1\ \\'f'II-cod
dlf'ti ('llpfH:itnr i" 11:- im pnrwlIl :1" il I;; 
purti("ut:Hly difllcult to n1(':I"II[(, whell 
Ih(' ('h angl''' I1m.\' II(' no Illor(' Ihan a fcw 
ppm. ,\lany Illolllhg or yf'an> and m:lIlY 
(':.tpm·ilors of Ih(' higlw..;t "IabililY arc 
rl'quiN'<1 for 81:tbility m('l"'''llfCm(' lI t, a lld 
ll('itll('t" h:l~ I)('('n llndlahle in 11 11('1I 11:1\C 
qUlI"t;l.r for thi.:' ncw l·flp:ll'itor. l'I't'~'n t 

('~filllat('8 of long-h·rm drift m l l.~t he 
hU~NI upon III(' in l{'rl'omp:lri,;oll of II 
f('w eapfI.(·jtors fOI" !ht, p('riod of:J .,"CM 
or le~,,, and UpOIi :I few nlliilr:l1il)lI" b~' 

:"B:-i, hul the nmibhl{' dala indil'lllt' n 
drift 1'~ll(J well wil h iu :10 p pm IX'I' war. 
D:ltn of mot'(' i'oignilit.::IIW1' :If(' now I)('ing 
111'I' IImul:lted h.v :" 1\:" lind by IIi(' tlluny 
;;Iflndllrds lahorutnril's wh idl a I"(' alrl'ud.\' 
u.~;ng Ihe Tnt: I·W·I capa('ilfH~ a nd 
;;:{'nding (hcm lX'riod icflllr to .:\" BS fo r 
t:llilJra 1 ion , 
High-Frequency Performonce 

. \lthough illlcnded p rimarily fo r low
frcqu('nry nppl il':lt;ons, (he Tnf.J , .-10-1 
cnp:witors CIl Ii he lIS<'d !It higlll' r frc
/ju('lIeil''' if {,{,[(:Ii n ('oll;:ti(/f'ralioll!' tlf(' 

AOG U ST , 196 3 ~ 

Figu,. S, fqu l ... "t. nl (I ... 

~ui. of T~pe 140~ 
CopoCilors. 

CO - 1000 pI lor 
Trpe 14Q.4.A 

CO - 100 pI lor 
'rp·1404·S 

kc pt in mind. '!'III! direct I)r th~
Icrm in:d ('a pII('il:lIl('(, ti l the ll'rmill:lls of 
tlw (':lpudtor 11I('[('iH;es wilh fff'queuey. 
pri marily :I'; IIIf' IT'"ult. of thc..~'1I11tU:C 
(in lilt' ('qui\'alt'UI ('in'"it uf Figur(, t) 
ht't\\C('ll I Ill' :'f'ril' l.I' intt'l"I lul It'ad i ,(dlll'l
anl·c.". I •. lIud Ill{' I"apaeilancc, ( ' n. 

ShuU tl'{l II." the gl"Ound l'aptwitu IH'CI:l , Gil 
li nd C ~ , in sNies, The clfccl;\"(' c:tp:H'i
ttUWl' i" C' ':C ( ' .. { I + r f~:) , \\ \1('1"(' C, i,., 
11ll' loW-II"C'qu('lw,\' f'lIpuri':IIH:l' aud .I .. i;t 
tilt' 1"('..-Olllllll'(' fr('qUl'II'·Y . T h(> I'C$«)11:Ull"(' 

fl'{'qu(,lwi('''' lin' appl"Uximal(>ly .!.Q).klQ1· 
tlu;, IO(){)-pf Tn'.; I lOI-.llll1d 17 ~I<; for 
Ih(' 100-pf T nE 1401-15, alld the CllfI"C
sjlol1di l1g IlU'tl:<l1rin!( fl"l'qlll'nri('il, I, fOJ" a 
('apadl:wl"(' int·f('uM" l)f ,W ppm urc 
.illJ:;..l" a lid 33:1 k('. 

\\ 'h"11 1"lIlli' :lff' ('OllllC'('If'U lo Ill(' 
('a paei t or, Ilo\\"(' \'('r, Ill(' 8(>ri(>..; i ndtl(" I U IWC 
a nd shunt ('ap:wil:lIU'(> flf lht· lead,. will 
(":111"<' a ,'apacill1 l1('(' iU"I"('fIlW "imil:lr In 
li nd prolmhly Inl"gN lha ll Ihal 1)I'()tilH.:Ni 
hy lhe iuterua\l"{';tidual..-. ('or[('t'linn l':tn 

hI.' mad" fut' tlw I'tf('(' I ~ or inlcrlla l :l nd 
l'x lerunl I'c5id'l:ll im j")('ua ll('('s, but high 
1I(,(:ur:II'Y i" diffi{'lIlt 10 OI,llllu with in
cf('lI,;ing f re!jlwlU'Y. Ca.1lllii!. ori' t hM ('1m 

1)(· ('01 I1 I(>['led 10'111E' br;dg('--.;;:nl il5.lls 
wit hout !t'lId"arf' (1)~dt'l l nSi'itull(L 
f1n:I$ for fn'lluclwil';; i"JO"f~ SHy . If! h 
Dissipotion Foetor a nd D Stood ord 

Thc 10",,"<,>< in Ihe THE 1101 l'lIpllei
tOI"l'l ON' ('xtn'mcly low 1)C('tl. .. ~ t il(' 011 I.\' 
cIT('('l i\'(' di('I('('tri(' in ti ll' ('u lihratrd eli-
1'('('\ ('a pllt"ita (l("(' i~ d ry nit rogell. All till" 
r 'r-l lll i(' in;;:lIlaliflll affN'I>; tlnl.\' ill(' ('1\-
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GENERA~ R AD IO EX PERIMENTER 

p:I!'II:lIl\'C'o! to grouhd , II hieh art· cxducll'd 
in n IhrC'{'-lermiliul meu::;urcllwni. Th~ 
Ill""" iii low {'ur/ugh tu be tOmpflrflhlc to 
Iii" lIuI·cl'iainlil.'''' in 1I1f' c:dibr.ltifJll of 
most :lVailable "j{tllcinrds of tl il"Sipatioll 
fa~'lOr. TIll' he::;1 c"limalc tit Pl'l'Ii{' Il \ is 
Llhlt t ill' di:'l."!ip:\\ion f:}('\ol' al JOOo qlS 
(':111 II(' m:lilllain('J !)('Iow III Jill!ll and is 
t:.pil'ally If' '''' thun tll:l\. 

I~('HII:"'-' 111(, di ...... iIXI1iOn fut'lnr i" wry 
!fIll' alld {'(IIISI:IIII in 1 hi:; ;sc:\lt'd ('UI>:I('llor, 
thC' l'ap!lI'ilUr ('nn alsu hc ul"ftl :\:01 : ( 

;o;l:lIId!ll'd of di""ip:Hioll ftlt'lnr. for eX:lm~ 
1)1f', ill Iwid!!;!' (·alilmllioll. TIll' dl'" il~'d 
1I1:lll:lIitlld(' nf /) {'an be o!)taillcd h.Y the 
addition of 10:<''' in Ihe fM Ill ur II ('111i
br:lll'd lixt'd 1)1' d ('('adc I'e :,;i:ol\ m in ~'ries 
ur in pHr:lllel wilh the C':1plu·itor.· 

Use~ 

'I'll(' primHry 1I~ of T rl't; 110 1 ('up:lci
lOr:- i:ol a~ T(·fc/'t.'Ill'(' or workiug ('apa('i

II. 1",' .. ,If- I I ......... lu ... I".. t l"~ llII,,or,kTy" '''''' ""I_" 
1...-" " .. v lot- luu",1 If' II ... 01tl:l:l. i", ''''' ''11'',,"'' (,'" .1 ... 
T" ,,, 1111 ... · I (". , ... ' h." .... flri,Ir. ... 

la n l'" s landa rd", (If t he high~,.: t orti('r for 
l he ('al ihm l ion of (,l h(' I' 1':1 P!H'ilOl":- tlml 
hridgf.'s. TIl{' high !,llabi lil Y ", llOtlld 1)('1'· 

mit t he accur,lc· .... of :\ US {'ulibl'a liom 10 

he tnlllsf{' ITCd to othl'I·lnbOl'alOrit,,; wit h 

U]u':crtni n liI'S Ie ,;.,; Ihan ± ~O ppm. 
For ma ll." ealibr:llions. ilw.:h as thH L 

uf t he l'\'I' ~; ](j]:,-.\ <.':l ]:>lldta nec Bfidgl·. 
(,it lwr tIll' 1()Q().pf Tnt: 1·10-1-·.\ or thc 
lOO-pf 'I'n't: 110 1-B (·tlp:U'ilor (·tlll 1.1(' 
11.·.;cd II·ilh 1.'<111111 tu·t'll m e.Y. T hcre.· i:: 110 
:<ignifi(':l nl dilTl'l'('Il('C' in qll:llilY 1)('11\('('11 

Ill<' IWO mUl Ie!Ii. hilt . hl' diffe!'eur'c in 
r:l plll'il:l tl l'C i" lI;.('fll l for sonw "Ix'ei:ll 

purpo~''', :-!tL!' h :1:01 Ihf' f'xlc n,.:iclII of the 
prcc'i,;jon of Ihe '1'\'1'.; Hi l .j-.\ Iwidg('. 

- .Jon~ F. II En"l1 

CREDITS 
The IIc--it-:u nud .le\'el0J)UJt'ut. of the Tn't: 

I~().l Hclen"lIt:e Suu.d:.rd {,":l/lIll'ilot " "1\.;1 carried 
Ollt bl' Dr. Tle r.. h ... illl me<: ItIniCl.\ d e>ipl ';;lI,'" 
IlOft. (rom G. A. CI("rnO"', De;i l!u Enj"rlneet. 

- Er,.-roR 

S PECIFICATIONS 

C .. llb ... U .. n: A \,(,rlilicl.Itt' "r Nllihrntiuu i~ 
~ nJl\)Ii~1 with ell!'h ClIINu'iUlr II;lvinj(; 11.(' nU':l~
url'l ,li',(,(·t Im.ru'll" "ilf",('itnnt'f' 1'1 I kc (lild lit 
2:~ ± I C . . hI' m!'l~~u",, 1 vu lllt' i ~ "htllillf'<: l h.l· 
II ('Ilnlllnti""ll1 til :1 Jlred~iol\ I)<'IIl'r lhlln ± t 
\11'11' wllh \\'o rkill~ ,.tllndnnJ~ wh/).o,(' 101""'hne 
v"III ..... :lre kn.lwll h) ,III "erllmel' "f ± 20 I'pm, 
,h'lt'rllllll~~1 111111 maillluinoo in It'fII\~ of ",rf'r_ 
('nee .. UIIII18rd. IINiodl(':ll!y mCRioIlN'\1 hy the 
\'"llonnl lIurNl1I or ~.a\l\I:t"I.· . 
A .. j ........ nt A .... , ... y: T he CUINlcltsnN' i~ lui· 
ju~ I~'11 IlI'fo,l' I'alihmlilln Ililh (In III'I'UI'I'I'.I' or 
± [) 1l1 '11\ to R l'''jlRt''it"n~ "hout ;, IIJlI>1 1It.(H'(' 
lhe 1I0lnlllnl Ylli lle re\:Iliy(' ttl thl' ctll)fleitRnl'(' 
IIl1il mlliUl.lli"l~1 lIy tlw G"'(wr:ll IIwli'l l'cfrl1'lll'o 
~ tllllllnl\l ~. 
S, .. bm,y, 1.011w;-It:'rm drift i~ Ie-~ llmll 2U I~.rl'" 
tl('r IllllJifln I)('r .\·"lIr. lI.l:uilllltlll dulU,," wi l h 
<lti('lItlltitlll j . 10 IIJl11I, >In,1 i"COnll'i{,h' ly ",ver
Ihl,·. 
, ....... ... , .... C •• IU.I ... , .. I c ...... a ....... 

2 ± 2 Pllm l' (' fmm -20 C III +G,~ ('. 
A mcn.~\II·"'1 "fltlll' with 1111 IICf'UI':It')' of 
... I ppm '0C" j~ "h·t'n Ull tht' '· ... rtili('llle. 

1'/11'" 
1404. A It.f,nn .. 5' .. nd .. , .. C.po.it ... . 

Te ...... ,., .. ,. Cyc!;n8: FlU' It:'lIl t}t··r:lture C'\'rlinl:; 
llYN r:lll to:C from - 20 C 10 + {~'ll' . hy$lc!'t"'i~ 
( r~II'tl.\'eIl hh' ) ;,.; I('N< t hnn 20 ]lllm lit, 23 C. 
Dj .. ipoli .. " hct .... 1""",, thnll In-l nt I kt:'. 
R .. id .. ot h .. p ... ....... : ~. ctlui vulcnl 4'll1"lIit 
( Fi/Cll re.,i.) rnt I \"p if'u l \'"Im'" or internal !'erie>o 
induf'lun('e,; lIIlll It'rmillu\ 4~II)llri ' lln~. 
M ... i"' ..... V"""8" i .}() \'Illl~. 
To . ... inot.: '\'\\0 C'\I:axinl. 1'lClwlI:: TYI'~ R74: ca.~II\' 
C(fu\'('rt;hll' In "Ih~r II'IM')! Ilr COIlI1C{'H>r>< hi., 
ntllll'hmcnt "f l 'wkll1~ ;'1111'1""". Outcr -hell ,;r 
on .. eun nectO)r lit lU1/C1'tJ\lIlded t,. I'l'rll1il CI\\~.('i
tnr IQ he u",-"I lIi th cxlerllnl N'.i~, ,,t 1l.S it {;".i
II.hlLl",·(u('\.Or ~t:u l.I'1 11 1. 
A ....... ' ;... S"ppll,d, '1'11"0 Tv,·y. Si 1·(';I8A 
Cubit:' C'Olll ICl·Iun,. 
Cobin", f'c:. lcc.t inner j'olltuine r I1\nun t (><i in 
outer I1Ih· I)(, l1l'h >lll1In;1II1111 (,,,"-.e. El",i\." luJapt_ 
111,1/' to .,iI !nllnC",;ull o( in lier "Cll hx l t'tllltll int't. 
Oi ... . ... i...... Wid th li 'l. heil!ht 1;%. dcp,l. 
S in(']l1>;! (1 7;) loy tiO loy 205 mm). over-:lll. 
it.clullim; handle. 
Ne( W. illhl: 8 ' ~ IlOund~ (3.1; ka:). 
Shlppi"8 W. 18hl, 12 p()unJ~ (:, .. "0 kg) . 

('odc NII",/)rr Pr;~t 

. 404.8 R.I".n<" S,..,d_d (0,...<1, .. ..... ' 
1404·970 1 
1. 0 . ·9702 

sns.DO 
775.00 

, • 1<. I' • • ~", \:0. ~.M'M~7. 

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



AUG U ST,1 963 

THE NEW LOOK IN HIGH-FREQUENCY 

OSCILLATORS 

The General Badio high-frcqucncy 
oS('iliators have found wiclcsprclld lISC 

al'l simple signal sources. They {'O\'cr :~ 

very wide frequenty range, undo Wilh 
llC('cSSQry equipment, which illrludes 
modulntors, mechanical sweeps, Ilticnu-
11.10rs, coaxjld fittings, and a variety of 
power suppLies, they clln be as.--<>mbled 
into more M phislica led sYl"Icm!> to Ill(1..'t 

SIX'<:ific ncros. Somc of Ih('S(> p~i1Ji1ilif's 
arc indicated in Figure 2. 

To cn hull t·c furlhC I" tllc Hdllptllhi iit y 
and con Vf'll iellCC of these (lscillator8, a 
rNie:<ign of panel arrangenlf'nls has 1)('{' 11 

c!1rricd oul. The " new look" provides 11 
si mple unifol'm package wh ic· h i~ readily 
attllched lO anyone of an ~'xl»"\IId{'d lill(' 
of ('omp~Ulioll power suppli<'S or mou nl t.'<i 
in a Slll ndard rela.y rack. While tbe 
t'conomical L-bracket conslrue'lion llmt 
has Oct'ornc :~ virtual lmde:m:lrk of liwsc 
I n. I'. MoC .. ".h. "A 1\" ..... I · H.· :<;11".1 """r~.'· (,'MI'rnI 
R,~ljo I;.n~j"'~nler, 35, 3. )hurh. 1001. 
• E. 1\.'1.10.., "1'11" 1'yp~ 12 11..(', '\11 11111"" .... 1 \ '"" 
Qo"illAl<lt." G~"md Radio "'rptti_ler :«I, 10. O",,,lw·t. 
19&~. 

--" --
:!'.~:. ::~, .. :': ,~ 

fi Qure 1. ro .. el "II'" of the Ty pe 1209· CL U .. U 
ol<m .. , .. ,. 

o;«"illators htl .... I}('('n 1·t'1:linOO, the pallels 
arc 1101\ 7" high IIIHJ 8" wide, the snme 
sizl.' a..~ t he pl'('\' iously announced T n>.: 
130\·.\ l'IIF O>ll"illillor ( ... 50 to IO.){) 
.'lI e) ' and the '!" I't: 1:!ll-C Cuit O&· il
iator (O.,j 10 .jO ?l ie)'. Figure 1 shows 
t he THE 1201J-CL l'llil QscilllHol". The: 
ncw models with Iheir frt'ql1cllc), I"!\llg('~ 

:Ire tabu\;ll{'d on page 12, 

"""" ....... 
" __ ,·M_· . 

...... -_ .. ,-
.. "-.0 . .. 

. ... 

l . '~~;:'~:l =~~ i _.- ~ ... ,,~ '-.. ~ ,- _..... , ... 
-.. ~--:::-.... ... - _ ...... 
-~ . ., .... ... ':'.~ . ,- ,» .._ .......... ,. • ~...f --.. ::. ::~: .• _.:~. 

J 
I ",." " .... . 

~. L ~, .. 1 . .,. . .......,.. _ .... __ 
......... ' 
,~ ... ,. ..... ' .... :.~:;" _ .. " ... 

, ... -........... - .~ ~ ... -_ ... ..... .. 
-:~~::::-::, ---
,.~ ---.. :.~::.: .. 
:.:-.:..;.;.-

:;0:,-.; ... .. ..... . -.. .. 

leoj ~ ... , ...... ", ..... " 

,.1 
" 4' 

• 
~ 
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Tapped holes ncar the four (,nrnf'rs of 
the h'onl panel jlt'rmit rigid all!lch mcut 
to an assoc iated powet' supply or, by 
means of tOW-l'ost adaptor platt,S, to a 
rehty ruck. The oscillators all h:1XC 
6-inch precision di:lJS !wd urc cquippt.>d 
with Tn!:: 87-1 i ... (wking ConllCt:tors for 
the IIF output. The modlliation j:l{'k ill 
on the front panel. 

Versotile Power Supplies 

An outstanding fellture !A thc:sc O$il
[ntor.; is the provision fol' 1l.'SC with Ilny 

one of i\C\'crfll difTCI"Cllt power supplies. 
Power-supply chantctcristies arc fl'('

quen! Iy (I determining f:Lctor in the PCI' 
formancc of nn OS('illaior. For sueh appli
cutions !IS p:\ramctric-umplificr pump", 
oscillators must be stable against flll 
powf'r-linc variat ions tlnd free of mouu
latiOll from Jlower-supply ripple, For 
theRe extreme requirements, hoth phite 
llud heater supplies should he regulated, 
well filtel'Cd dc, as in the TYPE l:W7-A 
RegUlated Power Supply. 

Where I'cilllivc freedo m frOIll line 
trf\nsieuts ii3 rcquirro without ultima.te 
redw,t iOtl in long-terlD dl'irt~ a lld hum 
modul:tliou, rl'gulaled plute supply i:; 

desirahle, but unrcgulated ae may he 
u.sed for the lwuler snpply, Thi" IItocd is 
met by the Tn't; J:!OI-B Unit Hegu
lnted POWCl' Supply, 

For many nOIl('riti('u\ npplk'!ltioll~, 

unregulated de plate and ac henter SU j)-

plie,," are ('lIt irdy adeqwl Ie n nJ reprcscnt 
cou;;;idcrahle econom,'" The T\'I'E 1269-1\ 
Power Supply is of this type, 

Typica l power..()uqmt rUl'ves fo r the 
scvenll os<;illators, when operated from 
these power su pplies, a rc sho\\'11 in the 
spedficil.ti011S, 

01 her applicn tjons requi re power sup
plies in which the plate-su pply voltage i" 
cOIIII'oll:\ble to modulatc 01' to reguh\le 
the osuilhtol' output. The T Yl'fJ 1~{j,I·A 

:\Ioduhting Power Supply providcs 
100% amplitude mod ulation tl l high 
level by S<111:II'C wnve:; Ill" pulses as well 
as cw opcmtion, The T H'E 12li3-B Am
pli tudc- Bcguhll illg 1'0w£' l- Snpply in
cludes fI. fecd b:l.('k loop to mai nta in COIl
'lla nt osdll[lto l' output ll'; t he O5('illal0r 
fl'C(lllel1cy is varied, C'onSlf\1l t output IIOt 
only spc<.'<i.s and simpli(jl..'S mmSlIl'C
ments where the oSf'ilJator L" tuned mun· 
wtlly, but is CS:;Clllial when ma king 
8\\'eCp mensur(!ment s, The T YPE 12{j3- B 
1\mplitude-Hpgulating Powcr Su pply 
has a n illlel'llul l-kc oscilbtol' for squnre· 
w[lvl'modul1ltion, 

The T nE'; 1207-1\ and 1209--1\ power 
slIpplicst arc ncw items, designed spccifi
rally fo r IISC with thcse oStillatOl's, 
They h~wc a 7·inch panel heigh t , mu tch
ing thro oscillntors I\nd attach readily to 
the 1l"(,jJlntor for cither rac k Ot' bench 
lISC, us shown ill Figure 3, The necessary 
hardware for aLt::tching oscillntor to 
I s.... ("'II" 13, 

Rack,maunt orran~m.n" of Q Unll Osc illator with Iwo Iypel of pow .. supply, Figu •• 3 (I. fl) showl the 
Ty ... 1269.A Pow •• Supply; Figure 4 (,ig"'> the Type 1263.8 Amplitude_Reg uloting Pow. r Supply, Fo. b. nch 

mount, th e ... ck, .. daplor ploln, , hown .. I Ih •• nds of th . a , u mbl iel, or. nol u .. d , 

,.. 

[ 
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power supply is furn ished with the powcr 
supply, H~lck ad11plor P:111Cls a rc listed 
on page 13. 

Figure 4 shows how the Tn'~s 1 ZG3-B 
and 121,H-A power supplies attach to the 
osci llator for rack mount. T he older 
Unit power supplies, TYI't~S 1203-13 and 
12OJ-il, arc st ill aViliJable and (;OllllCtl 

to the oscillator through a plug-in cable, 
ns shown in Figmc 5, 

- G. P. ~[ cCO I1C" 

AU G UST , 196 3 

Figu .. S, Ou iUatat with olele . t y ... a f Unit Pa ... . . 
Supply, Ty p. 1201·8, 

S PE C if i C ATI O N S 

Fre quency Cantral : T n '£ 008 Gt'lu--Drive Pre
ci~ion Dinl~ Rn' used on 1111 modcl~ Vernier 
uri ve ra 00 is Iii:!. 

O utpu t Po ..... : Output JlOwer is :>llOl\'n ill tllbu· 
lilted specifientious. Wilh th(: TnE 12G3·B 
Amplitudc-BegulHting PO\\ef Supply, t he milsi
mum II.."Cflllllower output is:'>O millillnlt$. The 
Ilvnlllll)le ]lower i~ adNlullle for pnl.ctieu1!y RU 
la\:>orulory mea..~uremcil\..il with bri(!I!{';', ",lotted 
line;<, :ldmitl:l.lII:e nnd U'l\Ul;fer·funetion meter!;, 
tuned circuit:>, HI'. 

O utpu t Sy.t. m: A sllort C<lfI:<iul line hrinJ:t~ the 
tlut l'lIt from UII IIdjustl1hlc I.'oupliul' In'op to :L 
loeki"J:t THE 87,1 Coaxinl Cormeclor. T he out-

IJUt connector is located at the I'('t\r of the ".~I'fl
IIl0r. l\ l usilllUIll pQI\·er ClUJ be delivered to 
load impedunl'e!l uormnlly cllrouJlt.eroo in 1"0-
axiil l .·;y~teml>. AdnptOTS lire :lI'lIilfLhlc to ('(01Ivert 
the 'rYl'E 874 CorLflet::LOr to UII}' o ther l'OmlilOIi 
type. T hc;:.c 1\(l:IptOI'>' lock M.'CUJ'Cly in pl"ce, yet 
are ett",ily relllo\'t.~L 

Pawer Suppl y: The externl1 l pOll'er 811[Jpl)' ~hould 
he ChIR'Il from the grfJuplislL'(1 in the 8r.wl/fwry 
"I O,'wil/.lllQr Pou'(:r-S"ppl!l ('lumrclcrnJlics ( !II 
pug(' 13. Operation from '100-cyclc lim!/:' is per
missible with mun)' of tl,l";]! pOII'er ~uppliL's. 

Madulal ian , Amplitude moclulntioll ov('r the 
:Llldio mlll!e l':J.II he obwim'(i by superimpoo:ing 
n modulntinl{ voltnge on the pllLte supply. j\ 
inek iR provide..! on all (; B O->,/"ilIn!or'" for thi,. 
l'url lO>!C. The ILl.I(\iO S()UI-ee must he {'llIllIhle of 
(:nrryilLjI; lh(' dc plnte current. r,f the r,~eillalr)r. 
The inl'xp"n~ive T\'I'E 1214 fixCtI-fr('quency 
O'CilIlll')r>< tLr(' r<'f'Omm('nJcd <I~ modul:L1o~, 
IIl1d III'C II."tuLlly u~oo in I~njlllll'tion \\'i lh the 
T\I'~: 126f1...A, 1201-11, or 12(;7-,\ power ~uppli~. 
FQr 30% II-m, inl'idental fill in thi~ "y~telll l .. (If 
the order uf 0.01 % <It the lowcr rJtlrt of the 
tunil1j1: mnllc, ML,1 ine~~l.';e~ to nhoul Q.Ofi% 
lit the ],i!l:h·frfqucury ('tid. AlIWosirrullcly 
40 voltl< IICI'Q/l.'\ SOO4.1 ohms i~ ndl"lUllte to prn
dlll'C 30% modulation, 

Squorl'--ll"ve or {lul!'l! mo<lllln tion CUll IJe 
ohlnlllOO ou tLll HsClllut'm:, C.'l:C{.'lIt t he '1'1'1'.: 
120S-C, by u~ of the Tn't: 12fi·'·A M otlul"ting 
Po\\'er SUPI)ly.· All ')'-l'ilIntfrl'::', except Ihe 
T f l'E 12QS-l', CUll I)c ~qUU~I\IIVC mOOlllnt.ed ut, 
I kc by the T rl' .; 1263-13 AmplibhJe-Begulot
inJ( Power Supply.· 

For vl{\('<) 1I1Ot.lulntiou up to 30% wi th 5-1\11: 
lmudwidth, the TIl'!: 10!1O-P~i C'rvMI}I·I)iode 
.\lodulnl.(,r· cnll he 1I~c..1 :It ClIrri"r 'frcqucnl'i et< 
from 20 to 1000 M I'. :-;:0 !Unin!; llIlju~ll\\entl! 
lire requireJ. Tlu~ lu,,-lcvel (Lh~"r]ltiun moouln· 
t"l' i"trudu~'e:' 11I'~Ii,L.!ihle illPitlell l:11 fill, hut 
till' oul]lut cupn.bililY i~ limited to 1L111)TOSi-
1l1tltcly 10 Jnilhvull>-, peo!;, in tu 50 Qhm~. 
S ... eep Appti~ .. r;a" : l\irdHlni('lLI SIH'CjJ d t ~ 1)('t'(ls 
~ \litllblc fur oscill0:'copil' IIHJlny Clln be ob
tllinMI h." 11 '1' of the -r"J'1': I 750-A S"e(!P Dril'e.· 
The TI'J'.: J:.'08-(' i~ 1I0t n,'C<JIluncnded for 
this o;crvice hCt:lI11SC of the ~IiJing COnlll.et !l' in 
it", tulll~l cirCUIt. 

Slower ffiCI·hunicnl !mC('p for UR'l with xy 
rl'coroCTl! i~ IXJ$<ihlc with the Tn.: OOS- lHlCr 
Diol Drivc,-

The T\' t ,~! 12G3-B Arnplitude-i!f!l/:ulnlillg 
Power Rupply i.o; rK~lrn/JlClIlk'(i to hold the 
osl'iilntor uutput ''<m~t:.Lnt lU! Ihe f1'C(tlJerley i~ 
va ried, J\:trtlculflrl.v ,, 1lf'1l Incclul.ni(,lIlswl'C.P i~ 
ellll)toycoi. H C1Ui Ire u:;('(\ lI-i tIL (LII th~ oscilla-
11I1'!i csC{.'pt thc T y t'E I205-C. 
Maunti ng: 

8 en<h U •• - Auy of the 'oscillators ('nn be. 
u*,IOIi the lJ('lIch \Iith lilly of the reromm('ll{lcd 
jll1Il"cr ~uppli(!lf;; in terconnecting eflbJ~ nre 
~IJPJlliCtI. All o,o('illalvN< lind flill)O."\('r ~ uPJllic~, 
(,X/'t'I}1 Ihe TYI'E8 1201-1} lind 1203-B, ure 7" 
hil{h nllil 1':111 b(' nlllldu~1 to (,Rch ot l,er wi th the 
h,mlll'are ~ ul'rlic<1 to f\,rm 0 ri~iJ 1lS-"'l' lIlbly. 

Relay ·Rack Use - Any o~cill"tor con bc rl'1R\'
I'nl'k IHlILU\l('(1 t\)j., .... ther with II Tn'~: 12G3-h, 
12(;·I- A, 1267·'\, tlr 12fi!)-A powcr ~uppl.v in n 
~p:'t'{' 7" hiJ.;l!. \\'h('11 the T l'l' t: 1201 -0 Powcr 
~uPl,ly ill LI.<('(I, SCPIIrtJ.I(' rUf'I:-ndllp!.Or P!lllel~ 
II J'(' I!('c(!!o.<n ry. 
"l",,,,.uh rUp 181 ... 1 ('~"e,a L Ib,!;" n181"11: fot d~t:UJ •. 

(Clliitilluccl on IULge 12) 
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SUMMARY OF OSCillATOR POWER-SUPPLY CHARACTER ISTICS 
l~(ll!r/ 

1'!lPf A PI,/iNrliofl J< f)C' Plolr '!;:'''I'li/Y fl ffllfr S''1)/lI.II W il/r" 

1267 . A' Ultimo le . lobUll y for cw 300 Y @ 70 mo, , .. g~loled 6,3ydc 0 1 amp, re g ," 
1201.81 Relallye fr eedom f,om 300 y (0 7 0 ma, '''\luloled 6 .3 Yac <!! "' amp · 

line Iran.ien" 

1269·A' Maximum aulp~land 380 y open eircu,l; 300 y ~J 6 .3 Yac @ 3amp ," 
1203·8 ' miniMum to.1 SO mo · 
126"'.A"',' 1 00% . qvore Woy e 200--300 Y €I .50 mo , , e go 6.3YClc 0 2.1 omp ," 

ond pIII. e o·m 

1263.8' Amplil ud e .r .. gulol .. d cw 0.300 V (i-' 30 mo 6.3vdc @ 0 . .5 amp '" 0, l-ke .quo,e·waye 
ou lp ul 
--

1216.A ' Helrodyne de le do, 300y (il 30mo 6.3 y ClC (II 1 amp • .. l"It I"",,,,,,,,,,,, ("1...,,,·\. 
';\by be "1 .. · .... ' ,.,1 from o4OtJ..,yd~ ~UI'I~Y. 'Xo\ 1m " ... "'n" ,.~~~ l~>OS-C t '"i, (""'lIah>l. 
·Il...,u'r~" .,I~p"." ""bl~ ,..h~" " .... , ,,·itl> T y .. ~" 121S·C, 1 ~'tHl·C L. all,1 1:!<IO·(" rllil (l,o,-,I1.",u [_In".,,, (;~n~t~J H",J~, 
e6taloo;). 

Accessories for Re lay·Rack Mount 

The Pflilei "X l e l l.~iul1 :-: H:-:tNI hcl(jll' Cfi n 
II{' I'(,tldily (It hlched 10 all,," f.r the i " -high 
oSI'illat ol"s, l)Ower ~ llpplil'''' ur o,~I'ill:ll()I'

I)OII'CI' s upply aSSf'mhliC's to pel'mi t 
mounling in 9. "'1:mdanl 10" !'t' la y rtwk . 

AdDplDr PIDI , S" 
TVp. <l10 ·P"'08 ~.ed 
10 ,ack·mounl D .ingle 
a/l .... ide power .up · 
p ly (Type 1263·1 or 
126"'."') Or a,dllolar. 

r --'.- ~' 

jJ li!IF .. fr 
--.. --~ 

, ....... -- -, -
, 

Adaplor 1"101. hi 
Type 480·P"'12 u. ed 
10 'ack·mounl an 0.' 
. embly of a 4".wid e 
pDwer .upply (Type 
1267 .... 0' 1269· ... ) 
ond 00<;11010' . 

AdDplor Pla'e Se t 
Type "",O·P",,, ... oed 
10 ra<k·mounl an 0 . ' 
.embly of on 8 " .wide 
power .upply (Typ e 
1263- 8 at 126.· ... ) 
and a.dllator. 

I',it:( 

480.P"'OI AdDptor PIDI. Set, fa, one 8" ·wlde in. trum enl 
(7 " high ). 0"'80-9648 S 1.00 

"'.0·P""2 Adaptor 1"1 01 . Se t, for ''',embly 01 one 8". and on. 
4 " ·wid e in. t,umenl 17" high ) ........ . 

480·p416 AdDptor PIDI . Sel, for D .. em bly Ollwo 8" ·wlde in· 
. I,umenh (7" high) . 0480·96. 6 6.00 
Reloy .Ra<k Adoptor Ponel, for Type 1201 - 8 0' Typ e 
1203·8 Pawe, Supply only 17 " high) .... . ... . 11 ,00 

THE NEW POWER SUPPLIES 
To obtain ll1c 1IItirn:\lc pc rflJrmalWC 

from our linc or l 'lIit Qseil b tf)l's, the 
T YI' ~~ 12fli-A B('gulatcd 1'00\"I: r Huppl," 
p l'o') \' id{'s bo t II regu la tcd pl:t! e :t lid tWa ter 
\'\)ltages. Bcgnlalklll if; "'1I1'h th~lt cJl"Cl'IS 

nf line \ 'nltagc Oil t ilt' OS('iHatol' r)('l'

rormu twt' n I'C cs."t'ntillll~' I'l i mina It'd .. \ s a 
n'~tlIL t h(' t"'", idu:tl fm of the Oi.;('illat o~ 

i" approximatf'ly Ihe ."Il me :\:" l ilat ob
tH int'd with hnt/pry opemtion . 

. \ \'lH': IIHTll-tl.J)(· :-:(' l"i C!~ regulator is 
lI"ed fOl' 1 h" ;100-\,011 , iO-ma, d c Ollt pill 

lIlid II tl'al1"if' IOl' t'egll!:l! or for the 0.3-
\'olt. I-a, dl' outp"t. Thc vat-llu m- tube 
t'('gulator showlI in Figurc 2 U"'C1; n. di n'N
t'llIial-inplll a mplilicl' to') l.'ompill'(' tl1(' 
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GENERAL RADIO EXPERIMENTER 

outpUI \'Oltllg\' ugaill,..1 a \oltilbr('-rt.fer
"Iwe 1111)(" t~ eil,.;('oue :llllplifit'l" for g~lill, n 

.'alhod" 1'0110\\1'1" 1\)1' maximum h!\lId
width, uud :l s("'i('-l po\\'('1" lulw for ('on
Irol. Thi,:; l'umhiHUlioll rt':<ult ~ in all 
Mklh n'<iu('lioll of ripple \'ol\ ug(' (llld a 
low (,llIPUI impedallt'l' o\'cr :1 wide fre
qU('lIt'Y mllge. 

Til(' I'('gUlll1(JJ' \·il'!.:uil for ,he li.:l-\'()It 
dl' ou\pu' \l1i1i~,('!i tlm't' high-gain 11'1111-

"isIOl' ~11Igl''' 10 pr(I\'idC' a ilimilar SO-dh 
r('cill(',ion of I'ipptt, \'01 1:11,,1'(' (lIId inpu, 
Iralisielll.s. ('un'C'nI limilillg ill one IIm
lX'n' :Iud n'{itwlinn III Iht' "mall tem pera
tUI'(' elT('('I"; of ,Il(' Ir:m,..i,,,tol' :lnd i'A'IIC'1" 
l'(·f{'I'{'IWC diode an' uddl'd 1)()lIuS{'s fol' 
llio>'(' wh!) \\'01lId Hk(' !O lI,'i<' thl·il(· 
\·"rsal ile ,"upplie.s for other PUl'-

I 

• • 
Fill .... 1. Vi.w of (I, f.) T1'" 1267_A hll .. I" •• d Po w .. 

5"1'1'11 and (rig"' ) T'lp' 126\1_A Po ..... Supply. 

I}(),.;c~ , hl\1I OIX'flIliul,(: l -nil ():-f·i!la\fIn> , 

'!'ht' '1'\'1'.; l:2fi!)..\ POWN Supply i:- a 
.simpl!' unrcgul:ll('d illl Jlply ad('qllll1t' f('1" 
malty II~::; of lilt' l'lIil o.''f'il1al~In<. I I i:

,.:imilul' in ell"'Il' i" al f' ]I:II'a('{1'I'i", i t,:- t., till ' 

'1', I' ~ : 1203-B LIlli! l'ow('f Rnpply, 
- ~1. C. I loI:w. 

SPECIFICATIO N S 

TYIH' 1203_. 1269·A 1201-B 1267,A. 

Inp .. ' 

\' (,I! ~ 11).; III 12,-;- 10:) IH 12;, u rn.-, t" 125' lor, t" 12;,· tlO It) 2:)0 
WillIs Full 1.011(1 :,n ioll 1") !l() 

!.inl' i'rrr,uenl',\ 11'1 )0<) :)() III OOj ('nn "I .. , \>(' '1 1~ ·rIIle.1 fnom 4()O-cycl(' ~lfl )pl.l' IJr 

110 lu 12;, \'I)I!~" 

O .. lp .. ' (AI \15- or 230-Vhll inl'lIt) 
DC \'I)11~ 300 (It .'il nm 300 

nUl (max) '-.0 70 

l't'J(ulution Xn 10:,,1 \·"tc1,c;f· :.h""'1 ". ± O.2.i( ~ 
(nllnhillC<.t 1;11(' ,\: 1"," 11 

rlPIlil'. I'm~, fit futllnml fl 20 1'1''' ) SO Ill\' I Ill\' 

nt' v(llt. ti .:~ 

111l11' (mil:>; ' I 

l'(1(ulJlUI)II 
± O.2'-" t 

('~"nhin('01 
lillc&.I,,"oI l 

ripple , Till". III rutllo~1I1 1120 ('\"') I lUI' 

.\l' \'ult, fl.:l 1I.:l 
nmp (max 3 I 

Aenuor l •• S .. ppli-.l :'>latllll!: ,,11111; fflr outlllit Cnllllf'('lnr. 3-wirl' lilll' 1~ '''''1. 

Oi .... ".I .... 
inehe-: .jx.')l~x(;·~ -I· ~\i~x9I~ ':;x.,)3': xf;J{ P :xiJ''l:fll~ 
mnl I;JOxl .;()x1 II Ox, !}')~:J'-, 130x I ,,f)x IliO IIOxl!.1,;x23'-' 
IlOund, .-. .:;~ !; 7~ 

N" W"lht k, 2.3 ? - :l.S 3'/, -., 
1"111t111~ I; 7 7 !I 

Shipping W,lght 
k, 2$ 32 a.2 4.1 . .. .. . . 
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Fig",e 2. ~Iem.nlo'y 

,chom ell;c 01 II.. It .g
" tol. d Power Supply. 

r>!.,- ----'--- ~© 

1203·8 
1203.6011 
1201 .6 
1201 .60 18 
1269.A, 
1267·A 
1267.A,OU 

Unit Pow •• Supply, 105 ' 0 125 volts . 
Unit Pawe, Supply, 21 0 10 250 vol .. _ 

± , 

"'~ 

j 

Unit Reg ulat. d Power Supply, 105 to 125 valli 
Un ;t h-gulol.d Power Supply, 210 10 250volll. 
Powo, Supply ... 
R'guloled Power Supply, 105 to 125 vol" . 
Regulo l. d Power Supply, 210 to 250 voll • . 

~. 

i 
:1--

1203·9702 
1203·9818 
1201·9702 
1201·9818 
1269·9701 
1267·9701 
1267·9911 

.. .~ 

$ 55.00 
60.00 
9.5 ,00 

10S.00 
70.00 

170.00 
180.00 

flASH-DELAY UNIT SIMPLIFIES MOTION 
ANALYSIS IN HIGH-SPEED MACHINES 

10'01" many yrurs Ihl' STHOUOTAC® 
e!l'Cl ronit 15troho";(>opl' ha s l}(,PIl a v:l!u
ahl(' tool in tIl(> d('\,r1opllwlli :l1Id maint{'-
11:11\("(' of all kinds of mtal ing and I"('cip-

l"Ocaling t'qllipmt'11L Two a("tt':;,.;orip ,.: 
gl"PHlly f':>:pand IllI' u;:(>flll!ws." of ,hi,.: 
stl"Obo';{'O]lI' ill Ihr' ~llIdy of higIH'lX'<.'d 
mol ion , thf' til'\\' TYPE 1:'i31-P2 FIu$h 
Delay :lt1d Ill(' 'fYI'1> l53(j-A Pholo('[{'c

"· ' ·""M. 1'1.",,,,, .. 11 \\he,~ ;, ("""" ... :' (;'''"''/ HtuIio Iric Pi"k"'!.' 1.'-'1""''''' .'-'. :l~, tH, n.""I ... " l00~. ~ " 

flgur. 1. The fl01h O. loy and 
Pholoelectric Pickol'l ln combina· 
lion will. Ihe Strobaloc'lil elec· 
I,on; c Ilrobaseo",. Th. Flo.h De· 
loy olloch., con .. e nienlly 10 Ihe 

Stroboloc. 
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G~N~RAL RA DI O EX P ERIMEN TER 

.. 

'I'l l{' I'Omhillat iotl IIf pir'kofT :llId {I:h-h 
dl'hty pro\'idl's :I COtl\'~'llil'tll me:tll,; of 
I<ym'hmnizing Ill(' STItOUO'L\(: fI:l-'i.h 10 
t'Owling cquipnlC'nt , ('W'II \\,hl'll Ih(' 
"1X'1'd of Ih(' (-qnipnwHt il< il'r('guial', The 
fb,;h (':\11 hi' dl'lnyed with t'1':. IX'tl 10 1111' 

pi('kofT "igna! so thf\t 1111' movillg objc('1 
('an !x' maO<.' 10 appo.'a r ('ornpl(,IcJy 
;;I:uinn:ll',y Itt allY poill t ill ils 1'01:l1ioll 
('yell', 

\\'hl'n :1 mm'i ng ohject i ... obSl'rvl'd 
nmlcr stl'obo";{"opi(' lighl wilh Ihl' Ha"h* 
ing l'a 1 I' dl'tl'rtnilll'd hy 1111' 1<1 t'C)ho.'SI.'U I~"S 

in!l'rnnl o,.;cillatol', slighl \':It'iali()lls in 
Ill(' "'IX'I'd of rOIIl! ion \\'ill Call>il' t h(, rnu\'* 
iUI!; objcN In llil]X'(\r to l'Olate ~[ow!Y . 
('Ollt inual mljustnwnI of t Iw n:l.~hing 

mIl' il< tlWII I'l'qni1"('(1 10 obtai n:l statioll* 
,U'Y imagl' at a part icular ])Oi llt in I he 
('yd(', 

If a ;::mal! pi('el' f)f I"f'fi('('/iw t:l !)(' is 

I,, ~ ..... ·1 

I\l~'ou.o".,.. ,."".,,,,, 
>.0 00 -" --1 

Fig .... 2. S~e.ch . howing the un 
o f •• flective to pe to p.od .... 0 

p .. l.e .ig nol in .he Photoe tec"" 
Pi ckoff. Pul.e I • • hen " eloye d by 
th. Flol h De loy to fI.e th. St. obo
I"c at " .. y d .. i,e d po l .. t In the 

''''''' io nal cycle, 

placcd Oil II\{' ]'nlaling obj('('I , a" ,,;how ll 
ill Fi~\lr(' 2, il i ,~ possiblp to obt ai n from 
lhe phOtO(']I'Cll'iC pickolT :1 I<ignal whif h 
i~ I<YIII"hmllO Wi with til(' rota t ion, r('gal'd
I('s,o;; of );'p('('d. By ml',lllS of till' flash 
lid,)" an lIdjll tiw ble lim(' d('lny C:11I lx' 
inlmducl'o betw('cn til(' pil'kofT flllc! 111(' 
tilrobotitopl' , so 1 hat IIJ(' SII'Qho":!'OI)(' (':111 

1)(' made 10 flash a t allY oe:; il'('d ])(),;;itioll 
of l hc rotaling obj('('t, By cOlilill llally 

v:u'ying Ilw time dl' iay, Ill(' U,",'I' t'n n 

oh>'('rv(' til(' objl'!'1 ;\1 :l ll]}()sil iOIIl< dlll'ilig 
:l ('YI'!!' of rotalioll, Small ;o: pl'I..'d ,'al'ia
tions will lIot alk('1 Ill(' imag<', If lilt' 
S])(,("o \'a ril-.-; \\'iddy , Ihl' rd!('('\i w' lap(' 
I'a n !w phl('('d j ust a\H':ld of (1](' d(',..ir<'C\ 
\'icwing poillt, so t haL only :1 sm:III I imc 
deby will 1M' requil'l'd. 

'I'll(' phOIOf' leC lric pickolT dOl'S HoL 
nw('hflnieally load l he rotating cqlli]r 
tn('nt and ca n IhNdol'C be uscd on \'('ty* 

n.,. l"'''' 
Fig"., 3 , Function." blo ck d l" g .a ... of .he Fh .. h D. lo y . 
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FIIIU .... , Til. "cli" .. ", c"m fall" ...... c" .. " lotlly .Mamln.d wi.h ,h. $lro ....... c. flolh 0.10.,. ."mbin"'i,,n, 
Til ... ph"'OlLrapht th",.. 'h. boun •• ", a Com '''n'' ...... r ", 1I11I1I1~.d., Til . Cam I. r"'a'lnll .""n'.nlod' ..... i ••. 

low-power dl'viel's Sll("h fiR rt' 1 :lY~, m{'
dl:mku l dmppl'l1', I't('. Thl' piekoiT, widl 
a t inl(' {'ollstant of :Ipprox imatrly 200 
P,:;('(' , (':III hi' 11~'d wit h <'qui pml' lI t ro tnt
illl{ lit sJX·pds in t h{· hl1 ndrt'ds of 0 101l
sa nds of rpm, 

T Ill' T\'I' ~: I :,:J 1-1'2 F I:I"h Dt'lny makes 
IXl~"ihll' fo;inJ!:ll'-fla~h photograph ,; of !'O

lalilll( ('qllipmt' ll t ut filly dl'~irt'd IXl;; i
lioll in il" ('Y('](', Thl' ;;i n ~l(' fllI,.;h of t he 
~THOJl{J1'\C is sYlIl' hronirA't1 hOI h wi t h 

Ill(' tinw t il(' (': IIUf'r:l "hu\t('r is opc'n and 
with I he de."ireu l)(l~i l ioll of I hI' r01ating 
ohjl'tl. 

Descriplion 

'1'111' Typ~: 1.1:0-1'2 Fln;;h Delny was 
(1I'"ij!;Il('(1 prima l' il ." for 11:«' wit h I he 
T\I'E l:i~(j-.\ Ph(JllX'lcctri{' PkkolL' I t 
(':til Ix- tl'ip:gt'l'('d , ho\\'('\'('I', hy a ny l r:lll!!
d\l('t'r thai \\'ill }.,'(' IlI'mll' a po"ilin' t'\('{'
trif'al 11111'(> of :l\ k'a;:t O.:~ \'Oit . The 
"")I'k di:lp;rfllll of Figur(' :J "hows t hat 
iiII' fla ... h dri:ly ('o l1 ~i;:-ts of a pn':tmplifiN, 
n ~dllnitl-('il'('ll i t piliii(' ~Iuq)l'r, II l illl(,

(l!'Iay p;"nN:tl l)\' (eon~i:4li l lP; of n fl ip
flop, a ull ijll nrtioll lran"istn r nlld no 
1lI'1WOI'k), alld 1111 output :4tagl'. ElI('h 
t\'i~u:t'l' pil lS(' fmtn t il(' ~dm\ill ein'n it 
,.Iart" a dl'l:!:-- cyell'. When 111(' voila!!;!' 
al'ro"'" :I (':tparilor in III{' ItC ci l'ellit 
N'al'ill''' approxim:Jlt'ly !J "olts (ollt'.ha Jr 
til{' IS-volt charging "oitagc), l hl' IIl1i
jlllwt ion l rfl!ls j<;lor fires, dischnrging t he 

, t.~,c'l. 

cflpneitor, ('(':;cUi ng l he dt' lay Oip·f1op, 
und sending n pulse to t ht' output 
f1 mpJifier. 

Tht'1'(' a rc I hn't' <1('1:1), I'nng<'s I.VIl ilahle-. 
Bnllg(' 1 a llow8 t1ll udjillitllll'nt 0\'('1' 3nO 
dcp; n~('s fo r rotntiona l ape'cds of IiOOO 

Fill"'" 5. A '.,.plco! oppll.,,'ion In 'lla ,.,.'il. fI.ld , 
"b~WYinll ,,,~ and fllling. ...... I.r """ .. 101' of a 
0 ... ,.... OSl . h""IIIa,, I""m. S~.d ,,' '". flllinil .Or· 
rl .. II 274 pl.kl ~r min,," , The Flo,h Olla.,. m"k .. i' 
p"uibl. ,,, "bI WY' ,h. Alllng •• arrl." ,,' " .. .,. p"rtic"lar 
p"lnl "n ill pa,h. S.,. ... II."nllm ..... 1'" I""m I, acc"m· 
pllillad willi III. Type 1536-10. Ph"'OIlIch-lc Piu,," 
loco .. d "'''''' rim ."n ... dld ,,, III. m"l .. 1OCI ...... r Ihah 

and .how .. a' '10. ""tr"m "f III. pll"'"g roph. 
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GE N E RA1 R A D IO E X P ER IMENT E R 

FlglI .. 6 . S'"dy 01 ' hread be hoY lor in hl llh _l pu d sewing m.,.hlne . M.,.hlna l peed w.,t SDOO -,jl.hn per 
minult; hook lpeed WOI 10,000 rpm. PhotDgraph al reft I howl sa'up U. lnll Unholf <I • 5 with Pol<"old lilm, 
Slfobo'a< wilh a lla ched F'a l h Deloy, and lewlng mo<hlne (Ihe base 01 which il <ul away 10 • • po .. ' he porll 
und • • neoth). Cenl • • and rlg hl p ~otogr"P~ 1 I how 'he bobbin .,nd hook acllon an .h •• ad a' 0 l pec ifl. pha.e 

"Ite'ed by meanl of the Fro. h Dela y. Photogra phs <o ll.ln y of The Sinller Company. 

rpm or higlwl'; rauw' 2 pro,·id{'s Ihe 
:JiiO-dl'l!;n'(' tloj lLst Tlwnl fOl' l'pr't.'ds be
I w('('n 000 rplll ano riOOO rpm: nl.ltgl' 3 
I!; u,;(,d for :'l1X'('ds Ix'lolI' liOO rpm and 
for lil.J('('ial applil'!ltioll." ill whh·h a (\C'lay 
as long (IS 0.8 Sl..'rnwJ I:; ''('<lu il'('d. 

1'01" liiHgl,·-tl:llih phnlogl'a phy, the 
Ollt pllt pl1l~' f"QIH til(' fij'lay eil'(:lIi( j!;I)(.'S 
\0 tl flip-flop J!::l(l' ,·in·Hit illf':tr:ld of 
din'j'lly 10 the OlllplII ,;tag~'. If lh(' x ('011-

t:\I't;; of:"\. (,(101('I':l shutH'r :.If(' {'(1)tH'l'tl'd 
to a j:u'k 011 I hI' fia ... "h dc'IIIY, t h('il" I'lo"l1l'(' 

\\'ill mllkl' till' g:ll(' t' irCllit ('onUIlCI, ali(I 
11lf' ttI'xl s,Yt u'hl'OlIiu'd, drh\y£'d pul<:c> 
will p:\~,; 10 till' 01ltput sta~e. MtN this 
one pills(' ptlss(':', Ih{' flip-flop gtlH' will 
n.'S('t and again hI't'(Jlll\' 1l01lC0l1dltt'lil lg. 
Ttw fl:1Sh dr lu.\', thpl'l'fnrl.', :llIow" Ihl.' 
first sYI ]('h"l)tli~l'd PIl1!'(' o('('urring :tfler 
t h(' 1'1I1U1'm "IHlIIN OI)('IlS (x-i'onitWl 
closllre) 10 tl'i~gN the ~lrohoS<.·ol}('. 

Synchrollisnr is thus oblajlll'U with both 
the slHlI 11,:'1' ol)('ning amI the de~i1'ed po-
5ilioll o f th(' rotatjug obj('('t. It is nen's
g.·lTY to set the shutter SIX'<'ci so that the 

ShUIIl'1' will IIf' OIX'II for on~ ('omplt'I~' 

,'olatiOIl cycll.'. 
The flash df'la,v is hOI1:';('o in :UI :llumi

mUll C:l>;c with Imu'kd II"hir·h dip;; 
dit'cetly to l ilt' S'l' ltOIHITAt: r](,(·tronic· 
stroboscoJ>!, 10 make a t'otlv('ll i~' tl l, {'Onl
p:\('( :tR'l<'mbly, rtB sho\\'n in Figure I. 
Applications 

TIt(' TVI>Io: I.j:H-A STItOUO'l'ACo1i {'I('e
Il'OlIi(' st rvboS('op~' with th{' Tn'E 1:131-
P2 Fl:\ .. h nt'lay ami til(' :I' YI' t~ 153(\-.\ 
Photoe\('{" "il' Pil'kofT has widl' applic'u
lions in til!' dl'wll)pmf'nt. It'sl, and m:lin
IC'n:l tH'f' of all kinds of moving m:whiu
('['y. Th(' \('xlil(', alltomolin', m:l('hi,ll'-
1001, and bll:-ilj(>$$-Ill:lehille indu~I 1'i('" 
art' only l\ fell of Ihe m:ln,Y tha t will find 
Ihifl l'omhitl:\tiQn :In inV:lhrahll' 1001. 
TIll' :lbility 10 ohlain single-flash phnto
gmphs at a ll y tI('sired po"il ion Of:l tnl'('h
~luislll fllt·th(· ]" l'll hflllf'(';; thf' "Hllle of 
lhl'S(' instruments. Figures I through (; 

sholl' 1I few of lhc nppliclliioll8 of thi :'l 
versatile 5tl'OOOseOpc iH;. ... "I'mbly. 

- 1\1. J. 1~ 1 1'Z.\lOlInt~ 

SP E C IFIC A TIONS 

..... 

TIme-Delay Range' Approxiltl(\.t.<:ly 100 micro
~econ dll to 0.8 ~ecund ill three mng~. 
Oulpul Pul.e, H!'ttl'r th:m 13 volts nVfii!nole for 
triAAcrinK thl' Tn' .. I.XlI ... A Slrohotae ~ elee
l]'llllie ~t .-oUr)SCore. 

Sen l l"vlty , All lillie n.s O.3-vo!t input \I'm pro
duce ~ umcil'llI out 1)Il~ to trigKcr the strobosoope. 
Inpul .. Phvne jack for t riggering; j,wk for ~ 
camer(\. lIy nchroni~.l\tioll. 
Power R.qul •• menlo: !Oi> to 125 (or 210 tv 2501 
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5 PE e I F i e A T I O N 5 (ConI) 

11)11', :.0 lllliO {'It-.;, ""It~ "'lh Tn.; I;':~;"'.\ 
I'<JI1Uf'(·tE~1. 

Acuuoriel Supp li&d: Tril!:w'r ('nl,If'. I'IIOII('·IIIIII!: 
1l.I!lp'<>r. !Inti IE'"IIo!'1 I':"'f.\'ill!.' (>11'1'. 

A« .. so.i •• "' ~ o ltob l., T\ ... ; 1.',:-«;....\ Photo-
• II~" til' 1'11'),.,,1£ 

1''11'" I 
15 31 ·P 2 FI"s h Deloy 

Moun ' ;"s : ..\IIIIIIIIIUIII {'lI-t' \\1111 hrnt'kN "1,,t"I, 
('101''' d,r('('ll.l "','" thl' :ilIIilHOT.\(' I'I('('tI1,uil' 
~ln.II"'('<'IJ('· 
Dlm. " slo,, ", ,)I~ h.l· :,I,l'lllo.l aS~ u\('I1l'~ (13;, ,,~' 
Nl Ii)" !lfj tIIllI '. 
N. , W. ight, 2 I~,und~ I 1..1(1, 
Sh ipping W.igh,:;, 1""lIl1ll, '2:'!.,1f . 

/"'HI,. .\ "",/,(r 

1.531·9602 $ 16 0.00 

MEASURING SURFACE SPEEDS 

Fill ..... I , Vi.w o f Ih. S .... !a ••• SIM.d Whu L, , how,n ll 
, h . two spe. d disn ond Ih. sed;o .... ! I hoft. 

T Ill' K'rlto BO'r,\C" 1'1(,(" rouir !ilmho· 
.... ·01'1( .. , wirlE'ly u>'C'd fM 1 hI" m('a!<Ul1'ml'llt 

all(1 an:lly-i" ,If rolary, '~'I'il)t"()('at ill)!, and 
olltt'r h' I)('lili\'(' 111( .linl l<;, ('all 110\1 1)(' 
IIl'{'d fol' !< lwl,d Ilwn,," rt 'IlW I1 I of ~trHi/.(h l· 

lil1P mnliOll. TIl(' He'W 'i'n'E I rl:H·p;~ 

SllrfuN,.,"))('('d ,,·111,(,1 :11'('('';''';(}1'.'' makf''' 
1111' :-i'I'1fIII!O'l'\t' dial/lind fllII/illll ill fret 
TJI'f mill1lif' fOl' meal,u rt'nll''' ' S ,,11(' 11 a:-: t h t' 

follr, wi lll!:: 
LiIlHl/ !lJlInfx of nW\:11 strip, I{'xtil{':;;, 

pap(",f, II In', pl:l:-! il' Iii rn", ('011\'('.\"('(1 
lWllt'I·;:tl, ('H', 

Snrf(lrr NprrtiN o f pro(,f'.".~lnV; rolls, 
m:ll'hin('·\ool ('ullil1~ or gl'indi l1g 1')1)('fO
lion<;, drum .. , Il('it,;, w{'h~. pnllC'ys. (.!t" 

Urll ,~lil'J)(I(ff' on d nlll1~ :uld , (':- l)('('i: d ly . 

1)(,!Wf'\'11 1",11" 011 ll1ultiplf'-I)(,1t Pll l1C')'" 
tl') a'·oid 11IW(IHal load distribution a nd 
('x(""",,,ivf' II ('aI', 

Descriplion 

T it., IWW n('('t's..<:()ry ('on~isl!l of tll·O 

",llt'd!! (If dilTN('nt l'i1.{'<; monnlNI on op
po:-ill' 1'11i1" of II Ihn:·j'·,;('C'liOl I, ",Iail llt,,;,, .. 
slt't'l rod . Thf' :;:malil'1' ",h[,<'I, with a di-

:l II (('I('l' of 0.701 illl'h, i" hl'tter fur :-101\' 
:-llI'f:u·t' "pN'ds, \\hill' til{' IUI'gl'r I\bl'd, 
II illl a tlia11l{-\l'r of J ,!)lO 111('h, i" h(· .. t 

l-tll il('d for higlwl' 1:'11I'f:l('/' ::<IX·C'lI. ... 11 011'· 

. '1"'1', Ihl'ir L1:'1'ful ral1!!:I'." ha\'(' tI lurg(' 
(111101111\ uf Cl\'j'l'Iap, Whl'I'" th(' ehnit·(, of 
II hit·h filii' to \1~' l':l1l ht· ha .. "i(,t! 011 a('('C'''

~ihilil.r. 'I'll«' r:lllh'" of "'11!'fae/" !<j)C't.'d:-: 1\ il It 
II,,· :-:m11I1I' 1" w llC'('1 i .. 10 2.iOO f(,(,l IX' I" 
lIlillll!(', :Ind Ihe mllg(' of Ihe brgt>r 
wh(-'t"] is .iO 12,500 f('('1 IX'!' mi!ll1\('. 

O pera tion 

()I)(' I~ t l iOIl is t'xtn'nll'ly "impl{', f )n(' 
of Ill(' 1\ ht'<'J,., is ",imply allowC'd 10 rili!' 011 
Ihl' ';lII'ff!t1' whO$(' "JX,<,d i:-: 10'1)(' In!':!:,.· 

UI't'd, :t 11e1 1 hf' 1I' ll t'f']'" jIllU)!;!' j:-: ":-:IOPIX·d" 
llY 1111':111" I,f Ill(' I:'lrolx),"",.'opi(· li~hl hr.·am, 
:Iftt'r \\"hi('h till' "urf:u'C' "J.lI'<'t1 ill ft'('l IJt'r 

mi ll llli-' i" N'ad dir('tlly from Ill(' diu! of 

Fill ..... 2. M ...... tl " l1 bel' .peed wl,h ,h. Surface-
Spe.d Wh •• L. 
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thc STIlOIlDT.\C, Thc fnc l. that only the 
wheel has to he do&' to the smbcc 
whose !'I1)('cd is to Uc meaSHll'd means 
that m('fl.Sllrt'mellIS can he made in 
"clQ"'" f]lIllrlf'l'l:I," The lighl from the 
STn01Jo'r.\c elm lX'lll't !'a\c wc'l! into the 
int('rior of mUl'billC'I'Y, find it ifl pos.:;ible 
to Imild tht' wlw('\ illlO slich maehillcry 
if I'f'glllal' ml'[l~\lll'nWII I :; must he made. 
Fo!' a built-in wh('('i, a "pul'h-Io-{'llguge" 
11'\'el' iii 1'('('o!l1!l1('1)(I(·(\ in urdC'1' to save 
wt':tI' Ol! lilt' wl!C1.,j wlll'l! it mtaSW'PTlll'nt 
is not lW\II:ll!y I)('itl~ Illude, 

The comhillation of I h(' S'fnonoT.\C 
electronic slrooostope with Ihe 1';1I1·f:1c('
spced wlwel pl'o\'id('~ flll cXl rcml'iy ;.;('JI

sit in' ind i('awr of small \'al'ill \iolil'; in 
lin('lu' speeu a nd of difTeN' rl ('('S ill 81X'l'd 
bcl\r{'ell two 01' morc SlIl'fa('l'ii hn\'i ll l! t he 
s:uue nomin:)1 sp('ed. ,\ fl':.l<.:I ion of an 
I'PIll i.s promiHc l1 tly ill dicalC'd wlwl1 I he 
slX'('(1 of Ill(' \\' h('("] rhallg<'s. 

_ \ \T. R. T'IUHSTOX 

CREDITS 
T hc TYI'f: 1531-1'3 ;o;llIf'i"l'_S]lC(,{\ Whe('\ 

wus dN,ij:;IlI't\ h," H .. \, '\ lort\!!l3Q1l t\f '\ll·dl!lIli~ 
cnl I~jgll Gwujl, - EOl'ron 

S PECifiCATIONS 
Acc,,,aey: The h:l.-ir. ,1I'('umey of thc SntOIJO'rAC 
('1('('1")llil' ~tlVho~('(,pc is 1% I,f rendinlr; :In 
ullditiOlln\ 0,.=0% IIIU">t I.e lidded t" 1i('('I,fIllIL for 
!.'IT<)r, in the di,ll11clC!r "f the IIll('cl, .IIi\'in,l: 
:'111 nv('r-all lu:cunlr ... of rn(':'I"urt'm!.'nt of 1,:,<'10 
of rendill/(: for ,'UlfIiCC ~p"et.l ov('r Ihe clltlrc 
raOi~!.' (Jf UlCtI:'IlI'CUlC»I" 
Sp .. d Rang e: 10 10 2Z>CK1 {COCI per minute with 

IS31 ·P3 Surlace.Speeci Wh •• I , , , , ... , , 

MONTREAL 

SALES

ENGINEERING 

OFFICE 

R, J, Pravon 

(~C1H:or:11 Itadio',; " ew .\ lonl l'<':ll Rlllcs
Enp:illecl'ing Office ol>('Iwd .\ lIgllst 1, 
1\111;3, jnst "ix .... ours :lft~1' Ihe opf'll illg of 
Ollr first Calladian offic<, in Toronto, 

The llrw oftiec is operal illg a,q a I,n\neh 
(If Olll' Toronto office 10 prc)\' ide hetter 

st1l1l11 I' heel find ,iO to 12,500 feet per minute 
with la rgc wlleel. 

DI", . nllon., Wliec]" nm O.i(j,1 lind UlIO illl'he;; 
ill \li:unclel', n.."'ll'CCtivcly, Shnft tut'I\. 20 illclws 
in len,!:! I!. 

Net Weight: 8 OliliCes (0,3 kl!:). 

Shipping Weight: 2 pound.!:! (I kg). 

rfJ(lc N,mtiH'f 

153 1·9603 

I'r!f:~ 

$15,00 

coYel'age ll nd 5<'rI'iec for CIll'itomrl":; in 
QlIchet.: a nd Ihe ,\Jarilill1e P"o\'illces. 
Th(' .\J ont t'C':"tl offirc al;;o {'(lI'N;; UII~ t ll"I, 

alt hl)ugh Gm't't' tlllle lit lelldef.'; ,,11( )uld 
still he d irl'eWd to the Toronto office, 

H,.J. P"OI'all is ill churge of 1 Ill' '\lollt
]'('3.1 offi('c, with :oliss lkvel'l<,y C:lidrhm 
a~ his ~cere l ary, \) iek Pro\'an, who has 
i)('{'n at ollr Toronto offit'c :<incc ils 
o pe ning, is well k llown to C'a nlldian 
cngilll,{, l's :lnd l'elelltisls, ha\' ing hnd t ("ll 
ycar,~J cxpcl'icnf.'c ,.:cHing Gellc!'al Hadio 
p roducts. 

T he :'I lonl l'C':t! office is located at 
Ofli c'(' 30.\ 12,j,j L:.drd BOlllevard, Town 
of .\ [ou n t nO~'al, Quebec, telephonc 
737~3G73, 

General Radio Company 
W E ST C O NCORD , MASSACHUSETT S, U , S, A, 

NfW YORK SYRACUSE PHllAOElPHtA 
FlORtDA DALLAS SAN FRANCISCO 

WASHINGTON 
lOS ANGELES 

CHICAGO 
CANADA "'::." ~ "--
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