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FREQUENCY CHARACTERISTICS 
OF DECADE CONDENSERS 

IN THIS ISSUE 
p(J.(Jf: 

PEIIlOOIC ) f \I N_ 

TE" \ "t:f: WiLl. 
l\. t:t-:p TIIE\I IN 
SEn\ ICE • ••••.• 8 

• IT HAS BEEN CUSTOMARY IN 
THE PA S T 10 think of the capacitance and 
dissipation factor of decade condensers, such 
8S the TYPE 219 Decade Condensers and the 
Ty)'!': 380 Decade-CondenscI' U nits or \\ hidl 
they are colllllOSed, as fixed quantities inde-
pelldent of frequency, at least to their sla led 

:u:curacy. This is by no means the case und, since decade condensers are 
now being used over increasingly \\ ide freque ncy limi ts. it becomes im_ 
portant 10 know the limits \\ ithin which these condensers may be sa fely 
used . 

The gt~neral "ay in '" hieh both ca paci lUII(:(l and dissipation factor vary 
\\; Ih {r('quene}, is shown by r-----------------
the various curves of F igure 6. 
There is uh, ays a minimum, 
bllt the illcrcases at the high 
and low ends arc produeed by 
(I"ite different causes. T he low 
freque ncy r isc is caused by 
diclectri(' polarization. a prop
er ty of the solid dielc('trie of 
'" Il ich the condensers are lIl a~ le, 

while the high frequency rise 
('OIIlCS from I he effect of the 
residual im l)("tlm lccs in t he lead ... 
from "the terminal ... t hrough the 
S" itches to the individual mica 
or paper condensers. Each of 
these causes "ill be tJisl: lIsscd 
in considerable de tail. first for 
TYPE 380 Jft.cade-Comlenscr 
lnits a nd t hen for ']'''' P E 219 
Decade Condenscrs. 

Fu:amr. 1. I'll lie! \;~W or II T n ·v. 
219·'" Decade Collde~r. 
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GENERAl RADIO 2 

DIELECTRIC POLARIZATION 
The bella. lor of an) did ce lric as Ihe 

frt'quc nc~ ill \ aried dcpclllls upon t1~ 

polar ization {'\:i;;l ing in tha i dieicetri4', 
Then- BfC 111 0 ,Iis linc t kind ... of 1)OlarizH' 
lion, ,lilx.11' a ll il irn cdaeilll. Dipo le polar. 
ization, as first descri bell hy Debre, 
OCCUTS in didCt'lr il,;S hn"lllg polar !IIoll" 
niles. In 8n ah crn a tinl; electric field 
these dipolcs tC 1lI1 La oscill ate ," ith the 
field and the degree \Iilh which they 
s U{.'t.:ecd de termines the iiwrcasc in di 
electric ('olls ta nl and ca paci t ance. The 
IIBy ill \Ihich this increase occurs ail 
the frc1 IUCIII') is decreasc.1 i~ sho\\11 in 
FiguI"C 1.1 Dissi pation faclor 1118 0 in
cr('sses at firs t but reaches a maximulIL 
ami thell decreases in a symmetrica l 
curve. IlIIcrfacial po larizatioll, firs t 
Ilc&Crihcd by \Iax" ell , (K.'(;urs in COIII

posi te dieleetrics_ The hcu pinS up of 
the charged carriers, ions or elec trolls, 
at the interfaces of Ihe j'Olllf )OUCllls 
fluring l·al·11 a1t('rnatiun ur Ihe electric 
fit' III, S('n CtO II> ill l'rcaJ;e I he dielcl'l ril' I:on
slunt anrlt':lplII :illl lll '\' just 118 (,fTccti\·r l) 
liS Ihe o;wi llu lioll of t he lIil'0II's. In fuet 
the tVoo t } pes of polariza tion C81lllilt he 
Ilislinguis lied h} the "II} e ither dielec
tric cons tant. or Ili s!O.ipat ioll fac tor ,' aries 
" illl freq ucncy. In that ~spet't. Ihe), 
£lifTer onl) in the freque lley ranges in 
" hil 'h the} OCl:llr, ae indica ted roughl ), 
in Figure 2. Int erfacia l polarization has 

' ._. J. \1'''1'''7 .n.1 S. n. M",lOn. The n ........... I·"',IeO". 
,_ "f In,,,bln'. M., ... i.I •• lJtll .'-,-_ 'rori"k<J) ' .... n ... 
\01. lb. Hel 193,. 1'1'. 1~3 -S L2. 

~ •. :.-C.C,~_7-: •• ~ .. o 

-_. .• -
,,'IGeRS 3. Change of dielectric (!On&l ll nL , IQlle 
fllctor, anti diillli l,alio ll faC lor ... ilh fr(!(l'lcncy 

for" lIingle 1'0I"ri~lI li on . 

also beCIi called ,Iicll'ctric a hsorption 
ami ... olullic charge, these lI a mes hcing 
purlieul nrl" "l'propril!.e ... hen referring 
to the fllc l that the t01a1 chu rge s torell ill 
slich a die lcClric by the lOlls- lillie appli _ 
("alioll o f a s tcad y "olla~c call be 8C"eral 
timcs Ih al cxpectetl frol1l the audio
fre(luclwy die lectric {;onstant . 

The (t(lfillency at ...-hidl IIlllximulJI 
10i0S factor Z occurs, ca lled the re laxation 
fretluellcy, allrl the r ntes at which hoth 
I()!,fIj fa ctor a llOl ,lielel'lril' cOlIslant d,angc 
"it h fr .. qur m·y depend "n Ihe kind of 
pvlnrizatio'l , ti l{' kiTHI of ,Iidet:lrit;. 31111 
tilt.: telUpi·rature . Fvr miell the re is IIf, 

dipole polariza tion a nd Ihe ~laxa t iOIl 

frctluc ncy for its in terfacial polarization 
is "ell below I cycle. The interfacial reo 
laxa tion frequency for p1'I)(:r is also well 
below 1 cycle. I>a l)(:r hilS a lso a dil)()le 
polarizatiotl in the neighborhood of 100 
\I e, whi('11 is of little consequence be· 

'l) _i~l"'" r.~" ... I) _ ;, IoN roc ..... '"' 1)1( • .. here I( io 

'hr did""',,e "", .. , •• " . 

FIG U IIE 2. Typic{l i 
clln etI allowing how 
dielectric constant a nd 
dissipu l,ion facto r 
change with frC(IUCIlC), 
due to dklect ric poll, r
iWlion (aft.er Murph)' 
anrl Morgan). T he u~ 
tJer bl'llllch of the dlS
~ i l)fltioll r"clor cline 
~hows th .. effect or do(! 

conductidty. 
_ ... , ... ,0- _ .. " ... .... .. ........ - ,.'" ........... ~ ... 

FII[QU£NC'I' 
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ca use paper colltlcn;;ers arc rarely used at 
high frequencies. The U l!{' of "a:( or min_ 
erai oil for impregnation adds liule to 
the polariza tion . Some of the ret-'t lll 

synthe tic oils, particularl y those con
taining I'h lorinc. hu \'c llipole I"lOlariza
liolls with relaxation frc(lue ncics around 
1 M e. 

'1le exact shapes of the curves of 
Figure 2 are s.hown in Fi gure 3. where 
freque ncy, loss factor, and diSBipation 
factor are plotted logarithmically and 
dielectric COliS ' lUl l arithmclicully. AI 
the relu.'[ulioo fre (lucncy ] .. , " here loss 
flll:lor is a maximum , diclc('tric ('011S1anl 
is changing at the b .... call:8 l rate and hus a 
value just hal{ wily between its low anti 
high freque ncy values. T ile shou lders of 
the loss (actor and dissipation fac tor 
cu.n es at a cons iderable distance fro m 
the rt: laxalion freque nc), are linear. Simi· 
larl )" a plot of Ihl' frac tional increase in 
djeleclril' constant. ex pressed ill lerlllS of 
the total increase. at freque ncies consiJ · 
erably higher than tilt' relaxa tion fre · 
tlUc lle), is also linear. The slopcs of Ihe 
shouldel1! of ooth of Ihese lines are 
equaJ. 3 

Heprese nl81ive values for tl.c four 
different kinds of TYI't~ 380 Decade· 
Condenser Uni ts nre shown hy the lines 
of Figure 4, which s tart down from the 
left . Ln the ease of .Iissi pltt ion factor Ih is 

'1~ .Ii> ..... no . el. ,r.! ,<> 'h" de .... _i<>o' . ... Ie .. r . 1", 
""n'" 01' .he ~lttul&r .n: 00 ........ by ""',,;n • ..,.., (.~ .... 
••• , .... d""leclr;" _ •• n • . , •• •• Tho .t.eo<.,. oJ '-10 [)el., . 
..... M .. well "",,,,Odd ,10., .",,10 . I~'" _"I, in • ..,,,,idn:1o
wit h il ' ..... ,,« "" ''''' ,Iielec •• ", "" ..... n ...... '1'1", r.el .10., 
d •• • " bUined r .... ,n .1I ..... ~I .Qd "''''IIi.,,,iddielK •• ;''' i, " 'ell 
,e_mr.! b, ..... .,.,1 ••• n ,",,10 .I<I"~ ","0 '1;1 .... 
pel" ........... , ~ . S . ..... It. II . Colo·.·.· in 1911 

• ". S . • n.1 It. 11 . o.le.. D iol""' .... ud AI ....... ".,,,. 'n 
Die"""";,, •• J~M .ntJ 4 r ...... ko>l l '.,..I.;.. ""I. 9. AI'" I'}·I I. 
1",. lll -3~ 1. 

'61 . II. ~-.. Id, """ tI • • -., •• be i\""'-<ko"",, ... . T ... ,;". of 
I ........ ;".,. Alhi; 1>._ ....... \ ' 01. 110, So.,I. 19·11. "" . ...... ,. 

' 11'. K.u"'.,,~. D .. """",,, Ibl.nllot .... C ...... , .... I n ••• 
1'_. H ......... '" M ...... .. p" ..... ia . \ ..... U. ,. ... 1912. 
...... IZ .... II. 

FTCUKK .1. Cornl'OJlcnU o( (rll\) I;OIl ,,1 C"PII<"i. 
t"nI:e and di!lllipation (uclor U II f"nc. ion o( 
(req .. cOIey. The IjOla .llIfI1in~ down (rolll .he lefl 
corne from inlcrfucial polarl!llt ion. Ih08C ~I " ,," 
illl: up l O lite tight L'Orne (ro lll reeidnlll ;"dll\) ' 

'a" et: "lid reei"h nce. 

3 EXPERIMENTER 

\\ould impl y vcr,' 10\\ va lues It l high 
Crcljue lldes. \ c lllall)' for mica lind olher 
10\' loss dielectrics. sud. as qu artz and 
1>oIYli tyrcne. t hen: appcars to he an 
ullderl yiug polarization which provillcs 
a n al lllOtoI l:o ns tant dissipation fact or. 
The dipole polari zation ill paper causes 
a minimulTI in dissipation factor beyood 
whicb, at higher frequencies. the dissi· 
pa tion Ca('lor rists. 

RE SIDUAl IMPEDANCE 
At ILigh frC(IUCncies Ihe small induc. 

tance and resistance of the leads of a 
80lill die lec tric condenser produce a ll 
increase in its apparcnt capacitance and 
Ilissipa tion factor.'···· 1'he fract ional in· 
crease in capaci tance of the circui t 
sho\\ 11 ill Figure 5. " hich re.preBeIiIS Ihis 
C3~', is 

(I) 

' H • • ' . • ·ield . nd O. B. S ... "Loir. A \I ~"ood r .... lhl ..... IR 'n' 
.he H .. j.d~.1 I"""", • ...., .... tI ... i ••• ...,. of. \ -.. "'hle Air 
G"N..t"".e"., H.di<> f'~uend" ... I,~,ftll' <>I,,,,, I"";,, ... 
4 R",It"~ " ..... i_ •. \",,1. 1 1. F ..... IQ3b, P.,. 2 ~5-2N. 

'0. II $i""I •••• l'.rollel_R_ •• ..,. Meohod. f.,.. 1',..",_ 
\Ieo ....... _n .. .. r 1I, _h lm.-l.n_ .. Modi<> t -....,"""'" 
' "'" C<tm .... ;,.o" .. "hOrd.n...,. &<Ioo- H _ __ Me''''''''. 
1',..,.,...,Jin,.. w.'" '",,,, .... <>1 ifMiG "·,,~i~ ....... ',,1 . 26. 0..,. 
1m. pp. 1,1.66 14'11. 

' I) . II. $",,1 ..... Tbe !klan .... orT ••• sos c....<knwn • • lIi.h .·.,..I ... ~. c-.J It ... ,'. 1-20 ___ ..... \01. 11 . 
A,"" ' 1938 • •• , •. 4 II. 

s ,"", ?o,o'p., 
. ~ J! '~ I . 
1 

- • , 
~, . 
~'~ 

.~ • • . 
.~, 

1 

< 

-
~ ~ 

i,?t'~ 1~~ to.. 
~ ~ , 

t"<o'>:>""",~ 

I %-l o.?/~" , , 

-J/.!jt--1 '. 
,...~* ... 
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GENERAl RADIO 4 

F IGURE 5. The rO!$id,," 1 im/>C(la nCCil l. a nd R lire 
in \l<: r;et wil h t hewlid die ectriccotl.lcnll<:r h", 
iug n cal' acitancc C a nd d iililiplI tio .. faclor I). 

The fractional increase ill I'apa(' ilUllcC 
varies as the s<Juurt! of the frequeney. 
The increase in dis .. ipation fnc tor is 

M) = UwC (2) 
Hut t he actual va lue o f reais la nce 1,0 I.,c 

used is the :I-e resis tance a t a given frc
q ue ncy. nOI the tl -c resis tance. The leads 
are usuall y of sufficient dinmeter so that 
lill the c urrent 00 \\ 5 011 lhe s urfacc.'" 
UlHlcr this cond ition the rcsis lall(;c in . 

" II . A. WI""'I .... . ..... , .. ~J •• r.,.. lb~ St,,, ";If..,. , l'r..-.1_ 
in ti' 0/ tIM I""i,u,. Q/ Rod.., E", i".,W"" V" I. :J.O, So p. , l!H 2. 
1'1'. 112_12·1. 

creases "ilb Ihe Mlllarc root o f the fn-· 
que uey, 

(3) 

\\here Nt is the rcsis tllllcc al IIlIil f"c
qUI'IH'), usuall y .1 \Ie. Ilenf"e 

"here HI' is the ,' aILie that the resistance 
"ould have at n fre(ltiener of I cycle, if 
the squ are In\\ held to that frequcucy. 
Thus, thc innc3SC in llissipatiotl fllCt or 
, aries as the thrc,' ·ILah cs po\\ cr of tile 
frC(llIcllq. 

He prcsclltati \'c " allLes of thc rcsi.IILal 
impN larH'cli fur the firs t fOllr s tt'ps of a 
TYr'E 3HO DCCMl l :·Coudc n5('r Unit are 
0.25 ~ h lind 0.07 g at 1 ;\k for the IJ, 1l1. 
a u .1 N lHICS ;llIIj O.% }J h and 0.0] g for 
the F ty pe . The d·e resistance of the 
swiw h is onl y ahout 0.02 fl . so the skin 
e lTcct ratio a t 1 ]\I c is 3.8. This corre· 
s l}()nds to a No. 18 coppe r "ire. The 
increases in capacit am:e allfl dissipation 

~'~~'--""5i,'--+'.---""----'~"",--""",---,,,., 

factor causc(! by these 
residuals arc shown by 
t he lines slanting up· 
ward 011 the right in 
Figure 'k Thecomple te 
frefltlellc)' characte ris· 
t icsofthe5C decndecon· 
(Iensers nre the SUtHS 

of the sla nting lines 
for capacit ance and 
dissipation fac tor, as 
IOhowli by the cun es 
in Figure 6. 

FREOUENCY 

" r---'-""':--r----~---,-__,':;~""'ij''?!'f+_hr. 

FREOUENCY 

F J(l uUI> 6 . Frc.t ll t' LI( ·~ 
dLl\rod ~risl i C8 or T ' I' p. 
380 D ... '(.'odc Condenser 
Unit fOl' s ,,·ilc lJ po!' il io ll s 
1 rtnt! 10. obtllinoo 10 :0-
udd ing lhe com pone nt,s 
sllown in Figure 4. TI It ~ 
d i" t ribllt ioll of t he CLl 1"\ {'S 

for the o ther s ,,"ilch Jlo()~i · 
l io ns is shQ\\ n ro r the 
T\ f'E 3UO·N Ull i l. T hc ~ 
curves for the 1.I:ro c!lJlud · 
t(l nce li re sho\\ n in the 
UJl I)C1' left corner of clldl 

1)lot. 

1 
J 

l 
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CONOENSERS IN PARALLEL 

r- In II T~ 1'£ 380 DCt·atle-Condl.'u,aer L lI il 

four lie l'urali: condcn"erli an' SU\Tc~ i\ d) 
COlllleN1'11 in parallel gnlU l)@ Ii) 1110'11118 of 

t ile drum 6 ... il('h sho"n in Figure 7 10 
giH' the lell s lc llS of a tltTIUlc. T he {our 
un its hu ve \·lI pa .. itanc('!I ill the ratio 
I : 2 : 3 : I, giving the finll fO Uf s teps 
flircc tl y and art.' IhclI co mbi ned in the 
lIIanner 10110\\11 in Table I 10 !!i\c the 
other s teps. For the ~ llI all ,allleil of dis
sipation factor \1 hieh I Ii('5(' \'ollllcnser8 
ha\-c, capacitances 8tM Il ircl·II~ ." ... hilc 
IlissipUlioli factor is ca lcul a lC'd frolll the 
rule thllt ,II .. products. di~ipatioll faetor 
. . I I " tlll1('8 cupIWll n n l.-'e, II( (_ 

c "'" C. + C~ + ... = ~C 

I) _ I) ,C, + I) ,C, + ... _ ~(I)C) (5) 

C. + C, + _.. ~C 

To II i!OOI! Ilpprm:i mation a ll fo ur units 
,..... ha\(' the ~am(' di,.sipation fac tor. ,.!tiel! 

,11US' IJC('OIll'· ;; Ihe ,a im: (or all 8o· lIiug!;'. 
Limiling ,a llies of Ihe DC prOllllc ls for 
1111" various ilcell, le!l are gin'" in TlIllle II . 

The 'I'll'" 3HO S"ilCl, ulld t he \\iring 
10 IIII' fOil ,' f"omleIlSl' rs ha ll a clI l'lIl'il nnee 
of a j,oul II !J.!J.f. Thi s is Ihe zero clI pll ci. 
lane.,- of the S\,il"'l and IIII1St he uillied 10 
the ;;11111 of Ihe capacitulIl'es of the eon· 
,lclIM'nl u .... ·d at anr l"(' tling to gf"1 the 
lulul ,·a pat'itulll:e. The di!;.Sipution f., etor 
of this :t£ro 4'lI llaf"i tancc is about 0.05 UI 

I "-c. thus gi\ iug a DC prO(lm'l of 0.:)5 

T 'BtE 
.",ell f nih l s .. tI L. / ,(; "",/ /( Ne 
I I t 10 " I.IJ111) 

5 .~ + I .6"" 

" t +2 .. '>56 
7 1+3 .SIO 

" .~ + 3 + I . 1116 
'J l + 3 + 2 .3511 

10 l + 3 + 2 + 1 .300 

" \c,~.lIt , ........ k mu'"al ~al"'~"'''''''' .~,,~ •• ,hr 
fo,,, ~n,L ... h~h .r~ ." ......... , ••• ,'-,w "1"'" ... . ' .. h in 
i, •• Iill' .... n' 1""' ''_'' ThO. cou_ ,"'" .cw. r.,_i'." ....... .... ..... ,h." ., ... .um ,.(,t.. ... ~.,~ eap"""'n",,'. 'n,,, 
,Ioff .... """ .... ulland .. ".",fica". 00') in ,to.. T,~,,:l.BO-' 
1>« .... 

[" ,tI. II", . " . I",y ",tI, ~ .. , r. c"", .. 101010 i, ,I ... il"'~'" 
f.r"", r",,~ • .I" ..... " ... con_'.,,'. 

5 EXPERIMENTER 

Ls Rs 

FleURR 8. Scloe ' l1lu i<' .I iugum of II Tn'R 380 
IJI.'(:II.I., Cono.len$cr Uni l ~h" ... ing lhe reilio.ll1l1l~ 
I. e allot He a~goc i ale,1 ",ill, 110., oIoeparate COIL 
,1 .. nf;Crs. rl"lliJ .. ul~ I. ., lind Ki of Ihe leatl~. alltl 
Ihe UN) U llaei l a nee Co ",i.h it~ di!li!il'alion 

fllc lOf' 0 0. 

!J.~f. This is suffieie llll) lurge 60 thal it 
mll;;1 be incllJlleti in ('a ll'ulllling the dis
si pation factor for a ll se llin gs of the 
THE 380·N Unil ami Ihe firSI s4ne ral 
8C llings of Ihc Tn'~: 380-r\1 Uni !. Tlu' 

F,,~ Ulu; 7. Vicw of II T YI'K 3BO Decu,le Con
d"nfler Uni t ~ho",ing II,,· ~ ... ilch anti Ihe tluolnl 

.:<>n tainer ... hieh h"h l ~ Ih., condcll f;Cn! . 
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GENERAL RADIO 6 

FLt;"KI!: 9. SchematiC diagram {,Ir a TVI'E 2J9 
1J,:c-nde Condenser. showiug the adJe.J re;! id"nl~ 
1.8 li nd Iln or the IIl"oJ~ lu tlIC T'I' I'~ 380 Uni l 8 

wlltl the added zero ClIl'lleil'llIlle t..:p li nd Ih •. 

varia l ion \\; 111 freqHC II l"y o f h0 11! the 
zero capuci luncc IIntl il B liissipation fae
lor is shown in Figure 6. 

The residual im pedances of a T n-., 
3110 Dct-ade·Coll dc nser Un it arc ,I;vid,'d 
in the manner shown in Figure B. Each 
comlcnser has Ihe residuals Lc and He ;n 
its own leads 10 Iile switch, \\; Ih t he reo 
siduals t s and Its COlllmo n 10 all for the 
L, /\r. and N I}'I)CS. Approxi mate values 
of Ihese residuals arc 0.10 1111 and 0.15 Ilh 
for the imluctnnces ami 0.03 nand 0.0'1· 
Po a t I M(' for Ihe rcsislall t'cs, rc;;:.pec
l ively. Actually, Lecuuse Ihe leads frolll 
8witciJ 10 conde nsers arc of di ffe rent 
I('ngths. the resitluals Le and He for the 
four COlHlcnsers differ sligllll y. For a 
r artieular s" itch the measu red \' ahu~s 
for the fo ur lead inductances "ere 0.100, 
0.076,0.095, 0.076 ~h in the order 1. 2, 3. 
4. These values fo How roughly the areas 
embraced by the lealls as shown in Fig. 
ure 7. 'I'hcse tlifTcrenccs arc not signi fi. 
cu nt und it " 'il l he sufficient to usc the 

rounded value 0.10 ~h . There are also 
simil ar slllall difTe rellees ill the resistance 
values. T he residuals for the F t ype are 
0.10 ~h and 0.25 ~h . 0.03 f! and 0.07 fl. 

Whcn capacitances with residual lIJ l · 

l>cdan(.'C are ("onnecled in parallel . t he 
im pedances add according to the fol· 
lowing rules: 

L = Lief + L2C~ + ... = I (LC2) 
(CI + C2 + ... )1 ~2C 

U = RIC: + u2ci + . .. ~ (R C2) (6) 
(CI + Cz + ... )1 I2C 

When the residu als are a ll equul. 

~C2 
L = Lc~tC 

!l = 
"~ 

II = e ~2C 

(7) 

which yie ld the ra tios LI Le aud UI Ue 
for the t.en positions of the swi tcb given 
in T able I. For this case the residuals at 
maxi mum capacita uce are only three · 
ten ths of their \' alues at minimum capac- ~ 
itance. Thc cffect of this change in the 
apparent value of the residuals on the 
ca paci tance chan ge and dissipa tion fac-
tor of the various TYPE 380 Uni ts is 
6how"n in Figure S. Curves for the maxi. 
mum and minilDlllfl capacitance se ttings 
are shown for all four TYP E 380 Uni ts. 

TYPE 219 DECADE CONDEN SE RS 
When several TWE 380 Decade

Condenser Units are assembled to form a 

T ABLE " 
- .1 5- 5<> 

l\ l ica .001- .01 1- 10 
L \\'11" plll,cr . 1 - 1.0 500-5000 

TABLE II I 
'fowl 

L R"I I M c L R (JI I/Hc 
Pusili"" U",I "" 0 ,,, 0 

1 380-F,s.· L . 16 .025 .1 • .02' 
2 3llO-M .10 .015 .26 .04' 
3 380- N .10 .015 .3. .055 
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Tn'~ 219 Ilcc'ade Comlcn:.er, II .. .ern 
clipaCi lan('(: commou 10 all the unil S anti 
resid ual imperlanees bet ... ·ecn Ihe units 
is a(ldcd as shown in Figure 9. The 
largest unit is placc(1 ne): t to Ihe ter
min als and , therefore, has tl w I!.lIIalicllt 
residual imrlCdance!:'. The udded 1.ero 
capacitam:e is about 8 ~~f wi lh It ,Jiss i· 
pation (actor of about 0.05 at 1 kc. 
Their variation ,"itil CreqllellllY is the 
same as those of the sepurate units as 
shown ill Figure 5. It is lIlost cOlH'enient 
to add together all of the .. .ero eapaci. 
taut.'es. for the box and for the three 
units. Th is gi,'C:S a total of 41 J.l~f for the 
TWE 219- \1 lind 46 jAjAf for the TYI'E 
219-K Decade Condensers. Their rc
SIJeclive DC products are 2.05 J.ljAf and 
2.30 jAJ.lf. These val lies are sumcicntly 
large SO that they mus t be considered in 
calculating tbe diS8.ipatioli factors of all 
settings for both of the t'"O lo .... er 
decades. 

Values of the resi,luuls ilHlieatcd in 
Figure 9 ar!' give n in Table III . II is al80 
most conven ient hen" to alit! Inge l11l'r 11 11 
of the reeid ll als aS8(I(: illi ed with elld. 
unit. These to tals are gin!n in the las t 
two columnJl. The increases in capaci. 
tance and diss.i patioo factor caused by 
these Jaf{;er residuals are sho,"11 in Fig
ure 10. Tbese cun'es differ frOIli those or 
figure 6 mainly by Illlving larger in. 
creases at the bigher frequencies. 

When more than one decade uuit is 
used it is ge nerall y sufficient to llSSlllllC 
tbat a ll of tbe capacitance is associated 
with the highest decade. This aSSUIII()' 
tion will be sare except when the ca paci. 
tances in the t .... o higher decades are 
nearly equal, 18 or 19. or in the TnE 
2L9·K Decade Condenser ... here the 

- TYI'E 380-F' Unit is SO much !Jetter thall 

J •• -'At<ll.ttoCY 
• ~. 
1 J ,. ,~ 

'i7:r ; 
~"// 

• 

;J: 
~A.. -,.,."' .. .,.;. - '" 

FICIJItI!: 10. fre<I'H""'Y l'iuoflU.)I,·rillliL'1I of T," '~ 
380 Occade Cond,," l1tlr Unitt when m ()UIl ' OO to 
fOf'" 1" ' .. 11 219·M 11111.1 . K O .... ·lId'" Cond~II~""", 
' \ lI ~'nlrHred I() Figure 6. the hi;;h.fre<tu .... eY 

par ' lI of the O:IIn' ('OO are ehifle<1 10 lower 
rn:tl"e"ci~ 

the TYI'£ 380-.\1 Ullit. In IHl) case, ho ... · 
c \'er , it IIlUs t be rccognil'.ed that t he da ta 
amI cur\'cs gi" en ill Ihis article are a \' 
crllgc values. rOll8idt·rahly 8111 allcr than 
the (,a talog limi t!'. \\ hid, lIl11y a t limes 
be approadlCrL Divl'rf!t.'neicf; froll! the 
gil'(' 11 average vll lues "i ll he leM t (or 
resi(lual illduClaJll'Cs. and mos t ror the 
dissi pation factors frolll ,Iideclric poillr. 
ization. lI igh relatilc humidity ('an 
greatly increase Ihc Jissi l,ation faetor of 
the .. .ero capaci tanecs anti to a lcSS('r ex
tent the capacitll ncef; and dissi pation 
fac tors of the CUlHlellscr;, themsclves. 
The dissipation factors of t ilt' separate 
condensers IJl ay Vll r) by a fa~ . or of two 
or three among themsdves. and their 
capacitant.'(:s arc on ly adjus ted \I ithin 
± I %. ~% for T\·pt;. 380·L. It follows. 
therefore, that a('C"urale val ues of any 
partieular decade 1..'QII(Il'uscr eRn be ob· 
tainNI only by l'xlensi\c mcasure mentll 
on that particular in;;lrulllenL. 

- Jl. F. FlELD 

.-

7 EXPERIMENTER 
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GENERAL RADIO 8 

PERIODIC MAINTENANCE Will KEEP THEM IN SERVICE 
• ONE USER OF GENERAL RAOIO 
s tandard -signal ge nerators rCI:H) rl,g thaI 
the gC llcrl llori; IIfC ..... orking around tbe 
clo!:k - tbree eight.hour shifts a day 
and have 1101 ileen turned off (or fouf 
morHIIS! \1jfe know, and the user knolls, 
that t hese ins truments are built for ;n_ 
termiUent service, and that the ir abilit y 
10 slaml lip under these unusual rle· 
munds is a tribute to the excellence of 
their mechanical rlc!' ign and (.'O ll s lrIlC

lion . Bllt we both also know that add· 
illite sehcdule of periodic inspCl'lion ami 
mainlClII!.IICC is what. makes Ihis l)Cr
rormance possible. 

If your General Rudio ins trulllClll S 
arc being used in prorluclion les ting, se t 
li p a maintenance 8cll(: (11I1(1 a l1(1 sec Ih a l 
it is rigidly fo llowed. The small cost and 
hOlhf'r .... ' il1 "e sa"e~1 maTI )' tinws over in 
diOlinating the hours thalarc lost when 
inslrulllent s Illust be re lurlle(1 10 us for 
re pai r , 

Get a se t of Service an~ 1 1\lainteliunce 
NOles for your General Radio instru
menl s fro lll OIlr Sc r\'ice Depur lmen t , 
These "ill help you to locul e trouhle ami 

10 ide tllify ,lc fcI'livc COtl1 l>Otwnl s., In, 
spect, luhri~'a le . a nd dl:an moving parts 
r('gulurl), and if gcars, "" ille "ires. or 
olher part:. sho,,' serious " .. ar, gel are, 
plaCe mt~ nl from our $en ,jee Oc"artnlcnl 
an/llllIn' il rCll tl y 10 ins l:llI bdorc aclual 
fu illlr(', I f II1 l1 jor fui lurCSOC('lIr, " 'rile 10 our 
Service Deparl lllent, I,hid. is "quipped 
10 gi\'e prompt ser vice 10 \\UT rlanls, 

Our Scn -ire and \'Iaintc nullec NOles 
arc compiled fro m Scrvi('C Departlllcnt 
T'Ccords ( I\ e kee p a complelc case hislory 
fil e for all major ins trulIlcnts). frlllll our 
standards laltorat ory lcst specifications_ 
1111(1 frolll e ngi nc('ring departmcn t ~Ilg

ge61iolls, They hu\c altead) helped h UII

dreds of General Ha(lio eus lOlllers 10 gel 
\:lCller f;C r vice fro lll Iheir clluipmenl , and 
10 sal't! va luuhle proli1lf'tiflll timc, 

1 f yOIl 110 1I0t alread y hu \'(' ollr Scn ·il'C 
and i'lllIilllclHllwe NOb.'.~. \\ri le 10 our 
Scr"joo Oepurtlllcnl, You \\'ill rCl.'C! i"c ill 
re turn a rorm on whic h It) li sl Ihe tHtC 
number, scrial lllllllber. aIHI approxi lllai c 
dale of purchase of your Genenll Radio 
instrllme nl S. \'(' h"11 1111' form i;; re lllrl1CIL 
lilt' 1I0 Il'S " ill be mailf'd to ~Oll prolllptl~" 

TilE Gel/erll! Umliu EXI't:IUMEl,,'rt:u is muiled u·j,//OI// dl(jr~e co('I, 
',,0,,'" '0 e"gj"cers, s(:iell'.ists. leclllli"ia" , .. , fltld ollter ... i'IIeres led ill 

,'011"11 IHI ;c(fliofl -f rf' fl'/ c llt"y IIICflSIl relll etl I. fllld ('(III I rol prohlem .;,. If It e ll 

sendill l? ret'llI c$IS for :mb.'!eripl iolls fIIl(! IHldress -cll,,"ge tWlil'c,,>. plca se 

.~ I/PfJly lI,cfolloll'ing iuformalion: IIlIme, ('Oil/1m,,), IIflltH'. "O"'fJlIl/y ut!

dreIJs, ' YI)e of bIlS;IICSS compfllly is c" gogcd ill. lIIId lilll! or flO.~ilio" oj 
illdi vidun/, 

GENERAL RADIO COMPANY 
30 STATE STREET CAMBRIOGE A, MASSACHUSETTS 

BRANCH ENG INEERING OFFICES 

90 WEST STREET, NEW YORK CITY 

1000 NORTH SEWARD STREET. LOS ANGELES, CALIfORNIA 
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