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A HIGH ·FREQUENCY MODEL 
OF THE PRECISION 

CONDENS ER 
• FOR MAN Y YEA R S Gencral Hadio 
Precision Condensers have been u!;Cd as 
basic C(luipment ill laboratories a ll o\'cr the 
world . The rugged ness, st ability und accu ­
racy of these condenscrs have rendcred 
thcm of fundament al lise in a ll kinds of 

• Illcasun! lIIc n l work where dependable, COII -

tinuously-adj ustable capacitance stand ard;; are required. 
The princi pal features which ha ve led 10 the widespread adopt ion 

of General Hadio Precision CondClIscrs arc Ihe excellence oflbe mechan_ 
ica l construct ion, the precision of capaci'lance se lling, aod the low a nd 
known electrical losses at audio aud low rad io frequencies. 

In rece nt years, illi crest in measure ments at h igh rad io frc(llIcllcics 
has led to the usc of these condensers a t frequencies in excess of those 
for ..... hich tiler ..... ere 
designed. Under these 
cond iti ons e lectr ica l 
errors a rise beca use of 
the prese nce of un ­
'>'lull ed resi dua l pn­
r 8 lu cter s. Unfo rtu­
na tely the high avn il­
a ble precision of ca­
pncitHHce sc lling in 
Ina l1)' cases tends to 
create a feel ing of false 
secur ity and the loss 
of accuracy in the con­
denser is not recog-
nized . 

FIGURE I. In terior "je'" of the Tn' }o: 722-N Co.uj,·.r.,-r 
~how;ng the rnethod of feediug the rotor, For /I c1"~"""1' 

"iew of the I,ru$h u,,·d ' ani~U1, see I';' ge (0, 
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GENERAL RADIO 2 

F ' CURI> 2. 
I" Ihi~ riOT,,;! the r<!8;iflancc, R, oorTo:I'p<mdS ln 
I()o.~,-" in the "'dallie porlion~ of Ihe COndllllM'r: 
the ..... ntluclan~. C, oorre!lp :>od ~ to loe.st'I! in lh" 
IIOlid diele<:lri ... l)()rlion8 or the oo"o.Icn~r: and 
the j"tluchmce. L. eorresl>onds 10 magnetic nux 
lle l "I' I,y ...:""luCI;"" cur .... .,1.$ in til .. IIIC,all)l),­
lion. of the eondenMr. The c~'l'acjlll"~. C, rep' 
rc.~nhl the iIIa,ic capacitance of the C()ntl ,·,,~r. 

The addition to .he Precision Con. 
uenser lille of n new high.(rc<lueucy 
mooel. the T\'['~ 722·i\ . 1"\lculis the 
advBntages of highly prt!cise mechan· 
ical construction to a condenser'" hose 
performance can be accurately pre· 
dicted at frequellcies up to 30 \I e. 

RESIDUAl PARAMETERS 

The residual electrical parameters 
which occ ur in \'ariable air cOllllensers 
and ... hieh cause the behavior 10 chnnge 
as n funct ion of frequency are: (1) re­
sis tance cOlll llOncuts corresponding 10 

1000sc~ in Ihc metal and SQlid (Iicicctric 
portions of Ihe condenser, and (2) 
imlUl'tllllcC cau;;cd by Ihe magnetic field 
sct til) hy conduction eurrenls in the 
metal r; lrudure, 

\11 cquivn lent circuit 'I hieh JIl;lr be 
n:!el l 10 repre;;cnt a varia hie air con­
denser is sllo"'u in ]~ igure 2·, 

'\ s a function of dial setting Ille resid­
ual parametcrIi designated by n, C, and 
L. 1111 tend to remain cons tanl. ,I\ s a fu nc­
tion of frequency the iuductance, L, 

'Jl t', .... ~I.nd O. 8. S; •• <I ... ,. ~A M.,IMNI , .... O~.c:'n.; .. i"l 
.bot JI~~.llnd...".""" • .,d Ret .. ' ....... 01 .. h".LIo Air 
en."k ....... Hod", .'teq~C:"""'.H p.....,. I . It, 1> •• 24. 2, 
t·d ....... ". IlIlIo . 

remains consta nt , Ihe conductance, C. 
increases nearly linea rly wit h frequency 
and , at bigh freq uencies where it is 
significant, the resistance. R, increascs 
approximately as the square rOOI of the 
freq uency. 

EffECTS Of 
RESIDUAL PARAMETERS 

The resillual illtilic tancc, J.., intro· 
duces a component of IlO!! itive reactance 
in series ,,' jlll lhe c.:ontlenscr. which 
causes the net uega ti,'c rcactance at the 
termina ls to bc lower Ihan it should be, 
The effecl of tbe inductance is therefore 
10 increase Il.Jc terminal capacitance by 
a fractional amou nt which iucreases as 
die ca paci li ve reactance decreases and 
as the imlucli ve react ance iucreases, 
T he error conseq uently increases bOlh 
wi th frequency and with dial seLtin g. 
The effective term inal capacitance fol­
lows tlte law 

c 
C,~ (I) 

w!LC 

The conducta nce. G, ca u5CS , dissi-
pati\"e component in Ihe terminal illl­
IlCdancc, 

Since Ihe conductance, C, increases 
linearly wi th fre(luency. the corres rlOnd­
ing t!Omponcnl of dissipat iou factor 

G 
0 0 -­wC 

is cons tant as a function of frequency 
at any b"i\'en cupllt'i tallce se tting. 

T he resisl ance, R. adds a further J is_ 
sipati ve cOllllJOllell l of I.ermin al lin ­
IlCdancc. 

The correspondin g dissipat ion fm.:t or 
collll}Qlle llt 

On = RwC 
is ordin arily negligible up to frequencies 
at which sl...in-effcet in the metal par18 

~ 

is essclilially complete. \t higher Cre-~ 
'Illencics the resistance. /(, increases as 
the square root of the frequency and 
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the dissipation fac10r component in ­
creases as the three-halves power of lhe 
frequency. 

A precision con<lenser is used normally 
under such con(litions that the dissipa­
tion factor componellls, DG and DR, 
and the indueli\,c error arc small. The 
expressions for the effective t ermin al 
impedance and acimill811CC of the con­
denser umler these conditions arc 

Z. ~ R. _ j _J_ 
wC. 

[ G] [I - w'LC] 
~ N + (wC)! - j wC 

} '. = c. + jwC~ 

"'[ G + lI(wC)']+ j[1 _w:'LC] 

(2) 

(3) 

ami the o\'er·all llissipation factor is 
approxi nlutcly 

G 
D = DG + I) u = - + RwC (4) wC 

ERRORS IN MEASUREMENTS 
CAUSED BY RESIDUAL 

PARAMETERS 

The errors cau~J II)' residual panon· 
eters ill measurements using a var iahle 
air cOlHleliser as sta ndard depend upon 
the frequency and upon the method of 
measuremen'l. A t hi gh freque ncies. in 
particular, it has heen found that suL· 
stitution mcthods of measllrClIlcnl lelld 
to givc results of maximum aectlnlcy, 
In this discussion the para lld·subst itu ­
tion mcthod will be the only method 
considered. 

In parallel slillst illl'liol) methods Ihe 
susceptance of a gi \'en ci rcuit branch 
con taining tile stalHlard condenser is set 
at some parlicular vllille corres l}olIlling 
to II desira ble capaci tance sc tt ing. The 
unkno" n admittance is then con nected 
in pllrallel "ith the standaTlI condcnser 
and the susce ptance restored to i'l s 

3 EXPERIMENTER 

ini tial value hy readjust ing the COIl' 
denser. The susceptive componell1. of 
t he unknown is found (Iirec l ly from Ibe 
change in susceptance of the comlellser. 
The cOlllluct i\'e component of the un · 
kllOwn is found from the change in lotal 
contiuclauce of the arm " lleil Ille un­

known ;Idllli ll ance is in lind out of 
circuit . 

i\l easuremenl errors can arise frOIll 
I hn:e sources if the residual parllmClers 
of I he condenscr are lJeglected: 

(1) The change in Sust·c pt ancc of the 
Sl!llIdard condenser het"een the illitilll 
and final condenser readings is nol. equal 
Lo W(C2 - C ) but is innuellced by thc 
residual imluctllnce lind is eq ual 10 

w(e ., - C ... ) = L w(C, - C l ) (5) 
w~ L (C + C~} 

(2) Thc conduclance of the stalldard 
condenscr does not remain constant Lu I 
changes between Ihe initia l and final 
sc ttings by all amou nt 

G2 - C1 = Rw~Cz(C., + C.,) (6) 
(3) If parulle l.rcsollllilce met hod s. 

such as the susceptance·\'arialion 
method,· are used 1.0 determinc the dis· 
sipati"c conll}Oncllt. of the unknown, 
the ohsened breadth of the resonance 
curve is influenced by resiJua l induc­
la nce. For the brcu,Jth of the resonance 
curve used to de'lcrminc con,luctallce, 
the true capacitance differencc 10 be 
used is 

C" - C' 
{:, C. ~ C--:'c=-,--;"" 1 W~L (C' + CIf) 

(1) 

where C' lIml C" arc the two readings Oil 

c it her side of resonance. 
The effect of residua l parillllcters is 

greatcst in the measurement of small 
valllcs of 1)O\\cr factor such as th08e or 
good IIIi,'a condcn;;crs. '\11 exa mple of 

' 0· u· S'nd.'r. " 1' ... 11..1 u ..... ,.,,« M.tI.oo. for l'r..,i.., 
Meaou,""", ... ,. "I H"I, Im,~d.n_ . , Rod,,, F,..", ... n,,;"":· 
I'T«. I . R. f; .. l>_n.I>o •• 193H. 
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' GENERAL RADIO 4 
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r-
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ll ll' large errors ,. hich mal he cm.'oull­

lcred under c~ lrelllc comlilions is HI> 
follow6: 

The intluctanc.- of the 1000 Pl'f IICClion or II 

T VPK i22. 1) Prel"i. ion Conden~r Ie 1I I'[ .. · ... \i ­
maldy 0.065 1'10 and t h" " "'IHlIie reii"tan('"e a l a 
fl'l"(luency of 10 "I e i~ . 1.'00.1 1 0.065 n. S"I'POS~ 
thi~ ~"olldell..er II(' u ...... 1 to meallure the cal,. d . 
tanct' lind I>(IWH fllc tor of a 1000 I'"f Tn'" 
5U5 Co",len&er aL II f""lueney of 10 ,\11:;. 

The CffCC livf' clI l'aril""cc of the IOOU /oO" r 
T"" " 505 Col1den$i- r al IU \I e ie 1258 Pl' r IIlId 
II,,· I)O"C' facl .... ;~ 0.1)<",.' I.e! the ini tia l diu] 
1'<! •• lil1g of Ih l:" ~ 1 .. n"arJ conden!Cr, C,. he 
1100 JiJ' f. The inil ial c lT~li" e terminal capaci· 

lance '" 

T he Ii" ol df"cli v," [,-.rn'" ,,1 cll l,adlll,,,!r m"~ 1 I.e 
C" _ 1512 - 12SK _ 27 11'''£ 

.. " ... the fin,,1 .!ial n:uuj ng 
Ct - :51 J4<f. 

T he error in IIiLing the di fference in dia l 
readings I<~ ,h .. 11 .. 1.. n O ", " capaci t ance. wi' hout 
.:orreclion for iuduch "ce, i8 , hcu·rorll 

,- 11 00 - 25 L ,00 _ 3" 8" 
125H X _. ,t! 

T lw ~"" "'I"""'·nI "f ... ,)",I" 'UI<'"r C"<mdur.io n<!e 
uu"cd /of "'NaJlic Io~ ll t Ih .. initia l l'(' lIiujl': ie 

11(",(' .. ,)1 _ 602 ... mho 

'The ,,11""" ...... upa<i'_ ..... io fI"U ' e< Ih." ............ in.1 
... , .. "" ....... bee.".., ,,( in,""".""". So:.. -n.., tk h .. ;.,,- .,1 
"1'. ~~ SO~ Co .. ,,~ .. _ •• , lIi.h .·""'luo: .. ~ieo:· t:r."" .. l 
U.,I'" f'...pwi",,,,,.,,.. 0\ ,,,",1. 1<)18. 

~ 

<:o""(IIIT DI STIII'UT1OI! 

X 

IN 'ilion 

" , 'IIOXINU[ CUIIIIUT 
-,~,,!- I)ISTIIIIUT ION 

. 

~ 

a,,,1 a t ,IL .. li ll il l i'<'Iling 

1t( ... C..)t - 19 " mho 

The change in condcn~r cont.\ uu auce i" 
therernr" -5113 ... ",ho when the IUlN;Cl'tDnce iA 
res ... >re.1 ufler (.'onn~'Cting Ihe " " kno",,, . The 
.... "du{·tll", ·e of lIu· 1000 " ... f cond"nller <:(.Irr'·, 
61'0n.ling 10 II f"'" cr faclor o{ O.9 C:~ i ~ R67 I-'mho. 
The errnr in lakin g: .s the condnctan(.'e of til l' 
unk"o"'·11 the d ifference in comlnetllnN' of thl' 
ci ... nil • ..Iu'n the unknown iii oonnected . "d ,Ii __ 
conn .... ted iii Iherefore 

51r! a(,7 X lOll - 67.2 f'j. 

Vcry lurgc error~ in hOlh caput:itun("'c 
aod power-factor measurcmen tll ure scen 
to occur. I rHlt:cd , iu maol' cascs the error 
caused by me lallic resistance is so large 
as to cause thc observed va luc of powcr 
factor to become ncgati, e. 

LOCATION ANO REOUCTION 
OF RESIOUALS IN TYPE 122·N 

PRECISION CONOENSER 

The minimization of Ibe rcsillual in­
ductance li nd metallic rcsistullI'c it! seen 
10 be U primc rcquisite in Ihe dC I\ ign of a 
Irigh-freqllcncy condenser . 

Thc residual r C!!.iSlanCe arisc!!. in the 
rotor sha ft and Sl alOr rod II ashers. in thc 
washer.to.plate contacts. and in Ihe 
plates the mselves.! Tire residual induc· 
tance !Irises priucipally from mugne lic 
nux se t up hy currcnts in dre rotor slilift 
a nd s tator rod "ashcn;. This flu x lics in 
planes pltr1tllcllO Ihe plates. Currenti' in 
IIIC plalC!! Ihcmsc lves se l up ~Ialilcl) 

lillie nux !;l ince Ihey are diffused oler 
lar:;e arcas. 

'A, bl~ t, f . .. \"."" .. ,I", ." .... ~,,' ' ~".I. '" 'he I'.' ..... r r~." 
i ... I...,'a ,,~ ..... ~." ........ " ... 1 , ... 1,1 .. ,.,... r. ' ..... ' ,." ,1,,(Ou~ h 
" .." .... .,,. ~ .. ..,. in , t,. "I • • ~. , t,. ",,( .... e ,-,<>"", ." .PI,",' 
ciab ... ".rI "r , "" .. 1001.. T" .. . o:ao<>" ,h., ,I", ..... ,. ILI<: .., • 
• "'onc:e "' ... "m" ...... " ,· .. Ir .......... , .. ,, " d;al """"'I .. 
.",....., ... r.. fou"d ;" ,r", '.r, , h. , ,"" .. .oJ«< ""'" ",,"u .. i .. 
, ............ i.,,'" ~"' ... " .... ( .... ""0< .hO(, ... ,1 •••• .,. rod. 
.. ......, .r.., .... "" .. , <1<"' ''1 " hi~b. In , ................ , r.., ~ ..... 
..,.., d ... . ; .. u,_ 10 """OIl , ..... 011 . 11"""" • .1 b, . .. " ... jK""""" -. " ...... ""''''. 
F I C UlIg J. S howing the cliatrihution of cur· 
reli t ill It rot.or 81.u(t (ecl at the lefl· h"", 1 ('UtI. 
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CURRENT 
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5 EXPERIMENTER 

1" 
3 

(e) 

f'I GUIII:: .l. Currelll di~lrilJUlion ",-hen current i~ red symmetricli Ll y to the shu ft. 

To a \'cry fa ir degree of approxima­
'Iioll the metallic rc~ i S"lance and residual 
inductance of a variable air condenser 
ca ll be considered as uni formly distrib · 
uted /llon g tlte rotor sha(1. and stator 
rods. On this Lasis 11 simple analysis of 
the effect of points o f current entry int o 
the st ack ClUJ be formulat ed. 

Figure 3 illuslnllcs 11 rotor shaft wilh 
curre nt fed in a t the left-hand cud. T o 
a first approximation the current de­
crcas('s linearly along the shaft le ngtil at 
frcquc lI\:;cs low compared to the first 
Ilatural frc(luc IlCY. 

Suppose lhe resis tance of the shaft to 
uniform current is R a nd tbe inductance 
L. Thc effccti ve resistance and indue-
1" lIce for the lion-uniform cu rrent arc 
easily fo und from energy considerations. 

The current at any di~lance along the 
shaft , i , is re lat ed to the currellt at tlH! 

left-hand cnd, I. by thc ex press ion 

I - x 
i = I - -

I 

The total rlOI\ cr loss, referred to the 
left-hand eud of the shaft , is 

J' II 
I ~R. = 0 j 2 i dx 

R 12j'/ H 
=1 Ii" u (l- x )t dx = 12 "3 

a nd the e ffective resistance R. = R/ 3. 
Similarly tbe total energy storage, re-

ferred 1(1 the left-II;"I!I end of the shaft , 

" I IJ' t 1 /2 = - _ ;2 (Ix 
2 '" 'l u I 

1 I .. PJ' = - - - (I - X)2 (Ix 
2 I F 0 

~ ~(~) I ' 
lind the e ffecti ve in duc ta ncc L. = L/ 3. 

The effecti\'c resistance li nd induc­
tance can be reduced by feeding current 
syulineirica lly to Ihe slutft. For instance. 
if the c urrent be fed at the center instead 
of the end Ihe eurrc nt distribution is as 

FI CU RE 5. l\I el" lI ie resi ~ I,,,.ee of T ype 722.N 
Preci~ ioll Condcu$er liS II (unction of frc.\ucncy. 
For puq)Oscs of comparison. the rC$ is lance of 

T n ·f. 7'22-0 i~ also ~ho ... n. 

..-- I'! I ··,fo __ -f~f-f-~+I~----l--+-+-r+-~ 
i I ; I 

.~, ____ '--J.JJ.ll-";,~.----L--'-----'-l.l~_ 

. 
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FICUNK 6. Variation in effectiv!: cllpacitance 
of '1'\'I'K 7".2.N Condenser a8 .. fUllction of 

Siulie clIl ,uc:iIIlOC(: for vuioll! fr"(I"enc:i'·6. 

sbO\, n in Figure \ (u) and the elTecti \'e 
resistance is R. = Rl t2 and thcclTcCti\e 
inductance L. = LI 12. 

~Iultiplc currellt feed reduces tbe reo 
sidual parameters still further. Double 
feed, as in Fi/;ure 4(b), gives R. - U 'tW 
and L. - L i la; triple f .. '"Cd, as iu Figure 
~ (c) , gives R • .., RI I08 and L • .,., L/ 108. 

).' ICUKI!: 7. Showing the lead! and the method 
of c()nll I!C liou to the rotllr. 

6 

The general ex pression for 11 poiutll of 
entry into the slack is R. = R/ 12 Tl 2 and 
I ... = L/ 12 Tl2. 

P RACTICAl APPLI CATION OF 
S YMMETRICAl FEED 

TO CONDEN SE R 

Change-o\'er from tlu: u$ual end-feed 
system to a ('"e lllcr-(eed system lowers 
both tbc metall ic resistance and residual 
inductance by a (actor of 4. In practice, 
it is seldom adl'antageous to go further 
than this beca use Ihc resistance and in­
ductancc o( the lea,ls 10 the binding pos ts 
quickly become I'redomilllllli. 

In the 1'''1' 1; 722-N Precis ion Con. 
denser center·f,'cd has been adopt.ed witb 
a consequent reduct ion of resistance and 
inductance in the stack. In addition a 
heal'y strip eonnector is IIscd to feed the 
s tator stack ami a brass disc with a wide 
brush contactor to fcell Ihe rotor. A de­
tailed \' iew of the cons truction is shown 
in the accompanying photograph. 

The metallic resistance and residual 
illJuctancc obtaincd with this constrnc­
tion arc lo"cr by a factor of about 3 : 1 
than those obtained with the high sec­
tion of the Tl'l'''; 722·D Preciliion Con. 
denser. For a typica l TYJ'J:! 722-N Pre­
cision Condenscr the variation of the 
metallic resistann~ "illl frequcncy is 
shown in Figure 5. The residual induc_ 
lanceis coustaut ami is cqua lt o 0.024 J'h. 
The varia t ion in elTective terminal ca­
pacitance causc(1 by Ih is induct ance is il­
lustra ted in Figure 6. 

Becausc an insulated rotor shaft is 
used. no current 110" 8 in the ball hear· 
ings which support the rOlor shart. Tbis 
('onstructiOIl prevent /! the \'ariatioll of 
metallic resistance Yo hich would other­
wise arise in the crratic electrical COII­

tacts between the bearing surfaces. 
- D. U. SIJ~CLAIIt 
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7 EXPERIMENTER 
SPECIFICATIONS 

Clpacltance R,nll : 100 to lIoo W'-l, direct 
r .. uding. 
Rotor Pilil Sb,pI: Selllicir{'uillf to ,ive II 
Ii",·" ... al'QcilanCC chlr"cleri~ l ic. 

$1 In ell Itl· Callb rali on Accu ruy: The ca.,ao::. 
itance. l1lea~un't1 II I 1000 c yeln.. i~ indical.,d 
.Iireelly in micromicrofarads by Ihe ,Iilll and 
• Irll'" rcu,linga to ± I Ill'£. 
W GI m· CO" e,11D n C III b, ~ II 01 : ,\ worm cor· 
r<"Clion CIlII be 811pplied on II p-cei,,] a tllt't. (See 
I,ri.·", liBl.) A mounted eI,art ill lI upl'lietl giving 
.be corr«:lion 10 1U leas t olle nn,re figure Iball 
the ~"Dra"tet.od accuracy &tate<! belo .... 

"hell Ihi. CtllTf!ClioTl i8 "iIcd, the CIII'Il"';taIlCC 
ell ll be determined within ± O. i l'l'f or ± O. I % . 
which",ve. i. lue !;re&tcr. and U llu t iunce dif. 
lcrenoea caD be measurffi 10 an aCCut;H:Y of 
± 0.2 I'I'f or ±O. I 0/1)0 ... hid .. ",,,,. i8 tlJe g.ellter. 
Dhl"lrlc Suppuh : '1'''''0 hart of i&ol. nlite 
."pport the lill iur aMt!ml.o ly. und a Ihird ini ll' 
lul!'1 the high Il'r ll1illa l froll1 d,,, I",ncl. 

DI .I.c trl ~ Lo sses : Tloc figllre of mcril . 1l",C'. 
... h"u rIIea~" red al 1000 cyeleB. is " l' I'ro~irnlllely 
0.05 ~ lO- *'. 

Olhtr Ruldual Plf~m.llrt : ~ Figurl'.a 5 
and 6. 

Milimum VaHII' : 1000 v.,lu, pellk . 

TlIllP"lluII Culliclul : ApprOllimalely 
+ 0.002 % IJer degr('C Ce'lligratle. 

Mo untl"l: The oondemw:r;$ mounled on an 
IIluminum I,and r,ni.lhed in black etad"e lac. 
(Iuer and enelOl!eu in a shieldetl wplnut cal,inet. 
A ... oodf;t' .. torage e .. l!e .... ith lock aud carryin .. 
bandle ~ inclutlcd. 0 

Dlmlns lons: Panel. 8 II 9J1 inche.; del' th. 
8,1i inebe&. 

H et W ,II h t : J 1,Ii l)Oumlli; 20 1:( IlOumls Wilh 
Cllrr,.ing Ca i!t'. 

Cooe lIurd 

1li!2·N 1100 to 1100 I'l' r . direct rellding . IIOX!!" 
WO.I.\I T 

$150.00 
35.00 Worm·Corredion Calibration 

\\ hen ortl!'rinlll u'Oe oornl'ound cotIe word. IIOll KIlWORlIr . 

THE PRECISION FORK IN CONlINUOUS OPERATION 
• THE TYPE 815· A PRECISION 
fOR K ullnounced iu the ~I ay, 1936, 
issue or the E.~/Jeri",c"ler has been wide ly 
u;;e~1 as a ;;e('ondnry slandard of fre­
(Iucm::y for SUl nd:m.lization and lUcas · 
urcrneut wherc a precision of olle part in 
tell thousand (0.01%) is adequate. A 
COlisiderahle number ha\'e been used as 
the tillling clcmen18 in seismogrnphic 
s tine) ing for oil deposi18, as reliably 
steady sources of alternating eurrellt for 
tbe stroboscopic regulation of clocl.a alill 
watches, and as the synchronizing ele­
ments ill (acsim ile trausmissioll, etc. 
Till:)' alTord a simple means of providing 
s tabilized allerna tin g currcn t in the low 
audible (re{IUclle), range withollt the 
elaborate equil'lIIclit re(luireoi to prod uce 
these low.!requency cllrrents (rolll a 
piczo-clectric oscillnlor. 

These Corks are constructed of a special 
'S tainless sleel nlloy wh ich givcs thcm 8 

much lower temperature l:ocfficient of 

frequenc) (less than ten parts per mil· 
lioll negn t;\"e per degree F.) than ordi­
IInry mach inc steel, so that freque ntly 
lhc) arc used \\ilhout tcmperature con­
trol. and lheir design is such lhat the 
\ oltage coefficicnt of the dri virtg ba llcry 
(which for intermittent ol)Cratioll may 
be simply three Ilrr cclls) ill quile neg­
ligible. They arc readil y portable and can 
be made for any frequcncy bch\ CCII ,~O 

nnd 200 cycles pcr second. 
The fork ie massi,c, accurately ma ­

chi ned. !lnd moullteu Oil ruiJoor ghock 
!lb80rbcr~. T,.o microphone bu'ltonii arc 
llsed, olle for dri\ ing the fork , the other 
to suppl) tmcrg) at 'he for"- frequency 
to all esternal circuit. 

The aut hor reC4.!ntl r had occasiun to 
iIlH!8ligate ho .... one of these forks "ouid 
IIChllvc 011 continuous olJCrllt ion under 
admittedly ideal conditions. 

In order to eliminate the elllall elTect 
of tellll)Cralurc f1uc tualions, a 50-cycle 
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GENERAl RADIO 8 

fork , l akCD frOIll stock, was placed in a 
tcmpcrature-colilrol box ""llieh Il1 ain_ 
tailled die temperature lit '11.90 ± 
O. IS"C. at all times. Tllc fork \IUS driven 
cootinuously uy a 4-\oh storage hattery 
80 regulated thaI the llri vin g em f I1c ,'er 
fluc tuated h) 1II0rc than 0.1 \01 1. The 
fork "US run cOlltinuousl} withou t a ny 
.li51 urhane!.!, JUljusllllc nl , or in terruption 
for o,'er 1\\0 1II0nth ... a nd il s alllplified 
output was used to drive a synchrollous 
doc!.. of slich design that uny slip of 
s),nchro'lism \\ould hal-e immediutely 
S!O ppt·t1 the clock. 

Daily readiu!,'S Ilcrc made of Ihe fork 
frC(luency by 1"0 me thods: (I) The 
dock readings wcre checked nga insl 
radio lime liignaJs from NAA. from 
\I hich duta the i fltcBraledjn!(Jucllcy cor­
rCl>pondilig to the a\crage £requeue) o \ cr 
t he preceding t ... enty.four hour I~riOtI 

was (Jomput cd. These time reudi ngs ',cre 
lIIade 10 beller tban one·fifth second per 
day, gi \ iug a IlOSsible error inlhe in · 
tegrated frequcncy val ues of the ortler of 
one pnrt in 500,000. (2) .\ \ IIlue of ... ·hllt 
\\ e IIlU Y call a S(III'I,lcJrc~l'lt'''CY wail ob­
tained by a three-minute stroboscopic 
comparison ~l ... eelJ the (ork out pu taud 
JOOO-cycle current (,,)til our master 

pie7.o-elcrtric S1a n ~ l a rd kno .... n to be ac­
curate to one l)Urt in 6e\'erulmiJlion. The 
technique of this measurcment l.ler­
millNI this sample fre(IUC!l('Y 10 he lie­
(ermined .... ithin thc sa me error of about 
one part i ll 500,000. Thus, holh Ihe in_ 
tegra ted and sample £rc(luency \ a lues 
were known to ±O.OOO I cycle IJCr second . 

A IlOrtion of Ihe da ta taken is give n in 
the acrampuu ring plot in .... hich Ihe 
abscissae rep,,'S{' nl successi \ ' C da) II of t he 
run and l he ordin a tes indicate lhe ob· 
sen 'ed frequency va lues. The solicl li ne 
connects lhc !lOint s eorrcspondilJ g to the 
daily i fl/egru/(-'f/ values \, hile the small 
circles indieat~ tbe 41 0;1), Stili/pIe va lues. 
10 inspectin g this plot , nOl c thut Ihe 
(,omplc te range or the ordinate !'ca le rep­
n'scnt8 a variation of onl,), plus or minus 
olle part in 50.000 rrom the nominal 
\'aluc. 

These dllta, apparently, do nOI indi-
cate any progressive aging phenomclJon 
n lthou~" they do show (' rralie variutions '""' 
ubout the normu\. " s \\ollid be t·~ I )f'ctcd . 

the day.to-dn) variations of thc sa mple 
frequcnt·), wcrc more erratic than thosc 
of the integratcd \ allies. i\&lIl1ling the 
meu u \'a ltle of the tlata to be the 1I{}1I1_ 

inal \'a llle, \\c sec that a t no lin1l' docs 
eitber sel of data depart frO Ill ils mean 
vul ue by more than one pari ill 50.000. 

FU-: lJ""1. Phologflll)h Or Tn' K HI5_.\ ' >reciaion Fork. 
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Fu:nu; 2. Plot of the To!'$ul ts or II flO-day t elit rUI> o n T y .. !! 8 15·A Preci~io" t'Of"k. 

a nd ,iIat. for the lIIost parI. t he data lic 
considerllLly within Ihis ran ge. Simul . 
ta neOlls records wcrt: kept o f the ope rat­
in g parameters such 8 S microphone 
current, dri ving ,'oh ngc, e tc., bUl no 
defi nite rela tion:;hip could Le est ablisllCl1 
be ' ''ccn the variat ion of these meas­
urahle parameters anti the t'orrcspond ­
ing frequency fluctuations. The author 
be lievell Ihese flu clualiollii 10 he caused 
by cn:c nlr;ci liCIl inherent in s uch a 
dCl' icc 8S a carbon microphone. These 
errat ic mechanica l changes in the ph} Ki­
ral struc ture of the microphone !Jullo n 
lUay produce ,u inu1.e cim ngclI in the IOMI· 
ing of the fork or s light changes in the 
phase rela tio nship he twl!C II !ille llIo tion 
a lill Ilriving current . 

Thc reader IIIl1s t not infer lhat t he 
Tl'I'E S I S-A I'rl:cisir)ll Fork is goo<luuder 
all contiiliolls, ami cspecil,lly on int er­
millent service. to one part in 50.000, as 
ohtained ill Ihe abo\'e Iia la . For an hour 
or more after !'ta rting or moving about . 
tllc mi<'rophonl's arc engaged in 11 stabi ­
lizin g phenomenon, ami morc crrat ic 
variations. a", \\ ell liS some prob'Tcssivc 
(Iri rt , ilia)" Lw t" \:pcc ted in the rre­
quency, '\ hich prohibit s a slx'ei rica­
l iOIl o r rrequency I.Je llcr th an o nc purt in 
tC II thousaml. lIo\\c\cr. ror uses e ll!­
bod ) ing oollt illUOUS o l:lCra tio n in a given 
locat ion ami pro\,jdcd "i lh te mpcra ture 
cOlltrol, a duplica tion of the author's re­
sults may he e'l; IJCet l" l. 

- lImt\'rlo w. L A'I SON 

.\ 50.c~·elc model of T\' N: 8 15· \ Precision Fork is ca rricli in stock and i" prit.'Cd 
a t 5 165.00. Forks for o ther rrcquc ncies l>l! lwcen 'LO ami 200 "yelcs call Lw bllilt 10 

ortler. Prices on request . 

LINE 

THE VARIAC AS A SERIES DIMMER 

VARIAC -
LOAQ 

• ASSOCIATED THEATRICAL 
S E R V ICE o r Sa n Franci"eo rcpOl" ts Ihe 
lise o f Variacs II!! !;Cries llilllllle rs for 
li ghting cont rol. The Vnriac iscollncctetl , 
like 8 rlieo;;la l. in series " ilh Ihe IOHiI. 
Thc a(h·alli age o f thi~ arrangement ill 
tha t Val"iacs ('u n he subst ilutc(1 for 
resista nce d imlllel"!! in e'l.isl ing control 
sYfOtelll s "ithout in IIny \\ay (·hanging 
the " Irlllg. 
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IMPROVEMENTS IN THE TYPE 568 CONDENSER 

• MANY MANUFACTURERS, lah-
oralor), " orkers, and amateurs ha ve 
used Tl'N; 568 Varia hie Air Condeilsers 
fo r 1l8scmbl y into rCl-'eivcrs, tru llsmi ttcrs, 
and wa ve me lcrs, alll i for use ill ex peri­
menla l equ ipment a t bigh freque ncies. 
T III'J trend toward their usc at ultra -high 
frclluencics, bowcvcr, has necessitated 
some changes in design, in accord with 
the pri nciples discussed in a preceding 
ar t ide.· These cbanges have been mainly 
directed to\\ard reducing the hi gh -frc_ 
(1IIcne), resistance. 

There a rc two main sources of loss in 
a variable ai r condenser. One is the 
dielectric loss caused by the power 
factor of the insulat in g ma teria l. Be­
ca use isolantite is used in TYPE 568 
Condensers, this loss is very small. The 
other loss, wh ich becomes increasingly 
impor tan t a t higll freq uencies, is the 
meta llic resistance loss in lhe condenser 
stack. 1t is toward the reduction of this 
loss that the new changes in design 
have been a imed. 

The lIe\1 T YPE 568 ConJ en;sers use 

two spidcrs, one at each cnd , to feed tile 
current to the ro tor, and thc terminals 
to both rotor and sta tor are brought 
out at the center of the st acks. As a 
resul t the resist ance is reduced 10 ap­
proximately one-fourth of its former 
va lue. As before, !JOII! plat e st acks a re 
made integral by comple te solderi ng of 
a ll t he plates. 

T wo new models having increllsed 
maximum capacitances ha\'e becn added 
to t ile lin e of T'-PE 568 Condensers . Tile 
Tn'E 568-E has t he same pla te shape as 
the older TYPE 568-1), straight-line ca­
pllcitance. bu t an increased Slack length 
doubles the capacitance. Si milarly. lhe 
new T YPE 568-L lIseS the straight-l ine 
freq uency pla tes of the 'j'Yl'E 568-K hut 
has t wice the maximum ca pacita nce. As 
wi tb the older style, all mo(lel;; can be 
gange(1 for tandem operation. 

Comple te specifications, l.ogctllcr II ith 
a dimensioned sketch, arc given on 
page 11. All four models are now 
s tookcd for immediatc shipmcllt. 

- MAItTI !" A. C l t .\lA N 

flCUltP. I. Phologral)h of the four slock motlels of TYI'p. 563 Condenser showing the tenuinals. 
Left,o ri8h1: TYI'P.3 suB·E. _I., _I) . and .K. 
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F,GUR!; 2. Di",cn~i()" 

""etch of Tn-1> 568 
Co" t1cn&er. For " lI lul'll 
of dimen~jon A. &rf) 

~pedlicllljon8. 

11 EXPERIMENTER 

Hi-+--- A 

3 MTG. HOLES NO. 25 DRILL 
c"SINKFOR 6-32 F:H . M. S· 

SPECIFI CATION S 

Diellctrlc l oss.s : The fig ure of merit, 
/f",C". ill a ,'pl"01imately 0.03 X IO- U, 

Mlilmum VoItJ., : 500 voliJl, peak. 

Rotation Anti, : 180~ ffXTn· II!1568·0 and 

568-E. 2700 for Twv.s 568·K . '111568-1... 

Nominal Cu mciluII Cf! 

1\ .,,1' rl tlXjnlUm Jl1ini", ... " 

568-U 1i5 ,.",r 13 j,lpf 
568·": 360 ,.".£ 18 I'J'I 
56U. K 50 1'1'£ It 1'1'£ 
56n-L 100 I'>,f 1<1 >,>,f 

Dlm'ns l on s: See ~ke lch . Der th (dimen! ion 
A) is 2 '116 inches (or Tn'lll 568· 0 and 568·/(. 
a .... 1 31~ inch CII for TYf'1>!1 568-E llntl 568- L. All 
shah di"metcr& ure !i inch. 
N.t Will hi : Si l)On",1 for Tn'''' 568-0 ami 
56S-K. I pound for 1'\'1'111568.£ a nd 568-L. 

l 'lu',- SlID/if!. CuJe IV,ml J~rjce 

d.- line cap. CLQ \ ' " $ l .50 
~ t. -li"., car. CLOWN 7,00 
~ t. -1inp £.",-,_ CWHI) -l .50 
u. line freq. CACI!O 1.00 

MISCELLANY 

• SC I ENTI STS from all over the 
" 'orltl recently atteudet! II Congress for 
Applied \ Iechanics helt! at ~ l aSSllchu­

selts Inst itu te of T ecl illolog} . A fea ture 
of the COIwcrsa:done. held on the eve· 
ning of September 13, was the exlen~i\'e 

use of the Ed gertoll Stroboscope. Strobo· 
scopes (and S trobo tacs) "crc uscli in 
nine separate exhibits to illus1 rate 
mecllallieal principles. 

(1) P C/ l Oll "'heel. A Pc1ton wuter 
"heel was run at low speed to uloid 
splash, and was illuminated by tlH} 
81 robo>wopic lallll)8, wh ich clearl}' sholl ed 
the action of the wa ter 011 the buckets. 

(2) Cavittltion. I:'e riodicully recur · 
rin g cavi t at ion iu a s tream of "Ilter " 'as 
silo" n hy mea ns of II T""E 5-18·A 
Stroboscol>C' 

(3) Cavilllii on. Ca vitation on the 
end of a nickel rod \ ibraling a l I cr y higl. 
spced was under obsen 'alion with II 

T"I'E 631 -A Strobotac. 
(,),r ut er-Itrop Formation in a stream 

of "aler frolll a sma ll valle pump wus 
under obser va tion with the light from 
tl\ O S lrollOlrOIl tulles . The ligbt " ashes 
could be 6} lIchronized to the pulses of 
wa ler sen t out by the pu mp so that lhe 
s tream of I\llter appeared 10 stOI), go 
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slowl) dow' ..... ard, or actually a l)peRr to 
n OlI u/)I('(lfds. This demOllstration is so 
interesting that the apparatus is set lip 
AS a permanent exhibit at M.LT. 

(5) 5111QI.'c Vortices. Strobosco pic 
light \\DS used 10 show tIle heau tiful 
vortices l ha t arc formed when T i C I4 

smoke flows through alul afoUlul the 
blades of R fan. 

(6) Cmwlilw·e ll&illC Sec tiQn . The 
Ford \1 olor Company lent a V8 engine 
lluH "as cu t away to sho",' the pis tons . 
vahcs. valve springs. RIII I oil fl ow a t a 
81)Ccd of 1800 rpm. This made a ,'cry 
effective de mOllstration whe n illumi­
nated witl. s troboscopic light. 

(7) Vibration oj Hllihlillg.~. Cross-

sections of buildinb'S ..... ere vibra ted \.ilh 
a IllOlor and a '1', I'''; 5 18 St roboscoJle 
was used to illurn inahli lic lll00el 80 Ihal 
the motion could he obsen ced. 

(8) C(l/Il i /cl'(.'r /J(,I1111 Vibrution. A 
Stroholae \HIS IIscd to show dynamic 
stresses in a vibratin g beam wi lh the 
aid of l)ol aroi(1 discs. 

(9) Fatigu c of M c/('/. SlI lllpl es of 
metal when vi hrat ed violent ly in faligue 
tests " ere under obscn8tion "ith a 
60.cyclc StrohQS(;OIK: using 8 Strobolron 
lamp. 

• VISIT hooths L3 anll ]1 at. the 
Hochester Fall \l ce ling of the Llt.E. 
General Hadio ins tr1lments will I1e on 
displa y - Generul Bad io engineers " ,ill 
be in attendunce. 

THE Gen era l Radio EXPEIUItlE,YTEn is mailed witilOut ciwrge each 
m o nlh 1.0 engineers, SciCll t.;sls, t eclltliciolls, lIud otiJers i,,'.erest.ed in 

commll ll;('ntio,,·frcfJlI c ,.cy mClISllrelllellt and control problerl1s. JV/lcn 
sencling rC(Jllcstsjor subscrip,,;olls lIud /lddres.~·cllO"gc ,.otices, pleusc 
supply tll efollowi'l g ilijornwI;oll: Illlme, compally Illlm e, company {lel­
dress, Iy p e of bllsi"es,~ COli/puny is cngugcd ill , /Iud title or position oj 
illdiciduul. 

GENERAL RADIO COMPANY 
30 STATE STREET CAMBRIDGE A, MASSACHUSETTS 

BRUCH ENGINEERING OFFICES 

" WEST STREET, NEW YORK CITY 

1100 NORTH SEWAlD STREET, LOS ANGElES, CALlFOJlNIA 
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