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MOTOR SPEED CONTROL 
WITH THE VARIAC 

I M P ORTANT USE of the Var-
iac is the control of speed on fractiona]
horsepower a-c motors. Successful u of 
the V ariac in this appli a ti on, however, 

depends upon both the type of mo-tor and the type of load, and it is 
i1nportant that, ·this be kept in inind ' hen con idering the Varjac as a 
speed control. 

Repuls ion and Series Motors 

Repulsion and series motors are hy far the easiest to control ·through 
voltage variation. The speed of each of these types 's sen itive to volt
age, and control can he obtained over a wide range of speed for practi
cally any ·type ofload. The curves of Figures 1 and 2 ho v typical speed
voltage characteri tics for these types of motors with a belt-driven 
load. The repulsion type used was a >i hp and the series type a 1/ 15 
hp. The characteristics of these two motors are somewhat similar to 
those of the d -c series motor. 

Ind uction Motors 

In general, speed of an induction motor cannot be controJled hy 
voltage. The motor tends to run at a speed approaching he synchro
nous value determined by the number of poles on, the stator winding. 
Speed can be varied only by changing slip, and.,' for heh drives and 
other fairly con taut loads, a reduction of voltage changes the slip only 

lightly until the breakdown point is reached and the motor stall . 
One outstanding exception, however, is found for fan loads, wh r 

-ihe effective load varies greatly with the speed. Some types of induc
tion motors can be made ·to operate satisfactorily for this service with 
V ariac control> and stable operation can he had on a wide range of 

peeds. This is discussed below. 
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Split Phase 

The p)jt pha motor with au toiua t i · 

cu t-ou t, in parti ular, :i a typ t hat i 
no t adapted to peed on t rol b oh age 

aria ti on. 

Thi mo-tor ha an au xil i ary � in ding 
paced 90 ele trical degree� from the 

main winding. Ord:inaril , this winding 

is u ed only for tarting and i discon.
nec·ted by an automati witch h n 
runnmg pe d · attained . After the 
auxiliar winding i di connec ed., t 

peed tend to a pproach n hronou 
p ed, the lip depending mainl upon 

the load. Voltage a1·i ati on i.a lit tle 
effect upon peed. Th pe d of a plit 

pha e mo tor is u ua l l changed h 
swit hing tap on ·the tator winding 
whi h effec·ti el hang the numb r I 
pole , and also pro ide two or more 

alu of synchronou p ed .. The p d
oltage har act r i ti of a Ys hp p1i t 

phase mo-tor ontrolled b a Varia i 
hown in Figur 3. 

Repulsion-Start Induction 

Motors 

Th repul jon-start indu L ion motor 
i pro ided with an indu ing ' inding, 
c01nmutator, and brush , h mean oJ 
w hich the rotor i brough t up to runnincr 

pe l by operation a a r pul ion motor. 
The commu ta tor bar ar th n h rl
cir ui Led h an au lo1na-ti.' switch, and 
the motor run a a singl -pha e induc

tion mo-tor . While th motor can he 
ariac-controlled during th tar ing 

period �. hen it i unning a a r pul ion 
n10tor, or when er the oltag i r -
duced to the point " here ·the repulsion-

t art _ t m cut in, the ran ge of peed 
ariation is nece aril I w, and if the 

repul ion wind:ing i not de igned for 
ontinuou e · ic , exce 1ve hea t ing 

ma cur. Figure 3 ow a oltage -
peed cur e for a Ys hp repu] ion· tar t 

type of motor. 

Copyright, 1944, General Radio Compan , 
Cambridge, Mass., U.S. . 
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Capacitor and Capacitor-Start 

Motors 

plit phase operation i ofte obtained 
by using a apa itor in ·i "t l the 
auxiliary winding. Jf the au. i iary ind
ing i opened by an automat· itch 
when running pe d i r ached, the 
mot r i ailed a apa itor- tart motor. 
If h auxiliary w·nding · onn cted 
p rmanently, the motor aJl <l a ca-
pacitor motor. 

The capa itor- tart l p cannot b 
controlJ cl by a aria . Th apacitor
type an b part"culad if the load i a 
fan or bl ' r. 

Speed Control for Fans and 

Blowers 

Th ·or rue re 1uired to drive a Ian 
or b ow r · a f unc Lion of peed, and, 

on quently, stable operation can be 
had with induction motor operating at 
high alue of slip. apa itor motors and 

had d pole motors ar of ten used for 
tl i rvic . 

With th shaded-pol motor, pe d 
control over a considerable range can be 

btain , a hown i n  Figure . For low 
p d however, it i often nece sary t 
tart at a fairly high oltage and then 

re uce the oltag to a low r v alu for 
running. 

FEBRUARY, 1944 

he capacitor motor can he conlr lle<l 
b arying the ohage on both the main 
an auxiliary winding imul ane u 1 . 

ome capacitor motor ho' ever ar o 
designed that a fi ed oltage can hf" 
applied ·to d'le auxiliary winding and a 

ariab]e oltag Lo the Jn.ain. winding. 
Figure 4 how the p ed- ohage chara -
Leri tic obtain d wi h a typical ·apa i
t r motor dri ing a quirrel- ag fan 
when the voltage on both winding 1 

aried. 
A p]it-phase motor can be controll d 

in the same way, i( it i de ign d f r 
operation with th auxiliar windll g 
permanently connect d. Whil a Jew of 
the e are us d for fan r i e, th y ar 
not a om:mon a the haded-po] anJ. 

apacitor t pe . 
Within ea h ha ·t p oI mot r, th 

<l signer can ar man Ia t r t pr -
du e a 1notor uit d t.o any parti ular 
job. To co er the omplete range f 
po sibili·tie i on iderabl h · ond th 

cope of thi arti I . w·th an gL n 
t pe of motor the pe d- oltage l ara -
teristic i , oI our e, d p nden t up n the 
torque- hara teri ti of tl loa<l. 
a well a tha L :f th If. Th 

p ed of om p f mo or i 
sensitive, howe r, and that of 
not, and "thi h uJd be on i ler d 
wh n. ·th I a V aria for m tor 

onlr I i nt mplat L 

CONT�NUOUS I TERPOLATION METHOD S 
PA RT II 

• L A S T M 0 N T H ' S A R T I C L E o t

Jined the various m Lh d 
interpolation. thod 1, irect 

polation, and M thod 2, Dire t B ati g., 

" re con ider d in de tail. r hi p rtion 

of the article di ·u e Me thod 3, 4, 
and 5. 

Method 3: Direct Beating 

Thi m th d, utilizing the higher of 
the ·two b a t  frequ ncie , f x - nf,, or 
(n + ) fs -.f x i adaptable to high 
fr qu ncy mea ur ment becau e of th 
limitation of th interpolator range Lo 

fs/2 t fs· For exa rnple, with a tandar<l. 
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fr quen y of 1 Mc t.h lower beat fre
quency (Method 1) range from 0 to 0.5 
Mc; -the higher ( Method 2) range from 
0.5 to LO Mc.4 

For frequencie of th e magnitude , 
a broadcast rec iv r can be u d for an 
int rpolator, readings being taken from 
th r jv r ali brat ion . For improved 
a· uracy, t.he beat frequ nc an be 
com pared with a l ower tandard fre
quen y, th diff. r n frequ n y in the 
r ei er utput being mea ured by an 
in L erpolation o cillator (as in et.ho 1 ) . 

ln ommon with other methods, diffi
cultie, ar ncounl r d when / x lies near 
a standard fr qu n y gj jn_g a difference 
frequency to the n xt higher or n t 
Io er harinonic w hi h i near lo the 

al11e of the Landard fre qu . Thus 
l wo frequen i ar impr n the 
r c iv r in. t acl of one. 

Method 4. S l id in g Harmonics 

To reduce the diflicultie enum rated 
abo e and to im plify operation , t.hi 

y teJn i design d o that no beat di-ff r
ence fr qu nc i used and the only beat 
uti]iz d is ole ly for ma tching, - zero 

ea t. Th interpol a tor on Lrol operates 
on all frequencie simultaneously, o no 

lection of ••1ow r" or Hhigh r 'heat fr -
n nc difC ren and no measuremen t 

of any beat frequen differen e 1 
required . 

The y tern illu trat d can be s t up 
a. follow : Th . tandard con ists of a 
950 kc cry st al os illator, in term o( 
which all mea urem n ts ar made and 
again. t hi h t.he in Lerpo Jator can be 
·alibra Led r che ked. The interp la

Lor con i t o( a 50 to 60 kc ariable 
frequency oscillator, traight line, dir ct 
r ad ing calibration. Th cale has 1000 
di i ions, giving 0 cl p r divi ion. 

4"An .H.li'. Measuriug Assembl 
I.R.E. 27-3, p. 208, March, 1939. 

Th tandard and j nterp lato1· ou1,-
put are i mpres ed on a modulator 
and the upper . ide fr qu ncy is ele t d 
by a filter in th modulator outpu t. Thi 
filtered output i. of 1000 k , when th 
in Lerpola -t r i L at z ro on the dj al 
(50 kc) and can b varied up to 1010 k 
at 100 on th dial ( 0 kc) , a tota rang 
of one percent . ince -here are 10 0 
di i ion , each di i ion is 0. 01 pe ent 
or l 0 part p r million. 

Thi outpu t fr qu ncy j, u d to on
trol one or 1uore multi ibrator . on -
megacy I 1nultivibrator, with a pecial 
output amplifier, prov ide harmonic of 
u able m agnitude up to 2 0 c. Thi 
harmonic output i utiliz d in conne -

Lion with a h -terod n frequenc m t:er 
ha ing a range of 100 to 200 M- , ali
brated at ach m ga y 1 . 

The y t m i par-ticu.larly int nd d, 
a described, for th m a urem nt f 
fr quencies in th range from 100 to 
1000 Mc (approximate} ) . Through the 
addition of a sec nd multi ibrator, 0.1 

c and th u of a H eterod ne Fre
qu n y M t r co ring 1 20 M , mea -
urem nt in t  e rang f-t· m 10 t 100 M 
could b mad . 

ow, with -the interpol ator dial at 
zero the output frequen (fs + f i) i 

xa tl 1 M and th harmonic fre
quen ie f the multivibrator are all 
multiple o- 1 Mc. Thus the heterodyne 
frequency met r can be h eked at r 
point on it cal . If th i nt rp lat r 
dial is et at 10 0, ea h harmonic fr -

qu n is in reased by p rcent. t -th 
lOOth harmonic thi mean that the .fre
quen y ha be n rai d from 100 Mc) 
ju t 1 M . Al o, comple te co erag 
over t hi int r al ha b nob ained . For 
any high r harm.o i , th 1-p r ent range 

e ce ds th differenc be-tween the gi v n 
harmoni and the next high r on . on-

e qu nt1 com lete coverage of the en 
tire rang from 100 t o  2 0 c i a. ur d. 
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To make a mea ur ment, the h tero
dyne frequency meter is se ·t ·to zero beat 
again tf.r;, either on ·the fundamental or a 
harmonic. With the h terodyne fre
quency meter at thi set t ing , the inter
polator dial is advanced from zero until 
the first beat is heard between a muh i
vibrator ha ·monic and Lhe frequency 
meter. This beat is et to zero. The 
unknown frequ nc is Lhen. 

f x = l�{s (1 + .6.) = nf s + nf s.6., 
where .6. i gi v n directly by t he inter
polator dial, on point ing off 5 decimal 
place .. The used harmonic frequency of 
the multivibrator is identi fied at once 
froan the dial of th frequenc me·ter . 
I J [ the frequenc being ineasured is 
, lightly above 162 Mc and the interpola
tor dial reading is 276 divisions, the fre
quency is 162 + 162 X 276 X 10-5 = 
162 + 0.447 = 162.447 Mc. 

ince t he frequency change to move 
any harmonic up t.o t he posi tion o{ t he 
ne t higher is ah ays jus t one megacycle, 
the number of divisions on the in.ter
polator dial necessary t.o accomplish this 
can be determined in advance and tabu
lated. The fraction of a megacycle 
in olved in meas uring any frequency i 
then [(obser ed number of divisions)/ 
(divisions for 1 Mc)] X 1 Mc. 

The que tion can be raised as to wha t 
would happen if t he he terodyne fre
quenc meter calibration were in error 
by 1 Mc. The calibration can be posi
tively c hecked at both ends of t he sca le. 
With t he inter polator dial at zero, set 
the he terodyne frequency meter to the 
point marked 101 M c  and et to zero 
beat. Lea ing the heterodyne-frequency 
meter at this point, advance the interpo
lator dial t o  1000 divi ion . At thi set
ting zero beat sh ould again be obtained. 
If no beat is heard, or if the beat is heard 
before the dial has been advanced the 
full 000 div

.
sions, ·the heterodyne fre

quenc meter is not set Lo 101 Mc but to 

FEBRU ARY, 1944 

a point abo e, or below, thi alue 
re pecti ely. imilar check can be 
obtained at 202 Mc. 

Method 5. Cathode-Ray Oscillo

s cope 

Through t he u e of a cathode-ray 
o illoscope, interpolations can b made 
over an extended frequency range, with
out the use of harmonics. The working 
upper limit depends principally on the 
a bility to open out the pattern. 

The basic method is to combine the 
l.mk.nown frequen y f x wi th a second 
known and adj ustable frequency , from 
an interpolating o cillator,/i, o that the 
difference in frequenc , fx - fi, i a 
multiple of a third, known and fi ed 
frequency fs· 5 

The setup is e tremely simple. The 
unknown, f x, and inter polator ,  f i, os il
ia tors are effectively connected in serie 
to the ertical <lefle tion plate of a 
ca thode-ray oscillosco pe. The tandard 
frequency ource, f s, is onnect d to the 
horizontal deflection plates, and hould 
be capable of supplying a large olLage 
so that high-frequency patterns can be 
opened out for easy viewing. The pa ttern 
produced by the two voltages in eries, 
a iewed agains·t a linear sweep, i indi
cated in the ke Leh, for unequal and 
equal amplitudes. Th is pa ttern ap pears 

imilar ·to a modula ted wa e, but it 
differs in everal importan t respect . 6 
The important feature, for present pur
poses, is t hat t he frequency of the enve
lope is that of th difference �f the two 
applied frequencies. 

or illustration, assume that a tand
ard frequenc of 1000 cycles and an 
interpolation oscillator having a range 
of 1,000 to 11,500 cycles, calibrated at 

5"An Interpolation Method for Setting Laboratory 
Oscillators," F. R. Stansel, Bell Labs. Record, 1940, 19, 
p. 98 (Nov. 1940). 

GSee, for example, "Applied Electronics," E. E. rnff, 
M.l.T., John Wiley & Sons, p. 699 et seq. 
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e er cycle, ar available and tha-t a 
laborat ·y o cillator is to he set to a 
frequency of 323,383 ycle 

The interpolator o 'illator is et to 
11,383 cy le b it calibration. Th 

o ci llator o be adju ted i hen t to 
323,000 cycle , a read from a prev· ous 

alibration. Thls adjustm nt need not 
be pr ci e - it is to in ure -that the final 
re ult w'll not be in error by on , or 
more, multiples of 1000 y les. 

Th o cillato · freq uen y i hen in
creased from 323,000 les. The enve
lope of the com.bin d wav n the ath-

d -ra tube ·s that of the d.ifference of 
the two o illator frequencies, but no 
pattern appears until this difference is 
made a multiple of 1000 cycles. This 
oc urs when the oscil ator frequency has 
been increa d from 323,000 ycl to 
323,383 ycle . t thi frequ n th d.i -
ference of o cillator and interpolator fre
qu n ie i 323,383 - 11,383 = 3 12,000 

le , whloh · a i ntegral multipl of 
the standard f-requen y of 1000 cyc les, 
and the en elope pattern s-tands s till. 
(The ind.i idu al o cillation of th 
�e arrie r" a would not be n b -
cane of th high frequenc .) 

tu all two patt rn appear, the 
the ''back" traces, a. 

an b eparat d by 
ha e hifting ne-twork , but this is not 

u ually nece ar . 

e�front" an 

The error, in cycles, in making thi 
adju tm nt i n u mer i ca ll equal to the 
error in ye es in s tting the i ter olator 
frequ n y. Th" rror an b ade er 

mall, o tl at th m thod i capable of 
high accuracy. 

f the o c'llator is set at some :Cre
que cy, to be mea ured, �th int rpolator 
is aried until  h pa1:t rn app ar and i 

made ta-tionary . The frequency in re -
ment i then read from the interpolator 

ale, th appropriat mult"ple of the 
tandard frequency be "ng identified 

from the o illator alibration. 
n he example an int rpolator fre

quency of 11,383 ycle was u ed, but 
patterns can be obtained with any fr -

quency which gi es a multiple of the 
s-tandard frequenc hen uhtra ted 
from. or add d to th de ired fr quen 
F r e ampl , the :frequen of 323,383 

le gi e a pattern for interpolation 
o illat r fr que ie of ith r 11,383 
(11,000 + 383) or 10,617 (11,000 - 383). 
The interpolator oscillator con equently 
needs to�ha e a range of only on -half 
the tandard :frequ n t htain co1n
plete co erage. 

The int rpolator fre en doe no 
ha t h a low a ,000 ycle , ut 
may h of -the order of -ihe unknown 
fr quen A high interpolator fre
quency ha the ad antage of low ring 
the frequen y of th en elop and hen 
the pattern i a ier t p a ut. The 
ab lute accura of a high frequen y 
int rpol a tor i u uall le , o high 
a ura d a d t low r f equenc . 

ing an interpolator of 11,0 0-11,500 
cycles range, mea urement an be 
ma to ' ithin a cycle to above one 
m.egacycle. To t nd · he fr qu nc 

range, a higher freq uenc interpo]ator, 
ay 30-35 .. c, an b u ed ith a 10 k 
tandard, w"th a me l at larg r error. 

�or con nien e -the scale of the i1 ter-
la or · onl in :freq tenc 

incr ment, 0-5 y ] for -ih range 
11,00 to 11, 00. ond al 

'
mark d 

5 0-1000 cycle is con enien-t when the 
requir d in rein nt i n gati , a oiding 

ubtracti n. -J. K. CLAPP 
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Summary 

Method 3: Direct Beati n g  
The tandard fre uen nfa aHd the unknown 

fr quency f,. are impre ed on. a high frequenc 
rnceiver, which is t.un d to accept both. The 
higher heat frequenc difference i oh ain d in 
the receiver output and i mea ured h tuning 
of the low frequen recei er (or h comparing 
with a suitahl standard frequenc ju thi low
frequency recei r, as previousl de cribed). 
The heat frequenc difference lies hetw n 
f3/2 andf3• 

f,, = nf,. ±fb 
Principal Limitations are: 
(a) tandard frequen y barmoni mu t b of 

usable magnitude in region around f,,. 
(b) The frequency of the u ed harrn.oni nf,, 

mu t be determined. 
(c) The ign of the hea·t frequenc must be 

determined. 
(d) The o r-all accurac depends on the cali

bration of th low frequency r cei r. 

Principal Advantag s are: 
(a) 
(b) 

(c) 

high frequenc standard an b u ed. 
The low frequenc receiver, or interpolator, 
range is from f. 2 to fs. in tead of fr m 0 
·to f. /2 (Method 2); the int rpolator is 
therefore more ea il designed. 
Impro ed accuracy an he obtain d b 
comparingf,, with a uitable frequ fr m 
the tandard, in the lo' fr qu nc 

Method 4. S l idi n g  Harmonics 
The fr q I ncy fx is impr d on a d Le Lo 

with ·the output of the ariabl harmonic 
tandard. Th frequ nc f. is t:h n in r a ed t 

a new alu fs' u h that: n.f.' = fx (zero beat:). 
From ·th tandard controls, the chang nfs' -
nfs i known. Th n. 

f.x nf.' = nfs(l + Ll ) 

nf. + nf,,..l 
het· .f. is ·L h c know n , fi ed, sLan<l.at-d fr qucnc 

and Ll is the fractional change in fs t· quir d t. 
m.akc 11f' = fx· 

FE B RU ARY, 1944 

(n+l)fs 

(n��)f� I I I I 
I nfs 

I 
1-------� f,. 

fb........ z 

STANDARD 

I f" 

H.F. 
M IXER 

LF.RECEI VE.R 
f,.;.., +o fs 

FIG RE 4. Interpolation and functional dia
grams f r ethod 3. 

Principal Limitation are: 
(a) The ariabl frequenc harmoni s must: l>e 

of u abl magnitude in req ion. around fr. 
(b) Th· fr q ue nc of the used harmonic mu t 

be de ·term.i ned. 
( ) Re ul t is on a fracLi nal ha i (no1.in 

dir ctl ) unl add d quipm. nt i u 
(d) c ura of ·the or:der o{ 2 parts per 

miJlion; can b greatl j mpro cd with 
added equipment. 

FIG R 5. Interpola ion and fun 1.io:nal diagrams :C: r M t:hod 4. 

I . 
<.m·•)f., 

STANDARD 

MODULATOR 

•_rNT£Rf"QL1fTOK - B.P.F IL TER 

NA.f',f'o'1' ,e,,.,�..., (fs+f;)--_,,, 
Y,.,,r NI 8.t.E Q.rC/.t.t.A To.<!" 

r H.F.M. 
I 
I n(fs+f;) 

L ��Li l v I B �A�O� }-r- � 

n(f.s+.f·,) / 
\0 
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G E NERA L RA DI O EXPER IME NTER 8 

Principal Advantages are: 
(a) Only one zero beat etting i r quired for a 

measurement. 
(b) A wide mea urement range is covered b a 

:narrow range o cillator. 
(c) Th full range of th ariation contro] 

cover 1 or I s of the measured fre
quency. 

(d) The ign of the fr quenc increment is 
alwa s positive. 

(e) Wide-pa ircuits, filt rs, etc., are avoided 
at/,,; only a detector for etting zero beat i 
neces ar 

Method 5. Cathode-Ray Osc i lloscope 

The thr e frequencie f,,, fi, and fs e ist 
physically, where fi = frequcnc of an inter
po]ation oscilJator, fs = tandard frequenc . 

t 
Y\f s 

r f · Y1(. - l 

No..,-£� HARMON1c.s offs do NOT 
eJC�:st" 1n re.7�or> aro11Ancl fx 

11111 lllll 

FIG RE 6. Functiona] 
block diagram foi:

M ethod 5. 

SiANDARDrf�s���� 

Th used multi1 le nf. of the tandard fre
quenc does not exist ph sically; neither does 
the frequen difference fz - ]1. The r Ja
tionship are establi h d by patterns on the 
o illoscope creen. 

The interpolator frequenc i adjn t d o that 
f:x -fi = nf,. 

Then fx = nf. + f,. 
Principal Limitation are: 
(a) The frequeo y fx mu t b stab! enough t 

obs rve a pattern. 
(b) The u ed multiple nf. of the standard must 

be identified. 
(c) _The sign of the in remcnt mus he d ter

mined. 
(d) b olute a curac depends on oscillator f• 

and accurac of setting. 

T'rincipal Advanta"es are: 
(a) o harmonics are nece ar 
(b) Extreme simplicit of quipm nt and 

op ra·tion. 
(c) Wide ranges off,, an JJe ·o red w ith uit

able choice offs and f,. 

l• IG RE 7. ln1.erpolation diag1·am Cur I tho<l . 

Fie RE 8. Patterns produced by two fr qu ncie applied to one pair of plates of a athod -ra 
oscillograph. Viewed against a linear swe p, t.wo frequencies of unequal aTnplitude appear a hown 
at the left; with equal amplitude as shown at: the center. The en elope frequency is th diff ren 
of th 1:wo frequencies. 

t the right is hown the pattern pro u ed b two frequencies applied to th ertical deflecting 
plate , icwed against a inusoidal sweep of large amplitude. When the pattern is nead stationar, • 
one envelope moves slowly in one direction, while the other mo es lowly in the oppo itc dir ction, 
as indicated by the arrows. 
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