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, JANUARY, 1951 ~ 

A NEW UNIT OSCillATOR , 180 to 600 Me 
- Butterfly circuil.fl wi th their wide 

tuniug nlllg<,'s and lroubl( ..... frcc ol>cmtion 
at frequencies fl"Om aUou! 100 to 1000 
Me urc lIsed in Jlw.!ly Couernl Had ia 
Unit Oscillators. Thei r wid<' ranges and 
stable charactcr i :;ti{~r; huve helped to es­
tablish these illexpensive :lIld \'C't'satilc 
units as almost. indisJlcll!<ablc equipment 
in mallY laboratories ami on many test 
benches. 

Butterfly-type unit; oscillators for 50 
to 250 i\ l c flll e! for 200 to 1)20 Me have 
been u\'ai lublc, but, ill ol'(\el" to cover 
the military nerOllautical bnnds i>ct.lI'ccn 
225 and 420 Me, both of these units are 

Ilet . .'dcd. The now TYI'E 1209--BL Ullit 
O:;cillator covers this range ill a single 
unit. 

As the type lIumber indicates, the 
now ullit Q.<;cillatol' is a modification of 
the familiar 250-to-I.)2O i\lc TYr'~: I209-B 
l'nit. Os!:iIlniOl'. l3y elimillMion of one 
of the two parallel inauct!l.Jlc(' hrandlcs 
of the uut.terfly circuit, un fn!£IUencics 
urc reduced by n factor of"';T. At. t he 
same time the minimum output obtain­
nblc n.t allY f rC<lueHcy is inCI"C3s(''(\ from 
200 to 300 milliwalls. All other dlamc­
tcristic8 and the cxtcl"lI!l.1 appcur:.J.JlCC 
ure wlchung<.'(\. 

SPECIFICATIONS 
F •• q .... ... y Ro .. g.: 1&1 to GOO Me. 
T ... n.d CI •• ull: l'I l odili~1 butterfly, with no slid­
ing CQnl:t.cts. 
f .. q ....... y Co .. lrol , 4-in . dial with liHlibrution 
over 270°. Ptc<:i:"inll driY!' with 4!1: I rt.-duction. 
f .. qu.",y Conbo-olion Aceurocy: ± L %. 
Worm_up fre-qu .... y I><lft: 0.2 '70. 
Oulpul Sy.I.m: Short l'Olui:l1 lille with adjust­
abL~ CQupling loop 01) on ...... nd and c"tJ,u,;j:l1 t,)Il ­
IIl'Ct.or on other. M,u,;;mum I)oW"t can 1)(' de­
Iivcn:'<I to load impL'(\:ul(;CS norm,(!!y met in 
lOOH.xi:l\ ~ysU'nlJj. 
Oulp .. ' Pow.,., Into 50 ohms, 300 mil' !l.t any 
fl"<..'qu{,Jlcy. 
Modulotlo .. : Plnw m<>du\utioll of 30% iIt ,muio 
frNl.ucncil"l! can be prodnccd by 1')(.(>1"11111 &luree 
of 40 volts.. Input imp .•• '(\arll"(l is about SOOO 

ohm... Wh.m :lmplitud.., modulnlion 
incidcUlal f-Ill i~ 1'I''I.\I;rl'(l, th{' Tn'.: 
Crystal Oiodc: Modubtor or Tn.: 
I3:llaJlI.:~:d .Modulator i~ re~"Qlllmcnd~,(\. 

without 
1{)()()..1>t; 
I {)()().. P7 

Pow •• Supply hqui .. m ... ls, 330 v fit 3G rnu ; 
6.3 v lit 0.4 :Imp. 

Pow.r Suppli .. R. comm.nd.d, 
Sl(Jnllarcl: '1' 1"1'.: 12OJ-B Unit Power Supply. 

11 5 vul!..!, 50 to 00 l."ydC<l. 
StabiliuQ PUI/e \' oUlIge: l'VP.: 120I-A Unit 

Ikgulall'd POlVer Supply, 105 to 125 volts, 50 
to (iQ (·yd0j. 

Buttery Qperutum: "i'n>.: 1202-A Unit Vibrn~ 
tor Puwi'r ~Ul}IJ\Y, (;.. or 12-volt h!l.ttcry Of 11 5 
\'()It.~, 50 1.11 uO eycll's. 

tl djlL$Ulble PUlte I'ol/(lgt!: T n l!: 120-1-13 Unit 
VarifLbl l.l Puw.:r BUllply, 115 vol..." 00 eyell'!l. 

Flgu" 1. (hh) Vi.w 0' butt.rfly .IrcullI .. Ih. Typo 1209-B Unil O .. ill"IO •. 
(Iiuld) R.or vl.w 01 Typo 1209-Bl •• howl .. g how 0 ... of Ih. pcI.oU. llnd ... c,an .. bro ... h .. of th. butterfly Is 

r. mov. d 10 10wI< Itt. f •• qu.".y rang •. 
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COll3t{lnt O1J1pll./ Ler'4!l !". Frequency: TYPE 
1203-A AlI1plitude Rt'j( uilltill~ P"Wo"r Supply 
with TIN; 874-VR Voltmeter Rto;:tilkr, Typ~; 
874-~; Adap.{)r, amI T\l'~: 274-NF PII.tch 
Cord, 115 or 230 \'01 • .;, 50 to ,,0 cyd!:~. 
O .... illa,a. Tu"': i:lylv!luia 1'y)),' itT 434. 

Mounting: Alllminllll1 eMlin!>: "wrnundl'"(.l by 
~lJlu ,-:lluminUIll ~hiC'ld. ~'mhly i~ mOllnted 
on I,.,h"p, ·d r)!LlI<'I-l\Jl{I-{'IHl&!i~ pitl·". 
"'<ce .. orl .. Suppll.d: T,·pr. 87 ..... R22 Cllblc, 
Typ.: !)7 ..... CSS ClIble Gonnr,ctor, J Oll!:!! ~l"kct, 
lind td"phollc plug. 
"'<c .. ,on.. Available: l\lodlllntor, 8\\,1'"1)./' 
Driv($, lk lay U:Il:k Adfl.\ll."r P;md.~ art' :lvai ­
I,LII' :I.~ IL~t.''(1 in General l.:u.liu C:lt:ti')g. 
Dim.nl ion., 1I"igi)t 6!1 in., width !H.i ill" 
dl'pth 7 ill., over-ali. 
Weillh" t; J, lb:!. 

FIIIU re 2. Pane l " i.w of Ih. Ty pe 1209_8 Unit Olcil-
1010 •. The n.w Type 1209_8L II ide ntica l In app.a,.. 
o n .. exupl for the frequency cal ibralion o n the di a l. 

T'PO''---'-~CCo-cc,--c=C'-C:CC,--------------,-,C:"'::'::"~'':':d--,---~/o'o:'a==c--
1209_RL I Unit Olclllalo" 110 10 600 Me •••.••••.•••. . ••• 1 .1.0)111' $24S.oo 

PHA SE- ANGLE MEASUREMENT ON RHEOSTATS 
An analysis of the elTccts of inductanoo 

and 0apatitancc, both lumped ami dis­
tributed, on the phase angle of a potenti­
Ometer used as a rheostat was preBCnted 
in a previous article.' The distributed 
capacit:Ulce was a&iU!llL>d to be bctWttJl 

t he winding and a conducting surfaCe 
(t.he housing, a mewl mandrel, a mounlr 
iug plate, or a. shicld) , and the curvc of 

'II. T' 1I~1I, "Tl.~ 1'10","" .~",I., 01 l'u tco!i(.ono~I~"" u. .... -d 
~. Ith.....,.otl\t~ .. G~ Hadio E~""Nlla, 3~, I , Sf,p­
r.cmt>tl, tl167. 

the phase angle (0) vs. fractional rota-
tion (0:) took various shUI>CS, depending 
upon the potclltial of the conductor. 
These formulas and cnrvC$ arc sum- r""l 

marizcd in Figure J . Thc measured 
curvcs of the previous article wcre 
chosen to illustr!\te each elTt'Ctscpamtcly. 
Th is arliclp will describe the phnw-angle 
characteristics of SC\'cral potentiomcters 
to sholl' hOIl" their curvcs depend upon a 
combination of scveral efTects. 
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Measured Curves 

}. I NLI;urcd curV(''S of e vs. a for various 
lJotl'lIl ium(ltcrs arc given in Figurcs 2 
10 .s. The 0 vn lucs lU'e illl given fo r 1 kc 
ill order to facilitate comparison, !LI­
though many of the mC:'\SUl"cmCllts were 
made at higber frequencies ill order to 
im:rcasc the scllsiti"ity. The curves for 
the differen t t.y pes of polcll tiometers 
!jhow quite II. varia tion in magnitude and 
~ha l)C. The c!lpllcitanccs arc more or less 
~'ollst!lIlL for a ll poten tiometers of one 
typc; a change in I'csiotnncc shou ld 
(.'hangc ~ lJl ly Ihe rcsulting mtlgll itllclc 
of O. The inducl iUlCC, howc\'cl', depends 
UpOIl the Humber uf turns nnd wire size, 
so.l that it will vary as t he I'e:,;istancc 

challgcs. The efTect of rCliist:ulCC magni­
tude is illustrated in Figur(,~ 5 and 7, 
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where t.wo potentiometers of the & \0\0 

type aro measUI·I.!d . 
Otl potentiometers t haL do not have 

n metal C:1SC, stich :IS the Gencral l{lIdio 
'1" -1'10': 970 Series, the "110 plute" curve 
may be approached by using spacer:,; to 
m OUllt t he J)Otcntiometcl' to the metal 
mounting plate. Figul'e 8 shows the 
behfl viol' of a Tn')'; 977 Potclltiometer 
spaced U inch from the mounting plat.c, 
which give::; :;Ub:;l:llllin l improvemeut 
over the ClII'VCS uf Figurc 5. The "floaL­
ing conduclOI'" curve OftOIl givC'S the 
10\w:8t 0 fo r pnteilliomctel'.'; with a motu] 
C:l.SC, but. the case potelltial is affected 
by neluby objl. .... ·ts. T he "grounded COI1-
ductor" colIIl(lelions usua lly result. in 
an illductivc phase allgle, which ClIn be 
easily compensated with a capaci tor 

• 
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~ 
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!'\(,'ro~<; the' t('rminal~. \"01 too 
plic.ation!", howevcr, \\'ould 
thr{'('-tcrminal {'ontH'clioll . 

IllIlll,V llJ)-
1Ii;0 this 

The!'(' tnQJ.lf:U n '(i C'UI'\,('S ~hQII' SOIl1('1 

8imHnrity 10 thc t urn'S of FiguI"{' I, but 
lrll'~~' difTf'I'CIICCS woe UppIII"CIit. The 
curv('S of Fi",U!·c I ~ho\\' tho effed of 

('ach [JummetCI" scp:lrll!rly, WhCt'PUR 
m('aSl U'CIIWIl! S 011 t 11(' 11Clt(llll iotncter 
show Ill<' t'fT('(;ts of s(""\'crai parameters 
sim ult :lIIt'Ow;\y. T o i11u,.;lnll~' II1l'i'e tOIll­
billt.'d effc(:i.J', Fip;ure 9 Rhows nn attempt 
1.0 synt il('J; izc' t ill' {'IIl"\'{'S of Fip:ul'l' 5, 
with I he fol\olVrnp; eonstants :\ssllmed: 

( '"". = lI'indill~-lo-platc crrpa citallc(' = 
24 1'4, d istribut.ed 

( '.1' = rotOI'-to-pi:Ltc cap:lcitnllec = 

3 IJ.pf, lumped 
(' ""' = windiug-to-rotor ('apaeit!tnce = 

4,,) IJ.SJ./, d istrii)u l« 1 

• .L--'_L_-"---'~_L-"---L--1""~" '0 • •• 
F't<~SE ANGlE CHARI\CTERISTICS 

,~ 

, ... . .,· •. _11 "" .. ..,.,., "'H""O~( ". 

~ -
~ '00 ~, 

T 

• '\ .. '" , i' . 
It:t ;\ J 

1'\ f "j'-' . 
FIGUR( , '" • 
I U L _I 

• 
""", ... .... " 

" 

(',I = l'al)lU'iiallCP acl"O"-') tcrminal~ = 

1'1'1, 11ImpCfl 
wi. 

(h = H = 2-10 IJ.mdians . constant 

As till' n ll'10m; plai c COIlIl('Clioll :$ nrc 
made, the f'lTf'(,t of C"," chrmges a.., do 
the l'un'PH of fi gul'C 1. Howevcr , C ,I is 
alw3.vs acroAA the tt'1'Inin:II~, and the 
ciTC'd of C", is nlll"H,v5 :IS given b,v t he 
H('onductor-t iC(I-lo-wtor" fommla. The 
I.: npRr:it:IlICe e.p i!i f.h ullted Oll t ill t he 
plutt'-\IPd-t.o-I·ot or Cllse, shunts t he po­
tcmtome\('r whell tJIO pl nte Ii; tied to t he 
end, 11Itf; no ('fT(.'et in the p;rounded-plnte 
cotlllc<:tion. ttnd is not present. when 
there is no pla.te. 

Thcsc 5ynthcsi7.C'd cu rves show:l muc\, 
c101:iCr npproximatioll 10 t he lllt'ilsurcd 
curves, bllt difTel'(,llccs arc still apparent.. 
One cause of th ese differences is the 

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



, 
I.licet of capflcita,llcc fmm the wilLding 
and rl'Om tbe mOlluting pllac to ground 
01' to fflo(! Sp:1t.oc, which may lx- scvcr:1I 
mitromitrofumds. This capacit:lllt,c ill­
('rcase:. if groumlcd swiac(.':; nrc broughl 
1Il'tU' the plate. The £'tTN'\ of the wiudillg­
to-wollnd cnp:wilallcc is the SlllllC it.'i 

th~\t. of the capacitance from winding to 
plate ill the "grouudcd-t:onductor" ca.'iC 
when a direct m('lUlllfcmcnt. is made, 
This capaeit.aucc 11ITects mainly the "110-
pl::l.1.e" tlll'VC flod mnkcs i t more positive. 
The plutc-to-ground capacitance tltTccts 
only lhe "floating-plate" curv(', and, al­
though the ,,!Teet is more compliclltcd , it 
makes this curve morc positive :lIso. 
Figu l'lj 10 I!ho\\s :\11 L'<IUivo lcllt circuit 
for the "floating" case with the ground 
cap:u.:itancc lidded, where theD meAA.lred 

I~\ 
is that of the direct. impcd:mcc, I -

• 
AnoU1{'r rCIlSOIl for t he difTerCl1ct'S iii 

the il.S8t11nption that. 'he 81 ray cupaci­
t(lIlCl."S nrc even l_y distribl1ted_ For ex­
ample, the assumptioll t hat. the will(ling­
to-rotor cnpacit~lI1cc is cwnly distribult.'<i 
is only /I. fai.- II!!Sumplion fo r Se .. ies 070 
Polentiometcl1S, which bavc n ring rotol' 
structurc, and would 1I0t hold nt. 1111 for 
most potentiometers_ If Ihere we .. 1"' l-a­
p3c-it:mu('S fro m I hu I'Olor 10 that part uf 
the winding nc:lr the rotor 1"()llt!ICt, e 

I 
would vary liS - - nllju.'r th:lll as _«2 

• 

~ 

' .. T 

[OI.IIV,,"l[Nl C!RCun ~OR fLO,,"HNG Pl.T[ \fITH 
CAPACI TANCI: TO GROUNO-

JANUARY , 19 .5. ~ 

£QUVilUNT tlflCUlT FOIl POTEHTIOIoIET£R f7 F1GUA£ 3 

as it does in t he en'llly distributed. C{lS('_ 
Ko" all the eapacitallct.'S arc included ill 
the synthesized plots_ In ttddition to thf' 
g1"ound capacitance, there is prol>nbly 
some tcnninnl-to-platf-' I,'upacilnll("f', 
which WlUI 1I0t tukell into account. Cn­
ptlcilnnccs bet.ween WlriOll i! P:Lrt~ of IIII' 
winding lUay also have a Folight elTect. 

Still nnot.her ('lTeet is the p.-cscnc(' ("1£ 
lu mped cnpacit3l1ccs which vary with 
R_ For exn mpll'. the capacitancf' fWIll 

the terminal structure to Ihe rotor will 
vur\' fiB the rotor is 1Il0W!(1. 

'I~he curves fot" t he em-bon pot (I~i)l;­
u re 3), wh ith Mf' :llmost straight lil1(_'l'I, 
mny be closely appro_" imatoo if only t lIP 
lumpcd capllcit:Ul('t.'i' shown in Fip;urf' I I 
ure considered_ Thc lu-(m of t he t"<'i'istivf' 
clcmcnt in this type of potcn tiomet('r i ... 
very snlllll, so Ihat rlistrihutt.>d Cllp~h"i­

I1l.ncC!i to the clC'mcnt uro rclativ('\y 
small _ 

SUlllming up. we 8('C t hil l, althQugh 
n combination of "illlplt, effects ~i\"('S all 

npproximlltion to tho measlired CW-\-C'!I_ 
difl-c rcllc-C>l1\ :u-c apparent, which art' 
ca used by :Idclitional factot"s tiUlt :ITt' 
milch harder to :umlylC_ 

Phase-Angle CharC:lCteristics of General 
Radio Type 970--Series Pote ntiometers 

Becallsc sc\-crn l customers hflv(' ill­
quired nbout the I}il3J';('-nll.ll;lc charactf't"­
ist.ics of our 97{}-series pots, ll.pproximn.te 
specifications arc given below_ Usually 
il. is not necessary to know the exact, 
sh:\pc of lhe curve; the exlreme values 
will be 8uffi('i('nl _ The curve shupe!! arl' 
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~ GE NERAl itA DIO £ X 'EItIMENTEI. • 
TABLE I 

INDUCTIVE PHASE ANGLE 
APPROXIMATE Ot in MICRORADIANS ot 1 " l~qlfflIw"ltt~ Till~ No. m '" '" ." '" ." .n '" 

- T UPf' Let/v Ult~ --- --- --- - ---

• 2 ...,. 
C , 6300 9300 ,OGOO 
0 

,. l SOO 3!lOO '1900 .... , 20 7'10 1800 2'lOO ' 000 
f 60 1.i2O !)10 '200 2800 
G '00 "110 610 860 9S() 

H 200 34. .30 730 700 
J 600 360 ... 64. 760 800 
K ,K ' 30 ... ~10 64. 730 !lOO ' 200 , 21\ 72 102 147 275 300 610 820 "'0 M ,K 63 73 120 170 215 420 !j IO .... 
H 101( 30 6' 80 '20 '" 210 240 730 , 20K "' " 36 G2 ' 30 130 200 260 

Q 50 1\: 1 

• 100 K J For th{'lol(' n.'t<i"t311~ inducti\'c elfceta arc negligihle compared tv , 200K CUlmdlivc c ffN:t.s. 
u 5001( 

TABLE 1/ 
CAPACITIVE PHASE ANGLE at a- I 

Be _ in MICRORADIANS at I i f! and 1 kc 

Polf'If~(1mtltr T~ 9 7 1 972 '" 974 975 ." on ." ------ ------ ---
No Pial!' - (j.S -II - 8.li - 9.'1 - 7 -12 - I!l -10 
to Ground + 3.4 + .4 + ,"',7 + 3.3 + 11 + 5.2 '1 12 + 17 g:11.I' t I to Wiudiug End 

nllt'" .. 1 W ItOI or 
-29 -33 -36 -3li -56 -57 -81 -8' 
- 26 - 31 -30 -36 -46 -60 -1\6 -68 

~lO!\tll1k - 8.3 - 13 - ft.,5 -12 -II -18 -20 -17 

ThCi'l.· vnlul'~ dqwlld IIIl()n III<' dL\'h~·tnl" Cf/II"l.1ln t of 
Ilh,"IOI; (', which v:lril'lt with h:ltl' h fl.ud with frt'qlll'IICY, 

quite simi la r for til(' 1' !lriOIlS "iz(' pots, SO 

thnl the ("()mplete ctlrns can C':\sil.v be 
approximated by drawing curves l$imilar 
to those of Figures .J, .S, and 6. 

T nble 1 J:,riVl'S the a pproximate vatue 
for' 'h, the componenl of 0 du(' to winrl­
illl! iuduct.'1llct' for (':I(·h size of enrh type 
of !,ot, except for the n'ry Iflfge rto:<;,.t­
nllce vaim'fj whcrl' the ;n(hll'tin' effect 
ig nl'gligihif" ('ompnred to till' l'apaeiti\'c 
(·fTpt'ls. T :lbit' I J (1;i\'(.'3 8e "" .... the 0 ,'altlc 
:Ito - 1 c:IlIRpd hy the c:lpaeiti\'(' ctTects, 
The \'31111' of 0" _~ ucpend!' UpOIJ the 
l'O!U\l'(!tion us«i filld is ll£1!,:nli ve excC'pl 
fnr till' groundt'(l-plnte conlll'('liOIi. T he 
LIlountinl! plait'S used f()r tIWf'I' Jll£':lSlIn'­
nWlIts were HIUfLrC', filld tilt' edge rlim(,l1-

!'ioll W:lS 011(' inch grpatf"r than the di­
(Imt't!'r of the pot. 

T o get 1 he \'fl lllCS at () - 1, the ap­
propriate vniu(l of OL nnd Oc_, shou ld be 
chosen, The vnlue of (} at () - I is then : 

(} - j(O,. + RfJf , "" .... ) 

"'here f is in k ill'JCyc!cs and R in ki l­
ohms, As () apprullches ?(~ I'O, fJ, for the 
synthesized curve:;;, approacile8 fJL us 
shown in Figure !J, Actually, liS rhOlnl 
in F igure 5, the induct ive ('ompolleut uf 
fJ dl'Ops ofT at loll' v:ilueg of f1 . whcre til(' 
full extent of mutual cOllplit1~ h:!s 1101 
been ('st:lblishcd. 

Measurement Technique 

These m<':1SUl'cmCI!\S \\'!'I'C rn:ldc on 
a General Ibdil) T n'E IW.i-.\ Irnped­
ilUl'C Comparator" usill)!; SlIlall fh:cd U'-

"lI"n, II. I' . . ... 1 IInl\j .. , \1 (', " \ 11 ,.10 I' ....... ~.;.'" 
1".\ ...... 111 ...... (' .. 'n'''' .. ' ..... 0, ...... 11 N'"f,,' ":r,.. .. ""'o;jh. 
lIO, 11 . 11 ... i l. i!).joIl 

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



• 
sistors as ph:l.S('-olmgtc standards. T his 

_ ill >! trunwnt prc~llts 011 two Ilwters Tile 
differcnce in mnguitudc and the difTer­
(,lite in phase IlIIg tc l.M'lWl'Cll thl' standanl 
and the unkleo\\ n impcdanc<'>I. Tlw high 
is{'llsilivity (one di\'lSioll = .0001 radian 
011 ihc moslR('lIsitivc range) :uu..i till' wide 
freq uency mnge (100 C, t kc. to kc. and 
100 kcJ make 1)O:;...::.il>lo mC1ItitirCIIlcnt8 O\'cr 

:L vcry wide range of time const.ant. 
(8 w). 

In t he meusul'f'lncnt, UlC rhrostal is 
:u ljusu!<J for an approximate mngnitudc 
Ilull, aud IhclI the D,,(J value is rf':W from 
the meler. FOI' the most precis(> mes..s­
lLr('mcnts, the stnndnrd resistors should 
huve low cap:II. ilnnec ami short j(·ads. 
Ik'<:tlllsc we arc intcl'cst('(i in l he 8 1111-
jf'rfll(,l', the cnp:wittl.IICC of Itllds to the 
rhl'()SUlt cnll be uahuwf'd out by using 
"jmil:u- lends 10 tl\(' stnnd(lrd. 

It is intcrestillg to !'.f'C how dir{'l,;t 
Illl'asurcment:; cun hI' made if til£' rheo­
slat ii' adjuSll't1 fm' a magnitude lJahuwc. 
The !'hunting cap:wit:UlC('>I (;.1 und ('If 

(F'if!lI r£' 12) hu\'l' 110 l'fTl'(;l ill :I dir<"tt. 
rn('lU;Urcmeut. C 1 i'hllllhs half of Ihe 
tip:htly coupled bridge tnluRfon ner :lnd 

JANUAlt y, 19 .5. ~ 

CfHlSCS lIcgligible error if it is of rcnsoll­
llhlc size ( Ie:'!~ th:lJl .0001 mtli:m etTor 
for C.1 = 0.14 tit I kc) . T he other :;ltray 
capacitanct'. CH, ".hulIl:> t he inpu l !lnd 

~ 
~ 6 

'. " 
TO OClECTOR 

I 
C3Us('~ nn error of 2 /j, R wCu, where /j,R 

ig the resistance diffcrence belwt.'C1l 
thc rheostat und thl' ;sta lldurd resistor. 
It i!) of (:OUt'S(I impossible- to !let 
/j, !l ~ 0, p:u'lit:uiarly for win:.'-lI'ound 

pOlclltiom('lcrs of limilt.>d n:solution . 
However, if Cu is of t h(' ",'line order of 
magnitude as th(' eap:lcil:Ulce c:msinJ( 
tl1l' phase :Lngje, the error is tlsually 
tll'l.!;ligiblc. 

The author wi!lhcs to thank R. G. 
Fulk" and .1. ::\ 1. Flowl'r for making 
m:m.v of lhe IncaSUrcmcntR tlsed ill this 
article. 

- H . P. llALL 

THE NEW MIDWEST OFFICE 
,July 15, I%i, /UlIrkt'(l th(' op('nillj!: of 

our II,'W olliec in Oak Park and the clos­
jug of the o ld oUke at 920 South ~ I ich i· 

grill A VCIIUt' in Chicago, which had ~tl 
ill optration sinf'C 10-13. DutitlA: the ill­
\{' I'vetling ye:lts, t he offi ce had grown in 
~i7.1' more t hall threefold. This l'xp..'ulSion 
in pt'f'SOlUlt·1 toget her with OUl' plans for 
a ;\ l id\n~s\' repair depnrtmcnt m:lde it. 
t\('Ce~:l.rr to move to inrp;t'I' quartcts. A 
I'uburbau locatioH was dcsimbl(', because 

QUI' new location at 6f.o,j W('5t. North 
Avt'llue is in Oak Pru'k about. ten mik-s 
W('>It of Chicft.'l:o's Loop. Ensy accC'SS to 
alld frOm IOt':ltions ill Chica~o is 1,uS­
sible via North A \'Clltle, the- m/lin Ctlst­
west tl l' tery, or tit(' COJl~rcss Expres.'1wny 
located Jl(-'arhy. Also. S{'\,('rlll north­
south :utcrit:..'S, such as Il a l'l(,1I1 A veHm' 
lind Cicero A\,enu('. are in the vicinit.y. 
COtl\'Ctlicnl public IrnllsportJlt.ion is also 
I\\'u ii:l.ble, whi le those who drive will 

t'"" morl' and more of our customcrS were fi nd the location easily and will han' nu 
moving away from the downtown urea. difficulty in parking, There is 0. parking 
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GENER A L RADIO E X PE R IMENTER 

lot at the rear of the building as well as 
ample space on the adjacent strccts, 

There is a large d('monslmtion room 
t-'<lu ippcd with reprcscntative Gcu('I'[\1 
Hadio instrumeuts amI soon a good 
slOck will be 1I\'ailable for o\'er-thc­
countCI' s,'l.ie;, 

The New Serv ice Departme nt 

" 

One of the majO!' considerations m 
the new locntiun was to provide a com­
pl('te factol"}, service dcpunmcnt, lind 
about on(-' h:df the space iJ:i now dc\'otcd 
to &'r\'icinp; G(>n('rai lbdio equipment. 
Alfred J. GUllY, a f:lclOry-lruinoo S('n'­
ice cngineer, is in ch:lI'gc of this Op<.'ra.­

lion and is ably n~is\()d by CXPCl't foil'rv-
50lu englnH . s 01 the Mldwu t ol'll.e. Left , Bob Bo,d; 

.1,,101, BUI Ihde, 

ic(' tt"Clmicialls, This dcpartmclIl ha,Q 
bccu in op<"l":Ition sincc August 1. F:wili- l'I.'Calihl'atioll, :lIld I'Cp:1I1' of U{,Ilt"rnl 
ties al'c available fo r standardization. Hadio illstl'UIIWlIls, 

V .. w of ' ''e new fronl doo,- 6605 Wut NO<th A"enue, Ook Pori<, tIIinol., 
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" 

Th ..... d .. robo,otory ,,' G ..... 
..... Radio's new Mldwedo"i ••. 
i,flla rio"', AI GIIOY In oha'II ' 
of s ..... I • • adi"ln • • ,,"d G. .... II. 

H.""on. 

For 1hoSl' t'ustoOl('rs inlf'I'cstcd in 
making their 0\\,1) ]'cp:lirs, a good stock 
of I'cplacC'mcnt paris is avnibhlc. 

Many service prohlf'lllS can be f'O lv()d 
b,v di.'>t'lIssillg them wit h us. Plc:l.<;(' call 
Oil Bill lhde 01' Boh l3:1rd if ,VOll IlRVC a 
tne:lSW'('ll1t'lIt pr-oblem, 0 1' AI CUil)' if 

JANUAR Y, 1951 ~ 

you have a scrviec pl"Oblpm ill conncc­
tion wilh Gn <'(lllipnll'lLl. 

We cordially invite YOH to call or to 

visit lll" nt. any time, 

Telephone: Vllb,!!t, .,,·fj·IOO. 

- \\"JI,I.IUI :\1. [lIIn: 

SCIENCE FOR THE BLIND 

r\ unique puhlif'ntion, Sciellce Re­
corded, entl'red its thi rd yl'ar in Oc­
toher, 1957. Stierl,ce f?ccQrr/r(L is a seicll­
litie periodical. J"('Col'dcd on mn~nf'lic 

ttpo, :lnt! sent c:\!'h month to some 200 
blind Sllb~('rihers in the united St:ncs, 
Creal Britain, Australia, and'\ lcxico. 
It is handled by a nonprofit. orgalLiz:l­
tion, Science for thc Blind, a. subsidiary 
uf the Philud elphin ;\g,<;o<,ia t ion for the 
Blind. [n the twelve months ending Octo-

ber, 1057, over 4000 ttlpt'S "·('I"C 8(>nt. out. 
The s!:lIT is made liP primarily of 

volunt~rs who serve as rcaders ' and 
mailers. The e<liior is P rofessor T . A. 
Brnh:un of rfavcrford College, who is 
w~11 known for' his work in t he devclop­
nlf'llt and adapt:l.tion of scientific iniJlt·lI­
menli, for usc hy thc blind. 

Among th(' SOIl]'('CS of material for 
publil'alioll in Scil'll(:(> Recorded is the 
Of'l/ernl Radio Expcrimclllf'r . 

• . . IMPORTANT ... 
Be sure to sove the new Ge neral Radio price list e nclosed , and flI e with 

your Catalog O. 

Effedive clote: January 20, 1958 
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GENEItAl ItADIO E X PERI M E N TEIt " 
GR REPRESENTATION 

FOR HAWAII 

n~dio-Tl'le\'ision Corporation, 1,ld" 
7i7 Ala :'I lonna, ll onolulu, II IlII'nii, hill; 
1){,(, 11 appointed GI'Ill'ra1 Hadio'!! repr('­
M'lItative for the Territory of lI awuii, 
Ira G, ;\ 11'1'('er, :'I 1 :lIlIl~er of the Elc<:­
tronies Dil'i.;ion ami wI'll known in 
clel;tronic cll.l!:in('('rin~ cirl'ies hoth on tlw 
mainland fi nd in lI :lInlii, is in dir('(.'1 
t'h:l rg:(' of en ~'lles, 

.-\11 interes\('(1 in ('I('('\ronic t<"S1 equip­
ment :llld in!ll nlllwiltalion qll('!;lion~ 111'1' 

('oJ'diall,I' im'ilNI I() g:l't in If) tlt'h \I'ith 
our IWII' rc'pn'Sl'llt:uil'l', Till' 1f'lt'phollf' 
1H1lnbel' is :)0-200 1. 

NEW LOCKING SYSTEM FOR UNIT INSTRUMENTS 
General Badio \1 nil Instruments hlH'f' 

plug-iu I}O\\'('i' supplies. T his ff'lltW'1' 

nUlk('s 1)()s,<;iIJlf' Ihe most. ('flkient. IISC of 
powcr-supply IIllils and !llso pel'lnit s 
the Uf;('1' 10 S(>\('c't ('ilh('l':t rl',I!;ulnt('( 1 or lIll 
unrl'l!:ld!lIN\ sllppl,v, fl.'! thl' imnH .... li:ltf' 
requirf'rnf'lll!l may di('\lIle. 

With thf' rf'('lanf,!:ulllr-i"'nbhwl type of 
unit illSlrUIlWllt, it i~ po",.;ihle to Cfllll­
hinl' thi~ fN1tllff' with Ill(' :tdVltntag:01 of 
II si lll!:h' Slt'lIC'lure, T his is lU'l'omplishNl 
hy tht' 1I.'l<' of lockinp; st rips, whic'l! ]tOld 
thc r)O\\'l'r-Rupply ('nbil1l'l and till' in­
Rtru men t. (·ahinct. firmly to,l!;ctlwt' , W 

General 

thai t ill',\' t'llI! he hatlfJlI'( 1 nS:l Riu~le:18-
S<'lllhl,\'. Til l' \ockillf,!: st rips lIr(> now SlIp­
pliN:1 wit h :111 rN:I:1II1!:1I1:lr-c·:\],iIWl IInit 
in]!tnllll('lIlfi, In!<llallatioll i.'1 simple, :l .. 'i 

shown in FiJ,!:l1I"(' I. Two Ilwkinp; ~trip~ 

arf' 1I'it'l1. (It\(' al till' lop aud 01)(' :ll till' 
bottom, 

Radio Company 

,.';:, ... 
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