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A·C OPERATION FOR 
TYPE 613·B BEAT ·FREQUENCY 

OSCILLATOR 
• THE TYPE 613 · 8 BEAT · FRE · 
QUE N C Y 0 SCI L L A TOR , a low-power. 
ballcrY-(lperatcd ins trument. has had a wide 
IISC in laboratories. Small in size and simple 

in operation. il is a convenie nt ins trument 10 use for laboratory ami fi eld 
tes ling. l\lan ), users, ho\\c\Cr. ha \'c fe lt a l1('ed (or R-C operation Ofl hi8 
oscillat or. particularly in pe rll lll ncnt ins ta llations. 

To sa tisf) Ihis demand. lIe have dc,'clollCd the Typt: 613- PI I)ower 
Supply. DCI'igllcd specifica lly (or use Ilil h the TYI'~; 613.n, Ihis power 

FIG I HI!. I. The Tn'" 613.11 Bt'al.Fre<lucncy O$cillalor ... ilh TnK 613·PI 
I~o .. cr SUI)I)1 y in$latl"d 
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Fua HI; 2. Schrmali<: diag:roll1 or the >ol1age 
'.-:,;"ll1lor 

IIni. fils til\' haller~ compartmen t of 
III(' o5t'illutor and need lIot be rlerma­

nentl) ins talll'li. The shift from balleries 
to a -c supply and \'ice \'eraa can be made 
in a {{Ow seconds, so that the QSl;illalor 
call be used with a-c supply in the lab­
oratory and 'nith batteries in the ficl{l. 

Figure l is a photograph of the l}Ower 
supply unit itself and Figure 2 shows it 
itlstalled in lhe oscillator ca hinct. On 
recent models of lhe oscillator (Serial 
No. ,102 and above). the ON -OFF ii" itch 
is arra nged 10 break: the a-c line fcedi ng 
the power su ppl) . On ol(ler modds. 

where the panel sw itch breaks only the 
fila ment ci rcuit. the plate supply can be 
IUl'Jlcd oIT L) using a switch prov ided on 
the Tn' I'; 6 13· P1 Unit, or a ncw switch 
ca n be inswlled in fhe oscilla tor by the 
user . 

Thl' ('i re llit of the power suppl y uni t is 
shown in Figure 3. In the low-vohage cir · 
(' (I i t for suppl yiug the fila men ts, a coppe r · 
oxi de rectifier \Iith ade(luate filterin g is 
Ilse(1. The usual thermionic rect ifier is 
used ill tile high.voltage c ircuit. 

One importan t feat ure is the built·in 
\'oltage regu lator which keeps the out· 
pu , \·ol tage {'Oil stan t o \'er a wide range of 
line vollnges. This is a vacuum ·t ube tY I)C 
of regulator an d is shown in sim ple form 

in FjO'ure 4. \Vhen the ratio R2 is made 
'" U. 

equal to the am pl ifica lion consta nt of the 
vaeuum tube, const ant voltage is ob· 
tai ned at the ou tput terminals (or a wide 
range of input voltages. Uy mea ns of t he 
bias eg the output volta ge can be ad· 
jus ted to the desired val ue. rn the T Y PE 

6 13·1)1 Power Suppl r. the bi;!s eg is ob­
ta ined (rom t he const ant voltage drop 

F'CLII" 3. Interior lil'w of the T n'K 613. 1' 1 Power SUI'ply 
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across the neon lamp, 1'-3, and is adjus t­
able by means of the slider on R·7. 

E .. ..-ellent \ollagc regulation is pro­
vided by using this system. With the 
norlllal load of Ihe '!'WE 613-0 Beat­
Pre(llIellcy Oscillalor, t he oul pu t ,'olta ge 
varies be t ween 13·[, and 137 volts for a 
lille voltllge range of 100 to 130 \"olts_ 

The line-frequency hUIll le\'c l has been 
kept low by using adequat e filtering and 
by pro\' iding lin elec trostatic shie ld be­
tween the primar) and second ary wind­
ings of the power trans former. The hUIll 

3 EXPERIMENTER 

amplitude appc:lri ng in the oscillator 
output is less than 2 millivolts for 11 11 line 
volta ge and frequency combinations ex­
ce pt 120-1 30 volts, l2 cycles. where it 
rises to 3 l11ill iv01ls. This is equ iva lent to 
about 0.01 % of open circuit ou tput 
,'oitage. 

This instrument will operate on a ll 
line frequencies bet ween 40 and 60 
cycles. Total power input is approxi­
mately 15 wailS. 

SPECIFICATIONS 
Output : 2 volle, 0.3 a and 135\"01I.<;,8.5 I11a . 

I nput: 15 waUsat 100 to 130 volls, 40 1060 
cyck .... 

Tubes: One6X5,onc6C5,oneT-4~ "eon 
larnp. All IUbc;s ~re aU llplieJ . 

M 0 u n II n r: Sheet aluminulI1 fr ame and base 
10 lit b"lIery OOmpuLment of Typ.,; 613.B 
Heat-Frequency OiICilialor. 

Term I n a Is : OUlpUI vohage~ are avuilable al 
terminals for connecting blltterr, leads of 
Tn'''; 613-H Beal.Frequency Osclllalor, 

Other Acces s ories Supplied: Lincoord ­
and_plug assembly; spare fu !l{'~ ; spare ncon 
1~ll1p. 

Olmen s i nns: 13~ :c8U"2% jnchet!,o,· er.atl. 

Net Wel,hl : 12~~ I>ounda. 

613-1'1 I'QWI'ACKAN T $iO.OO 

F1GUI< ~; I. Comptele <;irclI; 1 di Hgnllll of I he '1'1'1'1( 613· P I Po"er SIII'I,I} 

Il5V 
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GENERAl RADIO 4 

THE BEHAVIOR OF TYPE 505 CONOENSERS 
AT HIGH FREQUENCIES 

, 

• MUCH ATTENTION HAS BEEN 
o IRE C TEO to the de termination of the 
frequency characteris tics of fixed and 
variable resis tors and of va riable capac­
itors I.Iecause these elements are most 
generally used as impedance standards. 
Correspondin gl} precise information on 
the frequenc) characteristic;! of fi.'lcU 
capacitors haSllot been readil y available. 

A brief description of the beha\"ior of 
'1'\'1''': 505 Condensers at frequencies 
from 50 C) ciC IO 10 ) 0 \I c see ms ... arr8nlcu 
in vicw of the u.ses ... h ie!' llI any experi. 
menters nrc no\\ making of tbese capac· 
ilors in I,igh.frcquency circu it s. 

ANAlYSIS 
Ln theory, a ped ect fixed ca paci tor 

would ha ve a pure unvarying capaci­
tance. wilh 110 residual iu(iuc lancc and 
rcsistllllce. In pnu·li."c, of l'ourse, Buell a 
ca pacitor calUlot be physically rea lized. 
An actual ca paci tor has a true capaci. 
tance which \aries vlith frequency in ex­
actly the sa me manner as lloes the di­
electric cons tant or the lIolid dielectric 
between the plates; it has a residual in­
ductance caused by the lIlagnetic flux se l 
up by the currents in the leads and 

plates; it has energy losllt.'S in the solid 
die lectric material and , finall y, it has 
cLlergy losses in the IIlc lallie s tructure 
and in the leads. 

As in the case of the \'ariahle ca l,aci­
lor,· a fixed mica capacitor lIlay be rep­
rCSClltcd by the equivalent circui t shown 
in Figure I . 

In this figure, L represents the resid­
ual iuductaliCC of t be capacitor, U the 
effecti ve series resistallce corresponding 
to losses in the meta llic s truc ture, G the 
effecti ve p:lralJeI conductancc corre­
s rlOmling to losses in the 80lid dielectric 
material, and C the true capacit a lll:e . 

The true capacitance, C, as predic ted 
by llle Debyet polar molecule tbeory, 
should be esscntiully consta nt for fre_ ~ 
quencies up to a transition region in 
which a decrease in the llielectric COIl -

s tant and a peak in po .... er (actor take 
place. Tbjs tralls ition regioll for mica ap­
rarently is absent or occurs a t very high 
frequencies as no such shirt in dielectric 
constant is observed in the region be­
t\\cen 50 c)elt."II and 10 \ Ic. A slight in. 

'R. }'. } .. Id • .,.1 I). II . !;Onc"' •. ~ A Method (00" n~, .. _ 
m'~'''. , he Reoidu.l l"d"",._.nd Ueo .. , ... o • .,r. \ . , •• ble 
Ai< Conlkn ..... , R.d", .·w,,,cncieo. - P,_d,«p of ,IN 
I.R.F... F~bnJ"". 193::'. 

IF .... . n . m!totit .,,,·e red .... of ""u 'e ... ' ..... " L .. " .. I<,I I~ 
o( d~l«tr" I",hu;g, . ...., .;. J . Mu,/'ltl . .. ,1 8. O. M ......... 
'"rite DitJe<,, ";" I''''"~''ieo o( In.,, . .. ". M."" •• I •• " 11. 11 
Sp .... ·' ..... Iuoi,,"' ,_,_I. o.:t"I~. 1937. 

L • 

C ~ G 

r,CU IlK I. E<'''' ' ' ulcnl cuc", 1 Or • fi\e<:1 nltea 
cllpaei lor 
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crease in effect ive capacitance oceurs at 
low audio frequcncics, howe\'er, becausc 
of dielectric absorption. 

The resid ual conductance, C, varies 
" 'ith freque ncy in a rathcr complicated 
manner, For mallY good solid diclcc tric 
materiuls it has becn found that thc 
energy loss per cycle per squarcd po­
tential gradient is essentially constanl , 
irrespective of frequency, uud that the 
conducln nce, C, therefore increases lin ­
early with frequency·. While this simple 
law holds very " 'ell fo r variable capaci­
tors ha ving ceramic or quartz insula lioll , 
it breaks down for fi xed mica ca pacit.ors 
such as the 1'Yl'E 505. Atlow freque ncies, 
losses callsed by absorption current s ap­
pear to predomina te, and the <:onduct­
am:e, C, has been found cX l:terimcntIJll y 
to fo llow the law 

C = J.·w 1- n 

'The P<>"'~' 100. ;. .'"'''' by va. If 'he ""'''11 100.0 "". 
cycle io ""n"a .. '. ,he '0, . 1 """' IY 1_ 1>'" ...,.,,,cl i, dir«, I, .,...,pot,..., ... 1 ,0 ft.""" . ..,y .• "cl ,I .. elf""""., ."ncluc,on<:e. 
G, i"""" • ..,. Un,,",I, wi,h f"<1"''''cy, Tbi, , .Iui"n ... oy 0100 
he d.,i~~ from ,he mot" ""' ...... "n ".,,,n,,,,, ,h" Ih., lou 
r •• ,,,, (pOw"" fae'or X cli"""'",,, "",n ... nl) io ""," ... ",. 

C C C G I I .... r,etor _ -X • _ _ x- ---
",C wC Co .. eo 

",b,,~ E;' Ibe die""" . ;" "" ....... , . , '''1 f'"'I''''''''' . "cl c" 
,he c' I.,d .... "" which ,"'ould ..,iol ror . _ I . 

5 EXPERIMENTER 

wherc /I is approximately equal to 
0.2.t A t higher frequc ncics Ihc eOIl ­
ductance, C, increases li nearly wi th Ihe 
freque ncy.t 

The power factor cOllll)OlIcnt con­
tributed by t.he dielec tric loss is gi\'cn by 

the expression .£. At low frequencies we 

varies wi lla 

factor cOlll l)Onent thcrefore 

frequency as 1 and at hi gh 
1" 

frequencies the power factor cOllll)OlIcnt 
is CO l1stall t. 

The residual inductancc, L, is con­
stant \\';Ih frequency. It introduces a 
component or positi ve rellctauce ill serics 
,>'itb the nega tive rcnctuncc of thc true 
ca pacitance and consequently cuuses thc 
effect i,-e termi nal ca pacitallce C. to de-

ts.:.:, ror i"., • ...,.. IJ . J. M'e~. " I'o .. ~' Lo .. i .. I) i. 
eke"..,., V • • i, ,""'. with ~'<'O</,",nc1." PIo)"'. II .... , V,,1. 21 . 
No. I. I'. S.J, Juu .. y, 1923. 

lA ' • .,.y 10 .. · fr"I ~. ~ci ... , rurl"", rom"",,,,,,, of 10.0 i. 
i",rod"""d I.y 110" ,e,ual k,k"" """cluel.n.,., ,h • .,u,h ... cl 
.... ~, ,he .u.r ...... r , he ... lirl di.le.o"k. $""0 ,be I.,.k ••• 
"""d"""n<:e of T .. ~" 505 Con .. "" ....... "f ,he orcl", .. r 
0.0005 10mb<> PC' .nierof ... d. ,hi, low io .,..di .... Uy n.,. 
li,il>l". 

FIGURE 2. The elTec tive CUl' lOCiltlrtce "alue~ for four s tandard T YPE 505 C()Ildcn~r$. Si nce the 
low-frequency ri se in callacitunCf: would Ilot he no ticeable on a plo t LO t hi~ Bcltle. valuCi! hc low 

10 kc are n(}! shown 

I 

i 
~ to,f------i----f-i--l-Ii-li4-------f---l--I-i-i-l4-Hf------+---i---f-l-tjf+iH • , 
• : Is f------i----f-i--+-+i-+1i-------f---+--+---i-++-Hf------+---+---f-+-+1CV+1 
~ , 

I 
.+----f--4-4-+++++f----4--+-+-f-~~----+--+_+~~.H 

'.~.::-, -LJ...lJ..lJll,~b.::-, _L __ JJl 1 4\,.::-, _""'av;;!;;;;!a~:i!~~,,~ 
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GENERAl RADIO 6 

p(lre f"(11 11 t he true capacitance. C. at 
h igh f,'c(I'".:ncics. 

The resi(i ual rcsis tallce. Il . eOlilrih ­
lites a negligibly SlII a ll loss a t low fre­
q uclH:ics si nce it is in scries Ililh a high 
ca paciti ve rCHl;tnllCC. As the {I'C<IIICIiCY 
incrcuses. ho\\cvcr, the ca paci t ive reac ­
la nce Ilrops ill relation to the residual 
rC!;li~ lancc and the po\\cr factor com­
[Wile n \ cuntribuled by meta ll ic lusStls 
firs t hc('olllcs comparable with and fi­
na ll y exceeds the COIllIWlle llI contrihu ted 
h} dielectric losses. The power faclo r 
cOIII I ,oncnt corresponding to me l,a tl ic 
loss is givell by the expression HwC •. This 
l'Ollll.l< lI1Cl11. ac t ullll}' r iStls rnore rapid I y 
tha n the first power of the frc<luc ll cy be ­
cause of sl..in c lTcct in the me ta l par IS 
und becausc C. incrcases wi lh frequc ncy, 

MEASUREMENT 

A plot of the cffecli\'c capacL lU nccs o f 
four s lalllhmi TYI'E 505 Condensers as a 
fu nl,t ion of freque ncy is ShO\\' 11 in Figure 
2. The cupacilatlces r ise s li ghtly at loll' 

"'The C' I'."'"'''''' ".., a, 10 .. r"'"".,"', .. .. . "" . ",.11 ,,, I", 
v ",~ I. on 'he ,>10, or t·".'MO: 2. '1''''' '''''';. _ .. ,;. Uy ,f>,. 
.. " '" (m . 11 (0'" e'i>'~;' ''''' . .. J ammon!. '0 abot, ' 0.1 "",r 
. t 2000 <·rd~. 0.2 "",r .t 100 "yc",". 0.3 I'J'I ~ ' 150 c)d"". 
0 . .\ "",r ,ot 115 c) <b •• ",IO.5,.,.I.t 5O,,)·~k . .. -"I, tI'e cop"e . 

o , 

frequelH.:ies, '" re main COll s t:\nl fo r me-
diu m fre(luc nc ics. ,lIId rise sharpl y at '" 
high freq ucncies. The rise at high (re· 
llucncies depcnds upon t he residu a l in­
ductance, L . which cu uses lhc cffccti vc 
Icrlllillal capaci tance 10 follow the law 

C 
C. = 1 _ w2!..,C ( I) 

Equal ion (1) shows t hat the frae· 
tio na l rise in ea pacil.ance at higb fre· 
IlIle neies increases wi th Ihe true ca pac· 
ita llce C. From the ex periment a l curves 
it ca ll lJe seen that this law ho lds true in 

general. The 1000 /A/A r capacitor shows a 
rise of l% a t a freq ucncy o f 2.2 .\I e. The 
100 }J}J f capaci tor docs lIot risc 1 % until a 
frequc ncy o f 7.2 1\ l e has bec n readied. 

Fro m the incrcase ill effee ti\'c capaei. 
tance a t high Crequencies the \'alueof the 
resililial inductancc may be deduced. 
M a): illlurn precision in dt!l.crminin g the 
induc tallCC is Sl.:cured by p lott ing, io the 
form of a s traigh t line, da t.a taken at " 
scveral freq uencies. 

Fro m Equation (I) 
1 1 
-= - - w2L 
C. C 

••• ,,""- .. 100 kc •• k~Q •• "f .. ~"..,.. '1'"" '~_Q ,h ... 1Mo 
COj'O~".'''''' ,i.., .. "01 ,J~I ",,"d~n' ~""" Ihe . i .. of ' he 
co ... ci"'~ •• ,>j ..... ,,, b" ,hot. 1"1" " 0" of ,I", .1000<,,,;,.,, 
;. ill d •• ,,,I.., ... LokeJi'" """ •• ~01i"1 eOlllpounJ •. L"d 
,,,,,i.l,,.1 o",i"u,,,. an,l , .. " in II", "''''. ' 

, ....... -
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FHa III> 4. The ~ Irlli g hl . 

lin .. 1,101 from "hich Ih" 
inJncllln-x of lh" 1000 ,.,. r 
(''' I,aeilor ... ! oblained. 
The poin l ~ aho .. n Hr" 
IhOoO<: delcrmincd c:<pcri-

m('nllllly 

7 EXPERIMENTER 

---., 
.. -
,;:-

,n 
,., 
n, -
.. , 

{-. i.-.. - .-. .....-,. .- .. -~ -
-

Therefore, if ....!:.. he plotted as a func­
C. 

lion of ",t over the frNluene) region 
......... for which C is constant , a straight line is 

o btained . The intercept of tbe s traigh t 
I 

line with the ordi nate axis is equal to C 

-

and the slo rlC is elluul to L. 
Figu re 4 illustra tes the eX I>crimen tal 

s tra igbt . line plot for the I(}OO Jl.JI. f Tn'E 
505·F Condenser. From the precision 
with which the exp~;rimcntal l10inl s fa ll 
on the s tra ight line. it is clear thut the 
implicit assumptiolls that L ami Care 
cons tant ri ver the freque ncy ran ge are 
\ al id . 

The \'allll's o f C oL taincd fro m the in. 
terce pts check the 100 kc c81lacita nce 
\ alues ... ·ell ... ithin the prel'ision o f Ill('as· 
urcrncnt. TIIf' values of residual in_ 
ductance formed for the fo ur capacitors 
arc all sen8ibl) e{lua l as silo ... n in the 
followi ng table: 

Type u 1fX1ci/(lI/Cf! IlIIlucla l/O! 

505-A 100 Jl.pf 0.055 ph 
505·0 200 plJf 0.053 IJh 
505-£ 500 plJ f 0.05 ~ ",h 
505·F 1000 plJf 0.050 ",h 

........ 

This close agreement. despite Ill(' di f· 
ference in ral ed ea IJU('itaIlL"e, is take n 10 

mea n that Ihl' induct uncl' is large!) 10-
calizerl in tlte leads to till' capacitors. 

C un-es of the I){)\.cr fnt" tol'8 of Ihese 
ca pal' itors are &ho .... n in Figurc 3. The 
gl' rleral expression for po\\cr factor lIIu8t 
indude a factor ... hich e~ presses Ihe lIi­
cle('lric loss a nd a fael,or " hieh e~ preS€Cs 
the metallic losl!, as folio .. .. 

G o - - C + R.C, (2) . , 
The fi rs t ('olllj)(lIIen t corresponil li to 

the dicleClri{' loss. \, .crr 10\\ fre_ 
quencies the c..'O llductance. C • • 'ariCI! up. 
pro ~i llllltel ) as .r'~' The 1)ll\'Cr f;wlor 
component. there fore .• 'arics as I r ·t . \ t 
hi gher fre(luclwies C va ries (Iircetl) a s f 
and tile po\\cr fnClor component is COll ­
stant. 

Tile second COIIII){)l1enl corresl){)luls 10 

Ihe me tallic lOllS. At high fre{lu(, lIc ies, 
... 111:re it OOCOIlICS lIpprcl'illblc compared 
\\ilh the dielcc tric loss c01l1l1Onelll , sk in 
effec t in the me tal parlS is essellliaU} 
comple te and Ihe residual resis tance, R, 
va ries approximatel) as f l. The pO"'cr 
fa ctor coml)()lJent there fore varies as fl. 
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GENERAl RADIO 8 

EWlUlion (2) silo"" tha t the power 
fac tor rise a t high freque ncies varies di­
recti) as the effecti ve cll p acitllm:e C •. 
The !'un os of figure 3 a rc seclI to bear 
out Ihis genera l law. The power factor 
of the 1000 p.p. f condenser begi ns 10 rise 
at n frequency of about 200 I.e. The 
I)()\\cr factor of the 100 iJ.!' f condenscr 
d(H!S !lot hog-in to rise apprecia bl y un til 
the (rc{lucncy reaches 5 iHe. 

The residua l series resislluH'C. R, 
ca using the hi gh-frequency power fUc lor 

rise. is roughl ) the sa me for all four ca· 
pacitors. I t is therefore bc lic\' cd t! I reside 
largely in the leaus from tJIC capacit or 
binding posts to the capacit or plates. 
The maf:,'1JilUde of the resistance ca using 
the r ise is slIlall, about 0.003 n a l I Me 
and 0,008 11 at 10 1\ l c. It is difficult to 
reduce this resis ta llce because. when 
skin effect is comple te, the resistance is 
proportioJla l t o Ihe I! Ullerficiai area of th t: 

leads and not the crO&ll -sectiOll a l area. 1l 
has been computed that. in order 10 re­
duce the resistance by a factor of 10, it 
would be necessary 1.0 use leads consist· 
ing of ~·ineh copper rod or tu bing. 

The power factors of all four ca paci. 
tors arc seen to follow t he general trend 

predic ted by the foregoing analysis bUI 
Ihey arc trans lated ill a vertical ,Ii rec· 
lion. This e ffcet is partly caused by 
losses in the rellow bakelite case, in t he 
sealin g cOllq:wmnri, and in residuallllois· 
lure. In each ca pacitor 2 to 3 /.I/.I f of lhe 
terminal capaci tance occurs betwccn the 
termi nals themselves, wi th the cast:: ma­
teri a l anll scaling compou nd as dielec · 
tric. The power fact ors of t hese rna· 
terials nrc far inferior to the power fac­
tor of the mica. As the rated ca pacitance 
is increased. the prol.lOrtion of poor di· 
electric to good dielec tric decreases lind , 
eonsC(luenli y_ the over-a ll power fac tor 
is irnpro\·ed and the curves shift dow n· 
warrls. 

The experimental dat a at frequencies 
from 50 cycles to 50 kilocycles Ilcre 
taken with the General Hadio Tn'E 
716·A Capacitance Bridge, using both 
lhe Scherin g and parallel rcsistance con· 
nections : (l a ta "lere taken at fre<luencies 
(rom 160 kc to 4- .M c with the Generlll 
nadio TYPE 516·C Hadio- Frequency 
Bridge. At frequencies from 5 M e to 10 
Me II para llel.resonance circuit was 
used . In all ca8CS measurements were 
madc with a parallel subslit.ulion 
method . 

- D. B . S INt:LA flt 
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