
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

...... 
c 
u 

VOLUME XVII No.5 OCTOBER , 1942 

FREQUENCY CHARACTERISTICS 
OF DECADE CONDENSERS 
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P"1uorm: \f \1'1-

'l'E" \'\( !': \li ILL 

k1'F1' Tm 'l J -
,ER\lU;.,,., .. 8 

ell HAS BEEN CUS T OMARY IN 
T H E PAST to think of l h c-apacitance an!l 
dissipation faetor of decade cond •TIJ:lers, sudt 
a the T).PE 219 D cade mlt·n rs and the 
T'\'"PE 380 D t·ade·Conden · •r nits of" hit·h 
they are compo..cd, as fixed quantities intl·-
pt·ndent ofin•tJU'ncy, at lea ·t to their stated 

IH'<'ttracy. Thi~ is by no nwans the case and, since deeade condensers are 
nm\ Jxoing \l;.t'U over utt·rcat>in«ly "ide frequency limit , it becom s im
portant to know the limit "ithin "hich tbese conden, •rs may he safely 
11~11. 

The gt·nl'ral "8) in'' hich b th capadtam·e and clis..,ipation Ia 
"ith Irt'<(tll'llt') i · sho••n b) 
the 'ariout' t•unt• · of Figur 6. 
There i · ah• II)· a n1inimum, 
lnll the inl'rt'U"l' at the hiorh 
ami IOI\ t·nds are produced h} 
<1uite diffnt·nt t·au!'e • The )O\\ 

frt't(UI'nt'} ri <' i caused h. 
dirlt•ctrk pularization, a prop
t·rty of tlw ~olitl dielt>t·tric of 
'' hich the t'tmtl •n. r art' mach·. 
'' hil • the high frequem·. ri. • 
c·omes fc·om tht' effect of the 
re..,iJ.ualunlwtlaul'c in the lead,; 
from the tt•rminals through thl' 
"" itrhl'· tn the infli,idual mil·a 
nr paper com ll·nbt'r . Ea<·h of 
I hC'se Cllll"<'tl \1 ill be UiRt'II~St•tJ 

in consiflt·raltll· tletail, fir~t fnr 
T\ PE 380 I <·<·adt•-Conden'-t'r 
t nit· and then for Tn•E 219 
Decade 'onclt"n,.·rs. 

FlCCRE I. Putll'l 'io•w uf n 'I'\ 1•1< 
!!19-:\I Dl'<'Utlc Contlco~r. 
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GENERAL RADIO 2 

DIELECTRIC POLARIZATION 
Tlw lwlul\ ior nf an) tlit•lt•t·t rit- ah till' 

frt'tyuen!'~ i \ aricd dt•p•·ml, upon tlw 
polarization l' i~tmg in that tli let·trw. 
Tlwre an· '''"'li~tim·t kiucl~ of polarizu
tion, dipolt• uucl int •rfaeial. I )ipole polar
ization. a~ fir l des,.rilx·d b) Delnt·. 
£H·eur~ in tlit•lc•t·tric ha\ iul! polar molt·
l'llle . . In an alternating dectric field 
tbc..e dipolt·~ tc·n1l to o~t·illalt' \\ith llw 
flc•ltl aurl tlw cll'grt'(' \dllt '' hieh tlw 
'<IH'I't' •d clt•tt•rminc·~ tb irlt'r ·a...c in Jj. 
t•lt'ctril' I'On. tant and l'apat'llanee. Tlw 
"ay in '' hich thi im·rt'B>'~' occur .. a" 
the frell'li'IH') i~ clecrcmwd t" shmnt iu 
Figure Lt J)j~,..ipation fm·tflr alsn in
t•rc•a,c - at first hut rcadw~ u maximum 
and then dccrt'ase,; in a ")tnmetrit·al 
•·unc. lntt•rfaeial polurization. fir,..L 
tlt ·~eribcd h) \J a''' ell, m·•·ur,.. in t·um
po itc di lt•t•LrieR. Tlw heaping up of 
the dtar~ •tl ·nrriers, iom. or electron~;, 

at tlw intt•rfac·e-. of till' l'tllll(lOD nt" 
•luring l';.ll'h uhl'rnat inn uf tlw I'll' tm· 
lit• lei. "rn ,., lolltc'rea~!' t lw cllt'lct·trll' t'fHl· 

~'>lnnt and t'II(Ull'itum•t• ju,.,t u" €'ffcclivrl) 
a~ th • o~t'iiiRtinn of till' dipClles. In fal'l 
tlw t" o 1 (K'' of polari<~:u tiun t•atulot ht• 
tli .. tingui,..hPtl h) th· \\a) t•itlu·r di lt.>l'· 
tri•· c•ont'lanl or cli~!'ipation faNur v art 
\\ith frcqut'IH')· In that rc• . twct Lite) 
11i1Ter onh in 1 he fr qm·n•·) rungl'b in 
"lud.1 tlw\ nct·nr, a>- mrli1·ut.-tl rou~hh 
in Figurl' :!. Interfacial r•ularizatton ha 

FtGt'lll! 3. .honge of tlielc<'lrit• ~onsLanl. ''"'· 
f<IClor, und di~"iflDiion (a('lor with fr(l((UCilt-'y 

fur n •ingle polurituliun. 

al o bet•n c·allt>d d.ielt·drit· ub,..orption 
anti "ohmw t•har:;e. the~ • nam lx•ing 
purli ·ularl) uppropriate "lwn referring 
to th fa,. I that the total dHtr~t' "lored in 
·uch a dil'i··ctrit• h) tlw loug-time avpli
t•ation of a "lc·ad) 'ohaJ!t' t•an Lc vt>ral 
tim that · 1 t'tetl from th audiu
frt·quem·) dwlcetric r·ont'tant. 

'Th Crrqut•ney at "hit•h maximum 
lo" fact r 2 Ot·t·urs, <·all•clth r laxation 
frctluem·y. ancl the rate at "hich l otlt 
It!. fat'tor mul rlielr1·tri1· t'on. tantcbao:::: 
\\ith fn'llllf'IIC'\ depenrl rm the kind of 
polarizalinn, tlw kind nf tlit•lretric, anti 
thl' L liiJ!I'ratun·. 1•'or miea there i Jlfl 

tlipol pnlari~ation and th relaxation 
frt'tJUCnC) fur ih interfat•ial polarization 
i "ell bdn" I t'} rle. 'Tiw inl rfacial re
la'l.ation fr•t(trt•m·y for parX'r i. al o" II 
helo" 1 l')dt•. Paper ha also a dipol 
pularization in the neighborhood of 100 
\h-. "hi1·h i" of liule tun~·quence be-

Lt:, J. \1tuJth, •n•• U _ \hlftt•n . l"hr n~ .. l~rlru" l'rttt~ · [) 11 .... 1 pallt~n f.-c11.rlJ RX; IN>• ftrlur /)/\, wbtre-1\ ia 
IIC"i' ,,f ln~nl lllllll' Mtttrrittl•. IJ,./1 ~'' t•·mlflrltttiNJ J,,u,.nnl. 
\ul. u •. ~h'· l PJ:\7 . , ••• . llJJ ... 512. 1hf"dl#'lec:Lrn-t'l,.llotHUU , 

FREQUENCY 

Ftc.t, nl . !!. Typical 
cUrH' ho\\ ·iog ho" 
diclt•clrir t·on t-an I and 
d issi pu lion foetor 
cbangt• 11 it h frequl'nC) 
dur• 1.<.1 .tirll'<'lrit· poh.tr· 
izntion (oft!'r '\lurph) 
and \'lurgnn l . The up
fll'r hnanrh of l!Je di"" 
.-iputiun faclor t·unt• 
~hm• s t ht• rtl'ecl of ci-t· 

c ncluclivity. 
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rau~c· papc:r r•on.len,.er,.. an• ran• I) u-..·d at 
hi~lt freqm·nt'ie,... The u,... uf "a rlr min
·rul oil for imprc'~'lla t iun adrl!, lit tle to 
the polarization. mc• of thr ret·ent 

nthctic· oil , parti<·ularl) tho~r c~on

taining rhlorine. ha,e clipolt· polariza. 
lion~ "ith rei a at ion frc«Jll m·w~ arouncl 
1 ~k 

Tlw t' ac·t hapes of th • r•nne. of 
Fib•ure 2 are sho"n m Figmt• 3. ••hen· 
frequenrv. los~ foetor, and tli ~ipation 
fac·tur arr plott II logarithmic·all) and 
rli lc•c·trit• c·on~tant arilhmetic·ull)· \t 
tlw rda at ion frequenc') f. , "lu•re I ,..,., 
foetor i~ a maumum, di ·ler•trit• 1'011. tanl 
i~; c·han~:,-inl-( at th • grcalc~~~• ratr and ha. a 
'alu• ju. t half \\U) bet\\c n it lcm ami 
high fn·quc·ney value . The boulder of 
thr lo<:s fa<'lor und di~'lipatirm fartor 
ctarvt·~ al a c·on. iclcrahlt• Ji,.tarwe fruru 
tlw rc•la:~.atirm Ir•c]nPnc·} are lirwar. imi
larl). a plot of tlw fractional inc·n·a'* in 
rlid •ctric· c·cm,.tant. t'Xprt•,.-ed in trrm" of 
thP total incr a. t•. al Irc·qucm·ic·~ eon,.id
erahl) highPr than tlw r laxati n frc. 
quenc· 1. al o linc•ar. Th • slopc•11 of the 
houlder. uf hotb of the. e line arc 

equa1. 3 

Rc•prel!l'ntat.iw 'alu • for tlrc• four 
different l..inJ~> of Tnt 380 DecarJ•. 

ontlcn r Unit~> nrc lumn h~ rh• linrto 
of Figure •I. "hich "Larl clown from tilt' 
left. In Lht• c·a:.e of rli~,ipution fat·tor rhi' 

cor~!;" r'·:t: .. ir::: • .:r~-.:~·.•.:i: .• ~~~~-l't:;r7.~:~·;:n~11e. (~. ~~: 
•a•enat d~ko.i·trio rur.taat.•.•.• ·11w tlwo-•.V. o/l"ttb U"'h,,., 
and \h•'"'t'll drn1and t.h~t .. ,rh a ,.Jnt rr.tuh lfl a t"tnirird,. 
wuh th ~.:~ntl"r 1111 the thcolt'c.·tr-k· rmtACant ·~··· Tht> (at' I tluu 
data ul,eainrd from all ~tttlid and nh:.tl H11uid Jif'inU'io •• ~.-11 
rt:J.rf"H'IUtd I•• a c. irc:u l.41t' •rC' 'Witb drpr«•t•l ''"ntt'r "•• 
lli02Hfi'J uut ln K, .. , and H. U C,.,l~•.•,• ln 1911 

·~ ..... anti n. " · tAlc. Dlf.prnioo anrl .... h(flltufl HI 
llu:•ff'("tMr ... )uurnnlt~f t:h•·mirol l'hnl,-,, \ ••1. •J, \pr. It~ IS, 
VP· Hl·.lol. 

•U. l . J,rlol , 'IIW"· g,.,~ r._. tbto '\(•n •o)flltt&ru('lf'Wf": I hllnJ t•f 
fn,.ul•lto.IA, f/1.1 : -,-,.an.AUNi(.HU, \ul. hU, • Jtl l 1k1l, l•f•· 
8911-{IYS. 

'" • 1-i.:au,Ju•un,llif'lt'ffr-1•· ltt'la,all,tn•• • (.hrmu-al U•l• 
Pnlft'••· n,..i<lt4'J. oJ ll....l..fl f'J.,un, \-ol. J t. J.tn •• .,.,.i!, 
.JI• l!· 11 , 

FtGl·llt-; ·1. Cornpon•·nt. nf frot·tiunul opoo·i· 
t.UC't" .and •li "'ipaliun filrh>r U'-~ a fum·tion nf 
fr"'l"~ncy. l'ht·lint>• lanlin~ down from tlw I..Ct 
cornr from inc~rfal'illl t"'larazotion, thu-c ;,lanr
inr: "I' to tlu· rij!bt t•orne from r iduul indtll'· 

tunct- and r i•tancl'. 

3 EXPERIMENTER 

\\ould impl) H'r.\ lm• 'altrt•, al hi~h 

[rt•rttrent·i•·~. \etuall~ fnr mic·a am.lot11t'r 
lu" Jo,..., tlic·let•trit•,..., •tll'h a- ctuartz anJ 
pol)bt)rt•nc·, tlwrt• apJk'Urb Ill b an 
underlying polarization "hich pro' iclt'~ 
an almo:.t c·on~tunt ili•~tpallon factor. 
Tlw dipole polarization in paper eauses 
a minimum in di~~ipntion fa tor bey ncl 
"hieh, at highrr frequt•twie~<, the diF. j. 
potion Iat•tor ri~-. 

RES IDUA L IMPE DANC E 
\t high fr lJUc·nci th ,..mall induc~-

talll·e unci re L tanc • of the leads of a 
olicl tli •ler•lri • c~ontlen ·r pr()flucc au 

innl'asc in it appnrenl •·apat•itan ·e a111l 
rlinl'ipation factor.'·"·" Th • frac•tional in
nra~e in t·apac·itam·c of th ·in·urt 
.. hm• n in Fi:run• :;. '' hit·h reprr~rn l I hi 
eu~r. is 

w·LC 

I C 
= w·LC appro:~.. <1) 

- w'"'"" 
'tL l F"~M •nd 0. U '"' lair.A \1rtl.vd (,,. Ueltntlimn• 

thf:l ""''duaiJn,Ju.tan., nd R i•t•ll("\l' of • \ariahll! tt 

(:.,,uff'n..,.f at Rad10 l"n:-•JU•IWif"'l. l'r~linc• o/thrlrulirm" 
t~} /tmlia Cn,tnro.,.t. \"ol. 21, l•'f" h. lfflt•. PI' :!5S..27l. 

U U Stnc·la•r-. l'n•llrot Rnon""'~ \frtbn•l f.,r f,rrth~ 
'frlll•uh'tnchl ... r ll•~th IUI(titd•n~ •I RadiO trrqurrw•n 
.. , .. J • <:.•mJM~ri.,.rn ..-.ti,Clr,tm.,.,.. ,.,.....,n~•n'~ l\lettt04le, 
~:rrn:-~~~ l·;;{.•'''j,!,'f."''Jit 11/ JtuJ,, Fn,.im .. .,. •• \,,1, 26. l>et.·. 

•n. H. iod•ll. -~ lkh•"\or ,,r T'lr ·so:; {:ueu.tcu...-n •t 
ll•lh fntlurnnr•. (;..,...-,J RoJio I \fiW"Itnl'lll«"o \ol 1%. 

, ..... 1'~38, ••••• .l-.8. 

it)/";,·. 
' 

.. 1 
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GENERAL RADIO 4 

~· 
Faa R~> 5. The resitluul impedances I~ and Rare 
in AerieR "'itllthe solid rlieleetric coudeu•er ba1-
ing a caparilancc C und dis•ipation factor IJ. 

Th • fractional incrca.e in t•apaeitane 
'aries as the square of the frequent·). 
The increase in dissipation factor is 

IJ.D = RwC (2) 
But the actual value of resistanee to be 
used is the a·c resistance at a gi,en fre
qurncy, not the ti-c resistancf'. The leads 
are u ually of ufficient diameter so that 
all tlw ·~rrenl Oo\\S on the tmrfat,e.

10 

l .nder this <·ondition the re istan<" in-
IOU. A. \'C"he-d~r. l;ourmulu for LIJe Slr.in Effect. l'rf.lt't...-d· 

irt~'l of t/1~ Tnstilutf' of Rrulio £"tJinrerJ. Vnl, 30 •. ";t,n, l~-12.. 
pp. 112 121. 

!'teases "ith tlw ,;quare root of thl' fre
qucuc~, 

R = R1'\j (3) 

\\ht•re /~ 1 io the rt' i lam·c at unit fre
qm'llt'). usualt) ] \It·. llcm·c 

~D = 2trR.'_f' ~c ( I) 

l>bcrc R/ib the ,-alu!' that the resibtancc 
\\ouM have at a frequency of 1 C)cle. if 
the square la11 lwlcl to thai frequenc). 
Thu~. th!' innea~!' in cli~Ripation factor 
'arie .. as the thrt·c·-llaht•h pcmer of the 
freq U!'llt'). 

H.q1n·~entativl' 1 alues uf tlw r-sidual 
imrwclante~ fur the fir.-t four tcp · of a 
T' p.,; 380 Dceade-Condcnhcr Lnil are 
0.25 ph aud 0.07 Qat 1 \h· for the L, U, 
ami V t~ pt•s and 0.35 ph and 0.01 fl for 
thc F I) pt•. Tht' d-e resistance of Lhe 
!\11it1·h is onl) about 0.02 Q, .o the skin 

ff• ·t ratio at 1 \lc is 3.8. Tlu corn·
ponds to a o. 18 copper 11 ire. The 

increase in capacitam·e anti di~ ipation 

·01,'::coo=-----,,o.!.o<=c----~----,,.!c-c----,IO"'o"'•:=-• ---...,,Md-,::-----,,x-1,.. 

fact r caused b) th •<' 
residual are hown b) 
the line slamiug 11 p
"ard on the right iu 
Figure •!. The complete 
frequenc~ charar·tcri -
tics of these decade con
lien ers are the u.ms 
of the fllanting lines 
for eapacitance and 
d.is -ipation factor, a 
sho11 n b) the cun es 
in Figure 6. 

FREQUENCY 
F1t;l HE li. Fn•qu~m·~ 
churONI!ristics or T\ l'h 
380 Decade Cond~nst·r 
l_;niL fot· switch po~ilions 
l nncJ 10. ohl11incd b~ 
adding lhl.' rompom•nls 
sbo" n in Figure 1. Tht• 
di~lrillulion of tlw cunl'~ 
ror lhl' olht>r S\\ilch po.,i• 
lions is sho1• n fur the 
T\Pt·; 3110-:\ LuiL. Till' 
curvrs rur Lh!' zt•ro capal'i
tanct• ore 'Ito" 11 in I ht• 
uppt•r lt•rt t·urnc•• or ••aeh 

plot. 
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CONDENSERS IN PARALLEL 
In a ' f 'I' I 3!!0 IJeca•le-Coucl•· n•<'r l ni 1 

four- ·para It· t•unrleru-er,; an· ...... ,., ... ,.j' el) 
•·oum·• ·tt•!l in parall1·l h"''rllll' It, uwan• of 
tlw tlrum ""itt·h :<IHI\\ll in 1-'igur•• I 10 
giH' till' h'n 11'1'· of a dtT!IIIt•. Tlw fuur 
unit" havt• •·apaeitanct•. iu tiH' rutin 
I : ~ : :1 : I. ~i' ing tlw f1r~l four ~h·ps 
tlir.-<~ 11) anrl nrt• th<'n combiuetl in the 
rnaum·r ~ho\ln in Tahlt• I w ~-ti \1' tlu' 
other h•p,. Fur I hi' •mall 'ahw"' uf tli.,. 
~ipnlioll fat·tur \\ hifh tlll''l(' l'lllllh•rN·r 
ha\t', I'UI•ac·itnnt· ,. acid rlir ·•·tl) ." "hilt• 
1li~. ipa1iun fat·tor i, t·alt·ttlaLt·rl frum 1lw 
rul•• that till' produch. •li,.,ipatiun fa• ·tnr 
tiuw-. capndtann·. atltl." 

f) 

r:, I c .. + ··· = ~ 
n,c, f- J) .. c., + ... 

(. , c -1- ••• 

~ ( /)C) (.l) 

:::c 
'l'o a l!'""' uppro,imation all fuur unih 
ha,•· tlw •Ulllt' .Ji,.~ipaliou fnl'lor. '' hid1 
1 hu- l~t·t·um••" 1hl' 'uluc fur all --.·11 inl!"· 
Limit in/! 'nlut•-. of the DC prmlue1• for 
till' variou• clt•c·aclc" are gh en in Tultlt· II. 

ll11• '1\ l'E :-IK11 · "itch uoul tlw \1 irin:; 
1t1 till' four •·umlt·n~er~ Ita~ a I'U p<u-i 1 newt• 
nf ahnul II J.t/Jf. Thi · j,.. tlw Zl'l'O t·apal'i
tam·•· ol till''" ill·h and li111H1 lw noltlt•d In 

till' "'"" uf tlw l'apat"ilum· • uf tht• I'Ull· 

•l<'lht'r' u••••l u1 an) ,.,•lling 10 gl'l tilt' 
tu1ult·upa..itann·. The ,ij,..~iputinn fuc·tur 
uf !hi~ .ll'rtl I'U[lDl'ilallf' i~ alJ11111 0,():) Ill 

I k•·· 1 hu• ~i' in I! a nc prmlut·t of o.:;.; 

' I \BLI·. I 
ltp I nih l t.>J I. I I ""'' I( 

u, 
I I I luI 1.(11)1) 

:; I + I ,(>Ill) 

h 1 +2 .5Sfo 
7 I + :-1 .5tH 
K I +:1 + 1 lUI> 
'I 1 +3 +:! .:15!1 

Ill I +:1 +2 + l .3UU 

II \, ha•llt th~r• arr! ruultull r•l•·u •••m r• .uuuua 1h" 
four IIIIth "'h .. h .,.., putf'ftti\c_h hurtttJ It \ th• •"'ltdt 111 

It" •lillrrt'ul lllliiiHI .. n•. Th"" c-au~ ll\1' •f·lu•l t'AI' •·itau• r tu 
I~ leu lh£~11 tiN" .um u( th(' ~I•.~Jr•lt· r•1•••·1Unf~•. -Ill!• 
•hlfrrrn•· t. pntall ;arttl •• IIJnifi··ant uuh 10 1h"' "h 1'1 'U«f... ' ........ ,,. 

11:\ult' thf' iuuduct "'th luu (o~rttw •hu·lt '"' •h•tiUUIHII 
(.:lt'lnr ltlllf"JI tl.rlt Hrlt t UU .. IDnl , 

5 EXPERIMENTER 

l"lt:t. nF. 8. 'chcnonti<• diagram uf n Tn•E 3811 
Ut'<'u<lc Comlen•••r Lnil •lnming the r"~idual• 
I.e anti Rr· a.,nduu•ol "ilh !In· ""l'nrntr cun
olt•n•Pn-. r...,.iolual• I ·' untl U., uf the h·u<l.-. nml 
the zero earo,•ltont•t• Cu ~ith it~ •Ji ...... jpatiun 

fur·wr IJ,. 

J.tJ.tf. Tloi " ~ufli<'icntl) !urge ~o that it 
mu"L be indu.letl in ..alt•ulatinu the di•-
irmtion ra.·tor for all "''llin; of the 

T1PE: 380- l niL ami till' f1r,.,t >-e\erul 
>-t'llings of tlw T"'" 380-\1 Lnit. Till' 

~·uao R ~; 7. \ irw of n T\l'P. 3KO Dt't'Uole Oil· 

tJru.er Lnil Mho .. in!! Llu• M"iwh nnil the rn!'lnl 
contaim•r "hit·h hui41K tl w t •nndt·u~cn; . 
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GENERAL RADIO 6 

~'1r.1 Kt: 9. rh n1nti~ diagram of a TYPB 219 
Ur·rude Crm<ll'nser, 8ho" ingthe added r<·si•lunl• 
to aurl Roof th • leu.Ja tn tlw TYPF. 381) l ' rtits 

und the urlded .<rro capadtan<,c C:r and Dr. 

variation \\itb frequcnc~ of both the 
zero <·apacitanr · and its dissipation fae
tor i' HhO\\ n in fo'igurc• 6. 

The residual impedance" of a T\PB 

3!i0 Deeade-ConJ n er l nit are diviclt>d 
in the manner sho\\n in fo'igurc 8. Each 
l'Onden r h8i:l the re iduals Lr and Rc in 
its O\\ n leads to the s" itrh, '' ith the re-
iduals Ls and Rs c mmon to all for the 

L . . H. and 1 l) pes. ppro"imate valut's 
uf these residuals are 0.10 J..lh and 0.15 J..lh 
for tbt> indm·tances and 0.03 nand 0.0 I 
n at l rc for the re i tam·e ' re ... pec
tively. Actually, because tilt! leads from 
switch to condeilller are of different 
length::.. the re idual Lc anrl Rc for the 
four romlenser · diffrr lightiJ. For a 
par-ticular \dtdt the mea' utcd ~ alu s 
for the four lead intluctanccs \\ere 0.100, 
0.076, 0.095, 0.076 1-1h in the order 1, 2, 3, 
-1. These values foliO\\ roughly the areas 
mbraced b. the leads as slto\\ n in Fig· 

urc 7. TheRe difference!' are not signi6-
rant and it \\ill Lc sufficient to use the 

rotmded value 0.10 ~- There are also 
similar mall difference in the resistance 

alue . Tltc residuals for the F type are 
0.10 llh and 0.25 llll. 0.03 n and 0.07 n. 

When capacitances with residual im
pcdailCC are conne · ted in paraUel. the 
impedance add act·ording to th fol
lowing rules: 

L LIC~ + L2Ci + ... = ~(LC2) 
(C1 + C2 + · · ·)! :!:~C 

R =RIC~+ R~Ci + . . . X(RC2) (
6
) 

( C1 + Cz + · · -)2 ~2C 
When the residual are all equal. 

~C2 

L = Lc l: 2C 

l:C~ 
R=Rc !:2C 

(7) 

wltich ) ield the ratio L / Lc and R Rc 
(or the ten positions of the switch given 
in Table I. For thi ca e the residuals at 
maximum capacitanc • are only three· 
Lentl.t of their alue at minimum capac
itance. The effect of this change in the 
apparent value of th residuals on the 
capacitance change and dis ipation fac-
tor of the variou TYPE 380 nits i 
hown in Figure 5. Curves for tb maxi

mum and minimum capacitance seltings 
are bo" n for all four TYPE 380 nit . 

TYPE 219 DECADE CONDENSERS 
hen se eral TYPE 380 Decade

Condenser nits are as embled to form a 

TABLE 11 
c DC 

Dcrorfp lfateriul rnse 4 1'1'! 
F \lirn 505-- .l -1.0 2(}-200 
1\1 \1 ica Moulded .01 - .I 5-50 
N Mica Moulded .001- .01 1-10 
T, \Vu" pupcr .l -1.0 500-5000 

TABLE Ill 
'J'Olal 

L Rot/ll!c L Rat/Me 
Posiri.r.m Unit !ill 0 ~'" 0 

1 38()-F & L ·:16 .025 .16 .025 
2 38o-M .10 .015 .26 .040 
3 38(}- .lfl .015 .36 .055 
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T\l•t 21 Cl l>c·l'ade Contlen r. 11 ~:c•ru 

l'apac-itam·• P nun u to all the unit and 
r · iclual iiiiJK'Cianc·c•to bet"een th • unit 
i added a h wo in Figure 9. Tlw 
largetH unit is plac:NI ne~L to tlw tcr· 
minal and. there for , hab tlw ~mallt·~• 
rt'~idual impeclanc•t•!i. The adtlt•cl 7.t•ro 

eaparitanc·t" i: ahout 8 Ill-If \\ith a cJj .. ,i. 
pation fartnr of about 0.05 at I J..c. 
Th ir \arintinn with fr qurn•·) i~ tht· 
liame a tho"" Q{ the -.eparate unib a~ 
·lnm n in I• igun· 5. It is mo~t l'f.lll\ enirnt 
to ad.tl togeth r all of the :t.ero c·apat'i· 
tant·eA, fur tlw hn' and for 1 ht• 1 hrre 
uni t!l. Thifl ghes a total or 11 JJ!lf for th' 
T)J't·; 2 L 9.\1 ancl 16 Ill-If for the TYI't·; 
219-1<.. Deeaclf' Condeuserb. Their rc· 
pe•·thc DC produels are 2.05 IJ.Il{ ami 

2.30 Ill-If. Th : valu • are . ullic·icnll) 
large> ~o that tit ~ rnu t be c· n~id r •cl in 
ealculating tb • dito~ipation fat:t r of all 

•ttiug C r both f th t"o lcmer 
d cadc . 

Value · of tht' re idual indil'atecl in 
Figur<' 9 are given in Table Ill. It iA al~o 
mo I c·cmvc>nient hc>re to add tngt'thl"r all 
of tht' rt'!liduals as. odatecl '~ith eadt 
unit. Th totals ar given in the lat~t 

two ·olumn . The increase in c·apac·i
taoc· aod cli~sipation factor c·aul>l'rl h 
th lnrg r residual are sbo" n in Fi"
ure 10. Thus curv diller from thmw of 
Figure 6 111ainl) h) having larger in
crea~eR at the higher frequenc:-ie . 

Wh D mor than one decade unit is 
used i l is genera II ufficien1 lo al'!llllll 
that all of tb eapa itance is as odnt J 
with the highc> L decade. Tlu a ump· 
Lion "ill he at e cept when the c·apaci
tance in th I wo higher dec ad arc 
ncarl~ c>qual. 18 or 19. r in tlt Tl I'C 

:!19-h. rcatlc> onrlenso·r "here th .. 
Tl l'E :380· ' l nit is o much bl:'lt ·r than 

l-
Fli QiENt:Y 

l~ I 7'" ··. 
~If! lO"- -X..- t-

01 !t.-._,...., 

~l:ltr!'h 

-.; 

"~ 
'H:Otr.N't' 

l"u;c liE 10. Frt>qOII'IIt'y duor~wlr·ri•Cir•• uf TYPE. 
3811 Df'<•adc Condt"n r•r I nit• "ltr•n mouutt•d to 
form Tn•e; 219- \I and .h, f>,•r•adr· Cnnd('n•<'"'· 
!\ compared to Figurr• (1. tlrt• high-frPqul'nc 

part" of tire norH.,. urr· loiftrtl Ullo\\er 
frf-fJu•·•u·it· .. 

thc>TlPE381l-\l nit. lnUil) r·n~.hO\\· 

e\er. tt mustl~t rc·c·ugniu·d lltat the data 
aud c·urv gi' n in lht• artu·l aT av
era::e valucl'!, ron ult•rahl) ~mallc•r 1 han 
1 he catalog limit,. 11 hwh nun at time;, 
be approao·lu·rl. J>iH'rl!etwic· from the 
gh·rn avera!!e valuc•l' ''til L11• ll'atol fnt· 
n• idual induc·tanc·e,, ancJ lliO.,t rur I he 
tli,. ipalion factor fnun clic·lc•c·tnr polar
izati m. llil!h r·lnti'l' humicJit)' <·an 
grcatl) increa~ tlw eli . '-ipatum faelor of 
the ...ero capadtanct• and to a le ..er ~''-· 
tent the caps itam·r ncl <li~;,.ipaLion 

factors of the c·onrlcn~r~ themsclve .. 
The di ipation fal'lor~ of tlw "t>parate 
t'ondenser rna) var h) a factor of t"o 
or three among th 111 ht• . and their 
capacitances are cml 1uJju ted 11 ithin 
±111}. ::b2Ui(. for Tuot 31!0-L. It follow . 
therl'fore, that ac·c·uratt· 'alue of 1111) 

partieuJar decacl<• t•unlll'n""r c·an lK' ob
tainerl only b ... e It'll" I' c· mt·a~nr ments 
on that partic·ular in lrunwnt. 

R. F. FiELD 

7 EXPERIMENTER 
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GENERAL RADIO 8 

PERIODIC MAINTENANCE WILL KEEP THEM IN SERVICE 
e ONE USER OF GENERAL RADIO 
tandanl-signaJ g nerators reports that 

th generator ... are \\Orking arOtmd the 
dm·k - thrcP eight-hour sbifb a day -
ami ha~c not been turned orr for four 
month~! \\e kno\\. and the u.,er kno" . 
that theSt' in8truml'nts are built ~ c in
termittent sen icc. ancl that their abilit) 
to stanrl up umler these unu. ual c1 ... 
rnands is a tribute to the cxc•JII'n e of 
th ir med1aniral design ancl construc
tion. But we both also kno'' that a clef. 
inite r.hcdule of [Wriodic inspeC'tion ami 
maintl'uancc is ''hat makes this per· 
formance pos ible. 

If your Gencral Radio i ru; truwcn l 
arc being use>cl in prorluction te ting, St>L 

up a nuuntenance chcdulc and ·ec that 
it is rigidly followed. Tb mall co l and 
bother "ill he saved man) tim"~ over in 
eliminating the hours that arc lo&l when 
in 1-ruments mu t be returner! to us for 
repair. 

Gel a ·t of ~ervice and \1aintenant• 
'ote for your Gcncral Radio inslru

merll~ from our Sen ire Department. 

Thebe'' ill help} ou to locate lroublr and 

Lo identif) defef'liw t·ompont>nl~. In
spe!'l. luhriealc, and clean mo ing part& 
regular!). anti if gear~. slid· "il'l·~. or 
other part~ ~ho" tl('rinu" "ear, gel arc· 
pia Pment from our , n i<'e D partment 
nnrl haw it read) to install before aetual 
failure.lfmajor failurPsorcur," rile lo our 
Service Deparunent. \\ hid1 i - <'t(lripped 
to giYe prompt oenice to war plantr;. 

Our en icc and \1 aintenann~ Note· 
are com pi leo l from ~en icr Departmcn L 
record (1, c he p a complt-lt' ca.,., hi~> tOr) 
file (or all major inBtrurn nt~ ) . from our 
' landards laboralor) tt'l'l Rperifications. 
and from engineering !It> part m!'nl ~ug

gestion . The) hau alrcad) hclprrl hun
dred of Cetwral Haclio ru8tomc·rl! to !!t'L 
beller :en ice from their equipment, anti 
to save" aluable prodnrtion time. 

If yon rio not ah·ead: haw our ·n iee 
and 1\lairllenanC"r> r ole-., "rile to our 
'nTicc Department. 11111 1\ill r·N•cive in 

r turn a form on "hicb to li~>t the LJpe 
number, l'rialnumber, a111l appro:-.imatc 
dat of purcha e of ) our Gt•ncral Radio 
in. lrnmento;. Wlrcn lht• form j,., returned. 
tlw not · \\ill be mailt'd to) ou promptl). 

TilE Generul llmlio E.X.l'ER/ME.VT£1( i.~ muiled rl'itlwrll clwrpe eaf'lr 
month to enl(ineers. scientists, tef'hnicians, und otlrers interesiP(I ill 

r·ommunieulion-frequenf'.Y meusuremenl and control problems. If hen 
seruling requests for .<>ubscriptions and Cllldress-rltarrl(e notices. pleu.~e 
Srtppf.v thefollorl'irrg information: nume, romparry rromt>, t•nmprrn · nd
clress. type of busine ·s company is engal(ecl in, (lnd Litle or position of 
inrlividuul. 

GENERAL RADIO COMPANY 
30 STATE STREET CAMBRIDGE A, MASSACHUSETTS 

BRANCH ENGINEERING OFFICES 

90 WEST STREET, NEW YORK CITY 

1000 NORTH SEWARO STREET, LOS ANGELES, CALIFORNIA 
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