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A BEAT · FREQUENCY OSCIL· 
LATOR FOR WIOE·BAND 

MEASUREMENTS 
• FOR MEASUREMENTS and tes ting 
in the audio-frequency range, 111 8 Uy specia l
ized instrument s ha\'(~ been developed ~'hich 

8rc designed primarily 10 gi,'C t he desired 
results quickly a nd in the lIIos t convenien t 

(orlll. \ particula rl y good CS81111)Ie is the beaL.(rC(llIcncy oscillator us 
a ge neral source of flOwer . The rapidity and case with which the fre
(IUCller can he se l at any point in the spectrum , and the relatively large 
1111(.1 uniform 1:IO"cr outpu t which can he obtained wi lh low harmoni(" 
("on lent, rCllflcr ,).is osci llat or of great use 8S II basic tool. 

Intensive deve lopmellt work on broad-band del'ices. notably Icle
\·jsion amplifiers. ha s leu 10 a demand for similar specinlized tools for a 
broader freq uency span . Sim:e Ihe so-called video s l)Cclrulll is simpl y an 
e ~ten.sion of Ihe older audio spectrum. il follo\\s Ihal . in many cases. 

FIGURE I. Pan~l, i .... or the "1"11'" 700·,\ \\ ide. ll an!;e Beal· Fre<:IU~IlCY 05<:iI1a to r. 
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GENERAl RADIO 2 

the lie", test ing and measuring instru
ment!; are of the same type as the old 
and differ from tbem only in degree. 
'1'1,; .. is true. in particular, of the beat· 
frc(luc ncy oscil lator. \\ hich. by an extell
sion of itB fre{luency range, CUll be mude 
sa tisfactory for use at video frC(luCncics. 
The characterist ics which make this 
I ~ 1)1; of oscillator so serviceable for 
audio-frequency testing arc equally de
sirable for video-frequency work. 

The TnI-; 700·A Wide-Runge 13ca l
Frc{lucnc) Osci llator is intended to 
satisfy the require ments for a fle xible 
j}(J\\cr source at frcl'luc ncics from 50 
cycles 10 5 Me. Because the frequency 
range is grea tly extcndcJ in com parison 
\\ith thllt covered by the cOII\'cnlionaJ 
audio-frc(lucncy instrument. somc of the 
(lesign problems are lllarkf'd ly dilTerent 
and !lrc of inl.ercst as determining fu c · 
tors in ge ncral cons lruction :uul pe r . 
fo rmauce. 

With an cs tablished UpfH!r frequency 
limit of 5 Me. the frcqueney or the fixed 
osci llator is more or less del crmillcli Ilt 
a \alue of approximately 20 ]\'l c. Lower 
va lues " 'ill result in excessive svnrious 
heals or " birdics" and higher values in 
lessened fre(lucllcy stabilit y , At such a 
high healing frc(luCIl('y tilt' lI'nll.·oc), o f 
the r. "eu !llld \'uriable osci llators 10 lock 

together uear zero iJcal is !lccentuated 
because of resi, lual capacitive /tud mu· 
tual inducti,'c coupling between them. " 
The behavior of Ihe osci llator near zero 
beal is consequently not (Illile us good 
on a percentage frcyucncy basis as a 
similar low.rl'e(luc nc), oscil la 101'. I II lerms 
of absoluk frequcncy, the comparison 
is s lill less favond, le si nec a given rre 
(IUCllcy pe rcen tage corrcsponds to ap
proximately II hundred tim cs the 
number of cyclcs. The problem of oll
taining sa tisfac tory l)Crrorrnance throllgh 
lhe o rdinary audio range and. at the 
same time, obtaining good I}()rfoflnarwc 
in the villeo range Ila~ Occn solvcd in 
the TYI'~: 700-A Wide_Hange B('at· 
Frequent'y Oseillator by s upplyin g IWO 
separate ranges, which ean be se Je~; lcd 

hya swi tch, one covering the span from 
50 cycles to 40 kilocycles and the o ther 
10 kilocycles to 5 megacycles. 

The amplifier ror an instrumcnt of 
this type must rollow closely tllc pallern .......... 
evolved for Icle\'lsion purl}()Ses. 11 is 
particularly interesting in this cas(' 10 

trace through the interlocki ng re(luire. 
me nts and their e lTects on IJesign. Thc 
limiting reature in hi gh frC(IUCnC) per
for malJce is lire sllunting elTcct of capa e
ita nce of the tuhes nnd t:ircuit II·iring. 
In order 10 raise tile freflucncy at. wh ich 
the shullting e ffcct becollles scrioll ~ to 
a ,'alue of approximately :; \Ie, it is 

FIC:LKE 2. FunClliOllul ,;ch" ",ntic ,liHgr:lln or Ihe T " ,'E jOO.A \X·idc. n"uge l!e .. t.Fr"I" ene~· 
OolCiliulOr. The ~" Iulll a l jc·' ol ,,"' ''-COrl l rnt ,·i ... ·"il Ic,,, tB In ",,,inl .. i,, u const""1 OUII',,1 ,'o lt .. ge u~ " 

runl'li"" nf line "uhage U "ell as of frl)(l'lI!ney an ti 10a.1. 

VARIABLE 
OSCILLATOR 

/ "-

BUFFER 
AMPLIFIER 

C1,ln h,,:rO t'IOM Z.'o S.I 

OHECTOR r-----AMPLIFIER------i 

'" V.T.VM. 
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FIGWCI( 3, Vi"", or .h .. henvr, aluminum CII~ I · 
; lIg " 'hid, !ofinn " the Iwo hig I. rretl'u:ney oil<:il . 
lalon. NOh: that che ol!cillw lorll li re of 8im;!ar 
eonij l ru'" ';OIl 'n ord.·, thlil ihey I11my h"w' "'llIlIl 

Il'rnllerllture cueffi"icnu. 

nc(.'Cssar} 10 use lo\\-resislunCl: plate 
loads ant.!, as a con!;("quencf', lubes ha,. 
ing II high, aluc of J,'Tid-plate trallSt.'(JII · 

,Iuctann' , OCI'Il IlSC or 1m, 101111 resist
lw cctt, it ill u illo IICeCSl'lIr) to 1Ii!C tllhc~ 

having r('luli"ely high plate ClIrre llt s in 
orll l'r to '!",c!op ap preciab le \ohngcs. 

'1\\0 re8ulll; iUlll1crlia lcly follo\\ from 
these ,"{msiJcra t ions: First. a ,011 age 
amplifier requires vacuulII tul,es of the 
so.-ca lIell .. p(HH!r" \ arie l} ami coni!{!
{Ille ntl, dcmumli! high 1)O\ler input 
"hid, III11S1 be dissi1l3tc,1 in Ille (urll1 
of heul. Second, at low frC(I',e lll'ie~ t ilt' 
COIiUllOIi irn lwt!ant:e of Ihe plait'" !'lIppl) 

filt er IIt'COIlII'S compara hle \\i tl t till" 
plat(' loud impe ,lnnces. ami regl'lIernti\l' 
a nll tlegl' ,wru lil c coupling throug:1i Ihl' 

IXI" cr SlIppl) becomes of great ill1llOr
lall" (', The output impedan('e of till' 
po"cr SlIppl} filter lIlus t thcrefor .. be 
kel)! lOll , {'itller by usi ng Icry lar~e 

ca paci tors or b) using an elect roni, ' 
I) pI' o f \oltage rl'gu lalor, 

3 EXPERIMENTER 

III the Clll!ot' of the TlI'''; iOO·A Wide· 
Hangc Bcal.FrcqucllCY Oscillator, it was 
felt that ph }i! ieal smallncss was a de· 
sirahl" fealure. Ul'ra use of the large 
amOllnt of heat generated hy Ihe ampli. 
fier tul.)('s it was imjtl>ilsi ble 10 prevent 
the tCII'I:lCraturc of .. slIIlIlI instrumenl 
from rising ul'prcciabl}. The effect of 
this te mpera ture rise on frequency. lum. 
cler. "as largel) eliminated by Ilc8ign. 
ing bol h oscillator (' ircuil l> with 10" 
leuqM!ralUre coeffil'ien lS. HS ncarl )" equal 
as possible. alltl b~ mounling them ill 
1" 0 eompartllwills of a rugged cast 
al wlIiuullI "ox. '1'11(' "ox !!ern's to dis· 
tribule the heat uniformly bc twI..'e ll 
tbe lll und 10 lI1illirni 1.I' llll} It;mpel'8 lurc 
,Iifferential bct "ecn Ihe cOlllp:lrtlllc nLs. 
us ",ell 11<1 10 furnish excellcnt eleclro· 
luagne tic shield in g. 

In order 10 lIIai nlnin a high degree 
of eleclri('al i5011liioll bet"cen the t"o 
oscillators. thc rle tcelor choscn for IISC 

"ilh the T);I'E 700· \ Wi,l e· Hnuge Bcal · 
FrC(llIenC~ o..cillator "as Ihe T}pe fl L7 
Pc ntagrid 1\lixcr . The ca pal'il ivc cou · 
piing Ihr","gh Ihis tllim is I1 l11a ll allil . 
since two separat e grids life IIscd. bolh 
Oi!cilinlOr cirl'uil il CU ll be fl', l in single· 
endet!' \\ ilh one ~ ill c grolilUlcd. It is 
inleN!Sling 10 not e Ihat, al high fre
quencies. the grea test coupling bel"een 

Fn;tJRp. 4. It e.r .. ie .. · of the OIIeillator. ~ho .. -
i" .. deta il;; of con~truclioll. The " '{.I(><icu c",j 
pi~ can I.., rC"'<l ... ~d .. hrn the in$lrumcnl i~ 

to I,,: m"'""leJ in 0 rd.y rllck, 
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GENERAl RADIO 4 

F'U:LJH E 5. The (;YCI.KS INCR .:.""N'f dial, 810o,,'" 
hcrl'. cllrri .·~ Iwo lI(,,,l t'ti. nne for each output 
('''''p,,·tlc), nUlgc of tile O!!d lllllo r. Th~ range is 
± 10 kc (or th .. high-frC<luency range an,1 ± 100 

" yclc~ ror the In ... r;"'ge. 

the 1\\0 oscillators appears to comc from 
the s lll •• II ca paci tance va ri at iOIlS ca used 
hy lOoJu lal;oll o f the s pace current ill 
the (ietce tor tuOc. 

In order 10 ma intain as high a degree 
of constancy in output level liS possib le, 
a n au to matic volume control has l)('cn 
ilH'oq lOralcd in the 'J'YN: 700·A \Vide 
Haoge Benl-Frc(lucncy Oscill ator. The 
a-\ -c ac tion is obtained hy rec tify ing Ihe 
output ,olt age and using Ihe derive.] de 
to cOl1lro l the gain of a bUITt'f amplifier 

he l.wccn olle of the oscillators ami the 
mixer. The a-v-c ci rcuit reduces a ny 
irregularities in the Cre(luency char- ""'" 
aeteris tic and also makes the out put 
voltage less de pende nt upon a verage 
line voltage. The eOlltrol wilh respect. 
to line voltage is 1I0t all iul1Crcut prop-
erly of a-\' -c circuits but is obta ined 
in this instrument Ly deri ving the delay 
voltage from the voltage drop aerOSI! a 
neon tu Le, which is essentially conslant 
as a fUll clion of line volt age. Other de-
sign fea tures in the a mplifier which oon
tribute to o\'cr-a ll uniformit y of outPIJl 
a re degencraLi\'c f(>cdbal 'k and bo th B(' ri r-s 
alI(1 sh'Int int/uc l,allCC (.'QIllI}Cns3 Iion . 

l\n interes ting sidc li gh t on the un 
usual design proble ms encou ntered is 
the fact that extre mely good filtering 
is rccluirc,1 on the low range. For this 
ra nge. which extends from 50 cyc.les 10 

40 kilocycles. the beatin g (re{luellcics 
arc in lhe neighborhood of 150 to 200 
ki locycles. Ordinarily thi' a mplifier in il ..--. 

bea t -frequcncy oscillator of this ran ge 
docs not respoud to these freq uenc ies. 
a nd the fillering rll:ccssary is relati vely 
slight. In the T,'PE 700-A Wide-Ha ng .. 
Bea t-Freq uency OsciUator , however. the 
amplifier is perfectly Oat, not ooly for 
t.he dilTerence fre(jl lCllcy and bea ling 
rrequencies bu t a lso for the SUIIl (re 
(Iuency, and oonse{luenLiy a good 1011'

pass filt er is s wit chcd into circuit when 
opcra ting ou the low-frequency range. 

S PECIFICATIONS - D. B. S I NCI.,\1!t 

Frequen cJ Ran ,.: Two ra nges are provi.led : 
50 cycles to ~O kilocycle>!, and 10 kilocycltl\ to 5 
megacycles. 
Frequency Conlrol : The main dial i8 direct 
reading ill freiluenc)' and carrie!! two approxi_ 
mately logari tbmic frequ ency Bell ies covering 
the ran lle.! specified ahove. A (r~lIe"cy rauge 
swi tch IS pruvid.,J Cor rapidly changing fr()m 
o lle rHuge u> the other. There is 8 1010 an incre
men t,,1 (rl' '1uelle,. <X>Iltro l which is ca librated 
he tw~n - 100 and + 100 cyd e8 on the luw 
range an,1 - 10 and + 10 kilocyclcM on the high 
range. Any fre'luenc), change made with thi~ 
COllt ro l adds algebra,,;ally t o the (requeney of 
tho main control. 

Frequency C,lllIfltlan : Tbecil librationinay 
be uaudardized at any time by ~ui~ the in
strumen l lo 7.ero beat with the o;ero adJ II6tment 
cunlro!. This adjUiltm enl can ~ made within 5 
cycle. on the low range or 500 cycles on the 
high ranJ;e. 

Afler the ()Il(:iIllllor has been oorreetly ~t to 
zero heat. the calihruion of the main frequency _ 
con trol dial ClIn be relied upon within ± 2 % *S 
eyelet< on the low range and ±2 % ±500 cyelCl! 
0 11 the high range. Tbe calibration of the incre
menul frequ ency dial ;$ wilhin ± 5 cyclel! Or 
±5~ cyd a 0 11 the low and bigh ranges, re_ 
~peetlvel y. 

Freq~ency $11111111, : Throush carefu l .Ie _ 
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~il!i n auetJuale II'crnu'] diftlri!.uti"n and '"n';. 
lalion are rrovid~1 ror lIlinimizill! (reo-llU':ncy 
drifl&. The osci\1", ln r can be aceuralelr rete! to 
zero be. 1 a t any time. therehy elu" inaliuJ; 
t':l'TorA call~ by any Inl.1I remaining fretl'.ency 
drihiug. 
01/ tp a t \111 p. d I net : The oulllllt;1 taken from 
.. 1500-obm Aynon. Pe':'7->o"Onud IJoOu.nt;o nl . 
cleo' . One o lltl)"1 terminal l~ grounded. 
Output Vo ltal' : T he maximum npen-circuil 
nulJ,ut yohage or the OIICillawr j ~ ht'tw,~"n 10 
lind 15 VOlt8. Because of t he aulomMlie volume 
r'Qutrol circuit, this voluge ~mllillli CO"8tant 
within ± I.S der.ibel~ over each entire fre· 
'1uency unge. 
War.luRI: The 10t.1 harmonic comenl DC tue 
OIM:n-circuiL vollliJle ;1 letIIi than 3~ for fr r_ 
,,,,,,neiee .hove 200 cyc1ee on the low range and 
• hove:!O Idlocycle. on the high range. 
,l-t Ha .. : Wben the OI!Cillalor ia 0lle,.tet! 
lrom • (jIJ~,.:~l e line tI,e po ... er-<!ullply npple i ~ 
1"",1 than 2 ;0 ol the o"'11U1 ,'oltag" nn d ll .. :r 
.anse. 
Voltmeter : Ii " ae""m-tul,e voltmeter ci rcuit 
i& " sed in the oecilliltor lor mellsuring Ihe. oul· 
1"11 voltllge. The indica ting mder con ILe 1,," .. ,1 
,. catillra led lli reclly in voTu at tbe output lI:r
min.I~. 

ell nl ra Is: lu addition to tbe main (r .... I"ell l:y. 
eontrol di.1 and the iucume.n t. 1 frequency di.l. 
there i. a (requl:ncy rallge lI ... itch. a lit! " lIero 
Ileal al!j u$l" ... nl . The output nlluge i ~ • aried 

700-,\ 

5 EXPERIMENTER 

I.,. II potenlio"'eter c .. ul rol I'ro,·id.-.d Ilcar the 
OU IIKlllcrminali . 
T. r III R II s : Tbe oull".t l~mio.l. are. jllek·lop 
!.indio! posH wilb ;tllludllrt! ~·i"cI. t pacing . 
The lo ... er termin.1 i.gro,,"ded to the pallel all,] 
~hieldll. 
Maunllnt: The ;Ill!trumlmt i, norl1lally sup-
1,lied lor tahle Inolloting. Lilt can be ell~ily 
atlal'!ed for relay.rack moullting by rcmovios 
''''0 ... alnut brackeu It t he cud. or Ihe Ilanel. 
Power Supply :A-C IIO"'u ' ''I)lll r . 110 to J20 
' ·o lll!, 4() to 60 eyclett.. i. 11"""1. A Sin. pie change 
ill tbe com:",ctiQrlII 10 the IMJ"'e r tr"n~ rormer " I. 
1 ..... & Ihe iru!trume.nl ' 0 lie ur.e.d on 220 102 j.() 
"oltl!. 

'1'e tot,,1 po ... er co'Mun'IItioo ;1 " PI)ro ... ; • 
mlldy 85 .... ltiI. 

T. b IS : Tue lollowillj; lUbe. are ,lfied: 
2 - Type 6C5 ::: - Type 251..6 
I - Tn"" 6J7 I - T ype 606 
1 - Tv,.e 6L7 t - T } pc 5T4 

All tuki are ~U I)pIiOO . 
Ace e S I a fie s: A 7_ff">OL IMiwer ..... rol. ~rare fUM:!!. 
lind a 1'y1'~ 27 l-N D P lug are ' ''I'I.liOO. 
Dimensions : I'anel, (width) J9. (heigl,t ) IO~ 
inehe;!. over.all; del"h behind panel. 11 ;DCUCII. 

Sere .. ' 1101tll\ in Ihe I"onel are Ibe uandard 
~p"cing for moulltinl; tl,,, i"a lruon"nt in a ~tand . 
a ro! 19.;nch relay n ek. 
HI! Wrl t h! : 55 1M1unl!;j. 

Price 

t)M{,~ , J55.00 
T~ ~. ~ .... "'-... "' .... ,~(0<." • ...J ~.,.j~ '''' ( ... n .... " .. l. ... ....... ' •• M I ...... .., . V ............ I'., ...... nf'''~ \ .. ", .... 'I"et""h.- •• d T.t ..... "" c-.I"'n r ... , .. , ,." " "h"',,,n .ft .-.-«1,. ;n'~"pl " .... ................... ,. I~.r" . 

; ................. ~ ~ ... r l"pn ..... , .n •• ,. p, .... . nd 'pl'll ... 1 .... n .... . 
I'. ,coo."I.,. t,U3.n" 

GANGED VARIACS FOR THREE · PHASE OPERATION 
• V A R I A C S mou nted in talilie llt for 
olX'ration by a sin g le COlltro l ,,'cre dc
scribed in tbe March, 1937, issue of the 
ExIH!rimCfl ler· . In tbree-phaee circui ts, 
t\\O- and three-ga ng ' -ariae al!l!CllIblies 
can Le used III the same manlier that 
ew gle VariaCiI are IIscd in single-phase 
OC-ir" I'..,hnl. ·" ·b_·I'h • .., V"h'le C<>o"" ,1 ,,;,10 
'ltr '.AIUAC:· 

'1')1'" 

lOO-KG2 
IOO-KC3 
100-I,C2 
lOO-LC3 
2oo-CUG2 
2OO-CUG3 
2OO·CUlIC2 
2OO-CUII G3 

2-Gllllg 100.1\: 
J-glluS 100-'" 
2-gang IOO-L 
3_gang 100-1. 
2·sanj; 200-CU 
3.gallS: 200·Cl 
2.gang 200· LII 
3.gllng 200·CU I.I 

.... ircuit s. The most common methods of 
counect ion ar~ the \\')e aud Opell delta. 
.\ complete t a ule o( ratinglJ and cLtarac
tcristics " 'ill be (ound in t be article re
ferred to aboH~. Economies in manufac
turing haye made it possihle to reduce 
appreciably the pri .... es previously listed. 
Nc\\ prices arc a s follo\\ s: 

Cod" fPnrd I'rice 

HK,l.l" ·C"," " U 

HK,utYGANTl' 

lIit.\IlnC",,·n o 
bK,l.KOG..I.:'iTY 

IlA."£RCAN DU 

""1l.IKII.GA" .... Y 

lI .. cuEC . .... nu 

u.u;UKG .. " .... Y 

::::-00--w..;.OO 
130 .00 
3:i.OO 

t3O.00 
36.50 
56.00 
14 .50 
68.00 
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GENERAL RADIO 6 

THE TYPE 663 RESISTOR-A STANDARD FOR USE ~ 
AT HIGH FREQUENCIES 

.IMPEDANCE MEASUREMENTS 
lIt. 'ligl. rr~rluel1cics, liS nl, low fn:
qllcncics, are usually ea rried out Il} 
eomparing IIlIkllO\\ II illqlCdanccs \\ ilh 
s tandard iUII)CdanC'Cs. Ihe prorlCTLics of 
II hieh arc acruralely known at the pur
ticular frequency uscd. 1n order to 
specif} an unkno"1I irn,>cdancc com· 
piNd y, it is necessary 10 iIIeasure il s 
'et..1or com,,onclI U!, citllcr as mugDitmle 
and angle in polaT eo-ordinatcs. or 118 

rCi' is lullf.:e lind rcaclan<:e in Cartesian 
co-onlinlllcl!. 

\ " Cll;;.urclllclll s are m Oii t cOllllllonly 
made in t CT IIIS of resis tance and react
IInee eUIIl IJOnents. ROT such measure

ment s II COllillariSOIl method idea II) 
.lc maUlls both II pure rcs is tu llcc ami H 
pllre rcaclaUl'e 8luntlard, the one (or 
cOllllmrisoll .... it h the unknown resist ance 
eOUlI.lOul'1I1 aud tile other for COlli parisou 
"ith t hc ullknown reactalwe componcnt. 
S tandards, in practice, arc ne\'cr really 
pure bee:lU.i;C a ph) sical rea lization of 
any olle of the t hree cir!'uit IUlramc ter,;, 
- inductauce, resis tance, and ca paci
tance - has, in addition to the main 
tlesired parameter. residual amollnts of 
the other IWO ulldesi red para meters. 
The t.'"iSlcII CC o ( these residual param
e ters callscs Ille im l:ledll nee or a stand ani 
to tle pllrt frow one or the idcal la" s of 

, 
R 

FU.lIRE I. Ctlui\ldenl cir· 
cu'l or li,eo.l rdiel 0r. ff i ~ the 
J CI!ir1'o1 rP.!li~ I""ce. L ~u,,1 C 
aro· II". uutle&iretl rCl!.dnul 
,ntluc t "lR:C' and ("Ill'aci l llllce. 

,'arial l0n "illl frequenc) j wL. n, and 

_ 1- In bOlh lIIa "'IIilutle a nJ Ilha.se. The 
jwC eo 

departure llIelins thu t 1I0t 0/11) docs Ihe 
erTect i\ e iudltl'tance. resistance. or (·apac
ilancc ,'ary wit ll fre(llIc ncy. Lut that 
Ihcre occurs also Ii re@is Li,c componcn t 
in rcactall(:e sl allll:lrll5 ami a n::nctin: 
compOllcllt ill resista nce sLlllHlunJs. Since 
IIIc thods of measurcmc nt are most com
monly cvol,'cd 011 Lhc IIssutliptioll of 
ideally pure standards. it is highly 
desirable ill practice to w!e actual 
s tandards wllieh Ilu\c as 8111all residual 
Jlararn~tt::rs ali IlOSsi !Jle ill order to mini _ 
mize correc.tion terllls. 

lu any given impc(lan{.'C e1c mcn t the 
erTectli of rCli itlual porarnclers onlinarily 
ill c rea~ as tlw fre(luellcy goes up. They 
0180 lCIUI to he grcater for continuollsly 
adjus'lahle lIlIils Ihall for fi\"cd units. As 
r c aclatW(' SlatHillrcl5. varia ble ai r con
dellSt'rll achic ve a hi gh dcgrce of purit y. 
They may conseque ntly be usc(1 over 
all ex- tens;\·e frc(l"cney ran gel• As rcs is l
ance sllIndanls. continuously adjustable. 
resistors ha\ e not ye t Ocen o; ullieieull y 
highl,. dc ,eloped to meet tLlc c\"lIcling 
rcq uirclllcII1.8 of hi gl, .frc<lueucy 0l)(:rll
liun. Fi_\"cd rcsistmu:e slandanls, hOll
c,cr, ,-a u be lJuil! ,,' ;11t such a dt-gree of 
frecdom from res.itlu:tl parameters Ihal 
thc)' ca n be uscd 0\1'r a frew,c llcy ran ge 
(~mpurahlc with t ltat covcrc,1 by 1hc 
prccision t ype of \ariable lIir coudenser. 

RE SIDUAl PARAMETER S 
IN RESISTANCE STANDARDS 

Tllc (,/Teet of residual parame ters 0 11 
Ihe frequcncy charllc.terielic;:; of a fix-cd """ 

, See. {,w 'n . ........ " A Il i')' . • ·""I"OO"''' \1 ",1..1 of II", l're· 
•. " .... , Crn<oknOd'.-';e_al M.,!;o t..>:IW"_' \,~. :\, 111. '00 .. > an.I (,. {k,,,t..,o-... ' o.e,,,t-. 1'1:111. , .. ,0 I. 
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resistor ca n be dCllucc(1 from the 
a pproxi matc equ iva lcnt circ uit of Fig
lIfC L 

In this fi gure, R represents the desired 
main resis tance parameter and {oJ and C 
the undesired residual inductance and 
c.u paei tance parameters. 

The input impedance of the equiv
alen t circuit ca n be exprcssed most con
\'cnicnlly in terms of the quantities. 

br mClIns of the C(lIultion 

Z,= R,+ j X. 
I! 

(W)']' (w)' + wu + IN;; 

I - (~)' Do' 

(w) N "'" 

J "'" D. [ L - (:n + D.' (:Y 
This eqjtation is readily normalized 

by dividing through by U. The nor-

F'GIlKK 2. Gc"cral norm" li1. .. ....J c"n-~ 
of rt'lli~ l ance as II f"nc tioll o f fretl"cllcy 

for fixed re!ii~tor. 

7 EXPERIMENTER 

malized rcsisli\-c and rcacti ve compo
nents arc plotted in terms of the "aria hie 
(w/wu) 3 1111 t he parame ter Do in Figures 
2 and 3. 

While it is logical to s uppose that 
reducing the residual pllra mcters Land 
C wi th respect to the main parameter R 
will rcnder thc eITec ti "e resistance R. 
morc ncarly constant a nd the cITcct i"c 
react a ncc more nearly zero o\'cr a wi der 
freque ncy ra nge, a survey of the eun-es 
of Figures 2 ano 3 raises the further 
qucs tion as to whether there is a Sl>t:cific 
proport ioning of the limiting residunls 
which wi ll lead to a n optimum design. 

rr the prod uct of the resillua l induc
tance L a nti shunt c.u pacilllllce C ca n be 
kept constant, while t he quotient is 
varied, Do ean be changed without alter
ing wo o Under these eoud itions an opti
ilium design will be reached for con
stancr of resistance if D o:l.:::::;! 1.8 and for 
lowness of reactance if D 02 = 1. H ow
C\'cr, if L a nd C a re not absol u t.ely ill
\'ersely relatcd to each o tber, the prol)Cf 
propor tioni ng is not so easil)' (Ieduccd. 

F,(;11111': 3. General IIOrlllllli7.eJ Cur VCil 
of rC~C I<lt'Ce as II fUI"'! ;,," of fn'< IIIcncy 

for lii<,·,1 rcs;gtor. 

",---,---,------, 

+ . - ~ -I-

.. + 
. .. 

•• .. .. .. .. " " !!. 
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In parlicuJar it is interesting to know 
whether adding shunt ca.paci tance 10 a 
resistor which bas a defmite fued in
ductance will, under auy conditions, 
improve the performance. 'fhe question 
cannot be immediately answered by au 
inspection of lhe curves of Figures 2 

aod 3 because both 
w 

lind Do ehange 

"" as the capacitance is added. It caD be 
shown , however. that if the paralJu~ter 

Do~ is less than 1 or greater than 2, dlere 
is a los8 in ped ofillance when shunt 
ca paci tance is placed across the resistor 
termulals. If D 02 lies be tween 1 and 2 
there mayor lIla r lIot be a gain in 
llerforrnance. dependin g llpoll the Cre
quency rallge lind upon the criterion of 
merit used. 

Curves of effective resista nce and 
effecti ve reac tance (or a typical lO·olllu 
rt:sistor arc illustrat ed iu Figures 4 lIud 

FIGUK~ 4. S/,eci fi c c,,~\' CII of no~rn ul iz<ltl reo 
~i8tan<le DB II. unCI ion of fre<jnellcy for typical 
10 0 resi ~tor. He@i,luul in lhwlll1l<lC 8&o!UITlC,] 
equal to 0.03 ~h. Hc"idu ol <lo plldllln<lC token 8'; 

I'oranlf'tcr. 

I J ~ , , , , • , 
I 

h '~ r-r , . , 
! , ! ! I 
! 

" " ~ .. .. .. " '~(Out",y", to< 

5 li S a fUllctio n of frequency with total 
shunt cilpaci tance as parameter . .For 
these cur ves tbe resi(hHiI iuductance L "'" 
is taken as 0.030 ~h a nd the minimullI 
shunt ca pacit.ance as 3 ~~f. 

The minimum shunt ca pacitance is 
seen to correspond to t be best resislance 
characteristic. For II criterion of good· 
ness, t a ke t he maximum fre(lUency for 
which 'the rcsistance remain s within 
± l % of its doc vallie. The addition of 
shunt capacitance lowers the masi
TUum freque ncy from 36.5 -"Ic for 
D g2 = 0.01 to 5.3 M e for IN = 1. 
F'urtller addition to ca pacita nce. I1m,
c ,'cr , im proves the resis lallce clt<tract er
ist ic again , ulltillhe maximlllu frC(llleucy 
increases to 19.5 Me for 0 0

2 = l.8. At 
hi gher va lues of Do! tile resisttmce char· 
acteristie J eterioratcs {rOIll Ibis fi gure. 

For tbe react ance characteristic, lake 
as a criterion of gOO<.lness the maximum 
frcque ncy at. which the reaclance re
mains within ± 25% of the doc resis l- ---... 
IlIlCC . The addit.ion of shunt capacitance 
raises lite maxi mum frequency frOIll 
13.5 Me for Dol = 0.01 1058.0 Me for 
Do~ = 0.5. Furl her addition of capaci
tance reduces Ihe lIlaximulII frc411ellcy 
again. 

The optimum C011l1i liolis for resistance 
alHl rcacta nce ure seen to be incom_ 
palibtc. If a difTereut Crilerion for 
optimum reactance Lt! used. Ihe dis
parity is even more marked. At DG2 = 1, 
for instance. the reactance is a minimum 
for low freqllc IH:ics.1 The fre'lue llcy 
charaCl criSlie of resis'lance, on the olher 
hand , is the worst for an y \'alue of D 02 

less than 2. 
At high frequencics, resistance units 

arc Illost oftcn uscd umler conwliOllS in 
.... ·hich their effecti,"c series react ances 
ca n be luned oul. The 1Il0re important 

• Thi, c _ _ '''I,'md • • ~ ,b" <-",,,,Ii.ioo, L _ CR' .. 'hkh 
I, of' on "- pp"",i",.'oJ .. low f .... queoci ... f ...... , . .. dud ",. 
' ;"01"' of v~ 10 .. ·, ; ,,,. WOo"", , "" """"nell ' '",."ncn, 
o f Iow.r""''''' '''T ... ill ." ... deoi ... lot ';"~n ,M, p'."" (06-82 
" f fl. II ."",'. ""It.""'ill, ell,"',,' D,id,., M .. l.O<! .... 
a,d " di,;"n. 
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characteristic is, therefore, the resist
all(.'C. On this basis, will.l the 10-ohm 

"..... IInit, no ga io ..... iII be made by adding 
shunt capacitance. 

Jl owever. a lOO-ollllJ unit with tbe 
sa me residual inductance behaves (Illite 
differently. A sh unl ca pacitance of 
3 ~~ f, for this utlil. corresponds to 
DB! = 1. In this case. the addition of 
2. ~ ~lJ.f in sbunt raises the ma ximum 
frequency at which the resistance re
mains wil hiu ± I.% of its doc va lne from 
53 Mc for Doz = I. to 195 Mc for Dn! 
= l.8, a factor of nea rl y 4: I. The im
provement ill lrehavior of the 100-011 111 
unil , wi th Do2 in the neighborhood of 1, 
OH:r that of the 10·011111 unit , with Do' 
in t he neighlJorhood of O.Ol , is marked. 
It uccurs beca use the higher valuc of 
Do! is securell wi thout loweriug the 
natural angu lar veloci ty Wo. 

PRACTICAL DESIGN 
CONSIDERATIONS 

The design of a line of high-frequency 
rcsis'\ors lIlust cont em plate, in addition 
to the problem of residual parameters, 
the problems of skin efTect , power
handling capacity, t emperature cocOi
c ieot , and mechanical ru ggedness. 

The bearing of thest: various factors 
on the design of the Twf. 663 Resistor 
line ca n lrest be illustrated by discils-sing 
them in the roUm"ing order: 

(1) M inill1ization or residual param
eters. 

In order to minimize residual induc
tance and ca pacitance the "st.raight
wire" type of construct ion was selected . 
This type of resistor has lreen popular 
witb ex:perimcnters for many years hUI 

has not previously been available com
mercially. l 

(2) Skin effect and tempenlture co
r effi cien t. 

• s...:. r .... ;n.,an"". ·' .h,li .. In".un .. "'" . "d Me .. ure· 
"'0''' • .'· Ort'ol., No. 14 of ,I", 11"...,. " "f :;,. ",1 ... 1 •. 1' . . .. 
17~.176. 

9 EXPERIMENTER 

In order to minimize skin effect and 
temj>C[ature coefficient , mangaoin ..... ire~ 
of very slIlall lliameler were chosen. 
Through the usc of wire diameters as 
small as 0.0006 inch (No. 54, B. & S. 
Gauge) res istances up 10 100 ohms can 
be obtained in wire lengt hs of less than 
2 inches. 

(3) Prol)Qrtioni ng of residual param
eters aud power-handling ca pacity_ 

The analysis of residual paramcters 
shows that, fo r a given prodUl~lof residual 
induct ance ami ca pacita nce, opt imulII 
rcsilit s will be obtained ror a \·a lile of the 
parumeter Do~ in the neighborhood of 
unity. In t he case o( a lille of s tra ight
wire res istors in a s tandardized type of 
IUccbuojcal moullting the best condition 
can be obtainell a t only one vulue of re
sistance, since the residual inductance 
and capaci tance li re more or less fixed. 
The resistance charactcristics de terio-

FIGult 1!. S. S I>()CificcurvCI!. of " ormali,.etl rcac l.
once OJ! a fUll ct ion offretlUetlcy for Iyricol Ion 
resiJ!tor. n esidual inductance a llll "m("( e(llIol tn 
0.03 "h. I{esiduat cal'ac ilance taken a8 pa. 

rametcr. 

.' . .. ' 

I' '~=---~o----1----t---cC\'~~------i , 

• 

• 1 
• ,. .. .. .. .. .. 

~, ..... 
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FICl KS 6. Oll1 lille ~"" I dl of ,nech."i<:.1 eon· 
I\lru,..l;o n or Tl' l' S 663 n C!li~l or~. 

rale .nom rapilll } as D 02 increases from 
unit y ,hall as il decreases frOIll unit y. 
The design shouili. therefore. place the 
D02= .L poi n t nellr the high cllIl of the 
resistonce range. 

The usual t ) 1:Ie of straight . ~' irc re
sis tor has rclatil cly high residual in . 
dncla nce in comparison \\ ilh the residual 
capacituncc. This results in n val Lie of 
D~! "hich is smallt'olllpared to unit y (or 
res;slauI'c val ues of 100 Ohlll8 and less. 
In the 'I' , I' " 663 Hcsistor the inductance 
was rc.\llccd at tile C!l. pc nsc of an increase 
in ca pa('itllllce l.Iy dampin g the resis t
a nce \1 ire down 011 a thin piece of mica, 
bad.cd by a metal pla te which sern~s as 
a n ed.IY-i,:urrent shield .· 

• s.... ( ..... " .......... L. H. "'.,,,i,,,b.,, .. ' \ ",.h· .·~I""''''r 
\'01 •• .., :-,ud •• d." G._.I Ie.d;., £",..,,_~ ..... Jo,,,,, . 
193:. 

This construct ion /liso scn es 10 in_ 
I'rl'aSe the power-handling ca pacit y o,er 
that obtai ned with a straight. \\ irl· re 
sis tor which I.as the \\ ire sUil lJended in 
air, hecause of heat conduction from t he 
wire to the me Lal pla te a nd suhseljucnt 
dissil}Ution II)' convection ami radia tion. 

The final design of the TYI' ~ 663 n e
;;islor is illustrated in the dra\\ ing of 
Fi gure 6 ami photograph of Figure 7. 

\'ih th this const ruct ion. D 02 is in the 
ne ighborhood of unity for the 100-ohl1l 
unit and is less for the lo\\ c r resistalll'es. 
Approxi l1l llte frequency chara c t l' ri S lics~ 

for T,' PE 663 Hesis LOr8 a rc illustrule,l in 
Figures 8 a nd 9. The "a lues for r('sidual 
capacit a nce and inductance UI)()II .... I.ich 
these cun cs are baBN I arc give n under 
S llCcificat iOlls. 

The in.portanee of tht' t:-pe of mount-
ing used ....- ith these resistors cannot be 
o\croCmphasized . Grea t ('a re h;ls Jwcn 
exercised in reduc ing t he residual pa _ 
rameters to a minimum. Th(' residual "'"" 
pa rameters associaled \\ ilh Ihe moun t-
ing can "cry easi ly be eomparablf" to 
those of the resis tor. In the eRse for 
which thc CUf\'es o f Fi gures 8 a n.1 9 are 
llrawn. for inslalll.:e. more than half o f 
the 6.5 /l/l f effec t i ,·c ~hunt eapuci ta nce is 
in the hindin g posts. For high-frequency 
measurements, in J)urticular, caution 
s hould, therefore. be used 10 minimize 
residual parameters inhere nt III the 
mountin g. Ca reful uttcntion should also 
~ .. "~ .. ,",.d""., .. ir "r·l'y .. ~ 118.\' 1) 1;1.".11". 1'00" ... ;," _ ...... _ ....... '0. H" ;nc" .... ' . 1 ....... 1 up>n .. ,,"''' 
, .... bind] ... _ ... re __ .. hi", .. .. " T.' ''~ 27 •. , \I ou"" 
;n. 1'1 ...... s- e'" "n~ 5,""";6<:. ,"' .... 

FUl1 'HK 7. 1')>(Ologral'h of TI"R (16.1 It ()si ~ lon! . Th" Ji ~~,~~",hl,·d "nil ~ho ... ~ Ih ... melhod of 
... ,nSlruCli"" . 
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be giH:u to the (1 IIe"tio ll of just wltat 
change in ci rcuit conditions occurs \\ he n 

,.... one of these resistors is placed in c.irl'uit 
ami taken out. The shorting bar used to 
replace the resistor, when it is out of cir
(' lIil, sho uld preferably h:l\'e 3n inrlu(' _ 

- . 
. I , -- ,. .. I 

- ~~~ 1 ~ J - -
r+ ~ I -

Ii,' . • --~. 

FU:l .. Rf: 8. Hal io of dT,,,,, l ive rel!is l ance 10 d oC 
rl:siuance as a funClion of frl:tluency for Tn'lI 

663 Uet5;!lon ",ouu\ ed on h,ndi,,!;" l>Oeu. 

11 EXPERIMENTER 

tance less than 0.005 ~h anda caJladtance 
to ground o f IIH~ l!a lllC order as Ihnt of 

the resistor. 
- I). B . S I NCUIlt 

FrC:U ltl~ 9. II lI lio of "!fcclive reaCIIIIlce to .1.., 
re;USlance as a func lio" of fr~~u .. ,,,:y for T"" K 

663 ne;li~IOn mounter.! on L",ding 1~1 6. 

SPECiFICATIONS 
RISI,hnce ValulS : S la",Jard unilil a rl: avai l. 
able in Ihe following rt:\!is lllllcCII: 1.2.5, 10. 20. 
50 IIml 100 o lmHI. 
A cc U II t J : All tlnjl~ ;rrc IIdju~ I ~ .. 1 wilhin 1%. 

Ruldul PUlmet 'n: The fo llo" ';"g l aMI: 
I:;VCII a l'I""I< i01a le ' ·1I1111.'lI for L for Ih o: ,Iif. 
f(' rl:nl un ill!: 

I ohm 
2 ohms 
5olorns 

10 ohms 
20 oh m" 
50 ohms 

]00 ohmll-

0.0065 ... 1t 
0.0 13 ... h 
0.0 15 ... 10 
0.029 ,, 10 
0.032 " It 
0.03,1 ... Ir 
0.039 ... 10 

Currt'''' for 
IQ~ C. ~iJW 

I., a 
1.0 a 
0.5 • 
0.35 a 
0.2 II 

0.1 II 
0.06 II 

Skill [lIeO : For a ll uu;t ~ the ak in dT~1 i~ 
I~ lhan I (1, for fr~l lIe"ci CII 1.0:10 .. · 50 mega· 
cycl/'l.. 
Tempera ture Coefl ltlen ! : AI " ormll t MOn. 
le" 'I' eratLJre t he lem/'H!ra IUre I.vefficienl i~ ]t'U 
Ihnn ± 0.002 '70 I'er , .. g r.:e Cenlig rlltle. 
Mulmum Power and Currlnt : The .. 11010'· 
,, 101,· I", .. cr <.Iillll il,ali.-.n for .. lOG t:cnt ig rlld .· 

T."p<! 1l'~i~l(ln~ 

663· .\ L ohm 
66.1·U 2 ohm.; 
663- C 50h'>1" 
66.1-0 10 ohm~ 

663-E 20 o hm,. 
663-F 50 ohm8 
66J-G 100 ohmll 

lemperature ri se ,ui .. ~ ~ I;g hlly w;l h ret!;~h nce, 
t.r:i ng 2 WIIUS for lhe I·oh ", uni l II ntl 0.4 Wlltl 

for Ih" ]OO-ohm unit. The raled curren l for this 
le",/",ruure rise for Ihe dirrerent "nill! is gi v,'" 
in I Ie tuhle. 
T I r min II $: Ti ll' n ll l II, etal pla ted to ... hid. the 
retli s llluC(' ..-ire is a tlll chNJ a re u .. NJ as ter · 
rni""],,. a llll are l.oth dlouer.! a nd tlrilled for con· 
" I:n;cncl: in mo .. n l; III;. 
DI mens io ns : (I.-('II!I' lh ) 2 1 .. J( ( .. ·i,hh ) I \{ 
incht'>J. O ,'o: r." l1 heighl, s~ inch. 
Ne! We llh!:::! our.tttI. 

E(lu;va lcnt ci rcuit of II Tn'" 663 Ret!i8 trlr. The 
0 .75 I'., f ground ca l'"dhrl(.,e~ corrC>! p .. :md 10 a 
~I, aci"g 1"·I .... ~·"n re~II!1or and groll",1 of Ji hl('h . 

COO(' " '0"/ Prj .... 

PA 1Io ' '- 55.00 
P" ltT" 5.00 
p ,'IT'. 5.00 

"'-:Oll. 5.00 

""~"I. 5.00 
t'I!.NN\ 5.00 
I',"",,' 5,00 
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MISCElLANY 
• DR . DONAlD B. SINC LAIR , 
author of IJolh articles io this issue, wi ll 
be olle of the speakers at the Second An
nual Broadenst Engineering Conference 
at Ohio St il le University. February 6 
to 17. L939. II is I! ubjc(l l : " 1\1 ClIsurCllicnl S 
on Broadcas t Ante nnas." 

The value of this Conference to IJroad· 
cast e ngineers is attested by the rCl}Orts 
of those Ilho a ttended 1118'1 yea r. Of par. 
ticular interest tbis year is tile Panel 
Discussion 0 11 "Standards of COOI.I Engi
neering Practice" led by 1\ . D. Hill g of 
tim FCC. 

• APPROXIMATELY 18 LOllS of 
paper were used in the new General 
Hawo Ca talog K . About 1200 pounds, 
or 0.6 tou, arc used in cach issue of the 
Experimellter. 

• A RECENT INVESTIG ATION 
b) the ed itor 8 110W6 79 Variacs i ll use 
in the Cenera l Radio plaul. Ofthcse. 
12 Urt: perlllanellll y installed and 37 are 
used as labora tory accessories. The per 
IlIlHlenl ill;;1a ll al iOIlS lire used ror mot or 

speed conlrol on "inding machines, 
lathes, lind ,·cl1tilalor8; ror ligll'ling ('011· 

Irol ill the photogra phic ali(I dra(ting 
IlepartlllCJlt il, In lile Ilcmonslralion 
room, and in test se ts in the testing 
laboratory. Those in the laboratorics 
a re about c,"cnly llivided bet"een the 
standardizing laboratory and the engi
neering (Ieparlment . The engi neeriug 
departmcnt uses them as 11 source o( 
vari able voltage (or deveiopmelJt "ork, 
thc st andardizing laboratory to obtai n 
a slandanl line volt age ror testing. 

.THE AIR CONDITIONING 
BUR E A U I lin orgnnization composed or 
Boston m en connected wit h the a ir con 

lli tioning industry, was addressed 011 D e
cember 14 by U. II . Scott oC t he Gene ra l 
lladio engineering s taff. flis talk. en· 
ti tled "Equipment Cor the \I easure- ,.........., 
ment and Ana lysis oC Sound ," was ac

companied by a demonstration. John A. 
Chamber! of t.he Boston office o f Johns -
M anyil1e Corporation was also a s peaker 
on the sam!! prOb'Tll m. 

TilE Gencral Radio EXPEIWlI ENTEU is mailed u·itJlOut rlwrge each 
num til to e fl g illeer!f. sciCli t.is ts, t ech" iciolls. allll o t h ers in t.eres t ed ill 

cor"mllflinrtioll·jreflflell(")· III('fIS llrC III.e ll t anA cOIII.ro l proiJleru s. '''lre ll 
,<;ell lljllg re lflicst .... Jor s uf,scriptiolls IIIld mldress·cltafl ge n o tices. plense 
SIlPIJly tllP Jollo u·;IIg iujorrrlutioll; IIlIme, COIllfH111Y "r"" e~ cOlllpall y ad· 
dress. 'YfU' oj b"."i"es.~ r·o"'IHlIIY is ellgaged i/l., (Ind title o r posi tiofl oj 
i lid; I,id,tal. 

GENERAL RADIO COMPANY 
30 ST ATE STREET CAMBRIDGE A, MASSACHUSETTS 

8RANCH ENGINEERING OFFICES 

SO WEST STREET, NEW YORK CITY 

1000 NORTH SEWARD STREET, lOS ANGElES, CALIFORNIA 

-;;.-:-

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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