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Type 874-MR Mixer Rectifier (Eduard Karplus:
May, 1950)

Type 941-A Toroidal Transformer (Horatio W.
Lamson: September, 1950)

Type 1612-AL R-F Capacitance Meter (P. K.
McElroy: February, 1951)
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Product at a Moderate Price, The (C. A.
Woodward, Jr.: April, 1950)
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Line (R. A. Soderman, W. M. Hague:
November, 1950)
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Thurston: May, 1950)
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Karplus: May, 1950)
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variad®, Throttling Control Uses Pneumatically
Operated (January, 1951)

variad® Transformer, Type 71-A (H. M. Wilson:
May, 1951)

Variacs, New, Special Terminal Boxes for V-5
and V-10 (September, 1950)

Versatile Amplitude Modulator for V-H-F Stand-
ard-Signal Generators, A (v. B. Sinclair:
November, 1949)

Versatile Power Amplifier, A (W. F. Byers:
January, 1951)
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Video Frequencies, An Amplitude Modulation
for (W. F. Byers: March, 1950)

Versatile Voltage Divider, The (P. K. McElroy:
Part III, August, 1949)

Voltage Divider, The Versatile (P. K. McElroy:
Part III, August, 1949)

Wide-Frequency-Range Bridge Oscillator, A
(A. G. Bousquet: December, 1950)
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Type 1021-AV V-H-F Standard-Signal Generator
A Standard-Signal Generator for Frequencies
Between 50 and 920 Mc (Eduard Karplus,
Ervin E. Gross: March, 1950)

Type 1022-A F-M Standard-Signal Generator
A Simple Standard-Signal Generator for F-M
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McElroy: February, 1951)

Type 1651-A Bolometer Bridge
A Bolometer Bridge for the Measurement of
Power at High Frequencies (R. A. Soderman:
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MEASUREMENTS ON I-F TRANSFORMERS
WITH THE TYPE 916-A R-F BRIDGE

INTRODUCTION
14&0 In the present standard design specifica-
IN THIS ISSUE tions 'f(.)r I-F .transf(')rnwrs, . ‘Some ?f the
Page quantities specified are not directly related

OO BSREEE to the actual performance of the trans-
WITH THE VACUUM- former in a radio receiver, and some cannot,
Tuse BRIDGE.. . ... 7 be measured without disassembly of the

MisCELLANY ........ 7 unit. Mr. C. A. Hultberg, Mr. T. Vanacore,

and other members of the engineering de-
partment of the Colonial Radio Corporation have proposed a new set
of design specificatious based on three quantities, directly related to
performance, which can be measured without disassembly of the trans-
former. They are:

1. Coil inductances.

2. Resonant impedance or conductance of each winding with the

other winding short-circuited.

3. Coupling factor.

The resonant conductances and the coupling factor in this design
specification can be measured accurately and directly by the
Type 916-A R-F
Bridge using the
methodsdeseribed
in this article. The
coil inductances
can be measured

Figure 1. Panel view of
the Type 916-A Radio-
Frequency Bridge.
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Figure 2. Equivalent series circuit of a high resistance
in parallel with a capacitor,

with high accuracy on the Typr 821-A
Twin-1" Impedance Measuring Circuit
by the two-frequency method without
disconnecting the trimmer capacitors.
Iiqually good results can be obtained
with the Radio-Frequency Bridge and
an external Typr 722-N Precision Con-
denser, connected for parallel substitu-
tion measurements.

CONDUCTANCE MEASUREMENTS

Although the Type 916-A R-F Bridge
was designed for the measurement of the
series components of relatively low im-
pedances, it can easily be adapted to
measure high impedances by shunting
the unknown with a reactance so chosen
as to bring the impedance of the com-
bination within the range of the bridge.
I'or the measurement of a high resist-
ance, i.e., the resonant impedance of a
parallel tuned circuit, it is possible to
make the bridge direct reading in ecir-
cuit conductance and to eliminate most
of the calculations that usually make
this method of measurement so tedious.

As shown in Figure 2, the capacitor,
(', connected across a resistor, Ry, has
- an equivalent series circuit consisting of

the same capacitor in series with a re-
2

i 5 X
sistor approximately equal to 2’ when
0

X, is very small in comparison to E,.
This series resistance can be measured
on the bridge and the value of G de-
termined from the expression

1 /i
GO = RO = Xﬂz (1)
where R,, is the reading of the bridge
resistance dial. The bridge can be
made direct reading by so choosing the
capacitor C, to make X, a decimal
value, thus eliminating all calculations.

In an actual measurement, the shunt-
ing capacitor alone is first connected
across the bridge terminals and an
initial balance made. The tuned circuit
to be measured is then connected in
parallel with the capacitor and a final
balance made by adjusting the resist-
ance dial on the bridge and the tuning
capacitor on the circuit under test.

Since the method of measurement is
based on an approximation, the accu-
racy and limitations of the method must
be known before it can be used effec-
tively. In the following paragraphs, the
method will be analyzed and the mag-
nitude of the errors determined.

Under the conditions outlined above,
the impedance Z; connected across the
bridge terminals during the initial bal-
ance is

Zl = ]Xl = an (2)
where X, is the reactance of the shunt
capacitor C, shown in Figure 3.

When the tuned circuit having a
series resistance I, and a reactance X,
is connected and the final balance made,
the series resistive and reactive com-
ponents of the impedance Z, then con-
nected across the terminals are:

X . 1

R, X, + X\
1+< R, )

3)

Figure 3. Bridge connections for the measurements
discussed in this article.

916 - A
R-F BRIDGE

l
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=
X, - XRX(X - X,>
X2 = s + <Xa + X:)z (4)
R.

In this case, R, is the reading of the
resistance dial, and, since the reactance
dial is not moved when making the final
balance,

X2=X1=Xa (5)

If the expression for X, given in Equa-
tion (5) is substituted in Equation (4),
and the resulting expression for X sub-
stituted in Equation (3), the result is

Py
= 6
B R, (©)
X.= —X. @)

Equation (7) shows that the resonant
circuit must be detuned to produce a
series reactance of magnitude —X, for
balance. Detuning causes the effective
series resistance, R, to decrease from
its maximum value at resonance, Io.
The magnitude of this deviation is small

if Xe is small, and can be calculated in
0

the following manner.

For small deviations, AC, from the
capacitance at resonance, Co, the effec-
tive series resistance and reactance of a
parallel-tuned circuit are given quite ac-
curately by the approximations

menfi+ (0] ®

AC
X z g Sl R 9
Ce QR )
where @ is the storage factor of the
resonant circuit. The amount of detun-
ing necessary to produce the reactance
indicated by Equation (7) can be de-
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FREQUENCY IN MEGACYCLES

Figure 4. Shunt

i £
p vs. freq

decimal multipliers.

y for various

termined from Equation (9). The actual
deviation in R, from its resonant value
can then be determined from Equation
(8). The resultant expression for the
resonant conductance, Gy, is:

1 _Rn XN
Gy = X [1 — (R—0> ] mhos (10)

If we let

K = 3 1
<=+ (1)
and
Xa
— 1
Ro el
then

Gy~ KR,,mhos = K,R,, pumhos (12)

where K, is the factor which converts
the indicated series resistance in ohms
to the resonant conductance in mi-
cromhos.

10
K, = 10°K = —;
% X

(13)
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The error, E, in the indicated con-
ductance expressed as a fraction of the
indicated conductance is approximately:

NN G
E~(=
)

i
Therefore, if the errors due to detuning
are to be kept small, the reactance of
the shunt capacitor should be very small
compared to the resonant impedance.

The errors due to losses in the shunt-
ing capacitor are negligible as long as
the dissipation factor of the capacitor
is less than 0.01 and the resistance dial
is set at zero when the initial balance
is made with the capacitor alone con-
nected.

The shunting capacitances required
for various values of K, are indicated in
Figure 4. Figure 5 shows the values of
conductance measurable within various
accuracies as a function of K, The
limits indicated by the dashed lines are
determined by the accuracy of calibra-
tion of the resistance dial.

= KR,
= K,R," X 10~% (14)

EXAMPLE
The intermediate-frequency trans-
former chosen for this illustration is a

IS

Figure 5. Range of able within
given accuracy limits for various values of Ku.

standard  double-tuned inductively-
coupled unit, operating at 455 kilo-
cycles, which is completely assembled in
its shield can with its trimmer capacitors
connected. In the following paragraphs
the general test procedure will be de-
seribed ; however, in most applications a
number of short-cuts will be apparent to
the user.

The first step is to estimate roughly
the magnitude of the conductance to be
measured so a value of K, can be selected
which will permit the measurement to be
made within the desired accuracy. In
the example under consideration, the
conductance is of the order of 30 umhos,
and the desired accuracy is =5 per cent.
From Figure 5 it can be seen that a K,
of 0.1 meets these requirements. Figure
4 or Equation (13) shows that the shunt-
ing capacitance required for this value
of K, at 455 kilocycles is 110.6 ppuf.

The indicated value of shunting ca-
pacitance includes the terminal capaci-
tance of the bridge and other stray
capacitances. Hence, for greatest ac-
curacy, the capacitor should be meas-
ured in place on the bridge. This can be
done using the reactance-measuring
property of the bridge itself; however,
the accuracy of the determination of K,

Figure 6. Resistance above which the "Boella Effect”
starts to influence appreciably the parallel resistance
of IRC Type F-1 Resistors vs. frequency.

MEASURED CONDUGTANGE Gy, ymhos

1000 — —
[ I
500} 4 A ‘ﬁ"‘
P =g C™
/ @051

wax oo -

IMUM RANGE OF #30f L1 >
RESISTANCE DIAL

A

7
/// [
i
/

™

2
!
4

s T /// i

Sl
N
N

w

z
-
B
2
2
2
8
z

¢
- WITHIN % £y
o7

4

MAXIMUM RESISTANGE, MEGOHMS.

' s 0 50
MULTIPLICATION FACTOR, K,,

FREQUENCY IN MEGACYCLES

File Courtesy of GRWiki.org



under these conditions is only =4 per
cent, because the bridge accuracy
for reactance measurement is +2 per
cent.

A more accurate method of determin-
ing the precise value of K, is to measure
the conductance of a low-reactance re-
sistor having a known conductance,
using the bridge in the same manner as
for transformer measurements. In this
method of calibration the reactance dial
is adjusted for the final balance in place
of the tuning capacitor on the trans-
former, and K, is the ratio of the con-
ductance of the standard resistor to the
resistance dial reading.

The a-c conductances of IRC TyprE
F-1 Resistors and other similar units are
very close to their d-c¢ conductances for
resistances within the limits indicated
in Figure 6; deviation at higher re-
sistances is caused by the Boella effect.
In some cases the shunt capacitance of
the resistor will cause small errors; how-
ever, corrections for these errors can be
made using Figure 7. In this case a
100,000 ohm resistor is used as a stand-
ard and the shunting capacitance ad-
justed until the resistance dial reads
100 ohms.

After the shunting capacitance has
been adjusted or the value of K, ac-
curately determined, the capacitor is
connected across the bridge terminals
and the initial balance made. This
balance should be made with the resist-
ance and reactance dials both set at
zero and the L-C switch in the L position
if the shunting capacitance is greater
than 160 uuf. If the shunting capacitance
is less than this value, the L-C' switch
should be set in the C position, the
resistance dial at zero, and the react-

103

ance dial at about 5000 — ——
VK,

ch-
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This procedure eliminates the necessity
of making an additional initial balance
with the bridge terminals shorted. In
the case under consideration, the ca-
pacitance is 110.6 uuf so the L-C switch
is set in the C position, the reactance
dial at 3500, and the initial balance
made.

The circuit is now set up to measure
the unknown conductance. The resonant
conductance of the primary alone should
be measured first. This is done by short-
circuiting the secondary winding leads
and connecting the primary winding in
parallel with the shunting capacitor on
the bridge. Then a balance is obtained
by adjusting the resistance dial on the
bridge and the primary trimmer ca-
pacitor in the transformer. The reading
of the resistance dial multiplied by K,
gives the magnitude of the conductance.
In this example the resistance dial
reading is 134 ohms and, since K, = 0.1,

the measured conductance is 13.4
umhos.
Figure 7. Correction in ed d for

error caused by reactance in the circuit under test.
+.10

y
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MEASUREMENT
OF COUPLING FACTOR

The coupling factor, Fe, is defined as:

(15)

where R, and G, are the resonant
primary resistance and conductance
with the secondary short-circuited, R,
and G,, are the resonant primary re-
sistance and conductance with the
secondary resonated, @, is the storage
factor of the primary circuit alone, Q,
is the storage factor of the secondary
circuit alone, k is the actual coefficient
of coupling, and k, is the coefficient for
critical coupling.

In order to determine the coupling
factor, the resonant primary conduct-
ance must be measured with the trans-
former secondary resonated. This is
accomplished by removing the short-
circuit from the secondary and obtaining
a new balance by adjusting the re-
sistance dial and the secondary trimmer
capacitor. The other bridge controls and
the primary tuning should not be dis-
turbed between the two measurements
of the primary conductance. In this
measurement the error will be approxi-
mately twice that indicated in Figure 5.
The resistance dial reads 273 ohms when

the secondary of the transformer under
consideration is resonated, and hence its
conductance is 27.3 umhos. From Equa-
tion (15) the coupling factor is therefore

275 _

k
34 2.04 and sl 1.02.

The resonant secondary conductance
can be measured in the same manner as
outlined for the primary; and, if desir-
able, the coupling factor can be deter-
mined from measurements on the sec-
ondary instead of the primary. The
same answer should be obtained in both
cases.

The resonant conductance of other
types of single and double-tuned cir-
cuits and the conductance of relatively
low-reactance resistors can also be
measured accurately on the Type 916-A
R-F Bridge through the use of the
method described, and, in applications
in which a number of measurements are
required at one or more specified fre-
quencies, a fixture can be constructed
which will mount directly on the bridge
and have the required calibrated capaci-
tors connected across the terminals by
means of a switch. For tuned-circuit
measurements, small external trimmer
capacitors may also be provided to
permit a finer tuning capacitance ad-
justment than can be obtained using the
capacitors built in the transformer.

— R. A. SopERMAN

REPRINTS AVAILABLE

Reprints of the foregoing article are
being prepared, with larger and more
detailed charts of Figures 4 through 7.

Copies will be available shortly and will
be sent to any of our readers who request
them. — EprTor
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LABORATORY EXERCISES WITH
THE VACUUM-TUBE BRIDGE

As is evident from a consideration of
its circuit characteristics, the TypE
561-D  Vacuum-Tube Bridge is not
limited in its applications strictly to the
measurement of tubes, but is capable of
measuring the voltage gain, output
resistance, and effective transconduct-
ance of any three-terminal network
appropriately connected to its terminals.

The versatility and adaptability of
the bridge for these measurements make
it particularly useful in teaching and
in laboratory experiments for students.
In the March, 1948, issue of American
Journal of Physics, Professor Edward
H. Green, of Brooklyn College, under

the title, “A Precise Laboratory Exer-
cise Using a Vacuum-Tube Bridge,”
describes a student laboratory exercise
based on the TypE 561-D Vacuum-Tube
Bridge. The article covers such measure-
ments as the gain and output resistance
of triode amplifiers with and without
feedback, cathode followers, negative
coefficients, and the determination of
the criterion for oscillation of a negative-
resistance oscillator. This comprehensive
and very readable article should be of
interest to teachers of electronics and of
electrical communications. Reprints are
available and we shall be glad to send
copies to all who request them.

MISCELLANY

RECENT VISITORS to our plant and
laboratories — Mr. John R. Pheazey,
Works Director, Standard Telephones
and Cables, Ltd., London; Mr. C. I.
Snow and Mr. F. H. Andrews of Im-
perial Chemical Industries, London;
Mr. K. Bogedam, Copenhagen; Dr. L.
Rohde of Rohde and Schwartz, Munich;
and Mr. H. 8. Walker, RCA Victor Co.,
Litd., Montreal.

1949 IRE CONVENTION — March
7-10 are the dates set for the 1949 Annual
Counvention of the Institute of Radio En-
gineers, which promises to be the biggest
and best in the Institute’s history. The
Convention will open with the annual
meeting of the Institute on Monday,
March 7, at 10:30 A.M., when Ivan S.
Coggeshall will speak on ‘Perpetual
Youth and the IRE.” On Tuesday, the
President’s Luncheon will honor the in-
coming president, Stuart L. Bailey,

File Courtesy

and on Wednesday evening, at the
annual banquet, Frank Stanton, presi-
dent of CBS, will speak on ‘“Television
Today.”

Technical sessions will be held at both
the Hotel Commodore and Grand
Central Palace. A total of 170 papers
will be presented during the 4-day
period, covering a wide range of sub-
jects in radio, electronics, and allied
fields.

Some 200 firms will exhibit their
products at the Radio Engineering
Show, held at Grand Central Palace.

The General Radio exhibit will be in
Booths 92 and 93, the same space that
we have had for the past two years. Rep-
resentatives of the Development En-
gineering, Sales Engineering, and Serv-
ice Departments will be on hand to
discuss applications of General Radio
equipment and to answer questions. We
hope that all our friends will drop in.
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A group of Type 1100 Frequency Standards undergoing performance tests in our Standardizing Laboratory.

Accuracy and stability must be well insid talog specificati before the oscillators receive the
Laboratory's O.K.

HE General Radio EXPERIMENTER is mailed without charge each
month to engineers, scientists, technicians, and others interested in
communication-frequency measurement and control problems. When
sending requests for subscriptions and address-change notices, please
supply the following information: name, company address, type of busi-
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>ELECTRICAL MEASUREMENTS AND THEIR INDUSTRIAL APPLICATIONSSS

A CRYSTAL MODE INDICATOR

® ONE OF THE MOST TROUBLESOME
ﬂélo | EFFECTS encountered in the production of
IN THIS ISSUE quartz plates for frequency control is that

Page of “spurious” or ‘“coupled” frequencies.
Pirn Venginma Vorm These are due to modes of vibration giving
AGE-DIVIDER. . .. .. 5 unwanted response frequencies near the

CoaxiaL CoNNECTORS 8

desired frequency. Changes in temperature
can cause the interfering frequencies to
move nearer to, or farther from, the desired mode, in which case the
normal response may decrease or increase as the temperature changes.

If the quartz plate is used in an oscillator, the amplitude of oscillation
will change as the temperature changes, and sometimes oscillations
cease altogether at a par-
ticular temperature.

To examine a crystal by
point-by-point measure-
ments is extremely difficult
and tedious, to say the least.
Such measurements are of
but little value for produc-
tion control since they must
be repeated for each change
made in the dimensions of
the quartz.

During the war, an in-
strument for rapidly exam-
ining the response spectrum

Figure 1. Panel view of the crystal
mode indicator.
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of quartz plates was suggested by Prof.
K. S. Van Dyke, of Wesleyan Univer-
sity, to several manufacturers, but no
instrument was produced. At the close of
the war, workers at the Signal Corps
Laboratories and at colleges, under Sig-
nal Corps contracts, developed instru-
ments, one of which, built by the Signal
Corps Laboratories, was exhibited at the
I.R.E. Convention in New York in
March, 1948.

This equipment utilized frequency
modulation of an oscillator, produced by
electronic means controlled by the sweep
voltage of an oscillograph. The oscillator
output was applied to a quartz plate and
the rectified response was displayed on
the cathode ray oscillograph. The shunt
capacitance of the holder was balanced
out, so that the pattern represented
the admittance of the quartz element
alone.

A simplified arrangement, utilizing a
General Radio Typr 700-A Wide-Range
Beat Frequency Oscillator, with a small
motor-driven (or manually operated)
variable capacitor as the frequency
modulation means, is easily assembled
and is very useful for testing quartz

File Cou
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plates in the range from 500 to 5000
Me.

This erystal mode indicator, now in
use in the General Radio Company’s
crystal grinding laboratory, is shown in
Figure 1. At the top of the rack is a
General Radio Type 700-A Wide-Range
Beat Frequency Oscillator. One con-
necting wire is brought out at the rear,
from the fixed oscillator tuned circuit,
for connection to the frequency sweep-
ing capacitor described below.

At the bottom of the rack are the con-
trol panel and the cathode-ray oscillo-
scope. The oscilloscope shown here is a
Dumont Type 250, with a five-inch
super-persistence tube. This model is
particularly convenient, since d-¢ ampli-
fier connections are available by use of
selector switches on the panel. (A Du-
mont Type 208-B unit was used pre-
viously, where d-c amplifier connections
are available by changing the internal
wiring in accordance with instructions
given by the manufacturer.)

The control panel has a rest at the
upper left-hand corner for the heater
unit used in bringing the temperature
of the test crystal up through the normal
operating temperature. The unit is a
heavy aluminum cup in which are buried
two cartridge-type heaters operating at
a total power of 50 watts. At the upper
center of the control panel is the test
crystal, which plugs into jacks mounted
in a polystyrene plate. Below the test
crystal is the dial on the shaft of the fre-
quency sweeping capacitor, with an
adjustment knob (just to the right of the
dial) for altering the spacing of the
plates. This provides for altering the
range of the frequency sweep.

Figure 2. Rear view, showing the motor drive and
frequency-sweeping capacitor.

of GRWiki.org



Below these is the clutch control knob,
operating a spring pressed idler wheel to
be either free of the belt or to press on
the belt connecting the drive motor and
sweep frequency capacitor shaft. When
disengaged, the sweep can be operated
manually by rotating the dial. Where
much routine use is made of the equip-
ment, a motor drive is desirable. For
occasional use, or for demonstration pur-
poses, manual operation is entirely satis-
factory.

At the bottom of the control panel is
the Variac knob for controlling motor
speed, the motor power switch, and a
master power switch, which controls the
battery and line supplies to the entire
assembly.

In Figure 2, a view of the apparatus
behind the control panel is shown. The
motor, clutch-idler, belt, and the shaft
of the frequency-sweeping capacitor are
readily identified. On the shaft, from
left to right, are (1) the potentiometer,
for producing the synchronized hori-
zontal d-c sweep voltage, (2) the blank-
ing contactor which short-circuits the
d-c vertical deflecting voltage during
120° of the rotation, and (3) the sweep-
ing-frequency-capacitor moving plate,
which gives a quite linear change in fre-
quency for 240° of the rotation. The
motor gear reduction and the applied
voltage give sweep rates adjustable from
about one per second to about one in
twenty-five seconds. If too rapid a sweep

Figure 3. Schematic diagram of
the electrical circuit.
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Figure 4, Oscillogram of the response of a
quartz plate with two spurious response fre-
quencies.

is used, difficulty is encountered from
“ringing’’ in the crystal.

The fixed plate of the frequency-
sweeping capacitor is a sector 15° wide
supported on a guided block on the
vertical base. By means of a threaded
shaft this plate can be moved toward or
away from the rotating plate to change
the range of frequency sweep. A scale
and pointer are provided so that the
sweep range can be reset to desired
values without the need of recalibra-
tion.

At the upper right are mounted the
resistors, by-pass capacitor, and ger-
manium rectifier used for obtaining a
rectified d-c response voltage from the
quartz crystal under test. The essentials
of the circuit are shown in the schematic
diagram of Figure 3. (For convenience in
viewing, the germanium rectifier is poled
to give negative deflections on the
sereen.)

An unretouched photograph of the
response of a 1400 ke AT-cut quartz
plate, before edge grinding, is shown in
Figure 4. The sweep cycle starts at the
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upper left, with the spot moving to the
right. As the blanking contact is closed,
there is no vertical deflection. When the
blanking contact opens, the spot drops
downward along a vertical line, the dis-
tance depending on the shunt capaci-
tance of quartz crystal and holder and
on the frequency. Then as the spot
moves to the right, in synchronism with
the change in frequency, the response of
the quartz crystal is traced. At the right
edge of the figure the spot jumps up to
the zero line when the blanking contact
closes and finally returns along the zero
line, F, to the initial position.

The response of a normal quartz crys-
tal consists of a smooth curve from
region A to a minimum, at series reso-
nance, at B, followed by a smooth rise
to a maximum at parallel resonance, at
E, followed by a smooth drop.

In Figure 4, a small spurious response
is indicated at A, and a larger one at
D. Both of these move toward the left
(toward lower frequencies), with respect
to the principal resonance B, as the
temperature is increased. The response
at D increases rapidly in magnitude,
with rising temperature and at some
temperature D reaches the same level
as B. The quartz crystal then has two
response frequencies where the series
impedances are low and equal. Any
slight change in temperature then causes
one response to be larger than the other.
Under these conditions the frequency of
an oscillator in which the quartz crystal
is used will jump from one value to
another. At E parallel resonance occurs
between the quartz plate (acting as an
effective inductance) and the total shunt
capacitance. The impedance is high as
evidenced by the spot returning to the
zero line.

Suitable edge grinding causes the re-
sponses A and D to move to the right

(toward higher frequencies). To produce
a satisfactory quartz crystal, the grind-
ing must be continued until response A
has been carried clear through the oper-
ating region to a frequency well above
the region shown in the photograph.
All this is very straightforward, but the
practical difficulties sometimes pile up
when such edge grinding brings in addi-
tional responses, from the lower fre-
quency side of the picture, which must,
in turn, be moved out at the high fre-
quency side — which brings in more low
frequency responses, which must, in
turn, . . . ete.

Only one difficulty has been experi-
enced in setting up and operating this
equipment, and that is frequency modu-
lation of the oscillator output produced
by mechanical vibration. Possible causes
lie in the power supply of the instru-
ment, where transformer vibration me-
chanically modulates some part of the
two oscillator circuits, and in vibration
transmitted from the motor or Variac
to the sweep frequency capacitor, con-
necting wires, or to the oscillators of
the source. The amount of such fre-
quency modulation is minute, but, on a
very steep portion of a quartz crystal
response curve, it is readily observed as
a lengthening of the spot. This difficulty
is greatly reduced by use of sponge
rubber mountings.

— J. K. CLarp

The crystal mode indicator deseribed in the
foregoing article is not manufactured for sale by
the General Radio Company. The oscillator,
oscilloscope, Variac, and motor are standard
commercial products, as are many of the other
parts. The complete assembly can be built in a
well-equipped model shop, and erystal manu-
facturers will find it a valuable production tool.

— Ep1TOoR
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THE VERSATILE VOLTAGE-DIVIDER
PART |

A wire-wound potentiometer, or more
accurately a voltage-divider, is super-
ficially a very simple device. It consists
of nothing more than a little resistance
wire, wound around a supporting man-
drel, with some sort of traveling brush
arrangement to adjust the position at
which contact is made to the wire. But
the simple appearances are deceptive.
This gadget is really insidious in its po-
tential complexity. The circuit designer
optimistically sees in it a panacea for all
his troubles. He wants a potentiometer
that will meet myriad requirements,
many of which turn out to be mutually
contradictory. He may want small size,
high operating temperature, extreme

linearity, very high resistance value, and
a closely held curved relationship be-
tween resistance and rotation, which is
often a curve having very steep portions.

When one of these ‘“impossible’” speci-
fications comes to a potentiometer de-
signer, he has to make up his mind
whether to regard it as a challenge, or
just to let the little men in the white
coats come and get him. What he really
does is to determine, with the circuit
engineer, the best compromise between
what is wanted and what can economi-
cally be done, probably dreaming up
some new method or dodge under the
pressure of the compromise to approach
more closely the ideal desired.

Figure 1. A group of General Radio potentiometers showing the various sizes available.
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Potentiometers were among General
Radio’s earliest products. In producing
them, the policy has been to aim for the
quality rather than the quantity market,
supplying highly ecritical users with a
product for applications where the qual-
ity of materials and workmanship should
be high with correspondingly long life,
or where rigorous electrical specifications
are to be met. Potentiometers, which
can, of course, be used as rheostats by a
change in connections, are stocked in
standard resistance values which are
decimal multiples of 1, 2, and 5. For
specialized applications, units can be
built to order, when the quantity desired
is large enough to permit economical
design and manufacture.

FEATURES

These potentiometers currently offer
a number of features to provide flexi-
bility of choice for the circuit designer,
although combinations not listed in our
current catalog are available only on
special order:

1. Sizes. Molded bases are available
having drum diameters, around which
the flat-wound resistance strips are bent
for attachment, between 136" and 5.

Figure 2. A 5-inch-barrel potentiometer with
justifying mechanism. This resistor is used in the
Type 650-A Impedance Bridge.

The larger sizes are used where more
resistance or more power-handling capac-
ity is needed. Sometimes, as will appear
later in this article, one of the larger
sizes is also needed where a steep re-
sistance-rotation curve is to be met.

2. Mandrel Widths. Different widths
of mandrel, that is, depth behind panel,
are available. In particular, the 214"
barrel-diameter bases are available with
four mandrel widths. The reasons for
changing widths are similar to those for
changing sizes of base, with the addi-
tional reason that the width required is
dependent on whether the takeoff brush
is a single one riding on a narrow flat
edge, or a multifingered one traversing
part of the inside cylindrical surface.

3. Shafts. 3" O.D. shafts are regu-
larly available in centerless-ground stain-
less steel, paper-base phenolic tubing, or
steel-cored phenolic. For special pur-
poses, of course, shafts of other materials
could easily be used such as brass,
aluminum alloy, solid phenolic rod, ete.
14" 0.D. shafts are generally available
only in centerless-ground stainless steel.

4. Resistance Alloys. There are many
resistance alloys available having con-
trolled composition and resistivity. These
vary in resistivity from 10.6 chms per
circular-mil-foot for copper, up to 800
ohms per circular-mil-foot for Evanohm
or 331 Alloy. In general, as the resistiv-
ity of the alloy increases, the hardness,
wear-resistance, and tensile strength
increase, and the temperature coefficient
of resistivity decreases. The higher-
resistivity alloys are employed where
high total resistance is desired without
using too fine a wire. The low-resistivity
alloys are used where it is important
that the resistance per turn be low, or,
in other words, that there be fine adjust-
ment of the potentiometer because the
total number of turns is large.




5. Justifying Mechanism. The largest,
or TypE 433, potentiometer, having a
5" diameter barrel, can be provided with
an adjustable justifying mechanism (see
Figure 2). This mechanism provides
a means by which the contact arm can
be made to travel at a different rate from
the driving shaft. This enables the user
to make the potentiometer track more
closely a predetermined (perhaps etched)
scale than it would as it comes from
normal manufacture. The justifying
mechanism consists of a flexible cam,
the shape of which can be altered by
screwdriver adjustments (see illustra-
tion).

6. Range. By changing the many
parameters that will effect the total,
resistance values from 1 ohm (or even
below) to 1 megohm can be obtained.

These parameters include:

a. Wire size.
b. Use of ribbon instead of round
wire.
Spacing of wires.
Wire alloy.
Size of molded base.
Shape of winding mandrel.

v {8 Accuracy For catalog models, the
accuracy specification is +5%. By using
a continuously variable speed changer
to drive the carriage feed on the winding
lathes, and by continuous monitoring
of the results, it is possible to maintain
an accuracy of 19 in total resistance.
However, for some extreme mandrel
shapes, which are discussed later, not
even the catalog accuracy of 459, can
be guaranteed.

8. Linearity. If linearity of voltage
division is an important property, this
can be improved by close attention to
dimensions of parts and by keeping the
winding lathe free of looseness, or lash.

9. Materials and Dimensions. A num-
ber of the details of these voltage-dividers

The e
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Figure 3. Close-up view of an Ayrton-Perry
non-inductive winding on a tapered form.

have been given particular attention in
order to secure superior performance.

Shafts are all centerless ground to con-
trol diameter closely, are made of stain-
less steel if of metal, or of a special grade
of wrapped molded phenolic paper-base
tubing having surface hardness con-
trolled to resist damage from the points
of set screws. The shafts run in journals
of brass molded into the bases, which
practice allows the shaft hole to be
cylindrical and to be controlled for
diameter better than a hole molded into
the base. Shortly, when equipment now
under construction is available, these
shaft holes will be bored, rather than
reamed, for still better control of size
and direction (20.0005"") on the diam-
eter.

The mandrels on which the resist-
ance wire is wound are made from a
special grade of linen-base (rather than
paper-base) phenolic sheet, in order to
guarantee better flexibility for forming
the mandrel around the molded base
without cracking. Where bend radius is
small, or where the mandrel has a nar-
row portion, a more expensive, nylon-
fabric-base phenolic sheet is used, which
has much better flexibility and tensile

of GRWiki.org
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strength. A woodworking molder has
been adapted to machine-finish the edges
of these mandrels, assuring straightness
and parallelism of the two long sides and
a controlled smooth contour thereof, ap-
proximately semicircular.

These controls of width and edge
contour are important if extreme line-
arity of voltage division is to be ob-
tained (when a very linear voltage-di-
vider is needed) or a particular curve is
to be tracked accurately. It is also neces-
sary to add another operation for turning
the outside barrel of the molded base
concentric with the shaft bushing, in or-
der to remove eccentricity and molding
taper, and to control the barrel diameter.

If accurate tracking of a resistance-
rotation curve other than a straight line
is to be attained, it is necessary also to
control closely the thickness and the
width of the mandrel (actually what
needs to be controlled is the sum of

thickness and width, which determines
the length of wire per turn at a given
rotation). If a number of voltage-divid-
ers are to be gang mounted, it is some-
times necessary that the base of the
molding be machined to be normal to
the axis, in order to minimize the inevi-
table difficulties in such a structure in
getting the shaft to run smoothly and
easily.

10. Non-Inductive Winding. Where it
is important to minimize inductance of
the unit, the Ayrton-Perry method of
winding can be employed (see Figure 3).

— P. K. McELroY

(To be continued)

This is Part I of a three-part article by Mr.
McElroy on the design, performance, and ap-
plication of wire-wound potentiometers. The
other two parts will be published in early issues
of the Ezperimenter and will cover such sub-
jects as design tricks, limitations, economics,

and examples of use.
— Eb1TOR

COAXIAL CONNECTORS FOR RG-8/U CABLE

We have received a number of in-
quiries about Type 874 Coaxial Con-
nectors to fit the widely used Army-
Navy Type RG-8/U concentric cable,
and we are glad to announce that these
are now available, as listed below. They

are identical with the standard con-
nectors for General Radio Type 874-A7
Cable previously announced,® except
that the transition pieces, which connect
to the cable, are designed specifically to
fit RG-8/U cable.

Type Net Werght Code Word Price
874-C8 Cable Connector. .. .....oeevuuns 114 oz. COAXCORDER $2.00
874-P8 Panel Connector. ........... 5 214 oz. COAXPUTTER 2.25
874-PC8 Panel Connector with Cap 214 oz. COAXTOPPER 275

This connector is licensed under U. S. Patent No. 2,125, 816.
*W. R Thurston, “A Radically New Coaxial Connector for the Laboratory,” General Radio Experimenter, October, 1948
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A NEW BRIDGE FOR
IMPEDANCE MEASUREMENTS
AT FREQUENCIES BETWEEN
50 KILOCYCLES AND 5 MEGACYCLES
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In recent years there has been a steadily
increasing amount of activity in the fre-
quency range from 50 ke to the lower end
of the standard broadecast band. In par-
ticular the widespread use of frequencies
in this band for various short- and long-
range navigation systems for both ships
and aircraft has led to a demand for im-
pedance measuring devices to allow simple,
accurate measurements to be made of an-
tennas, circuit components, and various

networks. The Type 916-A R-F Bridge has proven to be a very useful
instrument for.making this type of measurement in the broadcast band
and up to about 60 Me, but it is not very satisfactory for use at fre-
quencies below about 400 ke. In order to cover this range satisfactorily,

a modification of

the Type 916-A
R-F Bridge has
been developed
which is called the
Type 916-AL R-F
Bridge. This new
bridge has a nomi-
nal frequency

Figure 1. Panel view of
the Type 916-AL Radio-
Frequency Bridge.

I@ File Courtesy of GRWiki.org
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range of 50 ke to 5 Me, but it can be
used at frequencies as low as 15 ke with
some sacrifice in accuracy and sensi-
tivity. Besides being useful at lower fre-
quencies, it also has several advantages
over the TypPE 916-A Bridge in the broad-
cast band, the most important of which
is an increased sensitivity.

The basic circuit and method of opera-
tion of the new bridge are similar to
those of the Type 916-A R-F Bridge'2.
A modified Schering bridge circuit is
used in which the resistive and reactive
components of the unknown impedance
are measured in terms of incremental
capacitances. The resistance of the un-
known is indicated on a dial calibrated
from 0 to 1000 ohms, and the reactance
of the unknown is indicated on a main
reactance dial calibrated from 0 to
11,000 ohms at 100 ke and an incremen-
tal reactance dial calibrated from 0 to
100 ohms at 100 ke. The resistance
range is independent of frequency, and
the reactance range is inversely propor-
tional to frequency.

1 Sinclair, D. B., “A New R-F Bridge for Use at Fre-
quencies up to 60 Me,"” General Radio Experivmenter,
Vol. XVII, No. 3, August, 1942.

2 Sineclair, D. B., “A Radio-Frequency Bridge for Im-
pedance Measurements from 400 Kilocycles to 60
Megacycles,” Proceedings of the I.R.E., Vol. 28, No. 11,
pp. 497-503, November, 1940.

Figure 2. Basic circvit of the Type 916-A and Type
916-AL R-F Bridges.

Bridge Circuit

The basic bridge circuit is shown in
Figure 2 and is the same as that of the
Type 916-A. A complete analysis of this
circuit has been published in previous
articles,'? and it will suffice to indicate
here only the basic balance equations.

The relationships between the various
bridge parameters necessary to obtain
an initial balance with the unknown
terminals short-circuited are given by
the expressions:

R

R, = EJ: Cay (1)
C

Cn = 5 Ra (@)

After the final balance has been made
with the circuit under test connected to
the unknown terminals, the expressions
for the unknown impedance in terms of
the bridge parameters are:

R
Rx = C—B (Cay — Cay) 3)
N

il 1 1
ei(E-d)
- Os 0

As can be seen from Equations (3) and
(4) the unknown resistance, R x, is pro-
portional to the change in capacitance
of C4, and the unknown reactance, X x,
is equal to the change in reactance of

Figure 3. Complete circuit diagram of the Type 916-
AL R-F Bridge.
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C, and has the opposite sign. This is
the series-substitution method of meas-
uring reactance. As a result of these
relationships, the C4 dial can be cali-
brated directly in resistive ohms with
the calibration independent of frequency
and the C, dial can be calibrated in re-
active ohms at one frequency, with the
calibration inversely proportional to fre-
quency.

The new low-frequency bridge differs
slightly from the higher frequency model
in the method of setting the initial react-
ance balance, and in the type of stand-
ard resistor used. The capacitor Cj, used
only for the initial reactance in the older
bridge, is calibrated in incremental re-
actance in the new bridge, and has a
range of 0 to 100 ohms, with one ohm
as the smallest division. The initial
balance is made with an Ayrton-Perry,
wire-wound rheostat, R, for the coarse
adjustment, with the incremental react-
ance dial furnishing the fine adjust-
ment. "The incremental reactance cali-
bration greatly increases the accuracy
of measurement of small reactances.

The standard resistor, R4, in the low-
frequency bridge is 2250 ohms as com-
pared to 330 ohms in the high-frequency
model. To increase bridge sensitivity,
the reactances of the a-d-¢c arms, shown
in Figure 3, have been lowered, and so
Cy and C, are larger than in the high-
frequency model. Hence, for a resistance
range of 1000 ohms, Rz must be made

R
larger to get the same value of —2 \Which
N

is the multiplying factor for the resist-
ance capacitor in Equation (3). It is
difficult to manufacture a Type 663

Figure 4. Sensitivity vs. frequency for the Type 916-A

and Type 916-AL Bridges. Both the P1 and the PIS1

Transformers are supplied with the Type 916-AL. The

P1 Transformer is used at low frequencies with the
Type 916-A.

MARCH, 1949

Resistor of the required size, and so a
unifilar construction on a mica card is
used, similar to those used in the Typrr
510 Decade Resistors. At these lower
frequencies the performance of this type
of resistor is entirely satisfactory. A very
small adjustable capacitance connected
in parallel with the resistor compensates
for small differences in the reactance of
different resistors resulting from varia-
tions in the number of turns of wire.

As can be seen from Figure 4, the cir-
cuit changes just mentioned make the
open-circuit sensitivity, that is, with an
infinite impedance detector, consider-
ably greater than that of the Typr 916-A
Bridge. The input impedance to the
generator terminals also is higher, which
increases the sensitivity obtained when
a high impedance generator is used to
drive the bridge, and the detector termi-
nal output impedance is lower, which
also tends to increase the actual signal
input to the detector.

Operation

The operating techniques for the Tyre
916-A and 916-AL Bridges are very
similar. The main differences are that
on the Type 916-AL Bridge coarse and
fine initial reactance-balance controls
are provided and that the measured re-
actance is the algebraic sum of the dif-

OPEN-CIRCUIT SENSITIVITY OF 9I6AL BRIDGE
T e
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ferences between the final and initial
settings of both the main and incre-
mental reactance dials. The incremental
reactance dial is mainly useful when the
measured reactance is small; however,
it also has been found to be very helpful
when a series of measurements are to be
made at the same frequency, as the
main reactance dial can be initially set
up scale at 1000 or so and a wide range
of reactances of both positive and nega-
tive signs measured accurately without
changing the initial balance.

As in the Type 916-A Bridge, the
dielectric loss in the main reactance
capacitor causes an error in the meas-
ured resistance of a circuit having a
large reactive component of impedance.
In most cases the error is negligible, as
it amounts to about 0.03%, of the meas-
ured reactance for large reactances and
is somewhat less for smaller reactances.
A chart is provided to correct for these
errors when they are of importance.

Accuracy
The Type 916-AL R-F Bridge is par-
ticularly well suited to the accurate

measurement of relatively low-imped-
ance circuits over the frequency range
from 50 ke to 5 Me. The accuracy for
resistance measurements is =+(19, +
0.19Q), after correcting for the dielectric
loss in the reactance capacitor at low
frequencies. The accuracy of the reac-
tance measurement at the higher fre-
quencies is appreciably affected by
residual parameters in the bridge circuit,
that is, stray capacitances and induct-
ances, particularly when the resistive
component of the measured impedance

is large. In fact, these residual param-

eters largely determine the upper fre-
quency limit of the bridge. For fre-
quencies up to 3 Mec, the accuracy is

+ (2% + 0.2 X-@Q-l—
fke

3.5 2R X 1071°Q)
where R is the measured resistance and
fixe is the frequency in kilocycles. The
errors in reactance when circuits having
large resistive components of impedance
are measured increase rapidly at fre-
quencies above 3 Mc, and at 5 Mc the
accuracy is =+(2% -+ 0.012 + 2.3R'-*
X 1073Q).

COMPARISON OF THE TYPES 916-A AND 916-AL BRIDGES
FOR OPERATION IN THE BROADCAST BAND

The Type 916-AL Bridge has some
advantages over the Type 916-A for
many types of measurements, even in
the broadcast band. They are:

1. The sensitivity is higher. Increased
sensitivity is, of course, helpful if the
generator output or detector sensitivity
is low, and in some cases it reduces the
effect of leakage. In antenna measure-
ments the relative effect of extraneous
signals and noise picked up by the an-
tenna under test, which tend to obscure
the null, on the accuracy of setting to
the null is proportional to the product

of the sensitivity and the attenuation
of the bridge between the circuit under
test and the detector. In the normal
connection of the generator and detector
the Type 916-AL Bridge is much supe-
rior to the Typr 916-A in this respect;
however, a great improvement in the
attenuation of undesired signals can be
made in some cases with the Type 916-
A Bridge by interchanging the genera-
tor and detector connections.® When
this is done, in many cases the product

3 Soderman, R. A., “Sensitivity of the TyeE 916-A R-F
Bridge,” General Radio Experimenter, Vol. XXII, No. 8,
pp. 3, 4, January, 1948.
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of sensitivity and attenuation may not
be greatly different for the two bridges.

2. Small reactances can be measured
accurately and conveniently and often
much time can be saved by eliminating s
the need for frequent changes of the 55
initial balance to obtain high accuracy
when a series of measurements are made
at one frequency. Even in applications
in which the increased accuracy of the
reactance measurement is unnecessary,
the incremental reactance dial may be
helpful as the expanded scale makes it
much easier to read than the reactance &
dial on the Type 916-A.

The Type 916-AL Bridge has at least
one disadvantage compared to the TypE 2
916-A, which is that the maximum direct
reading reactance range is smaller. At 5
1 Mec, the reactance range on the TyrE oEE =m
916-AL is == 1100 ohms, while it is g L ST SR
=+ 5000 ohms on the Typr 916-A. How-

65

60

50 Vi

RESISTANCE IN OHMS
REACTANGE IN OHMS

ever, the reactance range of the Type ) . .
< 5 Figure 5. Measured input impedance of a coaxial
916-AL is satisfactory for most measure- transmission line feeding a 3-element antenna array.

Figure 6. Measured and calculated input impedance of a constant-K-type filter.
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ments made on broadcast antennas and
matching and phasing networks, and, if
necessary, circuits having larger react-
ances can be measured indirectly by
connecting a shunt capacitance across
the unknown terminals of the bridge.

Typical Measurements

Some of the applications of the bridge
are the measurement of resistors, capaci-
tors, inductors, conventional and trans-
mission line networks, and antennas.
Following are two examples of typical
measurements:

Figure 5 shows the results of a series
of measurements made on the trans-
mitter end of a coaxial line feeding a

three-element antenna array with its
associated matching and phasing net-
works. The probable accuracy of the
generator frequency is about =+ 1 ke,
which explains some of the spread in the
points from a smooth curve due to in-
accuracies in the measurement of fre-
quency.

The results of a series of measurements
of the input impedance of a constant-K
type, low-pass, m-type filter over the
frequency range from 16 ke to 300 ke are
indicated by the circles in Figure 6. The
solid lines drawn on the graph are the
theoretical values of the resistance and
reactance calculated from the circuit

SomabanS. —R. A. SODERMAN

SPECIFICATIONS

Frequency Range: 50 ke to 5 Me.

Reactance Range: 11,000 © at 100 ke. This range
varies inversely as the frequency, and at other
frequencies the dial readings must be divided
by the frequency in hundreds of kilocycles. To
facilitate the measurement of small reactances,
the instrument is provided with an incremental
reactance dial which has a range of 100 ohms
at 100 ke.

Resistance Range: 0 to 1000 Q.
Accuracy: For reactance at frequencies up to
3 Mo, £(2% + 02 X }%09 + 35K’k X
(4]
10-10Q) where R is the measured resistance in
ohms and fke is the frequency in kilocycles. The
errors in reactance increase relatively rapidly at
frequencies above 3 Mc; and at 5 Mc the accu-
racy is £(2% + 0.01Q + 2.3 R4 X 10-3Q).
For resistance, at frequencies up to 5 Me,
+(19% + 0.12), subject to correction for
residual parameters at low frequencies. The

correction depends upon the frequency and
upon the magnitude of the unknown reactance

Type

component. A plot of this correction is given in
the instruction book supplied with the bridge.

Accessories Supplied: Two input transformers,
one covering the range from 50 to 400 ke, the
other from 400 ke to 5 Me; two leads of different
lengths (for connecting the unknown imped-
ance); two TYPE 774 coaxial cables for connect-
ing generator and detector.

Accessories Required: A radio-frequency genera-
tor and a detector are required. The TypE
1001-A and the Type 805-C Signal Generators
are satisfactory generators, as are the older
Type 605-B and the Type 684-A Modulated
Oscillator. A well-shielded radio receiver cover-
ing the desired frequency range is recommended
as the detector.

Mounting: Airplane-luggage type case with
carrying handles. Both input transformers are
mounted inside the case. Coaxial cables, leads,
and instruction book are stored in the cover of
the instrument when not in use.

Dimensions: 17 X 1315 X 1114 inches overall.

Net Weight: 3434 pounds.

Code Word Price

916-AL Radio-Frequency Bridge® .
* U.S. Patent 2,376,394,

I CLUCK |s4so.oo
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THE MICROFLASH LOOKS AT
SHOTGUN COMPENSATORS

Game bird hunters and skeet shooters
among our readers will be interested in
the article entitled “Shotgun Compensa-
tors,” which appeared in the October,
1948, number of The American Rifleman.
Detailing the results of an investigation
by National Rifle Association’s Edwards
Brown and Massachusetts Institute of

Technology’s Harold E. Edgerton, this

Figure 2.
article compares the performance of
eight well-known types of chokes and
compensators under a standardized set Photographs of the shot patterns,
of conditions. taken at one-millionth of a second with

the General Radio Microflash, at the
muzzle and at distances of 10 inches and
10 feet from the muzzle are shown, as is
the percentage of total shot contained
in a 20-inch circle at 20 yards. Measure-
ment of percentage reduction in recoil
were also made by means of a ballistic
pendulum.

The set-up used for photography is
shown in Figure 1, and Figure 2 is a
typical shot-pattern photograph at 10
feet from the muzzle.

Figure 1.

GEIGER-MUELLER COUNTER TUBES
For Use with Type 1500-A Counting-Rate Meter

Two counter tubes, as listed below, intended for detecting low-energy par-
are now available for use with the ticles such as Beta radiation from
General Radio Counting-Rate Meter. Carbon 14 and Sulphur 35. In general,
They differ mainly in the thickness of it should be used wherever the particles
the mica window. Type 1500-P4 has a to be counted have energies below about
thick window (3 to 4 milligrams per 0.3 mev. For higher energies, the thick-
square centimeter), while Type 1500-P5 window tube, Type 1500-P4, should be
has a window density of less than 2 used.

milligrams per square centimeter. The These tubes supersede Types 1500-P2
thin-window tube, Type 1500-P5, is and 1500-P3 previously listed.
Type Window Code Word Price
1500-P4 Mica—3to4 mg.persq.cm. . . . . . . WORRYLOBBY $50.00*
1500-P5 Mica — less than 2 mg. persq.cm. . . . . . WORRYLOCAL 75.00*

* For export, add 10% to these prices.
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GENERAL

BACK AT THE OLD STAND

Frederick Ireland

General Radio’s Los Angeles office,
after two and a half years at a different
address, is now back at its original
location, 1000 North Seward Street.
Under the capable direction of Frederick
Ireland, of the factory engineering staff,
this office is equipped to supply to
West Coast customers any desired
information on the characteristics,
price, and delivery of General Radio
products and to recommend equip-

General Radio at Los Angeles.

ment to meet specific requirements.

Many orders for popular items and
parts of our manufacture can be shipped
from stock maintained at Los Angeles.
For items not stocked, this office will
forward your order to our factory and
will have information on hand regarding
the date of shipment.

Please note that the telephone number
at our Los Angeles office is HOllywood
9-6201.

MISCELLANY

PAPERS — At the 1949 I.R.E. National
Convention, “A Device for Admittance
Measurements in the 50- to 500-Mec
Range,” by W. R. Thurston, Engineer;
and “The Measurement of Non-Linear
Distortion,” by A. P. G. Peterson,
Engineer.

RECENT VISITORS to our plant and
laboratories include Mr.J. P. A. Lochner,
South African Council for Scientific and
Industrial Development, Pretoria, South
Africa; and Mr. J. V. Foll, Managing
Director, Muirhead and Co., Ltd.,
Beckenham, Kent, England.

- ORI =

GENERAL RADIO COMPANY
275 MASSACHUSETTS AVENUE

CAMBRIDGE 39

MASSACHUSETTS

TELEPHONE: TRowbridge 6-4400

BRANCH ENGINEERING OFFICES

NEW YORK 6, NEW YORK LOS ANGELES 38,
90 WEST STREET

TEL.—WOrth 2-5837

1000 NORTH SEWARD STREET
TEL.—HOllywood 8-6201

CHICAGO 5, ILLINOIS
920 SOUTH MICHIGAN AVENUE
TEL.—WAbash 2-3820

CALIFORNIA

RINTE
L datil

us.a
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ELECTRICAL MEASUREMENTS AND THEIR INDUSTRIAL APPLICATIONS

VOLUME XXIIl No. 11 : APRIL, 1949
Copyright, 1949, General Radio Company, Cambridge, Mass., U. 5. A.

VARIAC MOTOR SPEED CONTROLS

INTRODUCTION

The Variac would appear to be an ideal component of a motor speed
control, and much consideration has been given to the problem of
developing a system employing it which would be suitable for general
application. A study of the characteristics of various types of a-¢ mo-
tors operating on adjustable voltage has shown that, although series
motors and straight repulsion motors are satisfactory with fans or with
relatively constant loads, large changes of speed take place under vary-
ing load. A summary of the work on arrangements of this kind ap-
peared in the Experimenter for February, 1944.

The Variac can be used also with a rectifier to supply adjustable
armature voltage to a d-¢ shunt or compound motor, the field remain-
ing fully excited over the speed range. This system can give a range of

Figure 1. View of a Type 1700-A Variac Speed Control
installed on a bench lathe,
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control of 15 to 1 or more. Use of this
arrangement, however, has been limited,
because it is considerably more compli-
cated than the simple Variac control
and, as usually constructed, leaves much
to be desired in the way of regulation.

Recent development work on the Va-
riac-rectifier system, however, has over-
come many of the earlier limitations. As
a result, the Type 1700-AL and TyprE
1700-AH Variac Speed Controls are
now offered as compact single-unit con-
trols having a maximum rating of s h.p.
and with regulation characteristics en-
tirely adequate for a large variety of
applications. These controls, however,
are not intended to replace the more
complicated electronic controls for uses
where very close regulation of speed
with load is required.

The external appearance of the new
control is shown in Figure 1. Much of
the design work was directed to achiev-
ing a compact construction which would
permit the control to be placed beside
a machine in the location of the usual
push-button station. A manual start-
stop-reverse switch is built into the con-
trol so that the need of a button station
and separate box for the reversing con-
tactors is eliminated. Only the control
box and the motor are required for the

complete system. This arrangement not
only reduces the cost but also very much
simplifies installation. Other important
characteristics are the low ripple current
in the armature circuit and the large
overload capacity available for quick
starting and reversing.

CIRCUIT DETAILS

The circuit is shown in Figure 2. The
Variac supplies a full-wave xenon recti-
fier through a step-up autotransformer.
A separate winding of a few turns on
the Variac supplies filament power for
the rectifier. The rectifier output goes
through a choke and a three-position
reversing switch to the motor armature.
In the “off” position of the switch, a
dynamic braking resistor is connected
across the armature to stop the motor
quickly. The coil of an overload breaker
interrupting the input line is connected
in the primary circuit of the autotrans-
former. The breaker serves also as the
line switch.

A selenium rectifier bridge supplies
the field current. Extra taps on the
Variac permit boosting the input to the
rectifier so that 230 volts de can be
obtained across the field from an a-c
input voltage of the same value. Other
taps can be used to reduce the field ex-

Figure 2. Circuit of the speed control unit. Industrial, rather than radio, symbols have been used
for those elements that are peculiar to industrial equipment. Hence, the symbols T, T refer to the
timing clock and its associated switch, and O.L. refers to the overload breaker.
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citation and thus increase somewhat
the maximum speed. To prevent dam-
aging the rectifier tube, a timing clock
delays application of plate voltage for
40 seconds after the filament is turned
on. This delay unit recycles in less than
a second and so protects the tube against
interruptions of line voltage. It will not
break the circuit on transient dips of
voltage, however, and so prevents need-
less interruptions of service. The timing
clock is connected beyond the field fuse
so that armature power cannot be sup-
plied unless this fuse is intact and in
place.

CONSTRUCTIONAL FEATURES
Several problems were encountered in
making the entire control small enough
to be placed beside a machine for direct
control by the operator. An interior
view of the control is shown in Figure 3.
The box size is only 9 x 12 x 414 inches
so that little space is available between
the components for assembly and wiring.
This difficulty was overcome by mount-
ing all components on the lid, permitting
the wiring cable to be installed without
interference from the sides of the box.
This construction and the use of a plug
and jack between the box and lid per-
mits the box, also, to be permanently

APRIL, 1949

installed and the unit removed when de-
sired for servicing without disturbing
the installation wiring. Where several
controls are in use, a spare can be kept
and can be used to replace in a few
seconds a unit needing attention.

Another design problem was to con-
trol the flow of heat from the rectifier
tube, which is between 50 and 100 watts,
so that overheating of the other com-
ponents is prevented. To accomplish
this, side louvers are provided and an
aluminum baffle plate is placed between
the tube and the remainder of the en-
closure. The plate not only guides the
heated air stream up to the louvers but
also reflects back radiant heat from the
tube. The Variac, transformer, and choke
are mounted in close thermal contact
with the lid, the outer surface of which
provides considerable radiating area.
The effectiveness of these measures is
indicated by the fact that three hundred
watts of armature power and forty watts
of field power can be provided contin-
uously by a unit of such small dimen-
sions without overheating.

REGULATION CHARACTERISTICS

Probably the most important charac-
teristic determining the field of appli-
cation of an adjustable speed motor is

Figure 3. Interior view of the Variac Speed Control.
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the speed regulation or change of speed
which takes place when the load is
varied. Close speed regulation in an ad-
justable speed motor is an expensive
commodity, and it is wasteful to provide
it for applications where it is not re-
quired. Information on the regulation
of the TypE 1700 Controls in comparison
with that of a thyratron control and
with the simpler controls should indicate
the general fields of usefulness of each.
Considerable saving in the cost of an
installation can be made if the character-
istics of the motor and control are prop-
erly matched to the regulation require-
ments of the load.

The Type 1700 Controls provide a
quality of regulation which is very much
better than that of the simple controls
such as a Variac with an a-c commutator
motor, although not so good as is ob-
tainable with the fully compensated
thyratron control. This is illustrated in
Figure 4 which shows the speed as a
function of load for different motor and
control combinations, all adjusted to
about one quarter of the maximum
speed at full load.
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The upper curve is for a repulsion
motor with a Variac. The next curve is
for a similar arrangement using an a-c
series motor. The two are essentially
similar except that the repulsion motor
“breaks down” or suddenly loses speed
like an induction motor, but at a much
lower fraction of synchronous speed.
The series motor loses speed more or
less uniformly as the torque is increased
in the neighborhood of full load. For
both motors at this setting the speed at
one-quarter load is about four times the
full-load speed and even a slight change
in load results in a considerable change
in speed. The improvement with the
TypEe 1700 Control is shown in the third
curve. The rise in speed when the torque
is reduced to one-quarter of its full-load
value is only 210 rpm or 47 per cent in-
stead of 300 per cent or more noted for
other arrangements. A curve for 5 per
cent regulation, readily achieved with
the compensated thyratron control, is
shown for comparison.

The rise in speed in rpm between full
load and no load is the same at all speed
settings for the new control. This per-
formance is not necessarily obtained
with a system of this kind, because on
light loads the back emf of the motor,
which is proportional to the speed, tends
to rise to the peak value of the rectified
wave. Use of a properly designed choke
will prevent the rise of voltage above the
average value and greatly improve the
regulation. Figure 5 shows regulation
curves at various speed settings for the
Type 1700-AH Control and shows by
dashed lines for comparison the per-
formance of a similar system without a
choke. The marked improvement is
apparent. Since the rpm rise in speed

Figure 4. Comparison of the performance of vari-
ous types of control systems adjusted for one-
quarter maximum speed at full load.
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between full load and no load is the
same at all settings, the percentage
regulation is inversely proportional to
the speed setting. Thus at the rated
speed of 1750 rpm the regulation is only
16 per cent instead of the larger value
corresponding to the reduced speed set-
ting used in Figure 4.

MOTOR LOSSES AND EFFICIENCY

In comparison with a speed control of
the thyratron type, the new control
gives considerably reduced motor losses,
because the a-c ripple in the armature
circuit is very much less. This charac-
teristic is partly due to the fact that the
firing point is not delayed by grid action
and partly due to use of the choke. Use
of the diode rectifier in the new control
makes it possible to obtain good filtering
using only a small choke, while it is not
usually feasible to attempt to filter the
sharply peaked waveform of the thyra-
tron rectifier circuit.

The net result is that the form factor
of the armature current of the thyratron
control at full load is about 1.55 at all
speed settings', and for the Variac Recti-
fier Control varies between 1.16 at full
speed to 1.02 at one-tenth of maximum
speed. Curves of form factor as func-
tions of load at va