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ELECTRICAL COMMUNICATIONS TECHNIQUE
AND ITS APPLICATIONS IN ALLIED FIELDS

RECENT DEVELOPMENTS IN FREQUENCY STANDARDS

is now some years since

General Radio first set

itself to the task of build-

ing frequency standards
for the radio industry. These years
have been years of achievement in the
fullest sense of the word. Beginning
with the wavemeter in its various
stages of development, continuing
through the early days of quartz erys-
tals and culminating in the highly
accurate primary standard of fre-
quency, General Radio has, through a
program of constant development, con-
tributed much to the art of frequency
measurement. The aim of this program
has been to produce equipment capable
of the accuracy demanded by the
scientist, simple in and
suitable for industrial and commercial
use.

The announcement by the General
Radio Company of the first commer-
cially acceptable primary standard of
frequency in 1929 was an important
milestone in the field of frequency
standardization since it meant that
this class of measurement had been

operation,
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lifted out of the laboratory nursing
stage and made available to industry.
Tt needed neither constant temperature
room nor elaborate voltage regulating
system, and was designed to operate
under vibrations encountered in a
factory building. This primary stand-
ard, the Class C-2L-H Standard-
Frequency Assembly, has found a wide
use, not_only in the electrical com-
munication industry, but such fields as
accurate time keeping and time mea-
surement, the transmission of radio
time signals, measurements of the
velocity of rifle bullets, and of the
velocity of light. Approximately thirty
units are now in use in the United
States and six forcign countries, oper-
ating under widely differing conditions
of climate, but giving uniformly satis-
factory service.

Five years’ development produces
considerable progress in design and
manufacturing. Many improvements
can be incorporated in cach new lot of
instruments, but eventually the point
is reached where complete redesign
becomes advisable.
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With the advent of 1934, General
Radio announces a new Class G-21-H
ency Assembly, Series
690. While identical in its fanctional
aspects with its predecessor, each com-
ponent unit of the assembly has been
redesigned and the result is a consider-
ably higher accuracy specification and
a vastly improved stability of opera-
tion. New and improved electrical
circuits using modern types of vacuum
tubes contribute materially to the
improved accuracy and stability, while
a number of features of mechanical
design make the installation and opera-
tion a simple matter. The accuracy is
conservatively specified as &5 parts in
10 million. Actually, one part in 10 mil-
lion can be obtained over long periods
of time.
A few of the outstanding features
of this frequency standard are outlined
below.

1. Piezo-Electric Oscillator

The erystal oscillator uses an elec-
trical circuit which is a new and suc-
cessful approach to the problem of
making a quartz crystal oscillate at its
resonant frequency. The over-all fre-
quency stability with respect to oper-
ating parameters exceeds that obtain-
able with other types of oscillators.
Automatic bias control assures con-
stant amplitude and operation at small
amplitude contributes materially to the
frequency stability. The 50-ke quartz
bar uses clectrodes deposited directly
on the quartz, and its mounting is
designed to introduce as little dampmg
as possible.

Ficunk 1. The new Class C-21. u Standard.
Frequency Assembl
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2. Multivibrators

The new multivibrators constitute a
considerable improvement over pre-
vious types. The stability of controlis
exceptionally good, in spite of large
changes in operating and control
voltages. The circuit elements are
adjusted at the factory before ship-

permanent,
operation when received. Three mul
vibrators are used operating at 50 ke,
10 ke, and 1 ke respectively.

3. Self-Starting Synchronous Clock

The synchronous-motor clock has
been provided with a 60-cycle auxiliary
motor for starting purposes. To bring
the motor up to sy speed, it

Ficune 2. A Class C-10 Secondary Standard

the | unit will also

is only necessary to press a button on
the panel.

4. Power Supply

“The assembly is designed t0 aperate
from a 115-volt, 60-cycle a-c line. Two
types of power supply equipment are
available. One of these provides current
for trickle charging lead-type storage
batteries as in the previous model. The
other furnishes filament and plate
power directly from the line without
the use of batteries.

There is no essential difference in the
frequency stability obtainable from the
floating-battery or from the completely
a-c operated assemblies, and the choice
between the two may well be based en-
tirely upon whether or not mo per
cent continuous service is require

With the completely a-c openlenl
assembly, of course, a momentary
failure of the power line will remove
plate and filament supplies and inter-
rupt the timing. The heat supply for

G
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fail, and, if the interruption lasts for
more than a few minutes, the assembly
will be out of service until the operat-
ing temperature of the crystal can be
restored to normal. For a great many
purposes, such interruptions are of no
great moment, cither because of an un-
usually reliable a-c supply or because
the annoyance of interruption:
vice is more than compensated by the
additional cost of the floating-battery
assembly and the necessary batteries.
‘The floating-battery assembly is the
ideal installation where as close an ap-
proach as possible to continuous ser-
vice is required. Both filament and
plate supplies are carried by batterics
and these can be chosen in sizes suf-
ficiently large to carry the assembly for
any emergency that the user cares to
anticipate. Power for the temperature-
control system comes directly from the
a-c line, but, when it fails, relays auto-
matically transfer the heater ts
to an “auxiliary heat reserve” which

ser-
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can be any independent power source
that the user sees fit to install.

5. General Consid

Complete connecting cables, vacuum
tubes, spare fuses, and pilot lamps, and
blank panels for filling the rack are
provided. All external wiring is en-
closed and connections between the
panels and the cable are made by
insulated plugs. The general appear-
ance is shown in the accompanying
photograph. The Class C-21-H Stan-
dard-Frequency Assembly for float-
ing-battery operationis priced at
£1,950.00; for complete a-c operation,
$1,875.00.

ions

SECONDARY STANDARDS

The improved electrical and me-
chanical design features employed in
the primary standard have also been
incorporated in an a-c model of the
Class C-10 Standard-Frequency As-
sembly. This secondary standard of
frequency consists of a TyrE 675.L
Piezo-Electric Oscillator, a Txek 692-A
Multivibrator (10 ke), either a Tyer
676-A (50-ke) or Type 476-A (100-ke)

Quartz Bar, and a Ty 480-B Relay

ack.

The TxpE 675-L Piezo-Electric Oscil-
lator uses the same oscillator circuit as
does the primary standard just de-
scribed. It includes two output ampli-
fiers, one for supply output at the
fundamental frequency, and the other
for generating harmonics of the funda-
mental. A self-contained power supply
has sufficient capacity to operate a
maximum of three muln'vibulors

plied with a single multi st
others can be added if desired.

in one million. Power is obtained from
a 115-volt, 60-cycle a-c line, and all
vacuum tubes are included in the price.

Class C-10 Standard-Frequency As- ~

umbly, Serics 600, with 50-ke quartz
bar $595.00
Class C-10 Smnd.ln.l-quuency As-
sembly, Series 600, with 100-ke
quartz bar ~..8565.00

—Cuarees E. WortHEN

NEW VARIACS
A NEW SMALL SIZE; ALSO, 230-VOLT MODELS

NEW type of voltage-adj

device called the Variac was de
seribed in the June - July issue of the
Experimenter. The Variac consists of
a transformer so arranged that the
voltage can be continuously adjusted
in steps of about 0.4 volt. At no time
is the circuit interrupted, and there
is no rise in voltage between steps;
that is, the Variac operates like a
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The Variac possesses several impor-
tant advantages over the resistance
controls commonly used for voltage
adjustment purposes. The change in
voltage with setting of the knob is
cssentially lincar and is practically
independent of the load current. Hence
the Variac can be used to produce any
voltage between the rated voltage and
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zero for any load current within its
range, unlike the rheostat in which
control is lost as the load current
approaches zero.

Furthermore, since scries resistance
is not introduced into the line as the
control s varied, the voltage regulation
afforded by a Variac is much better
than with a rheostat. The high effi-
v of a transformer is substituted
for the necessarily inefficient resistance
control.

Further development work has
been done on Variacs for different
line voltages and load current ratings.
There is now available the TyrE
200-B Variac, a smaller unit designed
for 115-volt service and a maximum
current of 1.0 amperes. It is intended
for building into other instruments re-
quiring a smooth voltage control. Typ-
ical applications would be to vacuum-
tbe rectifiers whose output voltages
must be adjustable under varying
load conditions or to small motors
requiring a speed control.

The small Variac is designed to give
any desired voltage between 0 and full
line voltage. Prices: TxvE 200-B Variac
(for 115-volt line), $8.50.

The small Variac is suitable for
mounting either on a baseboard or be-
hind a panel like all General Radio
rheostats. By removing the knob shown
in the photograph, loosening the
brush arm, and pushing through the
shaft, the knob can be attached to the
other end, thus making over the unit
for behind.-the-panel mounting.

The unmounted and the mounted
models of the large 5-ampere Variac,
shown at the center and right in the
photograph below and described in the
June-July issue of the Experimenter,
are also available for operation from a
115-volt, 60-cycle line. It has an output-
voltage range from 0 to 130 volts so
that it can be used to compensate for
low line voltages.

The three Variacs Lef to right, he
the Tyrks 200-CU and 2

G
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AS THE WAVE ANALYZER VIEWS THE TUNING-FORK
OSCILLATOR

e tremendous range in voliage
that can be measured with the fre-
y-selective voltmeter known as
the wave analyzer is nowhere better
|Ilu>unlm| tha the analysis of a

3.B Audio Oscillator, shown
on the opposite page. Harmonics as
high as the cighth were picked off and
measured even though the amplitudes
got down 10 as little as 0.006 per cent
of the fundamental voltage. The
maguitude of the fundamental can be

timated for any value of load im-
pedance by considering the curve of
output in milliwatts.

In taking these data, the straight-
forward simplicity of the wave analyzer
was of considerable help. After the
preliminary adjustments (calibration
check and detector balance) were

The Tyex 636-A Wave Analyzer
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The 400-cyele Tyer 213.
whose waveform, charac
e oppos

made, it was merely necessary to make
one series of measurements for each
value of load resistance into which the
oscillator was to be worked.

The amplitude of the fundamental
was first measured. The multiplier ad-
justment on the voltmeter was then
changed until a deflection of 1000 di-
ions was obtained. The amplitude of
each successive harmonic voltage was
then taken, using the same multiplier
setting, so that the amplitude of each
harmonic expressed as a percentage of
the fundamental could be read directly
from the meter.

Of particular interest is the curve
representing data taken with the
distortion-factor meter on the same
oscillator. The data agree to within
<5 per cent of the values obtained by
calculation from the wave-analyzer
data. The distortion-factor meter, it
will be remembered, is an instrument
containing filters that reads directly in
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‘The Distortion-Factor Meter and Auxil

pment for distortion

casiremonts at 400 eycles

per cent the distortion factor of the
wave, the distortion factor being the
in per cent)between the

pedance will lie somewhere between
“00 and 2000 ohms. The data given,
are for the MEDIUM out-

r-ms value of the complex wave with-
out the fundamental to the effective
value of the fundamental alone. It is an
accurate and convenient instrument for
distortion_measurements at a_single
fised fundamental frequency. Since
the filter cuts out_everyt
the fundamental frequency, the in-
strument, of course, takes no account
of the contribution of energy at f/2.
It should also be noted when using
these data as a measure of the use-
fulness of the audio oscillator for a
given purpose that the impedance
range shown is extremely wide. For
all normal purposes (such as supply-
ing energy to a bridge) the load im-

put impedance tap of the oscillator.

The oscillator has two other taps on
its output transformer. The data given
in the curves on the preceding page
may be considered as applying to the
other two taps by dividing by 10 to oh-
tain values for the Low tap and multi-
plying by 10 to obtain values for the
micw tap. In other words, a load of
about 30 ohms on the Low tap would
have the same harmonic content as 300
ohms on the MEDIUM tap or 3000 ohms
on the miGH tap.

Complete explanatory data concern-
ing the Type 636-A Wave Analyzer will
be found in the General Radio Experi-
menter for June-July, 1933.

Tns

GENERAL RADIO COMPANY mails the Experimenter, without charge,

each month o enginsers, scientits, and others interested in commun-

trol problems. Pl "

for subscriptions and address-change notices to the
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G

534 Main Strost, Wostbury, NY 11590

IET LABS, INC inthe GenRad tradition

GENERAL RADIO COMPANY
Cambridge A, Massachusetts
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