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, NOVEMBER , 19 5 8 ~ 

COMPLETE ASSEMBLY FOR 
CAPACIT ANCE MEASUREMENTS 

AT ONE MEGACYCLE 

Both com mercial and military specifi­
cations for capacitors of 1000 /lilf and 
lcs.., call for Jnf.'USUI'cmcnt of cnpacitancc 
and dissipation factor at a fre<lu('llcy of 
olle m<.'gllc},cie. The Tn'>"; 161O-AU 
Capaeitancc 1 1easuring Assembly is 
a complete set of equipment for making 
these as well as other 2-lcrminn\ meas­
urements. 

Acccssori<.'S arc available whieh co­
htmce the lIsdulncss and COllvenience 
of the assembly for specific measure-­
mcnts. For the mCa»urcmcnt of small 
capacitors, particularly disc-ccr:lmic 
types, the TYI'~ JG9J-A Capacitor Test 
Fixture is ]'ccomrncllded. With the 
Tl'i'1!: I()OO-A D iciectric Sa mple J [oldcr, 
specimens of dielectric matcrials in the 
fo rm of ASTl\ \ 2-illch or >:rnallcr' discs 
cun be measured . 

T he TVPE 161 O--A 1-1 Capaeil:uH'f' ~\'reas-
uring Assembly ('onsists of : 

T ... ..,E 7W-CS1 Cn]>Hc ilwlcf' Bridge 
TYPE 1214-11 1-1\ le Unit Oscillator 
TYl't~ 1212-A L'lIit Null Detect.or 
TYI'E 1212-P l 1-:"'] c Filter 
TYPE 1203-13 l'niL Power Supply 
T\'I'~:480-P5L'CI and T YI' t; 480-P4U3 
Adaptor Panels 
Relny Hack Cabinet 
Conncction Cables nnd Power Cord 
Although calibrated fo!' a frequency 

of one megacycle, the bridge itself can 
be u500 at any frequency 1)('lwecn 0 .1 

and 5 m~ar..\'C[es. A \':l.riublCo-frC('Jucllc.\' 
oscillator such as the TYPE 1211-13 and 
a tunnble selcdivc detecto!' (or radio 
receiver) nrc then required. If COlTN':O. 

tions are applied, rated accumcy eflll he 
attained. 

SPECIFICATIONS 

Co"".lran •• Rang.: Dir(>ct Method, 100 to 1150 
r ...... f; Substitution Method, 0.1 to 1050 ...... f. 

DI .. I""I'an Faclor Rong.: D irt'ct Mcthod, 0.00002 
to 0.50; Suh"titut!on Method. 0 ,00002 " 

g~ to 0,00 x ;.~ where C' i" the cnpl\citnnl'e 

of the inv·run.! .~t'l1l d'Lrd capacitor nt initinl 
lmI!ULCI' nnd ex thllt of the unknown. 
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~ CUNE .... l R ... DIO EXPERIMENTER • 
... cc .... cy C. , .... "' •• Myd.): 

Dirn:t Nroding: Cllp:lcitana', ±0.1 "f ± I I'l'f 
",h{'n tlw dili>!iputioll factor of (hI' UlLknOIl'n i:I 
1(',Ooj thlllL 0.01; Di,*ipstiQn ~'Jl~tor, ±0.0005 
or ±2~ of dial r{'Ming, .... bil:h{'v{'r is lllrgrr, 
ror VIaIIlN! of 0 1)('10 .... 0.1. 

S~liluti071 Method: C"pa("itll.l1Cl', ±0.2'1, or 
:1:21'1'(, whil:h('vt'r is brgcc; Ditl/liplllion Foetor, 
±0.OOOO50r ±2~~of thf' ~ hll.ngc;1L D o~rvl'd, 
",lwll till' dmnjll{' ill 1('&1 than 0.00. 

When lilt' di';l'ipUli"n rador or the unkn{"\'n 
('XI't'('(\!I Ih., lima" J,:h'cn aoovl', ndditional 
{'rrnrll OI"(:ur in both CfiJlru'itnncf' and d'iII!ipll.o­
tiou.fl\("tor n-ooinb"ll. CoIT('("tion formullu' nrt' 
iiUIIJlIi.'(I, hy IIwallS (If .... hich the llt'eur,lCY given 
nhoVo' troo br mainlain('(i. 

A oorrt'ltk>u churt fut 11K' I",'d~;on capll(' IlOr 
i~ !lUPI,lif'd, gi\·illll; toeale cotl'\'t,tiollil t ... 0.1 I'l'f 
:lI InulI'l'll'>< "f 100 ""f. By laing lllt~ dalll, 
~lIh.titulio" meu.'<un'rnrllt<l rnn bo' madr to 
±O.I('"( or ±0.8 ""f, whirh~vt'r ii the IlItl("r. 
For ('81)n('it"n("·~ 1'-"':> thrill U I'l'f, the rrlllr 
will dccrt,~ line:lrly to ±0.1 I'"f. It is '11iIO 

7'ype 

po!!I!iblc to oLw.in, nt an extrl\ eh:\J'gC, l\ "·orm· 
oorreelion e:t librutiQII wi t h ... ·hidl substitution 
rne:l8UN'ments ~l\n be made to lUI accurllcy of ...... 
0.1 ~ or ±0.2 ~~(, whichev('r is tlte largt'r. 

This ,,:une Jl.CCUf/,cy cu. .. be obtnint!d with 
the bridge lit other fn-qut'llci,'lS Ilf'twccn 0.1 Me 
lind 3 Mc, if l'OrrectlOils nrc mtwJe for the effects 
ofrt."idual iml~'tll\lIce, l\l1d if l\dl'(pmte IIdee-­
tjvl~y is provided for the null detector. 
"'u ... o,l ........ ollobl. : T n'.: lij!)().A Dielectr ic 
Sam]lle nold('r IIl\d Tv.'.: 16D1 · A Capncitor 
T t:'t!l Fixturr. 
Pow •• S .. pply, 105 to 12S volu., 50 to 60 cyt'\(l;j, 
100 wutts input tit li S v linc, I nlltrument wi ll 
opcr"t{' SIItj"f,O('torily on powet.."upply fl1"­
qucuril'8 UI) 1.<.1 400 ('yel('>l, JltOvid('(i that the 
supply \'o1tllge i8 lit leMt 115 volta. 

POWf't input, r('C{'plll('le will llcet'pt eith"r 
2--"'ire (T\"f'E C AP-35) or 3-.... lr" (Tn!!. CA P· 15) 
POWl't cord. TWo+wir(' I"Ord i8 ~u""lied. 
Dlm.n,lon,: (1Il'ight) 43 x (width) 223-2 x 
(depth) 20 inrheg, oveNdl. 
N. , W. i.hl: 150 IXlUlUIIl, 1l.11llrtlximalrly. 

C(I(Jf) Word 

1610' ... H c .. po." ...... M .... u,I .. , "'".mbly .. , ........ . 

Price 

$995,00 
W ...... ·C .... cll ... C.libr .. tlon for In'.rnal , ... 1--

olan C .. podl .... .......................... . . .... OK,\U 
t..O\·AI. 
E IUCT 

"'.00 
43' .00 

,,'" 
1690-... 
1691 · ... 

DI.loctrlc So"'pl. H.Id ... .... , .•••.•••..••.••• 
CapodtlM" , •• 1 fl.' .... ..... , •••........ ...... 

A NEW, l-MC UNIT OSCILLATOR 

'I'll(' TYI'E 1::?1.J·~1 t ·nit O;wilinjor i" 
anothel' of C(,H(,1'fl1 Hadio':, liut' of ('0111-

1':\('1, int'xl>t'I18IV(, l"nil l ustrnmt'ul,;. 

Thi,. oseillalor gcn('nlt~ a fn'(IUl' lIc), 

of I mcgnt)"('ie pt'r &'Cuuel und is n 
u,.;t'ful p OWfll' !'lou rc·p for bridge mPM!Ilr( .... 

nwnts ut IIUll f rCt.lut'u t.'." . The T ~'I'E 

1 21--1·~ 1 is t lw {)!;(: illatOI' supplil't! wit h 
til(' T YI' t: 1G 10--,\JJ C:\p:u:il:\IIce ~Ieru;.. 

uring Ass('mbly. [' 
This oscillator U~ a lI art le.v e;reuil 

amI i" designed for 101\' distortion :l.nd 
high output \('\'('\. The output mn he 
i:mlal('d from ground. A continuous 
rotary eon 11'01 011 Ihe p:l lH'1 of tit£' in· 
atrumen!' \':tr i('S ,he frt'(lu(,IH·.v Q\.('r 

n rauge of ± 1%, w ilil{, :l ~(,(,ol1{l ('ontrol 

varif'S t h e olltpuj f rom z('ro to maximum. 

The built· ;n tl"nnsfornwrh~ l)Owe r 

"uppl: ... o l)('r:\t('g from a Il &.volt, 4(). to 

t30-eyde ac line. 

SPECIFICATiONS 
f"'1u.n • ., : 1 1\11'. 
I'r.q ...... y ... cc .... ~y , ± I %. 

M .. I",um Output: 300 mw into 50 obma. 
0IM" Ci .... 11 OUlpul V.II.,. : 7 vol Is. 
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01.1ot1l.,,: 3.S% with 5\)-(lhm 10lld. 
Po ..... Input: liS v, 40-60 Cp6. 

, . ... or C .... umptl . .. : 12 watts. 

N OV EM B EIt , 195. ~ 

01 .... ".1.".: ( Height) S"~ x (width) 5 x (deplh) 
Ii.\{ inches. 

W. lg ht: 2~ IIUUIIU>l. 

121 4-M 

_-,-,---_________ ,~C:::ode Word 
Unit Ou.illat ... , I Me •••...•••••••••••••••.•• I ATOSE 175.00 

TYPE 1421 VARIABLE AIR CAPACITORS 
The Tn'}; l421-J and T YI'E 1-121-1\ 

\'ariaule Air Capacitors are new units in 
till' Gl'n('rnl Hlldio linc of instrument­
type, pamllc1-platl' air capacitors. These 
capacitors arc machined from solid 
mctal, in thc snlUC manlier liS the T \'N; 
14:.10 Capacitor~.' This unique method 
of construction hIlS many advantages, 
both cir-ctrical :md medulIlicl\l, O\'cr 
COII\'CII tional cOllstruction IIlcthods. Some 
of these addl'(] fcatures arf': 

BrUer COIl/rol oj thickness (HId Illraight-
11('8S oj plak'll, sinec machillin~ is a more 
prt't-isc operation than rolling. 

t:lll"illatioll oj cumulnlivc Spacillg 
errors by gang milling. 

/Jetter concelltricity insured by turning 
and boring II single piece. 

Sturdier structure with high mechani­
cal stability, rl'Sulling from the integral. 
plate t!onstnlctioll. 

, II. ~1. W;.looo, "Type 1~20 Va,iable Ai, Capse;tot." 
G...-d R(>dlO E:r_'~. \'ol 31 , N • . 2, July. 19M. 
W.7-IO. 

Good lillcarily alld CO/ltrol oj caplIci­
«lII.ce ma(lnitlldl', insUI'ed by pn.'cisc ma­
chining. 

i.Alu:er mcit.Uic resistance ww illdw;t,. 
alia Iltld 10\\ thermal drift, hecause all 
the condu(·ting material is homogeneous. 

j\l illill! 11m mirr01JhQIlic trndnI.Cics, dill' 

to the ruggcdness of the p lal~. 

ElilllirwliV/L of irregularities in the 
capllcituIlCC.'-\· ... ·rotatioll t:u r\"c, bccauS{' 
the s tator plal~ arc L'omplctci.'t' joined 
on their ollter peripheries. 

elimination oj crazing 01' other St.I·UC· 
tural failure of the polystyrelle dick'C­
lrk, because the insulator.! nrc machined 
from a cast h:lr of cross-linked polyst.y­
rene fOI' thermni adequt\('r and arc 
strt,'l>.">C(1 cntil'l'ly in comprC'SSion OVCI' 

n widc area. 
[,Isurrd cO/lceldricily oj the rotor, since 

tht· plates IIrc milled and turned 011 
II ":Clltcred arbor held uy the SCt~rcW8 
exactly as the shafL is secured in ILS­
scmbly. 
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GENER ... l R ... D.O EXPER,MEN T ER • 
SPECIFICATIONS 

C.po.lta .. n t ... ,al 
s\"omill(Jl Ra"pj&r 

Mllz. Jfin. Lin«lf l'CZrialwPl 
J 5i5 22 MO ±20 /JI'f 
K 1120 29 1025 ::I::251'.11f 

Thtl rowr-t.o-(l:round eapllciumce i~ :ibout 
2.5 I'l'f, Ilnd the 8talor-t.o-ffround CUJlacilance is 
about 4 /JI'f, for Hll siz("S. l :Jw datil in the nbovl' 
tnbltl IUl' for thl' cUplteilor u~ 1108 U two­
tl'rmimu dt'virr', with rotor grounded. If 8lnlor 
is grolilld.'<i, mrudmum Knd rninjrnUIlI r"IIII\{,j _ 
lane<' VnlUl"8 will I~ dccl"('liSCd by about 4 W'f. 
I .. d.,. .. d ... , lI .. . .. I'" The v'lrilllion of cnpad­
IlIlIl'(' with ,m/(II' of rotation dOl'll not ext-rod 
±O.3% of full SCall'. Tht' nngulllr .:mge of 
linear variation i$ 160". 

Typicollinl'Krity is better than ±O.ISPG. 
DI. la."', lanes: Fur the groundl'd-rotfIT con­
nt'l'lion, Ih!' dil'iedric 1O&;t'tl oorn'llpond to a 
DoC. ",""duct of leM than ,01 x I(l-L2.Tlw rotor­
to-ground rllp,l("il"Ut'e hal! R DoC. product of 
0.1 x lo-L2, Thi$ 10M OOffilXlTH'nt is in p!Lrnlld 
with thl' main cll.Jl'Ldl:Ul~"C only for the 
Kl"llundr"(l-<llutor ('Unllection, 
In, .. I.,II., .. Resl .. ., .... : Greattlr lh"n lOLL ohms 
und<,r ~tandnrd ASTi\I 1:,bofllWry t'Ouditiol\8 
123"C, 50% IHi ), 

T/IP< 

hmp..-.,t .... C.aflld.nl 01 Copa~it., .... , 
m:.tcly +.003% lK'r degn.~ C, 

M .. :dm .. m V.II .,ga: iOO volts peak. 

Approxl_ 

T .... q ... : 2 OUIIN'-iTlchl'8, mnxLmum, with @hnft 
vcrt icm, 

N.t W.lghl, Tn'l-! 1421-,1, 1 pound, 8 OUIlct.'I!; 
'1' 1"1'.: ':121- 1\, I pound, "I ()UIIC(.'II. 

Dlma .. ,I ., .. s: &-e skct t) h, 

DEPT>! BEH'CI AUEL I 
J 5Y.._ 
I( 4,,_ ~', 

StiAn Dl.t. J-i....... "I +I-+-~ 

Code Wortl Pria 

S7S 1'''', m ••• " •• " •• , •.• , •• , •••••• " ••••• , 
1120 1'1", ma . .. ,." •. ".""".", .", .• ,,, 

NoUllR 
~ADOD 

$46.50 
"'.00 

AN AUTOMATIC-BALANCING 
CAPACITANCE BRIDGE 

The Automatic Capacitanee Indicator 
(Figure 2) p.·Q(lucoo by IJames D(>veiol>­
ment Company is a sclf·bal:ull:ing unit, 
which automatically indicates capaci· 

tlUiCC and dissipation factor in an aver­
age time of 7 seconds. This instrument 
will meRSmc capac iuU\cc from 100 jJ~ 
to 1.1 jJf in four rnnges, and dissipation 

fig ..... \ , P., ... I vIaw 
<If 1M 6arnas ... _ 
.....,;. a .. ICI",,; .. , Ca­

' .. d • ., .... llriclga, 
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, 

FIg ..... 2. Y .. w of the complottoo bridge o .. ombly. 

factor from 0 to IG% in tlm .. 'C rl\lIgcs. 
TIH' hasic brid.c;t· of the indicator is 

1\ Gent'ral Ihdio 'l'YI'E ill}-C Capaci .. 
tall(,(' Bridge. Servo mOlOrs opera 1 ing 
through geurs accomplish the automatic 

N OV EMBER, 19S . ~ 

balancing. The accuracy of the auto­
matic unit. is C<lual to that-of the cupaci­
lan('c bridge (cap:u:it:lIlce, ± 0.1 % ± 
I /J'/J'f X (·UPu(·illllWC multiplier S<'tting) 
when the di88iplnion factor of the UII­

known is less thall 0.01; dir-siplition 
fa('\or, ± 0.0005 or ± 2% of dial rend­
ing. whichever is the larger, for vulues 
of J) below O. I. 

The block diagram of the Bnrncs 
Automutie CnpuC'itanc(' Bridge is showli 
ill Figure 3. 1'1](> error siglin] from Ill(' 
deteclor terminals is scpll.r!lIt.'(i to fCLod 
the two cil!lIIl1el.:; for "C" and "IJ" 
balances. The "C" chanuel is driven 
through illll\tlclluntor; the "D" I'Illlllnc] 
is fed directly. 

After pUSHing through voltage awpli­
fi('rs the 8ignals art' fNI to pha&' til"­
lectors. Ph:lS<' di!!t:riminnt iOIl ill aehil'\"('d 
by df'termination of the phase rrf{'f('II('(' 
yoltuge {I'd to the phase det(>Ctorii. The 
"C" dcl('(;tor (('('('in>;> :til in-pllllS<' refer­
ence \\"hil(' the "D" detector receives 
B qutl.dmture Yoitug('. 

The outputs of the phase detcctors 
lire fihCI'cd :lilt! thell im'ertcd ;nto p!UlSt'­
rcwrsib]e {j()...eycie voltages uy !.;YIl­

chronous ehoPI)(,n!. Aft('f po\\"cr-nm­
plifkation, thl.'!\t· .,igllll]S !\rc imprt'i;.'>CI.i 
on the conI !"ol winding of the L\\"o-ph:\sc 
servo motors cOlllrolling the "C" lUld 
"D" ehanncls. 

." ....... ,"" 
.. ..-",1. 

FIe- l. Block dio .... m of the 
oulofnoric <apacilonco bridge. 

l . , ...... ' .. 1. 

I 
1 .. ~ ... 

, ....... 

."1 ...... 0 • 
'0' ... "'-, .... 

I --O"~CTO. 

I 
,.vlorn:o 
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~ GENERAL IIAOIO EXPERIME NT ER • 
The balance point is indicated by 

pilot lights, and the feading is presented 
dir('{'tly as a row of fIgurcs, with auto­
maticlll1y plal'ed decimal points. The 
Autom1llic Capacit:ul('(' Indicator is 
anlibhlc with digital rctldout for usc 
with any punched card or t!l.PC data 
system, or with servo (voltage) readout 
for producing a graphic record of values 

with recorders. The bridge is available 
with either manual or automatic range --.. 
switching of l he capacitance and dissi­
pation-factor ranges. 

Jnquirics about th is bridge should be 
dircctoo to the Barnes Dc\'c]opmcnt 
Company, 213 Wcst Baltimore Pik(·, 
Lnnsdowllc, Pcnllsyl\'unia. 

SMITHSONIAN INSTITUTION TO COLLECT 
EARLY COMMUNICATIONS EQUIPMENT 

As many of OUf readC'11I kllow, the 
f!lllwd fimilhS(lnian Institution ill Wash­
inp;toll hn:; hegull IUl intere>:ling ('oll('t,· 
t ion of ('arly (-'ommuni('ations ('(Iuipment-, 
.\ ~u()d !ltart lUI:> flirf'ady been mnde. 

The ilL!:Ititution iJi now f'Spcdall,v in· 
terpslro in ('on"idNing for lX'rmancnt. 
dispby dona t ions of early wir('iess C<lui lr 
nwnl dating from til(' Worid Wnr I 
pC'riod or carliN and limited to lUl nrc 
trullsmittN, all induction coil spark 
Il'ansmittcr and all kinds of meMuring 
('quipnll 'nt. III (1)(' latt(>r CIlI<'gory , we 

are planning to make scveral ('ontribu· 
lions from our own ('ollection, An,), of 
our readers who own or know of the 
('xisten(-'e of nny of these types of piolleer 
apparatus lIrc urged to communicate 
with til(' Editor or dirI'Ctly with the 
Cmator, DivisiolL of Elc('tril'ity, Smith· 
sonian Institution, Washington Z;,), D. C, 

The exhibit. will eventually IX' housed 
in a new building under COllst ruction in 
\\Tashingtoll. 

Enrly catalogs of old radio equipmcnt 
are also dCf: ircd for the historical lihrur,\', 

It is \\'itll doc» I'l'gret that we report th(' dc:\th of ), Ir , G, lI anull('rik 
who, in his HSI'()('inlioll with ;\laskiIH\kti{'sdak:'lIX't Zel:~ of Oslo, was in 
('hal'ge of CI'Il('ral Uadio's r('pl'esentation in :'\orwuy, 

II i!'! ('XIX'I't knowil'l'll!:<' of tltl' seiclllific iusll'Ulllcnl!lliOIl lidd and his 
helpful cooperation with nil will 1)(' misscd hoth by hi8 man~' fricnds ill 
Xorwny and b~-' ollr.-;{'h'c;; , 

Zcta will cart}' 011 0111' reprt'SCnta.lioTl und('t the ctlpablc direction of 
l\f{'R.'lr8 , Br:l.(-'1II1(' and :\ I rr:;('\ h. 

General Radio Company 

" '::" ' . ... 

IET LABS, Inc in the GenRad tradition

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

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