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At the Oilgear labera-
teries in Milwavkes, meas-
vrements on fluid-power
pumps with the General
Radio Sound-level Meter
and Sound Analyzer pro-
vide valuable information

for setting performance
standards, designing better
products, and correcting
faulty performance.

IET

iﬂLg GENERAL RADIO
Xperlmenter

Published Monthly by the General Radic Company
VOLUME 32 «- NUMBER 4 SEPTEMBER, 1957

CONTENTS
Page
The Phase Angle of Potentiometers Used as Rheostats 3
G. R. Representative for Germany Appointed...... 8
UL-Approved Variacs™..... PR A 8

The General Radic EXPERIMENTER is mailed without charge
each month to engineers, scientists, technicians, and others
interested in electronic techniques in measurement. When
sending requests for subscriptions ond address-change
nofices, please supply the following information: name,
company address, type of business company is engaged in,
and title or position of individual.

IET LABS, INC inthe GenRad tradition

534 Main Street, Westbury, NY 11590

GENERAL RADIO COMPANY

275 Massachusetts Avenue, Cambridge 39, Mass.
Telephone: TRowbridge 6-4400

NEW YORK: Broad Avenue at Linden, Ridgefleld, New Jersey
Telephane — N. Y., WOrth 4-2722
N. 1., WHitney 3-3140
CHICAGO: 6605 West North Avenue, Oak Park, Illincis

Telephone — Village 8-2400

PHILADELPHIA: 1150 York Rood, Abington, Pennsylvania

Telephone — HAncock 4-7 419

WASHINGTON: 8055 13th St., Silver Spring, Maryland

Telephone — JUniper 5-1088

LOS ANGELES: 1000 North Seward 5t., Los Angeles 38, Calif.

Telephone — HOllywood 9-6201

SAN FRANCISCO: 1182 Los Altos Ave., Los Altas, Calif.
Telephone — WHitecliff 8-8233

CANADA: 99 Floral Parkway, Toronto 15, Ontario

Telephone — CHerry 4-6221

REPAIR SERVICES

WEST COAST: Western Instrumeni Co., 826 North Victory Boule-
vard, Burbank, Calif.

Telephone — Vlctoria 9-3013

CANADA: Bayly Engineering, Lid., First 5¢., Ajax, Ontario

Telephone — Toronto EMpire 8-6866

www.ietlabs.com
TEL: (516) 334-5959 + (800) 899-8438 + FAX: (516) 334-5988




SEPTEMBER, 1957 @

THE PHASE ANGLE OF POTENTIOMETERS
USED AS RHEOSTATS

The phase angle of a variable resistor
is nearly always a problem in precision
a-¢ circuitry. It is now becoming in-
creasingly important owing to the wide-
spread use of this type of component in
computing and control systems. Investi-
gations of the voltage phase shift in
potentiometers used as voltage dividers
have been reported in the literature.””
This article is primarily concerned with
“pots’ used as rheostats, and, therefore,
the phase angle is that of an impedance.

We are interested here only in the
small phase angle by which a rheostat
differs from a pure resistance, This vari-
ation from the ideal, caused by induct-
ance and stray capacitance, is often ap-
preciable at audio frequencies. We are
not eoncerned here with the large phase
angles that oceur at higher frequencies.

The precise measurement of the phase
angle of a resistor at audio [requencies
has hitherto been difficult.’ largely be-
cause most audio-frequency bridges use
rheostats whose phase angles may he
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comparable to those which are to be
measured. The new General Radio Tyee
1605-A Impedance Comparator’ makes
possible precise yvet rapid measurements
by eomparison with small fixed resistors
of negligible phase angle. The desire to
explain data taken with this instrument
has led to the analyses and caleulations
which follow.

PHASE ANGLE CALCULATIONS
ON RHEOSTATS

Fixed Resistors: Let first
the phase angle of a fixed resistor, The
familiar equivalent circuit of Figure 2 is
valid in all resistors if we consider only
small phase angles.

The € of this cireuit is:

G = w(L/R—RC) (@ L7C/R)Y (1)
We will limit ourselves to values of Q

us consider

less than 0.1, so that we can set:
O=X'R=8 =tan” (X/R) (2)
where 6 is in radians (sinee tan (\1) =
J003, which is close enough for our
caleulations). To show that the w® term
is negligible, we can express o L°C/R
as (wL/ R (whC). If woRC and wL/R
are each less than 0.1, the eubed term is

less than 1.100 of the first-order terms

Figure 1. Panel view of the Type 1605-A Impedance
Comparator, used for the measurements described
in this article.
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and is thus negligible. This would indi-
cate that the effects of induetance can be
added to those of capacitance, since the
terms resulting from the interaction be-
tween the two are negligible for small
phase angles, Therefore, we can use the
simple expression

0=0 =w[llL/R — RC] (3)
for our caleulations. Note from this ex-
pression that:

(a) @ is proportional to @, and there-
fore the frequency of measurement is un-
important, except that it must be chosen
to give @ values that are measurable
but less than 0.1,

(b) Low-valued resistors are induetive,
and high-valued resistors are capacitive.
The transition for wire-wound resistors
oceurs usually between 2000 and 20,000
ohms.,

(¢) For values of & where both terms
are important, it is impossible to meas-
ure L and ' separately.

Rheostat with Inductance Only

Figure 3 shows a measured curve of
() vs rotation for a 1000-ohm pot (Tyee
073K). This plot shows that, for most
of the range of rotation,  is constant.
This means that the inductance is in-
ereasing linearly with rotation. If @ is
assumed constant, the equivalent cir-
euit is that of Figure 4, and the expres-
sion for () is:

Q= wlal/aR)= wlL/R (4)
where @ = normalized rotation
i = total resistance
L = total inductance
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Figure 2. Figure 4.
Although, in our ealculations, the vari-
ation in Q is neglected when a is small,
this effect should not be overlooked if
the phase angle must be accurately
known for small angles of rotation.
This variation is caused by mutual in-
ductance between the turns of the wind-
ing. If the coupling were perfeet, the
inductance would be proportional to u”
and o, and @ would be proportional to
a, However, the coupling extends over
only a few neighboring turns, so that,
as more and more turns are used, the
variation approaches that of the un-
coupled case where the inductance in-
creases linearly with n and .

Rheostat with Lumped Capacitance

It we assume that the stray capaci-
tanee is lumped across the terminals as
shown in Figure 5, the circuit may be
drawn, for convenience in analysis, as
shown in Figure 6. The @ for this circuit
181

= — wak(C); +C3)

+ we (1—a) RP*C3(aC) + ) +. . . (5)
The w® term can be shown to be negli-
gible if the first term ig less than 0.1,
Therefore, we can use the simple equiva-
lent circuit of Figure 7 and the expression

Q = —nwh( ()
where (' = ', + (5, which iz a straight
line from the origin. When the induet-
ance effect is added to this capacitance
effect, the equation becomes

Q= w(L/R — aR(C) (7)
The second curve of Figure 3 shows the
inductive pot with added lumped ca-
pacitance to illustrate equation (7).

Figure 3.
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Equivalent Circuits for
Distributed Capacitance

For many rheostats the assumption
that the stray capacitance is lumped
across the unit is an oversimplification.
Better results are obtained if it is also
assumed that there is capacitance dis-
tributed along the winding to a con-
tuctor, which may be the housing, a
supporting panel, a metal mandrel, or
a shield. The total phase angle can then
be calculated as the sum of these fixed
and distributed capacitance effects. Be-
cause we are coneerned with first-order
effects only, we can use lumped-param-
eter equivalent circuits for the distrib-
uted eireuit of Figure 8. The eireuits of
Figures 9 and 10 give the same results as
the first-order terms of the hyperholic
functions of the well-known transmis-
sion-line equations. The circuit of Figure
O is the more descriptive and uses an
interesting division of the capacitance.
The second cireuit, Figure 10, is sim-

pler to use, however, since it has fewer
branches. The effective inductance of
this circuit is the result of the capaci-
tance.

An equivalent circuit for a rheostat
is given in Figure 11. Here the resistance
of the unused part of the winding,
(1 —a) R, is assumed negligible com-
pared to the impedance of the stray
capacitance, and the actual inductance
of the winding, al, has been added.

Formulas for Distributed Capacitance
Effects

The shape of the  vs « curve for
distributed capacitance effects depends
on how the conductor is connected. The
conductor could be tied to the rotor,
tied to the end of the winding, left
floating, or tied to a third terminal.
These cases can all be quickly ealeulated
by use of the circuit of Figure 11 and
the simple expression of equation (3)
above.

2
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L DISTRIBUTED € 3 c c
T T T T T CAPACITANCE  § 5 >
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CONDUCTOR J)
Figure B. Figure 9. Figure 10.
(Below) Figure 11.
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(a) Conductor tied to Rotor (or unused end) Figure 12.
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(b) Conductor tied to End Figure 13.
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(¢) Conductor Floating Figure 14.
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(d) Conductor tied to a Third Terminal Figure 15.
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In (d) the @ given is that of the direct
impedance, £,,/1,. Note that the capac-
itive arms of the network of Figure 11
have no effect,

Normalized plots of these functions
are given in Figure 16 with the induct-
ance assumed to be zero. Inductance
would simply displace the curves up-
ward by wL/R.

EXPERIMENTAL CHECKS
OF CALCULATED CURVES
In o,x';der to check these equations,
measurements were made on pots that
had relatively large distributed capaci-

T tance to a conductor, so that the other
stray capacitances would be negligible.
4 IFigure 17 shows curves for a pot with

a metal shield wrapped around the
winding. Note that if the curves are
displaced by wL/R, they are similar to
the caleulated curves. The small dif-
ference could be caused by other ca-
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A good example of the floating con-
ductor case is given in Figure 18, which
shows the plot of a ten-turn pot. This
unit has a metal mandrel which is left Figure 18.
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G.R. REPRESENTATIVE FOR GERMANY APPOINTED

eral Radio representative for Germany.
Complete information on all of our

products may be obtained by addressing
inquiries to:

Dr.-Ing. Niisslein

Deutsche Vertretung der

General Radio Company

Ettlingen /Karlsruhe

Dornigweg 6

Dr.-Ing. Niisslein is a well-known

figure in electronic engineering circles.
He received the Diploma Engineer de-
gree in radio engineering and the degree
of Doctor of Engineering from the Tech-
nical University of Berlin. Since hisgrad-
uation, he has been associated with
prominent research and manufacturing
institutions in Germany and for some
years was a consulting engineer in pri-
vate practice. He is the author of many
technical articles on electronic matters
and has numerous patents and patent

applications in the electronics field to
We take pleasure in announcing the his credit.
appointment of Dr.-Ing. Giinter Niiss- This appointment was effective July
lein of Ettlingen/Karlsruhe as Gen- 1, 1957,

UL-APPROVED VARIACS'

We have received word from the
Underwriters Laboratories that three
additional Variacs are now listed under
their Re-examinationService, This brings
the number of UL-approved Variacs in
the current models to 12. A complete
list of approved models follows:

Wi WaMT3 WaH0HM
Wil Wi0 V10
Wi5M WH0M Vi1oM
WsoMT Wi50H V20

General Radio Company
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