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THE 
TYPE 130S-A LOW-FREQUENCY OSCILLATOR 

A UNIQUE INSTRUMENT FOR THE MEASUREMENT OF PHASE-GAIN 
CHARACTERISTICS IN THE RANGE OF 0 .01 TO 1000 CYCLES PER SECOND 

The TYI'~: 1305-/\ Low-F requency 0s
cillator brillb"S to the low-frcquClI('Y field 
a ('ollvC'nif'nt. soun'c of sinu!'I)idal attN
natill~ voita,l!;t'. Its unique circuill'Y pro
vidl'fl a balanced , three-phase 011tPUt and 
iuciude;o; 1\ r OIl\ ilillOll"[Y \'ariablc, cali
hmt.cd, fn.'<jIH'lwy-i ndcpendcnt phase
shifll'f, fur the ITIf\:tSllrI'mcnt of ph ase 
shift. tip to, and heyond, 3(10 cl{'('tri('tl\ 

degrees. An lWC'CSSOl'y, the TY I' E 1305-
PI FOUl'-PhaSl' Adaptor, provide's four 
output vollap;('s of equa l magnitude di~
plat.'cd 00°, also frC<lucllcy-illdcpcndcnL 
lI ere, Ilwll, if!; the basis of a system for 
phase-gain mcasur{'lllent at loll' Ilnd 
I)()w{'r fr~qucn('ics, It is p:lrli('ulurly uS('
fill to 111I,$C' cOlH'crl\cd with lh{' pe r
fQrm:wcl' of p:wphy,::ic:d ~car, servo-
1ll{'c1mn il-lillfi. surlllr rwl \\orks. power
system :1IH11{ll!:u~. and simibr low-fre
qucney C'qllipnH'nt. 

Th e THt: 1305-A OfieilllltOI' is b(li<i
tall,." a ph:l~f'-l-Ihifl ol-l('illa lOl', 'I'hrer' ideml i
ta I 1'lc'sisttllll,(·-t'apacilullcC net works urc 
'(iil1~'rt Smil~·, "Cltt~,I ~'''·'.'''~I''~"<·Y, 'T1,,~..,..I'h ..... 
'",dl"'I.0'," l'r .. ",,-d.,,,,. o/t~, IIIF., Al,,;I, 10,">-1 
IJ.).I Millrr," l)e,,,,"dcn<,<, QI the Inp'ut Imf'~l:u,,'" of,. 
Th,,,...~:I,,,"lrod,, V .. ~uum Tul", <II"'" 11,~ 1.",,,\ in the 
I·t~t" ('irr .. i!." lI~r"'''' ~f SI(I"d"rd~ Sci~lifi< !'apa, 3:,1 

cascaded to produce 1\ phfLSe shift of 180" 
(60" per lleLwol'k) at the operating frc
qUPllcy.' For cach dec'a.dc rangc, fixed 
net.works :Irc providt'CI, The apparent 
capacitlllll"c is varicd by ";"Iillcr E1TccL'" 
ampiili{' rs, as sholl'll in the block dia.
gram. Figurf''2, 'I'his method of frc-quelll'Y 
variat ion has many distin('t advarlt:lj!:;cs: 

11, 'I'll(' size of the polystyrene capac
itor~ requin'li for the 1011'1':;1 frequC'lll'ies 
is rC(lw'('(1 by all order of m:lgnitudc; un 
appl'C'I'iablc c('onomy. 

B. The frequency-vary ing clemcnts 
arc three, ganged, logarithrni(' potcnli
omder~, of a cOl1\'cniClit \'altle, that 
yield a "\'ollslanl-actunu:y" calibration 
as lhey \":try th(' ?\Iiller EfT{'(·t gaill, yet. 
the He rlt'tll'orks behave ns thou/!h {'!l

pa(' it:ulce were \'aried t.o yield a cOllstant. 
imp('(l:uwf' Itt 1111' ost:illution frcqlwllty. 

C, T he tl1l'('c cmi('adL'(1 rlc t workfo. !1nd 
amplilicl'sliutomati('ally result in:t three
phase', 1I'~'c l'onfi/!urat ion, whidl, irl 111 1'11 , 
intrndw.'cs !3ti ll further advantages: 

1. The wyc lIe t\l"Ol'k COtlllf'l'1S to the 
oS('illatOl' po\\'cr supply ut tllf' l1eutl'al 
(zero voltage) point. 11('111:0 oscillat.or 
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currents do 110t lra\'cI'SC the l)Ower 
supply, 

:1.. Th(' IhrCt'-ph:\.'iC system lll[lk{'!1 pas
sibl(' thc phad(.'-shiftt'r, prcviotl!<ly mCIL

liolll'(l. A COlltilLuously roUtla!)!!' 1'0-
j('nliomcter is connt.'1·ted , :\t C<llIiilly 

"p:U'eu IX,intn, to the Ibr(1'-JlII:I~ out
pHI lind is fl.pprnpri!ill'l~' " pftdJI,<r' for 
t.'ti llstnnt output and linf'ar phlH'I ... ~ llift. 
Tlw fix('(l, fUlir-ph:I."'t" T'I.'K l:jO;,-I'1 
A{luPII!!' iSI.:l)IIIIl'{'t.{·d to the lhrl'<'-IJII:l>'c 

uutput Ihl'f)ltI!h :IPPI'IJWi:I1t· 1Il'1\lmks. 

3. Output VOltllJ!;!' illdil':l li{)1l is ]11'1)

vided by n \'olt nlf't <-r SlIp"lil'll fro m :t 
thn,<,--ph:llif', full-wave I'l'('lilil'l' :1('1'%'; 

tIll' ,).~I·ilblf)r (11'tPltL ' l' lw 1.)\\ ripple 

( 1Of'}, +'-11, .,- (If nils vuhugt·) p('t'tnih! 
:WI'llI':\!l' sl'1t;llP:; of output VOlt:lP:;C at 

l'VI'n thl' 11)11(',.;t fn'qllC'lIcy . 
.j. _ \ notlll'r t hn-. ... plm:-<'. f ull-\I:I \'1' fl·t'

titit,r. t{'nniml\(,i in a rd"fl'IlI't' di"tI(" 
:11'h; 10 l't:'1:luCI' tlU' IJ~("ilblor loop J!;:lin 

wllf'1l 1I1t' rd{'I'('ll<:l' \'olt:lP:;(' is f'"X(·I'I'lh .. d, 
• \1 this \luiut till' p:;:lill is "dippcd," 

!'liA'hl ly, six \inH'~ pCI' I·yde. Output is 
1]('ld ('llII"tant withill ± I :! dh 1'\'1'1' tile 
(Jpt'r:ltill,l!: nlll,!!;l' \Iith :1 minimum of difO
Inrlil",. Thi!> dirf't'I-:wtiu,l!; limitl'1' {'limj

n~t('!; 11](' inlol{'mhl(' time C'Qn"tant CUII

$4'(IIH'lli "POII Ihl' Us(' (If con\'(' lllillll(ll 
nutonlnti(·-,Il:nill-t·olltl'lJl.·il·cuilI'Y at suc h 

IUI\ fl·I'I\lll'lll·iN;. 

O. Nt, pha.~ "hift I'xists at. zero fl't'

qllency (di rect l'UIH'llt) , alld the fl'l'lI -

• 
b:t('k loop i!< str(mgl)' d~cllcrntil'c (mhrc 
tha n 18 db) uJ!;l linsl changeii ill \ 'a<:1IIIIn 

tuhe or 1;l l llll)Oll l' nl, panUlletCl·S. 

Osci llatur hll i l d~llp l ime, a phcllo me
nOli that wm:III.I' J!;tJ(',; li lillulieoo in os
c illators OI>Crlttillf,!; at !ludio-fl·CtlI1CII(';l'S 

and hi)!hcr, mil , M lhe frl'qlll'l1cit.'8 ill 

the mllge of the 'I'YN: 130.>-A. :It'lu:tlly 
be l1\f'tliiHt'f'li in hom s! For t his r(';li'OlI, 

:~ rapid huild-u p ~lI'i\ch il4 provid ed, to 
illll·l.uUCC 1I Intnsicnt ill c.xCt·ss of the 

limi\l.'(i :\JIII,litud{·. W ithin olle cyril' 
!lftf'r the rrlt'fI8C of the swit ch , the Ilscil
btor :lchi('vet; (:1 111" \:1111 amplitude, !IO 

cfTC(' lin:- is IIII' lirnitl.'r fiction. 

The T ut: I;JO; ... A iK, by v irtuc of its 
rapid lluild -lI]J t ime ~lIld f'(lllsl:IrI{'Y of 

lIllllmt IllllplillLdl', a US(·flll :;1)\11'('(' of 
sillglf'-ph:\.St,. tl,I·l.'I. ... pll:lsc, Ili id t\\,O-OI'

fUllr-phal'(' l'il-!lIn l" o\'cr the nlltge frl,lm 

0.01 eydes to 1000 Cyt·IC5. Output:,; hal
anl'lxl 10 J,:'l'oLilid eml 1)(· oht: . illl~1 from 

tilt' fOUI'-pll:l:'(' out put :lti:tptor . 

A mlls t impul'lullt uSt' of the Tn'E 
]30.).-:\ O:,cill:llol' is tl)/' nH'a~ut'l'mCtlt of 
H'n'o-syf:t('1Il phaSl.'-J!;ain clmractcri:,ties. 

Til illlll'tl':ttc thili applieatinll , UWlIsurl'-

11\('1118 h:II'C 1~'11 1Il:lde Oil t \\·u Gf'llI'ntl 

H:ll iio Sl'I·I'I.HJ IX'l'atNI de-\'i('f'S, t ill ' '1'\' I't: 
Lin-.\ (;rapltil' 1.1'\'1'1 1{{'I·onlt·1' alld Ih(' 
T YPE ];li O-. \ .\ ulum:H ie Line \ '" lt~l,!!;c 

HI'.I!:U!atll l·. :lnd tlte I'l'>'ul t ii han' hl ... ·11 
pIOlU.'(! ill tltf' fUl'm I)f :\'rqui:,t diltv:ram". 

Figure .] shows the dosed- allli Ope-II-

FIg"r. 2 . [I . ... . nl ... " b lock d ia gram of th e ouillot .... 

• 
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"'-"~L ""., ..... 
1'" .~ .L -, 

'--" 'l ''I'I'f '7 ..... " ..... 
flIlU" 3. Arro nge m e nt 01 'n".um. n,s '0' m. o.u,ing 

dosl'd_ ,lnd ope ... loop ph .... g" ' n ch .. , ... ,. ,I.ti ... 

loop ph~(\iJ1 Ch:lr:\Clcristic:s of the 
TYI't.; l.i2 1-A H !>l'Clnh·~ as nw:~url'd wi th 
the setup shnwu ill I;'il!;urc 3. '1'1w l'I ' )S{J(j 

loop JlU}ll~un'ml'rlt, wlrich i ~ Of g r't':i t l'~ t 

ilIH't'l"'/ tn till! ll&'r, is c.,tremely rasy to 
m:lk~. T lw OUI pili of I II!' \"'('1)1'1 [,'r i.: t Uk(.:11 
Ill'],!)!;;'; lire tie input 1l0tCl!lio1Ut' l l' I' , 

whiJ,h lS wlw! the< pl'U rf'{·or<i f;. The os
('illr~I(II' phllrl"-:·ih it'I{1.1 (,u t put j.: nppl il.-d 
lo tile hol'iz,mlul dt'flodioll pl:ttOIi. [0'01' 
I,:\('h ft'rqll(·lw.\' IJI!'I!I'ak~I"-I'lt'fJ.k wrlic:tl 
ddlj'j'!1I1Il fJ( thl' '[o;('upc is :J. OW.1:-ourc ot' 
Ihc OUTput volt.ugr, [Lud till' ph:l;;'" ~hiH 
ii! nl('{li<umd 1)~' adjusl iJl/( the pha:;(:
:;hiftcd nulput IQ tloS(· lhc 0\'1\1 · ... ('upe 
II'IH'" hI II .'ltrflighl line. ~J f·tlSllrt·n lcoI8 
:Ire 8ttrl't e d :It :llnw cnoll,e:h fr('quene.\' to 
insure:l IHillilh(11lI p!m,,(· ,,!,irl (HC'nr zt"ro 

fIV"". 4 . Clou d. loop ond op. n.loop pl>o •• vol n 

AUGUSl _Sf PTE'MlH lt , 1959 

degrees) tllld CXlcndoo upwnrd a~ i':Lr as 
Heed ed. 

.i\I el\.Slu·cmcllt of ~rc.n-loop gsin Ulrcl 
p hf\.S{\ ch:Il':'l.ctcristies i" flrll riUlnl 'llt:lI ll) 
lhe RYHl lwsis or stllb!c plml'L'-corrc{,tillg 
Ilrt,II'Ot'ks. 111 J\~'c \'el', in a flCI'I'O ti)':;lt; rn 
wilh rC13 pcmse to do, thiJo; IlIj-'[\:3url'llleUl 

Call be much mOI'C' cli l1ie" l! th:ln I l w 

clwwrl-l lJop ffi (;tISIU'(ornt'JIL if the Opt ' lI-

1(101) g;:till is uigu llnd t.bfIJ·c is d l' drif t To 
oh l!.li tl thn. opl ·tl- loop I'CSpOtl~' CUI·Vt· of 
Figul'o ·1 r('(.luiroo Lhe combiIH_,,<1 efforts 
I)f two !! tlgiuGcI'li, unecorrettitl~ 1111,,' dl'irL 
wit b a pot.('tltionlcll'l' while t ll(' otlwr ob
served Ihe patl('nI on 11m ns(·illosl'opc. 

Figur{' 5 shuI\'fI; th ..... d '))l{'d-loQP ['(}
SI~il1~\ (If the 'l'\Pt: 1570-.\ Autom:llic 
y(j l ta~1' H!'glil:Hor U$ ml·:I.~Hr{~ r by ."Iimi
Inr I.cdmiqucs. The l'iimii:t.ritics t )f the 
two liyt'\!f'rn$ :l r~' j 'el'lJli nl'y mUl'e mnl'k{'d 
thull t.heir dilTerences! 

QIJ\'iolisly, Si rllilar nlCft."'lIrem(:f1If:i (;:)n 

bt· mad,· on 0 1 hel' networlu; with cq llltily 
in forlllu ti ve rcsu lts. 

- G ILnEII'I' Si\IILEY 

.ho.o., ... IOII • • 01 ,h .. Type 15'lI . A G.o pl>;c l .ve l f'g\l(. 5. Cloud.loop .upon •• 01 II •• lype 1510-A 
It ...... d... Aulomlllic \'oholle R. gulalo •. 
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GENERAL "AOIO I!:X"ERIMENUR • 
TIl<' LI(·y"I{lpment u! thl' TYPE 1305-A LQw. 

F'n.'qul·ncy OsdllnU,,· \\'!l.i! ~tnrtcd iIOml' Yl'lIl'$ 
llgO by th!." wrlt,·r. but bro~ht to it~ tiTHll 
fruition throUJ$h the WI"lrk of J :II11 Cl! .J. FarM, Jr. 
TluUlk;j 1lN' due M. ,I. Fitzmorris and M. C. 

Holtj{' for Llwir help in the mC9.lIureml'nt of t lw 
(·harl«'t<·ri.~ li{S of the T n!; 1521 · '\ Orr'phi,' 
Uoye1 RI'N)rLl(' r lind tho Tn'}: 15i1.)· A Auto
mntic Voltugc Regulator. 

SPECIFICATIONS 
f'."II."C), R .. "O.: 0.01 to 1000 ey,·IC>l in fiy(' 
rau" .. !!. 
F .. qu ... ~y c .... " .. !: TIll' H1Kil1 rn'QUCIlCY l'On· 
tT<)1 dinl is clIgraYI'd fJ'(>1I\ I to 10 ey .. II'>1. A 
nmge sl,;teh ffiultipli('1! lh(' ;I('(lJ ... f ... ·{'Jul','('i , ·~ \'y 
0.01,0.1, I, 10, and 100, 
Freq uenc y C .. Ubra!lan Accuracy: ±2Q. 
F .. qu.n~y Slablilty, W,lrm,"p dnft is ["$:1 tlmn 
1'1 in tll(' fil"lit Wn lI\iuute~, "'lli> than O.:?'.:' ill 
tllP next hOllr. 
TII .... "h,,,. Olllpu!: At I('a.,;t 10 volt.!! rillS, opeu 
dre-nit, liJle-tu·n(·lItrlll, h.'hinrl 1'000 ohms in 
"'lI'h ph l~"" , 0011'110111 Wi th fr"flllI'nry II! ±5<;), 
Ph, .... · v(>}tag" lI :II'(! ('quill t., " I"'h f1t1wr within 
±2' 0' 

Thl' Dlllr.CT p(l~ltiflll Iff tIll> (lutput UW,'IIU, 
Mnr sWllrh 1l'f)\'«I"~ i.5 ,,11m., ]!'I'r Ilhl~~t, i,u! 
mu~t lint bl' 1.'lld,,,} w,th li"~ !hun ('.00 "Im,~ 
pt'r phMl', \1'y,~,,,,nrw"'NI, Vf 1800 ,,\uu'" I'" 
1111..-. . ...-., ddtu-\·"IUlc\'t,·d . A IWlIln.1 It'rll1ill;\ i~ 
provid~. Ph:\iW ft"C'llr1WY, ±T. 

Output pow ... j.1 ](,; ml1li"'''''''' P"T 111m, ..... ·. 
m"ximurn, inw U 3-jlhl~-<e lIyr-"'HlllI,:e ll'd Inl.d 
of (;00 ohl11~ PI'r ph:""". 
Fou •• Ph .... OUlplll, At h':tI'l 5 "olt"" rrn~, Jilll~t<r 
II, uln.!, b,hind 600 "Iun~, froln th.· +-[Iha.o;\' 
nd:tpl.Of. Phil.';(' ,wNmwy, ±3". 
Va.rabl.-Pha .. OUlpul: Approximatrly (1.8 ""'111.. 
rrn~, b"hind Il. ma)(imum imlJ<'tIIIl1(,(, of 15,000 
ollllL". :'IlaximUIll tr,,,r i" l<ltl. l 111m .... IUlltle i~ 
±3 . Fur pha_-c UlllI:los of It"'" 1101111 10" thl' II\~ 
" UI':II'\' i~±O.!i· . ,\ I lillY dilll ""It illlt, ~m"ll pha .... · 
i1itT"I'('nl'c~ enll I,,' n"';'''lu't'fl lJl !I II III'~ur>lt'y "f 
±0.2.;~. 

Wa .... lo .... , Tutul hl.rnl(l ilir !'OlltN!! is },'M thl1.n 
2( 0 (or ,.11 OIllPll\ v"h ... ~ nlld fnr :.11 fn'{jU('''' 
tit's fur lilly load "";('cpt ill tlw DIRECT 
positiuu or OUTPUT ATTEXUATOn. switch. 

For the DIHECT po~ition of t he OUTPUT 
ATfE:NUATOH I!wit('h, lotnl hMl'lIon ic L'On · 

t(,111 is le!lS t.h,m 2% for 8ul' \1'ye-conll('l'tcd 
load of mol'(' than GOO {) IX'r {'g or dc!tll..con
nl'(,trd IUlid of more thllll 1800 n per phAA1·. 
l.iu ...... fr('qu<'ney hlim in the outpllt i:~ !~ thlln 
10 miIliYolt8. 
f . .... I .. a t" '['rl'r. 938 Binding Posts. Neutrlll eRn 
he ronnl'eted W I he clulI:ISis, which c:m '* 
ground('d through II 3-wire IIOWl'r rQrd. 
Mounllnll: Aluminllln~ I!).. inl'l" N' llly·r8l·k elUle1j 
nlmninuOl I',I\)i,,,.:1. hIT lllLh~ lIlounting \TvI'E 
1305-Al\O, "ll1minU!1! I'nd fmm..,,,, " I'C supplil'.'d 
to fit ,'nd~ of ('auil"'t; rl!r r<.'h.y·rnj·k mounting 
('1'1'1'.; 1305-.-\ It). hmd :t·!.:; for holding cabinet 
ill rllck I\f., ~lIl lpli('LI, R<'I.~~'.rnck nwunliug i~ 
:Ifl :lrrangl" [ 1 Hit pll l)('1 und Chl~""i" ('un hI' 
!i' tt1o"('d fr(lm ","hinl' t, le""ing ellhinH in f>1('k. 
(Or {,lthi'l('t ('Ilil hn n',no\,N] [Will rp,'T of rt.d,:. 
!i':WJllg p""1'1 ,~tt,lt'hl'd t o nick. 
Pa ..... Supply: 105 to 125 (or 210 to) 2.(0) volt..<>, 
50 to 60 (·ydc'~. Tot!.1 IXIII'"r eonsulUption i~ 
1115 1I'[I! tiI. I lIstrUnlent will opcrntc s.'llisrll(,
{<,nly 01\ I)()WCI'-$upply frequencics UjJ to, 
400 cyl'lcs, 

P"wf'r input rt-'CCpt:t(lI ... will lIccCpt citilt'r 
2·wire (T\'N: CAP·3,'j) or 3·wirl' (T nI'! CAP. 
! !i ) !l",wcr cord . TWtJ-win' rord is ijll l'p!ied. 
TUM Ca ... pl ..... nl' Fuur ,~uch (l! Oi j lhree en.ch 
UGH6, 5963j Oil<' "llI'h OB2, 12AX 7, 1lO8O; !lix 
IN536 ery,;lfl1 di'xiCl;j right INI19 r.ryst:ll 
"iol"'~; one SYIS "rysl:d di,,,1I', 
Ace ... o.; .. SuppU.d, '1' 1' 1'1; CAP-35 Puwer Cord. 
I hr .... T n ): 27·t. ~11 1 DoulllL' Plugs, ~p!lrc fllilC8. 
Fnw'· Ph[1i!<: Output Ad:tJll0r 'I','!'.: 1305-PI . 
DI ... . n.; an., P'lnrl, (", idlh ) II) x (height) 7 
inch",~; ']<'plh l".'hilld Imm'l, 12 inche;;. 
N., W.lght: 35 pillmd,~. 

__ --'TC'"":.'-_~-------------------~-CCIl,16 Word Price 

130S· AM 
t305-AR 

low.F •• qll.ney OocUlato., 8tnch Mad.l ..•.•. , .. 
l .. w _F"qll. ",y o.<lUo, ... , R, lay-Rack Mad.I .,." 

IU:IJIJT 
l)Q:O;Oll 

$940.00 
940.00 

YES, INDEED, WE'VE MOVED 
We arc still getting muil addressed 

La our former locat.ion in Cambridge. 
To help us give prompl.. utteutiOIl to all 

Our new :1Jdl'css : 

inquiries, won't. .,·ou pleasc chnllgc our 
nddr cs:; ill .\'OUI' records a nd ask ~'Ol l!' 
Ptu'chas ing Depart m e nt to du the SlUnc· ·~ 

G eneral Radio Co, 
West Concord, Mass. 
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NEW THREE-TERMINAL CAPACITORS 
To meet the growing 1IC(.'d for stand

ards suitable fot' usc in 1hrCC-lcnnillnJ 
cupac itunce mCRsuremcnt s, we flt'l' now 
making !\vailnhh' hath fi;.wd and vn riuble 
thn-'c-tl.'rmirmi capacitors. TIll' fixed 
units, Typf.: 1,103 St;lndnrd Air CaplIl'i
tors, aTC tilrct'-tcrminai vcrsions of the 
two-terminal THE 1101 , while .he nl ri
able units urc T HE 7'22 P" ('l, .. igion 
('tlPllCilors. !loth t:i1:lei1 llTC C<lu illl)('(1 
with TYl'~' 8i 1 C03xiui Con nc<:tor!( for 
compic\{' r:hidding. and muting COllnl'C-

1m's arc Ruppli<'t.1. 

FIXED CAPACITORS 
This n('w series of fixro ilir ellplH'ilorS 

i~ designed flUd calihmtcd for uS(> i ll 
thn .. 'C-tennil l(\i mC:lsllrilLg systems. Thl~e 
sttllldards are a\"ailtlblc in powers of 10 
from 0.01 pf t.o 1000 pL supplementing 
the TYI'E 1-10\) Stundard Capacitors 
which nrc ofTcroo in the ranp;e from 
1000 pf to j p.f. Since til{' lnilcr nrc ~r
ranged for either two-terminal o r (hre('
tenninnl lISC, the total nlll!!;C of c: H 
fixed, threc-tcrminn l capncitnlH'c !l-talld
an.!!:! is now 0.01 pf to I p'r, a total fi pan 
of 100 million to I. 

Tlw TYI'ES 1·103-.\. -no und -c: hnve 

Figur. 1. VI.w of th. 
Ty,.. 1401-0 S, .. .... 

...... Air COpellcl' ... . 

Figur. 2. I"It,I ... vl.w of 
th. TypO '403·N Sto"d· 

o,d Ai. COpellcl' .... 

nomill31 \"!l l ll!:'fi of 1000. 100. Imd [0 pf 
rc~IX'(·ti\·(·ly. TIl(' con,.tnll:1 jim uf lh~t· 
unit :; i~ c'0IIvt'ntiOIl1l1 - ill f:H't. Iht"' 
cllpaeilor~ are bU.5ic·:llly of the saTlle .. 11,
sif,::11 tH' the T\PK 1101 $tallunl'd Air 
Capacitors. c01!~i~tinp; of iul('fl,':l\'l'd 
stacks of nlmnillurn pl:lt('s. £::I(:h "I'I of 
plate:; is iu~ululed from the sllpporlill~ 
(,fUiting and frame. and tho ('03xi:\\ 
Il' I'milllll!l fH'O provided 80 thai (,Olll
plel(, \Y shielded (·onue(·tiolls call b{' 
m:u!c, 

For low ctlp:lCitallC'c valuc',. hiJt"her ~II'
CllnI("Y i:1 pO:-i~ihl{' \\·ilh the thn'e-trrmi
lI :1 I I"OIl!<lruetioll thlll! witl . tw()-II 'l'mi;wl 
typ{':<, !:'inf'e thf'l"c iM no ('unl)('£'lil)l1 1111-
tNt:liHt y.' " ' hil l' in the Iwo-tCl'm ill :'\ 1 
T,N; [101 tlll'l'c i~ II progn·"' ... ivl'iy ill
cn':lsiHg uu('('rt:tinty hl'iow 1000 pr, III(' 
illhl'l'l'nt ;H'I'ur:u:y of all.v Ihl"C('-I{,l'lIlinal 
ruplwiwr ,.\11'11 :l S the T YI'E 110;3 is 
illu{'p<'ndent of thc ('np:u'itancl' va illc. 
(The rt'tluced F.pcl'ifil·:ltion :wc:u rne.\' !If 
IiiI' O.OI-pf unit I'dlN't s ('W'fl'nl limil:l
liull ill ml'!l;:;urrlllf'lll IWI·unlt·y.) 

At eXlremely low valu!.'s of ,·(\pa,·i
lant·c. the COllvcJllional plntc tOIlSII"U("
lion h('('OIlWIi quitt irnpmdi('ul. For 
Ih('~ \·:tlul'S ( T\"I'~~"i 1,1O:l-I\ , -::\, -10 
we have adoptcd flit "111.wrtnl'l'" Iy]}t' of 

IJ"bn F. l ler.h."'\ (.~ 1_".' f·,," ..... 'i'''' I·: .......... In 
('.po.~;, .... <'<' ~I.,..u""""'nl." 0 ........ 1 R<04u> l.; .. ,,..,, ... ..,,ur . 
aJ, 7, Jul). 10.;9. 
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design similar in principle to Ihose sug
gcstlxi by i\loon,' Zickllcr,3 find others. 
In this lype of capacitor, the I,wo ('leC'
lrodes arc isolnt.lod frvm each olh('r by n 
grollnded plMe between thein , The 
shielding pruviclcd by tl1i8 pillte ct\1l 

el~sil.r I)l' mndc sufJIcicnU .... good to milkc 
UH' leakllp:e bctll'clm the IIctin) elec
trodes suhstnntially zero, The eapaci
t:mec iJt>IWff'1l The eiLoctnxics is then 
detcrmillt'tl solely by an aperture in the 
grounded plate. the magnitude of tht' 
l'npnl'ilaUt'I' Ix.' ing cstftbli!;hed by the 
nreft of the OI)(>llinl!: nnd the IIpacing 
hetll'l"t'll the :wlivc pbtl's. 

'1'111' dTl..'dlve :11'(':\ of the np('rtll1'(' is 
H\Jmewhflt less 1111111 thnt uell'rmil1('t/ b~' 
it ~ dilll1lcl«r. Tllis r('<.itH,tif)n of ('ITe('livI' 
area can pl'OJ)eriy 1)(' dcscrib{'(! ng 
" nf'Wlli\'t' fringillJl:" of till' {'Ieclri!' ti('ld , 
and the (n('g:ui \'(» itH'remcnt of {'apaci
t:\nCC whil'h is contributed elUl be 
dcsc:riix'(l IlS "ncgatin' edge caJ)lu: i
~nc('." TI](, ~ittl!l.lioll is roughly illus-
nt,,,,,, . ",I'~I.,r~., YJj,~ J H,_off., 41. w,-:.o; \ t\ll ~ 

1(1 . Zid" ... r. h'/.l· s",M .• r",A, 7. ~n-H. LIUJO f 
? "IOU"" I'!tll" 'J, IS7 (11156) 

I' , I I 
I 1/ t I 
", I I 
I" 1 

---;";-;'1 /( ," ", , " , , I 

\; ; 
" , III , 

t )/ I I 
'" I I ,,' 

: ' I : I ,« , I I 

• 

tmted in Figure 3 using t he cbssicnl 
lin('S-of·forcc concept. 

Since there i8 no solid dicleetric in the 
direct CllJ.)llcituncc field , the losses ill 
these capacitors ilrc v£'ry low. The ob
scrn'(:1 dissipntion ftlctor is 10 micro
mdi:lus or Ies. ... (which is close to the 
limit of prCSClit measurement nccltr:lcy) 
[HId presumably Misc!; f!'Om lo.'>.'ws in nit' 
lmd at the iulvl'fac(' bl'twCClL Ihu nil' [HId 
tlif' i'lll'facc of the meta l platcs. TIll' 
1I)>t'i('!< in lllf' "Nlgl' l'np:Ldtnnce," \\·hich 
in ncarly all cases arC' noticeably higher 
thnn thoS(' in the dirN't cllp:lcitance, an' 
in this dcsigtl :l part of the g!'Olind Cll

p:witnncf'. Thu8 the d c;.; in><1 direct ca
P:lCiT:lIlce is fr('(' of tlw losses whieh 
ocellr nt the f,J~e5 of mctftl plates from 
the illerc:l.$cd lidd clIIl('Cutr:H ion nt those 
edge:;. 

SPECIFICA liONS 
T.rml". I., Tn'.: 874 Coil-'l:i:\J Collllt'rl ... r~ f"r 
('()mrMlI' ~hI('JJing (Of " ·i o.oi~. 

A ....... I •• Suppllecl, Two T\ "f; S71-C5~ e,I'J!.' 
COnnl..:!" ..... 

Dir«:1 A,dj'01Ifm€lll. 

C.libr.tI.": A Ct.'rtificnl(' of ('illii)r:ltioll ~ !lUI)
pl,,',1 "'ilh f'J<t:h IInil.. 
Dlm. n oi.n,: . ~ (di'I .) hy .. I I inch~.." o\'!'r-'Ill. 
N. I W. igh" 011<' 1)011111.1. 

Diujll'lI~m 

TV,. ('n ptlcifflllCtl Acc'U'flcy 1II,1Z. l "oIt" Plldor Coli' JVm·d Pria 

t 403-A 11100 "r 0.1' ; 700 10 x l O...B """11\' $60,00 
1403·0 I~I "r 0. 1' ( 1500 10 x 10 0 Il"" !\' 55.00 
140l.G 10 "r (1 .1' ; 1 00\. HI x 10-0 1>""'11\' 48.00 
1403-1( 1.0 ",r 0.1 f' 1&00 10 x ]0...8 U.\TII .I! 45.00 
1403-N 0.1 "r o.d 1500 10 x 10 n U\I"N'r 45.00 
1403.1{ O.O( /o'J'f 0.3 ' ( 1500 10 x 10-' !' \ \ rr 45.00 

ADJUSTABLE CAPACITORS 

Two IU'\\, ndjustnblc Preds ioll C'llP:lci
tONI h:1\'(' bC'f'n added to till' \\('1I-('i!
t:11 )li~Il('t1 nnd widely nCcl'pteu '1\ N: 722 

Sf'ries. A two-sM'tio tl uuit, the TYI'E 
i~2-CD, has full->W:l I(' r:luges of I I pf 
:llld 1.1 pf::l " illP:k-S('i' , i(ltl 11ni t , Ty t'E 
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• 
i :22-CC, has a full-scale r:lllgc of 110 pf. 

,.... Th('f:c new models, together willi t he 
TYI'~: 722-CB (1100 pf) RtlllOUIICccl 

('ariier, ' provide a 1000-to-1 rang:e of 
fllll-:<I':llc values now available fol' th ree
t('!'milla[ cnpacital1ce mC:lSUI'CJnellts. 

Extr\'u:lll,\' the three cap:wiloJ's arc 
:IUke :lIId, except. for the coaxial ter
minalf', similar to other units of l1ie i22 
lill£,. intcl'nally, however, the now models 

filiU t. 4. P"ne' vi."" of the T~.,. 722_CO Pr.~I.lon 
Capodtor. 

dilT(,1' rndically in dc:;ign f!"Om the COI1-

\'('nl ionnl rotor find stator structure of 
llit' TYI'E nZ-CB. 

T\\'!l si'ts of stator piates, insulated 
fn,m I'Heh othpl' 111111 fmlll I he f'llj'I)()J'ling 

I'lld~, (He intcrican'(l ill n stack mllch 
llfl<'r the manner of a fixed air c:tpacit.or. 
A grolLnd plane intcrp0l'ed hI'L\\'l'Ctl 
"Iales !ihields tilc two sets of plates 
rn,m each other, execpt for' an annul(\r 
lIpC'l'Iul'e' in tlw ground pi:ttc, wh ieh 
p1'n\'ides the cOHtl'oHcd dired C!l.p!l.ci-
1[\11('(' I)('tw('('n stator platcs, T h(> ground 
plane ('onsists of two parts, onc a fixed 
plate mounted to und con llcctoo to the 
"I."". dt. 
"Inn 0, 1, ... 100, HA Thn-e-T~.n'inal Pr,·oi.-i"n Cal"'ei,,,,," a."""", Ha<lio F.r,,"i"'~"I<r, az, 11, Oetni.>e •• H/:.8. 
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same rods which snpport t.he stators, t he 
01 11(>1' a l'il'cubr rotor plntc which 1'0-
taIl'S in IIIC same plane as the fixed 
gl'Oulld plate. The IIl'l'twgemcnt. of 
the various plates is depi{;ted in Fig
lH'e 5. 

The g:l]l beLweell the two portions of 
the grou lld plaliC is so small that the 
leakag(> ('apueitflllC'c through il is neg
ligihle comp:mxl to the dpsired dircct 
cnpal'il:ln<:e, Furthcrmore, :my Icnktlge 
is COII::itnllt with rotation. 

Wbell the annul:11' fI\lerlllre sholl'n in 
Fig-lin':) is r()t~H('(t into the slator stack, 
{li(' dircct ('up:1I'it:l!ICC varies liu(>:lI'ly 
Willi tile anglc of rol:l1i()ll, ClIpu(' itms of 
thi,; d('"ign po",~('ss illbercntly a hip;h de
g!'I'(> I)f linl'31'il~' . TIl(' incrCnH'II I of j'a
pal'iiaUl'p pt'l' ullit of an~ular l'Oitl(ioll 
dcpcnds so!cI,\' on the spacing belwc()11 
:-;1:1(01' pilltc::; and the two I'Hdii of the 
:llllllilal' ap<'l'llIl'f', The location of the 
rotc))· pbh's in thl:' gnp, the cOIl{,f'ntl'ieiLy 
of Ihe rolOI' "hnfl I'clnti\'e to the SI:\lOI' 
plaIt'S, and the dimen::;ions of all pbtcs 
al'l' hilt [,OIllC of tllC fador~ whil'h !.l1'C of 
fil'~L-Ol'dcr imporllllH'(' in cOnv(,llliollu! 
constl'ucl ioll r buL only of 8~t'oml-OI'dcl' 
importance in the aperture type. of 
cap:lcilor, 

Flgu •• 5. Sk,rch . howing Ih , o •• onglm . nl of plol •• 
In rh , 3_1 • • m ln .. 1 V ... labl. P ••• lsi .. n C .. p .. dl"r. 

----

-------~=~ 
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For a given spa('ing between plates, 
the nl>cnw'c-lype cap:\cit.or can yield 
a maximum of only olle .. (]uartcr 3S much 
cnplll'ilance in n. givf'1l volume, e\'en with 
zero thickness rotor plates, si nce alter .. 
nate gnps arC', in cITect, in series rathel' 
than in pnrnllel. A further redurlion OC .. 

Cllr!; because the aperture is of llC'Ce1;...;ity 
smnllf'r in nrea than a full rotor plate 
used in t he cOllventional mnllnCl', As a 
result, t he m:lxirnum nnli1:tble cnpu('i .. 
lance in a TYN: 722 frame is ahout 
I(M) pf. Dielf'l·tric lof>S at the plate sur .. 
fac('s is millirnizt'(l by the lise of nickel .. 
pi:lt,ed bra>;s pla/('!'. 

The tennilml .. to-ground eapaeitances 
of the~e new capac'j(ors nre drastienlly 
dilT('rent in mtlJ,!;nitulie and mrintion 
f!'Om tho;;/.' 1l!<'lIally ('11(,01lnl('re<l, 1 n the 
pr('\'iollilly nnu(III1H'f'(1 TYPE 7:l2 .. ('B. for 
iusttlncl', the ca pacilluu'l' of sl ator to 
ground if! about 20 pf and !<.UhS\lIl1ti!llJy 
illdepl'lldt'nl of 1'0101' sett ing. The capac .. 
itan('c of rotor to ~rolllld, of cou rse, is 
a fUllction of setting, vlIryi ng (for ex .. 
nmplf') from 33 pf to 3i pf. Whcrf'ag 
these values :l1'e small relative to the 

" 
f ill ..... 6. In, . , lo. 
",i.w of the typ. 
722_CD P,ed.ion 

Copocil ..... 

dirl'ct cnpaeitanee, in t he TY I'ES i22 .. CC 
and .. CD till' tcrminal t:apacitane('s ar,' 
inherelilly /(uyer by !l s.uhstant ial factol" 
t1mn the dit'cel capa('itnnec. As tht' 
apcrture is rotatoo out of the gap, (he 
capacitance bl'twccn plalcs is tran::; .. 
fe!TNI to (!:l"Olllld. T hus bolh tennill:li 
capal'itances vary with setting, Tht's{' 
cap::u.:itol's, thea-dare, am not suitahle 
for two-terminal usc. MOl't'Ovcr, the.\' 
can produc'f' misleading results in tlne(' .. 
tt'rrnilllli networks unless t he clTccti\'c 
imp('1.innl.'cs of till' cireuil from hoth rotot' 
and stntor to ground are low, Subjed 
to lhis limitation these new cap:witot's 
should provc themsc.lvcs useful in It widt, 
\,nripty of thrC(. ... tcrmillnl mC!lSUrcmcnt 
applications, 

-IvAX G, EASTOX 

The suggcflt ion for, !lnd preliminar,\' 
design of, lIll' uP!'t·tuJ"{' type cap:lt'itOl"S 
\\'1\5 COll i ributt'<i by Dudley I I. Chute. 
P. K. i\ \('Elroy and lhe aUlhor col .. 
laboJ'U\{!d Il'ilh Mr, Chutc in cvolvilll; 
thl' finnl desijtn!'. 

" 
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SPECIFICATIONS 
_ Capo.lIon .. RanO_ 

-

C(I'Puci/o'lce Direc/·lhxu;li' lfJ 
Type nflnfle, pJ Accuracy 

722_CC 5101] 0 ±O.2 pf 

T22·CO 
{ 0.5 In I I 

0.05 \.() 1.1 
± 0.04 pf 
± O.OO8 pf 

Corr . ... ian Chort: A t'O rl't!dion ~h!lrt i;J l!uppli~d 
giving l'Orrl'rliu!l8 lit multiplu of 10. I, or 0.1 
pr, depending on th.· totn.l cap :-.citallCC of t he 

Apf,mI. COt 
at ZerQ Sco e 

&lIi' l{/ 

0 

0 

Approximate 
Te,m illnL-lo-Gro,,,ul 

Capacilallct3, p/ 
lIillh Low 

600-000 000-000 

00.110 
00- 120 

Cll.paciOOr. Accurnrir.;; obtuinahlll thrullgh tI ... 
U;Ie of lh('!';e chr.rts nrc :\it follu\\'~: 

/I cc,<rocg oflu oorndirm. ill applied 
Type RUltge, pi To/al Ca/iOcilflllCC CaIJaCiI,uK't Dijferc.!UfS 

722.CC 

722-CD 

5 \() 110 

( 
0.5 to 11 

0.05 \.() 1.1 

±O.I % or ±0.08 pf' 

±0.02 pr 
± 0.003 pf 

± 0. 16 pf 

:±0.04 ,If 
± O.oo..; pf 

Wor ... Correction C"lIbra ';on: Corrt!Cti01l8 for the 
~ljght rt'!:iidual ""ccnt ridty of the worm r.!ri\'1l 
(',m bf· ~\JJlpliffi for nil mool·l~ lit. un I'stnl dl:lTg{! 
i"dimlt,xl ill the price list. i\lounll'(l chBrt.s lire 

lIupplirxl, which givr the r"rrcrtio"~ to A.t l<'fIl>t 
onl' nWI"1! fil'ul1' Ihllil the gtl:lT:m t.(.'cd ,1{'<'UTIWics, 
whid) "I"<' ~t:I ' rd I>I'I(>\\": 

7'yPl! Ram;e, pi 
ACCllrO/;y afler W<lr1l4 CfJrrcdum it (J.l'plie,j 

7'oial Ca}lacilwu:e Capacitallce !)ijJercIICct 

722·CC 

122_CD 

.5 to 11 0 

(
0.50011 

0.05 to 1.1 

± O.l % or ± 0.02 pf· 

±O. I % or ±O.ij<H pf· 
± O.l%or ± O.OO I ,If· 

±O.l t'c or ±O.O.I pfo 

±O.I 'n or ±0.008p[" 
±O.I '); or :±0.002 pro 

Ma. lmvm Valla,.: All mod els, 1000 \·,.,l~, Jll!ak. 
Tempera ...... Co." lci.n' of Capacitanc.: Approxi
Infttr-ly +0.002% per dr-grcc. Ccntignldc, f( lr 
~1lI:,1l tRllIlK'r:,ture eh:mgcs. 
Bocklalh, U>III! thlUI Oll(.~hllif divisi()n, corn~ 
'l}(lIIding to 0.0] % of full-!lC:llc vnl uc. If t he 
(("sirt'd SC" tillg is Blw:I Y~ tl ppro,u.>lwd in the 
din·("tiOll of incrt'tliling SI:nl(l n:ading, no error 
from lhi~ CftU.:!4' will r('>;ult. 
T •• mlnall: Tn·t; 8H Co,I.i:tl CoIII '(.'tt •. m:l. 

Type 

722_CC 
722_CD 

, P,.<llion Copoci.or .••••••.••. • , 
P •• <lllon Capaci.or ••• •• • ••• • .. 

Acu .. a. IU SlIppti.d: 2 TYI'E 8i 4-C5S Cuhlc 
COIUl':C!.OI"!i. 

Mauntinll : TIll' capflCitor i~ lUoliuted Oil tin 
ItlllUlill llm pUl,d fiui.,lw<! in crllrklc rlnt! t'1l
clOl!~'d in II ~hi ,'ld('d hardw(ood cuuinl't. A 
wooden ~lor"g" Cf\IoIe " ' ith curry;ug h:Uldlc ill 
s u pplil'(\ (w"ight OJ'; pound.":!) . 

~im.n.ion .. Ptlllel, 8 x 9, inches ; drlllh, 8M 
IIl(;hcs. 

123• I)OU 'III~ IOn pou,,,l~ 

C,JI/.t. Word 

CHAOil 
COPIN 

Price 

$26S.OO 
26 S .OO 

WORM-CORRECTION CALIBRATION 
C(l1H1l"1lor 

Tyl'" Code Word"' Price 

722_CC 
722_CD 

, Wo.m c ....... !fan .• . •• • ••. • •• . .•• .••. .. .•. . .•• , 
Wo.m Carr.ctian ••• .••• , •.••••.•• •• .... •• .• .• 

WOHM\" 
wonMf 

$ S5.OO 
165.00 
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~ GENERAL RADIO E X PERIMENTER " 
BARD ELECTED CHAIRMAN OF THE 

IRE CHICAGO SECTION 
Hobert E. Blml, engineer at General 

Radio's Chit'ago district office, has b(..'('n 
elected Chairmall of the Chicago Sec
t ion of the 1118titllt(> of nadia EnginC<'rs 
for the yenr J9.)9·00. li e was 1\ member 
of the ExC'Cutivc Committee of til!' Bos
ton Section :\IId scrn .. d 0 11 scveral COIll

mittccs in 19;)3-;3 1, prior to his move to 
the Chicago area. Last yellr ~ II' . Burtl 
was Vicc-qlairmnll of the Chi('ago Sec
tion, and lx-fore this was E:-;('Cutiv(' 
Editor of SC.\X~·AX, the official publicll
lioll of the IBE Chicago Section. ~ Ir . 

Bard has nlso served as!\ mcmhcl' of the 
E)\('cut;\,c Commi ttee and Board of 
D irectors of the Xational EieClronies 
Conference J'.ill('c WoG. li e is currently 

Ch:lirrnnll of tll(' Exhibits Committ('(J for the )laliollul Electron ics Conference. 

SURVEY OF 
RUSSIAN SCIENTIFIC LITERATURE AVAILABLE 

Til(' f\lItiolinJ :-:'"i"l1(,o FOllndat ion hilS 
r('('cntiy m:tdc llVl\ilnhlc a dl'wii('(1 sur· 
vey of Hu",.,ian sl' i('ntifi{' lit(,l"atun'. list
ill~ 76 1-'o\'i('1 j{)ul"Illlls n(jw available in 
En,l!:lish. 

The slI1've,Y reports on the sources of 
80\'iel Sl'i('ntifil' iitNatur(', :lvlIilability 
of sllch lit{'r:lturc ill tile' l'nited States, 
and the current translation pt'O,I!:rams of 
profM"iolllll and u(>m.icm;(> groups and 
gO\'cmmcnt ap;cudcs. CUffrnt mNhods 
of providing (>omprchcnsivc cuveragc of 

untnmslated Hus,,,ian material :\1'0 also 
unuirzrd. Hcvi!<('(1 and expalllied from 
nn el1 l' l;('r Niitioll, the SlII' \,oy was pr('· 
puroo by the Foundation's Oflicc of 
Science T nfol'm:ltioll S('rvice. 

Copics of the SlII'VCY, enti tled " Pro· 
viding U. S. Scientists with :;O\'ict ~ci· 
enlific Information," arc available 011 

requcst from the Oflice of Sticntific 
lnfonnution Sen'ice, Xationnl S('iellcc 
F oundation, 1 !J51 Const itulion A venue, 
1\W, Wa:;hington 25, D. C. 

G eneral Radio Company 

. -., ... 
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