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SENSITIVITY OF THE TYPE 916-A
RADIO-FREQUENCY BRIDGE

• ALTHOUGH IN MOST APPLICATIONS
satisfactory performance is obtained from
the TYPE 916-A Radio-Frequency Bridge
when commercial signal generators and re
ceivers are used, in some ca es difficulty is
encountered from apparently low bridge
sensitivity or from noi e and other ex
traneous signals picked up by the circuit
under te t. To those who have experienced
this difficulty, the following analysis may
be helpful in suggesting a solution.

In order to di cuss bridge sensitivity,
the term first must be defined. The defi

nition used in this article is based on the following reasoning. With
both the re istance and reactance dials set at the true balance posi
tions, the voltage developed across the detector terminal is, of course,
zero. However, if one dial is displaced from it true balance position
while the other remains at
its true balance position,
the output voltage pro
duced across the detector
terminals is directly propor
tional to the deviation fmm
the balance setting for small

Figure 1. Voltage across the detector
terminals of the r-f bridge as a
function of the deviation of either

dial from the true null positian.
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deviations. Therefore, a bridge sen i
tivity factor, S, can be defined as:

Vd

Vg
S=-

D.
where V g is the generator voltage in
volts, and V d i the voltage in micro
volts developed across the detector ter
minals when either dial is displaced
from its true balance position by the
amount D., in ohms, and the other dial
is set at its true balance point.

The relationship between the output
voltage produced acro the detector
terminals, in terms of the sensitivity
factor and applied voltage, and the
deviation from the true balance position
in ohms is plotted in Figure 1. If the
ensitivity factor, the applied voltage,

and the detector sensitivity are known,
the limitation on the bridge accuracy
due to sensitivity can be determined
from the graph.

The bridge sensitivity factor for an
infinite detector impedance, So, is plotted
as a function of frequency in Figure 2
for both the Land C positions of the
L-C switch on the bridge. Of course, in
the practical case, the detector im
pedance is not infinite, and in order to
obtain the true sensitivity factor, S, the
open circuit sensitivity factor, So, must

be multiplied by I Zd Z Iwhere Zd is
Zd + 0

0

I.- ----..
/ ~

/
'~

0..

I\.

0
L-C SWfTCH ~

""'-..

C P()SlTlo~

0
0 1.0 I., '.0 ... '.0

FREOUENCY IN Me

2

the detector impedance, and Zo is the
output impedance of the bridge.
The resistive and reactive components
of the output impedance are plotted a,
a function of frequency in Figure 3.

The voltage developed across the
bridge generator terminals, V g, is not
equal to the open circuit voltage pro
duced by the signal generator used as a
signal source unless the generator out
put impedance is zero as the input im
pedance to the bridge is not infinite. To
obtain the magnitude of the applied volt
age, the open circuit generator voltage
must be multiplied by the factor

\

r. . Zi Z I where Zi is the input imped
Z, + g

ance to the bridge and Zg is the out
put impedance of the generator. The
input impedance to the bridge is plotted
as a function of frequency in Figure 3.

The sensitivity factor is not inde
pendent of the magnitude of the resis
tive component of the unknown imped
ance but decrease slowly as the resis
tive component increa es. The sensitiv
ity factor plotted in Figme 2 is for rela
tively mall resistance; however, the
effect of the uncertainty of balance upon
the measurement of the resi tive compo
nentexpressed as a percentoftheunknown
resi tance decrease as the magnitude
of the resistive component increa es.

In some applications, and particu
larly in the measurement of broadcast
antennas, extraneous signals and noise
picked up by the circuit under test and
introduced into the bridge tend to de
crease the measurement accuracy by
partially masking the null. This effect
can be serious when the maximum volt
age available for application to the gen
erator terminals is low. The use of a

Figure 2. Open-circuit sensitivity factor, So, as a
function of frequency.
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transformer attenuate only the signal
applied to the bridge. In rever ed con
nection, the tran former is between the
bridge and the detector and both the
de ired signal and noi e from the un
known are attenuated by it, resulting,
in general, in an increase in the signal
to-noise ratio produced in the detector.
The amount of increase is appreciably
affected by the impedances of the signal
generator and detector. In a typical
arrangement, using a General Radio
TYPE 805 Signal Generator and a a
tional TYPE NC 100 Receiver, the in
crease in signal-to-noi e ratio produced
by reversing the connections is plotted a
a function of frequency in Figure 4.

In the reversed connection, the ratio

0

I I I I
I I I I /
I I 1 I
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Figure 3. Resistive and reactive components of (left) input impedance and (,;ght) output impedance
of the bridge as a function of frequency.

highly elective receiver is helpful, since Another method of reducing the
it amplifies a smaller amount of the un- effect of noise introduced into the bridge
desired signal than does a receiver with by the circuit under test i to rever e
poor selectivity. Ordinary communica- the generator and detector connections.
tion receivers with cry tal filter are In the normal connection, the bridge
deRirable for this application. isolating tran former i connected be
Figure 4. Gain in signal-to-noise ratio as a function tween the generator and the bridge. In
of frequency when generator and detector connec- this pO ition the insertion loss of the

tions are interchanged.
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of the signal voltage applied to the cir
cuit under test to the voltage produced
across the detector terminals for a
given degree of bridge unbalance is
larger than when the normal connection
is used, and hence leakage between the
circuit under test and the detector may
be greater. Thi fact make it all the
more desirable to use coaxial fittings
on the receiver as recommended in the
instruction book for the normal connec-
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tion. In the reversed connection, leakage
from the signal generator to the circuit
under test is less important than in the
normal connection because the relative
voltage levels are more nearly equal.

In the reversed connection, the input
voltage applied to the bridge should be
limited to less than 15 volts to prevent
damage to the standard resistor, R-3,
shown in Figure 8 in the instruction
book.

BRIDGE IN BRAILLE
The casualties of war have focused

increasing attention on the problems of
aiding the physically handicapped to
find a satisfactory niche in industry and
in society. With most types of disability,
the solution is not too difficult: artificial
limbs are being perfected for the legle
and armless; plastic surgery restores lost
features; and only the restriction to a
sedentary life is necessary for many of
thoEe whose handicap i functional.

With the blind, however, the solution
is more difficult The 10 s of what is, for
many purposes, the most u ed of the
five sense means that others of the four

remaining must be re-educated to per
form, as far as is possible, the work of
the lost sense of sight. Touch, hearing,
and smell are all called into play for this
purpose, and in the education of the
blind are developed to an amazing
degree.

'For written communication, and for
utilizing the variou instruments and
machines that implement contemporary
existence, the sense of touch is the one
most used.

Under the auspices of the American
Foundation for the Blind, many special
in truments and appliances have been

developed for use by
blind persons. In the
engineering field, a num
ber of instruments for
the blind have been
developed by T. A.
Benham, Assistant Pro
fessor of Physics at
Haverford College.
Among these are a
microammeter, a ma
chine calculator with
the housing cut away to
expose the Braille dials,
and a circular slide rule
in Braille.
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One of Professor Benham's develop
ments that is of particular interest to
the General Radio Company is the modi
fied TYPE 650-A Impedance Bridge
shown in the photograph. This bridge
has been fitted with celluloid dials with
Braille figures, and the dials are so
mounted that they do not interfere with
the normal operation of the bridge.

JANUARY, 1948 •

.Professor Benham has been blind
since the age of two and has devised
this dial system for his own use.
A more complete discussion of the
work being done in this field will
be found in his article "Aids for
the Blind," which appeared in the
February, 1947, issue of ELECTRICAL
ENGINEERING.

AUTOMATIC RECORDING WITH
THE BEAT-FREQUENCY OSCILLATOR

Of the many advantages of the beat
frequency type of oscillator, the out
standing is probably its ability to scan
rapidly a wide range of frequencies.
This feature is particularly valuable in
connection with automatic graphic re
cording arrangements where frequency
response data or other information is to
be obtained in the form of a permanent
and graphic record. The single-control,
single-sweep arrangement of the beat
frequency oscillator is readily adapted
to mechanical drive from, or in conjunc
tion with, a recorder mechanism.

For several years, engineers of the
Sound Apparatus Company of New
York have been engaged in a program of
developing methods of graphic record
ing at audio frequencies. They have
chosen the General Radio TYPE 913
Beat-Frequency Oscillator as the most
suitable signal source, and a drive

Q

Figure 2. View of the Model FR-l Graphic Recorder
with the Type 913-C Beat-Frequency Oscillator.

mechanism and chart are available for
using this oscillator in conjunction with
their recorders.

Figure 1. Functional diagram of the recorder.
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The basis of operation of the recorder
is readily understood with reference to
Figure 1. It will be seen that the system
i a servo mechanism, which maintains
at a predetermined level the ignal input
to the a-c amplifier. The position of the
potentiometer arm and recording stylus
is thu proportional to the signal level
impres ed on the input potentiometer.

Figme 2 shows the combination of
the 913-C and the Sound Apparatus
Company's Model FR-l Graphic Re
corder. The oscillator dial drive i chain
coupled to the paper-drive mechanism
of the recorder through the link unit
shown.

A recently announced development of
particular interest is the "Impedance
Vectorgraph." Incorporating a twin
recorder, Model RX, and the beat
frequency 0 cillator, Model 913-C, thi
equipment makes possible the imul
taneous and fully automatic recording
of the eparate component of imped
ance as a function of frequency. Equiva
lent erie resi tance and reactance or
equivalent parallel conductance and
usceptance of a two-terminal network

or component can be plotted.

6

Essentially the method consists of
maintaining a constant current through
the unknown impedance and of record
ing the complex components of voltage
developed across it. The real and imagi
nary components of this voltage are
directly proportional to the resistance
and reactance reo pectively of the un
known impedance. Referring to the
functional diagram of Figme 3, the
operation of the y tern is as follow :
For impedance mea urements, the Ad
mittance Range witch is short-cir
cuited and current fed to the unknown
through the Impedance Range Resis
tor . These are of such magnitude as to
insure a current that is independent of
the unknown impedance.

The "R" Potentiometer inserts into
the subtraction circuit a signal which
cancels the resistive component of volt
age ER with the exception of the
error voltage /;;.E R• After phase in
verting this error voltage /;;.E R and
the reactive voltage jEr , these voltages
are added to the reference voltage
EREF and rectified.

The output of the rectifier yields a
d-c voltage proportional to +/;;.ER and

Figure 3. Functional diagram of the Impedance Vectorgraph.
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a d-c voltage proportional to -I1ER. If
the error voltage is reversed in phase,
the voltages will be reversed, giving a
push-pull error voltage output. Thi
error voltage is amplified through a
push-pull d-c amplifier, which operates
a clutch mechanism to move the slider
on the "R" Potentiometer to reduce the
error voltage. Automatically, this "R"
Potentiometer plots the resistive com
ponent of the impedance.

After the subtraction circuit there
now remains only jE:r;, the reactive
voltage which is amplified and recti
fied. This rectified output is cancelled
out by the "X" Potentiometer output.
The error in cancellation is amplified
through a d-c amplifier which operates a
clutch mechanism to move the slider
on the "X" Potentiometer to reduce
the error. Automatically, then, this
"X" Potentiometer plots the reactive
component of the impedance.

The measurement of admittance is
accomplished by shorting the impedance
range resistors, A, and inserting the
admittance range resistor into the cir
cuit. E entially constant voltage is
now impressed across the unknown.
The input to the subtraction circuit is
now switched from the top of the un
known Z to the bottom of the unknown,
placing the voltage across the mall ad-

JANUARY, 1948

Figure 4. Panel view of the Impedance Vectorgraph.

mittance range resistors into the sub
traction circuit. This voltage is propor
tional to the current through the un
known both in magnitude and phase.
These in-phase and out-of-phase com
ponent of voltage are then propor
tional to the conductance and suscept
ance re pectively and are recorded simi
larly to the impedance components.

-L. P. REITZ

1. G. EASTO T

ECCENTRICITY EFFECTS IN PRECISION ROTARY DEVICES
Technical advances embodied in mod

ern communication, laboratory, and
process equipment require increasingly
high standards of accuracy in rotary
control and indicating components. Re
sidual inaccuracies result from many
contributing factors. Large among these
may be an eccentricity of rotational axi
with re pect to working part. mall
eccentricitie, ometimes overlooked,

may often offset much or all of the care
lavished on the construction of a pre
cision control. Even when eccentricity
errors are recognized, they cannot
always be eliminated, as, for example,
on the General Radio 722 Precision
Condenser, which require a worm
calibration curve if it i to be used to the
limit of accuracy.

The presence of eccentricity cau es
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the indicated rotation to differ from
true rotation by an angle the size of
which is a function of the eccentricity.
In a device with working parts of true
radius, R, with a shaft center displace
ment, E, from the origin of R, the indi
cated angle of rotation, f', will differ
from the true angle, a, a expressed by
the equation:

f' - a = sin-1 [~ sin f'] .

Put into words, this says that the angle
of error is that angle the sine of which is
the product of the eccentricity to radius
ratio multiplied by the sine of the indi
cated angle of rotation.

Since, with small angles, the sine of
the angle closely approximates the
angle, it is possible to write an approxi
mate form of the equation, thus:

E
f' - a '" 57.3 Ii sin f'.

For values of E/R less than 0.1, the
error introduced by the approximation
is negligible, and no good design, cer
tainly, should exceed a ten per cent
eccentricity ratio.

The importance of the eccentricity
factor can best be shown by a typical
example. Consider a precision voltage
divider ("potentiometer") of two-inch
radius, with an eccentricityof but twenty
one-thousandths of an inch, and a total
electrical rotation of 3200

• Maximum
eccentricity error occurs at 900 or 1800

indicated rotation, when sine f' is plus

8

or minus one. This maximum error is:
.020" 0

f' - a = 57.3 X -0" X +1 = +0.573
2.00

which yields a percentage error of
±0.573°

3200 X 100 = +0.18%

instead of the 0.05% that might have
been expected from the two thousand
carefully spaced turns of the winding.
Thus, in effect, the eccentricity error
has nullified the accuracy inherent in
the precision winding and contact ar
rangement.

Sometimes it is possible to use eccen
tricity deliberately to offset other non
linearities; if such other errors are
sinusoidal or approximately sinusoidal
with rotation. Under these circum
stances, the introduction of a calcu
lated eccentricity of the proper phase
and magnitude can improve over-all
linearity materially. For instance, the
regulation characteristic of a Variac,
while not sinusoidal, can be partially
offset by the deliberate introduction of
eccentricity that is a function of load
current. During World War II, this
principle solved an annoying problem
in connection with alternating current
supply of a magnetic deflection coil
operated from a Variac used as an
alternating-current potentiometer. The
corrective eccentricity offset the regula
tion error sufficiently to meet the narrow
resolution specification required.

-GILBERT SMILEY

GENERAL RADIO COMPANY
275 MASSACHUSETTS AVENUE

CAMBRIDGE 39 MASSACHUSETTS
TELEPHONE: TROWBRIDGE 4400

BRANCH ENGINEERING OFFICES
NEW YORK 6, NEW YORK

90 WEST STREET
TEL.-WORTH 2·5831

LOS ANGELES 38. CALIFORNIA
950 NORTH HIGHLAND AVENUE

TEL.-HOLLYWOOD 6201

CHICAGO 5, ILLINOIS
920 SOUTH MICHIGAN AVENUE

TEL.-WABASH 3820



A BRIDGE-TYPE AUDIO-FREQUENCY METER
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AN IMPROVED AMPLI

FIER AND NULL DE-

Figure 1. Panel view of
the Type 1141-A Audio

Frequency Meter.

• DURI NG THE WAR it was found neces
sary to drop from our line of instruments
the popular TYPE 434-B Audio-Frequency
Meter, along with a number of other items,
in order to concentrate our productive
capacity on fewer instrument types. The
audio-frequency meter is now back with a
four-digit type number, TYPE llell-A, and
changes in internal construction to improve
its performance.

The accuracy of mea urement of the TYPE 1141-A Audio-Frequency
Meter is +0.5% over the entire frequency range of the instrument.
Since audio oscillators are usually calibrated to only 2%, the audio
frequency meter is extremely useful where more accurate calibrations
and frequency measurements are neces ary. The meter is also useful
for measuring the audio beat between an unknown high frequency and
a harmonic of a standard crystal oscillator. Since 1O,OOO-cycle har
monics are provided throughout the low radio-frequency spectrum by
means of multivibrators, the maximum audio beat frequency is 5000
cycles, and the
maximum error in
the frequency de
termination is 25
cycles.

The accuracy of
measurement of
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RESISTANCE
BALANCE

1

Figure 2. Elementary schematic circuit diagram of
the frequency meier.

+0.5% is made possible by individually
calibrating the control dial, and by using
extremely stable multiplier capacitors.
These capacitors have mica dielectric
for the smaller sizes and polystyrene
tape dielectric for the large units.

The fundamental circuit for the
TYPE 1141-A Audio-Frequency Meter is
the Wien bridge, which uses only resist
ance and capacitance, and is frequency
sensitive. The schematic diagram is
shown in Figure 2, and the conditions of
balance are given below:

f = 1 (1)
27rvRN Rp CN CP

and
Cp RA RN

C
N

= R
B

- R p

In order to provide a single control upon
which the frequency scale can be
mounted, and also to maintain the
second balance condition, the two resis-

2

tors, RN and R p , and the two capacitors,
CN and Cp , are made equal, and the two
ratio arms are made two to one, thus:

RN Cp RA
- = - = 1 and - = 2 (2)
R p CN RB

This arrangement* always fulfills the
second balance conditions and reduces
the first condition to:

1
f = 27rR

N
C

N
03)

The two resistors, RN and R p , are
wound on tapered cards of such shape
that the frequency scale is logarithmic,
and equal frequency ratios occupy
equal intervals on the scale. Hence the
fractional accuracy of reading is con
stant. There are fixed resistors in series
with the variable parts of RN and Rp

having about one-tenth the value of the
variable resistor, thus limiting the range
of the frequency scale to a ratio of ten
to one. The three frequency ranges,
differing from one another by factors of
ten, are obtained by the use of three sets
of capacitors, CN and Cp , which also
differ by factors of ten, so the same
engraved scale is used for all three
ranges.

It is impractical to keep the resistors,
RN and R p , and the capacitors, CN and
CP, exactly equal as demanded by Equa
tion (2). An auxiliary control, consist
ing of a small rheostat, is provided be
tween the ratio arms A and B to whose
sliding contact the null detector is con
nected. This control alters the effective
ratio RA/RB and satisfies Equation (1).
However, if this adjustment is not
made, the null setting of the frequency
dial is not altered, but merely dulled.

A shielded input transformer is pro
vided in order to eliminate the effect of
unbalanced capacitances to ground that
may exist in the source being measured.
•u. S. Patent No. 1,983,«7.
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The null detector most often used for
making measurements with the meter
is a pair of head telephones. These are
satisfactory in the frequency range
from 300 to 5000 cycles, but for fre
quencies outside the range of head tele
phones a sensitive a-c voltmeter must
be used. The TYPE 1231 Amplifier and
Null Detector is well suited for this
application and can also be used with
head telephones to increase the sensi
tivity when the input voltage is low.

If the source of frequency to be meas
ured contains harmonics, they will not
be balanced out by the bridge and will
be impressed on the head telephones or
other detector. The human ear can dis
criminate against a considerable per
centage of harmonics, but, if the
harmonic content is high, the aid of a
low-pass filter connected between the
bridge and the telephones is necessary.
If a voltmeter is used as the detector,

FEBRUARY, 1948 ~

the use of a filter is necessary when
harmonics are present, since the volt
meter, unless tuned, lacks the power of
discrimination between harmonics and
fundamental.

The fact that the audio-frequency
meter passes harmonics while eliminat
ing the fundamental makes it possible
to use the meter for measuring the dis
tortion in an audio signal. The instru
ment also forms a convenient band
elimination filter which is adjustable
over the entire audio spectrum. A plot
of the discrimination characteristic is
shown in Figure 3. The maximum ratio
of output to input voltage is .167 be
cause the transformer steps down two
to one and the ratio arms are also in
the ratio of two to one. Decreases
from this value are caused by the
characteristics of the transformer.

- MARTIN A. GILMAN

Figure 3. Frequency discrimination characteristic of the bridge-type frequency meter•
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SPECIFICATIONS FOR
TYPE 1141-A AUDIO-FREQUENCY METER

4

Price

Frequency Range: 20 to 20,000 cycles in three
ranges, 20 to 200 cycles, 200 to 2000 cycles, and
2000 to 20,000 cycles.
Accuracy: ±0.5% over the entire frequency
range. The null point is sharp enough so that
the dial can be set to 0.1 % provided the wave
form is reasonably pure and the supply voltage
or detector sensitivity is sufficiently high to
provide the necessary over-all sensitivity.
Dial: The 6-inch dial, which has a slow-motion
drive, turns through an angle of about 3200

giving a scale length of about 17 inches for each
10 to 1 frequency range. The total scale length
is thus over 4 feet.
Input Impedance: 3 to 10 kilohms, the smaller
value corresponding to the higher frequencies.
Input Voltage: no volts rms, maximum.

Type

Output Impedance: 1 to 4 kilohms, the smaller
value corresponding to the higher frequencies.

Controls: Frequency dial, range selector switch,
and resistance-balance control.
Accessories Required: A null detector is needed
to operate the meter. Head telephones, such as
the Western Electric 1002-C, or an amplifier
meter combination, such as the TYPE 1231-B
Amplifier and Null Detector, can be used.
Even with head telephones an amplifier and
filter section will prove useful.
Mounting: The instrument is mounted on an
aluminum panel in a shielded cabinet.
Dimensions: (Length) 12 x (width) 8%: x (height)
9 inches over-all.
Net Weight: 15X' pounds.

Code Word

1141-A

PATENT No. 1,983.447.

I A udio-Frequency Meter . .. ·1 COLOR $215.00

AN IMPROVED AMPLIFIER AND NULL DETECTOR

The TYPE 1231-B Amplifier and Null
Detector is a battery-operated, resist
ance-coupled audio amplifier for use as
a bridge detector, a standing-wave indi-

cator, and a general-purpose laboratory
amplifier. It has a built-in vacuum-tube
voltmeter for measuring output voltage,
and so for many applications no addi-

Figure 1. Panel view of the Type 1231-8 Amplifler and Null Detector.
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tional indicating device is needed. It can
be operated either with the usual linear
characteristic or with a semi-logarithmic
characteristic to cover a wide range of
voltage indication; during linear opera
tion the voltmeter scale has two ranges,
of 20 volts and about 2volts respectively.
A photograph of the instrument is shown
in Figure 1.

The maximum open-circuit voltage
gain is greater than 83 decibels at mid
band and has the frequency character
istic shown in Figure 2. Since the gain is
greater than 70 decibels at 10 cycles and
greater than 45 decibels at 100 kilocy
cles, the instrument is useful over this
wide range for many bridge measure
ments. The input impedance is high,
equivalent to 1 megohm in parallel with
about 20 J.lJ.lf, and the output impedance
is about 50 kilohms resistive. Overload
ing of the last stage limits maximum out
put voltage to 20 volts for load imped
ances greater than 1 megohm and to 5
volts for a resistance load of 20 kilohms.

The simplified circuit diagram of Fig
ure 3 shows that the amplifier has three
stages and that the vacuum-tube volt
meter consists of a diode rectifier, a d-c
amplifier, and the panel meter. A 30
decibel input attenuator selects a maxi
mum input voltage rating of either 0.03
volt or 1 volt, and a tapered, wire-wound
gain control allows continuous variation
of gain over a wide range. During semi·

logarithmic, null-detector operation, rec
tified d-c from the vacuum-tube volt
meter diode i~ applied as a gain-con
trolling bias to the last amplifier stage
to produce the desired characteristic.
An attenuator in the grid circuit of the
d-c amplifier determines the scale range
of the voltmeter, and a bridge-type plate
circuit allows meter current to be zero
with no signal at the instrument ter
minals.

The semi-logarithmic characteristic is
intended primarily for null detector uses
with bridges. Under this condition of
operation less than 15 microvolts at the
input terminals is required to produce a
perceptible* movement of the meter
needle at midband frequencies with the
instrument set for maximum gain and
no external filter. This input signal can
then be increased by about 55 decibels
before the meter reads full scale. Either
the input attenuator or the gain control
can be employed for higher input volt
ages. This sensitivity, combined with
the wide range of voltage indication,
means that the bridge balances can be
made with precision and without gain
adjustments in many instances.

In some situations, where the sen
sitivity of the null detector scale is not
sufficient, the most sensitive range of
the voltmeter can be used for a final

·"Perceptible" as used bere mea~ one-fifth of a one
.ixteenth-mch division.

Figure 2. Frequency response characteristic of the amplifler.
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balance. The input signal required to
produce a perceptible meter deflection is
less than 5 microvolts for this range. For
frequencies other than in the midband,
sensitivity is less by the amounts shown
in Figure 2. Head telephones can be
used between 200 cycles and 10 kilocy
cles instead of the panel meter, according
to individual preference, but there is no
appreciable difference in sensitivity be
tween the two methods.

One source of trouble in bridge meas
urements is the presence of unwanted
voltages that obscure nulls. These volt
ages include random noise generated by
the detector amplifier, power-frequency
hum picked up by unshielded leads, and
harmonics of the operating frequency
that are produced either by non-linearity
of the impedance being measured or by
the ge~erator itself. The noise level of
the TYPE 1231-B is less than 15 micro
volts referred to the input terminals, but
this figure can, if necessary, effectively
be reduced, along with hum and har
monics, by connection of an external
filter through the panel jack provided.
Filters thus connected are isolated by
amplifier stages from the effects of vary
ing input and output impedances and at
the same time are at a high enough volt
age level along the amplifying chain to
be little affected by external fields. The

6

TYPE 1231-P2 (400 and 1000 cycles) and
TYPE 1231-P3 (60 cycles) Tuned Cir
cuits are intended for use with the TYPE
1231-B. Any of these filters attenuates
the second harmonic by about 20 deci
bels, and random noise by about 25
decibels; the TYPE 1231-P2 attenuates
60-cycle hum by about 35 decibels. The
insertion loss of about 8 decibels caused
by these filters is usually unimportant
because of the high gain of the amplifier.

For measurements of impedance at
ultra-high frequencies, a slotted, coaxial
transmission line is often used with a
traveling crystal detector to measure
standing-wave ratios. If the u-h-f power
source is pulsed, or otherwise amplitude
modulated, at an audio-frequency rate,
the rectified output of the crystal is an
audio-frequency voltage. The TYPE
1231-B can be used to amplify and to
indicate this voltage, and the sensitive
range of the vacuum-tube voltmeter was
incorporated into the instrument specif
ically for this application. The scale for
this range has an approximate calibra
tion in decibels. For more accurate meas
urements, a calibrated resistance atten
uator can be inserted ahead of the TYPE
1231-B and the panel meter used only
as a reference level indicator. Less than
100 microvolts is required at the ampli
fier input terminals to produce full-scale

Figure 3. Elementary schematic of the Type 1231-8 Amplifler and Null Detector.
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deflection on the sensitive meter range.
The TYPE 1231-B replaces the TYPE

1231-A and except for minor details is
different only in the metering circuit.
The use of a more sensitive, but still
sturdy, 200 Jla meter movement results
in the high sensitivity of meter indica
tion and makes the instrument suitable
for standing-wave measurements, which
is the application that initiated the re
design. However, the usefulness of the
instrument as a bridge null detector has
been greatly increased by the increased
sensitivity, and an external indicating
device is not needed.

The instrument is.enclosed in a walnut
cabinet, which also holds the battery. If

FEBRUARY, 1948

desirable, the TYPE 1261-A Power Sup
ply unit can be used to operate the TYPE
1231-B from 40 to 60-cycle lines and fits
into the cabinet in place of the battery.
Tubes are mounted on a shock-absorbing
suspension to keep microphonic effects
small. Push buttons are provided to op
erate the input attenuator, to set the
condition of operation, and to select the
meter-scale range. Other push buttons
allow checking of the battery voltages
on the panel meter. The input and out
put connections will take either General
Radio TYPE 774-E Coaxial Connectors
or the usual TYPE 274-M Plugs.

-w. R. THURSTON

SPECIFICATIONS

Input Impedance: 1 megohm in parallel with 20
micromicrofarads.

Maximum Gain: Greater than 83 db at 1 kc
with 1 megohm load.

Meter Scales: aRM scale: This scale is the
one normally used to monitor the amplifier out
put voltage. It is calibrated approximately in
volts with an accuracy of reading of ±5% of
full scale.

SENS scale: This scale is used for determin
ing ratios of voltages successively applied to the
input terminals, as in standing-wave measure
ments. It is calibrated approximately in deci
bels with an arbitrary zero. Thus a ratio ex
pressed in decibels is obtained by subtracting
one meter reading from another. Ratios so ob
tained are accurate within 30% of the correct
value in decibels, provided at least one of the
readings is above half scale on the meter.

No separate scale is provided for NULL DET
operation, since actual readings are not needed.

Null Detector Sensitivity: Less than 100 micro
volts input is required to give 10% indication
on the meter at 1 kc.

Amplifier Sensitivity: Less than 25 microvolts
input at 1 kc is required to give 10% indication
on SENS range of the meter.

Output Impedance: Approximately 50,000 ohms.
Maximum Output Voltage: 5 volts into 20,000
ohms; 20 volts into 1 megohm.
Noise and Hum Level: The open circuit noise
level is less than 0.5 volt at full gain. When the
TYPE 1261-A Power Supply is used, the open
circuit noise and hum level is less than 1 volt.
Frequency Response: See Figure 2.
Tubes: The instrument requires two type 1IA
and one type 1D8-GT tubes, which are supplied
in the instrument.
Power Supply: Burgess 6TA60 (Signal Corps
BA48) Battery Pack is supplied in place in the
instrument. When a-c supply is desired, the
TYPE 1261-A Power Supply can be used.
Ba"ery Life: Between 200 and 250 hours at 8
hours per day.
Accessories Available: TYPE 1231-P2 (400 and
1000 cycles) and TYPE 1231-P3 (60 cycles)
Tuned Circuits are available for providing se
lectivity (see below). For facilitating connec
tions to the input and output, two TYPE 274-M
Plugs are supplied. TYPE 274-NC or TYPE 274
NE Shielded COllilectors may be used. Where
complete shielding is required, TYPE 774 Co
axial Connectors are reco=ended.
Dimensions: 12~ x 8 x 10%, inches, over-all.
Net Weight: 23%, pounds, including batteries.

Type Code Word Price
1231.B
1231.P2
1231.P3 I

Amplifier and Null Detector '1
Tuned Circuit (400 and 1000c) .
Tuned Circuit (60c) .

VALID

AMBLE

AMPLE

$195.00
20.00
15.00
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RECENT VISITORS to our plant and
laboratories: Mr. Gunnar Hambraeus,
Secretary of the State Research Council
of Sweden, Stockholm; Profe or E. K.
Henriksen, Technical University of Co
penhagen, Denmark;Professor Fu-Hsing
Chu, National University of Chekiang,
Hangchow, China.

THE AUDIO-FREQUENCY METER,
TYPE 1141-A, was designed by Robert
F. Field, of the development engineering
staff, who designed its predecessor, the
TYPE 434-B. The TYPE 1231-B Amplifier
and Null Detector was designed by
William R. Thurston, also of the devel
opment engineering staff, and author of
the article in this issue.

I.R.E. CONVENTION. The 1948 Na
tional Convention of the Institute of
Radio Engineers will be held in ew
York, March 22-25. Convention head
quarters are at the Hotel Commodore
and the Radio Engineering Show will be
held at Grand Central Palace. Be sure to
visit the General Radio exhibit in Booths
93 and 94. Many new products will be
displayed, and General Radio engineers
will be on hand to answer your ques
tions. Among the completely new prod
ucts that we plan to exhibit are a pri-

mary frequency standard and its a so
ciated frequency measuring equipment;
capacitance test bridge; a standard sig
nal generator for frequencies up to 50
Mc; a high-speed, high-intensity light
source for stroboscopic work and photog
raphy; decade attenuators and decade
inductors; and a line of high-quality
parts, including switches, dials, termi
nals, connectors, and air capacitors.

A PAP ER entitled "Recent Develop
ments in Measuring Equipment" was
presented by Ivan G. Easton of the
New York District Office of the General
Radio Company at I.R.E. and A.I.E.E.
local sections in several southern cities
last fall. His schedule included: Rich
mond, October 18; Memphis, October
21; Florence, Tennessee, October 22;
Atlanta, October 2i; Louisville, October
29; Charleston, West Virginia, October
30.

CORRECTION
The radio receiver used in obtaining

data for the article entitled "Sensitivity
of the R-F Bridge", by R. A. Soderman,
in last month's Experimenter was in
correctly referred to as a J ational

C-100. The correct designation is
C-200.

GENERAL RADIO COMPANY
275 MASSACHUSETTS AVENUE

CAMBRIDGE 39 MASSACHUSETTS
TELEPHONE: TROWBRIDGE 4400

BRANCH ENGINEERING OFFICES
NEW YORK 6, NEW YORK

90 WEST STREET
TEL.-WORTH 2-5131

LOS ANGELES 38, CALIFORNIA
950 NORTH HIGHLAND AVENUE

TEL.-HOLLYWOOD 6201

CHICAGO 5, ILLINOIS
920 SOUTH MICHIGAN AVENUE

TEL.-WAUSH 3820
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ON THE EQUIVALENT CIRCUIT AND

PERFORMANCE OF PLATED QUARTZ BARS

• 0 N E 0 F THE lowest frequency modes
of vibration in quartz is that of a long thin
bar vibrating in the direction of its length.
This led to the early use of this mpde in
constant frequency oscillators and in
filters where frequencies of the order of 30
to 100 kc were desired. The early bar were
all X-cut, that is, the faces of the bar were

all parallel to the principal axes of the quartz cry tal. Later de
velopments have shown that rotation of the bar about the X-axis
permits the choice of pecial properties with resulting improved
performance in certain applications.

In the past, bars were generally operated at the fundamental fre
quency where the length of the bar is one-half wavelength. By choice
of the lateral dimensions, the temperature coefficient of frequency
could be reduced to a small value, averaging -0.75 parts Pel' million per
degree Centigrade for the TYPE 676-B bars. The usc of adjustable
baffies at the ends of the bar greatly reduced the damping caused by
super onic radiation and reduced changes in frequency caused by
changes in air pressure. Since there wa only one nodal region, at the
center of the bar, mounting was somewhat difficult and there was a
tendency for the bar to twist or displace in the mounting under shock.

Figure 1. View of the
Type 1190 Quartz Bar
with cover removed. The
bar is suspended in nylon
filaments held in tension
by coiled springs.

VOLUME XXII Nos. 10 and 11 MARCH-APRIL, 1948
Copyright, 1948, General Radio Company, Cambridge, Mass., U. S. A.
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In the TYPE 1190-A Quartz Bar,t
operation at the second harmonic, with
a full wavelength, provides two nodal
regions so that a much more stable me
chanical arrangement results. Further
more, utilizing quartz of about the same
lateral dimensions as before, zero tem
perature coefficient of frequency can be
obtained for a desired temperature.
Finally, in a tension mounting, the
mounting conditions can be maintained
essentially unchanged over long periods,
resulting in less frequency drift with
time.

From the piezoelectric relations and
the equations of motion, the electrical
impedance and the equivalent electrical
circuit can be derived for a bar, either
plated or unplated. Since practically all
such bars are used with plated elec
trodes, we will consider only that case.

First we must realize that quartz is
anisotropic, that is, its properties are
different in different directions. Second,
that there are certain axes of symmetry
in quartz about which the properties
repeat. For rotation about anyone of
the three X-axes, the properties repeat
every 180 degrees. For rotation about
the Z-axis, or optic axis, the properties
repeat every 120 degrees. A familiar
example of a simple anisotropic material
is wood, where the properties are differ
ent along and across the grain.

The six stress-strain equations of a
perfectly anisotropic material involve 36
elastic constants. Because of the reci
procity relationship, the number of
independent constants reduces to 21.
Next, applying the considerations of
symmetry for rotations about any X
axis, in quartz, 8 of the 21 constants
become zero. Finally, applying the con
sideration of symmetry for rotation
about the Z-axis, one more constant
tUsed in the new TYPE llOO-A Frequency Standards.

2

becomes zero and relationships are
established between others such that the
number of independent constants is
reduced to six.

In general, additional stresses are
introduced by the piezoelectric effect,
so that the six general elastic equations
are modified by additional terms in
volving 18 piezoelectric coefficients,
which relate the stresses with the three
component electric fields. Again apply
ing symmetry conditions, the number of
independent piezoelectric coefficients is
reduced to two.

If we now consider an X-cut bar, with
its length along the Y-axis, the piezo
electric equations reduce to:

- Y y = S12X", + SllYy + S13Z. (1)
- s14Y. + dllE",

Q", = E",K/47r - dllX", + dllYy (2)
- d14Y.

where:

Y y = longitudinal strain = change III

length per unit length = dl/l.
X" Y y, Z. = The three longitudinal stresses

= force per unit area = dynes/cm 2•

Y. = shearing stress = dynes/cm 2•

dn, d14 = piezoelectric constants
= ESU charge/unit area/unit force
= statcoulombs/cm 2/dyne or

strain/unit field = cms/statvolt
E. = applied field = voltage gradient

= statvolts/cm.
Su, etc. = elastic compliances

= displacement/dyne = cm2/dyne
(These are the "zero field" values,
sometimes written with a super
script E.)

Q. = charge per unit area = stat
coulombs/cm2•

K = The "free" dielectric constant

To simplify these equations, we assume a bar
having X and Z dimensions much smaller than
the length, or Y, dimension, so that we can put

X. = Z. = Y. = 0 (3)
Equations (1) and (2) then become

-Yy = SnYy + duE. (4)
Q", = E.K/47f' + dllYy (5)

This obviously artificial simplification
permits a solution to be obtained for the
equivalent circuit. Since the length di
mension Y is predominant, this theo
retical solution will serve as a useful
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guide in practical case . It would be
exrpected that, as the lateral dimension
X and Z are increased, the departures
from theory would become more pro
nounced. These departures are not so
great as to limit the usefulness of the
simplified interpretation until the lateral
dimension reach some 25 per cent of the
length.

Equation (1) shows that, in addition
to the desired lengthwise (Y) vibration,
there will be vibrations in the directions
of the width (Z) and thickness (X); also
there will be a shearing vibration in the
length-width plane (YZ). This condition
may be thought of as a principal
lengthwise vibration of the desired fre
quency having three other modes of
vibration coupled to it. The effects of
the other frequencies on the desired
frequency will depend on the values of
the frequencie (determined by dimen
sion and properties of the quartz in
those directions) and on the magnitudes
of the couplings between these different
frequencies (determined by the proper
ties of the quartz).

In general, if two mode of motion are
in plane at right angles to each other,
the coupling is weaker than if the mo
tions are in the ame plane. Also, if the
mode of motion are uch a to produce
imilar displacements at the boundarie ,

the coupling between them is much
greater than when the boundary dis
placements are dissimilar.

In Equation (1), the frequencies of
the thickne s (X) and width (Z) longi
tudinal vibrations will be much higher
than the desired length (Y) vibration.
The frequency of the length-width
(YZ) shear will decrease rapidly a the
width is increased, approaching the
length (Y) frequency, and the coupled
effect becomes greater. Interpreted in
this way, the simplification of Equation

MARCH-APRIL, 1948

(1) into Equation (4) is accomplished by
making the coupled frequencie 0 high
compared with the lengthwise (Y) fre
quency that their effects are negligible.

It can be shown that the admittance
of the crystal is:
i i ~)
"jjj=E,x

r wyl

= _ jWE",YZ\ K + d~l tan 2v l
E",X 41T 811 wY Jr

2v
where v is the velocity of wave propagation in

quartz.

This consists of two terms, represent
ing two branches in the equivalent cir
cuit. The first represents the capacitance
Co of the two electrodes separated by
the quartz. The second term could be
represented by the reactance of a trans
mission line. "ually, however, the im
pedance of thi branch is repre ented by
an inductance L1 and capacitance C1

in series, resonant at the re~onant fre
quency of the quartz and having a

Figure 2. Secondary modes of vibration in the bar.
The shearing vibration is excited by the normal elec
trode. The second flexural mode is mechanically ex
cited by the similarity of displacement at the ends.
The fundamental flexural mode cannot be excited by

these electrodes or displacements.

\'-------------->\
FUNDAMENTAL YZ SHEAR MODE

e= ~-- :;;-------~. --
- -----

FUNDAMENTAL FLEXURAL MODE

SECOND FLEXURAL MODE
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reactance slope at this frequency equal
to that of the tangent curve.

The inductance value can be written

£ == XYZ[~J2
1 P 2 2dllZ

X 9 X 1011 henries (7)
The effective mass in the mechanical

system, of a bar vibrating in the direc
tion of its length, is one-half its actual
mass. Consequently, in (7) the first
factor represents the effective ma~s, or
mechanical inductance, in thE' mechani
cal system. The second factor repre~ents

the transformation from the mechanical
to the electrical system, and, to com
munications engineers, its representa
tion as an electromechanical trans
former with a certain transformation
ratio is appealing.' The third factor is
the conversion from electrostatic to
practical units.

Similarly, for the capacitance:
C

1
=~ Y8U [ 2dllZ J2

7l"2 XZ 811

1
farads (8)

9 X 1011
On this basis, the equivalent circuit

can be drawn as shown in Figure Z.
If the mechanical elements are "taken

through" the electromechanical trans
former, we have

£1 = ~Y 106.8 henries (9)

2"Electromechanical Transducers and Wave Filters,"
W. P. Mason, D. Van Nostrand Co., 1942.

4

ZY
C1 = X 0.00322 X 10-12 farads (10)

where the dinlensions X, Y, Z are in
cms.

Throughout the above no account has
been taken of losses in the mechanical
system. Due to factors such as super
sonic radiation, di~sipation in the mount
ing, and losses in the quartz, a resistance
element should be included in the
mechanical system.

For a bar mounted in air, free of
reflecting obstructions, the greate~t en
ergy loss is due to supersonic radiation
from the ends of the bar. If the smallest
dimension is greater than one-half wave
length in air, this loss can be calculated
as follows:

At each end of the bar a mechanical
resistance Rm = (pv)a XZ mechanical
ohms is effective, where (pv)a is the
specific radiation resistance of air and
is equal to 43 mechanical ohms per
square centimeter. In the mechanical
system the two ends are in parallel,
giving an effective resistance Rm /2.
Taking this mechanical resistance
through the electromechanical trans
former, we obtain the electrical equiva
lent

X
Rrad = Z6920 ohms (11)

The ratio of resonant reactance to

Figure 3. Equivalent circuit of the quartz bar. At the left is shown the equivalent circuit with the electrome
chanical transformation shown as a transformer ofratio 1:¢2. If the mechanical quantities are "taken through"

the transformer, the electrical equivalent circuit shown at the right results.
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resistance, or Q, of the crystal can be
determined either in the mechanical
system or the electrical equivalent. In
the mechanical ystem, the re onant
mechanical reactance and the mechani
cal re istance are:

Qm = Xm = wRYpXZ (12)
Rm 4(pv)aXZ

At resonance w Y = 1I"Vq so that
Q _ 7r(pv)q

m - 4(pv)a

7r (2.654 X 5.44 X 105)

4 X 43

In the electrical equivalent circuit we
have from Equations (9) and (11) the
resonant reactance and resi::tance giving

Q = 182.5 X 10
6
X/Z = 26400 (14)

• 6920X/Z
Under these conditions it is seen that

the Q is independent of the area of the
ends of the bar, that is, a "thin" bar
would have the same Q as a compara
tively "fat" bar. However, operation
under these conditions is of no practical
interest "ince reflections would take
place from objects near the cry tal, and
the 10 e are unnece sarily high.

One method of reducing the super
sonic energy loss and of fixing the con
ditions of reflection near the crystal i to
put baffle plates near the ends of the bar
and adjust the position of the baffle for
quarter-wave resonance.

For an X-cut 50-kc bar having the
dimensions X = 9.4, Y = 54.4, Z = 7.0
mm, the resistance, when radiating
freely, would be, from Equation (11),
9290 ohms. The actual measured re
si tance would be appreciably higher
due to the effects of radiation from other
surfaces, losses in the mOlmting, and the
effect of coupled modes of motion.

Using properly adjusted baffles, the
above radiation resistance can be re-

= 26400 (13)

duced by 90 or 95 per cent, becoming
about 700 ohms. The actual measured
resistance under these conditions would
be about 2500 ohms, giving a Q of
9 ,000.

These figures indicate that vacuum
mounting of such a bar will not result
in an indefinite increase in Q. Here,
vacuum mounting could at most remove
the residual air-wave loss at the ends
(700 ohms) plus a mall amount due to
radiation from other surfaces - perhaps
800 ohms in aU, in the total of 2500
ohms. This would give a Q of about
98,000 X (2500/1700) = 147,000.

The residual loss is largely due to
coupled modes of motion. It can be sub
stantially altered by orienting the bar.
While this reduction would be highly
desirable from the point of view of
obtaining the greatest possible Q, other
factors are important, such as increased
temperature coefficient.

An unexpected effect occurs, as a
re ult of the YZ shear vibration, which
is the excitation of a flexural vibration.
Thi flexural vibration cannot be ex-

Figure 4. Showing the relation of the rotation angle,
e, to the principal axis of the quartz:.

z

------ e-

x

-----------
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cited piezoelectrically with the simple
electrode system so far considered. A
mechanical coupling exists between the
flexural and shear modes by virtue of
similar displacements at the boundaries.
Thi may be visualized a hown in Fig
ure 2. It is evident that there i a
marked imilarity of displacement at
the ends of the bar, for the fundamental
shear and the second flexural mode.

The flexural frequency is given by
km2Zjy2

, where the factor m is a com
plicated function of the dimensions of
the bar for all but extremely thin bars.
An important property, however, is
evident - that the flexural frequency
increases with an increase in Z, or width,
of the bar. This mode is the only one in
which the frequency changes in this
direction with change of dimension.
When the width Z is made approxi
mately 25 per cent of the length Y, the
second flexural frequency is equal to the
longitudinal fr quency. Because of the
comparatively trong coupling, the fle}..'U
ral frequency causes a marked dis
turbance of the longitudinal frequency
and also causes a large increase in the
temperature coefficient.

Further investigation of this region
for bars having approximately square
cross- ection has shown that the coupled
circuit effect may be utilized to obtain
a frequency-temperature curve in the
shape of an inverted parabola: At one
temperature, the temperature-coefficient
of frequency is zero, and changes only
slowly for temperatures on either side.

So far we have indicated a reduction
in the effects of coupled frequencie only
by making the frequencies very far
removed from the de ired frequency,
accomplished by keeping the lateral
'''Low Temperature-Coefficient Quartz Crystals," W. P.
Mason, Bell .~ystem Technical .Tournal, XIX, No.1,
January, 194.0. On page 75, Mason gives the proportions
for a square bar as 0.272. The bars here described are
not square.

dimensions of the bar very small com
pared with the length.

In Equation (1) it is possible to make
certain of the elastic coefficient zero, by
suitable orientation of the bar. Equation
(1) is written with the particular values
of the ela tic and piezoelectric coeffi
cients which apply when the three di
mensions of the bar are taken along the
three crystallographic axes.

Investigation of the properties of
rotated bars how that for a rotation
of -1 .5°, the coefficient S24. vanishes.
Thi means that for this rotation no
shearing motion is excited and, con
sequently, no flexural motion will take
place. Thus two of the disturbing fre
quencie are eliminated. The motion
con ds of the longitudinal vibration
desired, accompanied by lateral motion
only. A bar cut in thi manner is found
to have a higher Q than an unrotated
bar. It has also a substantially higher
temperature coefficient (approximately
- 24 parts per million per degree C.
in tead of - 1 or - 2), which is not too
troublesome in ome applications. At
this angle the length of the bar i in the
direction of minimum Young's Modulus
in the YZ plane. For a given frequency
this gives the shortest bar, some 6 per
cent horter than the unrotated bar.

At an angle of rotation of +41.5
degrees, not only i the coefficient S24

zero, but al 0 sh. The coefficient siz
is much smaller than in the two previous
cases. In this case a nearly pure longi
tudinal vibration is obtained, with a
small lateral motion in the X-direction
only.· A substantially higher Q is ob
tained but at the expense of a high
temperature coefficient, approximately
-77 parts per million per degree C. At
this angle the length of the bar is very
."Some Experimental Studies of the Vibrations of Quartz
Plates," R. B. Wright and D. M. Stuart, Research Paper
No. 356, U. . Bureau of Standards.
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Figure 5. Plot of the change in frequency with the
temperature for a Type 1190-A Quartz Bar.

nearly in the direction of maximum
Young's Modulus in the YZ plane, giv
ing very nearly the greatest length for a
bar of given frequency, some 30 per
cent longer than the unrotated bar.

The simple theory outlined above is
not adequate to handle the case of bars
the lateral dimensions of which are
appreciable compared with the length.
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In general, experiment shows that the
Q of bars whose lateral dimensions are
of the order of 25 per cent of the length
is somewhat greater and that the tem
perature coefficient can be made zero at
a particular temperature. The bar de
scribed above for 50-kc fundamental
operation can be operated in the second
harmonic mode at 100 kc, thereby
bringing the ratio of dimensions into the
range giving low temperature coefficient,
without using more quartz. Because of
the mode of vibration, two nodal
regions are obtained instead of one,
making for a much better mechanical
mounting with support at two points.
A value of Qof 170,000 can be obtained,
in a thread-suspension mounting with
baffles, of the type shown in the photo
graph of Figure 1.

-J. K. CLAPP

THE NEW ELECTRICAL UNITS

The change from the old "interna
tional" units to the new "absolute"
units, which took place on January 1,
1948, was described under the above
title in the General Radio Experimenter
for July-August, 1947. This change in
volves a revaluation of the units of
resistance, inductance, and capacitance
as given in the following table:
1 international ohm = 1.000495 abs. ohms
1 international henry = 1.000495 abs. henries
1 international farad = .999505 abs. farad

To convert the values of existing stand
ards to the new units, the present values
should be multiplied by these factors.
To adjust an existing standard to have
its marked value in the new units, a
resistor or inductor is decreased in value
by 0.0495 per cent, while a capacitor is
increased in value by 0.0495 per cent.

All instruments now being manu
factured, together with all of their com
ponents, are adjusted and calibrated in
terms of the new units. The difference
between the old and new units is of
importance only when the accuracy
limits are O.Lper cent and 0.25 per cent.
In this accuracy classification there are
12 types of General Radio instruments
and components, as shown in the ac
companying table. All of these sold after
the approximate dates given in the
table will be calibrated in absolute units
and will be marked with the abbrevia
tion "abs." placed after or near the unit
in which the instrument is calibrated.
The spread in these dates from February
15 to May 1 has been caused by the fact
that orders for parts for a production
lot of instruments must be placed many
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months ahead of the final delivery to
sales stock. It was necessary in such
items as resistance units, which are
manufactured in lots of several thousand
and are used in almost all of this group
of instruments, to arrange that all old
"international" units be used up at
about the same time and that new "abso
lute" units be then available.

New instruments with type numbers
of 1000 and above and new components
which may have type numbers below
1000 will not be marked "abs.", even
though so calibrated.

8

Type Resistors Date
500 Resistor April 15
510 Decade Resistance Unit May 1
602 Decade Resistance Box May 1
654 Decade Voltage Divider May 1
668 Compensated Decade Resistance

Unit Feb. 15
670 Compensated Decade Resistor .. Feb. 15

Capacitors
722 Precision Condenser April 15
509 Standard Condenser March 15

Inductors
106 Standard Inductance March 15

Bridges
716 Capacitance Bridge March 15
821 Twin-T Impedance Measuring

Circuit May 1
667 Inductance Bridge March 1

READJUSTMENT OF OLD INSTRUMENTS

The difference of approximately 0.05
per cent between the old and the new
units will be of little importance for
much ordinary measurements work. On
the other hand, in measurements where
an accuracy approaching 0.1 per cent is
desired, allowance for the difference

between the two systems of units should
be made. It is possible to readjust or
recalibrate bridges and impedance stand
ards in the absolute system of units, and
our Service Department will quote
prices upon request.

- ROBERT F. FIELD

MISCELLANY
Dr. M. A. EI Said, Senior Lecturer at

Fouad I University, Cairo, Egypt, at the
request of the General Radio Company,
visited the plant during January and
February to demonstrate new electronic
circuits particularly adapted to obtain
ing products and quotients of electrical
voltages. One of these circuits is now
under development for use in an elec
tronic wattmeter.

The quartz bar illustrated in the
article by J. K. Clapp is used in the new
General Radio TYPE 1l00-A Frequency
Standard. Two models of this standard,
the TYPE 1l00-AP Primary Standard
and the TYPE 1l00-AQ econdary
Standard, are now in production and
will be de cribed in an early i sue of
the Experimenter.
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eA 10:1 VOLTAGE MULTIPLIER
is now available to extend the range of
voltage mea urement of the TYPE 1800-A
Vacuum-Tube Voltmeter to a maximum
of 1500 volts.

This multiplier is a capacitive voltage
divider which provide a 10:1 reduction
between the voltage applied to the multi
plier and the voltage appearing across the
voltmeter terminals. The multiplier crews

on to the end of the voltmeter probe, adding about two inche to its
length.

Since the input capacitances of the voltmeters differ lightly, an
error in multiplier ratio of ±2% is pos ible, but an adjustment i pro
vided by means of which the ratio can be adju ted to ± 1% for any
TYPE 1800-A Vacuum-Tube Voltmeter. When a multiplier and a
voltmeter are ordered together, this adjustment is made at the factory.

The effective p8T81JeJ inputTesist81lf:e of the multiplier is of the order
of 100 times that of the voltmeter probe alone, and the effective
parallel capacitance is 1.5 f.J.f.J.f. When the cap and center plug are used,
approximately 0.5
f.J.f.J.f is added.

The resonant he
quencyof the probe,
1050 Me, is not
changed by the ad-

Figure 1. Exploded view
of probe, multiplier, and

cap.

VOLUME XXII No. 12 MAY, 1948
Copyright, 1948, General Radio Company, Cambridge, Mass., U. S. A.
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dition of the multiplier. The multiplier
frequency error i plotted in Figure 2.
The multiplier is not recommended for
use at frequencies below 100 kc.

SPECIFICATIONS

Figure 2. Plot of low-frequency error for the Type
lS00-P2 Multiplier. The high-frequency correction for
the voltmeter is unchanged by the addition of the

multiplier.

Code Word Price

I ABODE I $18.00

0.01 0.1

FREOUENCY IN Mc.

Multiplier Rates: 10 to l.

Dimensions: (Length) 2% x (diameter)
inches, over-all.

Net Weight: 4 ounces.
Type

1 SOO.P2 I Multiplier

1%

NEW STANDARD PARTS
The new look that has lately been

evident on General Radio instruments
reflects the improvement in appearance
of our standard parts. Designed to be
attractive as well as useful, these Imob
and dials are also available eparately
to those who make their own laboratory
equipment.

KNOBS
TYPE ICN Knobs, which replace the

TYPE 637 series, are uniform in general
appearance and application and were
de igned primarily for use on General
Radio instruments. All are similarly
fluted and have matching uarrow skirt ,
so that a unity of design is achieved
when different types are used on the
ame panel. Pointer models have large

white V-shaped indicators for good visi
bility.

Two new type are now available,
the bar knobs, KNB-1 and KNB-2,
which are e pecially convenient for
use on rotary switche , and the spin
ner knob, KNU-3, for rapid rotation
of the control shaft on slow motion
drives.

Each Imob is made of black phenolic
resin with a molded-in brass in ert, and
i fitted with two setscrews, 90° apart,
which are threaded through the metal
in ert. The boring of the shaft hole is
performed as a final operation on a pre
ci ion machine, especially set up for the
purpose, 0 as to insure an accurately
sized hole which is concentric with and
perpendicular to the molded portion.
Holes are bored to fit a ~-inch diameter
shaft and are equipped with removable
bushings to adapt to ,X'-inch diameter
shafts.

KNB-2

KNB-l

l-INCH DIAMETER - WITH BAR
Net Weight Package Package

Type for 5 Code Word of 5 of 20

KNB-l 13~ OZ.IBARKNOBO E I $3.501 $13.00

1%-INCH DIAMETER - WITH BAR
Net Weight Package Package

Type for 5 Code Word of 5 of 20

KNB·2 /6 oz. IBARK OBTwol $3.751 $14.00
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2-INCH DIAMETER
Net Weight Package Package

Type for 5 Code Word of 5 of 20

KNSP.818 ox. !NURLNOBATE I $4.2sl $16.00

2-INCH DIAMETER - WITH SPINNER
Net Unit

Type Weight Code Word Price

ZKNU.3!2'!4 OX.ISPINNOBTRE $3.00

1%-INCH DIAMETER
Net Weight Package Package

Type for 5 Code Word of 5 of 20

KNSP.6 ISY2 OX.INURLNOBSIX I $3.001 $11.00

2%-INCH DIAMETER
Net Weight Package Package

Type for 5 Code Word of 5 of 20

KNSP.10! 12Y2 OX./NURLNOBTENI$s.sO!$21.00

2%-INCH DIAMETER - WITHOUT
POINTER

Net Weight Package Package
Type for 5 Code Word of 5 of 20

KNS.12!17 ox. 1NURLNOBDOZ 1 $s.7sl $22.00

The TYPE KN Fluted Knobs are shown ap
proximately one-half actual size in the illustra
tion.

KNSP-8

KNSP-6
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ZKNU-3

KNSP-l0

KNS-12

KNOB AND DIAL ASSEMBLIES

A new line of photo-etched dials with
frosted-chrome surfaces replaces the
older nickel-silver models. The TYPES
901, 902, and 904 dials are available
with or without friction drives and in
two or more scale lengths. These dials
were designed for applications requiring
simple, direct shaft positioning of mod
erate precision. Dials are assembled on
standard TYPE KN lmobs and therefore
mount on the same size of shaft.
The punched brass dial is accmately

located on the knobs by bosses, from
which the shaft hole is concentrically
bored, and is also insulated from the
shaft insert by the phenolic material
of the lmob.

Each dial is photo-etched and fin
ished with black lines on a frosted
chrome plated background. This back
ground finish has a silvery vhite
color, furni"hing excellent contrast
with the black lines, and has diffuse
reflecting properties, making it possi-
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ole to view or illuminate the dial
from any angle without objectionable
glare.

The parallax-free indicator, which is
designed to hug the rim of the dial and
to remain flush with its surface, is fin
ished in matching frosted-chrome plate
with a black index line.

Friction-drive models are intended for
use when the accuracy of a photo-

4

etched dial is satisfactory, but when
settings must be made more precisely
than can be done with a direct drive.
The speed-reducing drive grips the rim
of a separate di c behind the dial, so
that the dial surface is not marred, and
the driving shaft is mounted on the
panel in an eccentric bushing which per
mits lateral adjustment to the smoothest
operating position.

2-INCH DIAMETER - TYPE 901 DIALS
Dial Net Code

'Type ATC Divisions DTive Weight WOTd Price
901.HD 1800 100 Direct 2 oz. DILOG $2.75
901·JD 2700 100 Direct 2 oz. DILAP 2.75
901-LD 3600 100 Direct 2 oz. DILID 2.75

2%-INCH DIAMETER - TYPE 902 DIALS
902·HD 1800 100 Direct 2)i oz. DlMAP $2.75
902-JD 2700 100 Direct 2)-2 oz. DIMID 2.75
902-HF 1800 100 Friction, 3.3:1 4 oz. DIMOB 3.75
902.JF 2700 100 Friction, 3.3:1 4 oz. DlMUG 3.75

4-INCH DIAMETER - TYPE 904 DIALS
904-HD 1800 100 Direct 5 oz. DIPAR $3.25
904-JD 2700 200 Direct 5 oz. DIPOD 3.25
904-HF 1800 100 Friction, 5:1 8 oz. DIPEN 4.25
904.JF 2700 200 Friction, 5:1 8 oz. DIPU'I' 4.25

FRICTlON·DRIVE PRECISION DIALS

Tugs D05 and D06 Precision Dials
replace the TYPES 704 and 706. They
have fine black lines exactly positioned,
by an automatic precision engraving ma
chine, on a frosted-chrome background.
The spacing of the lines is chosen to give
the maximum accuracy of setting con
sistent with readability.

Each dial has a lathe-turned rim to
insure concentricity, and is attached to

a machined brass hub, which i fa~tcued

to the shaft by two setscrew , accessi
ble from the front of the dial. The
friction drive, which is fully adjustable,
operates on the outer edge of a horse
shoe-shaped slot in the dial, so that
the slow-speed lmob turns in the same
direction as the dial and so that the
drive mechanism all comes within the
dial proper.

4-INCH DIAMETER - TYPE 90S PRECISION DIALS
905·HF I 1800

I 200 I Friction, 6:1 I 9 oz. DIRUG $10.00
905-JF 2700 300 Friction, 6:1 9 oz. DIRIM 10.00

6-INCH DIAMETER - TYPE 906 PRECISION DIALS
906-HF I 1800

I
300 I Friction, 8:1 I 15 oz. DIROT $12.00

906-JF 2700 450 Friction, 8:1 15 oz. DIRAP 12.00
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GEAR-DRIVE PRECISION DIALS

T,,,o entirely new units, the TYPES that is spring guided to hold the gears
907 and 908 Gear-Drive Precision Dial'l, in proper mesh without backlash and
were designed for the most exacting ap- that also obviates the need for preci<:e
plications and combine the fine-line panel drilling.
accuracy of a machine-cngraved dial The pinion and gear teeth are espe
with a positive, fixed-ratio reduction cially designed to run smoothly together
drive. The dial is furnished in frosted- and are cut on a precision gear shapeI'
chrome plate with contrasting black to insure uniformity. The 10:1 ratio
lines, and it hub is attached directly to permits calibrating the knob as a vernier.
the shaft by two setscrews. The front-of-panel assembly requires

The gear has internal teeth, 0 that only two 6-32 panel holes for mounting,
the knob, driving a stainless teel pinion, and the large hole for the window and
turns in the same direction as the dial. drive of the back-of-panel model are
The pinion i held in a collet in the knob round, so that they can be readily put
so that it may be readily adjusted to in with a punch, hole-saw, 01' flycutter.
project through any panel, up to YI6 The anti-parallax floating indicator is
inch thickness, by simply loosening the supplied with a dull-black back-up
setscrews in the knob. This drive as- plate, which fills the window on the
embly runs in a floating bronze bushing back-of-panel types.

Price

$9.50
9.50

DITAB
DITOP

Code
Word

360
0 I 360 I 10:1 I 11 oz.

3600 360 10:1 11 oz.

Mounting
Front-of-panel
Back·of·panel

Type

907-LA
907-LB

4-INCH DIAMETER GEAR-DRIVE PRECISION DIALS
Dial Gear- Net

Arc Divisions DriveRatio Weight

6-INCH DIAMETER GEAR-DRIVE PRECISION DIALS

908·LA I Front-of-panel I 33 6600: I 360 I 10: 1
908.LB Back-of-panel 360 10: 1

21 oz. I
19 oz.

DIVAT
DIVIM

$11.00
11.00

(Left) Type 907-LA; (Right) Type 907-LB, approximately half size.
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VARIAC OPERATION WITH FIXED BRUSH SETTING
Variac adjustable transformer are

devices for obtaining any required volt
age within their range, quickly, con
veniently, and efficiently. Variac volt
age output is substantially independent
of load current, as contrasted with re
sistive controls. Usually, Variacs are fre
quently adjusted to meet changing
requirements of speed, illumination, line
voltage, etc.

Occasionally, Variacs are required to
act as fixed autotransformers, a service
for which the latter are more properly
suited. Under these conditions, the
Variac brush setting remains fixed for
long periods under load, and the turns
under the brush are subjected to pro
longed operation at high temperature.

At thi point a brief discussion of the
function of and need for "carbon"
(actually a mi},.'ture of carbon, graphite,
and, sometimes, metal) brushes in
Variacs is in order. The brush is the
secret of successful Variac design. To
permit adjustment (i.e., switching) under
load without interruption of current, the
contacting device must establish contact
with an adjacent turn of wire before
breaking the contact already estab
lished. This means that the contacting
device must, perforce, short circuit one
or more turns in certain positions. In
order to limit the short-circuit current
to a safe and reasonable value, the con
tact must have a certain minimum
resistance. Since this resistance is trav
ersed by the load current as well as by
short circuit currents, it must not be too
high. In effect, we have a tug-of-war
between short-circuit losses, which call
for a high resistance, and load losses,
which call for a low resistance. The
compromise is best effected when the
two losses are equal. Carbonaceous
materials meet the resistance require-

ments nicely and have lubricating and
wear characteri tics that are excellent
again t the copper surface of the ex
posed brush track.

. Because of the load losses which are
unavoidably introduced by the brush
requirements, the hottest spot on a
Variac will always be directly under the
brush. This localized heat source is in
addition to the uniformly distributed
heating of core and copper losses. These
latter are maintained at conservative
levels in Variac design, but the brush
heat, even with generous heat radiator
provisions, is still sufficient to raise the
temperature of the turns in the immedi
ate vicinity of the brush to a point where
the bare copper oxidizes rapidly.

Copper oxide, unfortunately, is a poor
electrical conductor, and its formation
in the vicinity of the brush further in
creases the bru h heating under load.
Thus heat leads to oxide which leads to
more heat in an extremely vicious circle.
If failure is to be avoided, the circle
must be broken.

Two good methocls have so far been
found to prevent oxide accumulation.
One is obvious. Keep the brush track
clean, using the fine crocus cloth and
carbon tetrachloride cleaning technique
outlined in the Variac instruction sheet,
at frequent (semi-weekly) intervals.
The other is to prevent or slow clown
oxidation by excluding air from the
vicinity of the brush by the application
of a thin layer of heat resistant, inert
grease to the brush track. Dow-Corning
D-C-44 Silicone Grease has been found
to be excellent for this purpose. A com
bination of the two methods, a thorough
cleaning and regreasing every two weeks,
will permit indefinite operation of Vari
acs with fixed brush setting.

- GILBERT SMILEY
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HONORS - Awarded to Melville East
ham, Chief Engineer and former Presi
dent of the General Radio Company, the
1948 ew England Award, at the annual
meeting of the Engineering Societies of

ew England, at Bo ton, April 29. A
scroll of illuminated parchment suitably
inscribed, the ew England Award is
given each year to "a living engineer,
resident in New England, who, byout
standing achievement, shall merit recog
nition of his accomplished work as well
as of his character, by his fellow en
gineers of New England."

RECENT VISITORS-

From Poland: Przemyslaw, J. Jaros,
General Superintendent of Communica
tions, Polish State Railways, Warsaw.

From Brazil: Captain Aldo V. da Rosa,
Chief of Technical Division, Brazilian
Air Force.

From Chile: William Feick, Professor
of Communication Engineering, Univer
sidad Tecnica Federico Santa Maria,
Valparaiso.

From Holland: Mr. D. Goedhart and
Mr. W. W. Storm of N. V. Philips Tele
communication Industries, Hilversum.

8

Melville Eastham.

PAPERS presented at the I. R. E. Na
tional Convention, Jew York, March
21-24, 1948 - by H. B. Richmond,
Chairman of the Board, "An Engineer
in the Electronics Industry - Prospects,
Preparation, Pay"; by W. . Tuttle,
Engineer, "Use of Diode Rectifiers with
Adjustable Transformers for Motor
Speed Control"; by R. F. Field, En
gineer, "Losses in Air-Cored Induc
tors"; by J. K. Clapp, Engineer, "Fre
quency Measurement by Sliding Har
monics."

GENERAL RADIO COMPANY
275 MASSACHUSETTS AVENUE

CAMBRIDGE 39 MASSACHUSETTS
TELEPHONE: TROWBRIDGE 4400

BRANCH ENGINEERING OFFICES
NEW YORK 5. NEW YORK

10 WEn STREET
TEL.-WORTH 2·$137

LOS ANGELES 31, CALIFORNIA
950 NORTH HIGHLANO AVENUE

TEL·.-HOLLYWOOD 5201

CHICAGO 5, ILLINOIS
920 SOUTH MICHIGAN AVENUE

TEL.-WABASH 3120
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A NEW MODEL OF

THE MICROVOLTER 6
GR POWER CORD

Now AVAILABLE... 5

MISCELLANY. . . . . . .. 8

Figure 1. Panel view of the Type 1304-A Beat-Frequency Oscillator. New features include an
illuminated, precision-type, main dial, and an incremental frequency dial with a range of

-50 to +50 cycles.

MAKING A GOOD INSTRUMENT BETTER

'H. H. Scott, "Bringing the Beat-Frequency Oscillator Up to Date," General Radio Experimenter,
Vol. XVII, No.2, July, 1942.

• THE TYPE 913-A Beat-Frequency Os
cillator', announced in 1942, established
standards of performance not previously
achieved by oscillators of this type. Its
immediate widespread acceptance showed
that frequency stability, low distortion,
and constancy of output were truly im
portant features in an audio oscillator.
Experience with field use over the past six
years, however, has shown several ways of

improving the original design to provide better performance for the
customer and greater convenience in manufacture. Changes have
therefore been made from time to time that have been incorporated in
the successive TYPE 913-B and TYPE 913-C models, culminating in the
new TYPE 1304-A. These changes, in total, make the new instrument
considerably different from the original and warrant mention as typical
of the refinements that successively appear in instrument redesign.

VOLUME XXIII No.1 JUNE, 1948
Copyright, 1948, General Radio Company, Cambridge, Mass., U. S. A.
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OSCILLATOR

The original oscillators used TYPE
6SK7 pentodes in tuned-plate tickler
feed-back circuits, with output pickup
coils feeding the grids of the TYPE
6SA7 mixer directly. When properly
constructed, these circuits gave excellent
stability, but considerable difficulty was
found in maintaining the high quality
of fabrication necessary for satisfactory
coils.

The coils were wound on slotted cata
lin coil forms and were adjusted to the
correct inductance by iron-dust cores
on a mounting constrained at each end.
It was found that dimensional changes
of the form material with time and tem
perature caused relative motion of the
dust cores and coils, resulting sometimes
in excessive drift, and sufficient trouble
on this score was ultimately encountered
to make it desirable to look into other
constructions.

In the course of this investigation it
was found that a Hartley or Colpitts
o cillator u ing a simple ingle-winding
coil was more stable than the tickler
feed-back oscillator using the three
winding coil, because the circulating
current in the tuned circuit flowed
through the whole coil, causing uniform
heat distribution, and because the close
coupling between grid and plate circuits
minimized phase shift. The final coil
design, therefore, turned out to be a
single multilayer universal-wound coil
on a simple, unslotted ceramic form. As
a further simplification, it was found
that the inductance could be held to a
close enough tolerance that no iron
dust-core trimming was necessary. Sim
plification of construction, improve
ment of performance, and reduction of
manufacturing cost were therefore imul
taneouslyachieved.

2

BUFFER AMPLIFIERS

In the original design, no buffer
amplifiers were interposed between the
beating oscillator and the mixer. A
pentagrid mixer tube was used, and it
was felt that the i olation obtained by
u ing two individual grids, fed from the
low-impedance pickup windings on the
oscillator coils, was adequate to mini
mize low frequency distortion caused by
incipient locking of the 0 cillators.

With the new, simplified oscillator
coils, no low-impedance pickup coil was
available. To permit high-impedance
capacitance voltage dividers to be u"ed
to feed the mixer grids without increas
ing the cross-couplin o' between oscilla
tors to an intolerable amount, buffer
amplifiers were necessary. These were
obtained without increa e in the tube
complement by changing the oscillator
tubes from pentodes to twin triodes.
One half of each twin triode was used
as the oscillator section, the other half
as a cathode-follower amplifier.

The plates of both sections of the twin
triode are operated at r-f ground, with
the cathode of the oscillator section
tapped on the oscillator coil and the
grid connected to the end of the coil at
the highest r-f potential. This particular
method of operation leads to two desir
able results: first, the tator of the main
tuning capacitor operates at d-c ground
and, second, the plates of the twin
triode sections act as shields, eliminating
the need for additional shielding of the
tubes.

The grids of the buffer-amplifier sec
tions are supplied through capacitance
voltage dividers, which minimize load
ing of the oscillator circuits and permit
adjustment of the voltage supplied to
the mixer grids by varying the setting
of small adju table ceramic trimmer
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capacitors. Once the proper grid volt
ages for the mixer have been established,
it is therefore possible to set these
voltages to the same levels in all instru
ments. This simple adjustment, com
bined with the excellent isolation af
forded by the buffer amplifiers, has
effected very considerable improvement
in the low-frequency distortion below
100 cycles and has reduced locking of
the oscillators to a point where beats of
less than 1 cycle can be sustained with
out pull-in.

MIXER

The chief problem in adjusting the
mixer for proper operation in the TYPE
913-A and 913-B Oscillators was in ob
taining independent settings for output
voltage and minimum distortion. It
was, however, found that, if the former
arrangement of bias controls was changed
so that the common cathode-bias for
both grids was adjusted by a rheostat,
and the bias for the signal grid (grid No.
3) by a potentiometer in parallel, the
two adjustments for output voltage and
minimum distortion could be made with
no observable interaction. The improve
ment in performance from this change,
from the adjustable oscillator voltages,
and from the improved isolation of the
buffer amplifiers has been very great.
In previous models careful selection of
the mixer tube had been necessary to
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maintain the low distortion desired. In
the new design, on the other hand,
nearly any tube will perform satisfac
torily, and large numbers of tubes
previously rejected for high distortion
have been found completely satisfac
tory.

AMPLIFIER

Changes in the amplifier circuit and
shelf were made principally because of
difficulty with hum introduced from the
heaters of the TYPE 6SF5 phase-inverter
tubes. Replacement of these two tubes
with a single TYPE 6SL7-GT Twin
triode has resulted in no further diffi
culty and has made it possible to
rearrange parts to provide more con
venience in assembly.

POWER SUPPLY

Rearrangement of the power-supply
shelf and the substitution of a single
5V4-G for the two 6X5-GT tubes pre
viously used have eliminated a difficult
hum-reducing adjustment and improved
heat-radiation conditions, the tempera
ture rise in the oscillator compartment,
for instance, being only 6 C.

MECHANICAL
SIMPLIFICATION

Since these various changes necessi
tated a rearrangement of parts, con
siderable attention was given to utiliz-

Figure 2. Elementary schematic circuit diagram af the Type 1304-A Beat-Frequency Oscillator.

DEGENERA liON
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ing the available space most efficiently
and to simplifying assembly. As are ult,
parts and circuit adjustments are more
acces ible, and wiring is simpler than in
previou models.

NEW FEATURES

These variations have improved per
formance substantially, reduced the
total number of tubes by two, simplified
assembly and testing, and lowered manu
facturing cost. As a re ult it has been
possible to add new features at no
increase in price.

The first of these is a cycles increment
dial. This was first introduced in the
TYPE 713-A Beat-Frequency Oscillator"
and, since the discontinuance of this
oscillator, many customers have re
quested that it be added to the TYPE
913 if it were ever redesigned. In the
new TYPE 1304-A a better capacitor has
been used than in the old TYPE 713-A,
but the function and scale range remain
the same. It is interesting to not.e that
a considerable simplification in con
struction has been achieved by connect
ing the zero adjust capacitor across the
variable-oscillator capacitor ince no
shield can for this capacitor is necessary
and valuable panel space is conserved.
The variation of capacitance required
for zero adjustment is so small that no
effect upon calibration accuracy results.

The second new feature is injection of
line voltage into the beat-indicator cir-
2L, B. Arguimbau, "TYPE 713-A Beat-Freouency 0scilla
tor," General Radio Experimenter, Vol. X, No. 10. March,
1936.

4

cuit. As experience has been gained over
the years with the adjustment of the
variable capacitor used to give true
logarithmic response over three decades
of frequency, it has been found practical
to furnish calibration accurate to closer
and closer tolerance . It has now become
possible to adjust to ± (72 cycle + 1%),
which is closer than zero beat can be
established with the neon light. To trans
late this accuracy of adjustment into
accuracy of readings, a more preciEe
"zero" adjustment can be made at the
line frequency by observing the waxing
and waning of the neon light as the out
put of t.he oscillator beats with t.he line
voltage. The improvement, of courl3e,
results from the fact that the beat is
determined at a frequency where the
amplifier has normal gain, as contrasted
to the zero-beat condition where the am
plifier has insufficient gain to operate
the neon light until the deviation from
zero beat is of the order of two cycles.

The third new feature is the improved
gear-drive dial, patterned after the new
TYPE 907-LA. This dial has better bear
ings than the old dial, smoother running
gears and less backlash, and is simpler
in construction and easier to make.

The TYPE 1304-A Beat-Frequency
Oscillator furnishes an outstanding ex
ample of the painstaking development
work that goes into instrument redesign
over a period of years. As a commercial
product in its own right, we believe this
oscillator to be the fine t now obtainable.

-D. B. SINCLAIR

SPECIFICATIONS

Frequency Range: 20 to 20,000 cycles.

Frequency Control: The main control is en
graved from 20 to 20,000 cycles per second and
has a true logarithmic frequency scale. The
total scale length is approximately 12 inches.
The effective angle of rotation is 240°, or 80°

per decade of frequency. The frequency
increment dial is calibrated from +50 to -50
cycles.

Frequency Calibration: The calibration can be
standardized within 1 cycle at any time by
setting the instrument to the line frequency or
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to zero beat. The calibration of the frequency po ition of the OUTP T switch the di tortion
control dial can be relied upon within ±(1 %+ is less than 1% between 100 and 7500 cycles
0.5 cycle) after the oscillator has been correctly and increases to 2% at 50 cycles. With the
set to zero beat. The accuracy of calibration of OUTPUT control turned fully on, the har
the frequency-increment dial is ±1 cycle. monic content is approximately doubled when
Zero Beat Indicator: A neon lamp is used to the oscillator is operated into a very low im
indicate zero beat at the line frequency or at pedance. With the OUTPUT control turned
zero scale. 3 db or more below maximum load, impedance

has very little effect upon the waveform.
Frequency Stability: The drift from a cold
start is less than 7 cycles in the first hour and is A·C Hum: For NORMAL output the a-c hum
essentially completed within two hours. is less than 0.1 % of the output voltage.

Output Impedance: The output impedance is Terminals: Jack-top binding posts with stand
600 ohms, either grounded or balanced-to- ard %;-inch spacing and standard Western
ground, and is essentially constant regardless Electric double output jack are provided on the

f h 1 W' h 1 d' panel. A standard multipoint ocket and plug
o t e output contro setting. It oa un- provide duplicate output terminal on the back
pedances of 2000 ohms or less, the output is
balanced for all settings of the output control. of the instrument for relay-rack installation.
With higher load impedances, unbalance may Mounting: 19-inch relay rack panel; removable
occur at low settings of the output control. wooden ends are supplied so that it may be
Output Voltage: Approximately 25 volts open used equally well on a table.
circuit. For a matched resistive load the output Power Supply: 105 to 125 volts, 50 to 60
voltage varies by less than ±0.25 db between 20 cycles a-c. A simple change in the connections
and 20,000 cycles. The open-circuit output to the power transformer allows the instrument
voltage is approximately 40 volts with the out- to be used on 210 to 250 volts. The total con-
put switch in the HIGH position. sumption is about 100 watts.

Output Control: The output control is calibrated Tubes:
from +25 to -20 db, referred to 1 milliwatt 3-6SL7-GT 2-6V6-GT
into 600 ohms. 1-6SA7 2-0D3/VR150
Output Power and Waveform: NORMAL out- 1-5V4-G 1-991
put 0.3 watt maximum when operated into a All I
matched load, with total harmonic content are supp ied with the instrument.
approximately 0.25% between 100 and 7500 Accessories Supplied: A seven-foot line con
cycles. Below 100 cycles the harmonic content nector cord and a multipoint connector.
increases, and may reach 0.5% at 50 cycles. A Dimensions: 19% x 14~ x 7Y2 inches, over-all.
panel switch allows an increase in the output
power to a maximum of 1 watt. For this HIGH Net Weight: 41Y2 pounds.

Type Code Word Price

1304·A I Beat-Frequency Oscillator J CAROL $450.00

PATENT NOTICE: U. S. Patent No. 2,298,177. Licensed under patents of the American Telephone aocl Telegraph
Company.

GR POWER CORD NOW AVAILABLE

, CORny I $1.75

Code Word Price

CAP.35 I Power Cord

There has been a considerable de
mand lately for replacement power
cord of the type upplied with General
Radio instruments and, because of thii",
we are making the power cord available
as a standard catalog item.

The cord is 7 feet long and has the
plug and socket ends molded in rubber
directly to the two-conductor, No. 18,
Type 85, stranded cord. Net weight i
8 ounces.

Type
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A NEW MODEL OF THE MICROVOLTER*

6

The audio-frequency Microvolter is a
very useful accessory for the electronics
laboratory. Used in conjunction with an
oscillator, the Microvolter converts it to
a standard signal generator, capable of
such measurements as gain or loss,
frequency characteristic, overload level,
and hum level on amplifiers, networks,
and other low-frequency equipment.

This combination is also useful for the
measurement of the generated voltage
of microphones, vibration and phono
graph pickups, and other transducers by
the insert-voltage method. The Micro
volter supplies the standardizing volt
meter and the calibrated adjustable
attenuator which is necessary for pro
viding an accurately known voltage
over the range from 1 microvolt to 1
volt.

The TYPE 546-B Audio-Frequency
Microvolter, which has been widely
u ed for such measurements, has re
cently been replaced by a new model,
the TYPE 546-C. Chief improvements in
the new instrument are (1) a voltmeter
which is more sensitive and has a better
frequency characteristic, and (2) the
adoption of the standard 600-ohm level

for the input and output impedances.
The voltmeter uses a miniature cop

per-oxide rectifier designed, as in the
earlier Microvolter, to have a negligible
frequency error over the audio-frequency
range. In addition, a compensation cir
cuit corrects for frequency error (at the
reference level labeled "0 db") up to
100 kilocycles per second to within
±5%. This compensation accordingly
extends the u efulness of the meter to
cover the full frequency range of the
attenuator. The increa ed sensitivity
reduces the non-linear loading of the
rectifier on the input with a reduction
in the waveform distortion introduced
by the unit to less than 0.2% for a 600
ohm source. This low level of distortion
brings the Microvolter in line with the
low-level generally requi.red from modern
instruments, and, if the source imped
ance is reduced to much less than 600
ohms, its di tortion is even less. The
meter scale is calibrated in db with
respect to the reference level so that an
approximate correction for output level
can be made when a reduced input level
is desired.

The attenuator settings are made by

OReg. U. S. Patent Office.

Figure 1. Panel view of the Micro
va Iter. Photograph shows previous
model, Type 546-8. New model

differs very Iittie in appearance.
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means of two panel controls, one a six
step decade multiplier and the other an
individually calibrated dial which gives
continuous variation over each decade.
The dial carries both voltage and decibel
calibrations. The voltage scale is ap
proximately logarithmic and the deeibel
scale approximately linear.

The output voltage is expressed as
the open circuit voltage in microvolts or
millivolts, and the open circuit level in
decibels is expressed in db above one
microvolt. This reference level is used

JUNE, 1948

for the convenience of having ahnost all
positive decibel readings over the range
of the instrument. By subtracting 123.8
db, this level can be transferred to dbm
(decibels with respect to one milliwatt)
into a 600-ohm load.

The decibel calibration makes it
possible to obtain gain or loss values
dU'ectly in decibels for amplifiers, trans
formers, lines, and other networks
without the necessity of converting
voltage ratios.

-ARNOLD P. G. PETERSON

SPECIFICATIONS

both the phase and the magnitude of harmonics
present in the input. This error in the voltmeter
can, in general, be neglected when the micro
voitel' is used with ordinary laboratory oscilla
tors. The rectifier-type voltmeter itself intro
duces some distortion unless the source im
pedance is very low. With a 600-ohm source the
distortion introduced is about 0.2%.

Temperature Error: The accuracy of the cali
bration is independent of temperature when the
microvolter is used as an attenuator or voltage
divider. The absolute accuracy is affected
slightly by temperature because of change in
the voltmeter characteristics. The necessary
correction for temperatures from 65 0 to 95 0

Fahrenheit is furnished with the instrument.
The effects of humidity are negligible.

Power Source: The driving oscillator must be
capable of furnishing about 2.2 volts across 600
ohms, or about 8 milliwatts.

Terminals: Jack-top binding posts are mounted
on standard %"-inch spacing.

Mounting: The instrument i mounted on an
aluminum panel in a shielded walnut cabinet.

Dimensions: (Length) 10 x (width) 7 x (height)
6% inches, over-all.

Net Weight: 672 pounds.

Output Voltoge Range: From 0.1 microvolt to
1.0 volt open circuit, when the input voltage is
set to the standardized reference value.

Accuracy: For open-circuit output voltages the
calibration is accurate within ± (3% + 0.5
microvolt) for output settings above 1 micro
volt and for all frequencies between 20 and
20,000 cycles. For higher frequencies up to 100
kc the calibration is accurate within ±5% for
output settings above 100 microvolts. These
specifications apply only where waveform and
temperature errors are negligible (see below).

In calculating ratios of output voltages, at a
given frequency, the accuracy of any given
reading can be considered to be within ± (2 % +
0.5 microvolt), at frequencies up to 1.00,000
cycles. At the higher frequencies this accuracy
applies only at levels above 100 microvolts.

The microvolter can be used on dc if an
external meter is used or if the in tern al meter
has been calibrated for dc.

Output Impedance: The output impedance is
approximately 600 ohms and is constant with
setting within ±5%. This impedance is suffi
ciently low so that no correction on the output
voltage is necessary for load impedances of the
order of 100,000 ohms and greater.

Input Impedance: Approximately 600 ohms,
substantially independent of output setting on
all but the highest multiplier position.

Waveform Error: The accuracy of the micro
voitel' as a calibrated attenuator or voltage
divider is independent of waveform. The abso
lute accuracy of the output voltage calibration
depends on the characteristics of the input
copper-oxide rectifier voltmeter, which has a
small waveform error that depends in turn on

Type

546-C I AudiO-Frequency Microvolter*

*Reg. U. S. Pat. Off.

o

o

Code Word

........ 1 CROWN

Price

$110.00
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NAVY DEDICATES
NEW LABORATORY
Aerial view of the
new $8,000,000
Michelson Research
Laboratory, dedi
cated on May 8, at
the Naval Ordnance
Test Station, Inyo
kern, California.

Jamed in honor of
the noted physicist,
Dr. AlbertA. Michelson, the new labora
tory contains 410,000 square feet of floor
pace. It includes facilities for research

and development in all branches of
physical science, extensive modern shop
facilities, and a mathematics section for
theoretical work.

TECHNICAL PAPERS - "Determi
nation of the Loudness of oise from
Simple Measurements," by Leo L.
Beranek, Acou tics Laborat.ory, M. 1. T.,
and Arnold P. G. Peterson, Engineer,
General Radio Company; at the Wash
ington' D. C., Meeting of the Acous
t.ical Society of America, April, 1948.
-"A Standard-Signal Generator for
F-M Broadcast Service," by Donald B.

inclair, Assistant Chief Engineer; at
the New England Radio Engineering
Meeting, May 22, 1948.
- C. T. Burke spoke on the "Need for
Improved Quality in Electron Tubes
for Instrumentation and lndu trial Use"

at the Electron Tube Conference held
by the A. 1. E. E. Joint Subcommittee
of Electronic Instruments, at Philadel
phia, March 29.

RECENT VISITORS - Mr. Hayward
C. Parish, Distributor of General Radio
products in Australia; Mr. Ching Yi Sui
and Mr. H iung Hsu, Central Broad
casting Admini tration, Shanghai; MI'.
Mei-Lian Cheng, Central Radio Cor
poration, anking.
CRED IT S - As i usual in in trument
development, several engineers collab
orated in producing the finished design
of the TYPE 1304-A Beat-Frequency Os
cillator. S. R. Larson was responsible for
many of the new ideas and seeing the job
through, while F. D. Lewis supplied the
detailed criticism of the previous design
as a guide to improvement. The project
was carried out under the upervision of
D. B. Sinclair, author of the article that
appears in this issue.

GENERAL RADIO COMPANY
215 MASSACHUSETTS AVENUE

CAMBRIDGE 39 MASSACHUSETTS
TELEPHONE: TROWBRIDGE 4400

BRANCH ENGINEERING OFFICES
NEW YORK 6, NEW YORK

90 WEST STREET
TEL.-WORTH 2·5831

LOS ANGELES 38, CALIFORNIA
950 NORTH HIGHLAND AVENUE

TEL.-HOLLYWOOO 6201

CHICAGO 5, ILLINOIS
920 SOUTH MICHIGAN AVENUE

TEL.-WABASH 3820
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A WIDE-RANGE CAPACITANCE TEST BRIDGE

·AlthoUl(h the TYPE 740-BG Capacitance Test Bridge has been discontinued, tbe TYPE 740-B
is still available. Its limited field of usefulness, as compared to tbe new bridge, is offset by its lower
price.

• WIDE- RANGE is a term that has no
absolute meaning and is perhaps used a
bit loosely on occasions in technical and
promotional writing. Nevertheless, there is
little risk of criticism of its use to describe
the TYPE 16ll-A Capacitance Test Bridge.
This new bridge measures capacitance from
1 )l)lf to 10,000 )If, a range of ten billion
range an accuracy of ±(l% + 1 )l)lf) is
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to one. Over this entire
maintained.

The new bridge combines the functi.ons of the older TYPES 740-B*
and 740-BG'" but improves on the performance of each in several
important respects. In accuracy, sensitivity, and convenience the
performance equals or exceeds that of both previous models. In the
very important range below 1000 )l)lf, the performance has been
markedly improved by the use of a unique zero-compensating circuit.
For the measurement of electrolytic capacitors, the new bridge permits
the application of a polarizing voltage from a grounded power supply,
an important convenience feature. The sensitivity of the detector is
controlled by the bridge unbalance in such a manner that balance can
be reached with a minimum manipulation of the manual gain control.

The panel controls and their location have been selected with ease
of operation in mind. The less-used controls are near the top of the
panel, the more used near the bottom where they are most accessible.

The scales of the capacitance and dissipation factor dials are direct
reading in capacitance and dissipation factor, and the indexes for both
scales are visible through a single window. Since at the index both
scales are vertical, both increase upward. Hence increasing readings are
obtained for counterclockwise rotation of the right-hand knob, and for
clockwise rotation of the left-hand Imob.
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The Basic Bridge Circuits
The series-resistance capacitance

bridge circuit is used, in which the
unknown capacitance is measured by
variable resistance arms against a fixed
standard capacitor, and the dissipation
factor of the unknown is measured by
a variable resistor in series with the
standard capacitor. In order to cover
effectively the extremely wide capaci
tance range, two bridge circuits are used,
differing in the value of the standard
capacitance used and in the method of
connecting voltage source and detector.
The necessary changes in circuit con
nection are all made by the CAPACITANCE

MULTIPLIER control.
Figure 2a shows the basic circuit

arrangement used for the four lower
multiplier positions (0.0001, 0.001, 0.01,
and 0.1). Note that the voltage source

2

is connected across the similar arms of
the bridge. With this method of con
nection, the sensitivity of the bridge
depends upon the ratio of the two
capacitances. The applied voltage and
the detector sensitivity are such that
satisfactory balance can be obtained for
any ratio up to one hundred to one;
that is, for unknown capacitances in
the range from 100 J.1.J.1.f to 1 J.1.f. Below
100 J.1.J.1.f, the absolute sensitivity falls
off inversely with capacitance, which
means that the precision of balance can
be expressed as a constant capacitance,
in this case of the order of 0.1 J.1.J.1.f.

This precision of balance is adequate
for the capacitance balance but does
not permit precise dissipation factor
determinations for very small values of
capacitance.

Figure 2b shows the arrangement

Figure 1. Panel view of the Type 1611-A Capacitance Test Bridge with cover of cabinet removed.
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SHIELD

VOLTAGE
SOURCE

used for the four higher multipliers
(10, 100, 1000, and 10,000). Note that
the voltage source and the detector
have been interchanged as compared
to the circuit of Figure 2a, and ·that
the capacitance of the standard arm
has been changed from 0.01 f.l.f to 1.0 f.l.f.
In this method of connection the bridge
sensitivity i a function of the ratio of
the re i tance RA to the impedance in
the tandard arm. -nlike the circuit
of Figure 2a, the sensitivity of the
circuit in Figure 2b does not change as
the ratio arm RB is changed. Optimum
ensitivity would be attained with the

impedance of the standard arm equal to
the resistance RA • The latter i vari
able, however, being the balancing arm
of the bridge, and, accordingly, the
sensitivity varies with the setting of
this arm. The reactance of a capaci
tance of 1 4 at 60 cycles is 2650 ohms,
and maximum sensitivity' is attained
when the RA equals this value. Actually
the main decade of the A-arm rheostat
goes from 1000 to 10,000 ohms, so that
the sensitivity is optimum at about
mid- cale and changes relatively little
over the range.

Bridge Voltages
Because of the very wide range of

input impedance presented by the

JULY, 1948

,
DC
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(Left) Figure 20. Basic bridge circuit used for
the four lower multiplier positions.

(Above) Figure 2b. Circuit for the four higher
multiplier positions.

bridge, no single source of voltage can
be capable of efficiently supplying test
voltage for all ranges. Ideally a separate
source of proper impedance and voltage
might be provided for each multiplier
position, but an excellent compromise
is obtained by providing four separate
sources, one for each pair of the eight
multiplier positions. For each pair of
po itions, a resistance is placed between
the bridge and the voltage source such
that the ame power is delivered to the
bridge for each position. The required
value of resistance i, of cour e, the
geometric mean of the two values of
bridge impedance. The voltages for
the four sources are 0 chosen that, with
the e serie resi tance , the maximum
safe power is delivered to the bridge for
any setting of the multiplier. Figure 3
show schematically the arrangement.
The proper source is selected by a switch
mechanically connected to the switch
that controls the multiplier ratio of the
bridge.

The Detector
The detector sy tem consists of a

single stage of amplification and an
electron-ray tube u ed as a visual null
indicator. The amplifier is made selec
tive to the operating frequency by a
parallel resonant circuit in the plate
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Figure 3. Arrangement of power supply switch
ing to obtain the maximum safe power for

each multiplier position.

MECHANICALLY CQNNECTED
TO MULTIPLY CAPACITANCE

SWITCH

1000

OC

0001

1IW--_~WIr-_----'~",?IOI ~ -,

o 0 TO TRANSFORMER t

I,===';~==:;;~/;--:~O,-FFIG IA I
lc 10

100

for in order to realize the maximum
accuracy of the bridge. Compensation
is accomplished by connecting fixed
capacitors across the resistors in the
opposite arm, of such value that the
product RBwCB equals the dissipation
factor of the standard capacitor.

A new method of compensation is
used to eliminate the effects of the zero
capacitance and losses across the un
known terminals. It is this compensa
tion which makes possible accurate
direct measurements of capacitance and
dissipation factor obtained on the lowest
multiplier position, without "zero" cor
rections.

As shown in Figure 5, voltages of
adjustable magnitude are fed to the
bridge output through a capacitor and
a resistor. These voltages are adjusted
to cancel the unbalance voltage pro
duced by the zero capacitance. They

circuit of the amplifier tube. The
detector is designed to be very sensitive
when the bridge i. at or near balance,
but relatively insensitive when the
bridge is out of balance. This is
accomplished by a remote cut-off type
of electron-ray tube in conjunction with
a voltage-sensitive resistance element
(thyrite) shunting its input. As the
bridge approaches balance, the voltage
impre 'sed on the thyrite element is
reduced. The resistance-voltage char
acteristic of the latter is such that the
resistance approaches a maximum value
as the applied voltage approaches zero.
Consequently, as the voltage is reduced,
the gain of the system increases because
the resistance element in question is
located in the plate circuit of a high
impedance tube (see Figure 4).

The indicator tube (TYPE 6U5) is
mounted in a slotted cylinder and held
in position by a thumbscrew. When
the bridge is used in very brightly lighted
locations, or when the brilliance of the
"eye" has been reduced with age, the
tube may be slid back in its mounting
to provide additional light shielding.

Compensating Circuits
Any loss in the standard capacitor

causes the bridge to read low in dissipa
tion factor by an amount equal to the
dissipation factor of the standard capac
itor. Although this value does not
exceed 0.0003, it must be compensated

Figure 4. Elementary schematic diagram of the null detector.

FROM
BRIDGE

B f _---4~---------------'
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A

This can conveniently be rewritten m
the equivalent form

(Y1 + aY5) (Y4 + aY5 )

(Y2 - aY5 ) (Ys - aY5 ) (3)

Equation (3) states that the network
of Figure 6 behaves at balance as if an
admittance aY5 were connected in
parallel with each arm. Of these ficti
tious admittances, two are positive and
two negative with the choice of sign
depending on the polarity of the two
voltages involved.

Referringspecifically to the bridge net
work used in the TYPE 1611, it is seen
that, by proper choice of the coupling
admittance and the voltage, an effective
negative capacitance and negative
parallel resistance are produced across
the unknown terminals to neutralize
the real capacitance and resistance that
exist there. Simultaneously, the same
effective capacitances are placed across
the standard arm of the bridge, but the
circuit capacitance there is 10,000 IJ.lJ.f,

and the effect of the introduced admit
tance is for practical purposes negligible.
Across the resistance arm RA , there is
also produced an effective negative
capacitance. This serves partially to
neutralize the real capacitance that
exists across this resistance arm and to
this extent improves further the accuracy
of the circuit. Across the fourth arm
B, the introduced capacitance is positive
and would act to produce an error in

DET

DETECTOR

Figure 5. Schematic diagram of circuit used to
cancel the unbalance voltage produced by the

zero capacitance.

BRIDGE

Figure 6. Equivalent circuit of the bridge and
compensating circuit.

VOL rAGE
SOURCE

also serve to compensate partially for
any leakage through the bridge trans
former as well as for any small voltage
induced in the amplifier through capaci
tance coupling to high-voltage leads.

The theory upon which this com
pensating method is based is as follows.
Consider the network of Figure 6 where
in a voltage E' is coupled through an
admittance Y s to the detector terminals
of the four-arm bridge network ener
gized by the voltage E. The condition
of balance (zero potential across ter
minals A - A') is most easily deter
mined by considering the shOrtcircuit
current across the detector terminals.
The bridge itself produces a current
most conveniently expressed in admit
tance form as

i,e = E Y 1 Y 4 - Y 2 Y s (1)
Y 1 + Y 2 + Ys + Y 4

The circuit E' , Ys yields a current equal
to E' Y 5 • Equating the sum of the
currents to zero and designating as
a the ratio E' / E, we have the follOlving
expression:

Y 1 Y4 - Y 2Y s +
aY5 (Y 1 + Y 2 + Ys + Y 4 ) = 0 (2)
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dissipation factor; but, as has been
pointed out previously, capacitance is
required across this arm to neutralize
the losses in the standard capacitor.
Therefore, in three of the four bridge
arms, the effect of the added circuit is
beneficial and in the fourth arm it is
negligible.

The compensating circuit is effective
for leakage through the bridge trans
former and extraneous pickup in the
amplifier to the extent that these can be
represented by a voltage acting through
a fixed impedance to the amplifier input.
All of the extraneous effects together
with the deliberately introduced voltage
and admittance can be combined and
represented as in Figure 6.

The equations as written have been
in terms of voltage impressed on the
bridge circuit, i.e., we have assumed
a zero-impedance generator. Actually,
of course, the magnitude and phase of
the voltage impressed on the bridge
change as the bridge arms are manipu
lated, thus making the compensation less
effective. However, the shift of phase
and magnitude is not significant except
when the capacitance being measured is
so large that the zero effects and the
stray pickups are inconsequential.

Circuit Elements
Several of the components used in the

bridge, in order to realize the accuracy
and the direct-reading features, are a
little unusual and are briefly described.

As previously noted, two standard
capacitors are used, 0.01 pJ for the four
low ranges and 1.0 ,uf for the four high
ranges. These are special units made
up using polystyrene tape for the
insulating material. They are each
made up of two units paired to yield a
total capacitance within ±0.25% of
the desired value. The 0.01 ,uf unit is

6

mounted in a low-loss phenolic case as
used for TYPE 505 Capacitors. The
elements making up the 1.0 ,uf unit are
hermetically sealed in cylindrical metal
containers of the type commonly used
for electrolytic capacitors. Special heat
treatment, aging, and impregnation
result in a standard of unusually high
leakage resistance and low dielectric
losses.

Two rheostats (one for each standard
capacitor) are used to balance the
dissipation factor and are ganged to a
common shaft. Each rheostat winding
consists of twv tapered sections with the
resistances of these sections so chosen
that the resulting scale permits precise
readings at low values of dissipation
factor while at the same time retaining
the convenience of having the entire
range on a single scale. The scale is
pre-engraved and four adjustable shunt
resistors are provided, one across each
section of each rheostat to bring the
actual resistance into agreement with
the value required by the scale.

In some applications, as for instance
in measuring many electrolytic capaci
tors in the range 1000-10,000 ,uf,
dissipation factors in excess of 30% are
encountered. For these values, pro
vision is made in the bridge for switching
into the standard arm additional fixed
resistors which extend the range to 60%.

The variable resistor RA , by means of
which the capacitance balance is ob
tained, is the same unit that has been
used previously in thousands of General
Radio impedance and capacitance
bridges. It is a tapered rheostat having
a total resistance of approximately
11,000 ohms with the taper so chosen
that the scale of the dial is essentially
logarithmic. An adjusting plate and
cam are built into the unit, which
permits an adjustment of the position
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of the arm with respect to the dial at
several points. Ai> adju ted at the fac
tory, the resistance in kilohms corre
sponds to the dial reading within ±0.5%
over the main decade from 1.0 to 10.

Applications
This new bridge is suitable for use in

the electric power industry for the
testing, in the shop, of the dissipation
factor of bushings and insulators and of
the insulation of electrical equipment
in general. In making measurements
on such large, unshielded structures,
voltages may be induced electrostatically
which will shift the balance of the bridge.
A switch is provided which permits
reversing the test voltage with respect
to the interfering voltage. The correct
capacitance and dissipation factor can be
computed from the two sets of readings
taken for the two positions of the switch.
In mo t cases the calculation consists
merely of taking the arithmetic aver
age of the direct and reverse readings.

In addition to its uses for the testing
of insulators and of components, the
TYPE 161l-A Capacitance Bridge should
find wide application in chemical and
plastics laboratories for measuring the
dissipation factor and dielectric constant
of both solid and liquid dielectric
materials. The accuracy of di ipation
factor reading is adequate for all but
extremely low-loss materials such as
polystyrene, mica, and good electrical
grade ceramics. Even for these ma
terials, the dielectric constant can be
evaluated accurately. It should be
noted that the usefulness of electrical
tests of this kind is not limited to
insulating materials. Increasing use is
being found for electrical measurements
on materials destined for uses other than
electrical. Product control and the
checking of batch-to-batch uniformity
of material on the basis of electrical
constants is one application that shows
increasing promise of usefulne s.

-IVAN G. EASTON

PriceCode Word

SPECIFICATIONS
10,000 }if. The circuit is so arranged that a
maximum of one volt-ampere of reactive power
is delivered to the sample.
Polarizing Voltage: Terminals are provided for
connecting an external d-c polarizing voltage.
The maximum voltage that should be im
pressed is 500 volts.

One of the terminals is gronnded so that any
a-c operated power supply with grounded out
put can be used. The terminal capacitances of
the power supply do not affect the bridge
circuit.
Power Supply Voltage: 105 to 125 (or 210 to
250) volts, 60 qycles.
Power Input: 15 watts.
Accessories Supplied: Line connector cord.
Mounting: Portable carrying case of luggage
type con truction. Case is completely shielded
to insure freedom from electrostatic pickup.
Vacuum Tubes: One each 6X5-GT, 6SJ7, and
6U5. All are supplied.
Net Weight: -30% pounds.
Dimensions: (Width) 14% x (depth) 16 x
(height) 10 inche , overall, including cover and
handles.

Capacitance Range: 0 to 11,000 }if, covered by
eight multiplier steps and an approximately
logarithmic, direct-reading dial.
Dissipation-Factor Range: 0 to 60% (at 60
cycles), covered by a dial having an approxi
mately logarithmic scale with a range of 30%,
and a switch that adds a fixed value of 30%.
Capacitance Accuracy: ±(1 % + 1 }i}if) over the
entire range of the bridge.
Dissipation Factor Accuracy: ±(2% of dial read
ing + 0.05% di sipation factor). Power Fac-

D
tor = V where D = dissipation factor.

1 + D2,
Sensitivity: The sensitivity is such that any
capacitance in the range 100 }i}if to 10,000 }if
can be balanced to a precision of at least 0.1 %.
Temperature and Humidity Effects: The read
ings of the bridge are nnaffected by tempera
ture and humidity variation over the range of
room conditions normally encountered (650 F
to 950 F, 0 to 90% RH).
A-C Voltage Applied to Capacitance under Test:
The voltage impressed on the unknown capaci
tance varies from a maximum of approximately
125 volts at 100 }i}if to less than 3 volts at

Type

1611-A I Capacitance Test Bridge 1 FOUUM $375.00
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V A CAT ION -- Dming the weeks
of July 26 and August 2 most of
om employees \\ill be vacationing.
Manufacturing departments will be
closed, and other departments will
be manned by a skeleton staff.
Every effort will be made to take
care of mgent business, but re
pairs cannot be made, except III

hardship cases. Our Service De
partment requests that shipments
of material to be repaired be
either scheduled to reach us well
before this vacation period or delayed
until afterward.

T EC H N I CAL PAP E R - "Evalua
tion of Hysteresis Core Loss by Power
Equation ," by Horatio W. Lamson, at
the 1948 Annual Meeting of the Ameri
can Society for Testing Materials,
Detroit, June 22.

RECENT VISITORS to our plant and
laboratories include -

J. L. Tora, Instructor in Electrical
Engineering, 1. C. A. 1., Madrid; JOEe
M. Rubiato, Assistant Professor, Uni
versity of Madrid; Eugenio Mendez,
Instructor, E. S. 1. M. E., of Mexico,
D. F.; and P. R. Desikochar, Engineer,
All-India Radio, Bangalore.

TilE General Radio EXPERIMENTER is mailed without charge each
month to engineers, scientists, technicians, and of.hers int.erested in

comm.unication-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
ness company is engaged in, and title or position of individual.

GENERAL RADIO COMPANY
275 MASSACHUSETTS AVENUE

CAMBRIDGE 39 MASSACHUSETTS
TELEPHONE: TROWBRIDGE 4400

BRANCH ENGINEERING OFFICES
NEW YORK 6, NEW YORK

90 WEST STREET
TEL.-WORTH 2·5131

LOS ANGELES 38, CALIFORNIA
950 NORTH HIGHLAND AVENUE

TEL.-HOLLYWOOD 6201

CHICAGO 5, ILLINOIS
920 SOUTH MICHIGAN AVENUE

TEL.-WABASH 3820
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THE TYPE 1670-A MAGNETIC TEST SET

• FOR A NUMBER OF YEARS the ac
cepted methods of determining the mag
netic properties of laminated ferromagnetic
alloys, used in transformer cores or in other
electrical devices, have consisted of bridge
or wattmeter measurements upon so-called
Epstein squares, utilizing the various
techniques described in the ASTM speci

fication A34-46. The larger or 50-cm. Epstein square requires a suf
ficient number of strips of the specimen material, each 50 cm. by 3 cm.,
to aggregate 10 kilograms; while the smaller or 25-cm. Ep tein square
requires 2 kilograms of strips, each 28 cm. by 3 cm.

It is believed that many suppliers or users of the e materials, to
gether with other investigators, would find it convenient to make mag
netic tests upon much smaller lamination samples, which, for example,
might be cut in any desired direction from parental sheet stock or from
small transformer core stampings already available. Furthermore,
most of the ASTM procedures are not suited for measurements at the
very low level of induction, approaching initial permeability, which
are frequently encountered in the cores of many inductors and trans
formers used in communication systems. The TYPE 1670-A Magnetic
Test Set was developed to meet such a need by providing low-level 60
cycle measurements of permeability and core loss, using a single small
strip or a few cluplicate strips in parallel.

These midget test strips may have any uniform width up to %" and
any length in excess of 2:>~". They are inserted into a helical coil, con
tained in the Test Yoke, where they interleave with, and become a
diameter of, an assembly of laminated annular rings of a material
having a high initial permeability. These rings have a sufficiently large
composite cross-section so that a specific length of the specimen strip
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constitutes essentially the entire reluc
tance of the magnetic system. For speci
mens having an exceptionally high per
meability, a simple correction can be
made for the reluctance of the rings. By
means of a spring-backed plunger in the
hinged clamping bar, the laminated
stack is subjected to a definite force
which is more than sufficient to eliminate
erratic air-gap errors. The assembly of
this Test Yoke is a rapid and easy
operation.

The inductor formed by the winding
in this Test Yoke is inserted into a Max
well bridge (see circuit diagram, Figure
2) which is energized at 60 cps through
a high series resistance. This resistance
insures that the current in the yoke and,
hence, the magnetizing force H applied
to the specimen is sinusoidal. Magnetic
measurements are frequently made under

2

conditions approximating a sinusoidal
variation of induction or flux density B,
rather than sinusoidal H. However, in
the reference quoted (2), the author has
advanced arguments favoring the latter
procedure in bridge measurements. He
has further demonstrated that, for a
typical sample of silicon steel, the maxi
mum discrepancy between the two
methods occurred approximately at a
level of normal induction corresponding
to maximum J.I. and amounted only to
about 8 per cent in the evaluation of J.I.

and about 5 per cent in the evaluation
of core loss. When the induction was less
thanone-halfor exceeded twice the afore
said level, the two procedures yielded
essentially the same data. For compara
tive measurements between different
specimens either procedure would be
satisfactory. It should be noted that,

Figure 1. The Type 1670 Magnetic Test Set with its a"ached test yoke shown with clamp released.
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Figure 2. Schematic wiring diagram showing principal elements: Adjustable H supply, Maxwell bridge,
degenerative amplifier, zero balance network, phase shift network, and modulation bridge.

while sinusoidal flux occurs in low
resistance power transformers energized
by a low impedance source, if the com
bined resistance of the winding and the
generator is appreciable compared to
the reactance of the winding, then the
flux will have a substantial harmonic
content which may actually exceed the
harmonic content of the exciting cur
rent, so that H becomes more sinusoidal
than B.

By means of a Variac (H dial) and a
supply transformer having 3 decade
voltage steps (H multiplier), the mag
netizing force applied to the specimen
may be prE'set at any desired value
from one millioernted to six oersteds,
regardless 'of the existing impedance of
the yoke. The H dial is calibrated in
oersteds when the supply line voltage is
115 volts. Otherwise H is proportional
to the existing supply voltage.

The two balancing components of the
Maxwell bridge are rheostats. The J,L
dial reading on one of these is propor
tional to the permeability of the speci
men in terms of its arbitrary cross-

section, which can be determined: (1)
by micrometer measurerr..ents of width
and thickness, or (2) from the length,
mass, and density of the specimen strip
or strips. In most cases it is the precision
with which this cross-section can be
evaluated that determines the accuracy
of the absolute values of the magnetic
data obtained. A knowledge of the cross
section is not required in comparative
measurements between specimen strips
having identical dimensions. The J,L-dial
is calibrated in terms of a specimen
cross-section of 10 sq. mm., in which case
the maximum scale reading indicates a
permeability of 25,000. Higher per
meabilities can be measured if an ap
propriate cross-section less. than 10 sq.
mm. is used.

With any preset value of H and the
corresponding measured value of J,L, the
simultaneous induction B existing in
the specimen may be computed as the
product J,LH. In this manner data for
the familiar B vs. H, J,L vs. H, and J,L vs.
B curves may be obtained. The maxi
mum induction which can be estab-
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lished in any specimen is equal to six
times the permeability which that speci
men possesses when subjected to an H
of 6 oersteds.

The second balancing dial of the Max
well bridge is calibrated in a factor ~,

from which the total core loss of the
specimen material, due jointly to hys
tere;;is and eddy currents, can be evalu
ated in watts per cubic centimeter,
watts per pound, etc., having first made
the proper allowance for the copper loss
in the windings of the inductor. Thus
data are obtained for plottip.g curves of
core loss versus either H or B. If the
resistivity of the specimen material is
known, this core loss may be analyzed
into its hysteresis and eddy-current
components.

Provision is made for the introduction
of a d-c or biasing current into the wind
ing of the Test Yoke. Two additional
components (not furnished) are then
required - a rheostat of about 50
kilohms and a suitable milliammeter.
The bias H, which is evaluated from the
number of turns in the yoke winding
and the measured biasing current, may
have any value up to 2 oersteds. Suffi
cient d-c emf for producing a bias H up to
1.5 oersteds can be obtained directly
from the rectifier system of the test set.
For higher values this must be aug
mented by external batteries. Then,
when any normal (peak a-c) value of H
up to 6 oersteds is superimposed upon
this bias H, the corresponding incre
mental vahlPf' of pC'l'mC'f! hilit.y and rore

I exc.

4

loss can be obtained. It should be noted
that straight doc measurements of per
meability cannot be made with this
equipment.

A suitable null detector for balancing
this Maxwell bridge must meet two
specifications: (1) it must have a high
sensitivity to permit measurements at
very low inductions approaching close
to initial permeability, (2) it ml.\st have
a high selectivity to eliminate errors due
to the harmonics produced by the non
linearity of the B vs. H characteristic 
chiefly the third harmonic in B gener
ated at high inductions. These require
ments are met by the use of a four-stage
amplifier tuned sharply to 60 cycles by
a degenerative R-C network.

The use of a sensitive 60-cycle ampli
fier presents certain difficulties, especial
ly when incorporated into equipment
which is energized at the same fre~

quency. This is due to an unavoidable
stray pickup of minute 60-cycle volt
ages induced either by components of
the equipment itself or by the 60-cycle
electromagnetic fields present, although
frequpntly unrealized, in all laboratories
supplied with a-c power. Such stray
voltages, greatly amplified, would, of
course, result in false indications of
bridge balance. Two auxiliary controls
in a zero-balance network permit a small
voltage of adjustable phase and ampli
tude to be introduced into the amplifier
so as to counteract any stray pickup and
to make the amplifier response depend
ent solely upon the output voltage of the
unbalanced bridge.

The null balance indicator is a center
scale-zero galvanometer. This is in-

Figure 3. Misleading representation of an a-c iran
cored inductor. Due to core loss the full exciting
current does not produce magnetizing force and flux.
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Figure 4. Correct representorion of an iron-cored
Inductor showing the subdivision of exciting current

Into Its magnetizing and loss components.

which either the JL-dial or the Ll-dial
should be turned to approach balance,
which is analogous to the directional fea
ture possessed by the galvanometer used
in balancing a d-c Wheatstone bridge.

A limiter network, which contains
non-linear elements in its shunt branches
can be inserted, at will, between the
amplifier and the polarized indicator to
give the latter a quasi-logarithmic re
sponse. This prevents the galvanometer
needle from going off-scale with a badly
unbalanced bridge and eliminates the
necessity for monitoring the gain of the
amplifier as balance is approached.
These several features combine to give
a useful null balance system.

The Maxwell bridge, in common with
many other bridges, evaluates an in
ductive impedance in terms of its series
components R. and jwL., see Figure 3.
The JL-dial setting is determined by L.,
while the dissipation factor D, defined
as the ratio of R. to the series reactance
wL., determines the setting of the Ll-dial.
If a resistance Re , representing the cop
per losses of the winding (the d-c resist
ance when the frequency is as low as 60
cycles), is subtracted from R., the re
mainder multiplied into the square of
the exciting current. I;xc gives the core
loss in the specimen.

The dissipation factor De due to
copper loss alone may be defined as the
ratio ReiwL•.

It is not universally recognized, how
ever, that a permeability JL., computed
directly from the value of L. and the
geometry of the magnetic system, is one
of several a-c pseudo-permeabilities and
is not the true normal permeability JL

which, by definition, is the ratio of the
normal induction B to the CO-exiRting
normal magnetizing force H. While,
under certain conditions, this JL. value

I.f

I exc.

~ -,-.-...;.:.:.-"..,...---",j

I.f

serted into a modulation bridge com
posed of four rectifier elements and
polarized by one or the other of two
voltages which have a phase displace
ment of 90 degrees between them. By
the operation of a two-position switch,
which changes the resistors of the phase
shift network, this polarized indicator
can be made predominantly responsive
to the manipulation of either the JL-dial
or the Ll-dial in the Maxwell bridge.
Such a polarized detector permits a
more convenient and rapid balancing of
the bridge than would be possible with
t.he conventional non-polarized detector,
especially with the "sliding zero" which
this bridge exhibits in measuring an
inductor having a relatively low Q.
Furthermore, if only permeability and
not core-loss data are desired, a precise
setting of the Ll-dial is not required in
obtaining an accurate balance of the JL

dial.
In addition, this indicator is direc

tional, meaning that the displacement
of the galvanometer needle, left or right
of center, indicates the direction in
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is a perfectly legitimate parameter for
intercomparing similar ferromagnetic
specimens, its magnitude is a function
of core 10 s and, hence, depends upon
the thickness of the specimen lamination
even though the flux has complete
penetration.

To evaluate the true normal perme
ability, which is a unique parameter of
the specimen material, the inductor
must be analyzed as depicted in Figure
4. The exciting current lex., flowing in
the copper-loss resistance R., divides
into two quadrature components: (1)
magnetizing current 1m which flows in
the inductance L' to create the H which
produces the flux, (2) the loss current
II which flows in the resistance R' repre
senting the core losses 11

2R' identical
with the previous value l~ (R.-R.).

6

The magnetizing current can be com
puted from the measurable exciting
current by dividing the latter value by
the expression: VI + (D-D.)2; while the
inductance L' equals the bridge value
L. increased by the factor 1 + (D_D.)2.
True normal H must be evaluated in
terms of 1m and true normal J.Io in terms
of L'. From the foregoing it will be
seen that these true values may be com
puted from the Maxwell bridge readings
and the d-c resistance of the yoke wind
ing (which is marked in the yoke).
Tables to facilitate these computations
are provided in the instruction manual.

The discrepancy which may exist
between these pseudo and true normal
values is illustrated in Figure 4, which
gives data for a somewhat extreme case
encountered in a sample of silicon steel

Figure S. Comparison of true normal permeability I' with a pseudo-permeability 1" evaluated in terms
of series inductance.
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having rather high core losses and,
hence, requiring subst.antial values of
the correction factor. The curve marked
J.I.. represents the pseudo permeability
evaluated directly from L. (Figure 3)
and plotted against peak values of
pseudo H. evaluated from the full
exciting current. This curve illustrates
data obtained directly from the Maxwell
bridge and which have been used ex
tensiwly in the evaluation of "a-c per
meability vs. H." The curve marked J.I.

indicates the true normal permeability
evaluated from L' (Figure 4) plotted
against the true values of normal H
computed in terms of the magnetizing
current.

A detailed discussion of the theory of
this Magnetic Test Set and a general

AUGUST, 1948

analysis of a-c magnetic measurements
can be found in two I.R.E. papers by
the author." 2 Reprints of these papers
may be obtained upon request.

In conclusion it may be noted that
this test set i a useful bridge for the
60-cycle measurement of any inductor
(with or without d-c polarization) pro
vided that its inductance does not ex
ceed one henry and its 60-cycle Q value
is Jess than 13.5. By simple formulae the
J.I. and ~-dial readings at balance may be
converted into corresponding values of
L. and Q.

- HORATIO W. LAMSON

\"A Method of Measuring the Magnetie Properties
of Small Samples of Transformer Laminations,"
Proc. I.R.E., Vol. 28, pp. 541-548, December, 1940.
2

H Alternating Current Measurements of Magnetic
Properties," ,Proc. I.R.E.. Vol. 36, pp. 266--277,
Fehrusry, 1948.

SPECIFICATIONS

Range of Magnetizing Force: The 60-cycle nor
mal magnetizing force is adjustable from one
millioersted to 6 oersteds (gilberts per centi
meter) for a line voltage of 115 volt. A bia ing
magnetizing force (d-c) up to 2 oersteds can also
be applied. The nece sary d-c power, up to 1.5
oersteds, can be obtained from the internal
power supply of the test set.
Permeability and Core-Loss Range: The range
for permeability and core-loss measurements
varie with the cro -section area. For a sample
cross-section of 10 q. mm. full scale on the JI.
dial is 25,000. The permeability and core 10 of
any ferromagnetic sample can be measured if
a sample of proper cross-section is chosen. It
may sometimes be necessary to calculate cor
rections for high-permeability materials.
Accuracy of Measurement: The accuracy of
data obtained with this instrument is chiefly
determined by the precision with which the
cro s-section of the specimen i known. Similar
samples of identical cross-section can be com
pared, at any given H, with an accuracy of 1 to
2 per cent.

Power Supply: 115 volts, 60 cycles; by a change
of connections on the power transformer pri
mary, the instrument can be operated from a
230-volt line.

Power Input: 90 watts.

Tubes: 2 6C8-G, 1 6X5-G, and 1 OD3/VRI50.

Accessories Supplied: Te t yoke and line cord.

Accessories Required: When a d-c magnetizing
force is applied, a milliammeter and a rheostat
for varying the dc are required. The TYPE 371-A
50,000n Rheostat is suitable when the internal
voltage source is used.

Mounting: The test set, exclusive of the test
yoke, is housed in a walnut cabinet with sloping
front panel.

Dimensions: Test set, (width) 16 x (depth) 18 x
(height) 10 inches over-all; te t yoke, 8 x 4 x
5~ inches.

Net Weight: Te t set, 44 pounds; test yoke, 10
pounds.

Type Code Word Price

1670·A M"gnetlc Test Set 1 AFIRE $585.00
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MISCELLANY

8

Melville Eastham John M. Clayton Harold B. Richmond

HONORS - To Harold B. Richmond,
Chairman of the Board, and to Melville
Eastham, Chief Engineer, the Medal for
Merit, for exceptionally meritorious con
duct in the performance of outstanding
services to the United States. The award
to Mr. Richmond was made for his work
as Chief of the Guided Missiles Division
of National Defense Research Com
mittee, in which capacity he was re
sponsible for all wartime activities in
this field, resulting in the development
of the missiles Azon, Razon, and Felix.

The medal was awarded to Mr. East
ham for his work as a member of the
Microwave Committee of the DRC
and later as Expert Consultant to the
Office of the Secretary of War, and, in
particular, for his guidance of the Loran
development program.

-To John M. Clayton, Advertising
Manager, the Meritorious Civilian Serv
ice Award, for Outstanding Service to
the Navy. The award was made for the
outstanding effectiveness with which he
handled procurement problems of the
Radio Division of the aval Research
Laboratory during the war.
RECENT VISITORS to our plant and
laboratories include Mr. Jack Smith of
Warburton-Franki, Ltd., distributors
for General Radio instruments and
manufacturers of Variacs in Melbourne,
Australia; Mr. J. A. Jones and Mr.
Raoul Rago, of the Direction General de
Fabricaciones Militaires, Buenos Aires,
Argentina; Mr. Antonio Millan, Insti
tuto L. Torres Quevedo, Madrid, Spain;
and Mr. Ronald E. Burgess, National
Physical Laboratory, England.

GENERAL RADIO COMPANY
275 MASSACHUSETTS AVENUE
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NEW YORK 6, NEW YORK

90 WEST STREET
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LOS ANGELES 38, CALIFORNIA
950 NORTH HIGHLANO AVENUE

TEL.-HOLLYWOOO 6201

CHICAGO 5, ILLINOIS
920 SOUTH MICHIGAN AVENUE

TEL.-WABASH 3820
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l"TYPE 1170-A F-M Monitor for Broadcast and Television Serviees," Experimenter, Oetober, 1947.

MONITOR

VIDEO TRANSMITTERS

Page
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Figure 1. Panel view of the complete video frequency monitor.
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• TELEVISION TRANSMITTERS need
two types of frequency monitor, an f·m
type for the audio channel and an a-m type
for the video. Monitoring requirements for
the audio transmitter are met by the TYPE

1170-A F-M Monitor\ which is specifically
designed for both television and f-m broad
cast applications. For video transmitters,
however, agreed standards of performance
have only recently become available.

When only a very few stations were on the air, the general require
ments were met reasonably well by the general-purpose TYPE 1175-A
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Frequency Monitor
2

, and from the ex
perience gained in early installations,
changes in design were made to improve
performance and to extend the range to
all television channels'. Recently, how
ever, monitoring requirements for tele
vision have been more definitely estab
lished, since the Federal Communica
tions Commission has prepared a pro
posed draft of "Parts 15 and 16 of the
Rules and Standards Concerning Tele
vision Broadcast Stations." To meet
these requirements, the General Radio
TyPE 1182-T Television Video Monitor
has been designed.

This video monitor, like its general
purpose predecessors, consists of a moni
tor unit and a deviation indicator unit.
The over-all principle of operation is
the same, except that the frequency
offset method of indication is used, in
order that the direction of the deviation
be indicated. All modifications have been
worked out in cooperation with trans
mitter manufacturers, who have been
supplying these monitors as standard
equipment with television transmitters.

The monitor unit is a TYPE 1175-BT
Frequency Monitor', which consists of
a stable crystal oscillator, a harmonic
generator, a mixer, and an output ampli
fier. The elementary circuit is shown in
Figure 3.
2"A Versatile Monitor for Use from 1.6 to 150 Mega
cycl""," Experimenter, February, 1947.
3"A Frequency Monitor for Television Video Trans
mitters and Other A-M Services," Experimenter. Sep
tember, 1947.

2

The frequency indicator is a TYPE
1176-AT Frequency Deviation Meter, a
modification of the standard TYPE 1176
A Frequency Meter. The beat frequency
to be measured is passed through a
series of amplifiers and clippers to de
velop a square wave, which is then
applied to a pulse counter circuit. Uni
directional pulses are applied to a d-c
microammeter, whose deflection is pro
portional to the number of pulses per
unit time, and hence to the frequency.
Figure 4 shows the basic circuit.

ZERO BEAT VS. OFFSET
FREQUENCY MONITORING

When a monitor is designed for maxi
mum flexibility to cover a wide range
of applications, the so-called "zero-beat"
method of frequency monitoring offers
many advantages. This method consists
essentially of measuring the difference
frequency between a crystal funda
mental (or harmonic) frequency, which
has been adjusted to the desired channel
frequency, and the actual transmitter
frequency. The difference frequency can
be indicated on a multi-range, direct
reading frequency meter, which provides
a means for determining the transmitter
frequency error over a considerable
range. This system is particularly useful
when the applications involve monitor
ing over a wide range of carrier fre
quencies and where the transmitter fre
quency tolerance is expressed as a varia-

Figure 2. Elementary schematic diagram of the monitor unit.
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Figure 3. Elementary schematic diagram of the frequency deviation meter.
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ble percentage of the carrier frequency.
Disadvantages of such an arrange

ment are (1) the lack of a direct indica
tion of the direction of the deviation,
that is, whether the transmitter fre
quency is high or low, and (2) the limited
region near zero frequency error, where
the system becomes inoperative since it
lacks a d-c response. The first of these
limitations can be taken care of by pro
viding for a temporary frequency shift
of the crystal oscillator, and the second
by limiting the low frequency cutoff of
the frequency measuring circuit to a
value comparable to the instantaneous
stability of the transmitter.

For specific monitoring applications
such as standard broadcast transmitters,
continuous monitoring is essential. A
direct-reading meter scale, calibrated in
plus and minus channel frequency error,
has become the accepted practice. This
can be achieved by employing the "offset
crystal-frequency" principle, which dif
fers from the zero-beat method only in
that the monitoring crystal frequency is
adjusted to give a known frequency
difference between one of its harmonics
and the required transmitter channel
frequency. Thus, when the transmitter
is exactly on channel frequency, the beat
frequency produced within the monitor
detector circuit will be this predeter
mined value. If the crystal offset fre
quency amounts to slightly more than
the half-scale value of the calibrated

meter scale, then the beat frequency will
not be required to pass through zero
over any part of the normal range of the
monitor. A comparison between the
two monitoring systems is shown in
Figure 4.

In the zero-beat method, the frequen
cy meter indicates the beat frequency
directly and hence cannot distinguish
between po itive and negative trans
mitter frequency shifts. The off et
method employs a meter scale calibrated
in plus and minus deviations about a
zero center. The actual beat frequency
corresponding to the zero center point
of the deviation meter is mainly deter
mined by the deviation range, the sensi
tivity requirements of the sy tem, and
the low frequency response. As the off
set frequency increases, the sensitivity
decreases because the t::.fIf becomes
smaller. Very low beat frequencies
should be avoided to minimize inter
ference from power-line hum or tele
vision synchronizing signals.

By setting the crystal frequency on
the low side of the desired transmitter
channel frequency, the direction of the
beat frequency will follow the direction
of the actual transmitter shift. Should
the transmitter frequency be incorrectly
set on the wrong side of the crystal
frequency, this condition will be re
versed. This provides a check to deter
mine proper operation. An alternative
test can be made by shifting the crystal
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Figure 4. Graphical comparison of zero-beat and offset-frequency monitoring.

frequency itself, by a small amount. In
this case, decreasing the crystal frequency
should produce an increase in the beat
frequency.

DETAILS OF
THE 1182-AT TELEVISION

FREQUENCY MONITOR

The TYPE 1176-AT Frequency Devia
tion Meter is designed especially for tele
vision video frequency monitoring.When
used in conjunction with the TYPE
1175-BT Frequency Monitor as a part
of the TYPE 1182-AT Television Moni
tor, it provides a direct indication of the
video transmitter frequency deviation
from the assigned channel frequency.
In accordance with FCC proposals, two
alternative scale ranges are available,
3-0-3 kc for TV channels 2-6 inclusive,
and 6-0-6 kc for TV channels 7-13 in
clusive. The scales, shown in Figure 2,
are identical to those used on the TYPE
1170-A F-M Monitor\ which has found
wide application as a frequency and
modulation monitor for television aural
transmitters.
lLoc. cit.

The 3-0-3 kc range employs an offset
crystal harmonic frequency of -3500
cycles; the 6-0-6 kc range has just twice
this value, or -7000 cycles. To obtain a
full-scale range of 6 kc, electrical sup
pression is used in the doc meter circuit
to balance out the meter current corre
sponding to an input signal of 500 cycles.
A standard d-c microammeter meter is
used, having normal left deflection for
zero d-c current, but the meter is cali
brated with a zero center scale. The scale
zero is made to coincide with the crystal
harmonic offset frequency, thus indicat
ing correct transmitter channel frequen
cy when this beat frequency is obtained.
Internal adjustments are provided to
calibrate the meter at both ends of the
scale. Scale ranges can be easily inter
changed by reversing the meter scales
which have alternative calibrations on
either side, and making one internal
connection change. Because of the dif
ferent offset frequency, a change in the
monitor crystal frequency is also re
quired.

Since the highest beat frequency de
veloped by the monitor is 13 kc, obtained
when operating at the +6 kc deviation
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point with the 6-0-6 kc scale, a low-pass
filter is inserted ahead of the frequency
meter to eliminate the television line
frame frequency of 15,750 cycles and its
harmonics. This filter unit is a plug-in
device which attaches to the rear of the
frequency monitor.

The lowest beat frequency developed
is 500 cycles, obtained when operating
at the -3 kc deviation point with the
3-0-3 kc scale; hence the response of the
frequency deviation meter is made to

SEPTEMBER, 1948

fall off rapidly for frequencies below this
point to minimize the interference from
low frequency television synchronizing
signals.

The complete monitor is arranged for
relay rack mounting, with the TYPE
1175-BT Frequency Monitor mounting
above the TYPE 1176-AT Frequency
Deviation Meter, and thus provides for
easy access to the crystal oven. Spare
crystals can be mounted within the oven
and selected by means of a panel switch.

Figure 5. General Radio television monitors Installed at WBAl-TV, Baltimore. The video
monitor Is at the lower right, the f-m monitor at the upper left. Shown operating the latter Is

R. S. Duncan, Chief Engineer.
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Three tuning adjustments are reached
through holes in the chassis. It is not
necessary to change these adjustments,
except possibly during the initial instal
lation, and the settings are not critical.

To bring the monitor readings into
agreement with an external frequency
check, a small adjustment has been pro-

6

vided which will shift the crystal fre
quency by a small amount. For reasons
of maximum stability, this control is
located within the temperature-con
trolled crystal oven and can be reached
through an access hole in the side of the
oven.

-c. A. CADY

FEATURES OF THE TELEVISION VIDEO MONITOR
1. High sensitivity, requiring negligible power from transmitter.
2. High-stability, temperature-controlled, crystaloscillator.
3. Operates directly from transmitter-modulated signal. Indication IS un-

affected by television video modulation.
4. Direct indication of frequency drift from assigned channel.
5. Panel switch for stand-by operation.
6. Provision for remote frequency deviation meter.
7. Panel indicator to check crystal oscillation.
8. Panel indicator to check monitor output.
9. Adjustment to set monitor in agreement with frequency measuring service.

10. Spare crystal positions (3) selected by panel switch.
11. Switch for check of crystal offset frequency.
12. No critical adjustments.

SPECIFICATIONS

Transml"er Frequency Range: 160 to 220 Mc.

Deviation Range: 3-0-3 kc for television chan
nels 2 to 6 inclusive; 6-0-6 kc for channels 7 to
13 inclusive.

Accuracy: Crystal frequency, when monitor is
received, is within ±1O parts per million
(0.001 %) of specified channel frequency. Cen
ter-frequency reading can be adjusted to bring
monitor into agreement with frequency measur
ing service.

Stability: ±0.00l%.
Input Impedance: High-impedance circuits for
channels 2 to 6, coaxial line for channels 7 to 13.
Complete coupling directions are included in
the operating instructions.

Vacuum Tubes:
1-6AC7 1-6BE6
1-6AG7 1-0D3/VR150
1-6E5 1-6SQ7
1-6SN7GT 1-6J5
1-6H6 1-0A3/VR75
2-6SJ7 1-6V6
2-6X5 1-Amperite 3-4

Accessories Supplied: All tubes, connecting
cable, and power cords; plug-in filter; one
quartz plate.
Mounting: 19-inch relay rack panel. Walnut
end frames are available for table mounting;
see price list below.
Dimensions: Panel, 19 x 12~ inches, overall;
depth behind panel, 11~ inches, overall.
Net Weight: 42 pounds.

Type Code Word Price

$675.00*1182-T /Vldeo Frequency Monitor ) ALERT

*For General Radio Black Crackle Panel Finish.

This instrument is covered by U. S. Patents Nos. 1,967,185; 2,012,497; 2,362,503; and is licensed under patents
of the American Telephone and Telegraph Company. and under patents and patent applications of G. W. Pierce.
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VARIACS USED WITH INCANDESCENT LAMPS

AND

OTHER RESISTIVE LOADS

Variac adjustable transformers should
never be subjected to load currents in
excess of five times their rated current.
Unfortunately, certain loads draw large
inrush currents when cold. A modern
120-volt incandescent lamp measured
by the writer showed a ratio of cold-to
hot current of 13.9 to 1. Heating de
vices exhibit similar though less severe
characteristics.

Variac instructions specifically state,
"Always set Variac to zero before
switching to avoid surges." Apparently,
some Variac users have interpreted this
as having reference to reactive loads
(predominantly inductance or capaci
tance), but it applies just as fully to
resistive loads of the type under dis
cussion. If the instructions are followed,
full voltage will not be applied to the
cold load, and, as the Variac is turned
up to line voltage from zero, the load
will have time to heat sufficiently to
limit the inrush current to a reasonable
value.

If the load must be switched rapidly
off and on at full voltage, it should be
disconnected from the Variac and con
nected to the line before so doing. A
"snap-action" toggle switch or relay
may be used to change the load from
Variac to line. Such switching intro
duces no perceptible flicker and avoids
throwing a cold load across the full
Variac output. The Variac setting

should, of course, be zero whenever the
load is cold.

A choke coil in series with an "in
rush" load will serve to limit the surge
without seriously reducing the load
operating voltage. The choke should
have an inductance sufficient to limit
the load current to five times the Variac
rated current even with a zero resistance
load. Under the worst conditions such
a choke will reduce the load voltage by
not more than 4 per cent. The induct
ance may be calculated by the formula

Load Volts
L=----

31.4 f In

where L = inductance in henrys
f = frequency in cycles/second
In = Variac rated current in am-

peres
The choke must be large enough to
maintain its inductance at five times the
rated current and must be capable of
carrying the load current continuously.
Unfortunately, chokes that will effec
tively limit the output of the larger
Variacs are, themselves, bulky and ex
pensive, a factor that often makes their
use impracticable.

Another alternative is to reduce the
load until its inrush current falls within
the Variac limitation, but this reduces
the load unduly as compared with either
the choke or switch method.

- GILBERT SMILEY
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TELEVISION MODEL OF THE
F-M MONITOR

The General Radio Company now
supplies complete monitoring equip
ment specifically designed to meet the
requirements of television broadcasting.
For monitoring the video transmitter,
use the TYPE 1182-T Television Video
Monitor described above. For the audio
transmitter, use the TYPE 1170-AT
F-M Monitor, the television model of
the F-M Monitor described in the
Experimenter for October, 1947.

RECENT VISITORS to our plant and
Laboratories - From India: Mr. Gopal
Chandra Sen, Lecturer in Mechanical
Engineering, College of Engineering
and Technology, Bengal; Mr. Ram
Vepa, Indian Institute of Science, Ban
galore; and Mr. P. Chawla, New
Delhi.

- From Switzerland: Dr. Julius E.
Weber, Swiss Aluminum Co., Asconaj
Dr. E. Bruno Biegrist, Geneva; and Mr.
Gerald Nenn, Geneva.

ERRATUM - In our August issue it was stated that War
burton-Franki, Ltd., manufacture Variacs in Melbourne,
while the city that should have been mentioned is Sydney.
The editor offers his apologies to Australian readers of the
Experimenter and hastens to assure them that he knows these
two cities are some 400 miles apart.

THE 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
ness company is engaged in, and title or position of individual.

GENERAL RADIO COMPANY
275 MASSACHUSETTS AVENUE

CAMBRIDGE 39 MASSACHUSETTS
TELEP HONE: TR owbridge 6·4400

BRANCH ENGINEERING OFFICES
NEW YORK 6, NEW YORK

90 WEST STREET
TEL.-WORTH 2·5837

LOS ANGElES 38, CALIfORNIA
950 NORTH HIGHLANO AVENUE

TEl.-HOLLYWOOD 6201

CHICAGO 5, ILLINOIS
920 SOUTH MICHIGAN AVENUE

TEl.-WABASH 3820
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1W. R. Thurston, HCoaxial Elements and Connec
tors." Proceedings of the National Electronics
Conference. 1947. pp. 97-108.

Figure 1. Type 874 Coaxial Connector (ap
proximately 1Y2 times normal size).

eTHE NEW TYPE 874 Coaxial Connector
has been demonstrated to a number of en
gineers during the past two years both at
our laboratories and at radio engineering
conventions'. Their approval has been
almost unanimous. Two important charac
teristics are combined in this connector, un-
paralleled convenience of use and excellent

electrical performance. Intended for use at all frequencies from 0 to
over 4500 Me, it is applicable wherever a shielded connection is needed.
The characteristic impedance is 50 ohms, and the electrical uniformity,
important at ultra-high frequencies, is excellent. It is available for use
in coaxial parts and systems of all kinds, such as slotted lines, stubs,
attenuators, bolometers, and certain flexible cables; and on panels of
instruments such as oscillators, signal generators, receivers, bridges,
and amplifiers.

The unique feature of the design is that two identical TYPE 874 Con
nectors plug smoothly into each
other without any intermediate
elements, and the complication of
male and female assemblies is com
pletely avoided. A strong friction
grip is made bythemultiple, spring
loaded contacts, so that no locking
means is required, and connections

A RADICALLY NEW COAXIAL CONNECTOR

FOR THE LABORATORY

VOLUME XXIII No.5 OCTOBER, 1948
Copy,ight, 1948, General Radio Company, Cambridge, Mass., U. S. A.
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can be made and broken very quickly
and conveniently. The basic elements of
the connector are an inner conductor,
an outer -conductor, and a supporting
polystyrene bead. Figure 1 shows one
of these connectors assembled at the
end of a rigid, 50-ohm, air-dielectric,
coaxial line. The inner and outer con
ductors are similar in principle; each is
essentially a tube with four longitudinal
slots in the end and with two opposite
quadrants displaced inward. To make a
joint, two connectors are plugged to
gether so that the undisplaced quad
rants of one connector overlap the dis
placed quadrants of the other. Figure 2
is a cross-section sketch of a joint in
which the elements of one connector
are shaded dark and those of the other
light. The mutual overlapping referred
to can be seen, as well as the resultant
circularity of the joined conductors.

Some connector parts and the basic,
cable, and panel forms of the connector
are shown in Figure 3. Shown at the
left is the inner conductor, the poly
styrene bead, the outer conductor, and
the coupling nut, which holds the con
nector together. Next in order are a
rigid, 50-ohm, air-dielectric line prepared

2

Figure 2. Cross-section sketch of overlapping loint.

as described in the specifications below
to take a connector, two connectors
assembled at the ends of a lO-cm. air
line, and a connector joint between two
air lines. The cable and panel forms of
the connector are on the right of the
figure. The cable connector is made from
the basic connector elements by the ad
dition of two tapered pieces for the cable
connection and a rubber guard, and is
shown in detail at the left of Figure 4.
The panel connector is obtained by the
addition of the panel adapter, which
holds the basic connector elements on a

Figure 3. Array of connectors and connector parts.
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panel. The panel connector also in
cludes two tapered pieces for a cable
connection. A useful feature of the TYPE
874 Connector is that t.he axial hole in
the inner conductor (see Figure 1) will
receive a TYPE 274 Plug, the so-called
"banana" type. Therefore, the addition
of a binding post beside a panel con
nector, as shown at the right of Figure
3, makes it possible to plug a TYPE 274
Double-Plug Connector directly into the
TYPE 874 Panel Connector without an
adapter. This feature is particularly
valuable for wide-frequency-range in
struments, because at high frequencies a
shielded coaxial connection is necessary,
while at low frequencies an unshielded,
two-wire connection is often allowable
and more convenient.

One of the most interesting electrical
characteristics of a coaxial connector is
its performance at ultra-high frequen
cies, as measured by the reflections it
causes in an otherwise matched line. To
make reflections small, the character
istic impedance of the TYPE 874 Con
nector has been made the same at all
points, and discontinuities are mini-

OCTOBER,1948

mized. Figure 4 is a cut-away view of
two connectors plugged together. The
joint portion of the connection, at the
right of the figure, can be seen to be a
fairly uniform coaxial section, as also
shown by Figure 2, and the effective
diameter ratio of the conductors in the
bead sections is so chosen as to maintain
the 50-ohm impedance level. The input
standing-wave ratio of a connector joint
terminated by a 50-ohm matched line
was measured for each of twenty sepa
rate connections made from among a
group of twelve pilot-production-lot con
nect.ors over the frequency range from
1000 Mc to 4500 Mc. The solid curve of
Figure 5 shows for each frequency the
average of the twenty measured values
of standing-wave ratio expressed in deci
bels

2
, and the dashed curve shows for

each frequency the maximum of the
twenty values. The average is less than
0.3 db over the entire range. and the
worst single value measured is 0.8 db
for one pair of connectors at 3500 Mc.
The maximum error of any single meas-

'Standing-wave ratio expressed in decibels = 20 log/oS,
where S is the numerical voltage-standing-wave ratio.

Figure 4. Cut-away view of basic connector joined with cable connector.
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Figure 5. Type 874 Connector standlng.wave ratio
as a function of frequency.

Figure 7. Input standing-wave ratio of Type 874-C
Cable Conneclor terminated by long cable.

urement was less than ±0.2 db, except
at 4500 Mc where it was ±0.3 db. These
reflections are so small that they can be
neglected in most measurements of mod
erate accuracy, and so this connector is
well suited for use on ultra-high-fre
quency measuring equipment. External

fields from the connector are so low as to
be negligible in all the usual applications.

The basic connector fits a %-inch
a.D. tube, and the coupling nut deter
mines the maximum diameter of l;l-~ 6

inch. The inner conductor is made of
hardened beryllium copper and has the

Figure 6. Input impedance as a function of frequency for 2400 feet of Type 874-A2 50-ohm coaxial cable.
Measurements were made on a v-h-f bridge.
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necessary flexibility for recelvmg a
banana plug as mentioned above. The
outer conductor is of hard brass. The
polystyrene supporting bead is molded
with keyways, one of which can be seen
in the right-hand bead in Figure 4, for
positive alignment of the inner and
outer conductors. All metal parts are
finished in bright-alloy plate.

No special tools are needed to
assemble these connectors.

For use with the connectors, a flex
ible, low-loss, coaxial cable of 50-ohm
characteristic impedance is available.
The TYPE 874-A2 Polyethylene Cable is
designed for the high-frequency labora
tory, where mechanical flexibility is a
great convenience. Flexibility greater
than that of other commonly used cable
types of approximately the same im
pedance level has been achieved by
using an inner conductor made up of
many strands of small diameter wire and
by choosing a medium over-all diameter
for combining sturdiness and uniformity
with flexibility. Low electrical leakage is
achieved by means of two braided
shields. Figure 6 'shows the results of
bridge measurements of input impedance
of a 2400-foot length of TYPE 874-A2
Cable in the vicinity of 25 Mc and 100
Mc. With this length of cable the effects
of reflections from the far end are negli
gible. The characteristic impedance of a
flexible cable varies from point to point
due to dimensional chan'ges and pro
duces the observed variations in input
impedance with respect to frequency.

OCTOBER, 1948 ~

The solid curve of Figure 7 shows the
results of a similar cable measurement
up to 4200 Mc, except that in this case
a slotted line was used to measure the
input standing-wave ratio of a very long
cable connected to the line by means of
a TYPE 874-C Cable Connector. The
characteristic variation with frequency
is present as at lower frequencies, and
the lack of any definite trend with
frequency shows that reflections caused
by the connector and its tapered transi
tion section are small compared to re
flections caused by the cable itself. For
comparison, the dashed and the dotted
curves show the gradual trends caused
by deliberate offsets of the outer taper
with respect to the inner taper by dis
tances of plus and minus 0.1 inch.

While it is planned eventually to use
the TYPE 874 Connector on all new in
struments requiring shielded connec
tions, the TYPES 874-Q2 and 874-Q7
Adapters shown in Figure 8 are avail
able for use with existing General Radio
equipment.

The TYPE 874 Connector is presented
as a useful element for simplifying lab
oratory work, with special advantages
at ultra-high frequencies. A group of
coaxial elements for making many kinds
of ultra-high-frequency measurements,
and using the TYPE 874 Connector
throughout, is at present under develop
ment. At the present time the items
listed below are available, and other
coaxial elements will be announced later.

- W. R. THURSTON

Development of the TYPE 874 Coaxial Connector was carried out under the
supervision of Eduard Karplus, who conceived the original idea of a universal
connector and worked out the original design. In the development of the final de
sign, the mechanical engineering was done by Harold M. Wilson, and the electrical
engineering by William R. Thurston, author of the foregoing article.

-EDITOR.
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Figure 8. Coaxial connectors and parts now available.

SPECIFICATIONS

•

PriceCode Word

is designed to clamp the connector in any de
sired orientation.
Type 874·PC Panel Connector wIth Cap is
similar to the TYPE 874-P except that the panel
adapter is equipped with a captive, hinged,
spring cap that effectively shields the open con
nector when not in use.
Type 874.Q2 Adapter is designed for making
the output of a coaxial system available at a
pair of %-inch-spaced binding posts or plugs.

Type 874-Q7 Adapter is used to connect from a
TYPE 874 Coaxial Connector to any TYPE 774
Coaxial Connector.
Type 874.A2 Polyethylene Cable consists of a
No. 14 stranded inner conductor, separated
from a double-braid tinned-copper shield by
0.244" a.D. Polyethylene N1 insulation, and
with an outer gray Plastex jacket 0.365" a.D.
The characteristic impedance is 50 ohms ±5%,
and the nominal capacitance is 32 Ililf per foot.
The attenuation at 100 Mc is about 2.6 db per
100 feet, and at 1000 Mc about 10.5 db per 100
feet.
Type 874-R20 Patch Cord consists of three feet
of TYPE 874-A2 Polyethylene Cable with a
TYPE 874-C on each end.

Net Weight

Type 874·B Basic Connector consists of inner
and outer conductors, insulating bead, coupling
nut, and retaining ring. This connector is de
signed for attachment to rigid, 50-ohm, air
dielectric, coaxial line made from %" a.D.,
J16" I.D. tubing, and 0.244" D rod. The inner
conductor is to be screwed into an 8-32 tapping
in the end of the rod, and the retaining ring for
the coupliI).g nut is to be snapped into a
groove cut in the %" tubing.
Type 874·C Cable Connector contains the basic
connector parts plus inner and outer transition
pieces, a soft copper ferrule, and a rubber guard.
The transition pieces are designed to attach to
TYPE 874-A2 Polyethylene Cable and are
tapered so as to maintain the 50-ohm charac
teristic impedance of the connector and cable
throughout the change in diameters. The cable
inner conductor is to be soldered to the inner
transition piece, and the cable braid is attached
to the outer transition piece by crimping the
ferrule. The rubber guard provides a protective
handle.
Type 874·P Panel Connector is similar to the
cable connector, including transition pieces
for TYPE 874-A2 Cable, except that a panel
adapter, clamp ring, and nut are supplied in
place of the rubber guard. The panel adapter

Type

874·B Basic Connector r,% oz. COAXBRIDGE $1.50
874·C Cable Connector 1U oz. COAXCABLER 2.00
874·P Panel Connector 2Uoz. COAXPEGGER 2.25
874·PC Panel Connector wIth Cap 2Uoz. COAXCAPPER 2.75
874.Q2 Adapter 2Uoz. COAXTIPPER 3.00
874·Q7 Adapter 2Uoz. COAXPASSER 3.75
874.A2 Polyethylene Cable 1Yz oz./ft. COAXCUTTER 0.50/ft•
874.R20 Patch Cord 7 oz. COAXHATTER 6.25

• In lengths of 100 feet or more, 327.00/100 ft.
TTPm 874 Connectors are licensed under U. S. Patent No. 2.125,816; patent applied for.
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VARIAC RATINGS
Important to All Present or Future Variac Users

Variac ratings are sometimes mis
understood or ignored, often with un
fortunate results. Previously published
material covering ratings may, perhaps,
have lacked proper emphasis and clarity.

The several Variac ratings are, at first
glance, confusing, yet they are all re
quired to define exactly the limits of
Variac performance. Each should be
thoroughly comprehended for optimum
results.

As with all continuously adjustable
autotransformers, the current that may
be drawn from a Variac through the
brush is not constant (as in fixed trans
formers) but varies as a function of the
Variac brush setting. Near zero and line
voltages, winding heat is low and brush
heat becomes the principal current limi
tation. At fifty and one-hundred-seven
teen per cent of line voltage, winding

heat is the dominant factor. Both fac
tors operate at intermediate settings.

Figure 1 is a graphic illustration of
these conditions. The figure is typical,
not specific; 230-volt models differ from
the curve shown. Consult individual
Variac instruction sheets for particulars.
The curves are:

1. Rated Current, solid line, deter
mined by maximum winding heating.
Rated Current may be drawn at any
setting.

2. Maximum Allowable Current,
dashed line, determined jointly by
winding and brush heating.

3. Maximum Current, dotted line,
determined by brush heat. Maximum
Current may be drawn at, or near (within
approximately ten per cent of line volt
age), line voltage and zero.

MAx! CURRENT MAY FIGlJRE 1 MAX. CURRENT MAY
BE DRAWN HERE BE DRAWN'EREI I I I I I 'I I

- -- MAX. CURRENT MAY BE- -DRAWN ONLYBETWEEN - -
LIMITS SHOWN

MAXIMUM
ALLOWABLE

CURRENT

f--- ~ATED CURRENT
f--- RATED CURRENT MUST NOT
I- BE EXCEEDED HERE -

CURRENT DRAWN
BY CONSTANT
IMPEDANCE LOAD

LINE
VOLTAGt-

~~~~~~E~Aq
OVERVOLTAGE LIMIT OF
CONNECTION IS VARIAC
OMITTE~ OVERVOLTAGE.......

RANGEIiI
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0100
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In any doubtful application, play safe;
keep within Rated Current at all times!

The straight dot-dash line in Figure
1, which connects the point of intersec
tion of Maximum Current and Line
Voltage with the zero-zero point, repre
sents the current versus voltage curve
of a typical load. (Technically. the curve
is for a "constant impedance" load, and
most Variac loads approximate this
curve.) Since the line lies entirely below
the Maximum Allowahle Current curve,
this means that a load which draws
Maximum Current at line voltage can be
regulated between zero and line voltage
(not higher) without overloading the
Variac. Variac kva ratings are derived
from this concept. We believe load rat
ings based on other than standard line
voltages are meaningless as all readily
procurable electrical devices are de
signed for operation on these same stand
ard voltages. Ratings are on a volt
ampere, or kilo-volt-ampere (kva), basis
because it is current (amperes) that
generates winding and brush heat.

Variacs have adequate thermal ca-

8

pacity to withstand overloads up to
five times Rated Current for short peri
ods (five seconds), as in motor-starting.
Larger currents rapidly generate brush
temperatures exceeding the softening
temperature of the copper wire winding,
with consequent damage to the wire
surface beneath the brush.

Certain loads draw inrush, or surge,
currents greatly beyond Variac capaci
ties. Typically, cold incandescent lamps
momentarily may draw more than fif
teen times their normal, hot, operating
current. To avoid such serious surges,
always set the Variac brush to zero before
switching load or mains.

Variacs are commonly used as auto
matic or manual line-voltage regulators.
If the line-voltage fluctuation is appre
ciable (greater than ten per cent), load
current should be limited to Rated Cur
rent to avoid overloading.

We repeat: When in doubt, play safe;
keep within Rated Current at all times!
Best of all, use an ammeter and know
you're safe!

-GILBERT SMILEY

MISCELLANY
ARTHUR E. THIESSEN, Vice-Pres

ident for Sales, spoke on "An Instru
ment Man's Impressions of Europe" at
the luncheon of the Scientific Apparatus
Makers' Association, held during the
National Instrument Conference of the
Instrument Society of America, Phila
delphia, September 10.

RECENT VISITORS to our plant and
laboratories - Mr. Krishan L. Khand
pur, Education Department, Govern
ment of India, New Delhi; Professor
Augusto Condom, School of Engineer
ing, University of Havana; and M.
Roberto Corbo of Rome.

GENERAL RADIO COMPANY
275 MASSACHUSETTS AVENUE

CAMBRIDGE 39 MASSACHUSETTS
TEL EPH0 NE: TR Dwbridge 6- 4400

BRANCH ENGINEERING OFFICES
NEW YORK 6, NEW YORK

90 WEST STREET
TEL.-WORTH 2·5837

LOS ANGELES 38, CALIFORNIA
950 NORTH HIGHLAND AVENUE

TEL.-HOLLYWOOO 6201

CHICAGO 5, ILLINOIS
920 SOUTH MICHIGAN AVENUE

TEL.-WABASH 3820
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Figure 1. Panel view of the R-F Capacitance Meter.

A COMPACT

RADIO-FREQUENCY CAPACITANCE

MEASURING INSTRUMENT

IN
Page

INEXPENSIVE, BASIC
INSTRU~IENTS FOR
THE LABORATORY.. 4

.THE TYPE 1612-A Radio-Frequency
Capacitance Meter is a device for
conveniently measuring capacitance of
magnitudes usually encountered in radio
frequency applications, where the accuracy
required is not extreme, and where the
dissipation factor of the capacitance to be
measured is reasonably low at one mega

cycle. This instrument is complete in itself and requires no auxiliary
equipment except a ource of 1I5-volt power. The operation is ex
tremely simple, the capacitance value being read from a calibrated
dial after it has been set to give the proper vi ual indication on a panel
meter. In addition to indicating capacitance values, the capacitance

VOLUME XXIII No.6 NOVEMBER, 1948
Copyright, 1948, General Radio Company, Cambridge, Mass., U. S. A.
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meter provides a relative indication of
losses in the capacitance measured. An
interesting application of this feature is
in the intercomparing of losses in di
electric samples at the operating fre
quency of one megacycle.

The capacitance range is covered in
two parts, zero to 80 micromicrofarads
and zero to 1200 micromicrofarads. The
ranges are calibrated in separate 180
degree sectors of the dial and range
switching is accomplished automatically
as the dial is rotated. Thus any am
biguity is avoided in capacitance indica
tions since only one scale at a time ap
pears under the dial indicator. The ca
pacitance scale distribution is nearly
logarithmic so that accuracy and read
ability are maintained down to low ca
pacitance values.

The functional diagram illustrates the
principles of operation. The instrument
consists simply of a one megacycle os
cillator whose output is loosely coupled
to a resonant detector circuit. The reso
nance indicator includes a crystal recti
fier and a d-c microammeter loosely
coupled to a resonant circuit by means
of a small pickup coil.

Measurement is made by a substitu
tion method in which the capacitance of
a calibrated condenser is reduced to re
establish resonance after an unknown
capacitance is placed across the termi
nals. Resonance is indicated by maxi
mum deflection of the microammeter.

In the instrument, the calibrated ca
pacitor is a straight-line-capacitance
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variable capacitor, carrying the capaci
tance dial, in series with a fixed padding
capacitor. The relative magnitudes are
so chosen that the capacitance change
with dial rotation of the combination is
small near the maximum capacitance
end of the variable capacitor (minimum
capacitance on dial) and much larger at
the minimum capacitance end (maxi
mum capacitance on dial). Thus, as the
dial is rotated, the effective capacitance
removed varies slowly at first, increasing
in rate with angular rotation. The re
sulting capacitance scale approaches a
logarithmic variation with angle for the
low capacitance range.

An extension of the series padder
principle is used to obtain the high ca
pacitance range. In this case an addi
tional padding condenser is switched in
series with the unknown terminals. Thus
incremental changes of capacitance in
the unknown present decreasing capaci
tance changes to the resonant detector
circuit as the value of the unknown ca
pacitance increases. The net effect is an
increased angular spreading of the low
capacitance end of this range with re
spect to the high end.

In order to permit the angular rota
tion of the dial required to operate the
range switch, the dial is provided with
separate zeros for the two ranges. A
panel trimmer permits standardizing the
circuit at zero capacitance and can be
used to balance out the capacitance of
leads that might be used to connect the
unknown capacitance. Approximately 5

fMc
osc.

8+ =...

Figure 2. Elementary IChematlc
circuit diagram of the R.F Ca

pacitance Meter.
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micromicrofarads of external capacitance
can be balanced out on the low range
and 120 micromicrofarads on the high
range.

Once the circuit has been standardized
at the zero point, any capacitance can
be easily measured by connecting it,
turning the dial to point of maximum
indication on the microammeter, and
reading the capacitance value from the
calibrated dial. Re-standardization of
the zero for successive measurements of
capacitance on the same range is not
required if the zero of the panel trimmer
is not disturbed between measurements.
If the unlrnown capacitances are con
nected directly to the terminals of the
instrument, the zero settings of the trim
mer are coincident for the two ranges
and, therefore, no attention to zero
standardization is required in going
from one range to the other.

For production testing of a number of
capacitors of the same type, a test jig
can be devised for facilitating connec
tion .

On the low capacitance range, 10 ses
in the unknown capacitance show up on
the indicating meter as a lower indica
tion at resonance with the unknown con
nected than at the zero-standardization
resonance. The difference in resonant
peak indications is a function of the
shunt conductance in the unknown and
consequently is a relative indication of
the losses at a given value of capacitance.
An oscillator output control permits
setting the meter to full scale during the
zero-standardization process in order to
provide a reference for loss comparisons.
This indication of losses is intended only
for rough intercomparisons and not for
precise measurements.

If the terminals of the instrument are
provided with two electrodes between
which can be placed dielectric samples,
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intercomparison of the losses can be
made. The oscillator output control
should be set so that the microammeter
gives a full-scale indication at resonance
before a sample is placed between the
electrodes. A setting of the capacitance
dial should be found on the low range
where resonance can be obtained with
the various samples in place by merely
changing the position of one of the elec
trodes on the sample. The amount the
microammeter indication differs from
the full-scale value at resonance, with a
sample in place, is an index of the losses
in that particular sample. These inter
comparisons should be made at the
same capacitance setting because the
indication depends upon shunt con
ductance rather than upon dissipation
factor.

The oscillator used in the 1612-A uses
a pentode section of a type 117 7GT
tube, connected as a tr.iode in a simple
Hartley circuit. The oscillating fre
quency is preset to one megacycle by
means of an adjustable powdered iron
core in the oscillator coil. The type
117N7GT also contains a rectifier sec
tion which is used to supply power
through an R-C filter to the plate of the
o cillator section from a 115-volt a-c
supply. The instrument can also be
operated from a 115-volt d-c supply
provided the power plug is inserted to
give the proper polarity. This is simply
determined by reversing the power plug
if the instrument fails to function. The
heater in the 117N7GT is supplied di
rectly from the 115-volt supply.

The oscillator circuit is not connected
by any conducting path to the metal
panel or chassis so that the use of a
transformerless power supply places ab
solutely no limitation on the use of the
instrument.

-w. F. BYERS



Resonance Indicator: A 1 34 crystal rectifier is
used with a microammeter to indicate reso
nance.
Tube: A 117 7-GT tube is used in the oscil
lator circuit, and is supplied.
Power Supply: 115 volts, 50 to 60 cycles, ac or
de.
Power Input: 12 watts at 115 volts, ac; 11 watt
at 115 volts, dc.

Dimensions: (Length) 12 x (height) 6% x
(depth) 772 inches, over-all.

Net Weight: 11 pounds, 10 OUDces.

~ GENERAL RADIO EXPERIMENTER

SPECIFICATIONS
Capacitance Range: 0 to 1200 Jl.lJof in two ranges
-0 to 80 IJolJof and 0 to 1200 IJolJof. Ranges are
switched automatically as capacitance dial is
rotated.
Capacitance Accuracy: Low Range: From 0 to
50 1Jo¢, ±(3% + 0.3 Jl.lJof). Between 50 and 80
IJolJof, ±6%. High Range: From 0 to 1200 Jl.¢,
±(3% + 5 Jl.).lf).
Dielectric Lasses: Relative meter indications
with different dielectric samples give a com
parative measure of dielectric loss.
Oscillator Frequency: 1 megacycle ± 1% ad
justed at factory. Frequency can be readjusted
if necessary by means of a movable dust core.

Type Code Word Price

4

1612·A I R-F Capacitance Meter 1 AFTER $155.00

INEXPENSIVE,

FOR THE

BASIC INSTRUMENTS

LABORATORY

Believing that there exists a need for
imple, wide-range, basic laboratory

tools at low cost, the General Radio
Company has developed a series of unit
instruments, designed to be versatile in
application and lower in price than any
heretofore available.

Three units are now available; others
will be added in the future. The three
currently available in. truments, which
can collectively be purchased for a total
of $316, include (1) a 3-watt amplifier

covering the frequency range from 20 c
to 200 kc, whose gain is adjustable from
o to 45 db; (2) an oscillator operating
over the range from 400 c to 80 Mc, and
delivering 72 watt up to 5 Mc; and (3)
a compact a-c power upply that plugs
into either the 0 cillator or the amplifier.
Each unit can be purcha eel separately,
if desired.

uch instrument. have many applica
tions in the laboratory. They supplement
more expensive equipment in the large

Figure 1. View of the Type 1205·A Power Supply and the Type 1207-A Oscillator plugged together.
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organization and fill a basic need in the
small laboratory whose budget is lim
ited. A particularly important field of
application is in the college laboratory,
where the cost of providing several os
cillators and amplifiers for student use
is often prohibitive. The low cost of each
of these units permits several to be pur
chased at the same price that would be
paid for a single, more elaborate in-
trument.

A further advantage for the under
graduate laboratory lies in the fact that
the wiring in these instruments is open
and accessible, permitting the student to
modify the circuit in many ways and to
study the effect of such modification on
circuit performance. Laboratory prac
tice can thus be closely correlated with
theory and the tudent's understanding
of the circuit operation greatly enhanced.

DESCRIPTION OF THE UNITS
1. TYPE 1206-A U IT AMPLIFIER

The unit amplifier measures 1074: x
5% x 672 inches, over-all. Plug terminals
on the end, as shown in Figure 2, directly
engage a jack in the power supply. Hence
it is small, compact, and easily handled
hy laboratory per onnel. Input and out
put terminal are on the front panel. It
performance, a detailed in the speci
fications below, is completely adequate

NOVEMBER,1948

Figure 2. Panel view of the Type 1206.A Ampll.
fler, showing, at the left, the plug that engages

a socket In the power supply.

for most laboratory uses, and consider
ably better than might be expected from
its ize and price.

The amplifier covers both audio and
supersonic frequencies. Its 45-db gain is
sufficient for u e in the detector circuit·
of impedance bridge , and its maximum
output of 3 watts is adequate for driving
low-power laboratory devices.

The circuit uses two triode direct
coupled voltage-amplifier stages and a
resistance-capacitance-coupled output
stage. Cathode degeneration is employed
on the input stage and additional de
generation is provided between the laEt
two stages. As a result, the gain stability
is excellent, di tortion is low, and the
phase-shift characteristic is good.

.. 0
0

~I .'0z \;;
'" ·20

'">5 ~30
..J

II'
10< 100e. '''' 10", 100'" IMe

FREQUENCY

SPECIFICATIONS
Voltage Gain: Continuously adjustable from 0 Terminals: Jack-top binding posts on %:-inch
to 45 decibels. spacing.
Load Impedance: 7500 ohms optimum. Blocking Distortion: The distortion when delivering 1watt
capacitor is 1 Ilf. into a load of 7500 ohms is less than 2% at fre
Maximum Output: 3 watts (150 volts) into 7500 quencies above 100 cycles. At lower frequencies
ohms can be obtained with less than 5% dis- the distortion increases, but is less than 3% at
tortion.
Input Impedance: The input resistance is 200,- Figure 3. Frequency characteristic of the Type
000 ohms. Blocking capacitor is 0.05 Ilf. 1206·A Amplifier.

Frequency Response: Essentially constant from
100 cycles to 100 kc. Response drops 6 db per
octave above 200 kc. Response at 20 c is down
6 db.
Tubes: One 6SN7-GT and one 6V6-GT are
supplied.
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C£GENERATION

0-------1
INPUT

+ + + +

OUTPUT

Price

Power Supply: The TYPE 1205-A Unit Power
Supply plugs directly into the amplifier.
Dimensions: (Width) lOX x (height) 5% x
(depth) 6Yz inches over-all.
Net Weight: 8U pounds.

Code WordType

A-C Hum: The 60-cycle hum level in the output
is about 125 millivolts.

Figure 4. Elementary schematic circuit diagram of the Type 1206-A Amplifier.

50 cycles. At an output of 3 watts, total distor
tion is under 5% above 100 cycles.

1206-A I Unit Amplifier /
Licensed under Patent of the American Telephone and Telegraph Co.

ARBOR $65.00

OUTPUT

Figure 5. Elementary schematic circuit diagram
of the Type 1207.A Oscillator.

A conventional Hartley circuit is m:ed
in this oscillator. Seven plug-in coils are
available, which collectively cover a con
tinuous frequency range from 70 kc to
80 Me. Plug-in coil forms are available
and can be used to meet special require
ments. Three plug-in tuning units are
available to operate at fixed frequencies
of 400, 1000, and 20,000 cycle, respec
tively. Jacks across the tuned circuit per
mit extending the range of any coil by
plugging in external capacitors or in
ductors, so that the en~ire range from
100 cycles to 100 megacycles can be
covered.

The output circuit i coupled induc
tively to the tuned circuit, and the out
put is controlled by a voltage divider.
The oscillator plugs directly into the
TYPE 1205-A Unit Power Supply.

In addition to the various plug-in coils
and tuning units listed below, note that
a blank coil form with plugs and case is
furnished and that others are available,
so that a coil for any particular fre
quency or range of frequencies can be
wound by the user.

2. TYPE 1207-A UNIT OSCILLATOR
Wide frequency range and adequate

output were the design objectives for
this 0 cil1ator. Its ability to produce a
te t signal at frequencies ranging from
400 cycles to 80 megacycles makes it a
most useful laboratory instrument. It
fills the need for a simple, wide-range
signal source for measurement and test
ing, without expensive refinements, but
quickly adaptable to a variety of use .

The shielding is adequate for bridge
measurements at audio frequencies. At
radio frequencies, for bridge and reso
nant-circuit measurements, additional
external shielding must be provided by
the user.

PICKUP
COIL
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SPECIFICATIONS
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Frequency Range: Seven plug-in coiJ.B are avail
able to cover the range from 70 kc to 80 Mc,
and a plug-in coil form, also available, may be
wound to meet special requirements. Three
plug-in tuning units are listed to provide within
±2% fixed audio frequencies at 400, 1000, and
20,000 cycles. CoiJ.B, coil forms, and plug-in
units must be ordered separately (see price list).

Frequency Control: With the seven tunable coils,
continuous frequency adjustment is provided
by a variable air capacitor, having a uniform
scale from 0 to 100.

The audio frequency tuning units are induc
tor-capacitor combinations, and the internal
variable air capacitor has little effect on the
frequency. The frequency can be changed,
however, by connecting a suitable capacitor or
inductor to the jacks provided.

Frequency Stability: The frequency stability is
adequate for most laboratory applications, ex
cept those involvin~ highly selective tuned cir
cuits. Variations of load impedance cause some
shift in frequency.

Output Impedance: Approximately 75 ohms at
full output for the coils (70 kc to 80 Mc) and
750 ohms for the tuning units (400, 1000, and
20,000 cycles). A 2000-ohm voltage divider at
the output terminals provides an output con
trol.

Output Power: At least 0.5 watt into a matched
load up to 5 Mc, and 10 milliwatts at 80 Mc.
Modulation: Jacks are provided for connecting a
modulating audio source in series with oscillator
plate supply. The oscillator can be amplitude
modulated to 50% from 0.5 to 15 Mc. The max
imum modulating frequency is 10 kc over this
carrier range. The modulating audio oscillator
must be ca£able of delivering about 115 volts
to yield 50'70 modulation.
Terminals: Jack-top binding posts with standard
%:-inch spacing are provided for the output con
nection.
Power Supply: The TYPE 1205-A Unit Power
Supply plugs directly into the oscillator.
Tube: One 6C4 is used and is supplied.
Accessories Supplied: One plug-in coil form
with case; multipoint connector; one shorting
bar, 274-SB.
Accessories Available: Tuning units, coils, and
coil storage rack are listed in price list below.
Dimensions: 1207-A: (Width) 10 x (height)
5Ys x (depth) 6% inches over-all.

PI, P2, and P3: 4~ x 231 x 3 inches each
over-all.

P4, P5, P6, P7, P8, P9, and PlO: 2% inches
diameter x 331 inches over-all.
Net Weight: Coils: 5 oz. each; Tuning Units:
(PI, I%: lbs.) (P2, l~lbs.) (P3,l31lbs.); 1207
A: 5~ lbs.

Type Code Word Price

1207.A
1207·P1
1207.P2
1207·P3
1207.P4
1207.P5
1207·P6
1207.P7
1207.P8
1207.P9
1207·Pl0
1207.Pl1

Unit Oscillator..•.........................
Tuning Unit, 400 c•.......................
TunIng Unit, 1 kc .
TunIng UnIt, 20 kc .
Call, 70 kc to 180 kc .
Call, 180 kc to 500 kc .
Call, 0.5 Mc to 1.5 Mc .
Call, 1.5 Mc to 5 Mc ..
Call, 5 Mc to 15 Mc .
Call, 15 Mc to 50 Mc .
Call, 50 Mc to 80 Mc .
Extra call form with case and plug-In base.

ARGON
ARGONSAWAY
ARGONSAFIT
ARGONSAPIS
ARGONSALOE
ARGONSABLE
ARGONSACRE
ARGONSANTY
ARGONSARTY
ARGONSAQUA
ARGONSAYAH
ARGONSAXLE

$73.00
19.50
17.50
16.50

9.00
9.00
9.00
9.00
9.00
9.00
9.00
6.50

3. TYPE 1205-A UNIT POWER

SUPPLY

This power pack is designed primarily
for use with the TYPE 1206-A Unit Am
plifier and the TYPE 1207-A Unit Oscil
lator. Connections to the oscillator or
amplifier are made through multipoint
connectors mounted in the ends of the
instruments. When so assembled, the

combination of units is very compact,
occupying a minimum of bench space.
The power supply can also be used sep
arately as a general-purpose source of
heater and plate power for other elec
tronic equipment, for which purpose a
mating plug is furnished.

Fuses are accessible from the panel. A
pilot light is provided, as is a milliam
meter to indicate output current.
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Price

SPECIFICATIONS
Output Voltages: 6.3 volts, ac, at 2.5 amperes, Rectifier Tube: One 6X5-GT/G which is sup
maximum. Approximately 300 volts, dc, at 50 plied.
milliamperes maximum. No-load voltage is Output Terminals: A standard multipoiut con
about 390 volts. No regulation is provided. nector is arranged for plugging directly into
Approximate Hum Level: 0.8 volt at 300 volts either the TYPE 1206-A Unit Amplifier or the
and 50 milliamperes, 60 cycles. TYPE 1207-A Unit Oscillator. A mating plug is

provided for use with other equipment, and a
Input Power Supply: 115 (or 230) volts, 50 to line connector cord is supplied.
60 cycles. Dimensions: (Width) 5% x (height) 5}i x (depth)
Input Power: Approximately 12 watts, no load; 5}i inches over-all.
approximately 50 watts, full load. Net Weight: 6%: lbs.

Type Code Word

1205-A Unit Power Supply.....•.••.••.•.•.•••.... 1 APPLY

MISCELLANY

$55.00

Frank D. Lewis Donald B. Sinclair

PAP ERS - "Problems Relating to Re
search Personnel in Industrial Labora
tories," by H. B. Richmond, Chairman
of the Board, at the Conference on Re
search Administration, at Pennsylvania
State College, September 14.

~"Catalog Design and Distribution,"
by A. E. Thiessen, Vice-President for
Sales, at the Mid-Year Meeting of
the Scientific Apparatus Makers' As
sociation, French Lick, Indiana, Octo
ber 12.

H0 NORS-Awarded, to Donald B. Sin
clair, Assistant Chief Engineer, and to
FrankD. Lewis, Engineer, the President's
Certificate of Merit for outstanding serv
ices. Dr. Sinclair's certificate was award
ed for his work in the Counter-measures
Division and the Guided Missiles Divi
sion of the NDRC, Mr. Lewis's for his
work in the field of international liaison
with the NDRC, OSRD, and as Expert
Consultant to the Secretary of War.

RECENT VISITORS to our plant and
laboratories-Dr. PierreMarie of Societe
Sadir-Carpentier, Paris; Mr. Jacques
Franeau, Faculte Polytechnique, Mons,
Belgium; Mr. L. Webster, Chief Radio
Engineer, and Mr. A. Birrell, Assistant
Radio Engineer, G.P.O., Victoria, South
Africa; and Mr. R. S. Medlock, of
George Kent, Ltd., Sutton, Bedfordshire,
England.

GENERAL RADIO COMPANY
275 MASSACHUSETTS AVENUE

CAMBRIDGE 39 MASSACHUSETTS
TE LEPH 0 NE: TRowbridge 6· 4400

BRANCH ENGINEERING OFFICES
NEW YORK 6. NEW YORK

90 WEST STREET
TEL.-WOrth 2·5837

LOS ANGELES 38. CALifORNIA
1000 NORTH SEWARD STREET

TEL.-HOllywood 6201

CHICAGO 5, ILLINOIS
920 SOUTH MICHIGAN AVENUE

TEL.-WAbash 2·3820
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ISS UET HIS

• THE INCREASING IMPORTANCE
of the higher frequencies in radio communi
cation has emphasized the need for more
accurate means of frequency measurement
between 100 megacycles (the nominal upper
limit obtainable with commercial frequency
measuring equipment based on a primary
standard) and a few thousand megacycles.
This range is at present covered by hetero
dyne frequency meters with an accuracy in
the range between 0.01 and 0.1 per cent.

Since the heterodyne frequency meter provides a means of detecting

Page
A Low-FREQUENCY

M ULTIPLlER FOR THE
V ACUUM-TUBE VOLT
METER............ 5

MORE V ARlAC WATTS
FOR YOUR DOLLAR. 6

MISCELLANY. . . . . . .. 8

IN

~~..L. PEBIMENTEB

Figure 1. Panel view of the Type IIIO-A Interpolating Frequency Standard
with Type IIIO-PI Multivibrator.
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the signal and identifying its fre
quency fairly closely, an additional
instrument that provides a reference
standard and a means of precise inter
polation, and which is designed to work
with the frequency meter, is a logical, as
well as the least expensive, means of
achieving an increased accuracy of meas
urement.

The TYPE 11I0-A Interpolating Fre
quency Standard meets the require
ments for this type of instrument. It is
designed to be used primarily with the
TYPE 720-A Heterodyne Frequency Me
ter and the TYPE 620-A Heterodyne
Frequency Meter and Calibrator. It can
also be used for frequency measurement
with high-frequency receivers if their
frequency calibrations are sufficiently
good to identify frequencies separated
by as little as one per cent.

DESCRIPTION
As shown in the functional diagram of

Figure 2, the Interpolating Frequency
Standard contains a 950 kc quartz crys
tal oscillator, a 50 to 60 kc bridge-con
trolled L-C Oscillator, with a mixer,
filters, and output amplifiers for obtain
ing the sum of the two oscillator fre
quencies as the output frequency. The
control of the 50 to 60 kc oscillator is a

worm-drive with a scale of 1000 divi
sions. The output frequency is variable
from 1.000 to 1.010 Mc by varying the
50 to 60 kc oscillator over its full range.
Means are provided for checking the 50
to 60 kc oscillator frequency against the
crystal oscillator frequency at a number
of points over the dial. Any error in the
50 to 60 kc oscillator calibration can be
corrected by a control provided for the
purpose.

The TYPE 11I0-P1 Multivibrator Unit
contains two multivibrators with output
amplifiers. One multivibrator operates at
1 Mc, for use with the TYPE 720-A
Heterodyne Frequency Meter, while the
other operates at 0.1 Mc for use with
the TYPE 620-A Heterodyne Frequency
Meter. With either multivibrator, the
output frequency of the Interpolating
Frequency Standard is used as the con
trol frequency. The multivibrators re
main in control over the full range of
variation of the control frequency.

Since the range of control frequency is
just one per cent, it follows that, as the
control frequency is varied over its
range, the frequencies of all the harmon
ics of the multivibrators will likewise be
varied over a range of one per cent. For
the 100th harmonic this means that the
total range of adjustment is from 100 to

Figure 2. Block diagram showing the functional arrangement of the interpolating frequency standard.
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101 Mc for the 1 Mc Multivibrator and
from 10.0 to 10.1 Mc for the 0.1 Mc
Multivibrator. For harmonics higher
than the 10Oth, the one per cent range i
greater than 1 Mc or 0.1 Mc, so that
continuous coverage is obtained.

METHOD OF MEASUREMENT

In making frequency measurements it
is usually desired to obtain the result on
a cycles basis rather than a percentage
basis. To do this, it is convenient to
think of the frequency' of any multivi
brator harmonic as its unaltered value
plus an increment in frequency. The un
altered value is the true standard fre
quency value obtained when the dial of
the Interpolating Frequency Standard is
set at zero or, more precisely, when the
50 to 60 kc oscillator is set at 50 kc in
terms of the crystal oscillator frequency.
The increment in frequency is the frac
tion of a megacycle (or of 0.1 Mc) re
quired to obtain the actual frequency.
This increment can be calculated from
the number of dial divisions required to
advance any harmonic by just 1 Mc (or
0.1 Mc). These values are prepared in
the form of a table mounted on the panel
of the instrument. The fraction of 1 Mc
(or 0.1 Mc) in any given case is then the
number of dial divisions divided by the
number of dial divisions for 1 Mc (or
0.1 Mc). This fraction is then added to
the unaltered frequency of the used har
monic to obtain the final result.

NUMERICAL EXAMPLE

An illustrative example may be easier
to follow. Suppose the reading of the
TYPE 720-B Heterodyne Frequency Me
ter at zero beat with the frequency being
measured is 162.3 Mc. The dial of the
Interpolating Frequency Standard is ad
vanced, say, 249.0 divisions to obtain
zero beat with the frequency meter. The
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used harmonic i 162 (the next integral
value below 162.3); entering the table
for the range 162-163 Mc, it is found
that the dial of the Interpolating Fre
quency Standard must be advanced by
617.3 divisions to cover the 1 Mc range
from 162 to 163 Mc. Since the dial was
actually advanced 249.0 divisions, the
fraction 249.0/617.3 of a megacycle was
actually covered, amounting to 0.404
Mc. The final result is then 162 + 0.404
= 162.404 Mc.

lt is evident from the above that if
the dial of the Interpolating Frequency
Standard is set at zero (or, more pre
cisely, when the 50 to 60 kc oscillator is
set to 50 kc in terms of the crystal oscil
lator), the output harmonics are all
multiples of 1 Mc (or 0.1 Mc) and can
be used as standard frequencies for
checking calibrations of receivers, oscil
lators, heterodyne frequency meters, etc.

lt also should be evident that, in
making frequency measurements, the
dial reading of the Interpolating Fre
quency Standard would normally never
exceed the value given in the table. For,
if the frequency increment exceeds 1 Mc
(or 0.1 Mc), it would be natural to use
the next higher harmonic and obtain a
small frequency increment.

HARMONICS OF
THE FREQUENCY METER

When the equipment is used to meas
ure frequencies lying in the fundamental
frequency range of the heterodyne fre
quency meter, all of the steps required
have been covered above. Harmonics of
the frequency meter can be used, how
ever, for extending the range of measure
ment to higher frequencies. In such
cases, the number of the heterodyne fre
quency meter harmonic must be deter
mined and the result obtained in meas
uring the frequency meter fundamental
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(as detailed above) must be multiplied
by this harmonic number to obtain the
value of the unknown frequency. In the
above numerical example, if the fifth
harmonic of the heterodyne frequency
meter was used to beat with the un
known frequency, the final result would
be 5 X 162.404 = 812.020 Mc. Identifica
tion of the harmonic order can easily be
made by receiver calibration, wave
meter, or other approximate means.

ACCURACY
The interpolator dial has 1000 divi

sions, corresponding to 0.001 per cent,
or 10 parts per million, per division.
Setting the dial to one-fifth division,
therefore, gives a precision of two parts
per million. If the frequency error of the
dial is carefully corrected by means of
the trimmer dial on the panel, the over
all accuracy of measurement is limited
mainly by the accuracy of the crystal
oscillator. Since the frequency of the
crystal oscillator can be checked and
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adjusted in terms of standard-frequency
radio transmissions to well within one
part in a million, measurements to two or
three parts per million are possible after
these checks and adjustments are made.
If the oscillator is used without trim
ming, the over-all accuracy is about ±
25 parts per million (0.0025 per cent).

MOUNTING
The interpolating standard is mounted

on a standard 19-inch relay rack panel,
and the multivibrator unit, TYPE 1110
PI, is mounted in a smaller cabinet
attached to the interpolator by a plug-in
cable. This arrangement facilitates cou
pling the multivibrator output to the
heterodyne frequency meter or receiver,
so that maximum response to weak
higher harmonics can be obtained. This
flexibility of mounting and the general
simplicity of operation make the Inter
polating Frequency Standard a conven
ient and easy instrument to use.

-J. K. CLAPP

SPECIFICATIONS
Frequency Range: The output frequency Crystal Oscillator: The crystal oscillator is ad
range of the Il10-A Interpolating Frequency justed to within one part in a million of correct
Standard is from 1000 to 1010 kc. The output frequency at room temperature. It should be
frequencies of the Il10-P1 Multivibrator Unit reliable to within ±10 parts per million at
are 1.0- and O.l-Mc fundamentals with har- ordinary room temperatures. The crystal fre
monics up to 200 or more. quency can be checked and adjusted in terms of
Calibration: The variable frequency oscillator standard frequency transmissions from WWV
dial has 1000 divisions corresponding to 0.001 using an external receiver, maintaining the
per cent or 10 parts per million per division. variable oscillator at exactly 50 kc in terms of

A list of check settings is provided on the the crystal.
panel. This check can be made at any time by Accuracy of Measurement: The over-all accura
simply plugging a set of headphones into the cy of measurement is ±25 parts jJer million
jack or binding posts provided on the panel. A using the oscillator dial directly. If the oscil
trimmer control on the panel provides for ad- lator is carefully trimmed in terms of the crys
justing the oscillator to agreement with the tal, the over-all accuracy is limited principally
crystal. by the error of the crystal.

To facilitate conversion of the dial readings
from their basic percentage or parts per million Vacuum Tubes: The following tubes are supplied:
values of frequency increment to fractions of a 2 - 6AC7 3 - 6J5GTIG
megacycle or of 0.1 Mc (100 kc), a table listing 4 - 6SN7-GT 1 - 5R4GY

1-6SJ7 1-9001
the number of dial divisions for frequency in- 1 _ 6SA7 1- 2LAP-430 (Bridge Circuit
crements of 1.0 Mc and 0.1 Mc at each har-
monic from 100 to 220 is given on the panel. A Lamp)
simple slide-rule ratio then gives the desired Power Supply: Either 105-125 or 210-250 volts,
frequency increment. 50-60 cycles.
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Power Input: 85 watts from 115-volt, 60-cycle
line.
Mounting: TYPE 11I0-A Relay Rack; TYPE
1I1o-Pl (attached to 11I0-A by cable) small
metal cabinet.
Accessories Supplied: Line connector cord and
TYPE 11Io-Pl Multivibrator Unit with con
necting cable.

Type

Accessories Required: Head telephones.

Dimensions: 1I10-A Panel Oength) 19 x (height)
8%; behind panel, Oength) 17~ x (height) 8%
x (depth) 14 inche. 1I10-Pl Oength) 9~ x
(height) 5~ x (depth) 5~ inches.

Net Weights: TYPE 11I0-A assembly, 40 pounds;
TYPE 11I0-Pl Multivibrator Unit 7~ pounds.

Code Word Price

$725.00RAVEN1110-A I Interpolating Frequency Standard* •••••1
*U.S. Patent 2,012,497.
Licensed under patents at the American Telephone and Telegraph Company and under pat.ents and patent applica
tions of G. W. Pierce.
Note: The method of frequency measurement. described in the foregoing article was also discUiSed in a paper by J. K.
Clapp entitled "Frequency Measurement by Sliding Harmonics," which appeared in the October, 1948, issue of the
Proceedings o/the Institute 0/ Radio Engineers. - EnITOR.

A

FOR
LOW-FREQUENCY MULTIPLIER
THE VACUUM-TUBE VOLTMETER

The TYPE 1800-P3 Multiplier extends
the range of the TYPE 1800-A Vacuum
Tube Voltmeter to 1500 volts for both
d-c and low-frequency a-c measurements.
This multiplier plugs into the binding
posts on the panel of the voltmeter. For
d-c use the multiplier consists of a fixed
resistance voltage divider giving a 10:1
reduction in the voltage applied to the
voltmeter, while for a-c measurements a
capacitance-resistance voltage divider is
used.

The multiplier is not intended for use
at frequencies above 5 megacycles. For

View of rhe Type 1800-P2
Low-Frequency Multiplier.

higher frequencies the TYPE 1800-P2
Multiplierl is recommended.

Dimensions: 5 x 2 x 2 inches.

Net Weight: 8 ounces.

SPECIFICATIONS
±1 per cent for all Frequency Error: 20 - 20,000 c ±2 per cent.

20 kc - 5 Me ±4 per cent.

Waveform Error: As with the TYPE 1800-A
Voltmeter, the deviation from r-m-s reading
can be as large as the percentage of harmonics
present in the signal, but the error will not
necessarily be the same as that of the voltmeter
used without the multiplier because of the dif
ferent impedance presented to the voltmeter by
the multiplier.

Multiplier Ratio: DC, 10:1
TYPE 1800-A Voltmeters.

AC, Adjustable to 10:1 ±0.5 per cent. A
multiplier ordered with a TYPE 1800-A Volt
meter is adjusted at 1500 cycles and 15,000
cycles to that voltmeter at our factory. When
the multiplier is ordered for use with a TYPE
1800-A Voltmeter already in the hands of the
user, the necessary adjustments can be made
by the user. If these adjustments are not made,
an additional error of ±5 per cent is possible.
Input Impedance: DC, 10 megohms.

AC, 10 megohms parallel resistance; 10 J.IJ.1f
parallel capacitance.

Type Code Word Price

1800-P3 I Low-Frequency Multiplier • .......... , .... 1 ABEAM $25.00

l"A Voltage Multiplierforthe Vacuum-Tube Voltmeter," aeneral Radio Experimenter, May, 1948.
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MORE VARIAC WATTS FOR YOUR DOLLAR
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With the new V-5, V-10, and V-20
series now in stock, it seems advisable to
point out to our friends and customers
that the judicious selections of the proper
Variac or Variac combination may often
result in substantial savings for a given
power requirement.

Reference to Table I will quickly re
veal that certain load requirements may
be met by several Variac assemblies, of
which one is an outstanding bargain
when considered on the basis of KVA
rating per dollar of list price. In this
respect, parallel combinations of the

V-20 series have considerable advantage
over the older 50 series Variacs.

ote particularly the following com
parisons: For U5-volt service in the 10
KVA load range, a V-20G3 parallel gang
delivers 10.35 KVA for $204 versus a
50-AG2 parallel gang delivering 10 KVA
for $320. Here the V-20 series delivers
62 per cent more KVA per dollar. In 230
volt service a V-20G2 series gang de
livers 6.9 KVA for 126 versus a 50-B,
which delivers 7.0 KVA for $140, a 9.6
per cent gain for the V-20 over the 50-B.
Other examples will be apparent on ex-

TABLE I
SINGLE-PHASE VARIAC UNITS AND COMBINATIONS

Listed by Common Line Volts and Increasing KVA

115-Volt Service

Cost of Cost of
Total $ KVA/SModel Connection KVA Val'iacs Chokes

200-B -- .170 12.50 -- 12.50 .0136
V-5 -- .862 18.50 -- 18.50 .0466
V-lO -- 1.725 33.00 -- 33.00 .0523
V-20M -- 3.45 55.00 -- 55.00 .0627
50-A -- 5.00 140.00 -- 140.00 .0357
V-20G2 Parallel 6.90 126.00 10.00 136.00 .0507
50-AG2 Parallel 10.00 310.00 10.00 320.00 .0313
V-20G3 Parallel 10.35 182.00 22.00 204.00 .0507
50-AG3 Parallel 15.00 460.00 22.00 482.00 .0311

230-Volt Service

V-5H -- 0.575 21.00 -- 21.00 .0274
V-lOH -- 1.15 34.00 -- 34.00 .0338
V-5G2 Series· 1.725 49.00 -- 49.00 .0352
V-20HM -- 2.30 55.00 -- 55.00 .0418
V-10G2 Series· 3.45 79.00 -- 79.00 .0437
V-20HG2 Parallel 4.60 126.00 10.00 136.00 .0338
V-20G2 Series· 6.90 126.00 -- 126.00 .0548
50-B -- 7.00 140.00 -- 140.00 .0500
50-BG2 Parallel 14.00 310.00 10.00 320.00 .0438
50-GB3 Parallel 21.00 460.00 22.00 482.00 .0436

460-Volt Service

V-5HG2
V-10HG2
V-20HG2
50-BG2

Series·
Series·
Series·

erie •

1.15
2.30
4.60

14.00

54.00
81.00

126.00
310.00

.0213

.0284

.0365

.0452

.Cannot be used where a common connection between input and output is required.
The trade name VARIAC is registered at the U. S. Patent Office. Variacs are patented under U. S. Patent No.
2,009.013 and British Patent No. 439,567
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amination of Table 1. For series opera
tion of 230-volt units on 460-volt cir
cuits, however, the TYPE 50-BG2 gives
the greatest KVA per dollar.

There are practical limitations on the
use of such assemblies. It should be
noted that ganged units do not mount
in the same space as a single unit, and
that series connections cannot be used
when a common ground is required be
tween line and load. Further, chokes are
nece sary with parallel-connected Vari
acs, and choke equipment has to be
mounted and connected, so that the
ease and simplicity of use that character
izes the single-unit Variac is partially
lost. A 2-gang or 3-gang unit with chokes
cannot, for instance, be used convenient
lyon a laboratory bench, unless a special
mounting is devised with proper plug-in
terminal equipment.

On the other hand, for building into
permanent equipment, where mounting
and grounding requirements can be con
trolled, ganged assemblies can often be
selected that will meet the power re
quirements at considerably lower cost
than that of the next larger single
unit.

While standard gang assemblies of
Variacs are limited to a maximum of

DECEMBER, 1948

Figure 1. View of a Type V-I0G2 Ganged Variac
Assembly. The supporting structure is of welded
steel and can be mounted either vertically or hori-

zontally.

three units, two or more gangs can be
mechanically coupled by the user to
obtain the same advantage in three
phase delta or wye circuits.

- GILBERT MILEY

Figure 2. Connection diagrams for ganged Variacs in single-phase circuits. Left, 2-gang series connection;
center, 2-gang parallel; and, right, 3-gang parallel.
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PAPERS - By Donald B. Sinclair, As
sistant Chief Engineer, "A ew Method
of Measuring the Product of Two Volt
ages Using a Single Vacuum Tube," at
the West Coast Convention of the I.R.E.,
Los Angeles, October 1, and at a meet
ing of the Boston Section, I.R.E., No
vernbel' 18. The paper was based on the
work of Dr. M. A. H. El-Said, Senior
Lecturer at Fuad I University, Cairo,
Egypt. Dr. El-Said has been in this
country on a Fellowship Technical Mi -
ion provided by the Egyptian Govern

ment. Some of the experimental work
covered by the paper was performed by
Dr. El-Said in collaboration with R. A.
Soderman in the General Radio Labora
tories.

RECENT VISITORS to our plant and
laboratorie - Dr. Jean 1ercier, Dr.
Rene Musson-Genon, and Mr. Ernest
Rostas of the Hyperfrequency Research
Laboratories, Cie. Francaise Thomson
Houston, Paris; and Mr. D. R. Austin,
Consulting Engineer, Bartle and Co.,

Johannesburg, South Africa, distribu
tors of General Radio product in South
Africa.

NOR WAY- It is with pleasure that we
announce for the first time on these
pages our representation in Norway by
the firm Maskin-Aktieselskapet ZETA,
Drummensveien 26, Oslo 22. ZETA has
been the distributor of our products in
Norway for several years and was ap
pointed on an exclusive basis last spring.
As our Norwegian friends know, the
management i in the capable hands of
Messrs. Braenne, Elligers, and Ham
merik. Mr. G. Hammerik is in charge of
the department that handles our
products.

DENMARK - We also take pleasure
in announcing the appointment of
Mogens Bang & Co., Copenhagen/
Skodsborg, as our representatives for
Denmark. Mr. Mogens Bang is equipped
to provide our Danish customers with
all information concerning our products.

THE 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
ness company is engaged in, and title or position of individual.

GENERAL RADIO COMPANY
275 MASSACHUSETTS AVENUE

CAMBRIDGE 39 MASSACHUSETTS
TE LEPH 0 NE: TR Dwbridge 6- 4400

BRANCH ENGINEERING OFFICES
NEW YO RK 6, NEW YO RK

10 WEST STREET
TEl.-WOrth 2·5837

LOS ANGELES 38, CAliFORNIA
1000 NORTH SEWARD STREET

TEl.-HOllywold 1201

CHICAGO 5, ILLINOIS
920 SOUTH MICHIGAN AVENUE

TEl.-WAbash 2-3820


