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ELECTRICAL COMMUNICATIONS TECHNIQUE 
A ND ITS APPLICATIONS IN ALLIED FIELDS 

RECENT DEVELOPMENTS IN MICA CONDENSERS 

prcrise cleetrieal circu ilS 
mica comlcnscrs IHlve. for 
llIany years, pla)cd a ,cry 
illl l:KIrtan t pllrt. Due to 

t tllled c ircui ts. as fo r instance hea l 
frc(juc ncy oscillat ors, where til e Sl lI

h ili ty of ~Hl j ll stmcn t (Iepcllds UpOIl the 
condensers remai ning conS I ~mt. 

their low losscs, Illcy Ilave heen parti]" 
ularl y s uccessfu l in 

The Ceneral il a(lio Compa ny hilS 
felt for some t ime the 
l1eed for a well -dehigh-frcfJucncy COIll

lIlunica tion circuits. 
The t" 0 general types 
u\' u i lahle he re to fore 
IHlvc hecn the vcryae_ 
cura tely adj us ted pri. 
mary 8tandar(ls o f 
~pacilallce and the 
inc;\:pcnsi,-c 1II0ul{lcfl 

lyres which are usu
ally adjusted only ap_ 
proximately to capac
itance ami 8fC lIot 
particularly intended 
for IIscwhcre ll .cira!j. 
just men t orconstanc), 

SI(;NII'ICANT iml,rove mcnl . 
in th~ ,Iesign :",tI m pn"fac_ 
IlJring mclho<lij ha" e re&ulled 
'npnew",i,·poo,,,lc,,ger l,,w. 
ing low 108llCS. Slaloi lil y of ,:a l_ 
iI,ra l ion. lemllera lure com _ 
t>e nsa tion.&lId severalothcr 
fcalnrt)800mmon in oondell 
tlerdoflhe l'rceision_S(an<lard 
IYI'C. Yct Ihe0')8tofthc nc .... 
""it i80nly a lillie more Ihan 
Ihat of the eom mereiai 1)'I>e8 

used n8 grid_ and bY_I,a"" 
condenllCf'II in eXI>erimcntai 

s igned mien condenser 
fa lling betwee n tllese 
two classes_ These 
condcnsers mu st not 
ha "e apprecia hle dr ifl 
will i time, lIIuSt not 
\'ary with at mospllerie 
comiiliOIl t:, mlls t IlIl\'e 

low losses. 1I! Id must 
be adj usted to, a nd 
holl! . a good accu racy_ 

\Vitli these require
menU in mind , l\ l r. 
C reenlen f W. Picka nl 

of ca pacita nce is im portant. T he pre
cision kind is necessa rily (Iui te expen' 
siye and the cllea l:>cr ones ha\'e not 
heen entirely sa tisfactory in ma ny elec
trica l circuits Lecause of their drift due 
to a tm ospheric condi tions and aging. 
This is particularly tTlle in stable 

(ie,'elol:>cd for Ihe Cen
era l JlaJio Company a completely di f
fereot Jille of mica condensers. 

Mica li as estaiJlishe{i it self as O Il C of 
the most effi cic nt dielectric ma tcria ls 
known. It is, howe,'cr, a fa ir adsorbeut 
for wa ter. A thin fi lm o f moisture. per. 
Ilaps a molecu le th ick, will collect 0 11 
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'FlculI.zl.Pholographof.1'Yl't:SOSCo"deoM:r 

the faces of mica and will increase its 
dielectric loss tremendously. In fact, 
the presence of such moisture CHII be 
deteclcl\ most easily II,. the measure
lIlen t of power fa c tor. Therefore. the 
(Iidee •. ric for Lire new condenscrs is ~cpl 
a t a temperature of 300" F. for a con
siderable lillie hefore the mat erial is 
used. It is kept hot from the lime thai 
il is received IIrllii it is buil l into the 
condenser. In pnxluclioll. the mica and 
tile conducting materia l arc kept 011 II 

hot plate duriug assembly 60 tha t the 
elements are hetween 250" F. and 
300" F., thus insuring ,Iryncss until 
they are finall y sea led in tlrcir con· 
lainers. 

The oext problem after the condenser 
is thoroughly {!ried is to keep it in that 
condition. This has been soh-ed by 
placing the assem bly in its case, to
gether wilh a mixlure of silica gel and 
ground cork, and enclos.ing it wi th a 
seal of rosin and bees .... ax. Silica gel is a 
very active desiccatil'lg agent. It .... ill 
adsorh about 30% of its own .... eigh t in 
.... ater and .... iII maintain, in a closed 
space, a relati ve humidity of less than 

0.5%. 

@' C::~. :,:~:~:G'I 
Low-LoS-' ., : 

!.Jake/it.:: Cas.:: ' ........ __ , •. : ••• ' " 

Ab.so,.b.u?t Pap.::;

,8~swCM .. eosin 5<!crl 

FIGURE 2. e ro ... 8<':ction of a TYPJ: 505 Co,,· 
dcn8<': r !howi"g t he method of construct ion 

Theeascs ha ve leSSlhan a cubic inch 
of frce air space. Enough silica gel i8 
sealcd in to adsorb a ll of the moisture 
Il lal ca n be prescnl. in eomplelely sat
uratc,1 air to a volume of 2000 times 
the free ai r in t hc conta iners heforc it 
wi ll sa turate. That is, Illcreca n he 2000 
com plc te changes of a ir due to leakage 
hefore til is desicca nt will be uscd up: 
and this is for air l!lI ving 100% Tela
ti \-e humidit y a t room tcmperatures. I t 
is est imated that it will take l)Crhaps 
fifty years before Ihis much brea thing 
can occur. 

Another mOSI important ca use for an 
increase in I>o" 'cr factor is physical 
damage 10 t.he mica. \\ l cchanical in 

j uries. such as tiny scratches or any 
oliler accident that disturbs the crys

talline structure, .... ill cause la rge di
eleclric losses. Beca uscof this,each piece 
of mica tha t is used in these condensers 
is very carefully iusl)Ccted for physical 
damage. Thus, the two important 
causes for Iligh dielectr ic loss have hecn 
laken ca re of, and, as a result , the con

densers possess a remarkably low phase 

angle. 
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"'IGl II K J. Variation of tbe C& I,aciLa nce of. FleuJlF. 4. £qui,'a lent ret;ila" oe ., •. frequency 
",; CII condenser with prellllllre charaCle ri&licor .400I'l'f1TI'E505Conden&er. 

Figure 2 show8 in cross section how 
Ihe T"Ne 505 Condensers are us-
semhled. 

The only o ther place where some 
electrical loss can be expected is in the 
IJOssiblc absorption or power in the 
mounting ca se or the desiccati ng com
I)()um!. The lat ter is eliminated Ix:cause 
the fi eld in it is essentially :l;ero. The in . 
ternal wiring and termi nal nrra nge · 
lIIellts nrc such tha t the eicclroslIllic 
field through the case is very weak. 

For this rea80n, ordinary moulded 
bakelite could be used. However, the 
added lOBS due lousing a standard bake
lite case can actually be measured be
cause of the low power fac tor ach ieved 
in the coudenser itself. Therefore, a 
10w-1088 bakelite composition is used, 
the electrical loss in which is a fractiOll 
of that in hake lite. Jt is especially COlli 
llOuuded for low-loss opera tion and is 
designated " XN·262 Natura l" hy the 
Bakelite Coq lOration. 

It is wellimown that changes in pres
sure ill a mica condenser will ca use "ery 
appreciable changes iu capacitance. 
Figure 3 indicates bow this change in 

Notet battheelTecloftbe metnl i, illl lKl rlanl 
onlY.l high radio frequ cllcie$ 

ca pacita nce looks wi leu plo u.ed ugainst 
l)Ou nds l>El r squa re inch p ressure as ap
plied to the cOlldeuser s lack. T he Cline 
is asymptotic and has a pronounced 
k nee at approximately 2000 pounds 
l>Elr square inch. Siuce i t is evident that 
changes in temperature will vary the 
pressure and, hence, the ca pacitance, 
the pressure 0 11 these condensers is ad
justed well beyoud the knee of the 
curve where the change in capacity 
with pressure is slllali. 

As the tem perature changes, a part 
of the con trac tion or ex pallsioll of the 
material with the resultalll cha nge ill 
pressure is compcllsa ted for in the COil
strtlctioll of the uniu. Tbe amount tbat 
remains will vary the pre88ure 8OUle· 
wllat, but, due to the fact that the 
change occurs over the flat portion of 
the cu rve, the total dlauge iu capaci
ta nce from this ca use a mounts to au 
exceedingly sma ll incremen t. T he tem
perature coefficiellt of capacitance iii 
le88 than 0.006% per degree Centi· 
grade from 0 to 50° Centigrade. 

As bas beell mentioned previously, 
the electrical 1088 in the condenser is 
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slight. Any condenser can be repre
sented as a pure ca pacilarH:c in 8Cric ~ 
with a resistance " hieh represents Lire 
electrical losses in il. the (:ollll,il1lllioll 

of the resis tance alill t;apacilance being 
an indication of the flO"cr factor. The 
series resist ance represculing the loSll is 
ca lled the Cllui\uicnt series res is tance. 
Figure 4 indicates the "arialion of this 
resista nce" illl frc(prency. 

The curlles sIlO'" how tire IOSbCS di
vide bc lwcCll til e IIIclul parts of II IlPi
cal Tn'~; 505 Couucnser lind the mica. 
Heca use of the fa c i that in solitilliclec
tric condclI!Jers H. wC is al)pro)[ imately a 
con;Hllnt, the c(p,halent series rc
sis tance duc 10 the mica alonc.lropsoff 
nearly in\'cr~l.\ l) a8 the frcI llIcncy for a 
gillen ca pacillUlcc. This s l raiglll-lillc 
relationship hollis as long liS the losses 
in Ihe metal or colHllIc ting" pllrl s of the 
cOl1llenscr are negligible. lI o"c,cr, III 
tile ,-cry Iligh frcq ucncics (ahovc 3 
mcgllcyeleS), the mclil l losses. which 
lire duc to the cdlly current s ill the con
ducting anti supporting matcrial. and 
to skin cffect. hecome apprccillble liS 
compare{1 \Ii th the (Iidectric I06S ami 
t llc cun e of Ille toto l eq ui vll ient series 
resistllnce begins to curve up" IInl agllill 
IIbo'e LO IIlcgoC) des. These cun'es 
,",ere taken on II s lock condenser lUI, ing 
a capacita nce of 100 IlIlJ and a power 
fu c tor 111 1000 IV'Ics of O.O~%. 

l)ut:1 IlIken on II brge 1lI11u\.er o f 
l.'OlII lensers llal e PI'O\ C II thc T\I' ~; 50i) 
Comlenscrs to he re lllllrkailly uniform 
in dlaracleri s t ie~ . The l)Ower factors 
are "cJlllllllerO.Oi)("( . Thc 1)O"er fuclor 
of all condensers is eheeked al Ihe fll e
tor) at 1000 cyc l c~ II l1d , as " illl,e HOl ed 
from Ihe clln -e in Figure I. "ilillot lle
parI apprcciabl) frolll this \ lillie for 
an) frC(lucne), untle r 2 lIIegacyd es. \ 1 

30 lIIegllcycies. Ihc l}t)"er fac lor is ollly 
0.7C{. Tile 1)O"cr fllctor is IIlell sllrctl at 
room Icmperalure. II chan ges "i lh 
lellll>craturcs so Ilml for an increase of 
l i o C. Ihe 1)O"cr faclor llouhles: for a 
d .. ,'t; rCllse of n° C .• il li llhes. 

The s tritol SI>Ct; ificlltion for free(lolII 
frolll drifl has !Jeell IIICt udeqnale1)' io ) 
Ihe " unl y IIICl"hani('a l construction 
a nd a lle;;.ign Iha l esscnliallyel illliliales 
cllanges llue 10 temperalure anol 1111_ 
mi{lit)" 

T esl s ill our luhorntory for a pcr iOtI 
o(o\-cr si.1": IIIOll tllS 111I1-c indic li led tl11I1 
tile Ilrifl "ith till)c o f both capi.ci ly 
ami I){mer fa c tor is e lllirely negligible. 

-1\ . E. - I ' III E;;: ;;: ~:N 

'1\ I'E 505 Condensers are l1lade ill 9 
sizeila nd each is 1ll0lmletl in a bakelite 
case 21-i inches long hy J Ii indIes" itle 
:md I ill l"h high. 

l\fa.~i", .. ", 
Type U.,>acif011Ce ,:'fGi;!i; Peak VoI1a&e Code Word Pri.:oJ 

505-A 100 1'1'-1 10 % 1200 voh~ $3.50 
505. jJ 200l'l'-f 5% 1200voll& 3.50 
505- E 500 ",,£ 2% 12001-0Iu :1.50 
505-F 0.00 1 1'( I ~ 7OO\'0Iu 3.50 
5O:;_G 0.0021'£ 1<:"0 700 " olt~ 3.50 
505-K 0.00:;1'1 1'0 500 vol ta .1.00 
SO:;.L O.ot , f 1% 350 "olla -1.00 
505-~ L o.re , f ICO 350 ~olu .1,00 
SO:;·Q 0.0:; , f 1';0 350 voh. -1.50 
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A COMBINATION MONITOR AND FREOUENCY METER 
FOR THE AMATEUR 

Tbe 'fyPIl S35-A "'r~l\lency Mele .... " otl;lo r 

DL(:;II:::~~~n~:a~~li~il:~: I~e~~:ea '~r fr~~ 
lad .. of confi llcnce in the s tability of 
their hOUle-made (rc(plCuc), meters. 
amat eurs in increasing IIl1mher arc at· 
tempting to ope rate dlc ir transmillc ril 
b} sc ltillg Ihelll 10 a fre(luclley "(jOrnc· 
"here nca r Ille middle" of cad. am a
leur bam!. This condition lends to ag
grll l'ate Ihe a lready &cl'ere interfe rence 
present ill 111061 of these bands. 

\lany a mateurs whose transmitte rs 
are c<p,ipl:teti with (Iuartz-crystal con
tro l or \Ii l h Oilier j:lov. er-amplifier COIll
billlltio lls with oscillators of compara
ti vely hi gh s tability assume that pre
cise frc{llIcncy.rneasuring apparatus iii 
not rC<luircd . Since lIIallY amat eur 
I>o\\ er O8(; illators are operating in a 
highly regeucrative s tate, it is COlli par-

ati,ely eas), for these amplifiers to 
oscillate. emitting s ignals which may be 
far outside of tl lC ban~1 in which they 
were intended to fun ction. In add itioll, 
trallsmitters, evcn of the I>ower.ampli
fi er lYI>C, when ol>crating near the ex
tremities of an)' ama teur banJ, ma y 
cuily drift oul of tile Land through the 
normal shift in frc<luellcy caused by 
changes ill tellll>crature, supply "olt
age, and o Lher effects. The ama teur 
e(luipped with an accurate heterodyne 
(re(llIeney me ter is able to opera te on a 
(re(luene)" away from crowtlcd I>ortious 
of the band a nd to set his tran!!ll1iller 
an),where within the Land. 

For these reasons C enera l Rad io feels 
tha t a ueed exis ts for an amateur alld 
experimental heterodyne.type fre· 
<Iuenc), meter, the characteristic8 of 
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which are such dial the instrument 
lIIay be used over comparal i,'ely long 
I>criods o f lime without reca li bratio rl . 

Illherently, the ColpiHS oscilla tor is 
probably the most stable of a ll the com
mon oscillator ci rcllilf~. Tlli8 circuit , 
Ilowc \'cr, must IJe pro\'idcd with addi. 
tional stabili ty IJefore it ca ll be used as 
a heterody ne (re.!uency meter of rela · 
tively Iligh precision. If the electron
coupled circuit is nppl icli 1.0 the Colpitis 
aut! if voltage Siabili7,lllion ill secured , a 
frc<lucncy meier well suited to amateur 
and experimenta l use ca ll be designed. 

In the past, amateurs have made use 
of hOLh a frequency meier to measure 
(rc<lucIlCY and II se parate monitor to 
check the character o f IIcl uallransmis
SiOIl8. The nced (or t wo instruments ha s 
been due to the fact tha t, when suffi· 
cient coupling to the transmitter iii 
secured to use the fre<lucncy meter as 
a monitor, the ca libration o f the fre
quency mctcr is impaired. In a new 
Gcncral Iladio instrumcn t the functions 
of both fre(luenc), meter alltl monitor 
are succelllifu lly combined, since thc 
electron-cou pled Colpit ts ci rcuit doos 
not a ppreciably shirt in frequency wllcn 
coupled to an external load. 

FREOUENCY STABILITY 

For a mateur use, certai n fac tors 
wl.ich contribute to the absolu te sta
bi lity of a heterod),ne frequency meter, 
such as temperature variations ovcr a 
wide range, aging, changc in tubes, 
mcchanical shock, etc., may be disre
garded since the ca librll tion of a n ama
tcur frc<luency Ille ler llIay he checked 
vcry rcad ily when any sucb factors 

Undcr norlDal conditiOlls of use, the 
General Radio [re<!ucllcy meter will 
have a working stabilit ), as follows: 

Voriable 

t~!'~r.art:se 
Teml>erature 
II cucrVoIu.ge 

/(m.¥ 
·\.5. 112 Voh~ 

. "±S" f;. " 
.±20% 

P<JrU~ 
Million 
012000 

Ki/ocycl~ 

25 
5 

500 
10 

The total de\' iation (lle\·ia tion capa
bility) of 540 parts pcr million rcpre· 
sents the maximum to he encount ered 
undcr norlllal operating conditions, 
wilen a ll of the \'ariablcs cause a de\·ja
tion in the sa me direction. The dcvia
tion ca pability of amatcu r heterodyne 
frc<llIelle), meters has bee n grollli ly d is
regarded ill rati ng the accuracy of such 
devices in that lIIan), fuctors ad\'ersely 
affecting tbe fre(luency stability Ilavc 
becn ignored in or<lcr 1.0 claim grea tcr 
precision. Practica lly, it is oln ' ious that 
va riation in " B·' supply \'olt age from 
11 2 to 45 volts wi ll /lot be encoulltered, 
90 to 67% representing the probable 
ma ximum. Also hea ler volt age va ria
tion of 20% woultl result in the equip
mcn t being ol)CratetJ ill semi·darkness! 

The Gcnera l n adio freq ucney me ter 
is designcd to operate 0 11 a uy fu nda. 
mental frequency bCI~een 1700 and 
2000 kilocycles, Ihis frequency range 
being spread over 265 di visions of the 
tUlling dial. The meter is sufficiently 
rich ill harmonies t,o be opera ted in 
an)' o f the amat.eur bands up to the 
highes t. 

To enable the user to read tbe fre
<Iuener as precisely as possihlc, the 
mcter is equipped wilh the 6·inch 
General n adio TYI '~; 706-A Precision 
Dial ha\·ing 300 di\·jsions. By mea ns o f 
the glaM magnificr it is possible to eui
mate accurately the setti ng to within 
1/ 5th of a dial di\' ision, or to witbin 
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250 cycles in the 1700- to 2000-kilo
cycle band. Th is precision of Betli ng is 
better than th a t which can be obtained 
wil h the IIsusl loo-divis-ion dial and 
true \crnicr indicator. The precision of 
Be llillg is further enha nced due 10 tile 
usc of 11 din l scale \I hich is indi vi{lua lly 
engraved (n0 1 etched or stamped) or a 
precision divilling engine. 

The meIer is supplied wi lh II cali lJra
lion chari , the IlCllings for thirteen fre_ 
(lucncic8 ill tile 1700· 10 2000-kilocycle 
hand being determined from the Gen-

eral n adio primary standard of fre_ 
quency. which is accu rate to better 
than one part in a million. Additional 
ca libration charts to assist the user in 
rcca libra ting tile me ter from standard· 
signal transmissions, a nd I\\'ch'c cali
bra tion cu rve sheets to which the user 
ma)' tra nsfer the ca libra tion data . are 
furni shed with each meter. 

The meter costs $12.50 a nd is known 
as the Genera l Hadio Tn·.,: 535·A Fre· 
(Iuency M eter.Monitor. 

A NEW COIL FORM 

For use IJ) la bora tories. amateurs. 
and exp.cri ment ers in medium 1>0 \1 er 
osci llat ors, tra nsmitters. and IlO\\er 
a mpl ifiers a nced exists for 11 com para· 
ti\ cl) simple induc tance form of 101' 

loss and 1II00Icrat e price. 
The ne" Ceneral Hadio THE 677· L 

Coil Vorm "as designed for this pur· 
I>OM!. This form is of moulded l.IOree · 
lain luning six hea\) ribs. The form is 
2'2 ind Ies in ou tside dilllnet cr. Pig 
inchcs long. a nd has t" cnt )' V·cut 
thread s OCCIIP) ing a space of 3 inches. 
An)' size wire up to No. 10 B. & S. 
ga uJ:!e n lll ) he used. T" enLy lurns with 
a 500·mieromicrofarad varia ble (.'On· 
denser "ill co\er the 160·meler am8· 
teur hand. 

To facilitate use in circui ts " here 
<tuick change of inductance is tlesired, 
tile coil ca n be supplied "ilh plu g and 
jack plates of moulded I>orceiain . In 
amateur and eX llCrimelital transmit· 
ters these form s arc suited to usc in 08' 

ci ll ator, hulTer, and a mplifier circuit s. 
Plate and grid or plate and antenna in· 
tluctanecs may be wound on one form, 
proper connections being possible 
through the se\'en plug and jack ter· 

minals. fl oles at irregu lar interva ls are 
provided a long the length of one rib or 
the form to allow easy termination of 
coils. 

The complete asscm lJly (801d sepa. 
rately as desired) consists of a TYl'E 
677 · U Coil Form (35 cents), two TYPE 
677·1'1 Coil Form Spacers (15 ce nts 
each). a TYPE 678·P Plug Base wi th 
seven T\'I>E 274-P P lugs (70 cents). a nd 
a TYPE 678-J Jack Base wi t h se ven 
TYPE 274 -J Jacks (65 cenls). 
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NEW PRECISION DIALS 

SE;t~~I:~CI~:8ce:;C G;~:~::~ill~a:l,i~ h ill~ 
new type of dial. 

The new d ials arc dis tinguished II}' a 
811100 111 friction slow lIlotion. An in
terna l d rive is used so that the dri\ing 
knob rolates in the sa me direct ion as 
the dia l. The black bakelite central 
portion of the dial is stationary. 

The sca le is carried on the nickel
plated moving rim. Di"isiolls are CII

graved 0 11 a di" idillg head and arc thus 
accurately spaced a nd ident ica l in 
width. 

T he dials are easy 10 1I10unl , re
quiring ollly olle hole in the pancl in 
addition 10 the instrument sha ft hole. 
The new dials a rc made in four-inch 
and six-inch diameter "illl ]80· lind 
270-dcgree sca les. 

Two other accessories arc shown ill 
the accompanying il lustration. The 
l'Yl'E 520-A Dia l Lock ca n be mountcd 
at the cdgc of the dial and ca n bc used 
to lock the (Iial securely in pos ition. 

Di"l &'1, Di"m. 
'f ;ope mom. Arc Dil~ . of Knob 

70·l·A 4 in. 180" 200 ] I"\i in. 
70~· R 4 in. 270· 300 I M in. 
706.A 6in. 180" 300 
706·8 6in. 270" 450 2 in. 
519·A 
520.A 

TVI'! i06-A Dial with TYPE SI9·A Lens and 
1\,,£ S20-A Dial Lock 

This is dcsirll],lc whcn thc instru ment 
is to bc use(1 a t a singlc sctl ing as 11 

fixcd sta nd ard. 
Thc TVPE 519·A Lc ns is mounl c(1 

abo\'c thc indica tor lInd servcs to in· 
crcase the accuracy of SC I ling a nd 
readi ng. The felliurcs of tbe dials and 
accessories are summarized below. 

Appro.'IC. 
Reduc. CoJ, 
Uatio Weight Ward PriC(' 

J:6 10 o~. 57.50 
1:6 JOo=<. 7 .50 
]:8 180"'. ' .00 
1:8 18 oz. ' .00 

1.50 
.75 

THE GENERAL RA.DIO COMP A.NY rnaiu the Experimenter, without charge, 
each month 10 engineerlJ, scientUf5, and others interested in commun

ication-frequency measurement and control problems. Please send requests 
for .ubscriptiollJl and address-change notice& to the 

GENERAL RADIO COMPANY 

30 State Street - Cambridge A, Mauachusetts .. ~;::. 

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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