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, SEPTEMBER , 19 51 

THE PHASE ANGLE OF POTENTIOMETERS 
r- USED AS RHEOSTATS 

Tht' phflRC Hngl£' of 3 nl.riuhlc r('$hitor 
is lIearly niwaYf! a problem in prt'l"isioll 
fI-t' j·in'lIilry. Il is now Ix"t'omillg in~ 

en'u.\'ill,ll;ly impol"l lllli owit) ,!!; to Ihe widu
spn'm l Hi;!' of this trill' of compolI('nt in 
computing a nd c{)lIl n lisyslrlTlf.i. 111\"t'sti-
1(:11 ions of Ill(' \'olt :\gc pha."i<' shifi ill 
pOh'lIlioIlWjf'I'S uset! a. .. \'OIt:I!l:t' di\'id('T'S 
ha,'/-' ~I\ r{'ported in the' iitrmtut't'."· 
This urticlf' is prim:lril .... eOIl{'crJ}{'(\ with 
"r)(lls" \l1iC'{1 1l.8 I'h('O:-;I:ll:-. lmu, l iwl'('flll'{" 

till' phu.,,<' nll!!; l£' is that of:tn impedallce. 
W(' :11'(' in\NPSted llC'rt, oul," ill lhl' 

smlll1 ])hnSl' uIIglc b,\' \dlich a rh('ol5t:lt 
diITI'I'S fro m II purl' !"('Si:'>taIlCl'. T his vari
ation from III(' ideal. catlS('(1 b.y ind uct
:met' ZUlU st ray <::q)1\('il:11lI'(' , is orIel! a ]>
pr<'t' iabJ(' 3t fludio rr(>{I\I(']tt'il'~, WI' firt' 

nol ('lJ lwt'I'ILNl lwl'l' I"ilb Ill(' lar~{' phuS(' 
:lu~l{'fl t hai Q('cur :11 hi~h('r frt'quf'llI' iMi. 

TIlt' pr('(·i,.;(, m(':\1'1IfI'm{'111 of II\(' "haS(' 
tllll!:\t' or :I rf'~if<lo r at nudio frN IIII']wi(>S 
has hitll{']' \o hel']l diffil'uh ,' laI'~{'I." Iw
('allst' mOJoi! :luclio-fl'NIUI'IH·.V hl'id W'S list.· 

rh{,(lstnl H who!;{' plwi;c uu~lc~ mn.\' hl' 

" ]. II. H"~",, ~wl J. /.. W~.I. ".I,,,,,·,,,i""·~"·r (·Ii ........ 
t~r;.."' .... " r,I ... T..,.~ 11M KI",""' ... ,r I M."zr"A. "'~bl'Ua r)·. 
1\1~'_ 

'''A--{' 1'~rf"n"""1"'.nod P ........ (''''"I~''_I i"" "f ("1I1.'~r "_"d,..1 ]''''''11\;'''''''' ''''':' 1f,1i,..., r",h,.."II'iJ(>Ir, I\}, 
>(;, II Ital'''' r a",\ I.. 1\ fvnl. "Th" \..(' 1 .... 1 ... "; .... "I 
11 ..... \' ..... ,~I 1''''I'I"it.1 Di,-i.l~ ... , I''''r~r .... 1 .\ ",Ii" 
}·.....-, ..... ".i ..... u,1 Ih~ir :>.I"""".rttwnl," J""n." '" 
&,~~ luu."".,J.. 3. I ,,'>, :\[.).111.-;'-,. 
• 't C 110111" ~"d II I' 11. 11, "\ 1I '9" I'~iliollll1lped-
.11 ... ("O/UI .. nltor." G~H~I n<td'G 1i1/,..."'.~~/o'T , .10. II 
,\, ... H 111.'>6, 

comp:uahll" to thuS(' whieh arc tn be 
nl(':u;ur«1. T ilf' Jlf'\1 (:1'11('I 'al Hadio Tn'~: 

IliO;;",\ l lUpedaut'e ('ump~ralor' makes 
possibl(' pt'eeis(' .n.:L ]'[\pid rl1('IISUI"l'm!'lIts 
by comparison with !Onl:1Jl /ix('fl I'CSi f; IOI1; 
of negligihle phas(' :UlI!:\('. T Ill' dC'f<ir(' to 
expl~ill d:\1:~ I;lkell wilh this in!<lrUlIWl1t 
hl\," It'll to !lIt, :lIIal:"i"lI'S :lIld ('alt-uitllions 
whidl follow, 

PHASE ANGLE CALCULATIONS 
ON RHEOSTATS 

Fixed Resiston: LeI us c.m~ider firs l 
tilt' phaS<' :1lI~1(' of a /ix('(1 1·C'SisIW'. T he 
familiar cqllinllc lll ('in'uit of Fi~ ll l'l' 2 is 
valid in all r('Sistot'8 if I\c' l'OIlSid(,1' onl .... 
slll;dl ph:I".' tlnu;ll's, 

'I' ll(' {J of Ihis dlTlli l is: 
Q = w(J. II lU' I (W;I J.}(' i? ) ( I) 

\\'f' will limit ow: 'In'8 III \':du('$ of Q 
l('l<." 1 h:111 0,1. ~J I lint \\'1.' (':UI :.('1: 

() = .Y If '- 8 - fon -· (.\' H ) (2) 

whel"t· e i" ill nltlians (sinl'(' tan (. 1) = 

.I(X)~, " 'hidl h; dUbl' I' JI(JH~ 1 1 for our 
('aln:latirms). To sho\\' lhal1111' w:l {('rO] 
is 1I1'.l!iigihk .. \\(. ('1111 l'XPI't'SS w 'I I}(' H 
liS ( wI .. H)~ (w m'l. I f wlU':lILd wi, R 
lIr{,l,:wh IrNO Illali {j, I, tht' ('III){'d 1l'l'm i:< 
II':-" lhan 1 If X) (Jf IllI' lirSI-M(\c-.. tt'rmf< 

fill"' . 1. Pan. 1 v'. w af th. Ty,.. 1605_ '" l"'pflIan .. 
Campa.a/=><, .. ,.d far th. ",. a . .... ",.n," d .. e,;IMd 

In th l. arti ... . 
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and is thus Ill'gligihle. This would indi
cate that t ht! clT<.'CIS nf illcill('lllllCt' ('n IL ht, 
B<ldNi tn t htlM! of (,Jlpru:itall('(', a;I1I'(' th(> 
tcrm~ r(,:)Llitill,lf; from til(> i li tN/II'lion 1)("
l.wC('1I til{' two an' ncgli,i!;ihlt· for small 
pilUS(' :\Il,ll;IN\. T Ill'frfon:', we \"lI1l Uti(' t he 
!limp\(' {'xprl'sl';ioli 

8 - Q - wil, R Rci (3 ) 
for Hnf calt'ul:ltions. );01(' fro m 111i:o. ex
prCS8ioll Ih!1t · 

(a ) () i~ prup()l" ional to w. awl 11l('1'(~
fon' I hl' fn'qut'IIC',v of Tllf'axllt'!'m(>ul i:o. UIl
;mpllI'lfll1l, ('.XI'Cp' th:1 1 it must!Jrl'hOSCII 

lO p; iw () "liluC'!, th:l t :\ I'{' mC':tl;1II':lhl(' 

but 1{'S.~ 1 hall 0 .1. 
(b) l.ow-vlIllll'(l n's;."t,)!">; nr<' indlwt iw, 

lind hi,l!:h·vnlurd I'c~ i :o. lnr~ an' ('np:wilivl'. 
'1'11(' Ir:lllsitioll foJ' Win'-WQlllld r'{'>lislOI"i' 

UC('lll''; usually het 11'('('11 :!O(XI :lnd :lO,OOO 
ohmil, 

(t' ) Fol' nlhLl'll of /( w\wr(' hoth trnJlS 

arf' important, it ir; impiJi',.~ibll' to mC:l5-
IIr (' L :lnt! C :s.:Plll'alt'iy, 

Rheostol with Inductonce On ly 

Figurl' a !'holl/:i lL nWIL.MU'f'\.1 ('u(\'e of 

Q "r; mllltion for:l 1000-lIhm pilI (TYI'~~ 
9731\ ), Thi:; plot sho\\"~ Ih:lt , fot" mOr;t. 
of tlw nlU~(' of rotation, Q i~ cun"l:lUl. 
This Tlll'llI lioI that th(' imhU"\:lILCL' il1 in

<: L"l'n.<~inJ( liLU'urly Ilith rot:Hioll, I f Q i1; 
J\SSULll('(! i'\lIIst:l1ll, tho ('quinLll'lIt I'il"

I:uil i" Ihnl of Fiv;ul'(, .1, find thl' c:-.:pr<'S
f5ion f 01' () is: 

Q- w(a l-!aR) ,... wI, 1/ (-I) 

1I'1lC' l"e (11 - LH)J"rnalizl.'d ]'I)lalioll 
f? "" lol:LI n'Sir;tnllL;C 'J " !Owl iu(iLli"ll1r1l'C 

I --LLl. 
PM"'$( .I.~LE Of" TYPE 97~K POT 

(1000 nt 
I , , , 
, , -:l"I) 

,~ 

• 
_ . u!it >1/0 

,= o. 
!:! !!: • .o« 

o 
:;: II • j)Qi ,~ 

• a • 

~~-OOI " ".- • 
-i--I-- ~, ~fD·;;""'" -= 

• 
.1.. 

• 

c 
F;II~'. 2, 

.\ Ithough , in our ('nh'lIl1ltions, the v:lri
alion in Q IS ne)!:I(,(, ll'tl II hell a is :-lmuit. 
thi t< effec t should nOI be ol'(,l'iookl.'(l if 
til(' phase :llIgle 1Il1l,.;1 be :u't'ura te1r 
known fo r !'mnl1 :tllgi<'S of rol:Hion, 
1'hi,.; variatioll is ("1\11& .. 1 hy mutll:d ill
du('11IIIC(, l)('tl\' (,(,11 the t urns of the wind
ing, If the coupling were perft't t , thr 
ill{hwt:ulCt' \\"oul(1 1)(' pro]lLwtionni 10 11 J 

:1tH.I (ll, nnd Q would be propm't ioual to 
a, 1I0\\,('\,el", the \'ol1pliu" (':-.:I(,ttds OW' I' 

only a few l1l'ighhuriug lurns, so lhu1. 
II!'. more and more tU1"I1;; arc u;;('(I, llw 
\'[l rinti(m nppI'otiches IllIn of til l' un
coupled ca.<jc wlwr{' the induct:lrtf"f' ill
cre:.&'8 linearly wit h /I and a, 

Rheostot w ith Lumped Copociton u 

If In' assumc Ihat lite lSlnl," ('ap:tt'i
lfiJH'(' is htm))l.'(I IU"ross Ih(' terminAls as 
sho\\'11 in Fil.;w'c ,j, ,itc tircuil Ill:\)" lll' 
tlt"ft \\"Il, for eOIl\'enieLlI"t' in :m:lly"is, t\s 
<:.boWJl in Fip:urt' 0, The Q for t.his ciri'lI1t 
is: 
Q = waR((\ + ('2) 

+ wJa(I -(J" ) Ii'Y~(lI-('I+('2) +"' (:;) 
The W;i tl'l"m ('all 1)(' lillt)wn to he lIe)!;I;
~ihlc- if t he first term ii-\ Ie:-s thlm 0,1 , 
Thcrdol"c, II'C can US<.' Ill(' ~i mple t'qui \'I1'" 
11'111. ('i t'cuit of FiJ(u!"c 7 !lntil lw cx pt"t'&"i iOI I 

Q = (XwH(' «(j ) 

wh('r('(' = C1 + ('~, II'hil'il i-" 1\ -" Imi"ht 
lilli ' from the origin, W)](on the induct
:1!l('(' (I/fecl is ndded to this eupal,jH(1lL;l' 
dfc('I, lhe l'qunlion b('\'0111('8 

Q = w (L R uNC) (7) 
The ~oll(l cUrl"(' of Fig-me:3 l'Ihow:~ i li(' 
induct!\"(, pot with :Iddt'd lumped (':\
pa{' ilnn('(l to illustmte C<llIaliolL (7), 

flll~ .. l , 
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t3=i~' 
c, 

Fig u •• 5. 

Equival ent Circuits for 
Di5tributed Capacitance 

For mall)' dll'Q.~t:1I8 the tl:.sumptjon 
that the stray cnpll("il ll.lICC is IUTllIx.'(i 
:lcroilS the uni .. is :Ul oversimplification. 
Be lief results Ufe obtained if it is a lso 
assumed ;hat. there is capacitance dis-
1rilmtcJ tl lollg Ihe winding to n COIl
e1m'tor, which may be the honsin~, fI

sUPI)Orting panel, n mcia l mandrel. ur 
n .. hif'ld . The lOI:1\ phase angle can then 
IX' Ctl \('ulal('(\ as the sum of these fixed 
Il.l1d di~tributcd t:np:lt:ilancc effects. IlL'
C:IlLS{' \\"e nrc conccl'Ilcd wit h first-ordcr 
i'fTf'!'\S only, \\'C can IISC lumpcd-param
('IeI' cquivuiclIL circuits fo r the distrih
ut(,<1 cil'('uit of Figur(' 8. The circuits of 
FigUN'S 9 and 10 gin} the s-'\mc results as 
t he first.-()rdcr terms of thf> hypcrholic 
fUlwtiolls M the lI'ell·kllown tr:msmis
s ian-line equr!.l ions, 'I'll(' circuit. of Figure 
I) is the more descdplive and uses nu 
inter<'8ting di visioll of the c!lp~lcitarwe. 
T he second dn'uit, Figure 10, is sim-

~EIJENLY 
T T T T T y~~~:~~~~ 

CONOUCTO~ b (i) 
fr,,, •• •. 

SU' TE M BE R , 1 957 ~ 

ctR 

~ 
c, 

(I ·OC)R 

Fill"" 7 . 

pier to USI', howevcr', sinec it has f(l\\'cr' 
branc.hcs, T he cfT("Clivc: ilLductanec of 
this circuit is tbe rc5u lt. of the capaci
tance, 

. \11 e<Juivn lcnt circuit for 11 r!roostat 
is given in Figure 11 . H ere thc res istance 
of the unusc<.! part. of the winding, 
( I - a ) R, is nssumcd negligible ('om
pared to t he imt>edance of the strny 
capacitance, and the tl.ctual inductu.nc(\ 
of the winding, aL. has been 11(ldoo. 

Formulas for Distributed Copocitonce 
Effe cts 

T he shupe of th(' Q vs a curve fot, 
distributed capacitance effects depends 
011 how the conductor is coIIIH.'t.:ted. The 
conductor could be tied to IllI' rotor, 
tied to the end of the winding, left 
floating , or He'd to a third terminal. 
T Ilf'se ca.s<.'S cfln fl,1I be quickly talculatoo 
by IISC of th(l circu it of F igure II and 
the simple cxptL'SSion of equation (3) 
above. 

FIll"" 10. 

(e..ro .... J FIll"' . 11. 
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(0) Conductor tied to Rotor (or unused end ) 

" ,~ + 
(b) Conductor tied to End 

~---o 

(e) Conductor Flooting 
,------<l 

1T1111 

figure 12. 

Rl=<X R 

Flgur. 13. 

(d) Conductor tied to a Third Terminal fillur.15. 

R1 ,, «R L1=<XL+a.
3
R

ZC 

E 10 E ;~610 + 
;n = r := = = = = 

Q • ~ (~: _ R'C) ' ~~L +.:} w~~ + ,':C) 

• 

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



tI C 
2"" 

flgur. 12. 

L'. a: L +O: 3R
2
C 

6 

• 

1 

• 

, 
In (d) the Q given is that of the direct 

"""'\ impcdflllce, e'nl l ~. AOle IhaL the capac
iti ve arms oj' t.he network of Figure 11 
ha ve no effect. 

p,"ormalizcd plots of thcse functio ns 
nrc gi ven in Figure \{j with the inducl
Hncc a."f<.Ul llcd to be zero. fllduc ltUl l'(' 

would simply disph ce the curves up
ward by wl_IR. 

EXPERIMENTAL CHECKS , 
OF CALCULATED CURVES 

In order 10 cheek lIH-'i-ip equations, 
mcasUI'('m('uts 11"('1'0 made Ull pot s iha t 
Imd rdati vciy large di,,;u-iiJutcd capud
l:llLC(, to a conductor. so Ihnl til(' ol her 

81 r'ay capacitalllx 's would be negligible. 
Figul'(, 17 sho ws CIlt'VCS for a pOl I\' j,h 

a metul shield II'mppcd around lhe 
windin,!!;. Xotc that if lhe curves a rc 
displnc<..'<i by w /.J/ H, t huy arc simil:t r to 
the cul('uhtcd curves. T he sm:l ll t1if~ 

fer('n(:c could he tause<1 by other C :l~ 

!JIH'itan r<.'S !)I' il'l'cgubrilies ill thc dis
tributed capacitHJlce, 

A good ('xIHu rl" of the float ing con
dlll.'tor r ase is gi,'cn in Figure 18, which 
f';hows tht' plot of :l len~tul'll p Ol. Th is 
unit has It met:, 1 m:mdr('[ whieh is lef t. 
flORt in~, 'J'he cu rve is calculated (the full~ 
sc:dc ml' :\;<Ul'c m('Zl\. il; IIsed to cnlculu te 
C) and the Illc:lsunxl point s nrc shown, 

- 11.1), 11.\1.1. 

Figur. 16, 

•• .. 
.. , 

-. -" 
,-~OIIT"D 

• TO ""'OIl 

-.. 
-. 

SE PTEM BER , 195 7 

• .L.!.. I~~ ~~) · • 
~ 1I>«05'.t WITH SHIELD 

, V · ~c. _ _ • · • A:' r~<"'HT> 
, • -I --- · " ,- - --Ti-

, I , .. if. 
~ to .. . • " 

, • • , 
, -. ,-.\ i.1· '1'+ • 

, 
, 
~ 
• 

" _co , ... 
T" ."",,, -. • \,1 ),' -" .'~ '--

r- " 
~"tHO 

I -J< 1 
figure 1'1. 

I'u ',<uh", of ll\1!'I.~un'nH·l\ l~ ( )II II 1l\l11\lwr of 
~tand"rd IJ llI'>! of polCll tiO Il1f' t'· rs will be 
pul)lisiu.'d ill H ~ uLJ~(.'(I U"l1t i~u('. 

Figure 18, 

~ 1 1 1 1 1 1 .. , ._1 PH ASE ANGlE or .oKO 
.0 TlJR!< ~I"IEOSTAT AT 'K~ 

" 

1 . 
i 

• 1 , , 1 , 
o a.. - 0 , • • 

-' -
~ - 1\ -
~ -

-
~ -
~' 

'Of- \ -•• 
.onL -., 
~ -., 
•• •• 
". -
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G. R. REPRESENTATIVE FOR GERMANY APPOINTED 

We take pleasure in alillouncing the 
:Ippointllwnt of DI'.-Ing, Giinter :\Uss
I('in of Eltlingen l\arl"rulw as Cell-

eml Radio reprcscntati\'c for Germany. 
Complete information 011 all of Out' 

products may be oht:l.illcd hy addressing 
inquiries to: 

Dr.-r I1g. :\ iissleill 
DcullSche "ertrelllng cler 
General Hadio Company 
Ettlingcn J\(lrhiTUhe 
Uumigwcg 6 

Ur.. I Il~. X Usslein is n. well-known 
figure in (>iCClronic enginN'l'ing cin'\('8. 
li e I'cccin'(l the Diploma Enginccl' dc
gree in radio t'llginccrillg and the dcgr(>(' 
of Doctor of EngillC<'ring from the 'fe(·h
nieal L"nivcrsity of Berlin. Since his.grud
U1Hioll, he has been associated with 
prominent research and manufacturing 
im,titulions in Germany and for som(' 
years was a consulting f'ngillecr in pri
vn.te prat'tice. li e is the :uuhor of many 
tedmicftl articles on ci(,(·tronic mattcn; 
and hns numerous patents and pnlt'llt 
applications in the ('\{'Ctronics field to 
his credit. 

This appointm(,llt was efTcctk<' .July 
I . \9.3i. 

Ul-APPROVED VARIACS' 
WI' ha\'c received word from the 

Cnd('rwritefS Laboratories tllllt thl'ct' 
additional \'lIriacs arc now listed under 
t h('ir He-examinnt ion RCf\·ice. This hrillb'S 
th(' lIumb<.'r of CL-approv('(\ \'ariacil in 
til(' ('urr(,111 models to 12. A ('omp\C'tc 
list of appron'fl models follows: 

W.) \\'.3:\ lT3 \\';)() I D I 
W.3L "'50 ,"10 
W.3:\ 1 \\'50:\1 \'10:\1 
\\'5:\1'1' W50H V20 

General Radio Company 

... ::. ..• .. . 

...., 
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